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CRUDE GLYCERIN IN THE SUPPLEMENT FOR BEEF CATTLE ON PASTURE 
 
 

ABSTRACT – Four experiments were conducted during the dry and rainy season, in 

order to assess the increasing concentrations of crude glycerin (80% glycerol) in the 

supplement of young Nellore grazing tropical grass, on intake, digestibility, ruminal 

fermentation, rumen microorganism profile, performance, methane emission, and 

carcass and meat quality traits. The treatment consist of supplements with increasing 

concentrations (0, 70, 140, 210, and 280 g/kg DM basis of supplement) of crude 

glycerin, fed to the animals in a ratio of 700 g/ 100kg of body weight in the dry 

season and 300 g/100kg of body weight in the rainy season. In the dry season, fifty 

young Nellore bulls (279.52 ± 16.31 kg initial body weight) were used for animal 

performance evaluation, and ten ruminal cannulated Nellore steers (408.8 ± 38.5 kg) 

were used to investigate the digestibility, ruminal fermentation and rumen 

microorganism profile, in the two experimental phases. In the rainy season, the 

experiments were replicated with the same animals used in the previous phase. 

Inclusion of crude glycerin in the supplement of young Nellore steers grazing tropical 

grass in the dry season, does not affect intake and apparent total tract digestibility. 

However, alters rumen fermentation whereas increases butyrate and valerate while 

reducing acetate and total VFA, showed no negative effect on relative proportion of 

cellulolytic bacteria and protozoa population. Nevertheless, inclusion concentration of 

glycerin at up to 28% DM in the supplement of growing Nellore bulls raising tropical 

grass in the dry season, improved BW gain and feed efficiency. Inclusion of crude 

glycerin up to the level of 28% of dry matter in the supplement does not alter the 

carcass characteristics, the meat quality and methane emission. However, glycerin 

supplementation promotes additional daily gain with potential performance 

improvement, change ruminal fermentation, reducing the fiber degradation and 

bacterial cellulolytic population in young Nellore cattle grazing tropical grass in the 

rainy season. 
 

Keywords: biodiesel co-products, forage, glycerol, greenhouse, meat quality, 

microbiology 
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GLICERINA BRUTA NO SUPLEMENTO DE BOVINOS DE CORTE CRIADOS A 
PASTO 

 
 
Resumo – Foram realizados quatro experimentos distribuídos durante a época de 

seca e águas, com o objetivo de avaliar a inclusão de glicerina bruta (80% de 

glicerol) no suplemento de bovinos Nelore criados em pastagem tropical, sobre o 

consumo, digestibilidade, fermentação ruminal, perfil de microrganismo no rumem, 

desempenho, emissões de metano, qualidade de carne e características de carcaça. 

Os tratamentos consistiram de suplementos com níveis crescentes (0, 70, 140, 210, 

e 280 g/kg MS do suplemento) de glicerina bruta, fornecidos aos animais em uma 

relação de 700 g/100kg de peso corporal da época da seca, e 300 g/100kg de peso 

corporal durante a época das águas. Na estação da seca, cinquenta tourinhos 

Nelore (279.52 ± 16.31 kg peso corporal inicial) foram usados para avaliação de 

performance animal, e dez novilhos Nelore canulados (408.8 ± 38.5 kg) foram 

usados para investigar a digestibilidade, fermentação ruminal e perfil de 

microrganismos do rumem. Na estação das águas, os experimentos foram repetidos 

com os mesmos animais utilizados na fase anterior. Inclusão de glicerina bruta no 

suplemento de bovinos Nelore castrados, criados a pasto na época da seca, não 

afeta o consumo e digestibilidade aparente. No entanto, altera a fermentação 

ruminal, aumentando a proporção de butirato e valerato enquanto reduz acetato e 

ácidos graxos voláteis totais, sem apresentar efeito negativo sobre a população 

relativa de bactéria celulolíticas e protozoários no rúmen. Contudo, a inclusão de 

glicerina até o nível de 28% da matéria seca do suplemento de tourinhos Nelore em 

crescimento criados em pastagens tropicais na época da seca, melhora o ganho de 

peso e a eficiência alimentar. A inclusão de glicerina bruta até a concentração de 

28% da matéria seca do suplemento não altera consumo, as características de 

carcaça e qualidade de carne, e emissão de metano. No entanto, promove aumento 

do ganho médio diário com potencial aumento de performance, modifica a 

fermentação ruminal, reduz a degradação da fibra e a população de bactérias 

celulolíticas em bovinos Nelore criados em pastagem tropical na época das águas. 
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qualidade da carne  
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CHAPTER 1 – GENERAL CONSIDERATIONS 
 

 

In the first half of this century the world’s population will reach 9.1 billion, and 

global demand for food, feed and fiber is expected to grow by 70 percent while, 

increasingly, crops may also be used for bio-energy and other industrial purposes. 

Climate change and increased biofuel production represent major risks for long-term 

food security. In developing countries, 80 percent of the necessary production 

increases would come from increases in yields and cropping intensity. To respond to 

those demands, farmer swill need new technologies to produce more from less land 

(FAO, 2013). 

Grass-fed beef is produced naturally and has minimal environmental impact 

compared to the intensive system, thus, there is an increasing interest both in grass-

fed beef consumption and in its production. Research has shown that 

supplementation of animals raised on pasture improves production efficiency (HORN 

et al., 2005; REIS et al. 2009), reduces the lifetime of the animal and improves meat 

quality. Crude glycerin is a potential food supply that can meet the need for 

alternative ingredients sources, as it is a major co-product of biodiesel production, 

derived from the agricultural industry. 

The glycerol (synonym: glycerin, 1,2,3-propanetriol) is an organic compound 

belonging to the alcohol function (C3H8O3), liquid at room temperature (25°C), 

hygroscopic, odorless, viscous and sweet taste (IUPAC, 1993), with a net energy 

concentration of 1.98 – 2.29 Mcal/kg, approximately equal to the energy contained in 

corn starch (SCHRÖDER; SÜDEKUM, 1999). 

Glycerol is generated from the trans-esterification of natural oils and fats, and 

is commonly used in the food, pharmaceutical and cosmetics industries. The annual 

production of biodiesel in Brazil has been estimated to be 783 million gallons in 2020 

(FAPRI, 2014). For more information about glycerol, production and price, see 

Quispe et al., (2013). The expansion of the biodiesel industry has led to increased 

stocks of glycerol with a subsequent price reduction that has provided prospects for 

the use of glycerol as a feed additive for livestock. Allied to it, cost of feeds such as 

corn, has increased enormously especially since the major world producer, the USA 
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is increasingly using this crop in biofuel production (ACTIONAID, 2012). Thus, 

glycerin may be an economical alternative to replace corn grain in supplementation 

of grass-fed beef. 

Glycerol is a component of the normal metabolism of the animals being found 

in the circulation and in cells. It is derived from lipolysis in adipose tissue, triglyceride 

hydrolysis of blood lipoprotein and dietary fat (LIN, 1977). In addition, glycerol enters 

into the composition of plant cell wall phospholipids and into that of the reserve lipids 

of plant seeds, which is metabolize by rumen microflora (WRIGHT, 1969). Ingested in 

this form, however, glycerol represents only a small proportion of total feed intake, 

being 2 to 4 g/kg of dry matter ingested (ROGER et al., 1992). 

Initially, glycerol was used as a treatment for metabolic disorders around 

parturition, e.g. ketosis (JOHNSON, 1954), in order to increase the supply of glucose 

and improve the metabolic status, by acting as a substrate for gluconeogenesis 

(INGVARTSEN, 2006; FISCHER et al. 1973). In recent years, is widely reported to 

be a viable energy source for cattle (MACH et al., 2009; PEARSON et al., 2009; 

RAMOS; KERLEY, 2011; HALES et al., 2013). However, studies that use glycerin 

supplementation in animals raised on pasture are still scarce. 

Crude glycerin can be absorbed directly by the ruminal epithelium and then 

converted to glucose in the liver (KREHBIEL et al., 2008) or fermented in the rumen, 

show to affect VFA profiles, increased concentrations of propionate and butyrate with 

a linear reduction in acetate to propionate ratio (WANG et al., 2009). Roger et al. 

(1992) reported that the addition of glycerol at 5% to the in vitro media greatly 

inhibited the growth and cellulolytic activity of rumen bacteria and fungi. Additionally, 

Paggi et al. (2004) reported that the cellulolytic activity of ruminal extract was 

reduced as glycerol concentration in rumen cultures increased. While Abo El-Nor et 

al. (2010) reported that Butyrivibrio fibrisolvens and Selenomonas ruminantium in 

ruminal fluid decreased with high concentrations of glycerin, which could suggest that 

fiber digestibility is negatively affected by glycerin in ruminant diets. 

However, Hess et al. (2008) found that addition of crude glycerin up to 150 

g/kg DM to ruminant diets did not affect DM or fiber digestibility of warm-season 

grasses, while a concentration of 120 g/kg DM of glycerin was established by Mach 

et al. (2009) and Parsons et al. (2009) to cause decreased intake in cattle. 
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Nevertheless, the addition of glycerol improves the efficiency of ruminants fed forage 

more than in those fed concentrate diets (DROUILLARD, 2008), and it also improves 

digestibility (AVILA et al., 2011). These effects are possibly due to the association 

between the feed ingredients, thereby altering the kinetics of the fermentation of 

glycerol (LEE et al., 2011). 

There is a growing pressure on the beef cattle industry, which accounts for 

65% of greenhouse gas emissions and 42% of CH4 emissions (FAO, 2013). Feed 

production and processing, and enteric fermentation from ruminants are the two main 

sources of emissions, representing 45 and 39 percent of sector emissions, 

respectively (GERBER et al., 2013). The production of methane represent energy 

loss from animal production that equates to approximately 6% in pasture animals 

(IPCC, 2006). Possible interventions to reduce emissions are thus, largely based on 

technologies and practices that improve production efficiency at animal and herd 

levels. In the other hand, use of feed additives that are toxic to methanogens or that 

redirect H2 (and electrons) to inhibit enteric methane emissions from individual 

animals are studied (LENG, 2014). 

Enteric methane is produced in the rumen by methanogens. During the 

degradation of carbohydrates to volatile fatty acids (VFA), hydrogen is released by 

different fermentative microorganisms. An alternative that can have beneficial effects 

on the mitigation of methane emission from grazing cattle are the inclusion of crude 

glycerin. Pathways to propionate production are known to act as a hydrogen sink and 

would therefore reduce methane emissions (BOADI et al., 2004). Lee et al. (2011) 

reported reduced methane emissions by including glycerol in in vitro incubations of 

corn grain and alfalfa hay. The findings reported by Rémond et al. (1993) support this 

concept, as propiogenesis has been shown to substantially increase when glycerol is 

added to high-fiber diets than when added to high-starch diets incubated in vitro. 

Thus, inclusion of glycerol in forage diets is likely to have a greater impact on the 

reduction of greenhouse gases emitted by beef cattle, associate with the fact that 

grassland carbon sequestration could significantly offset emissions, with global 

estimates of about 0.6 gigatonnes CO2-eq per year (FAO, 2013). 

The possible effects of supplying crude glycerin in the diet of ruminants on 

meat quality and carcass characteristics may be mainly related to the increased 
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availability of gluconeogenic compounds. These compounds can be used as 

precursors for fatty acids to be deposited intramuscularly, resulting in improvements 

in the marbling score of the meat (VERSEMANN et al., 2008; MACH et al., 2009). 

This outcome would occur because the glycerol is preferentially converted to 

propionate in the rumen (WANG et al., 2009), or absorbed directly by the ruminal 

epithelium and then converted to glucose (KREHBIEL, 2008). Also, glycerol inhibit 

lipolysis in the rumen, a prerequisite for rumen fatty acids biohydrogenation 

(EDWARDS et al., 2012), thus reducing the accumulation of free fatty acids in the 

rumen and potentially improving the meat quality through the incorporation of a 

higher proportion of unsaturated fatty acids (KRUEGER et al., 2010). Thus, the 

addition of glycerin may act as strategies to enrich ruminant-derived foods with 

unsaturated fatty acids, which is desired, as they are considered beneficial for good 

human health. 

Based on the above-mentioned data, our hypothesis is that crude glycerin 

included up to 28% (DM basis) to replace corn grain in the supplement of animals 

raised on tropical grass, affect ruminal fermentation, decrease methane emission, 

and improve the meat quality without compromising carcass characteristics. 

The objective of this study was to evaluate the effect of including crude 

glycerin at levels of 0%, 7%, 14%, 21%, and 28% (DM basis) in the supplement on 

the intake, digestibility, ruminal fermentation, ruminal microorganism profile, methane 

emissions, growth performance, carcass and meat quality of young Nellore cattle 

raising tropical grass. 

Despite the literature agreement that 10% DM glycerin may be included in the 

ruminant diets, because glycerin are present in liquid form, we chose these inclusion 

levels based on the maximum amount that we could use without causing problems in 

the mixture, storage and supply of the supplement to the animals, within the 

assessed amounts.  
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Crude glycerin inclusion in supplement of growing Nellore cattle grazing 
tropical grass 

 
 

Abstract: Two experiments were conducted to evaluate the effects of increasing 

concentrations of crude glycerin in the supplement of growing Nellore cattle raising 

tropical grasses. In both experiments, the treatment consisted of supplements with 

increase concentration (0, 70, 140, 210, and 280 g/kg DM basis of supplement) of 

crude glycerin replacing corn grain. In Exp. 1, nutrient digestibility, ruminal 

fermentation, and the rumen microbial profile were measured in a replicated 5 × 5 

Latin square experiment with ten rumen cannulated Nellore steers (BW = 408.8 ± 

38.5 kg). In Exp. 2, cattle grow performance was evaluated in 50 young Nellore bulls 

(BW = 279.52 ± 16.31 kg) distributed in a completely randomized design. Exp. 1, The 

inclusion of the crude glycerin did not affect (P > 0.05) intake and digestibility diet, 

linearly increased ruminal pH (P ≤ 0.001), linearly decreased total ruminal VFA 

concentration (P = 0.001), and  acetate concentration (P ≤ 0.001), but linearly 

increased (P ≤ 0.001) butyrate concentration. However, the inclusion of crude 

glycerin diet not affect (P < 0.05) ruminal propionate concentration. The inclusion of 

the crude glycerin did not affect (P < 0.05) the number of protozoa, relative proportion 

of R. albus (P = 0.237), R. flavefasciens (P = 0.129), and Methanogens (P = 0.151), 

but increase linearly (P = 0.003) relative proportion of F. succinogenes. Exp. 2, 

inclusion of crude glycerin linearly reduced DM intake (P ≤ 0.001), but linearly 

increase BW gain (P ≤ 0.001), and feed efficiency (P ≤ 0.001). In conclusion, crude 

glycerin in the supplement of young Nellore steers grazing tropical grass does not 

affect intake digestibility but alters rumen fermentation whereas increases butyrate 

and valerate while reducing acetate and total VFA, showed no negative effect on 

relative proportion of cellulolytic bacteria and protozoa population. However, inclusion 

concentration of glycerin at up to 28% DM in the supplement of growing Nellore bulls 

raising tropical grass improved BW gain and feed efficiency. 

 

Keywords: glycerol, feed efficiency, forage, intake, microorganisms, rumen 

fermentation 
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1. INTRODUCTION 
 

Due the continuous grow of human population, are expected an increase up to 

70% in food requirements by 2050 (FAO, 2013). The beef industry can play a pivotal 

role in helping meet the need for increased quantity of food. Results of Maxweel et al. 

(2014) study clearly show the advantage in using growth enhancing technologies on 

performance and carcass characteristics of stocker and feedlot cattle. Over the next 

decades, it will be imperative to continue to explore ways to improve efficiency and 

productivity of beef production.  

Recent works have shown that improve performance from the concentrate 

supplementation even during the growing phase in grazing systems are kept in the 

finishing phase (Rezende et al., 2009; Duckett et al 2014). Enhanced performance in 

grow phase also improve the meat quality (Kern, Pritchard, Blair, Scramlin & 

Underwood, 2014), by development e deposition of adipose tissue (Wang et al., 

2009a; Bruns, Pritchard, & Boggs, 2004), as marbling is an early developing tissue 

(Kern et al., 2014). Thus, supplementation of grass-fed beef in the grow phase may 

be an attractive way to improve efficiency of cattle production. 

Crude glycerin is a by-product of the biodiesel industry, has become an 

attractive ingredient to replace grain in ruminant diets as a viable energy source, with 

a potential for continuous growth production in the next years (Quispe, Coronado, & 

Carvalho, 2013). Widely reported to be a viable energy source for cattle (Hales, 

Bondurant, Luebbe, Cole, & MacDonald, 2013b; Mach, Bach, & Devant, 2009; 

Pearsons, Shelor, & Drouillard, 2009; Ramos & Kerley, 2011), addition of glycerin 

may improves the efficiency of ruminants fed forage more than in those fed 

concentrate diets (Drouillard, 2008), enhance digestibility in forage diets (Avila, 

Chaves, Ribeiro, Ungerfeld, & McAllister, 2013). Being, crude glycerin is a viable 

feed additive for ruminants consuming roughage–based diets (Hess, Moss, & Hule, 

2008), recently studied in raising pasture finishing cattle (San Vito et al., 2015).  

However, the literature on the feeding values and ruminal fermentation 

parameters of glycerin remains inconclusive, further study is warranted to focus on 

the mechanism of glycerol in the digestive tract (Wang et al., 2009b). In particular, on 

the animals in the grow phase produced in grazing system. Therefore, we 
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hypothesized that addition of crude glycerin in the supplement of growing cattle 

raising tropical grasses change the rumen fermentation without negatively effecting 

digestibility, with an improvement in animal performance. 

The objectives of this study are thus to evaluate the effects of increasing 

concentrations of crude glycerin (replace corn as an energy source) in the 

supplement of growing Nellore cattle raising tropical grasses on growth performance, 

nutrient digestibility, rumen fermentation, and the rumen microbiological profile. 

 

2. MATERIALS AND METHODS 
 

The protocol used in this experiment was in accordance with the Brazilian 

College of Animal Experimentation guidelines (COBEA – Colégio Brasileiro de 

Experimentação Animal) and was approved by the Ethics, Bioethics, and Animal 

Welfare Committee (CEBEA – Comissão de Ética e Bem Estar Animal) of the 

Faculdade de Ciências Agrárias e Veterinárias, UNESP – Univ Estadual Paulista 

(protocol number 021119/11). 

