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ABSTRACT

This study was conducted to evaluate the perforemanarcass characteristics and chemical compositidn
Longissimuanuscle (LM) of the bulls. Twenty-four Nellore bwilsre used in a complete randomised design. The
bulls were randomly assigned to one of the thregsdiontaining 0, 5 or 12% glycerin. Final BW anD@ were
similar (P>0.05) between the bulls fed with 5 o®4.®f glycerin but were higher (P<0.10) comparedhe bulls
fed without glycerin. DMI and feed efficiency was affected (P>0.05) by glycerin level. Hot carcagsight
increased (P<0.10) when glycerin was fed at 5%.c€iin level did not affect (P<0.05) the dressinggamtage
and fat thickness. LM increased (P<0.10) when gincevas fed at 12%. Dietary glycerin did not aff¢Et-0.05)
the conformation, colour, texture, marbling and pHhere was difference (P>0.05) for moisture, ashed crude
protein among glycerin levels. Bulls fed 12% glytepresent the highest (P<0.03) total lipids on LNhe
percentage of saturated fatty acids (SFA), monoumated acids (MUFA), polyunsaturated acids (PUFAY and
n-3 fatty acids and PUFA/SFA and n-6:n-3 ratiogted LM were similar among the diets. In conclusighycerin
level did not affect the animal performance andceas characteristics of Nellore bulls finishedeedlot.

Key words: cattle, fat, glycerin, human health, silage corn

INTRODUCTION renewable sources that can be obtained by
different processes such as cracking, esterificatio
Because of the rising corn costs, alternative feedr transesterification. Glycerin is the main co-
sources have become a major focus for thproduct generated in the production of biodiesel at
livestock industry (Moreira et al. 2003; Prado let a approximately 10 to 13% of the total volume of
2003;: Abrahdo et al. 2005; 2006; Prado et abiodiesel produced (Dasari et al. 2005). Glycesin i
2008b). In Brazil, the biodiesel industry hasproduced as a result of transesterification of
emerged; its production helps to conserve theriglycerides with alcohol and has impurities such
environment by reducing global warming gase@s water, salts, esters, alcohol, and residual oil,
and also contributes to social development througihich give it low value (Ooi et al. 2004). Trabue
the generation of jobs (Oliveira et al. 2006).et al. (2007) reported that the rumen metabolises
Biodiesel is a biodegradable fuel derived fronrabout 80% of glycerin after 24 h of intake. The
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fermentation of glycerin by rumen microbescharacteristics and meat quality and observed that
provides high levels of volatile fatty acids (mginl the dietary treatments (0, 4 or 12%) did not affect
propionate and butyrate) that could be used as tithe hot carcass weight, dressing percentage, fat
main energy sources for the animal. Apparentlythickness or conformation. They also found that
glycerin present in the rumen is metabolised as the Longissimusmuscle and intramuscular fat
carbohydrate, and when formulated into a diet owere not affected by the treatments. However,
high forage for dairy cows and the estimated valulevels of 12 or 16% resulted in a decrease of 1.9
of net energy for lactation (ELL) of the glycerin and 14.3 kg, respectively. They concluded that the
has been from 1.98 to 2.27 Mcal/kg (Hippen et alinclusion up to 8% glycerin in the diet could
2008). Schroder and Sudekum (1999) estimateeffectively increase the final body weight and hot
this from 1.98 to 2.26 Mcal/kg for ruminant dietscarcass weight in the finishing bulls. For
and concluded that glycerin could be included irevaluation onLongissimusmuscle in the same
the diets for ruminants up to 10% of the DM as &urvey, they found a significant increase on
rapid-fermentation energy source. Donkin (2008).ongissimusanuscle (at 2%) but a linear reduction
reported an increase in body weight of dairy cowin the inclusion of other levels. Previous studies
fed with the diets containing 10 or 15% glycerin.have suggested that glycerin could be an effective
Parsons et al. (2009) observed no difference fdeed source in multiple species. However, there are
dry matter conversion when glycerin was up to 2%imited data showing the effect of glycerin on beef
of the diet and also found that the inclusion d84, cattle performance, carcass characteristics and
12 and 16% glycerin resulted in a linear decreasmeat quality.

