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Abstract

Assessment of carcass and meat characteristics of Nellore young bulls finished in feedlot with crude 
glycerin levels (0, 60, 120, and 240 g kg-1 dry matter) in millet-based diets. Twenty-eight young 
bulls with mean age of 18 months and average weight of 357 ± 23.56 kg were used. The animals 
were distributed in a completely randomized design with four treatments and seven replicates. It was 
observed that the physical composition and edible portion of the carcass were not affected by crude 
glycerin levels in the diets. However, the increased dietary crude glycerin level raised the weights of the 
forequarters (kg and % of cold carcass weight), but not that of the pistol cut and short ribs. Among the 
commercial cuts prepared to marketing of the pistol cut, only the weight of the rump cap (% cold carcass 
weight) was changed, decreasing linearly with increasing dietary crude glycerin levels. Additionally, 
meat characteristics remained unaltered by the increased levels of crude glycerin. It was concluded that 
inclusion of up to 240 g kg-1 of crude glycerin in millet grain-based diets for Nellore young bulls finished 
in feedlot does not alter the main carcass and meat characteristics or affect their economic value.
Key words: Byproduct. Color. Glycerol. Marbling. Rump cap. Shear force.

Resumo

O objetivo do presente estudo foi avaliar as características de carcaça e carne de tourinhos Nelore 
terminados em confinamento com níveis de glicerina bruta (0, 60, 120 e 240 g kg-1 da matéria seca) em 
dietas a base de grão de milheto. Vinte e oito tourinhos com idade média de 18 meses e peso corporal 
médio de 357 ± 23,56 kg foram utilizados. O delineamento experimental utilizado foi o inteiramente 
casualizado com quatro tratamentos e sete repetições. A composição física e a porção comestível da 
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carcaça não foram alteradas pelos níveis de glicerina bruta da deita. A elevação do nível de glicerina 
bruta das dietas elevou o peso (kg e % do peso de carcaça fria) do dianteiro, mas não alterou os pesos 
(kg e % do peso de carcaça fria) do traseiro especial e da ponta de agulha. Dentre os cortes comerciais 
preparados para comercialização do traseiro especial apenas o peso da picanha (% peso de carcaça 
fria) foi alterado com o avanço do nível de glicerina bruta das dietas, diminuindo linearmente. As 
características da carne não foram alteradas pelo aumento do nível de glicerina bruta das deitas. A 
inclusão de até 240 g kg-1 de glicerina bruta em dietas a base de grão de milheto não altera as principais 
características de carcaça e carne com importância econômica.
Palavras-chave: Cor. Força ao cisalhamento. Glicerol. Marmoreio. Picanha. Subproduto.

Introduction 

Biodiesel is produced via transesterification, 
involving methanol or ethanol and carried out in 
the presence of a basic catalyst. The reaction yields 
three molecules of methyl esters (biodiesel) and one 
molecule of crude glycerin. Acid treatment is then 
used to neutralize the catalyst and remove the fatty 
acids that are formed occasionally. Approximately 
80% of the resulting mixture is glycerol, water, 
methanol, and dissolved salts (MOTA et al., 2009). 
In these times of economic crisis, crude glycerin, 
which is often produced in quantities that exceed 
its industrial demand (for drugs, soaps, cosmetics, 
etc.) and which was considered a potential source of 
environmental contamination, is being considered as 
a feed additive that can help reduce the cost of feeding 
ruminants. In this context, the 194 million animals 
of the Brazilian bovine herd (ANUALPEC, 2014) 
display great potential for commercial absorption of 
this by-product, utilized normally as a substitute for 
dietary corn (CHANJULA et al., 2014).

Increase in the availability of crude glycerin in the 
market, as well as its effects on animal performance 
and quality of the carcass of ruminants have been the 
target of many studies. However, the results obtained 
are controversial (LAGE et al., 2010; FRANÇOZO 
et al., 2013). In general, animal performance is 
expected to improve since crude glycerin enhances 
the efficiency of energy utilization by the animal, as 
reported by Françozo et al. (2013). With respect to 
the carcass, the inclusion of crude glycerin tends to 
increase the proportion of fat (VAN CLEEF et al., 
2014). This might affect carcass fat cover, rate of 
liquid loss during chilling, and meat characteristics 