 

2.1 Experimental procedures 

The trial was conducted during the dry season at a location (Brazil, 21°15’22’’ 

south, 48°18’58’’ west and 595m above sea level) owned by the Univ Estadual 

Paulista (UNESP, Jaboticabal, SP, Brazil) from June to November 2011. The climate 

is classified as tropical rainy climate with dry winter (Köppen international system: 

Aw); During the experimental period, the average monthly precipitation is 19.4 mm, 

with an average maximum monthly temperature of 34.13°C, and the average 

minimum monthly temperature of 8.1°C. The animal were allocated into 10 paddocks 

of 1.8 hectares each, divided by electric fencing. Each paddock contained as 

automatic metal water trough with capacity of 1000 L and collectives covered plastic 

feeders to provide the supplement. 

 

2.1.1 Dietary Treatments 

The diets used consisted of 0, 70, 140, 210, and 280 g/kg DM inclusion of 

crude glycerin in the supplement. Crude glycerin (870.98 g/kg DM; 50.72 g/kg 
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mineral matter; 10.15 g/kg crude protein; 10.81 g/kg ether extract; 800.34 g/kg 

glycerol; 0.3 g/kg methanol) was acquired from a soybean-oil-based biodiesel 

production company (ADM, Rondonópolis, Brazil). Supplemental concentrations of 

corn gluten were increased with increasing crude glycerin to maintain similar 

concentration of CP in the DM. Ingredients were sampled every 15 days to determine 

the proportion of ingredients and chemical composition (Table 1). All the 

supplements have not been stored for more than three days after mixing. Animals 

were group-supplemented at the rate of 700 g/100kg BW, daily, at 10.00 h, in 

collective feed bunks arranged in each paddock. 

 
Table 1. Ingredients and chemical composition of supplements and pasture  
 Crude glycerin in the supplements (g/kg DM)  
Item 0 70 140 210 280 Pasture1 
Ingredients composition, g/kg       
Corn grain 490 395 317 239 160 - 
Crude glycerin - 70 140 210 280 - 
Corn gluten - 25 33 41 50 - 
Soybean meal 460 460 460 460 460 - 
Urea/ammonium sulfate 10 10 10 10 10 - 
Commercial premix2 40 40 40 40 40 - 
Chemical composition       
Dry matter  929 926 924 921 919 914 ± 3.4 
Ash, g/kg 74 77 80 84 87 53 ± 6.8 
Crude protein, g/kg 343 352 350 348 347 64 ± 6.7 
NDF, g/kg 197 182 168 155 142 708 ± 21.5 
Ether extract, g/kg 29 27 25 23 21 7.3 ± 1.2 
Nonfiber carbohydrates3, g/kg 370 375 389 403 416 152.6 ± 11.9 

1Average and standard deviation of the mean of samples obtained by technique of simulated grazing 
in five periods. 2Composition = Calcium: 210 g/kg; Phosphorus: 20 g/kg; Sulfur: 37 g/kg. Sodium: 80 
g/kg; Copper: 490 mg/kg. Manganese: 1.424 mg/kg. Zinc: 1.830 mg/kg. Iodine: 36 mg/kg; Cobalt 29 
mg/kg. Selenium: 9 mg/kg; fluorine (Max): 333 mg/kg. 3Calculated as 1000 - (crude protein + ether 
extract + Ash + neutral detergent fiber). 
 

2.1.2 Forage characteristic  

Pasture consisting of Brachiaria brizantha cv. Xaraés. was formed in 2009 and 

at the onset of this experiment the same method was employed in pasture 

management. A continuous grazing system was utilized (Allen et al., 2011). The 

average sward height was taken by reading 80 sampling points in each paddock, 

with the aid of stick graduated in cm. Forage mass in each paddock was estimated 

monthly during the grazing study. Five samples, with the average sward height, were 

collected by clipping all forage within a 0.25-m2 frame in each paddock at each 
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sampling to 2.5-cm stubble height with hand shears. The clipping samples were dried 

to a constant weight under forced air at 50°C. Dry weights of these clippings were 

multiplied by the paddock area, to estimate the forage mass. Forage samples were 

collected to be representative of diets consumed by grazing bulls from all pastures 

monthly during the grazing studies by handling plucking methodology to mimic forage 

selected by grazing bulls. Samples were dried to a constant weight at 50°C under 

forced air. Paddock had an average forage mass of 10048.8, 9059.7, 9652.1, 9484.7, 

and 9365.8 kg/ha of dry matter, and an average sward height of 30.2, 25.6, 22.2, 

21.8, and 23.2 cm, respectively for treatment with 0, 70, 140, 210, and 280 g/kg of 

crude glycerin in the supplement. 

 

2.2 Ruminal fermentation study (Exp.1) 

 

2.2.1 Animals and experimental design  
A replicate 5 x 5 Latin square experiment using ten ruminal cannulated Nellore 

steers (BW = 408.8 ± 38.5 kg) and 18 months of age was used to assess the impact 

of different concentrations  of glycerin in the supplement (2 steers per treatment) on 

intake, nutrient digestibility, ruminal pH, ammonia-N concentration, volatile fatty 

acids, and ruminal microbiology over five 14-d periods. Each period consisting of 10 

d for adaptation to the supplement and 4 days to sampling. Initially, the animals were 

weighed, identified, and treated against ecto- and endoparasites by administration of 

ivermectin (Ivomec, Merial, Paulínea, BR), and allocated into the same paddocks that 

performance animals, consisting of Brachiaria brizantha cv. Xaraés. Intake and 

digestibility estimation was performed in all of periods. Individual steers BW was 

recorded at the initiation of each period without fasting period, to correct 

supplementation. 

 

2.2.2 Ruminal fermentation  

Rumen pH, NH3-N, and VFA were measured for one day during day 11 of 

each period. Ruminal contents were obtained at 0, 3, 6, 12 and 18 h after 10.00 h 

supplementation. Rumen fluid was obtained from several sites within the rumen and 

was subsequently strained through two layers of cheesecloth. Ruminal pH was 
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immediately measured using an electric pH meter (Nova Técnica, PHM, Piracicaba, 

SP). After pH measurement, the samples were poured into 50 mL plastic flasks with 

1 mL of 9.3 M H2SO4 and frozen at -20°C for subsequent analysis of NH3-N 

concentration. Ruminal fluid NH3-N was analyzed by distilling with 2 MKOH in a 

micro-Kjeldahl system, according to the original procedures of Fenner (1965). The 

samples collected for analysis of VFA were centrifuged at 13.000 x g (4°C) for 30 min 

and quantified by gas chromatography (GC Shimatzu model 20-10, automatic 

injection) using capilar column (SP-2560, 100 m × 0.25 mm in diameter and 0.02 mm 

in thickness, Supelco, Bellefonte, PA) according to the methodology of Palmquist and 

Conrad (1971). 

 

2.2.3 Rumen microbial profile  

Bacteria and protozoa samples were collected on the 11th day, 3 h after 

supplementation. Cell counts were obtained from rumen content aliquots that were 

preserved in formalin (a solution of equal parts water and 370 ml/L formaldehyde) 

according to D'Agosto and Carneiro (1999). Ciliate protozoa species were identified 

and quantified in a Sedgewick-Rafter chamber, according to Dehority (1984). Each 

sample was homogenized and 1 mL of ruminal content was pipetted and transferred 

to vials with lugol, according methodology modified from D’ Agosto and Carneiro 

(1999). After 15 min, 9 mL of glycerin at 30% was added to the vials. To quantify the 

protozoa, 1 mL of content from each vials was pipetted to fill the Sedgewick-Rafter 

chamber. The ciliates were measured according to Dehority (1984). 
For the quantification and identification of rumen bacteria, two treatments 

(treatment with 0 and 280 g/kg DM of crude glycerin) were used. These treatments 

were chosen for their lowest (0 g/kg DM) and highest (280 g/kg DM) glycerin 

concentration, respectively. Fifty grams of the ruminal contents were weighed to 

identify bacterial population and immediately added to 50 ml of phosphate saline 

buffer (pH 7.4), stirred vigorously for 3 minutes, and then filtered with a mesh fabric 

(100 microns). The filtrate was subjected to centrifugation at 16.000 x g for 10 

minutes at 4°C. The supernatant was discarded and the remaining precipitate was 

resuspended in 4 ml of Tris-EDTA buffer (10X, pH 8.0). The resuspended content 

was centrifuged at 16.000 x g for 10 min at 4°C, the supernatant was discarded, and 
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the precipitate was immediately stored in refrigeration (-20°C) for a period of three 

months. DNA extraction was conducted in 250 mg of sample using the extraction kit 

FastDNA® SPIN Kit for Soil (MP Biomedical, LLC). The integrity and quantity of the 

DNA was checked by electrophoresis on agarose gel (0.8%), and complementary 

DNA was assessed by spectrophotometry (Thermo Scientific NanoDrop™ 1000) for 

evaluation of its quality and quantity. For quantification of total bacteria and relative 

quantification of cellulolytic bacteria (Ruminococcus albus, Ruminococcus 

flavefaciens, Fibrobacter succinogenes and Archaeas), the technique used was 

qPCR. The primers used in this study are shown in Table 2. Three concentrations 

(400, 600, and 800 nM) of forward and reverse primers were tested to determine 

minimum primer concentration giving the lowest threshold cycle (Ct) and to reduce 

nonspecific amplification before starting the reaction. 

 
Table 2. PCR primers used in this study for the quantification of specific rumen microbes by 
qPCR 

F = “forward”; R = “reverse”; 1 Denman and McSweeney. (2006); 2 Denman et al. (2007) 
 

The amplifications were performed in triplicate and negative controls were run 

in the assay, omitting the total DNA. The reactions were conducted in the 7500 Real 

Time PCR System. Rox was used as a passive reference dye. The qPCR reaction 

was carried out using 100 ng of total DNA in a reaction containing: 7.5 μl of SYBR® 

Green PCR Master Mix (Bio-Rad, Hercules, California, USA), 10 pmol of primer pair, 

and H2O to a final volume of 12.5 μl. Cycling conditions were 50°C for 2 min; 95°C for 

10 minutes; and 40 cycles of 95°C for 15 seconds, 60°C for 1 minute, and 78°C for 

30 seconds. After amplification cycles, a step was added in which temperature was 

increased from 60 to 95°C to obtain dissociation curve of the reaction products, used 

for analyzing the specificity of amplification. Relative quantification was used to 

Primer Sequence (5` to 3`) 

Fibrobacter succinogenes1 F: GGTATGGGATGAGCTTGC 
R:GCCTGCCCCTGAACTATC 

Ruminococcus flavefaciens1 F:GGACGATAATGACGGTACTT 
R:GCAATC(CT)GAACTGGGACAAT 

Ruminococcus albus1 F: CCCTAAAAGCAGTCTTAGTTCG 
R: CCTCCTTGCGGTTAGAACA 

Total Archaeas2 F: TTC GGT GGA TCD CAR AGR GC 
R: GBA RGT CGW AWC CGT AGA ATC C 
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determine species proportion. The results were expressed as a 16S rDNA ratio of 

general bacteria, following the equation: 

Relative quantification = 2-(Ct target – Ct total bacteria) 

Where Ct is defined as the number of cycles required for the fluorescent signal 

to cross the threshold. 

 

2.3 Performance study (Exp.2) 

 

2.3.1 Animals and experimental design 

Fifty Nellore bulls were used, with an average age of 12 ± 2 months and initial 

body weight (IBW) = 279.52 ± 16.31 kg. The experimental period lasted 136 d, 

divided into five periods of 28 d. Initially, the animals were weighed, identified, treated 

against ecto and endoparasites by administration of ivermectin (Ivomec, Merial, 

Paulínea, BR), and distributed in a completely randomized design (five animals per 

paddock) with two replicates per treatment. Intake and digestibility was evaluated in 

the last 28 d of the study. Every 28 d the animals were weighed without fasting 

period, to correct supplementation. Individual bulls BW was recorded at the initiation 

and termination of study after a 16-h withdrawal period from feed and water. Average 

daily gain (ADG) was determined by dividing BW gain (final full BW – initial full BW) 

by the number of days in study.  Feed efficiency was calculated as the ratio between 

ADG and DMI (g of BW gain/g of DMI). 

 
2.4 Intake and digestibility estimation 

Intake and nutrient digestibility were estimate using the three-marker method: 

LIPE®, titanium dioxide (TiO2), and indigestible neutral detergent fiber (iNDF), used to 

estimate the excretion of fecal matter (as dry weight), supplement intake, and forage 

intake, respectively. Fecal samples were collected during three days, directly from 

the rectum, at 16.00 and 11.00, 15.00 and 9.00, and 14 and 07.00 hours, during the 

first, second, and third day of collection, respectively, in order to obtain 

representative samples. Fecal samples were dried (55°C), ground in a Wiley mill 

(Thomas Scientific, Swedesboro, NJ), and composite samples were prepared using 



17 

 

the same proportion (dry basis) for each of the three days and hours of sampling, for 

each animal.  

LIPE® (lignin isolated, purified, and enriched from Eucalyptus grandis) was 

provided for eight days by esophageal infusion of a 500 mg capsule: five days to 

stabilize fecal excretion of the marker, and three days for sample collection, 

according Santos et al. (2011). Approximately 10 g of each composed sample of 

feces was sent to the Federal University of Minas Gerais to estimate the total daily 

fecal output by methods of LIPE® measurement as described by Saliba (2005).  

Individual concentrate intake was estimated using titanium dioxide (TiO2), 

according to the methodology described by Titgemeyer, Armendariz, Bindel, 

Greenwood, and Löest, (2001). The TiO2 was hand mixed with the supplement in the 

amount of 10 grams per animal per day immediately prior to delivery, and was 

provided for 10 days: seven days to stabilize fecal excretion of the marker, and three 

days of sample collection. The concentrate intake of the cattle was estimated by 

dividing the total fecal excretion of titanium dioxide by the concentration of titanium 

dioxide in the concentrate.  
The individual intake of forage was estimated using the internal marker iNDF. 

The samples of feces, forage, and concentrate were placed in Ankon bags (Filter bag 

F57) and incubated in the rumen of a cannulated Nellore animal for a period of 288 h 

(Valente et al., 2011). When the bags were withdrawn from the rumen, they were 

soaked in water for 30 min and gently washed by hand under running water until the 

wash water ran clear. The bags were then analyzed for NDF concentration using an 

Ankom fiber analyzer (Ankom Inc., Fairport, NY), and the iNDF was determined by 

weighing the bags with a digital scale after drying them in an oven, first at 55°C for 72 

h followed by 105°C for 8 h. The residue was considered the iNDF. Individual forage 

intakes were estimated by subtracting marker excretion from the concentrate from 

the total iNDF excretion and dividing that difference by the concentration of the 

marker in the forage. 

 

2.5 Chemical analyses 

For proximate analysis, samples of ingredients of supplements and forage 

were dried at 55ºC for 72 h. Samples were then ground to pass a 1-mm screen 
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(Thomas Scientific, Swedesboro, NJ) and analyzed for dry matter (DM, method 

Nº934.01), organic matter (OM, method Nº942.05), and ether extract (EE; method 

920.85) in accordance with AOAC (1990). Concentrations of nitrogen (N) in each 

sample were determined by rapid combustion (850°C), conversion of all N-

combustion products to N2, and subsequent measurement by thermoconductivity cell 

Leco®, model FP-528 (LECO Corporation, Michigan, USA). Crude protein was 

calculated as the percentage of N in the sample multiplied by 6.25. Analyses for NDF 

was determined using an Ankom fiber analyzer (Ankom Inc., Fairport, NY) with ash 

correction. Heat-stable α-amylase was included in the NDF solution, without added 

sodium sulfite. The amount of non-fiber carbohydrates were determined as described 

by Hall (2000), and TDN was calculated according NRC (2001). 

 
2.6 Statistical Analyses 

 

2.6.1 Ruminal Fermantation (Exp. 1)  

Data of intake and apparent digestibility were analyzed considering a double 

Latin square design using the MIXED procedures (SAS Inst. Inc., Cary, NC, USA). 

The model included the fixed effect of treatment and Latin square, and random 

effects of period, animal, and error. Data for pH, NH3-N, and VFA were analyzed 

considering a double Latin square design with repeated measures. The model 

included the fixed effect of treatment, time, treatment x time interaction, and random 

effects of period, animal and error. The structure of errors that best fitted the data 

according to the Bayesian information criterion (BIC) was used. In the intake, 

digestibility, pH, NH3-N, and VFA analyses, means were compared using the contrast 

option of the MIXED procedures of SAS and declared significant at P < 0.05 for linear 

or quadratic effects. For all variables, P values less than or equal to 0.10 were 

considered tendencies. 

Data of ciliated protozoa were transformed to log10, plus a drive to meet the 

requirements of the SAS analysis. The analysis considered a double Latin square 

design using the MIXED procedures (SAS Inst. Inc., Cary, NC, USA). The model 

included the fixed effect of treatment and Latin square, and random effects of period, 

animal and error. 
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Statistical analyses for bacteria population were performed using the software 

R, and the data were compared between treatments (with and without 280 g/kg DM 

of glycerin in the supplement) using the Wilcoxon test (P < 0.05), since the sample 

size was small (n = 10) and the variances were not homogeneous (Bartlett's test).  
 

2.6.2 Performance study (EXP.2) 

Data were analyzed as a completely randomized design by using the GLM 

procedure (SAS Inst. Inc., Cary, NC, USA). The paddock was the experimental unit, 

and the model effects included treatment. The initial body weight was used as a 

covariate for the statistical analysis of the average daily weight gain. Orthogonal 

contrasts were used to determine the linear and quadratic effects of glycerin and 0% 

glycerin vs. glycerin treatment, with significance considered at P < 0.05. 

 

3. RESULTS 
 

3.1 Ruminal fermentation study (Exp.1) 

Inclusion of crude glycerin (0 at 280 g/kg DM) in supplements did not affect (P 

> 0.050) intake and digestibility of DM, OM, CP, EE, NDF, and TDN of Nellore steers 

(Table 3). 

Mean ruminal NH3-N were not affected (P > 0.05), while pH increased linearly 

(P < 0.006) and total ruminal VFA decreased linearly (P < 0.05) by inclusion of crude 

glycerin in the supplements. Molar proportion of propionate, isobutyrate, valerate, 

and isovalerate were not affected (P > 0.05) (Table 4). However, butyrate increased 

linearly (P < 0.05), whereas acetate decrease linearly (P < 0.05) with the increase of 

crude glycerin concentration in the supplement. Consequently, the ratio of acetate to 

propionate (A:P) decreased with the increase in the concentration of crude glycerin in 

the supplement (P < 0.05). 