in the intake by the crossbred heifers. Elam et allhe aim of this study to determine the effects of
(2008) used 156 heifers and found that the feedldeéeding different glycerin levels as an energy
performance was slightly reduced with an increassource on the animal performance, carcass
in the level of crude glycerin in the diet (7.5 orcharacteristics and meat quality of Nellore bulls
15% on DM basis). The reductions in thefinished in feed-lot.

performance were directly related to lineal

decrease in dry matter intake. Elam et al. (200¢

aimed to compare the substitution of the flakeMATERIALS AND METHODS

corn by glycerin (10% of DM) in the finishing diet

and suggested that glycerin could be metabolisédnimals, Housing and Diets

in the rumen as a unit of three carbons, and thudis experiment was approved by the Department
m0d|fy the behaviour. These authors used 72f Animal Production, at the State University of
crossbred Charolaigs. Hereford and observed no Maringa (CIOMS/OMS, 1985). It was conducted
difference in DMI, ADG and FC as a result of theat the JBS Farm Experimental Station at Colorado
treatments. However, there is a clear difference it the city of Colorado, Parana, and South Brazil.
feeding behaviour because the animals thélfwenty-four Nellore bulls were used in a Complete
received the treatment containing glycerin neefi@ndomised design. Bulls were weighed and
more time to consume food than the diets WithOL@iStribUted in three diets. After arrival, the tsull
glycerin. Parsons et al. (2009) observed a#ere weighed and had an average initial BW of
increase on final body weight of 12.7, 8.1 and 5.380 * 7.6 kg and age of 24 + 2.2 mo. Glycerin was
kg when glycerin composed 2, 4 or 8% of the dieproduced in a soy-diesel facility (BIOPAR,

of crossbred heifers. Mach et al. (2009) used 4Bolandia, Parana, Brazil South) and contained
Holstein bulls and evaluated three levels oBf1.2% glycerin, 0.33% methanol, 12.3% water,

g|ycerin (0, 4 or 12% on DM basis) and Observe@.lo% crude protein, 0.30% crude fat, 4.76% salt,

that DMI, ADG and starch intake were n0t1.16% Sodium, 1,7% ChIoride, 0.08% potassium,

affected by the glycerin level in the diet. 0.02% magnesium, 0.24 phosphorus and 3.400
Elam et al. (2008) evaluated the addition of crudkcal-kg gross energy.

glycerin (0, 7.5 and 15% on DM basis) and found>lycerin fed in the current study was used as an
no difference in the carcass characteristics sach gnergetic ingredient; therefore, to obtain three

hot carcass weight, dressing percentage, body fagoenergetic diets, the increase in glycerin level

Longissimusmuscle, visceral fat and marbling. was counterbalanced, mainly by a decrease in corn

Mach et al. (2009) assessed the effects of th@ain content (Table 1). All the diets were
levels of g|ycerin in the bulls’ diet on Carcassformmated to be ISonItrOgenOUS. The bulls were
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randomly assigned to one of the three diet®) in separate troughs, both ad libitum intake,
containing 0, 5 or 12% glycerin on DM basis. Theuntil day 84 of the experiment when the bulls
bulls were fed concentrate and corn silage (Tableeached a final BW of 513 + 9.9 kg.

Table 1- Ingredients and chemical composition of thegl{és).

Ingredients DM/%

DM CP OM Ash EE NDF ADF TC NFC TDN
Corn silage 32.1 7.50 96.5 3.50 3.50 48.4 25.6 86.338.0 60.0
Corn grain 88.9 9.93 96.1 3.90 3.50 17.7 4.40 86.668.9 90.0
Soybean meal 88.6 49.5 93.7 6.70 0.50 13.7 6.00 5 43.29.8 82.0
Glycerin 87.8 0.10 4.76 0.30 90.0
Urea 98.0 262
Limestone 98.0 90.0
Premix salt 98.0 90.0

Diets

Goo 47.0 11.6 95.0 4.55 3.31 32.8 15.1 83.3 50.5 73.3
G0% 47.1 11.6 89.9 4.58 3.14 31.8 14.9 78.7 47.0 72.2
G128 47.0 11.5 79.9 4.69 2.67 30.0 14.4 69.3 39.4 72.9

Iwithout glycerin’5% glycerin;12% glycerin.