(WEBB; O’NEILL, 2008; ZHU et al., 2011). An 
increase in the carcass fat content might also affect the 
weight of the carcass commercial cuts (MISSIO et al., 
2015). Besides, inclusion of glycerin in ruminant diets 
increases the meat intramuscular fat by increasing 
the ruminal production of gluconeogenic precursors 
(DONKIN, 2008; CHANJULA et al., 2014), thereby 
altering the physicochemical composition of the 
meat (CARVALHO et al., 2014). However, similar 
to its effects on animal performance (HALES et al., 
2013), it is likely that the effect of crude glycerin 
on the carcass and meat characteristics depends, 
among other factors, on the composition of the diet. 
In this context, millet grain can be utilized at times 
when corn prices are on the rise, replacing it totally 
or partially in the cattle diet. This strategy in diet 
formulation allows for reduction in feed cost in the 
feedlot while maintaining animal performance and 
carcass characteristics similar to those obtained with 
the corn grain diet (SILVA et al., 2014; ALENCAR 
et al., 2015).

Therefore, the objective of the present study was 
to evaluate the physical composition of the carcass 
and commercial carcass cuts and the characteristics 
of meat from Nellore young bulls fed in the feedlot 
with millet grain-based diets containing increased 
levels of crude glycerin.

Material and Methods

Twenty-eight 18-month-old Nellore young bulls, 
with an initial average body weight of 357 ± 23.56 
kg were used. The animals were kept in individual 
concrete floor stalls (12 m2) with troughs for food 
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and water. At the beginning of the adaptation 
phase (21 d), all animals were dewormed and 
supplemented with vitamins A, D, and E. Four 
diets were formulated to meet the requirements for 
growth and finishing with dry matter intake of 24 
g kg-1 body weight (BW) according to the NRC 

(1996). These diets included elephant grass silage as 
forage and concentrates composed mainly of millet, 
soybean meal, and crude glycerin (Table 1). The 
treatments were diets containing increasing levels 
of crude glycerin (0, 60, 120, and 240 g kg-1 DM of 
diets), maintaining the ratio of 20% forage (Table 2).

Table 1. Chemical composition of ingredients (g kg–1 of DM) 

Nutrient Ingredient
Elephant grass silage Ground pearl millet grain Soybean meal

DM (g kg–1 as fed) 269.20 863.40 833.70
Ash  65.40  17.60  65.00
Crude protein  45.40 117.70 463.10
Ether extract  16.80  42.30  14.80
Neutral detergent fiber 683.10 132.00 141.50
Total carbohydrates 872.40 822.40 457.10
Non-fibrous carbohydrates 189.30 690.00 315.60

DM - dry matter.

Table 2. Composition of the experimental diets.

Item (g kg-1 of DM) g kg-1 of crude glycerin
0 60 120 240

Proximate composition
Elephant grass silage 200.00 200.00 200.00 200.00
Ground millet grain 777.90 650.10 523.70 364.50
Crude glycerin --  60.00 120.00 240.00
Soybean meal 37.00  61.20  87.00 138.00
Limestone 12.00  12.00  12.00   11.50
Urea   4.00   4.00   4.00    4.00
Mineral mixture a   7.00   7.00   7.00    7.00
Sodium chloride   3.00   3.00   3.00    3.00
Ammonium sulfate   0.40   0.40   0.40    0.40
Monensin sodium   0.30   0.30   0.30    0.30
Virginiamycin   0.30   0.30   0.30    0.30

Chemical composition
Dry matter, g kg-1 as fed 746.00 735.00 722.00 674.00
Mineral matter  43.00  46.00  47.00  57.00
Crude protein 110.00 115.00 114.00 113.00
Ether extract  34.00  33.60   29.40  24.00
Neutral detergent fiber 229.00 237.00 228.00 203.00
Total carbohydrates 810.00 804.00 808.00 804.00
Non-fibrous carbohydrates 580.00 566.00 579.00 601.00
Total digestible nutrients 720.00 660.00 650.00 730.00
Dry matter digestibility 680.00 650.00 690.00 740.00

a Composition: P - 40 g; Ca - 146 g; Na - 56 g; S - 40 g; Mg - 20 g; Cu - 350 mg; Zn 1300 mg; Mn - 900 mg; Iron - 1050 mg; Co - 10 
mg; I - 24 mg; Se - 10 mg; F (max.) 400 mg; excipient q.s. - 1000 mg; DM = dry matter.
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The animals were confined for 84 days (21 days 
of adaptation and 73 days of data collection). They 
were fed at 1200 and 1700 ad libitum, and adjusted 
to allow 10% orts of offered feed (dry matter basis). 
Animals fasting for 14–16 h were weighed at the 
beginning and end of the evaluation period. To obtain 
the average feed intake, feed and orts were also 
weighed daily. Samples of ingredients and orts from 
each animal, and ingredients of feed concentrates 
from mixture preparations were collected weekly 
to provide representative samples. The samples 
were placed in plastic bags, labeled, and stored in a 
freezer at -10°C until laboratory analysis.