The inclusion of crude glycerin in supplement did not affect (P > 0.05) number 

of seven rumen protozoa genres (Table 5), and rumen relative proportion of of R. 

albus (P = 0.237), R. flavefasciens (P = 0.129), and Methanogens (P = 0.151), but 

linearly increased (P = 0.003) F. succinogenes (Table 6). 
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Table 3. Effect of crude glycerin (CG) in supplement on intake and total tract apparent 
digestibility of young Nellore steers in pasture (Exp. 1; n = 10) 
 CG in supplements (g/kg DM)  P-value1 
Item 0 70 140 210 280 SEM Treat Contrast2 

Intake. Kg/d         
DM 7.86 7.96 6.50 7.95 7.69 0.788 0.239 - 
DM % BW 1.92 1.96 1.61 1.91 1.83 0.210 0.313 - 
OM 7.32 7.39 6.03 7.44 7.09 0.692 0.183 - 
CP 1.20 1.28 1.20 1.31 1.25 0.084 0.076 - 
Ether extract 0.11 0.11 0.09 0.09 0.10 0.012 0.110 - 
NDF 4.25 4.21 3.17 4.05 3.82 0.460 0.179 - 
TDN 3.97 4.16 3.01 4.36 3.97 0.711 0.287 - 
Digestibility, g/kg DM        
DM 452.9 474.2 402.9 461.0 452.6 5.398 0.628 - 
OM 511.6 539.5 462.6 546.6 517.3 4.670 0.315 - 
CP 552.1 592.3 558.1 592.9 566.9 3.135 0.339 - 
NDF 462.2 475.7 371.8 454.1 416.0 6.145 0.432 - 
TDN % 49.12 51.61 45.12 51.53 48.95 4.224 0.416 - 

1When contrasts are not significant (P>0.05). P-values are not reported. 2Significant contrasts: L = 
linear, Q = quadratic. 
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Table 5. Effect of crude glycerin (CG) in supplement on rumen fluid protozoa numbers of 
young Nellore steers in pasture (Exp. 1; n = 10) 
 CG in supplements (g/kg DM) 

   SEM 
       P-value2 

Protozoa (n x 10-4)1 0 70 140 210 280 Supplement Contrast3 
Entodinium 6.70 6.65 6.72 6.74 5.83 0.329 0.255 - 
Dasytricha 4.31 4.67 4.76 4.38 4.19 0.565 0.856 - 
Isotricha 2.51 3.70 2.84 3.20 2.89 0.683 0.637 - 
Eremoplastron 3.19 2.94 3.30 2.82 2.53 0.636 0.897 - 
Eudiplodinium 2.51 1.74 1.35 1.73 1.35 0.509 0.392 - 
Elytroplastron 2.05 2.13 1.70 2.12 2.81 0.650 0.808 - 
Polyplastron 1.84 1.35 1.70 2.50 1.00 0.602 0.259 - 

1Log10 of number of protozoa; 2When contrasts are not significant (P>0.05). P-values are not reported. 
3Significant contrasts: L = linear, Q = quadratic. 
 

Table 6. Effect of crude glycerin (CG) in supplement on relative proportion (%) of cellulolytic 
bacteria and methanogenic archeas of young Nellore steers in pasture (Exp. 1; n = 10) 

 CG in supplements (g/kg DM)   

Item 0 280 SEM P-value 

Ruminoccocus albus 0.0038 0.0054 0.0014 0.237 

Ruminoccocus flavefasciens 0.0050 0.0039 0.0023 0.129 

Fibrobacter succinogenes 0.0033 0.0296 0.0176 0.003 
Methanogenic 0.0149 0.0190 0.0724 0.151 

 

3.2 Performance study (Exp.2) 

Inclusion of crude glycerin in the supplements linearly reduced DM intake (P ≤ 

0.001), showing a quadratic effect on forage and NDF intake (P < 0.05). However, 

supplements and crude protein intake was not affected (P > 0.05) by inclusion of 

glycerin in the supplements.  Final BW tended to increase linearly (P = 0.06). While 

additional gain, additional daily gain and feed efficiency increase linearly (P < 0.05) 

with the increasing concentrations of crude glycerin in the supplements. 
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4. DISCUSSION 
 

4.1 Ruminal fermentation study  

To our knowledge there are no published data on the effects of use of crude 

glycerin in the supplement of young cattle raising pasture. Most studies reports the 

effect of glycerin use in high-grain diets, or diets with high proportion of forage, but 

always with feedlot animals. Only in vitro experiment report the effect of glycerin 

inclusion on the digestibility and fermentation of similar diets to the raising pasture 

animals. In our study, with cannulated steers, the inclusion of crude glycerin in the 

supplement did not affect the intake and digestibility in the animals.  

Supporting the present results, some studies conducted with lactating cattle 

fed high-forage diets (DeFrain, Hippen, Kalscheur, & Jardon, 2004; Chung et al., 

2007), bulls fed high-concentrate diets (Mach et al., 2009), or early weaned beef 

calves (Gunn et al., 2011), have reported no negative effects on feed intake when 

supplementing diets with crude glycerin. It could also be concluded that glycerin can 

be used as an energetic ingredient that can effectively substitute cereals in the diets. 

In contrast to a previous study, the inclusion at 100 g/kg DM of crude glycerin 

a linearly decrease DMI (Pyatt, Doane, & Cecava, 2007; Hales et al., 2013a). 

According Gunn et al. (2011), inconsistencies in biodiesel plant protocols, resulting in 

a wide range of salt content in crude glycerin by-product, may explain the difference 

in responses reported for DMI between studies.  

The reduction in DMI can also result from reduced diet digestibility. It has been 

reported the decrease of in vitro dry matter digestibility of oat caused by addition of 

glycerol to the medium (Paggi, Fay, & Faverin, 2004). Possibly, for the reduction on 

adhesion, growth and cellulolytic activity for rumen cellulolytic bacteria, propose by 

Roger, Fonty, Andre, and Gouet, (1992). The depression on ruminal fiber digestibility 

are further supported by Shin, Wang, Kim, Adesogan, and Staples, (2012), who 

noted that digestibility of NDF decreased linearly as GLY increased from 0% to 10% 

in the diet.  

However, despite the changes in ruminal fermentation (Table 4), diet 

digestibility was not affected by inclusion of crude glycerin at 28% DM in the 

supplement on present study. Which corroborates with suggested by Hess et al. 
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(2008), that crude glycerin can be added at 15% DM to forage-based ruminant diets 

without negatively affecting the DM or fiber digestibility, wherein glycerol may 

enhance digestibility in forage diets (Schröder & Südekum, 1999; Avila et al., 2013). 

Based on this evidence we can suppose that even with negative effect on fiber 

digestibility, crude glycerin does not cause negative effects on intake or digestibility 

when included in low-energy diets, based on forage, like used in this study. 

The tendency reduction in NH3-N concentration could be due to an enhanced 

growth of ruminal microbial populations that would increase the NH3-N consumption 

with glycerol supplementation, especially the fibre-degrading populations (Wang et 

al., 2009b). According to Russell et al. (1992), cellulolytic bacteria derive their N 

exclusively from NH3-N, wherein the tendency reduction in ruminal NH3-N 

concentration could be explain by the increase on relative proportion of Fibrobacter 

succinogenes, with the inclusion of crude glycerin in the supplement (Table 6). 

Similar result was found by Shin et al. (2012), who reported that use of dietary N by 

ruminal microbes was increased as glycerin concentration increased in the diet; they 

also observed a reduction in NH3-N in ruminal fluid across sources of roughage 

including cottonseed hulls and corn silage by feeding glycerin in lactating cow diets. 

The increase on ruminal pH value with the increase concentration of crude 

glycerin in the supplement is consistent with the reduction of total VFA across the 

treatments. In the present study, ruminal pH was higher than 6.0, within the optimum 

range for cellulolytic bacteria activity, whereas values below that level, generally 

inhibit the growth of ruminal cellulolytic bacteria in turn, reduces the cellulolytic 

activity in the rumen (Russell & Dombrowski 1980; Russell & Wilson 1996).  

Feeding glycerol has been reported to shift VFA production in favor of 

propionate at the expense of acetate (Drouillard, 2008), mainly in in vitro conditions 

using glycerol in forage substrates (Avila et al., 2011; Krueger et al., 2010; Avila et 

al., 2013). In part, this concurs with the results of the present study. However, the 

propiogenic properties of glycerol was not confirmed, because the reduced in the 

total VFA concentration, and the acetate:propionate ratio, derived from expense of 

acetate and increase concentration of butyrate and valerate, occurring not changes 

in propionate concentration. Thus, our results do not confirm the propiogenic 

properties of glycerol and the hypothesis that glycerin is likely entirely converted to 



26 

 

propionate in the rumen (Parsons et al., 2009), but support the possible suppression 

effect of glycerol on acetate formation in the rumen found by Trabue, Scoggin, 

Tjandrakusuma, Rasmussen, and Reilly, (2007).  

The increased butyrate and valerate in the current study may have resulted 

from an increased production of lactate by fermentation of glycerin (Trabule et al., 

2007), that provided a substrate for Megasphaera elsdenii (Klieve et al., 2003). 

These results are in agreement with Rémond, Souday, and Jouany, (1993), Ferraro, 

Mendonza, Miranda, and Gutiérrez, (2009), and Shin et al. (2012), that found a 

decrease in the proportion of acetic acid and an increase in the proportions of 

butyrate and valerate when glycerol was supplemented at increasing levels. In 

disagreement to these results, previous studies (DeFrain et al., 2004; Trabue et al., 

2007) have reported that animals supplemented with glycerol had greater total rumen 

VFA, greater rumen molar proportions of propionate, and a decreased ratio of 

acetate to propionate. The discrepancies among studies on the effects of glycerin on 

rumen fermentation may be result of amount of glycerol administered (Rémond et al., 

1993) and the interaction between glycerol and substrate used (San Vito, Herald, 

Gadgil, & Drouillard, 2014).  

The profile of ruminal microorganisms is highly responsive to changes in diet 

and has a significant effect on the animal’s performance (Fernando et al. 2010). 

Currently, it is still unknown how glycerin feeding affects protozoa populations, but it 

is known that butyrate concentrations in ruminal fluid increase when the numbers of 

ciliated protozoa rise (Whitelaw, Eadie, Mann, & Reid, 1972). However, we did not 

detect changes in total numbers of ciliated protozoa concerning the seven genres of 

protozoa identified, spite of changes that occurred in the rumen fermentation. 

Results from Abo El-Nor, Abughazaleh, Potu, Hastings, and Khattab, (2010), 

suggest that substituting corn with glycerol at low levels had no adverse effects on 

fermentation, digestion or ruminal bacteria. However, higher substitution levels may 

adversely effects rumen fermentation through reducing fiber digestion, acetate 

production and bacterial populations. Possibly, for the greatly inhibited of growth and 

cellulolytic activity of rumen bacteria and fungi (Roger et al. 1992; Paggi et al. 2004). 

Unlike, in the present study, we did not find any negative effect of the inclusion of 
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crude glycerin in up to 28 % DM in the supplement provided to low-quality forage 

grazing animals.  

Interestingly, we find an increase in the relative proportion of F. 

succinogenes with the glycerin supplementation, indicating that F. succinogenes is 

less sensitive than R. albus and R flavefaciens to the inhibitory effect of glycerin at 

the tested levels. Different sensibility to the effect of glycerol between cellulolytic 

bacteria’s was also reported by Abo El-Nor et al., (2010). We attributed this result to 

the fact that F. succinogenes is a gram-negative bacteria and has different cell 

membranes that R. albus and R. flavefaciens.  

Addition of crude glycerin did not affect the Methanogenic archeas population, 

which is consistent with previous reports showing that glycerin did not affect methane 

production and the Methanogenic archeas populations (Avila et al., 2013; Danielsson 

et al., 2014). The maintenance of the numbers of ciliated protozoa, which live in the 

rumen in a symbiotic relationship with archaea (Ushida, Mewbold, & Jouany, 1997), 

may have contributed to the lack of effects on the Methanogens proportions 

observed here.  

 

 

4.2 Performance study 

The inclusion of crude glycerin on 28% DM in the supplements increase ADG 

in 23.3% compared with the control supplement. The greater ADG result in a greater 

final BW at the conclusion of the evaluation period. Similarly, Gunn et al., (2011), 

found increase in the ADG, fed calves with up to 15% crude glycerin, while Pyatt et 

al., (2007) and Parsons et al., (2009), reported increase ADG in finishing steers and 

heifers, respectively, when crude glycerin was added to the diet. The increase in BW 

gain maybe explained by the fact that glycerol increase efficiency of use of dietary 

energy in ruminant diet (Lee et al. 2011). Imply that the shift toward propionate 

fermentation may be more likely to occur in high forage (Wang et al., 2009b; Avila et 

al., 2011; Lee et al., 2011) than in high grain diets (Mach et al., 2009). 

Based on intake presented by animals in the present study, the inclusion of 

28% DM of crude glycerin in the supplement corresponds to approximately 9.5% of 

crude glycerin in the dry matter base of the total diet. Unlike the result of Exp. 1, this 
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level of glycerin inclusion result in the decrease of 20.3% on DMI, enhanced by the 

decrease in about 28% on the forage intake. The difference between Exp. 1 and 2, 

may be the fact that bulls have a higher intake compared to steers (Burnham, 

Purchas, & Morris, 2000), and the higher intake potentiated the negative effect of 

glycerol on DMI. According Parsons et al., (2009), small inclusion amounts of glycerin 

could be beneficial to livestock growth, but concentrations greater than 5% might 

create an unhealthy rumen, resulting in reduced DMI.  

The reduction on DMI and increase in ADG have contributed for the enhanced 

feed efficiency by 55.5% when crude glycerin was included in the supplement in the 

present study. Parsons et al. (2009) reported an improvement in feed efficiency when 

glycerin was included at up to 12% of the diet, which Pyatt et al. (2007) showed a 

21.9% improvement in efficiency when glycerin replaced 10% of the dry-rolled corn in 

the diet, reported to, a 10.1% reduction in DMI. Furthermore, the reduction on forage 

intake may have occurred by a substitutive effect of the supplement (Moore, 1980), 

when crude glycerin was included. This result corroborates the findings of Hales et 

al. (2013a), who observed a linear decrease in DMI and improvement in feed 

efficiency in the receiving study with glycerin addition up to 5% of DM in place of 

roughage. The current data set highlights that the response of glycerin in studies is 

dependent on what glycerin replaces in experimental diets, whether it be grain or 

roughage (Hales et al., 2013b). Thus, we suggest that glycerin can be used as an 

energetic ingredient that can effectively substitute cereals in the supplement of 

growing bulls raising low-quality pasture.  

 

5. CONCLUSION 
 

Inclusion of crude glycerin in the supplement of young Nellore steers grazing 

tropical grass alters rumen fermentation whereas increases butyrate and valerate 

while reducing acetate and total VFA, showed no negative effect on relative 

proportion of cellulolytic bacteria and protozoa population. Nevertheless, inclusion 

concentration of glycerin at up to 28% DM in the supplement of growing Nellore bulls 

raising tropical grass improved BW gain and feed efficiency. 
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Effects of differing concentrations of crude glycerin on rumen fermentation 
and microbial profile in supplemented young Nellore steers grazing tropical 

grass 
 

 

ABSTRACT - Biofuel policies have resulted in price increases in several agricultural 

commodities including corn, driving farmers to search for alternative feed sources. 

Crude glycerin (CG), a byproduct of biodiesel production, has become an attractive 

ingredient to replace grain in ruminant diets as a viable energy source. However, 

studies have produced conflicting results regarding the effect of glycerol on the fiber 

degradation activity mediated by rumen microorganisms. The objective of this study 

was to evaluate the effect of GC inclusion in the supplement (0, 70, 140, 210, and 

280 g/kg DM) on ruminal pH and fermentation, nutrient digestibility, kinetics of fiber 

degradation, and the rumen microbial profile of young Nellore steers grazing tropical 

grass. Ten ruminal cannulated Nellore steers (490.1 ± 47.8 kg) were used in a 

replicate 5 x 5 Latin square arrangement of treatments with an experimental period of 

14 days. Steers were individually supplemented at the rate of 300 g/100kg BW. 

Inclusion of CG did not affect (P > 0.05) dry matter and nutrient intake and 

digestibility. Mean ruminal pH, NH3-N, total ruminal VFA, propionate and isovalerate 

were not affected (P > 0.05) by inclusion of CG in the supplements. However, 

butyrate and valerate increased linearly (P < 0.05), whereas acetate and isovalerate 

tended to decrease linearly (P < 0.10), reducing the acetate to propionate ratio with 

the increase of CG concentration in the supplement. The potential degradable 

fraction of NDF changed quadratically (P = 0.01) and no differences (P > 0.05) were 

found in the number of protozoa with the amount of CG in the supplement. While 

addition of CG decreased the relative proportion of Ruminococcus albus and 

Ruminococcus flavefasciens (P < 0.05), but did not affect Fibrobacter succinogenes 

and Methanogens. In conclusion, the use of CG changed ruminal fermentation, 

reducing the fiber degradation and bacterial cellulolytic population, but did not affect 

intake and diet digestibility of Nellore steers grazing tropical grass. 

 

Keywords: bacteria, degradation, forage, glycerol, protozoa 
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1. INTRODUCTION 
 

Biofuel policies, which have led to large volumes of food crops being shifted 

into bioethanol and biodiesel production, have resulted in price increases in several 

agricultural commodities including corn (Popp et al., 2014). Besides being a staple 

human food, corn is an important feed grain for livestock and its high market price is 

driving farmers to search for alternative feed sources. 

Crude glycerin (CG), a byproduct of biodiesel production, has become an 

attractive ingredient to replace grain in ruminant diets as a viable energy source 

(Donkin et al., 2009; Mach et al., 2009; Bartoň et al., 2013), which acts as a 

precursor for gluconeogenesis in the liver (Krehbiel, 2008). Indeed, nearly 70% of the 

glycerin is metabolized to volatile fatty acids (VFA), particularly propionate and 

butyrate at the expense of acetate, or directly absorbed in the rumen. However, the 

literature on the feeding values and ruminal fermentation parameters of CG remains 

inconclusive. The differing effects of glycerol addition could likely be explained by 

several factors, such as type of diet or research, in vivo (DeFrain et al., 2004; Wang 

et al., 2009) and in vitro (Krueger et al., 2010; Lee et al., 2011; Avila-Stagno et al., 

2013). 

Moreover, a few studies have implicated the rumen microbiota in the 

metabolization of glycerin. However, their in vitro approaches produced conflicting 

results regarding the effect of glycerol on the fiber degradation activity mediated by 

rumen microorganisms (Abo El-Nor et al., 2010; Danielsson et al., 2014). 

Here we sought to elucidate these inconsistencies by using an in vivo 

approach involving the feeding of young Nellore steers in pasture with supplements 

containing different concentrations of CG. With this strategy, we verified the effect of 

CG inclusion in supplement (0, 70, 140, 210 and 280 g/kg DM) on ruminal pH and 

fermentation, nutrient digestibility, fiber degradation kinetics, and the rumen 

microbiological profile. 
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2. MATERIAL AND METHODS 
 

The protocol used in this experiment was in accordance with the Brazilian 

College of Animal Experimentation guidelines (COBEA – Colégio Brasileiro de 

Experimentação Animal) and was approved by the Ethics, Bioethics, and Animal 

Welfare Committee (CEBEA – Comissão de Ética e Bem Estar Animal) of the 

Faculdade de Ciências Agrárias e Veterinárias, UNESP – Univ Estadual Paulista 

(protocol number 021119/11). 