Table 2 - Intake and performance of Nellore bulls finistedeedlot fed diets containing different glycelavel.
Dietary glycerin, DM/%

Item G0o* GO% G1? sp’ P<P
Initial BW, kg 408.8 408.9 408.3 7.63 0.92
Final BW, kg 509.6b 517.9a 515.42 9.92 0.08
ADG, kg 1.33b 1.43a 1.402 9.92 0.08
Total DMI, kg/d 11.3 12.2 11.1 0.32 0.22
Total DMI, % BW 2.46 2.44 2.45 0.09 0.93
GF 0.22 0.20 0.22 0.02 0.91

without glycerin>5% glycerin;*12% glycerin/Standard deviatiorfEffect of glycerin level.

Sample Collection Cold carcass weighfCCW) was determined after
The bulls’ BW and concentrate and corn silagehilling overnight (4C). After chilling, the right
intakes were recorded monthly. The bulls wergart of the carcass was used to determine the
transported to the slaughterhouse after day 84 &CW.

the study. The truck stocking density was 1Hot carcass dressingHCD). The percentage of
animal/nf, and the transport distance was 80 kmindividual animal dressing was defined by the ratio
At the slaughterhouse, the bulls were housed iaf HCW to live weight.

collective pens for approximately 12 h (overnight)Drip loss (DL) was measured on approximately
before slaughter. The bulls were slaughtered at 200 g of LM removed 48 hours post mortem using
commercial slaughterhouse according to industrighe plastic method described by Honikel (1998).
practices in Brazil. Following the slaughter, theDrip loss is expressed as a percentage of thaliniti
carcasses were identified, weighed and chilled faveight. Fat thickness (FAT) was measured by a
24 h at 4°C. After chilling, the right part of the calliper averaging three points between th& 12
carcass was used to determine the quantitatiand 13’ ribs the over the LM.

characteristics.  Twenty-four  hours  later,Longissimus muscle aréaMA). The right part of
Longissimusmuscle samples were taken by athe carcass was measured after a cross-section cut
complete cross section between thd a2d 18 was made between the™and 1% ribs using a
ribs. The fat was discarded and the muscle portiocompensating planimeter that measured the areas

was frozen at -2 for further analysis. of objects with irregular shapes.
Carcass conformatior{CON) was evaluated by
Carcass characteristics measurements Muller's point scale (Muller 1980) in which the