Feces for digestibility trial were collected during 
the last three days of the experimental period. The 
collection of stool (300 g) was performed manually, 
after spontaneous defecation and before the fecal 
bolus reached the floor of the pen, with animals 
monitored from 06h00 until the collection of the 
sample from the last animal. For the digestibility 
trial and analysis of nutrients, samples were pre-
dried in a forced ventilation oven at 55 ºC for 72 
hours and ground in a 1 mm sieve. From the three 
ground samples, a composite sample was made 
and stored in plastic containers for subsequent 
laboratory analyses. The fecal dry matter excretion 
was estimated using indigestible neutral detergent 
fiber (iNDF) according to the methodology of 
Cochran et al. (1986). The iNDF contents of the 
samples of feces, feed (roughage and ingredients of 
the concentrate) and leftovers were obtained after 
in situ rumen incubation for 240 hours (CASALI 
et al., 2008). The fecal output (kg of DM day-
1) was calculated as: iNDF intake/iNDF in feces. 
The digestibility was calculated by the expression: 
apparent digestibility of nutrients = [(nutrient intake 
- nutrients excreted)/ nutrient intake].

Standard procedures of AOAC (1995) were 
adopted to obtain the following components from 
the feed, orts, and fecal samples: dry matter, 
mineral matter, crude protein and ether extract. 
Neutral detergent fiber was determined according to 
the methodology of Van Soest et al. (1991). Total 

carbohydrates, non-fibrous carbohydrates, and 
total digestible nutrients were estimated according 
Sniffen et al. (1992), wherein: total carbohydrates 
= 1000 - (crude protein + ether extract + mineral 
matter); non-fibrous carbohydrates = 1000 - (total 
carbohydrates + neutral detergent fiber); total 
digestible nutrients = digestible crude protein + 
(digestible ether extract * 2.25) + digestible neutral 
detergent fiber + digestible total carbohydrates. 

The animals were slaughtered in a commercial 
slaughterhouse approved by the Brazilian Federal 
Inspection Service (SIF), following the normal 
flow of the slaughter line. Prior to slaughter, the 
animals were subjected to fasting for 14–16 h. After 
slaughter, the carcasses were identified, divided in 
half, weighed, washed, and kept in a cold chamber 
for 24 h at a temperature varying between 0 and 2 
ºC. During cooling of the carcasses (0, 8, 16, and 24 
h), the pH was recorded in the muscle Longissimus 
dorsi between the ribs 9a and 11a, using a portable 
pH meter with insertion electrode. The temperatures 
of the carcasses (0, 8, 16 and 24 h) were determined 
in the same region using a digital thermometer stem 
provided with a metallic insert. The left half of the 
carcass was separated into primary cuts, where the 
forequarter was separated from the pistol cut and 
short ribs between the 5th and 6th rib bones, including 
neck, shoulder, arm, and five ribs. Through the rib 
cut at 22 cm of the vertebral column, the pistol cut 
was separated from the short ribs, which included 
ribs from the sixth bone onward, plus the abdominal 
muscles. Next, the secondary commercial cuts of 
pistol cut were set aside, weighed, and measured to 
determine the weights of the trimmed fat, muscle, 
and bone. 