 

Experimental procedures 
The trial was conducted during the rainy season at a location (Brazil, 

21°15’22’’ south, 48°18’58’’ west and 595m above sea level) owned by the Univ 

Estadual Paulista (UNESP, Jaboticabal, SP, Brazil) from February to May 2012. The 

climate is classified as tropical rainy climate with dry winter (Köppen international 

system: Aw); During the experimental period, the average monthly precipitation is 

26.95 mm, with an average maximum monthly temperature of 33.75°C, and the 

average minimum monthly temperature of 13.82°C. A replicated 5 x 5 Latin square 

experiment using ten ruminally cannulated Nellore steers (BW = 490.1 ± 47.8 kg) at 

25 months of age was used to assess the impact of different concentrations of 

glycerin in the supplement (2 steers per treatment) on intake, nutrient digestibility, 

ruminal pH, NH3-N and volatile fatty acid concentration, fiber degradation, and 

ruminal microbiology over five 14-day periods. Each period consisted of 10 days for 

adaptation to the supplement and 4 days for sampling. Initially, the animals were 

weighed, identified, and treated against endo- and ectoparasites by administration of 

ivermectin (Ivomec, Merial, Paulínea, BR), and allocated into 5 paddocks of 0.25 

hectares each, consisting of Brachiaria brizantha cv. Xaraés. Pasture was formed in 

2011. Nitrogen was applied to each paddock as urea at a rate of 200 kg/ha, divided 

in two applications during the study. The paddocks were fitted with smooth wire 

fencing, waterers and a pair of individually feed bunks. 

The diets used consisted of 0, 70, 140, 210, and 280 g/kg DM inclusion of CG 

in the supplement. Crude glycerin (870.98 g/kg DM; 50.72 g/kg mineral matter; 10.15 

g/kg crude protein; 10.81 g/kg ether extract; 800.34 g/kg glycerol; 0.3 g/kg methanol) 
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was from a soybean-oil-based biodiesel production company (ADM, Rondonópolis, 

Brazil). Supplemental concentrations of corn gluten were increased with increasing 

CG to maintain similar concentration of CP in the DM. Ingredients were sampled 

every 15 days to determine the proportion of ingredients and chemical composition 

(Table 1). No supplements were stored for more than three days after mixing. Steers 

were individually supplemented at the rate of 300 g/100kg BW, daily, at 10.00 h, in a 

par of feed bunks arranged in each paddock. Individual steers BW was recorded at 

the initiation of each period without fasting period, to adjust supplementation. 

 
Table 1. Ingredients and chemical composition of supplements and pasture 

 Crude glycerin in supplements, g/kg DM  
 0  70  140  210 280  Pasture1 
Ingredients composition, g/kg      

Corn grain 500.0 410.0 330.2 250.3 170.5 - 
Crude glycerin     0.0      70.0 140.0 210.0 280.0 - 
Corn gluten     0.0    20.0   20.8   30.7   40.5 - 
Soybean meal 420.0  420.0 420.0 420.0 420.0 - 
Urea/ammonium sulfate   30.0    30.0   30.0   30.0   30.0 - 
Commercial premix2   50.0    50.0   50.0   50.0   50.0 - 

Chemical composition, g/kg DM     
DM  910.7 910.5 910.4 910.2 910.0 890.8±28.3 
CP  370.5 370.9 370.6 370.4 370.1 180.9±23.9 
NDF  140.4 130.1 120.0 100.8   90.7 570.5±28.7 
Ether extract    30.8   30.5   30.2   20.9   20.6 14.0±2.9 
Non fibrous carbohydrates3  400.7 410.6 430.0 440.4 450.9 138.9±24.3 

1Average and standard deviation of the mean of samples obtained by technique of simulated grazing 
in five periods. 2Composition = Calcium: 210 g/kg; Phosphorus: 20 g/kg; Sulfur: 37 g/kg, Sodium: 80 
g/kg; Copper: 490 mg/kg, Manganese: 1.424 mg/kg, Zinc: 1.830 mg/kg, Iodine: 36 mg/kg; Cobalt 29 
mg/kg, Selenium: 9 mg/kg; fluorine (Max): 333 mg/kg. 3Calculated as 1000 - (crude protein + ether 
extract + Ash + neutral detergent fiber). 
 

Forage mass in each paddock was estimated in each period during the 

grazing study. The average sward height was taken by reading 20 sampling points in 

each paddock, with the aid of stick graduated in cm. Three samples, with the average 

sward height, were collected by clipping all forage within a 0.25-m2 frame in each 

paddock at each sampling to 2.5-cm stubble height with hand shears. The clipping 

samples were dried to a constant weight under forced air at 55°C. Dry weights of 

these clippings were multiplied by the paddock area, to estimate the forage mass. 

Paddock had an average forage mass of 7501.7, 6724.6, 5824.8, 7717.2, and 7547.3 
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kg/ha of dry matter, and an average sward height of 31.1, 28.0, 26.4, 29.4, and 26.6 

cm, respectively for treatment with 0, 70, 140, 210, and 280 g/kg of CG in the 

supplement. The grazing method used was the continuous grazing system (Allen et 

al., 2011), and the initial average sward height was 41.6 ± 3.34 cm. Forage samples 

were collected to be representative of diets consumed by grazing steers from all 

pastures in each period during the grazing studies by handling plucking methodology 

to mimic forage selected by grazing steers. Samples were dried to a constant weight 

at 55°C under forced air. 

 

Intake estimation 
Intake and nutrient digestibility were estimated in all of periods, using the 

marker method: LIPE® and indigestible neutral detergent fiber (iNDF) were used to 

estimate the excretion of fecal matter (as dry weight), and forage intake, respectively. 

The intake of concentrate was obtained through the individual supply of supplement, 

according to the body weight of the animal. Fecal samples were collected on days 

12, 13, and 14 of each period, directly from the rectum, at 11.00 and 16.00, 9.00 and 

15.00, and 7.00 and 14.00 hours, during the first, second, and third day of collection, 

respectively. Fecal samples were dried (55°C) and ground in a Wiley mill (Thomas 

Scientific, Swedesboro, NJ), and composited samples were prepared using the same 

proportion (dry basis) for each of the three days and hours of sampling, for each 

animal. LIPE® (lignin isolated, purified, and enriched from Eucalyptus grandis) was 

provided for eight days by cannula infusion of a 500 mg capsule: five days to stabilize 

fecal excretion of the marker, and three days for sample collection, according Santos 

et al. (2011). Approximately 10 g of each composed sample of feces was sent to the 

Federal University of Minas Gerais to estimate the total daily fecal output by LIPE® 

measurement methods as described by Saliba (2005).  

The individual intake of forage was estimated using the internal marker iNDF. 

The samples of feces, forage, and concentrate were placed in Ankon bags (Filter bag 

F57) and incubated in the rumen of a cannulated Nellore animal for a period of 288 h 

(Valente et al., 2011). When the bags were withdrawn from the rumen, they were 

soaked in water for 30 min and gently washed by hand under running water until the 

wash water ran clear. The bags were then analyzed for NDF concentration using an 
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Ankom fiber analyzer (Ankom Inc., Fairport, NY), and the iNDF was determined by 

weighing the bags with a digital scale after drying them in an oven, first at 55°C for 72 

h followed by 105°C for 8 h. The residue was considered the iNDF. Individual forage 

intakes were estimated by subtracting marker excretion from the concentrate from 

the total iNDF excretion and dividing that difference by the concentration of the 

marker in the forage. 

 

Chemical analysis 
For proximate analysis, samples of ingredients, supplements and forage were 

dried at 55ºC for 72 h. Samples were then ground to pass a 1-mm screen (Thomas 

Scientific, Swedesboro, NJ) and analyzed for dry matter (DM, method Nº934.01), 

organic matter (OM, method Nº942.05) and ether extract (EE, method 920.85) in 

accordance with AOAC (1990). Concentrations of nitrogen (N) in each sample were 

determined by rapid combustion (850°C), conversion of all N-combustion products to 

N2, and subsequent measurement by Leco® thermoconductivity cell, model FP-528 

(LECO Corporation, Michigan, USA). Crude protein was calculated as the 

percentage of N in the sample multiplied by 6.25. NDF was determined using an 

Ankom fiber analyzer (Ankom Inc., Fairport, NY) with ash correction. Heat-stable α-

amylase was included in the NDF solution, without added sodium sulfite. Non-fibrous 

carbohydrates (% in the DM) were determined as (Mertens, 2002): 100 – (CP + NDF 

+ ether extract +ash), and observed TDN was calculated according NRC (2001). 

 

Ruminal fermentation 
Rumen pH, NH3-N, and VFA were measured for one day during day 11 of 

each period. Ruminal contents were obtained at 0, 3, 6, 12 and 18 h after 10.00 h 

supplementation. Rumen fluid was obtained from several sites within the rumen and 

was subsequently strained through two layers of cheesecloth. Ruminal pH was 

immediately measured using an electric pH meter (Nova Técnica, PHM, Piracicaba, 

SP). After pH measurement, the samples were poured into 50 mL plastic flasks with 

1 mL of 9.3 M H2SO4 and frozen at -20°C for subsequent analysis of NH3-N 

concentration. Ruminal fluid NH3-N was analyzed by distilling with 2 MKOH in a 

micro-Kjeldahl system, according to the original procedures of Fenner (1965). The 
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samples collected for analysis of VFA were centrifuged at 13.000 x g (4°C) for 30 min 

and quantified by gas chromatography (GC Shimatzu model 20-10, automatic 

injection) using capilar column (SP-2560, 100 m × 0.25 mm in diameter and 0.02 mm 

in thickness, Supelco, Bellefonte, PA) according to the methodology of Palmquist and 

Conrad (1971). 

 

In situ ruminal fiber degradation kinetics 
Ruminal NDF degradation kinetics was determined in situ with dacron bags. 

Duplicate bags (F57 filter bags, 25 micron pore size, Ankom Corporation, Fairport, 

NY) containing a ratio of 20 mg of DM/cm² of tissue surface, of dried (55°C, 72h) and 

ground (1 mm) forage sample were placed into the rumen of the steers in each 

treatment at the time 96, 72, 48, 36, 24, 12, 9, 6, 3, and 0 hours. After removal of all 

bags from the rumen at one time, bags were washed using tap water for 30 minutes. 

Washed bags were dried (55°C, 72h) in a forced air oven and NDF was determined 

using an Ankom fiber analyzer (Ankom Inc., Fairport, NY). Percentages of 

disappearance of NDF at each incubation time were calculated from the proportion 

remaining in the bag after incubation in the rumen. Kinetics of NDF degradation was 

estimated according to the model of Ørskov and McDonald (1979), using a nonlinear 

procedure of SAS. The model was Y = a + b (1–e–ct), where Y = degradability at time 

(t), a = intercept, b = potentially degradable fraction of NDF and c = rate of 

degradation of b. 

 

Rumen microbial profile 
Bacteria and protozoa samples were collected on the day 11, 3 h after 

supplementation. Cell counts were obtained from rumen content aliquots that were 

preserved in formalin (a solution of equal parts water and 370 ml/L formaldehyde) 

according to D'Agosto and Carneiro (1999). Ciliate protozoa species were identified 

and quantified in a Sedgewick-Rafter chamber, according to Dehority (1984). Each 

sample was homogenized and 1 mL of ruminal content was pipetted and transferred 

to vials with lugol, according methodology modified from D’Agosto and Carneiro 

(1999). After 15 min, 9 mL of glycerin at 30% was added to the vials. To quantify the 
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protozoa, 1 mL of content from each vials was pipetted to fill the Sedgewick-Rafter 

chamber. The ciliates were measured according to Dehority (1984). 

For the quantification and identification of rumen bacteria, two treatments 

(treatment with 0 and 280 g/kg DM of crude glycerin) were used. These treatments 

were chosen for their lowest (0 g/kg DM) and highest (280 g/kg DM) glycerin 

concentration, respectively. Fifty grams of the ruminal contents were weighed to 

identify bacterial population and immediately added to 50 ml of phosphate saline 

buffer (pH 7.4), stirred vigorously for 3 minutes, and then filtered with a mesh fabric 

(100 microns). The filtrate was subjected to centrifugation at 16,000 x g for 10 

minutes at 4°C. The supernatant was discarded and the remaining precipitate was 

resuspended in 4 ml of Tris-EDTA buffer (10X, pH 8.0). The resuspended content 

was centrifuged at 16,000 x g for 10 min at 4°C, the supernatant was discarded, and 

the precipitate was immediately stored in refrigeration (-20°C) for a period of three 

months. DNA extraction was conducted in 250 mg of sample using the extraction kit 

FastDNA® SPIN Kit for Soil (MP Biomedical, LLC). The integrity and quantity of the 

DNA was checked by electrophoresis on agarose gel (0.8%), and complementary 

DNA was assessed by spectrophotometry (Thermo Scientific NanoDrop™ 1000) for 

evaluation of its quality and quantity. For quantification of total bacteria and relative 

quantification of cellulolytic bacteria (Ruminococcus albus, Ruminococcus 

flavefaciens, Fibrobacter succinogenes and Archaeas), the technique used was 

qPCR. The primers used in this study are shown in Table 2.  

 

Table 2. PCR primers used in this study for the quantification of specific rumen 
microbes by qPCR 

F = “forward”; R = “reverse”; 1 Denman and McSweeney. (2006); 2 Denman et al. (2007) 

Primer Sequence (5` to 3`) 

Fibrobacter succinogenes1 F: GGTATGGGATGAGCTTGC 
R:GCCTGCCCCTGAACTATC 

Ruminococcus flavefaciens1 F:GGACGATAATGACGGTACTT 
R:GCAATC(CT)GAACTGGGACAAT 

Ruminococcus albus1 F: CCCTAAAAGCAGTCTTAGTTCG 
R: CCTCCTTGCGGTTAGAACA 

Total Archaeas2 F: TTC GGT GGA TCD CAR AGR GC 
R: GBA RGT CGW AWC CGT AGA ATC C 
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Three concentrations (400, 600, and 800 nM) of forward and reverse primers 

were tested to determine minimum primer concentration giving the lowest threshold 

cycle (Ct) and to reduce nonspecific amplification before starting the reaction. 

The amplifications were performed in triplicate and negative controls were run 

in the assay, omitting the total DNA. The reactions were conducted in the 7500 Real 

Time PCR System. Rox was used as a passive reference dye. The qPCR reaction 

was carried out using 100 ng of total DNA in a reaction containing: 7.5 μl of SYBR® 

Green PCR Master Mix (Bio-Rad, Hercules, California, USA), 10 pmol of primer pair, 

and H2O to a final volume of 12.5 μl. Cycling conditions were 50°C for 2 min; 95°C for 

10 minutes; and 40 cycles of 95°C for 15 seconds, 60°C for 1 minute, and 78°C for 

30 seconds. After amplification cycles, a step was added in which temperature was 

increased from 60 to 95°C to obtain dissociation curve of the reaction products, used 

for analyzing the specificity of amplification. Relative quantification was used to 

determine species proportion. The results were expressed as a 16S rDNA ratio of 

general bacteria, following the equation: 

Relative quantification = 2-(Ct target – Ct total bacteria); 

Where Ct is defined as the number of cycles required for the fluorescent signal 

to cross the threshold. 

 

Statistical analyses 
Data of intake and apparent digestibility were analyzed considering a 

replicated Latin square design using the MIXED procedures (SAS Inst. Inc., Cary, 

NC, USA). The model included the fixed effect of treatment and Latin square, and 

random effects of period, animal, and error. Data for pH, NH3-N, and VFA were 

analyzed considering a replicated Latin square design with repeated measures. The 

model included the fixed effect of treatment, time, treatment x time interaction, and 

random effects of period, animal and error. The structure of errors that best fitted the 

data according to the Bayesian information criterion (BIC) was used. In the intake, 

digestibility, pH, NH3-N, and VFA analyses, means were compared using the contrast 

option of the MIXED procedures of SAS and declared significant at P < 0.05 for linear 

or quadratic effects.  
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Data of ciliated protozoa were transformed to log10, plus a drive to meet the 

requirements of the SAS analysis. The analysis considered a replicated Latin square 

design using the MIXED procedures (SAS Inst. Inc., Cary, NC, USA). The model 

included the fixed effect of treatment and Latin square, and random effects of period, 

animal and error. 

Statistical analyses for bacteria population were performed using the software 

R, and the data were compared between treatments (with or without 280 g/kg DM of 

glycerin in the supplement) using the Wilcoxon test (P < 0.05), since the sample size 

was small (n = 10) and the variances were not homogeneous (Bartlett's test). 
 

3. RESULTS 
 

Nutrient intake and digestibility 
Inclusion of different concentrations of CG in the supplements offered to young 

Nellore steers in pasture did not affect (P > 0.05) intake and digestibility of DM, OM, 

CP, NDF, and TDN diet (Table 3). 

 

Table 3. Effect of crude glycerin in supplements on intake and coefficient of total tract 
apparent digestibility of Nellore steers in pasture 

 CG in supplemets, g/kg DM 
 SEM 

P-values1 
 0 70 140 210 280 Supplement Contrast2 
Intake, kg/d         

DM  10.97 10.33 10.30 10.98 10.06 0.613 0.602 - 
OM 10.07 9.47 9.44 10.07 9.24 0.562 0.592 - 
CP 2.38 2.16 2.12 2.38 2.16 0.181 0.413 - 
NDF 5.62 5.39 5.41 5.78 5.18 0.344 0.615 - 
TDN 6.47 5.82 5.88 6.48 5.66 0.611 0.609 - 

Digestibility, g/kg DM     
DM 579.6 563.3 567.7 591.3 548.4 3.257 0.692 - 
OM 611.6 591.1 600.9 616.3 584.8 3.078 0.793 - 
CP 729.1 707.8 704.5 726.7 681.7 3.071 0.558 - 
NDF 556.7 538.9 558.9 569.2 525.2 3.781 0.788 - 
TDN 576.0 555.2 565.7 579.3 548.4 2.952 0.758 - 

1When contrasts are not significant (P>0.05), P-values are not reported. 2Significant contrast: L = 
linear; Q = quadratic. 
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Ruminal fermentation 
Mean ruminal pH, NH3-N, and total ruminal VFA were not affected (P > 0.05) 

by inclusion of CG in the supplements. Molar proportion of propionate and 

isovalerate were not affected (P > 0.05). However, butyrate and valerate increased 

linearly (P < 0.05), whereas acetate and isovalerate tended to decrease linearly (P < 

0.10) with the increase of CG concentration in the supplement. Consequently, the 

ratio of acetate to propionate (A:P) decreased with the increase in the concentration 

of CG in the supplement (P = 0.007) (Table 4). 
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In situ ruminal fiber degradation kinetics 
The potential degradable fraction of NDF and the rate of degradation 

quadratically (P > 0.05) changed with the amount of CG in the supplement (Table 5). 