Hot carcass weigh(HCW) was determined soon highest value indicated the best conformation. The
after the slaughter and before carcass chilling.  muscle development was considered after the
exclusion of fat thickness. The CON is reported as
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superior, very good, good, regular, poor, omxis. The units of measurement were kdicine
inferior; ratings may also be reported as plusshear force was measured perpendicular to the
average, and minus. The carcass length wasientation of muscle fibres with a Warner-
evaluated by the measurements taken from thRratzler shear device, adapted to the model TA.XT
skull board to the pubic bone on the anterior sid@lus (Stable Mycro Systems, United Kingdom)
of the first rib. (Bouton et al. 1971), regarded as the averagexof si
Colour (COL). The muscle colour after 24 hreadings of each sample. The samples were
carcass chilling was analysed. Colouration wasompletely sheared and the speeds used were 5
evaluated according to a point scale 30 minutesim / s pre-and post-test and 2 mm / s during the
after a cross-sectional cut made on theest.
Longissimus between the 12 and 1% ribs
(Muller, 1980). Chemical Analyses
Texture(TEX) was determined through of the sizeLaboratory analyses of meat were carried out two
of fascicle (muscular “grain” size) and evaluatednonths after the sampling. The samples were
subjectively on a point scale (Muller, 1980). thawed at room temperature (20°C), grounded,
Marbling (MAR) was measured in the LM homogenised, and analysed in triplicate. The beef
between the 12and 1% ribs, following the scores moisture and ash contents were determined
described by Mdiller (1980). according to AOAC (1998). The crude protein
pH. The pH of the meat was measured aftegontent was obtained through the Kjeldahl method
chilling using a pH Meter Text Model (Tradelab, (AOAC 1998). Total lipids were extracted using
Contagem — MG, Brazil) as described by Lanarghe Bligh and Dyer (1959) method with a
(1981). chloroform/methanol mixture. Fatty acid methyl
Thawing lossFor the determination of water loss, esters (FAMEs) were prepared by triacylglycerin
samples were weighed after thawing At 2 + 2oQnethylation according to the ISO (1978) method.
and 24 h afterwards; it was determined by the losEhe FAMEs were analysed in a gas
on thawing. The loss on thawing is the ratio ofchromatograph (Varian, USA) equipped with a
sample weight before and after being frozen anflame ionisation detector and a fused silica
multiplied by 100. capillary column CP-7420 (100 m, 0.25 mm and
Cooking loss The samples of the meat were cu0.39 umo.d., Varian, USA) Select Fame. The
and weighed (initial weight). Individual column temperature was programmed at 165°C for
standardised slices (50 mm thick) were placed i#8 minutes, 180°C (30°C min-1) for 22 minutes,
an electric oven. These samples were cooked toa@d 240°C (15°C min-1) for 30 minutes with 45-
defined internal temperature (72°C). When thsi pressure. The injector and detector were Kept a
endpoint temperature was attained, the samplé20°C and 245°C, respectively. The gas fluxes
were removed from the electric oven and held ifWhite Martins) used were as follows: 1.4 mL
environmental conditions until equilibrated. Themin-1 for the carrier gas g 30 ml min-1 for the
meat was then taken from the plates and weighedmake-up gas (§; and 30 mL min-1 and 300 mL
Colour valueswas measured on LM samplesmin-1 for H, and the synthetic flame gas,
removed 48 h post mortem using a Minoltarespectively. The sample injection split mode was
Chroma Meter CR-310 (Osaka, Japan) calibratet/80. Fatty acids were identified by comparing the
against a white tile (L* = 92:30, a* = 0.32 and b*relative retention times of FAME peaks of the
= 0.33). The samples were allowed to bloom for Bamples with fatty acids methyl ester standards
h at 4°C prior to the measurements. Thdrom Sigma (USA) by spiking samples with the
parameters L*, a* and b*, representing lightnessstandard. The peak areas were determined by Star
redness and yellowness, were measured on fiwoftware (Varian). The data were expressed as
sites of each LM, and the average was presented percentages of the normalised area of fatty acids.
Shear force The sample was cut from a block of
thawed or cooked meat and avoiding damage wagiatistical analyses
cut on a 2.5 cm cross-section with the fibreThe data were analysed by the analysis of variance
direction parallel to the long dimension of a lehst and the differences were evaluated using the
cm. The sample was sheared at a right angle to tAgikey test. The data were analysed by SAS
(2003).
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RESULTS AND DISCUSSION was not affected (P>0.05) by glycerin level (Table
2). However, the feed efficiency improved by
Feedlot performance 10.8, 10.0, 7.2 and 33.1% when glycerin was

Final body weight and average daily gain weréncluded at 2, 4, 8, and 12% of the diet,
similar (P>0.05) between the bulls fed with 5 orrespectively, but adding glycerin at 16% reduced
12% glycerin level in their diets but were higherthis efficiency with 2.8% (Parsons et al. 2009).
(P<0.08) when compared to bulls that were fed nByatt et al. (2007) reported a 21.9% improvement
glycerin in their diets (Table 2). It has beenin the feed efficiency when glycerin replaced 10%
reported that the inclusion of glycerin in Angusof the dry-rolled corn in the diets.

steer finishing diets resulted in improving the

ADG by 11.4% when glycerin replaced 10% of theCarcass characteristics and meat quality

dry-rolled corn, but the ADG improved only 2.5% The HCW increased (P<0.10) when glycerin was
when glycerin replaced 10% of the dry-rolled corrfed at 5% (285.1 + 6.73 Kkg), but glycerin
in the diets that also contained 30% distillersdecreased the carcass final BW (282.1 + 6.73 kg)
dried grains and 15% soy hulls (Pyatt et al. 2007)vhen fed at 12% (Table 3) in the diet. Mach et al.
Parsons et al. (2009) observed that the AD@2009) reported similar HCW data when feeding
increased by 12.6, 8.4 and 5.0% for the heifers th&lolstein bulls high-concentrate diets in the feedlo
were fed 2, 4 and 8% glycerin, respectively, but ancluding glycerin at up to 5% in the diet could
12 and 16% glycerin, the ADG was reduced by 1.2ffectively increase the HCW in finishing bulls.
and 13.4%, respectively. However, Mach et alThe HCW increased 8.1, 5.1, and 3.2 kg when
(2009) did not observe glycerin level effects orglycerin was fed at 2, 4 or 8%, respectively, but
ADG for Holstein bulls finished in feed-lot and the HCW decreased 1.2 and 9.1 kg when glycerin
fed with 4, 8 or 12% glycerin levels in their diets was fed at 12 and 16% in the diet, respectively
These results provided evidence that glycerifParsons et al. 2009).