On the right half-carcass, a cut was made between 
the 12th and 13th ribs to expose the Longíssimus dorsi 
muscle. After 30 min of exposure to air, muscle 
coloration (1 = dark; 2 = dark red; 3 = slightly dark 
red; 4 = red; and 5 = bright red), texture (1 = very 
coarse; 2 = coarse; 3 = slightly coarse; 4 = thin; 5 
= very thin), and marbling (1 to 3 = traces; 4 to 6 = 
light; 7 to 9 = small; 10 to 12 = medium; 13 to 15 
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= moderate; 16 to 18 = abundant) were determined 
according to the method described by Müller (1987). 
The longissimus dorsi muscle from the HH section 
was identified and frozen at -18oC. Three months 
later, two steaks (slices A and B) of 2.5 cm thickness 
were removed from the cranial portion of the 
Longíssimus dorsi muscle. Slice A was identified, 
weighed, conditioned in aluminum trays, thawed 
for 12 h at 4°C and weighed again to measure thaw 
loss. Afterwards, steaks were roasted in an oven 
until their internal temperature reached 70°C. After 
the steaks were weighed with and without a tray 
for obtaining fluid loss during the cooking process. 
Cooked steaks were then chilled for 24 h at 4°C. For 
each steak (slice A), shear force of the muscle fibers 
was measured using six extracted, cylinder-shaped 
cuts with an area of 1.0 cm2, cut perpendicular to the 
fiber direction in a Warner-Bratzler Shear machine. 
To evaluate the chemical characteristics of the meat, 
the samples of Longíssimus dorsi (Slice B), without 
the fat layer, were dried in a forced-air oven (100 
ºC) and ground in a Wiley mill (1 mm particle). The 
dry matter, mineral matter, crude protein, and ether 
extract contents in these samples were determined 
according to AOAC (1995).

The experimental design was the completely 
randomized, with four treatments (levels of crude 
glycerin in the diets) and seven replicates (animals). 
The Shapiro Wilk and Cochran & Bartlett’s tests 
were performed to evaluate the normality and 
homogeneity of variances, respectively. After we 
were satisfied with the assumptions of normality and 
homogeneity of variances, the data was subjected to 
analysis of variance and contrasts. Sum of squares of 
treatments in the contrasts analysis was decomposed 
into three contrasts: linear (0 -1 0 1) and quadratic 
effect (0 -1 2 -1) crude glycerin levels and diets with 
or without inclusion of crude glycerin (3 -1 -1 -1). 
The general mathematical model is represented by 
Yij = μ + Si + eij, where μ = overall mean; Si = the 
effect of the diets; eij = residual random error. The 
mathematical model used for the temperature and 
pH data is represented by gijkl = µ + ti + £j(ti) + ak 

+ (ta)ik + eijkl, where gijk = dependent variable; µ= 
general average; ti= i treatment effect; £j(t)i = effect 
of the j repetition within the i treatment; ak = k effect 
period; (ti*ak) = interaction between i treatment and 
k period; eijk = residual experimental error. For 
probability of type I error, α = 0.05. 

Results and Discussion

The physical composition and edible portion 
of the carcass (muscle/bone, muscle + fat/bone, 
muscle/fat) did not change (P > 0.05) in response to 
the increased crude glycerin levels in the diets (Table 
3). These results demonstrate that the increased 
average daily gain (1.24, 1.26, 1.41, and 1.53 kg 
day–1 for 0, 60, 120, and 240 g of crude glycerin 
in the diets, respectively) of animals of the present 
study is not sufficient to change the proportions 
of muscle, fat, and bone in the carcass. A similar 
response was also observed for the carcass weights, 
which did not differ between the diets tested. The 
cold carcass weights in animals fed diets containing 
0, 60, 120, and 240 g of crude glycerin were 230.7, 
236.9, 237.4, and 243.0 kg, respectively. Moreira 
et al. (2016) published the productive performance 
results of experimental animals.

Our results with respect to the physical 
composition of the carcass were similar to those 
reported previously by Bartoň et al. (2013) and 
Leão et al. (2013). These authors did not find 
any change in the carcass physical composition 
upon supplying 10% and 24% of crude glycerin 
in the diets for cattle, respectively. In contrast, the 
present results diverged from those obtained by 
Van Cleef et al. (2014), who reported increased fat 
content in the carcass of cattle fed diets containing 
crude glycerin (0%, 7.5%, 15.0%, 22.5%, and 
30.0% of dry matter). This increased carcass fat 
content might be associated with the increase 
in propionate production (WANG et al., 2009). 
Glycerol is fermented in the rumen to short-chain 
fatty acids (mainly propionate), and 50–70% 
of this glycerol disappears from the rumen in 
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up to 4 h (DONKIN, 2008). The increase in the 
synthesis of these volatile fatty acids reduces the 
amount of carbon and hydrogen available for the 
production of methane gas, thus improving the 
availability of energy to the animal (TRABUE et 
al., 2007; CHANJULA et al., 2014). In addition, 
because of its liquid form, part of the glycerin is 
absorbed and metabolized in the liver. Glycerol 

kinase converts glycerol + ATP to glycerol-3-
phosphate + ADP at triose phosphate, directing 
the glycerol to gluconeogenesis (KREHBIEL, 
2008). With increase in glucose production, blood 
insulin concentration and lipogenesis are expected 
to increase, as suggested by Mach et al. (2009) 
in a study on cattle receiving different levels of 
glycerol (0, 4, 8 and 12% of dry matter).