Although animals supplemented without CG showed higher potentially degradable 

fraction of NDF, they also revealed the lowest rate of degradation. 

 

Table 5. Effect of crude glycerin (CG) in supplements on in situ ruminal fiber 
degradation kinetics 
 CG in supplements, g/kg DM 

SEM 
           P-value1 

Item3 0 70 140 210 280 Supplement Contrast2 

B 82.61 72.58 72.14 72.82 75.18 4.66 0.024 Q(0.010) 

C 0.018 0.025 0.022 0.022 0.019 0.002 0.013 Q(0.006) 
1When contrasts are not significant (P>0.05), P-values are not reported. 2Significant contrast: L = 
linear, Q = quadratic; 3B = potentially degradable fraction of NDF, C = rate of degradation of B; 

 

Profile of ruminal microorganisms 
No differences were found in the number of protozoa concerning the six 

genres of protozoa identified (P > 0.05). However, we observed a tendency of linear 

decrease in the number of protozoa of the genera Entodinium when the 

concentration of CG in the supplement was increased (P < 0.054). This observation 

was particularly evident when 280 g/kg DM of CG was added (Table 6). 

 

Table 6. Effect of crude glycerin (CG) in supplements on rumen fluid protozoa 
numbers of young Nellore steers in pasture 
 CG in supplements, g/kg DM 

  SEM 
       P-value2 

Protozoa (n x 10-4)1 0 70 140 210 280 Supplement Contrast3 

Entodinium 6.95 6.92 6.93 6.89 6.65 0.073 0.054 L(0.015) 

Dasytricha 5.70 5.80 5.59 5.55 5.61 0.157 0.464 - 

Isotricha 5.42 5.32 5.23 5.14 5.10 0.108 0.295 - 

Eremoplastron 2.62 1.79 2.93 2.14 2.95 0.620 0.631 - 

Diploplastron 2.10 2.51 2.17 1.70 1.83 0.557 0.855 - 

Polyplastron 2.96 3.30 3.68 3.76 4.37 0.684 0.497 - 

Total protozoa 25.7 25.6 26.5 25.1 26.4 1.073 0.791 - 
1Log10 of number of protozoa; 2When contrasts are not significant (P>0.05), P-values are not 
reported. 3Significant contrast: L = linear, Q = quadratic. 
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To evaluate the effect of CG supplementation on the bacterial population, we 

quantified these microorganisms in the rumen of animals fed with or without 280 g/kg 

DM of CG in the supplemented diet. To do so, we chose to investigate the 

Methanogenic archeas for their methane production ability and the bacteria 

Ruminoccocus albus, Ruminoccocus flavefasciens, and Fibrobacter succinogenes 

because of their acknowledged role in fiber degradation (Tajima et al., 2001; Russell, 

2002). While addition of CG decreased the relative proportion of R. albus and R. 

flavefasciens (P < 0.05), it did not affect F. succinogenes and Methanogens (Table 

7). 

 

Table 7. Effect of crude glycerin (CG) in supplements on relative proportion (%) of 
cellulolytic bacteria and methanogenic archeas of young Nellore steers in pasture 

 CG in supplements, g/kg DM   

Item            0 280 SEM P-value 

Ruminoccocus albus 0.0702 0.0174 0.0163 0.0479 

Ruminoccocus flavefasciens 0.0411 0.0073 0.0098 0.0361 

Fibrobacter succinogenes 0.0203 0.0196 0.0176 0.4206 

Methanogenic 0.2487 0.1096 0.0244 0.1508 
 

 

4. DISCUSSION 
 

In this study, we investigated some of the possible underlying reasons for the 

discrepancies reported elsewhere regarding the effect of inclusion of CG in the diet of 

ruminants. To do so, our in vivo approach tested how the addition of different 

concentrations of CG in the supplements fed to young Nellore steers grazing tropical 

grass affected intake, ruminal pH and fermentation, nutrient digestibility, fiber 

degradation kinetics and the rumen microbiological profile. 

The literature has described conflicting results as to the effect of CG inclusion 

on feed intake. Moore et al. (2011) and Pyatt et al. (2007) found a decrease in DMI in 

animals fed with higher concentrations of CG. However, studying feedlot animals, 

Mach et al. (2009) and Gunn et al. (2010) reported no differences in DMI when 
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including CG up to 12% and 30% DM in growing diets, respectively. Our results with  

Nellore steers in pasture are consistent with Mach et al. (2009) and Gunn et al. 

(2011) as the inclusion of different concentrations of CG did not significantly affect 

DM and nutrient intake. Indeed, in our experiments inclusion of CG did not surpass 

55.6 g/ kg DM  (that is 5% DM), an amount lower than the 120 g/kg  DM  described  

by Mach et al. (2009) and Parsons et al. (2009) as the cause for decreased intake in 

cattle. Propionate, a metabolite of glycerin fermentation, act on receptors present in 

the rumen-reticulum and activates the satiety center inhibiting intake (Allen, 2000). 

Supporting the lack of effect of glycerin inclusion on the DMI is the finding that the 

concentration of this VFA did not change in our experiments (Table 4). 

Although in this study the inclusion of CG decreased potential degradability of 

the fiber (Table 5), the total tract digestibility was not affected. The change in fiber 

degradation did not result in changing parameters such as intake and digestibility. 

Hess et al. (2008) found that addition of CG up to 15% DM to ruminant diets also did 

not affect DM or fiber digestibility of warm-season grasses. Effects were only 

observed when glycerin concentrations surpassed 15% DM. However, reduction in 

fiber digestion was reported when glycerol was added to starch-containing diets in 

vivo (Schröder and Südekum, 1999) and in vitro (Abo El-Nor S et al., 2010). These 

discrepancies on the effects of glycerol in digestibility are difficult to explain. An 

interaction between the components of diet and the addition of CG resulting in 

different responses of microbe species and products of fermentation was proposed 

by Lee et al. (2011). 

Ruminal pH as well as NH3-N and total VFA concentrations were not affected 

by inclusion of CG in the supplement.  Our results are in agreement with those 

reported by Mach et al. (2009) and Abo El Nor et al. (2010).  Although total VFA 

concentration was not affected, inclusion of CG did reduce the A:P ratio toward more 

butyrate and valerate while reducing acetate. The reduction in molar proportion of 

acetate and A:P ratio is consistent with the reduction of the potentially degradable 

fiber fraction and with the reduction in the relative population of microorganisms 

involved in fiber degradation (Table 7). Changes in the patterns of VFA are often 

associated with shifts in the species of microbes in the rumen. The increased 

butyrate and valerate in the current study may have resulted from an increased 
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production of lactate by fermentation of glycerin (Trabule et al., 2007), that provided a 

substrate for Megasphaera elsdenii (Klieve et al., 2003), the main producer of 

butyrate in the rumen. These results are in agreement with Shin et al. (2012) who 

found a decrease in the proportion of acetic acid and an increase in the proportions 

of butyrate and valerate. However, our results differ from those reported by DeFrain 

et al. (2004) who found that animals supplemented with glycerol had greater total 

rumen VFA with greater rumen molar proportions of propionate, to the detriment of 

acetate. Thus, our results do not confirm the propiogenic properties of glycerol, but 

support the possible suppression effect of glycerol on acetate formation in the rumen 

found by Trabue et al. (2007). 

The reduction of in situ ruminal degradability of potentially digestible fiber 

fraction was consistent with the tendency of reduction of acetic concentration in the 

rumen by the increase of crude glycerin in the supplement. These results can be 

explained by the inhibition of cellulolytic bacteria mediated by the inclusion of CG in 

the supplement (Table 7). 

The profile of ruminal microorganisms is highly responsive to changes in diet 

and has a significant effect on the animal’s performance (Fernando et al. 2010). 

Currently, it is still unknown how glycerin feeding affects protozoa populations. 

However, it is known that butyrate concentrations in ruminal fluid increase when the 

numbers of ciliated protozoa rise (Whitelaw et al., 1972). Although the butyrate 

concentration rose linearly with the increase of CG inclusion, we did not detect 

changes in total numbers of ciliated protozoa. The observed tendency of linear 

decrease in the number of protozoa of the genera Entodinium when the 

concentration of CG in the supplement was increased, suggests that these genera 

may also be sensitive to glycerin supplementation. 

Glycerin can inhibit the adhesion of microorganism to fiber, modifying bacteria 

cell membrane permeability and therefore affecting bacterial cellulolytic enzymatic 

activities (Abo El Nor et al., 2010). We found that CG supplementation was 

responsible for decreasing the relative proportion of cellulolytic bacteria 

Ruminococcus albus and Ruminococcus flavefaciens. These results are consistent 

with previous observations reporting that glycerin concentration higher than 5% of 
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DM inhibited the growth of cellulolytic bacteria (Roger et al., 1992; Paggi et al. 2004; 

Abo El Nor et al., 2010). 

Interestingly, the relative proportion of F. succinogenes was not affected by 

CG supplementation, indicating that F. succinogenes is less sensitive than R. albus 

and R flavefaciens to the inhibitory effect of glycerin at the tested levels. We 

attributed this result to the fact that F. succinogenes is a gram-negative bacteria and 

has different cell membranes that R. albus and R. flavefaciens. On the other hand, 

studies conducted in vitro reported that glycerin inhibited the growth of F. 

succinogenes (Roger et al., 1992; Abo El Nor et al., 2010). 

Addition of CG did not affect the Methanogenic archeas population, which is 

consistent with previous reports showing that glycerin did not affect methane 

production and the Methanogenic archeas populations (Avila-Stagno et al., 2013; 

Danielsson et al., 2014). This might be occurring because protozoa live in the rumen 

in a symbiotic relationship with archaea (Ushida et al., 1997). Thus, the maintenance 

of the numbers of ciliated protozoa may have contributed to the lack of effects on the 

Methanogens proportions observed here and elsewhere. 

Concluding, our results show that inclusion of CG in the supplement of young 

Nellore steers grazing tropical grass does not affect intake and apparent total tract 

digestibility. However, it alters rumen fermentation and increases butyrate and 

valerate while reducing acetate. Inclusion of up to 5% DM of CG in the supplement 

reduces the potential degradability of NDF and the relative proportion of cellulolytic 

bacteria such as R. albus and R. flavefaciens but does not affect Methanogens. 
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Inclusion of crude glycerin in supplement of young Nellore bulls on pasture 
increases growth performance and does not affect methane emission 

 
 

ABSTRACT - Supplementation of grass-fed cattle with low-cost feeding alternatives 

may be an attractive way to improve efficiency of cattle production. We hypothesized 

that inclusion of crude glycerin (CG) in the supplement of grass-fed cattle could 

improve feed conversion without negative effects on growth performance while 

reducing CH4 emissions. We investigated these effects on pasture-raised young 

Nellore bulls (n = 50; 426.66 ± 19.41 kg initial BW) supplemented with increasing 

concentrations (0, 70, 140, 210, and 280 g/kg DM basis of supplement) of CG 

replacing corn grain. Inclusion of CG did not affect dry matter (P = 0.532) and nutrient 

intake (P > 0.05), aNDFom digestibility (P = 0.179), final body weight (P = 0.174), 

longissimus muscle area (P = 0.500), rib fat thickness (P = 0.870), and carcass gain 

(P = 0.133). Inclusion of CG quadratically affect ADG (P = 0.002), with minimal ADG 

of 0.735 kg/d with 140 g of CG/kg DM supplement. However, tended to improve feed 

efficiency (P = 0.061). Inclusion of CG did not affect ruminal CH4 emission express in 

kg/year (P = 0.742), g/kg DM intake (P = 0.696), or g/kg of carcass gain (P = 0.484). 

In conclusion, CG supplementation of cattle raised on pasture may be effectively 

used as a partial energy source, since it promotes additional daily gain with potential 

performance improvement. However, CG supplementation was not effective as a 

strategy to reduce CH4 emission in grass-fed cattle. 

 

Keywords: biodiesel co-products, cattle, forage, glycerol, greenhouse  

 

1. INTRODUCTION 
 

Cost of feeds, such as corn, has increased enormously especially since the 

major world producer, the USA, is increasingly using this crop in biofuel production 

(Actionaid, 2012). Therefore, the cattle feeding industry is searching for nutritional 

alternatives to maintain or lower costs of gain while meeting the demand for quality 

and minimal environmental impact. Intensive cattle production is known to be an 
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efficient albeit costly system and therefore inaccessible for most farmers from 

developing countries. Thus, supplementation of grass-fed beef with low-cost feeding 

alternatives may be an attractive way to improve efficiency of cattle production and 

reducing environmental impacts. 

There is a growing pressure on the beef cattle industry, which accounts for 

80% of greenhouse gas emissions and 55% of CH4 emissions (Beauchemin and 

McGeough, 2012); in addition, CH4 represent energy loss from animal production that 

equates to approximately 6% in pasture animals (IPCC, 2006). An alternative that 

can have beneficial effects on the mitigation of CH4 emission from grazing cattle are 

the inclusion of crude glycerin. 

Crude glycerin (CG) is a byproduct of biodiesel and has been increasingly 

used as a feed ingredient to replace grain in feedlot beef cattle diets as a viable 

energy source (Mach et al., 2009; Pearson et al., 2009 and Halles et al., 2013). 

Crude glycerin can be absorbed directly by the ruminal epithelium and then 

converted to glucose in the liver (Krehbiel et al., 2008) or fermented in the rumen, 

mainly to propionate (Wang et al., 2009). Moreover, it has been proposed to act as a 

hydrogen sink as a means of reducing CH4 emissions (Boadi, 2004). 

To date, the effect of replacement of corn with CG as a supplement in grass 

diets, on the performance and CH4 emissions of grass-based diets has not been 

studied. The objective of the present study, is investigate these effects on pasture-

raised young Nellore bulls supplemented with various CG concentrations. 
 

2. MATERIAL AND METHODS 
 

The protocol used in this experiment was in accordance with the Brazilian 

College of Animal Experimentation (COBEA – Colégio Brasileiro de Experimentação 

Animal) guidelines and was approved by the Ethics, Bioethics, and Animal Welfare 

Committee (CEBEA – Comissão de Ética e Bem Estar Animal) of the Faculdade de 

Ciências Agrárias e Veterinárias, UNESP – Univ Estadual Paulista (protocol number 

021119/11). 
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Animals and diets 

Fifty Nellore bulls were used, with an average age of 17 ± 2 months and initial 

body weight (BW) = 426.66 ± 19.41 kg. Initially, the animals were weighed, identified, 

and treated against ecto and endoparasites by administration of ivermectin (Ivomec, 

Merial, Paulínea, BR), and allocated on a pasture consisting of Brachiaria brizantha 

cv. Xaraés. The animals were distributed in a completely randomized design (five 

animals per paddock) with two replicates per treatment. The diets used consisted of 

0, 70, 140, 210, and 280 g/kg DM inclusion of CG in the supplement. Crude glycerin 

(870.98 g/kg DM; 50.72 g/kg ash; 10.15 g/kg CP; 10.81 g/kg ether extract; 800.34 

g/kg glycerol; 0.3 g/kg methanol) was acquired from a soybean-oil-based biodiesel 

production company (ADM, Rondonópolis, Brazil). Supplemental concentrations of 

corn gluten were increased with increasing CG to maintain similar concentration of 

CP in the DM. Ingredients were sampled every 15 days to determine the proportion 

of ingredients and chemical composition (Table 1). Bulls were group-supplemented 

at the rate of 300 g/100kg BW, daily, at 10:00 h, in collective feed bunks arranged in 

each paddock. 

 

Table 1. Ingredients and chemical composition of supplements and pasture 
 Crude glycerin in supplements, (g/kg DM)  
 0 70 140 210 280 Forage1 
Ingredients, g/kg      

Corn 500.0 410.0 330.2 250.3 170.5 - 
Crude glycerin     0.0      70.0 140.0 210.0 280.0 - 
Corn gluten     0.0    20.0   20.8   30.7   40.5 - 
Soybean meal 420.0  420.0 420.0 420.0 420.0 - 
Urea/ammonium sulfate   30.0    30.0   30.0   30.0   30.0 - 
Commercial premix2   50.0    50.0   50.0   50.0   50.0 - 

Chemical composition, g/kg DM     
DM 910.7 910.5 910.4 910.2 910.0 900.2±3.73 
CP 370.5 370.9 370.6 370.4 370.1 120.8±6.65 
NDF 140.4 130.1 120.0 100.8   90.7 590.5±14.41 
Ether extract 30.8   30.5   30.2   20.9   20.6 10.47±1.21 
Non fibrous carbohydrates3 400.7 410.6 430.0 440.4 450.9 190.1±11.48 

1Average and standard deviation of the mean of samples obtained by technique of simulated grazing 
in five periods. 2Composition = Calcium: 210 g/kg; Phosphorus: 20 g/kg; Sulfur: 37 g/kg, Sodium: 80 
g/kg; Copper: 490 mg/kg; Manganese: 1.424 mg/kg; Zinc: 1.830 mg/kg; Iodine: 36 mg/kg; Cobalt 29 
mg/kg; Selenium: 9 mg/kg; fluorine (Max): 333 mg/kg. 3Calculated as 1000 - (crude protein + ether 
extract + Ash + neutral detergent fiber). 
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Experimental design 

The trial was conducted during the rainy season at a location (Brazil, 

21°15’22’’ south, 48°18’58’’ west and 595m above sea level) owned by the Univ 

Estadual Paulista (UNESP, Jaboticabal, SP, Brazil) from December 2011 to May 

2012. The climate is classified as tropical rainy climate with dry winter (Köppen 

international system: Aw); During the experimental period, the average monthly 

precipitation is 59.93 mm, with an average maximum monthly temperature of 

33.45°C, and the average minimum monthly temperature of 14.48°C. The 

experimental period lasted 142 d, divided into five periods of 28 d. The animal were 

allocated into 10 paddocks of 1.8 hectares each (two paddock per treatment), divided 

by electric fencing. Each paddock contained as automatic metal water trough with 

capacity of 1000 L and collectives covered plastic feeders to provide the supplement. 

Pasture was formed in 2009 and at the onset of this experiment the same 

method was employed in pasture management. Nitrogen was applied to each 

paddock as urea at a rate of 200 kg/ha, divided in two applications during the study. 