could be used as an energetic ingredient that coulhe glycerin level did not affect (P<0.05) the
be effectively substitute for corn in the diets ofdressing percentage (54.9%, Table 3). Likewise,
finishing bulls. The present study indicated thaMach et al. (2009) reported similar carcass
some potentially negative glycerin componentsiressing data when feeding Holstein bulls high-
such as salt (4.76%) and methanol (0.33%) migitoncentrate diets to a final BW similar to that of
not exert detrimental effects on the growth of théhe current study. The dressing percentage was
animal when glycerin was included in the diets ofvithin the range observed for the beef cattle
bulls. slaughtered from 18 to 24 months and finished in
No changes (P>0.05) in the DMI occurred wherfeedlot with a high energy density diet (Prado et
glycerin was included at 0, 5 or 12% in the die@l. 2008d; 2009c; Rotta et al. 2009a; b). Thus, the
(11.3, 12.2 and 11.1 kg/day) (Table 2). Similarly,inclusion of glycerin in the levels studied had no
Mach et al. (2009) reported no changes in the DMgffect on the dressing percentage in beef cattle
when glycerin was included at 0, 4, 8 or 12% irfinished in feedlot.

the diet (8.3 kg/day) in Holstein bulls that weeelf Drip loss was similar (P>0.10) among the glycerin
high-concentrate diets. Ogborn (2006) reportetevels (Table 3). Thus, the addition of glycerin in
that 5% glycerin increased the DMI in prepartunthe diet of cattle finished in feedlot did not alte
dairy cows. In contrast, Parsons et al. (2009he water loss during the chilling°@) for 24 h as
reported a 13% reduction in the DMI whenobserved for the carcasses of monogastric animals
glycerin was added at 16% to a steam-flaked corfMourot et al. 1994). Fat thickness was similar
fed to heifers for the final 85 days before the(P>0.10) among the bulls that were fed different
slaughter. Schroder and Stdekum (1999) reporteglycerin levels (Table 3). Mach et al. (2009)
0.7 kg/day reduction in starch intake in ruminallyreported similar fat thickness data when feeding
cannulated steers that were fed 15% glyceriulls high-concentrate diets and finishing in
Some others studies conducted with lactating cowfeedlot. The fat thickness noted in the bulls met
that were fed high-forage diets (DeFrain et althe guidelines of the Brazilian market, which
2004; Chung et al. 2007) have reported ndequired the carcass to have between 3 and 6 mm
negative effects on the feed intake wherof fat thickness. Thus, these bulls presented the
supplementing the diets with glycerin at inclusionminimum thickness required for favourable
rates similar to the present study. Feed efficiencinarketing.
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Table 3- Carcass characteristics of Nellore bulls fintshefeed-lot fed diets containing different glyicelevel.
Dietary glycerin, %

Iltem

GO0 GO5 G12 sp’ P<P

Hot carcass weight, kg 280.8b 285.1a 282.1ab 6.73 0 0.1
Cold carcass weight, kg 276.4b 280.4a 277.6b 6.71 10 O.
Dressing percentage, % 54.8 55.0 54.7 0.48 0.25
Drip loss, % 1.61 1.66 1.59 0.07 0.23
Fat thickness, mm 3.42 3.31 3.94 0.51 0.12
Longissimusnuscle, crh 65.2b 67.1ab 69.8a 2.29 0.04
Conformation, points 125 13.0 12.6 0.38 0.23
Color, points 3.70 3.38 3.88 0.25 0.26
Texture, points 4.33 4.38 4.38 0.18 0.62
Marbling, points 5.08 4.50 5.13 0.54 0.36
pH 6.18 6.35 6.11 0.09 0.45
Thawing loss, % 5.44 5.31 5.19 1.25 0.38
Cooking loss, % 28.9 25.1 27.4 2.40 0.26

Iwithout glycerin>5% glycerin;*12% glycerinStandard deviatiortEffect of glycerin level.