Table 3. Physical composition of carcasses of young bulls fed crude glycerin levels in the diets.

Item
g kg-1 of crude glycerin CV

(%)
Contrasts, p - Value

0 60 120 240 L Q 0 vs. CG
Muscle, kg 146.03 154.57 153.12 154.28 6.40 0.156 0.217 0.078
Muscle, % 63.68 65.01 64.71 62.66 2.48 0.412 0.550 0.128
Fat, kg 46.75 46.88 46.39 53.86 15.96 0.927 0.058 0.281
Fat, % 20.26 19.70 19.59 21.71 11.63 0.577 0.482 0.814
Bone, kg 37.47 37.89 38.41 39.86 8.27 0.906 0.599 0.652
Bone, % 16.40 15.93 16.22 16.15 5.81 0.859 0.119 0.371
Muscle + Fat/bone 5.14 5.33 5.21 5.25 7.16 0.941 0.116 0.335
Muscle/bone 3.89 4.08 3.99 3.89 5.55 0.896 0.069 0.139
Muscle/fat 3.17 3.35 3.33 3.03 15.29 0.396 0.538 0.630

CV = coefficient of variation; L = linear effect of crude glycerin level (CG); Q = quadratic effect of crude glycerin level; 0 vs. CG 
= diets with vs. diets without crude glycerin.

Despite maintenance of the carcass physical 
composition, altered forequarter weight was 
observed (P < 0.05) as the levels of crude glycerin 
in the diets increased. The forequarter weight (kg 
and % of cold carcass) increased linearly, whereas 
the weights and proportions of the short ribs and 
pistol cut were not affected by the level of crude 
glycerin in the diets (Table 4). The elevation in 
the weight and proportion of the forequarter might 
be associated with the increase in average daily 
gain, which promotes the manifestation of sexual 
dimorphism in young bulls fed with the highest 
levels of dietary crude glycerin. These results, 
however, demonstrate that sexual dimorphism is not 
a decisive factor in variation of the carcass physical 
composition. This might be explained by the 
observation that the forequarter showed a constant 
relationship between the weights of the edible 

portion (muscle + fat) and the bone tissue with the 
change in body weight, unlike what occurs with the 
pistol cut and short ribs as demonstrated by Missio 
et al. (2015). It is noteworthy that unlike what was 
observed in this study, Van Cleef et al. (2014) did 
not find alterations in the commercial prime cuts 
of the carcass of Nellore young bulls fed with 
different levels of dietary crude glycerin. This can 
be explained by the lack of variation in the average 
daily weight gain. Only few studies have evaluated 
the effect of dietary levels of crude glycerin on the 
commercial cuts of bovine carcasses, which limits 
the discussion of our results. However, when the 
carcass weight remains unaltered, inclusion of 
crude glycerin in the diet is expected not to affect 
the primary and secondary commercial cuts, similar 
to most carcass characteristics (MACH et al., 2009; 
LEÃO et al., 2013; EGEA et al., 2014).
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Table 4. Commercials cut of Nellore young bulls fed crude glycerin levels in diets.

Items
g kg-1 of crude glycerin CV

(%)
Contrasts, p - value1

0 60 120 240 L Q 0 vs. CG
Forequarter, kg 42.03 49.10 49.65 45.73 8.39 0.017 0.133 0.953
Forequarter, % 39.77 41.23 40.79 39.26 3.14 0.045 0.591 0.795
Short ribs, kg 11.37 12.30 13.30 12.60 9.18 0.419 0.143 0.825
Short ribs, % 10.73 10.34 10.92 10.84 5.47 0.471 0.652 0.433
Pistol cut, kg 52.16 57.65 58.60 58.13 4.55 0.128 0.053 0.748
Pistol cut, % 49.49 48.43 48.29 49.90 3.47 0.574 0.579 0.991

Forequarter, kg = 42.546 + 1.1865CG – 0.0442CG2, R2 = 0.45; forequarter, % = 39.953 + 0.2155CG – 0.01029CG2, R2 = 0.40; CV 
= coefficient of variation; L = linear effect of crude glycerin level (CG); Q = quadratic effect of crude glycerin level; 0 vs. CG = 
diets with vs. diets without crude glycerin.