A continuous grazing system with variable stocking rate (put and take) was utilized 

(Allen et al., 2011), to maintaining sward height in 30 cm during the experimental 

period. The average sward height was taken by reading 80 sampling points in each 

paddock, with the aid of stick graduated in cm. Forage mass in each paddock was 

estimated monthly during the grazing study. Five samples, with the average sward 

height, were collected by clipping all forage within a 0.25-m2 frame in each paddock 

at each sampling to 2.5-cm stubble height with hand shears. The clipping samples 

were dried to a constant weight under forced air at 50°C. Dry weights of these 

clippings were multiplied by the paddock area, to estimate the forage mass. Forage 

samples were collected to be representative of diets consumed by grazing bulls from 

all pastures monthly during the grazing studies by handling plucking methodology to 

mimic forage selected by grazing bulls. Samples were dried to a constant weight at 

50°C under forced air. Paddock had an average forage mass of 9884.9, 10510.9, 

9561.2, 9463.5, and 10228.2 kg of DM/ha and an average sward height of 27.9, 28.7, 

29.6, 27.5, and 28.0 cm, respectively for treatment with 0, 70, 140, 210, and 280 g 

kg-1 of crude glycerin in the supplement. 



63 

 

Every 28 d the animals were weighed without fasting period, to adjust the 

quantity of supplement offered. Individual bulls BW was recorded at the initiation and 

termination of study after a 16-h withdrawal period from feed and water. ADG was 

determined by dividing BW gain (initial full BW – final full BW) by the number of days 

in study.  Feed efficiency was calculated as the ratio between ADG and DMI (g of BW 

gain/g of DMI). 

After 142 d of feeding, all the animals were harvest at a commercial beef plant 

with 550.1 ± 30.6 kg of shrunk BW. Pre-harvest handling was in accordance with 

good animal welfare practices, and slaughtering procedures followed the Sanitary 

and Industrial Inspection Regulation for Animal Origin Products (Brasil, 1997). After 

the harvest, the carcass was weighed and all carcasses were refrigerated at 4°C for 

approximately 24 h and the weight was recorded (cold carcass weight). After the 

postmortem chill period, 12th rib fat thickness (RFT) and 12th rib longissimus muscle 

area (LMA) were measured on the left side of each carcass. Longissimus muscle 

areas were traced on transparencies and measured later with a planimeter, and RFT 

measurements were taken at ¾ of the length ventrally over the longissimus muscle 

(Greiner et al., 2003). To obtain the carcass gain (CrG), five animals were selected 

as a reference group and harvest to obtain the dressing percentage (DP) at day 0 of 

the experiment, animals were selected by the average weight of the whole group. 

The DP of reference group was used in conjunction with the initial BW (day 0) of 50 

animals to estimate the initial carcass weight (CWi) of these 50 animals: CWi = (BWi 

x DP of reference group) / 100. At the end of the experiment, these 50 animals were 

harvest and the final carcass weight (CWf) was recorded for each animal, thus we 

obtained CrG = (CWf – CWi / d of feeding). 

 

Chemical analysis 

For proximate analysis, samples of ingredients of supplements and forage 

were dried at 55ºC for 72 h. Samples were then ground to pass a 1-mm screen 

(Thomas Scientific, Swedesboro, NJ) and analyzed for dry matter (DM, method 

Nº934.01), organic matter (OM, method Nº942.05), and ether extract (EE; method 

920.85) in accordance with AOAC (1990). Concentrations of nitrogen (N) in each 

sample were determined by rapid combustion (850°C), conversion of all N-
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combustion products to N2, and subsequent measurement by thermoconductivity cell 

Leco®, model FP-528 (LECO Corporation, Michigan, USA). CP was calculated as the 

percentage of N in the sample multiplied by 6.25. GE content of supplements and 

forage was determined using an adiabatic bomb calorimeter (PARR Instrument 

Company 6300, Moline, IL, USA). NDF was determined using an Ankom fiber 

analyzer (Ankom Inc., Fairport, NY) with ash correction. Heat-stable α-amylase was 

included in the NDF solution, without added sodium sulfite. The amount of non-fiber 

carbohydrates were determined as described by Hall (2000), and TDN was 

calculated according NRC (2001). 

 

Intake estimation 

Thirty animals (6 treatment replicates) were used to estimate the intake and 

coefficient of total tract apparent digestibility using the three-marker method: LIPE®, 

titanium dioxide (TiO2), and indigestible neutral detergent fiber (iNDF), used to 

estimate the excretion of fecal matter (as dry weight), supplement intake, and forage 

intake, respectively. 

Fecal samples were collected during three days, directly from the rectum, at 

16.00 and 11.00, 15.00 and 9.00, and 14 and 07.00 hours, during the first, second, 

and third day of collection, respectively. Fecal samples were dried (55°C), ground in 

a Wiley mill (Thomas Scientific, Swedesboro, NJ), and composite samples were 

prepared using the same proportion (dry basis) for each of the three days and hours 

of sampling, for each animal. 

LIPE® (lignin isolated, purified, and enriched from Eucalyptus grandis) was 

provided for eight days by esophageal infusion of a 500 mg capsule: five days to 

stabilize fecal excretion of the marker, and three days for sample collection, 

according Santos et al. (2011). The fecal samples were dried, ground, and composite 

sample was prepared for each of the three days of sampling, for each animal, based 

on fecal dry weights. Approximately 10 g of each composed sample of feces was 

sent to the Federal University of Minas Gerais to estimate the total daily fecal output 

by methods of LIPE® measurement as described by Saliba (2005). 

Individual concentrate intake was estimated using titanium dioxide (TiO2), 

according to the methodology described by Titgemeyer et al. (2001). The TiO2 was 
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hand mixed with the supplement in the amount of 10 g per animal per day 

immediately prior to delivery, and was provided for 10 days: seven days to stabilize 

fecal excretion of the marker, and three days of sample collection. The concentrate 

intake of the cattle was estimated by dividing the total fecal excretion of titanium 

dioxide by the concentration of titanium dioxide in the concentrate. 

The individual intake of forage was estimated using the internal marker iNDF. 

The samples of feces, forage, and concentrate were placed in Ankon bags (Filter bag 

F57) and incubated in the rumen of a cannulated Nellore animal for a period of 288 h 

(Valente et al., 2011). When the bags were withdrawn from the rumen, they were 

soaked in water for 30 min and gently washed by hand under running water until the 

wash water ran clear. The bags were then analyzed for NDF concentration using an 

Ankom fiber analyzer (Ankom Inc., Fairport, NY), and the iNDF was determined by 

weighing the bags with a digital scale after drying them in an oven, first at 55°C for 72 

h followed by 105°C for 8 h. The residue was considered the iNDF. Individual forage 

intakes were estimated by subtracting marker excretion from the concentrate from 

the total iNDF excretion and dividing that difference by the concentration of the 

marker in the forage. 

 

Methane production 

The sulfur hexafluoride (SF6) tracer method for measuring eructated CH4 was 

used in this study (Johnson et al., 1994). Thirty animals (6 treatment replicates) were 

fitted with gas collection halters at 10-d before methane sampling to allow animals to 

adapt and facilitate sampling. The selection criterion utilized was the animal’s 

tameness and ease of handling in the management center (stockyard). The enteric 

methane was measured simultaneously on the 30 animals. 

A small brass permeation tube, with a known permeation rate of SF6, was 

placed in the reticulum 72 h before the sample collection to allow the tracer gas to 

equilibrate in the rumen. Eructated gas samples were continuously obtained though a 

capillary tube connected to a collection canister placed on the neck of the animal. 

A halter with 0.127 mm stainless steel capillary tubing and with an in-line 

15μm filter was placed on the animal’s head and connected to an evacuated 

sampling canister. Collection canisters, constructed of PVC pipe, were attached to a 
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vacuum pump in the laboratory to create a negative pressure of < 6.9 x 103 Pa (-0.07 

atm). As the vacuum in the sampling canister was slowly dissipated, the negative 

pressure steadily drew the sample of air from around the mouth and nose of the 

animal. The duration of sampling was determined for a 24 h collection period. Each 

collection period consisted of five consecutive 24 h period. Additional canisters were 

placed near the experimental pasture to monitor background levels of CH4 and SF6 

daily during each sampling period. Sampling started at 07.00 h daily, when the 

animals were removed from the paddocks, and was conducted at the management 

center (stockyard) to facilitate sampling. 

After collection of the sample and pressuring the canister with nitrogen (N), the 

concentrations of CH4 and SF6 in the collection tubes were measured at Embrapa Meio 

Ambiente (Jaguariúna, SP, Brazil) using a Hewlett Packard model 6890 gas 

chromatograph (Agilent, San Jose, CA, USA). CH4 flux produced by animals was 

calculated in relation to the SF6 tracer gas flux from a permeation capsule lodged in 

the rumen minus the basal CH4 concentration in the air (Westberg et al., 1998). The 

following equation was used: QCH4 = QSF6 x [(CH4)y – (CH4)b] / (SF6). Where QCH4 = 

CH4 emission rate by animal; QSF6 = known SF6 emission rate from capsule in rumen; 

(CH4)y = CH4 concentrations in collection apparatus; (CH4)b = basal CH4 

concentration; and (SF6) = SF6 concentration in collection apparatus. 

Methane emissions (g/head per d and kg/head per year) and g of methane per 

kg of DMI, kg of DNDFI (g/kg), and % of GE intake, were calculated by dividing the 

daily methane output of each animal by daily intake (during methane sampling). 

Whereas methane emissions (g/head per d) in relation to kg of CrG (throughout the 

entire experimental period). The variable CH4, g/kg CrG = g CH4 produced per day / 

kg of daily carcass gain. 

 

Statistical analysis 

Data were analyzed as a completely randomized design by using the GLM 

procedure (SAS Inst. Inc., Cary, NC, USA). The paddock was the experimental unit, 

and the model effects included treatment. The initial body weight was used as a 

covariate for the statistical analysis of the average daily weight gain. Orthogonal 
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contrasts were used to determine the linear and quadratic effects of glycerin and 0% 

glycerin vs. glycerin treatment, with significance considered at P < 0.05. 

 

3. RESULTS 
 

Inclusion of CG in the supplement did not affect (P > 0.05) DMI of forage and 

supplement, OM, CP, aNDFom, and GE of young Nellore Bulls raising tropical grass. 

Dry matter digestibility and nutrients (OM, CP, aNDFom, and TDN) was not affected 

(P > 0.05) by inclusion of CG in the supplements. However, aNDFom digestibility 

showed a linear numerically decreased behavior with increase of glycerin 

concentrations (P = 0.037; Table 2). 

 

Table 2. Effect of crude glycerin (CG) in supplements on intake and coefficient of 
total tract apparent digestibility of young Nellore bulls in pasture (n = 30)  
 CG in supplements, g/kg DM 

 SEM 
P-values1 

 0 70 140 210 280 Supplement Contrast2 

Intake, kg/d         
DM  11.19 11.08 10.41 10.37 10.97 0.99 0.532 - 

Forage DM   9.17   9.47   8.59   8.73   8.80 0.85 0.412 - 

Supplemen   2.01   1.61   1.81   1.64   2.17 0.58 0.475 - 

OM 10.33 10.23   9.58   9.54 10.09 0.92 0.509 - 

CP   1.99   1.66   1.83   1.67   1.86 0.25 0.241 - 

aNDFom   5.86   6.14   5.55   5.75   5.77   0.51 0.495 - 

GE, MJ/d 204.7 201.3 190.5 190.4 191.0 22.60 0.505 - 

Digestibility, g/kg DM     

DM 590.98 580.61 560.65 570.02 590.18 3.48 0.494 - 

OM 650.04 620.92 590.98 600.48 620.67 3.86 0.233 - 

CP 700.34 640.95 650.90 640.47 680.59 4.65 0.217 - 

aNDFom 610.05 600.74 560.26 550.97 560.36 4.64 0.179 L(0.037) 

TDN 610.99 590.30 560.82 570.14 590.26 3.91 0.235 - 
1When contrasts are not significant (P>0.05), P-values are not reported. 2Significant contrasts: L = 
linear; Q = quadratic. 

 

The increase of CG supplementation of young bulls in pasture did not affect (P 

> 0.05) final BW, LMA, RFT, and carcass gain. Increased concentration of CG 

supplementation showed a linear effect (P = 0.038) with a tendency to increase feed 
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efficiency (P = 0.061). The ADG was greater for young Nellore bulls supplemented 

with 21% glycerin, which showed a quadratic effect (P = 0.002; Table 3). 

 

Table 3. Effect crude glycerin (CG) in supplements on performance of young Nellore 
bulls in pasture (n = 50) 
 CG in supplements, g/kg DM 

  SEM 
       P-value1 

 0 70 140 210 280 Supplement Contrast2 

Initial BW, kg 425.2 427.9 423.7 425.2 428.6 17.1 0.970 - 

Final BW, kg 548.2 553.7 527.4 553.2 557.3 27.5 0.174 - 

ADG, kg 0.872 0.892 0.735 0.930 0.912 0.12 0.012 Q(0.002) 

Feed efficiency  0.075 0.073 0.070 0.095 0.086 0.01 0.061 L (0.038) 

Carcass gain, kg/d 0.53 0.55 0.47 0.57 0.53 0.07 0.133 - 

LMA (cm2) 83.14 84.26 83.57 88.69 82.60 7.82 0.500 - 

RFT (mm) 3.04 2.99 2.66 2.99 2.94 0.81 0.870 - 
1When contrasts are not significant (P>0.05), P-values are not reported. 2Significant contrasts: L = 
linear, Q = quadratic. 
 

Methane emissions expressed in g/day and kg/year were not affected (P > 

0.05) by the inclusion of CG in the supplement (Table 4). Thus, as methane 

emissions when corrected for DMI, digested aNDFom intake and % GE intake 

showed no difference (P > 0.05). 

 

Table 4. Effect of crude glycerin (CG) in supplements on methane emission of 
Nellore grass-beef (n = 30) 
 CG in supplements, g/kg DM 

  SEM 
       P-value2 

Items1      0 70 140 210 280 Supplement Contrast 

CH4, g/day 125.5 143.6 137.5 142.3 121.1 32.16 0.742 - 
CH4, kg/year   45.8   52.4   50.1   51.9   44.2 11.73 0.742 - 
CH4, g/kg DMI   11.2   12.7   13.1   13.7   11.5 3.37 0.696 - 
CH4, g/kg DNDFI   43.4   48.8   53.1   57.0   47.9 12.16 0.420 - 
CH4, % of GE intake     3.4     3.9     3.9     4.1     3.5 1.02 0.762 - 
CH4, g/kg CrG 241.3 312.2 286.2 269.2 226.6 76.3 0.484 - 
1CH4 = Methane outpu; DMI = dry matter intake (kg/d); DNDF = digestible neutral detergent fiber 
intake (kg/d); GE = gross energy; CrG = Carcass gain (kg/d). 2When contrasts are not significant 
(P>0.05), P-values are not reported. 
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4. DISCUSSION 
 

In this study, we evaluated the effect of replacing corn with CG as a 

supplement in forage-based diets, on the performance and CH4 emissions of grass-

fed cattle. 

The replacement of corn grain with CG as a diet supplement for young Nellore 

bulls did not change the intake of DM and other nutrients. This observation may be 

explained by the fact that the ingested amounts of CG did not exceed 55.6 g/kg DM 

diet (5% DM), an amount lower than the concentration of glycerol (> 120 g/kg DM) 

established by Mach et al. (2009) and Parsons et al. (2009) to cause decreased 

intake in cattle. Probably propionate metabolism resulting from these concentrations 

of glycerol (Wang et al., 2009) would not be sufficient to act on receptors present in 

the rumen-reticulum and activate the satiety center (Allen, 2000). Another plausible 

explanation for the lack of effect in the nutrient intake of glycerol inclusion in the 

supplement diet is the rapid adaptation of rumen microbiota to glycerin feeding 

(Krehbiel, 2008). 

In agreement with our results, studies with lactating cattle fed with high forage 

diets DeFrain et al., 2004; Chung et al., 2007) also reported no effects on feed intake 

when CG was added to the diet rates similar to those employed in the present study. 

Conversely, other authors have described a linear decrease in DMI with increasing 

concentrations of glycerol in the diet (Mussulmen et al., 2008; Gunn et al., 2010). The 

reason underlying this contrast may rest on the much higher concentrations of CG 

(450 g/kg of DM) used in these studies in comparison to the levels employed in the 

present study (50 g/kg of DM being the highest). 

Supplementation with glycerol in the diet of young bulls in pasture did not alter 

nutrient digestibility. This result is in contrast to Wang et al. (2009), who found, in 

steers, a linear increase of nutrient digestibility with the increase of glycerol. While 

Wang et al. (2009), added glycerin to a standard diet thus feeding the animals with 

different amounts of energy, in our study CG replaced corn, resulting in isocaloric 

diets. 

Corn replacement with CG did not affect fiber digestion. To clarify the 

observed numerical variation on the digestibility of aNDFom, we speculate that 
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glycerin, at low concentrations (1 to 10 g/kg), has no effect on growth, adhesion, and 

cellulolytic activity but, at the highest concentration used (50 g/kg), begins inhibiting 

growth and cellulolytic bacteria activity (Roger et al., 1992). Hess et al. (2008) found 

that addition of CG up to 150 g/kg DM to ruminant diets also did not affect DM or 

fiber digestibility of warm-season grasses. Effects were only observed when glycerin 

concentrations surpassed 150 g/kg DM. In another study, increasing concentrations 

of glycerol to lucerne hay in vitro also did not affect the degradability of NDF (Krueger 

et al., 2010). However, reduction in fiber digestion was reported when glycerol was 

added to starch-containing diets in vivo (Schröder and Südekum, 1999) and in vitro 

(Abo el-nor et al., 2010). 

The discrepancies between studies on the effects of CG in digestibility are 

difficult to explain; possibly there is interaction between the dietary components and 

the addition of crude glycerin Lee et al., (2011), which result in different responses by 

microbes species and products of fermentation. Thus, future research investigating 

the contribution of rumen microorganisms to nutrient digestibility are needed to 

understand these variations. 

The lack of effect of CG inclusion on final BW, LMA, RFT, and carcass gain is 

most probably explained by maintenance of DM intake, assuming that 

supplementation remained isocaloric and isoproteic (Table 1). Compared to controls, 

feed efficiency and ADG increased by 26.66% and 6.65%, respectively, at the 

concentration of 210 g/kg of CG inclusion. The improvement of feed efficiency found 

herein is corroborated by the studies of Parson et al. (2009) and Ramos and Kerley, 

(2011), who found positive effects on feed efficiency when CG replaced corn up to 

100 g/kg and 200 g/kg of the DM livestock diet. 

In this study, CG concentration of up to 50 g/kg of DM did not result in altering 

RFT values. In agreement with our results, Mach et al. (2009) and Bartoň et al. 