The Longissimuanuscle (LM) increased (P<0.10) km). At the slaughterhouse, bulls were housed in
when glycerin was fed at 12% of the diet (69.&ollective pens for approximately 12 h (overnight)
cnt) in comparison with the diet without glycerin before the slaughter.

(Table 3). Mach et al. (2009) reported similar LMDietary glycerin may reduce water loss from the
area data when feeding the Holstein bulls ircarcass if harvest follows an overnight fast
feedlot. However, Parsons et al. (2009) observe@ourot et al. 1994). In the current study,
that LM significantly increased when glycerin washowever, LM water loss was not affected by the
fed at 2% of the diet, but a linear reduction ia th diet (Table 3). Furthermore, the data presented
LM area occurred with increasing amounts ohere indicated that water loss were not affected by
glycerin. the crude glycerin supplementation, which was in
Dietary treatments did not affect (P>0.05) thecontrast with the findings of Morout et al. (1994),
conformation, colour, texture or marbling of thewho reported lower carcass drip and cooking loss
meat (Table 3). Mach et al. (2009) reported similafrom the muscle of the pigs that were fed 5%
carcass quality data when feeding the Holsteiglycerin in their diet. The addition of glycerin in
bulls high-concentrate diets to a final body weighthe diet of cattle did not affect (P>0.10) lightses
similar to that of the current study. Our datared and yellow intensities dhe LM (Table 4).
indicate that in finishing diets, glycerin The lightness is influenced by the amount of water
concentrations up 12% were optimal for desire@n the surface of the part, which is a consequence
carcass characteristics as observed by Parsonsoéivater retention capacity; this, in turn, affettte

al. (2009) for crossbred heifers finished in feedlo pH.

The pH in the LM of bulls was similar (P>0.05) Likewise, the levels of glycerin in the diet didtno
among the diets (Table 3). However, the pH waalter shear force before or after cooking the meat
very elevated for the bulls slaughtered in thigTable 4). The obtained WBSF results (<4.0 kg)
experiment. The truck stocking density was only kensure a tenderness that should result in high
animal/nf and transport distance was short (8Gonsumer acceptance (Miller et al. 2001).

Table 4- Lightness (L), red intensity (a*), yellow intétys(b*), shear force before cooking (SFBC) andasherce
after cooking (SFAC) orongissimusmuscle of Nellore bulls finished in feed-lot fetetd containing different
glycerin levels.

Dietary glycerin, DM/%

ltem G0oo* GO% G112 sp’ P<P

L, points 32.1 31.4 33.7 0.91 0.68
a*,points 12.2 12.8 13.3 0.58 0.36
b*, points 4.32 4.05 4.97 0.42 0.27
SFBC, kg/cm 4.34b 5.53a 4.19b 3.97 0.05
SFAC, kg/cr 9.08 10.1 10.4 1.01 0.37

without glycerin’5% glycerin;*12% glycerin/Standard deviatiorfEffect of glycerin level.
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Chemical composition 1991). The myristic acid (14:0), palmitoleic acid
There was difference (P>0.05) in the moisture(16:1 n-7) and a-linolenic acid (18:3n-3) were
ashes and crude protein between glycerin leveligher (P<0.05) in the muscles of the bulls fed
(Table 5). with glycerin in their diet. In contrast, the
The mean values of the moisture, ashes and crugentadecilic acid (15:0) and timnodonic acid (C:25
protein were 74.1, 1.09% and 21.6%, respectivelyn-3) were lower (P<0.05) in the muscles of the
These results were similar to the results presentdudills fed without glycerin in their diet. The
by Prado et al. (2009a; b; c), Rotta et al. (2009@ercentage of other fatty acids was similar
b), who studied the chemical composition of(P>0.05) with or without glycerin addition in the
different genetic groups, nutrition, finishing diets. There was no clear consensus on the effect
systems and gender of the cattle finished in ththat feeding crude glycerin might have on the fatty
feedlot and pasture. According to these results, thacid profile of lipids in the cattle. The apparent
moisture, ashes and crude protein values did ndisagreement about the effect that feeding glycerin
suffer variations due to glycerin levels. had on the fatty profile of cattle could be due to
There was variation in the percentage of the lipidthe differences in the amount and profile of fatty
due to glycerin levels (Table 5). Bulls thatacids remaining in the crude glycerin or, in the
received 12% glycerin in their diets presented thpresent case, the reduction in corn (and
higher (P<0.03) percentage for the total lipids irconsequently corn oil) due to the addition of crude
LM (1.53%). In the present study, it wasglycerin. The relative differences in the amounts
hypothesised that glycerin supplementation woulénd profiles of fatty acids in other feedstuffs
reduce the acetate to propionate ratio in the rymeimcluded in the experimental diets might also limit
mainly resulting from an increase in rumen molathe comparison across the diets.