Furthermore, the weight of the meat cuts, bone 
tissues, and muscle and fat trimmings from the 
pistol cut did not change (P > 0.05) in response 
to the increased dietary levels of crude glycerin 
(Table 5). When expressed in relation to the cold 
carcass weight, only the proportion of rump cap was 
modified (P < 0.05) upon elevation in the levels of 
crude glycerin in the diets, decreasing linearly. This 
reduction might be associated with the increase 
in proportion of forequarter upon increase in the 
dietary crude glycerin levels. The elevation of the 
forequarter weight in this context is associated with 
the maintenance of higher growth of muscles as the 
chuck with increasing age of the animals (JORGE 
et al., 1997). Thus, because the proportion of the 
carcass commercial cuts equals 100%, increase in 
the proportion of one of them implies a reduction in 
the proportion of another and vice versa. Notably, 
the variations in weight and/or proportions of the 
meat cuts can also be explained by the fluctuations 
in the animal body growth, which begins from the 
extremities, moving towards the axial skeleton and 
loin (LAWRENCE; FOWLER, 2005).

No interaction was detected (P > 0.05) between 
the dietary crude glycerin levels and the time points 
of evaluation (0, 8, 16, and 24 h) during the chilling 
period on the temperature of the carcasses (Table 6). 
The temperature of the carcass decreased (P < 0.05) 

as the chilling period increased, reaching less than 
5°C after 16 h, which is the maximum recommended 
value to ensure the microbiological quality of the 
meat (DAVE; GHALY, 2011). The crude glycerin 
levels of the diet, in turn, did not influence (P > 0.05) 
the temperatures of the carcasses, which is explained 
by similar fat cover degree and conformation of the 
carcasses (MOREIRA et al., 2016). According to 
Klont et al. (1999), heavier carcasses with higher 
conformation show lesser decrease in temperature, 
and consequently lesser pH decline, which is 
associated with the larger specific surface of the 
carcasses. The fat cover, in turn, protects the carcass 
during chilling (WEBB; O’NEILL, 2008), reducing 
the temperature decline rates, as was reported 
by May et al. (1992). Besides microbiological 
control, temperature of the carcasses is also related 
to pH. Higher temperatures benefit glycolysis, 
thus elevating the rate of formation of lactate and 
promoting pH decline (ZHU et al., 2011). Thus, 
the similar carcass temperatures explain the similar 
values obtained for the pH upon increase in the 
dietary levels of crude glycerin. It should be noted, 
however, that other factors such as age, feeding 
period, breed group, pre-slaughter stress, and 
chilling rates are also determinants of meat quality 
(ŠPEHAR et al., 2008). These variation factors 
were controlled in this study, which explains the 
results obtained.
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Table 5. Physical composition of pistol cut of Nellore young bulls fed crude glycerin levels.