(2013) reported that the replacement of barley with CG concentrations up to 120 g/kg 

and 100 g/kg of DM, respectively, did not affect carcass traits of cattle, including RFT. 

These results were somewhat unexpected. It is known that glycerin is an important 

glucogenic substrate, being one of the main lipid precursors of intramuscular adipose 

tissue (Smith and Crouse, 1984; Smith et al., 2009). The inclusion of glycerin 

increases rumen propionic and butyric acid concentrations at the expense of acetic 
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acid concentration (Remond et al., 1993, Schröder and Südekum, 1999). Because 

acetic acid is the main precursor of lipogenesis it was therefore expected that 

inclusion of CG would reduce subcutaneous fat, which did not occur. 

The replacement of corn grain with CG in the supplement of grass-fed young 

Nellore bulls did not change CH4 emission. The mean calculated value of CH4 

emission for the treatments employed here was 48.8 kg/CH4/year, below the 56 

kg/CH4/year estimated by the IPCC (2006) for cattle. 

The strategy of using glycerol to reduce CH4 production was verified by Lee et 

al. (2011), using co-incubation of glycerol with alfalfa or corn in vitro. They found that 

glycerol addition decreased CH4 production by 25.2% and by 14.8% in alfalfa and 

corn assays, respectively. The mitigation of ruminal methanogenesis mediated by 

glycerol may be achieved by the propiogenic properties of glycerol, obtained by 

favoring the propionate production, to causing a decrease in the supply of hydrogen 

to methanogenic bacteria (Morgavi et al., 2010). 

In contrast to the above mentioned in vivo reports showing glycerol mediated 

decrease or unchanged CH4 production, other studies show an increase in CH4 

production, mainly in vitro. Indeed, with increasing concentrations of glycerol in 

forage diets in vitro, the concentrations of CH4 in gas and total CH4 production per 

unit of DM were increased, suggesting that the fermentation of glycerol to propionate 

did not act as a hydrogen sink (Avila-Stagno et al., 2013). 

The controversy regarding the effect of glycerol on CH4 production is probably 

due to the lack of steps towards the adaptation of animals to diets containing glycerol 

in the in vitro experiments. Indeed, gas and CH4 production were increased when 

150 g/kg glycerol was included in the substrates using inoculum obtained from 

glycerol-adapted animals, but changes in CH4 production were negligible when the 

inoculum was obtained from unadapted animals (van Cleef et al., 2011). These 

results suggest that ruminal microbial adaptation influences digestion and 

fermentation of glycerol end products. Another explanation for the increase in CH4 

production with glycerol is based on the equimolar conversion of glycerol to formate 

and ethanol. Formate is a precursor of CH4 (Hungate et al., 1970), and large amounts 

of ethanol are oxidized to acetate in the rumen (Pradhan and Hemken, 1970; Jean-
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Blain et al., 1992), a process that releases reducing equivalents that can be used for 

CH4 production (Moomaw and Hungate, 1963). 

This paper analyzing grass-fed young Nellore bulls in pasture supplemented 

with CG as a replacement for corn grain, reveals that glycerol in the supplementation 

of forage-based diets did not affect CH4 emission in these animals.  The good news 

is that mean calculated value of CH4 emission for the treatments employed here falls 

below the estimated IPCC (2006) values. 

Moreover, although CG supplementation did not affect nutrient intake and 

digestibility, the supplement resulted in increased feed efficiency and additional 

weight gain. Crude glycerin supplementation of cattle raised on pasture may be 

effectively used as a partial energy source and be economically competitive. 

 
5. CONCLUSION 
 

The use of CG is not effective as a strategy to reduce methane emission in 

cattle raised on pasture. However, crude glycerin as a replacement for corn grain 

increased additional daily gain with potentially performance improvement in pasture-

raised young Nellore bulls. 
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Fatty acid profile, carcass and quality traits of meat from Nellore young bulls 
on pasture supplemented with crude glycerin 

 
 
ABSTRACT - The aim of this study was to evaluate the carcass traits and meat 

quality of Nellore bulls (279.5 ± 16.3 Initial body weight) raised on pasture 

supplemented with crude glycerin at 0%, 7%, 14%, 21%, or 28% (DM basis). The 

diets were similar in energy and protein levels, and the glycerin replaced corn in the 

supplement. After slaughter, the carcass characteristics were measured, and the 

longissimus muscle was collected to determine the meat quality. The inclusion of 

crude glycerin in the supplement did not change (P > 0.05) any of the carcass 

characteristics and meat quality assessed; however, the pH decreased linearly (P = 

0.03), and margaric acid (17:0) increased (P = 0.02) in the longissimus muscle with 

the addition of glycerin in the diet. Our conclusion is that the inclusion of crude 

glycerin up to the level of 28% of dry matter in the supplement does not alter the 

carcass characteristics or the meat quality from animals raised on pasture. 

 
Keywords: beef, biodiesel co-products, corn, forage, glycerol 

 

1. INTRODUCTION 
 

Grass-fed beef contains higher ratios of unsaturated fatty acids, especially n-3 

fatty acids, which are beneficial for human health (Dannenberger, Nuernberg, 

Nuernberg, & Ender, 2006; Mann, Ponnampalam, Yep, & Sinclair, 2003). 

Furthermore, grass-fed beef is produced naturally and has minimal environmental 

impact compared to the intensive system, thus, there is an increasing interest both in 

grass-fed beef consumption and in its production. 

Research has shown that supplementation of animals raised on pasture 

improves production efficiency (Horn, Beck, Andrae, & Paisley, 2005; Reis, Ruggieri, 

Casagrande, & Páscoa, 2009), reduces the lifetime of the animal and improves meat 

quality. Government incentives for biofuel production haves increased the demand 
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for grain, preventing its use in animal feed and therefore creating a need for 

alternative ingredients sources. 

Crude glycerin is a potential food supply that can meet the need for alternative 

ingredients sources as it is a co-product of biodiesel derived from the agricultural 

industry and is widely reported to be a viable energy source for cattle (Halles, 

Bondurant, Luebbe, Cole, & MacDonald, 2013; Mach, Bach, & Devant, 2009; 

Parsons, Shelor, & Drouillard, 2009; Ramos & Kerley, 2011). However, studies that 

use glycerin supplementation in animals raised on pasture are still scarce, 

particularly those assessing the effects of the inclusion of crude glycerin on carcass 

characteristics and meat quality. 

The possible effects of supplying crude glycerin in the diet of ruminants on 

meat quality and carcass characteristics may be mainly related to the increased 

availability of gluconeogenic compounds; these compounds can be used as 

precursors for fatty acids to be deposited intramuscularly, resulting in improvements 

in the marbling score of the meat (Versemann, Wiegand, & Kerley, 2008; Mach et al., 

2009). This outcome would occur because the glycerol is preferentially converted to 

propionate in the rumen (Wang et al., 2009), or absorbed directly by the ruminal 

epithelium and then converted to glucose (Krehbiel, 2008). Also, glycerol inhibit 

lipolysis in the rumen, a prerequisite for rumen fatty acids biohydrogenation (Edwards 

et al., 2012), thus reducing the accumulation of free fatty acids in the rumen and 

potentially improving the meat quality through the incorporation of a higher proportion 

of unsaturated fatty acids (Krueger et al., 2010). 

The addition of glycerol improves the efficiency of ruminants fed forage more 

than in those fed concentrate diets (Drouillard, 2008), and it also improves 

digestibility (Avila et al., 2011). These effects are possibly due to the association 

between the feed ingredients, thereby altering the kinetics of the fermentation of 

glycerol (Lee et al., 2011). 

Based on the above-mentioned data, our hypothesis is that crude glycerin can 

be included up to 28% (DM basis) to replace corn grain in the supplement of animals 

raised on pasture, which will improve the fatty acid profile without compromising 

carcass characteristics. The study objective was to evaluate the effect of including 

crude glycerin at levels of 0%, 7%, 14%, 21%, and 28% (DM basis) in the 



80 

 

supplement of pasture-raised Nellore cattle on carcass characteristics, meat quality 

and the profile of fatty acids in the longissimus muscle. 

 
2. MATERIALS AND METHODS 
 

Procedures for this experiment followed the humane animal care and handling 

procedures, according to the guidelines of the University Estadual Paulista (UNESP, 

Brazil). 

 

2.1. Animals and management 

The trial was conducted at the University Estadual Paulista (UNESP, 

Jaboticabal, SP, Brazil) from June 2011 to May 2012, divided into two phases: 1st 

growth phase was characterized by dry season (June to October 2011), used 50 

Nellore bulls, with an average age of 12 months and initial body weight (IBW) of 

279.5 ± 16.3 kg. The 2nd finishing phase was characterized by the rainy season 

(December 2011 to May 2012) where we used the same animals from the first phase 

(n = 50, BW = 426.66 ± 19.41 kg). Initially, the animals were weighed, identified and 

treated against ecto and endoparasites by administration of ivermectin (Ivomec, 

Merial, Paulínea, BR), and allocated into 10 paddocks, with 1.8 hectares, consisting 

of Brachiaria brizantha cv. Xaraés. The animals were distributed in a completely 

randomized design (five animals per paddock and two paddocks per treatment) with 

two replicates per treatment. 

Grazing method used was continuous grazing system with variable stocking 

rate (put and take) to maintaining sward height in 30 cm. Forage sampling was 

collected monthly, by handling plucking methodology to simulate the diet consumed 

by the bulls. 

The diets used consisted of 0%, 7%, 14%, 21% and 28% inclusion of crude 

glycerin (DM basis) in the supplement. Crude glycerin (87.98% DM; 5.72% mineral 

matter; 1.15% crude protein; 1.81% ether extract; 80.34% glycerol; 0.003% 

methanol) was acquired from a soybean oilbased biodiesel production company 

(ADM, Rondonópolis, Brazil). The proportion of ingredients and chemical composition 
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are presented in Table 1, and the fatty acid profile of the supplements are shown in 

Table 2. 

The supplement was provided to the animals in collective feeders, at the rate 

of 700 g / 100 kg BW in the 1st phase and 300 g / 100 kg BW in the 2nd phase, daily, 

the 1000 hours. Individual animals BW was recorded at the initiation and termination 

of each grazing period, after a 16-h withdrawal period from feed and water. 

 

Table 1. Diet composition (DM basis) 
 Supplements  
 Concentrations of crude glycerin, % DM  

Item 0 7 14 21 28 Foragea 
Ingredients proportion, % DM       

Corn 50 41 33.2 25.3 17.5 - 
Crude glycerin - 7 14 21 28 - 
Corn gluten - 2 2.8 3.7 4.5 - 
Soybean meal 42 42 42 42 42 - 
Urea/ammonium sulfate 3 3 3 3 3 - 
Commercial premixb 5 5 5 5 5 - 

Chemival composition, % DM       
Dry matter 91.7 91.5 91.4 91.2 91.0 90.2±0.373 
Crude protein 37.5 37.9 37.6 37.4 37.1 12.8±0.665 
NDFc 14.4 13.1 12.0 10.8 9.7 59.5±1.441 
Ether extract 3.8 3.5 3.2 2.9 2.6 1.47±0.121 
Nonfiber carbohydratesd 40.7 41.6 43.0 44.4 45.9 19.1±1.148 

a  Average and standard deviation of the mean of samples obtained by technique of simulated grazing 
in five periods;  
b Composition = Calcium: 210g; Phosphorus: 20g; Sulfur: 37g, Sodium: 80g; Copper: 490mg, 
Manganese: 1.424mg, Zinc: 1.830mg, Iodine: 36mg; Cobalt 29mg, Selenium: 9mg; fluorine (Max): 
333mg; 
c  NDF = neutral detergent fiber 
d  Non fiber carbohydrates = 100 – (CP + EE + Ash + NDF) 

 

2.2. Slaughter, carcass data and sample collection 

After 277 days of feeding, all the animals were slaughtered at commercial beef 

plant with 550.1 ± 30.6 kg of shrunk body weight. Pre-harvest handling was in 

accordance with good animal welfare practices, and slaughtering procedures 

followed the Sanitary and Industrial Inspection Regulation for Animal Origin Products 

(Brasil, 1997). 

After the slaughter, the carcass was weighed and all carcasses were 

refrigerated at 4°C for approximately 24 h and the weight was recorded (CCW). After 

the postmortem chill period, ultimate carcass pH (pHu), 12th rib fat thickness (RFT) 
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and 12th rib longissimus muscle area (LMA) were measured on the left side of each 

carcass. Longissimus muscle areas were traced on transparencies and measured 

later with a planimeter and RFT measurements were taken ¾ the length ventrally 

over the longissimus muscle (Greiner, Rouse, Wilson, Cundiff, & Wheeler, 2003). 

Dressing percent (CCD) was calculated using CCW divided by final SBW and then 

multiplying the result by 100. 

 

Table 2. Percentages of the principal fatty acids in the corn, crude glycerin, corn 
gluten, soybean meal and pasture 
 Supplements  
 Concentrations of crude glycerin , % DM  
Itema 0 7 14 21 28 Forage 
Capric C10:0 0 0.22 0.44 0.66 0.87 0.36 
LauricC12:0 0 0.34 0.68 1.02 1.36 1.86 
Myristic C14:0 0.07 0.10 0.13 0.15 0.18 1.31 
Palmitic C16:0 13.35 13.16 12.99 12.81 12.63 30.61 
Margaric C17:0 0.09 0.18 0.28 0.37 0.47 0.64 
Stearic C18:0 2.96 3.25 3.54 3.83 4.11 3.63 
Palmitoleic C16:1 0.13 0.12 0.11 0.10 0.09 0.15 
Oleic C18:1 cia-9 25.31 25.36 25.42 25.48 25.54 4.33 
Linoleic C18:2 44.76 43.79 42.82 41.85 40.88 15,15 
Linolenic C18:3 3.00 3.12 3.23 3.34 3.46 36.92 
SFA 17.53 18.24 18.96 19.67 20.39 42.71 
UFA 74.47 73.76 73.04 72.33 71.61 57.29 
MUFA 26.71 26.85 26.99 27.13 27.27 5.22 
PUFA 47.75 46.91 46.05 45.20 44.34 52.07 

a SFA = saturated fatty acids; UFA = unsaturated fatty acids; MUFA = monounsaturated acids 
fatty; PUFA = polyunsaturated fatty acids. 

 

A boneless longissimus section 10 cm thick was removed from the posterior end of 

the wholesale rib. Longissimus muscle samples were individually vacuum-packaged 

and held at -20°C for 2 days. Each frozen longissimus sample was standardized from 

the posterior end into one 2.54 cm thick steak sample (AMSA (American Meat 

Science Association), 1995) for Warner-Bratzler shear force measurement and two 1 

cm thick steaks, for determination the other analysis. All steaks were vaccum 

package and held at -20°C for 10 days until the analysis were performed. 

 

2.3. Meat and subcutaneous fat color 

The determination of meat and fat color was performed as described by 

Houben, Van Dijk, Eikelenboom, and Hoving-Bolink (2000), using a Minolta 
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colorimeter (Model CR 300, Minolta Camera Co. Ltd., Osaka, Japan) evaluating the 

lightness (L*), redness (a*), and yellowness (b*). The color aspects were assessed 

by the CIE L*a*b* color system using 0°/45°. Thirty minutes prior to the assessment, 

cross sections were made at the samples surface to expose the myoglobin to 

oxygen, the same steps were made for the fat color measurement. After this step the 

color was measured at three different points and average values calculated. The 

colorimeter was calibrated before analyzing the samples against white and black 

standards. 

 

2.4. Warner–Bratzler shear-force measurement and cook loss 

Warner–Bratzler shear force (WBSF) steaks were thawed at 4°C for 24 h and 

oven-broiled in an electric oven (Layr, Luxo Inox) preheated to 150 °C. Internal steak 

temperatures were monitored by 20-gauge copper-constantan thermocouples 

(Omega Engineering, Stamford, CT, USA) placed in the approximate geometric 

center of each steak and attached to a digital monitor. When internal steak 

temperature reached 35°C, the steak was turned over and allowed to reach an 

internal temperature of 70°C before removal from the oven. Cooked WBSF steaks 

were cooled for 24 h at 4°C (AMSA (American Meat Science Association), 1995). 

Five round cores (1.27 cm diameter) were removed from each steak parallel to the 

long axis of the muscle fibers (AMSA (American Meat Science Association), 1995). 

Each core was sheared once through the center, perpendicular to the fiber direction 

by a Warner-Bratzler shear machine (G-R Manufacturing Company, Manhattan, KS - 

USA). Cook loss were evaluated on the steaks that were also used for WBSF 

measurement. Total cooking loss was calculated as the difference between the 

weight of the steaks before and after oven-broiling, thawing loss was calculated as 

the difference between the weights of the steaks before and after to thawing, total 

loss was calculated by adding up the cooking loss and thawing loss. 

 

2.5. Proximate analysis 

For proximate analysis, the epimysium was removed from the samples prior 

the lyophilization for 36 h. Samples were then ground and analyzed for ether extract 
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(EE; Method 920.85; AOAC, 1990) in order to determine the lipid content of each 

longissimus sample. 

 

2.6. Lipid oxidation 

For determination of thiobarbituric acid (TBA) reactive substances, meat 

samples (50 g) were collected, identified, and vacuum packaged in polyethylene 

bags. A 10-g sample was ground in a multiprocessor and 0.2 mL of antioxidant BHT 

(0.03%) was added along with 50 mL of distilled water and 1 mL of an antifoaming 

solution (Sigma A5758, São Paulo, Brazil). The samples were then ground again and 

homogenized for 1 min. After homogenization, the samples were transferred to a 

250-mL volumetric flask containing pieces of porcelain, to which 50 mL of a 4 M HCl 

solution was added. Subsequently, the samples were distilled in a blanket heater at 

100°C until 50 mL of the distillate was collected. From the distillate, 5 mL was 

transferred to a test tube and 5 mL of a 0.02 M TBA solution was then added. The 

test tubes remained in a water bath at the boiling point for 35 min. The test tubes 

were then cooled with tap water, and the absorbance was measured at 530 nm with 

a spectrophotometer. The TBA reactive substance values, expressed in milligrams of 

malonaldehyde per kilogram of meat, were obtained by multiplying the absorbance 

by 7.8. 

 

2.7. Fatty acid composition 

To determine the fatty acid composition of the fresh meat, samples of the 

transversal section were collected from the longissimus muscle, freeze-dried, and 

frozen for lipid extraction and methylation. The fatty material was extracted using a 

mixture of chloroform–methanol, as reported by Bligh and Dyer (1959) and the fatty 

acids methyl esters (FAME) were obtained by ISO 5509 method (1978). Qualitative 

and quantitative measurements of fatty acid content were performed by gas 

chromatography using a chromatograph (Shimadzu, Kyoto, Japan — Model GC-14B 

with a Communication Bus Module - CBM 102) with a flame ionization detector (FID) 

and fused silica capillary column (Omegawax 250), which was 30 m in length and 

0.25 mmin diameter and had a film thickness of 0.25 μm (Supelco SP-24136). 