proportions of propionate, which was a glucos&he percentage of saturated fatty acids (SFA),
precursor. In addition, glycerin could be convertednonounsaturated acids (MUFA), polyunsaturated
to glucose in the liver of cattle. Thus, it wasacids (PUFA),n-6 andn-3 fatty acids as well as
expected that glucose supply would increase in tithe MUFA/SFA andn-6:n-3 ratios of the LM are
bulls supplemented with glycerin, fostering a risgpresented in Table 7.

in blood insulin concentrations and lipogenesis. IMost of the identified fatty acids were saturated
fact, bulls receiving 12% glycerin treatment hadand did not differ (P<0.05) among the diets. The
the numerically highest intramuscular fat contentMUFA were present in the second highest
Some studies (Purchas et al. 2002; Mach et aoncentration and were not affected (P>0.05) by
2009; Pedréo et al. 2009) have associated thibe addition of glycerin to the diet. Aricetti dt a
tenderness with intramuscular fat content(2008); Prado et al. (2008a; b) and Prado et al.
However, the percentage of total lipids observed i(2009a; b; c) observed similar percentages of the
the samples from the animals that were fe®FA and MUFA in the bulls from different
different glycerin levels was below the maximumcrossbreeding systems that were finished under
level (£5%), which was regarded as acceptable f@imilar diets and handled as in this experiment.
the prevention of diseases related to fat content iThus, the SFA and MUFA percentages varied little
beef, according to recommendations from thas a function of the diet. The PUFA percentage
England Health Department (HMSO, 1994). was 7.1%. Similar values were found in the LM of
The proportion of fatty acids in the intramuscularbulls finished in a feedlot (Aricetti et al. 2008;
fat is shown in Table 6. The diversity of fattydsi Prado et al. 2008a; b; Prado et al. 2009a; b; c;
was partly explained by biohydrogenationRotta et al. 2009a; b).

reactions in the rumen (Tamminga and Doreau,

Table 5 - Chemical composition ohongissimuamuscle of Nellore bulls finished in feed-lot fe@gktd containing
different glycerin levels.

Dietary glycerin, DM/%

ltem GOO' GO05° G12 sp’ P<P°
Moisture, % 74.1 74.4 74.1 0.95 NS
Ashes, % 1.09 1.08 1.10 0.05 NS
Crude protein, % 215 21.6 21.7 0.85 NS
Total lipids, % 1.12b 0.91b 1.53a 0.25 0.03

Iwithout glycerin>5% glycerin;*12% glycerinStandard deviatiortEffect of glycerin level.
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Table 6 - Fatty acid profile on muscleongissimusf Nellore bulls finished in feedlot fed diets ¢aiming different
glycerin levels.