Helium was used as a carrier gas at a flow of 1 mL/min. A 1-μL aliquot of the sample 
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was injected into a “split” at a division ratio of 1/100 and a temperature of 250°C. The 

temperature of the oven was programmed to remain at 100°C for 2 min and then 

increase to 220°C at 4°C/min for 25 min, while the detector was at 280°C. 

Identification and quantification of the methyl esters of the fatty acids was achieved 

by comparison with the retention times and concentrations of methyl esters of 

standard fatty acids. 

2.8. Statistical analysis 

Data were analyzed as a randomized complete block design by using the GLM 

procedure (SAS Inst. Inc., Cary, NC, USA). Paddock was the experimental unit, and 

the model effects included treatment. Orthogonal contrasts were used to determine 

the linear, cubic and quadratic effects of glycerin and 0% glycerin vs. glycerin 

treatment, with significance considered at P < 0.05. 

 
3. RESULTS AND DISCUSSION 
 

No differences (P > 0.05) were found in the cold carcass weight, the carcass 

yield and rib fat thickness, the longissimus muscle area or the longissimus muscle 

area in relation to the cold carcass weight (Table 3). The inclusion of glycerin up to 

8% in the dry matter of the diet can promote improved animal performance (Parsons 

et al., 2009), and the increased availability of gluconeogenic compounds that can be 

used as precursors of fatty acids may increase subcutaneous fat deposition in the 

carcass. 

Supplementation of animals with glycerin up to 28% DM did not affect carcass 

characteristics of the animals in this study, possibly because glycerin has roughly the 

same energy content of corn, approximately 1.04 MJ-1. Similar results were found by 

Mach et al. (2009) and Barton et al. (2013), who found no effect of glycerol inclusion 

on carcass characteristics. Another possible explanation for the lack of effect of 

glycerin on carcass fatness is that these carcasses have very little carcass fat. It is 

possible that feeding pasture depresses stearoyl-CoA desaturase gene expression, 

which is correlated with depress adiposity by antagonizing the potential effects of 

gluconeogenic precursors (Smith et al., 2009). 
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Table 3. Means and SEM for Nellore young bulls fed on pasture with supplements 
increasing in the concentration of crude glycerin  
 Concentrations of crude glycerin , % DM 

 P-value 
     Contrastb 

Itema          0 7 14 21 28  SEM Treatment  L Q 
No. of bulls 10 10 10 10 10 - - - - 
CCW, kg 304.7 308.7 294.8 309.13 310.6 17.23 0.31 0.49 0.27 
CCD, % 55.61 55.75 55.94 55.43 55.07 1.01 0.41 0.18 0.17 
RTF, mm 3.04 2.99 2.66 2.99 2.94 0.81 0.87 0.82 0.52 
LMA, cm2 83.14 84.26 83.57 88.69 82.60 7.82 0.50 0.68 0.37 
LMA/100kg 27.30 27.28 28.39 28.69 26.62 2.30 0.31 0.98 0.09 

a CCW = cold carcass weight 
CCD = cold carcass dressing  
RFT = rib fat thickness 
LMA = longissimus muscle area 
LMA/100kg = longissimus muscle area in relation to cold carcass weight  
b Contrasts: L and Q - Linear and quadratic effects. 
 

Table 4 shows the carcass ultimate pH, meat and fat color. The carcass 

ultimate pH showed no difference (P = 0.29) with increasing levels of glycerin in the 

diet. 

 

Table 4. Means and SEM for pH, meat and subcutaneous fat color (L*, a* and b*)1 
from Nellore young bulls fed on pasture with supplements increasing in the 
concentration of crude glycerin  
 

Concentrations of crude glycerin, % DM 
P-value 

  Contrastb 

Itema 0 7 14 21 28 SEM  Treat L  Q 
No. of bulls 10   10 10 10 10 - - - - 
pH 6.23 6.21 6.05 6.03 5.92 0.36 0.29 0.03 0.91 
Meat color       
L* 31.30 30.17 31.24 31.88 30.99 2.37 0.64 0.67 0.98 
a* 10.31 10.50 10.00 11.30 10.58 1.97 0.74 0.50 0.98 
b* 4.34 3.53 4.13 2.50 4.35 2.30 0.46 0.68 0.32 
Fat color       
L* 71.43 72.57 70.47 72.52 73.50 4.12 0.62 0.35 0.47 
a* 6.66 5.01 5.06 5.20 6.57 2.02 0.22 0.99 0.02 
b* 10.78 11.07 10.52 10.95 10.72 1.44 0.94 0.88 0.97 
a L* = luminosity; (0 = black and 100 = white); a* = index from green (-) to red (+); b* = index from blue 
(-) to yellow (+). 
b Contrasts: L and Q - Linear and quadratic effects. 
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The rate of decline in the carcass ultimate pH that influences the appearance 

characteristics and food quality of the meat is closely related to the characteristics 

and the types of muscle fibers that compose the fiber muscle (Joo, Kim,Hwang, & 

Ryu, 2013). The decrease in carcass ultimate pH can also be influenced by the 

energy reserves that sustain anaerobic metabolism, which produce lactic acid that is 

capable of lowering the pH. 

Despite the lack of difference between treatments, the inclusion of glycerin 

resulted in a linear decrease in the pH values (final values of 5.4 to 5.8 within 48 

hours post-mortem, P = 0.03) similar to that recommended by Young, West, Hart, 

and van Otterdijk (2004). Thus, the increased production of propionate (Rémond, 

Souday, & Jouany, 1993) and gluconeogenic (Chung et al., 2007) resulting from 

supplementation with glycerin may increase the levels of energy reserves, as 

glycogen, of the animal, eventually decreasing the carcass ultimate pH and 

improving the meat quality. 

Meat color did not differ (P > 0.05) in any of the measured intensities (L*, a*, 

b*, table 4). According to Mancini et al. (2005), changes in muscle color for L* and b* 

can be attributed to diet and can affect the marbling and muscle glycogen levels in 

the pre-slaughter. However, the possible increase in energy levels resulting from 

supplementation with glycerin and interfere in the final characteristics of the meat, 

were not enough to result in color changes. 

Increasing levels of crude glycerin did not affect (P > 0.05) the L*, a* and b* 

animal color fat intensities; however the a* intensity showed a quadratic effect (P = 

0.02), with higher values in the control diet and 28% glycerol inclusion in the 

supplement. Fat color is affected by intrinsic factors including race, gender and age 

but can also be influenced by diet (Dunne, Monahan, O'Mara, & Moloney, 2009). Fat 

color can differentiate between grass-fed beef of animals fed diets rich in grains, but 

not between different levels of concentrate in the diet of animals fed the forage base 

(Röhrle et al., 2011). Therefore, the substitution of glycerin for corn would not cause 

gross effects on subcutaneous fat color as the quadratic effect (P = 0.02) presented 

by redness (a*) cannot be attributed to diet (Dunne, O'Mara, Monahan, & Moloney, 

2006). 
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The values of Warner-Bratzler shear force, thawing loss, cooking loss, total 

loss and TBARS were not affected (P > 0.05) by increasing the levels of glycerin in 

the supplement (Table 5). 

Diet is a potential tool that can be combined with the growth and performance 

in different farming systems to manipulate characteristics of muscle fibers in relation 

to meat quality (Joo et al., 2013). Thus, differences in the rate of tissue deposition 

and increased average daily gain in a certain growth stage of the animals could 

influence the final quality of the meat. 

 

Table 5. Means and SEM for quality traits on longissimus from Nellore young bulls 
fed on pasture with supplements increasing in the concentration of crude glycerin 

  Concentrations of crude glycerin, % DM 
    P-value 

     Contrasta 

Item 0 7 14 21 28  SEM    Treat  L Q 
No. of bulls 10 10 10 10 10 - - - - 
WBSF. Kgfb 2.94 3.22 3.92 3.70 3.67 1.19 0.40 0.13 0.31 
Thawing loss. % 2.48 2.49 3.47 3.01 3.61 1.73 0.49 0.12 0.90 
CKL. %c 26.83 27.74 29.63 28.80 28.10 4.22 0.67 0.40 0.25 
Total loss. % 28.62 29.53 31.74 30.94 30.63 4.89 0.67 0.28 0.36 
MDA. mg/kgd 0.45 0.54 0.45 0.47 0.50 0.19 0.88 0.92 0.98 
Ether extract. % DM 0.76 0.97 0.80 1.16 0.97 0.33 0.16 0.09 0.54 
a Contrasts: L and Q - Linear and quadratic effects. 
b WBSF = Warner-Bratzler shear force.  
c CKL = cooking loss.  
d MDA = Malonaldehyde. mg/kg of meat.  
 

The improvement in performance may have occurred only in the growing 

phase (San Vito et al., 2012), because it was performed at the time of lower quality 

forage, as glycerin has a higher energy efficiency when included in diets with lower 

energy contents (Drouillard, 2008). 

The inclusion of crude glycerin did not alter (P > 0.05) the deposition of fatty 

acids in the meat or the TBARS values. TBARS values well below the critical values 

of 2.3 for beef can cause that meat to have undesirable odors and taste (Campos et 

al., 2006). 

The ether extract content of the meat showed no difference (P > 0.05) 

between treatments; the lack of significance may be explained by the reduced 
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amount of marbling found in the bulls. Numerical increases in the levels of lipids were 

also reported by Mach et al. (2009) and Barton et al. (2013), involving up to 12% and 

10% of glycerin, respectively, in animals fed diets with high levels of concentrate. 

According to Smith et al. (2009), glucose is likely the primary substrate for fatty 

acid synthesis, accounting for approximately 70% of acetyl units for fatty acid 

synthesis in intramuscular adipose tissue (Smith and Crouse, 1984). Thus, the 

increase in propionate production and gluconeogenic precursors resulting from 

including crude glycerin in the diet, as hypothesized in the present study, could result 

in increased intramuscular fat and a higher marbling score. Therefore, the inclusion 

of a greater amount of glycerin in the diet could result in a significant increase in 

intramuscular fat deposits. 

The concentrations of the saturated and monounsaturated fatty acids are 

shown in Table 6. Among the saturated fatty acids, only the values of Margaric acid 

showed differences (P = 0.02) between treatments, linearly increasing (P = 0.04) with 

increasing levels of glycerin in the supplement. This increase may be due to a higher 

amount of Margaric acid with increase glycerin concentration compared to the control 

treatment (Table 2). 

A similar result was found by Lage et al. (2014), who reported an increase in 

the concentration of Margaric acid when 10% glycerol was included in the diet of 

Nellore cattle finished in feedlots. Margaric acid does not have a high impact on 

serum cholesterol levels, as Lauric (C12:0) and Myristic (C14:0) saturated fatty acids 

(Daley, Abbott, Doyle, Nader, & Larson, 2010); thus increasing the Margaric acid in 

meat does not cause risks to human health. 

No differences (P > 0.05) were found in the values of polyunsaturated fatty 

acids, the total saturated fatty acids, MUFA, PUFA or UFA, or in the ratios of n6/n3 (P 

= 0.76) and UFA/SFA fatty acids (P = 0.30; Table 7). 

did not affect (P > 0.05) the values of monounsaturated fatty acids in meat in 

the present study. 
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According to Krueger et al. (2010), glycerin has a potential inhibitory effect on 

the lipolytic ruminal bacteria. Such an effect would promote the passage of lipids by 

the rumen, promoting an increase in unsaturated fats that would be incorporated into 

the meat. This effect was shown by Stagno-Avila et al. (2013) and Ladeira et al. 

(2012), who found an increase in the content of monounsaturated fatty acids in beef 

cattle fed crude glycerin; however, the inclusion of crude glycerin supplementation 

Previous experiments with grains-fed beef differ from the present work with 

animals raised on pasture. High concentrate diets tend to reduce the ruminal pH 

(Orskov and Fraser 1975), which may potentiate the inhibitory effect of glycerol on 

the microorganisms responsible for the biohydrogenation of fatty acids in the rumen 

(Krueger et al., 2010). 

In a study using confined Nellore animals receiving 10% glycerin (DM basis), 

Lage et al. (2014) found increased CLA concentration (18:2 cis-9, trans-11) in the 

meat. Possibly, due to increased concentrations of vaccenic acid in rumen, resulting 

from incomplete biohydrogenation of fatty acids. Vaccenic acid is absorbed in the 

intestine and transformed into CLA by Δ9-desaturase enzyme in the intramuscular fat 

tissue. The effect of glycerol on the biohydrogenation may be observed due to the 

reduction of the concentration of stearic acid in the meat in those works, concluding 

that there was a decrease in the conversion of vaccenic acid to stearic acid in the 

rumen of animals fed with glycerin. However, these effects were not found in the 

present study. 

In addition, the levels of glycerin used in previous work were approximately 

10% of the dry matter basis, while in the present study, the animals received on 

average 550 g of glycerin per day, or approximately 5% of the dry basis, which could 

explain the lack of effect on ruminal fermentation and consequently in the fatty acid 

profile of longissimus muscle. 
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4. CONCLUSIONS 
 

Glycerin can replace corn in up to 28% of the dry matter of the supplemented 

grass-fed ruminants, without altering carcass characteristics, meat quality or 

longissimus muscle fatty acid profile. 
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APÊNDICE – Implicações da utilização de glicerina bruta na alimentação de 
ruminantes 
 
 Nos últimos anos, a avaliação da utilização da glicerina bruta na alimentação 

animal tem sido exaustivamente estudada, tanto na alimentação de monogástricos, 

como de ruminantes. Neste texto, vou relatar um pouco da minha experiência com a 

utilização da glicerina bruta na alimentação de ruminantes. 

 Existem inúmeras formas de se obter glicerina, no entanto, as informações 

aqui contidas se referem apenas a glicerina oriunda da agroindústria do biodiesel, 

decorrente do processo de transesterificação, durante a transformação do óleo 

vegetal em biodiesel. A glicerina proveniente deste processo pode apresentar uma 

grande variação quando a concentração de seus componentes devido a diferenças 

nas tecnologias e plantas de processamento. 

 A maior parte das usinas de biodiesel se concentram nos estados do Mato 

Grosso, São Paulo e Rio Grande do Sul, sendo que a distância entre as usinas e o 

local de utilização deve ser levados em consideração, uma vez que a glicerina bruta 

é transportada em bombonas plásticas (250 L) ou pequenos tanques (1.000 L). 

Neste caso o valor do frete e dificuldade de transporte pode ser um empecilho a 

utilização desse ingrediente. Além do mais, o transporte e manuseio deste recipiente 

se torna trabalhoso quando não existe uma estrutura adequada de carregamento e 

descarregamento, sendo indispensável a utilização de maquinário devido ao seu 

elevado peso. 

 A glicerina utilizada no experimento era proveniente da ADM do Brasil LTDA 

(Rondonópolis, Mato Grosso, Brasil), sendo um produto registrado no Ministério da 

Agricultura, Pecuária e Abastecimento como ingrediente para alimentação animal 

sob o número MT-65498/10006. Como níveis de garantia, a glicerina bruta 

apresentava um mínimo de 800 g/kg de glicerol, e um máximo de 150 mg/kg de 

metanol, 120 g/kg de umidade, 75 g/kg de matéria mineral, e 30 g/kg de sódio.    

  Resultados de pesquisa tem demonstrado que a glicerina bruta (> 80% de 

glicerol) pode ser incluída na dieta de bovinos em confinamento em uma quantidade 

de 10% da matéria seca da dieta, não havendo até o momento uma indicação para 

inclusão de glicerina bruta na suplementação de animais sob pastejo. A opção pelo 
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nível máximo de inclusão de glicerina bruta de 28% da matéria seca (MS) do 

suplemento foi tomada pelo fato de que a partir desta concentração, a mistura 

adquiria uma consistência pastosa, dificultando a mistura e provavelmente a 

estabilidade e homogeneidade do suplemento.  

 Nos níveis adotados, dependendo da taxa de inclusão (300 g/kg de MS ou 

700 g/kg de MS) e do consumo de matéria seca total dos animais, a glicerina bruta 

chegou a ocupar de 5 a 9,5% da MS total da dieta consumida. Valores muito 

próximos aos adotados em dietas de animais em confinamento.  

 A fabricação do suplemento e inclusão da glicerina bruta foi realizada com a 

utilização de um misturador vertical, com um caracol (rosca sem fim) central, que 

possuía um recipiente acoplado na parte externa, onde era depositada a glicerina 

bruta, que era então regada sobre os outros ingredientes durante a mistura, com o 

auxílio de um distribuidor, constituído de um cano com várias perfurações, ligado ao 

recipiente, onde se encontrava a glicerina, por uma mangueira. Sendo a inclusão da 

glicerina bruta controlado pela abertura de um registro. 

 Após a mistura completa dos ingredientes (batida com duração de 7 a 10 

minutos), o suplemento era acondicionado em sacos plásticos, próprios para 

armazenamento de suplementos comerciais, e estocados por um período de no 

máximo 3 dias.  

 Devido a consistência pastosa, o suplemento com 28% de glicerina bruta, 

quando armazenado, formava um bloco, no formato do saco, dificultando sua 

remoção. No momento do fornecimento, esse bloco era parcialmente desintegrado 

em pedaços menores, no entanto a presença de pequenos “torrões” não dificultava o 

consumo do suplemento pelos animais, pois o mesmo era totalmente consumido em 

igual período de tempo comparado ao suplemento sem glicerina.  

 Fato interessante, é que após desintegrado, o suplemento que outrora estava 

formando um bloco, apresentava-se com uma consistência farelada, sendo que a 

glicerina era absorvida pelos outros ingredientes. Talvez uma pré-mistura com 

alguns ingredientes como o farelo de soja por exemplo, com subsequente secagem, 

poderia facilitar a inclusão da glicerina bruta em suplementos, podendo sua 

concentração no suplemento ser aumentada além dos 28%.   
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 Devido ao fato da glicerina bruta se apresentar na forma líquida, e por 

apresentar característica higroscópica, a sua utilização em suplementos que 

contenham grandes quantidades de ureia e/ou algum aditivo que possa perder suas 

características quando em ambiente muito úmido, deve ser avaliada com cuidado.  

 Baseado no resultado dos experimentos descridos nesta tese, e na 

experiência de campo com a glicerina bruta, indico sua utilização em até 28% da 

matéria seca do suplemento a ser fornecido para animais em pastejo, não 

identificando nenhum tipo de problema ou rejeição do suplemento pelos animais. Os 

inconvenientes da utilização da glicerina ficam restritos ao seu transporte a 

manuseio, no entanto, pequenas adaptações em instalações e maquinários podem 

vencer facilmente essas barreiras.  

  

  