. Dietary glycerin, DM/%
Fatty acids' GOw GO5’ GLZ SO P<F
14:0 1.76b 1.96b 2.62a 0.25 0.10
14:1 (n-7) 0.10 0.14 0.13 0.03 0.10
15:0 0.25a 0.14b 0.10b 0.01 NS
16:0 25.7 26.3 27.2 1.66 0.13
16:1 (n-7) 2.30b 2.42b 2.92a 0.17 0.10
17:0 0.39 0.42 0.44 0.03 NS
1721 (n-7) 0.75 0.87 0.84 0.04 NS
18:0 19.9 20.2 17.8 1.54 NS
18:1 (n-9) 40.5 39.7 39.9 2.11 NS
18:1 (n-7) 0.20 0.19 0.25 0.03 NS
18:2 (n—6) 4.19 3.60 3.47 0.25 NS
18:2 (c-9 t-11) 0.09 0.10 0.10 0.02 NS
18:3 (n—6) 0.51 0.59 0.62 0.02 NS
18:3 (n—3) 0.22b 0.26a 0.28a 0.01 0.05
20:3(n-13) 0.24 0.23 0.22 0.01 NS
20:4 (n - 6) 0.99 1.09 1.05 0.02 NS
20:5(n-3) 0.26a 0.12b 0.13b 0.02 0.05
22:0 0.12 0.12 0.13 0.04 NS
22:1(n-9) 0.10 0.10 0.11 0.05 NS
22:4 (n-6) 0.32 0.30 0.34 0.03 NS
22:6 (n—3) 0.86 0.82 0.90 0.10 NS

Fatty acids are expressed as g/100g total fattisaEatty acids are designated by the number bboaatoms followed by the number of double
bonds. The position of the first double bond rekto the methyl (n) end of the molecule is alsntided.2Without glycerin;*5% glycerin;*12%
glycerin;®Standard deviatiorfEffect of glycerin level.

Table 7 - Fatty acid sum of saturated (SFA), monounsaddréMUFA), polyunsaturated (PUFA), fatty acids,
fatty acidsn-3, PUFA:MUFA andn-6:n-3 ratio onLongissimuanuscle of Nellore bulls finished in feedlot feath
containing different glycerin levels.

Dietary glycerin, DM/%

Item Goo* G05 G12 sp’ P<P
SFA 47.6 49.7 48.9 1.36 NS
MUFA 44.7 43.6 44.3 1.54 NS
PUFA 7.69 6.68 6.79 0.78 NS
né 4.03 3.74 3.53 0.66 NS
n3 1.53 1.39 1.53 0.09 NS
PUFA/SFA 0.17 0.13 0.14 0.03 NS
n6/n3 2.63 2.70 2.31 0.57 NS

without glycerin>5% glycerin;*12% glycerinStandard deviatiortEffect of glycerin level.

No difference was observed (P>0.05) for thehe observed values in this study were low when
PUFA:SFA ratio among the diets, with an averageompared to the ideal.

of 0.15. The PUFA:SFA ratio found in this studyDuring the course of this study, no bull

was below the value of 0.45 recommended by théemonstrated any clinical signs of methanol
England Department of Health (HMSO, 1994)toxicity. Current biodiesel processing techniques
which was considered beneficial to the humamtilise methanol, which is not completely

health. The low PUFA:SFA ratio could berecovered, and thus, methanol is found in the
explained by the biohydrogenation procesgrude glycerin at very low concentrations (0.33%).
undergone by the dietary unsaturated fatty acids iimtermediates in the metabolism of methanol to
the rumen by microorganisms. No difference wasarbon dioxide and water are formaldehyde and
observed (P>0.05) for the6:n3 ratio among the formate. The toxic effects due to methanol
diets, with an average of 2.5 (Table 7). Accordingoisoning are actually due to the formation,
to the England Department of Health (HMSO,accumulation, and slow metabolism of formate in
1994), the recommendesb:n-3 ratio is 4:1. Thus, some species (Skrzydlewska 2003). The clinical
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consequences of methanol poisoning are centralby-products on carcass characteristics and meat for
nervous system depression, vomiting, severe Young bullsBraz J Anim Sci2005; 34(5):1640-1650.
metabolic acidosis, blindness, and a Parkinson-likglicetti JA, Rotta PP, Prado RM, Perotto D, Moletta JL

. Matssushita M et al. Carcass characteristics, at@mi
motor disease (Skrzydlewska, 2003). composition and fatty acid profile ofongissimus

muscle of bulls and steers finished in a pastustesy.

Asian Austral J Anim Sc2008; 21(10):1441-48.
CONCLUSIONS Association of Official Analytical Chemists — AOAC.

Official methods of analysis. {%4Arlington, V.A. 1998,
The results from this study demonstrated that up to 1094p. _ N
12% crude glycerin could be fed to the finishingBligh EG, Dyer WJ. A rapid method of total lipid
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although this study was not designed to 1985, 1211 Geneva 27, Switzerland, International
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