Items 
g kg-1 of crude glycerin CV

(%)
Contrasts, p - Value1

0 60 120 240 L Q 0 vs. CG
Rump cap, kg 1.23 1.22 1.19 1.14 9.65 0.123 0.957 0.316
Rump cap, % 2.23 2.13 2.12 1.98 8.01 0.021 0.957 0.068
Tail of rump, kg 1.28 1.35 1.35 1.32 10.71 0.754 0.420 0.439
Tail of rump, % 2.28 2.35 2.41 2.28 6.65 0.986 0.109 0.428
Rump cap, kg 4.40 3.80 4.35 3.98 33.01 0.779 0.979 0.577
Rump cap, % 7.93 6.72 7.65 6.94 28.54 0.609 0.908 0.406
Tenderloin, kg 1.78 1.85 1.91 1.88 9.39 0.348 0.357 0.261
Tenderloin, % 3.22 3.28 3.40 3.28 7.11 0.726 0.265 0.515
Blade meat, kg 0.93 0.90 0.97 1.08 22.39 0.392 0.912 0.636
Blade meat, % 1.68 1.62 1.70 1.88 21.46 0.683 0.664 0.980
Striploin, kg 7.17 7.25 7.22 7.54 9.69 0.168 0.470 0.647
Striploin, % 12.95 12.80 12.91 13.12 6.95 0.240 0.462 0.781
Eye of round, kg 2.45 2.72 2.55 2.66 12.21 0.455 0.720 0.194
Eye of round, % 4.43 4.82 4.55 4.66 10.42 0.687 0.672 0.279
Knuckle, kg 4.78 5.13 4.95 5.32 7.35 0.067 0.856 0.072
Knuckle, % 8.70 9.07 8.83 9.28 5.62 0.129 0.815 0.143
Topside, kg 8.88 9.15 8.88 9.16 8.61 0.685 0.886 0.624
Topside, % 16.10 16.15 15.88 15.98 4.74 0.680 0.775 0.798
Flat, kg 5.20 5.33 5.28 5.60 10.00 0.243 0.741 0.429
Flat, % 9.43 9.38 9.42 9.76 5.02 0.289 0.475 0.733
Shank, kg 3.92 4.03 3.97 4.02 8.11 0.684 0.825 0.544
Shank, % 7.10 7.12 7.10 6.98 4.58 0.559 0.709 0.846
Fat trimmings, kg 2.01 1.86 1.99 1.78 19.34 0.435 0.753 0.495
Fat trimmings, % 3.67 3.29 3.58 3.12 21.77 0.339 0.822 0.357
Muscle trimmings, kg 1.05 1.19 1.09 1.14 20.37 0.734 0.756 0.440
Muscle trimmings, % 1.94 2.09 1.96 1.99 20.22 0.994 0.815 0.698
Bone, kg 10.06 10.86 10.38 10.81 8.67 0.342 0.757 0.169
Bone, % 18.28 19.20 18.53 18.78 5.13 0.727 0.669 0.309
Total weight, kg 42.04 42.69 42.57 43.69 7.96 0.415 0.908 0.546
Total yield, % 75.63 74.02 74.28 72.42 4.30 0.111 0.986 0.173

Rump cap = 2.223 – 0.0098CG, R2 = 0.24; CV = coefficient of variation; L = linear effect of crude glycerin level (CG); Q = 
quadratic effect of crude glycerin level; 0 vs. CG = diets with vs. diets without crude glycerin.
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Table 6. Temperature and pH of carcasses, according hours after slaughter, of Nellore young bulls fed crude glycerin 
levels in the diets.

Hours after slaughter
g kg-1 of crude glycerin

Mean CV
(%)0 60 120 240

Temperature
0 32.85 34.30 34.36 33.52 33.76a

18.45
8   6.38   5.41   6.37   5.22   5.85b
16   2.23   1.49   2.61   1.80   2.03c
24   0.12   0.02   0.05   0.15   0.09d
Mean 10.40 10.31 10.85 10.17

pH
0   6.58   6.60   6.58   6.53   6.57a

3.55
8   6.06   6.05   6.07   6.25   6.11b
16   5.83   5.77   5.75   5.85   5.80c
24   5.65   5.85   5.50   5.78   5.70c
Mean   6,03   6,07  5,98   6,10

Means followed by different letters on the column differ significantly (P <0.05); CV = coefficient of variation; L = linear effect 
of crude glycerin level (CG); Q = quadratic effect of crude glycerin level; 0 vs. CG = diets with vs. diets without crude glycerin.

The pH of the carcasses varied independently (P 
> 0.05) as a function of the level of crude glycerin 
and of the evaluation period, decreasing as the 
carcass-chilling period advanced. The reduction in 
pH with progression in the chilling period is part 
of the normal process of transformation of muscle 
into meat, due to the depletion of muscle glycogen 
(IMMONEN; PUOKANNE, 2000; IMMONEN 
et al., 2000). Despite the pH decline with advance 
in rigor mortis, the values obtained after 24 h of 
chilling can be considered adequate, since they 
were lower than the value considered the limit (6.0) 
for obtaining DFD (dark, firm, dry) meat (ALVES et 
al., 2005). Besides, it should be noted that the results 
obtained for the pH of the carcasses were consistent 
with those reported by Françozo et al. (2013) and 
Egea et al. (2014). These authors observed that 
crude glycerin levels in cattle diets did not change 
the pH of the carcasses after 24 h of chilling.

Elevation in dietary crude glycerin levels did 
not change (P > 0.05) the physicochemical or 

technological properties of the meat (Table 7). The 
lack of variations in the final pH upon increase 
in the levels of crude glycerin might have been a 
decisive factor for these results, since the pH of the 
meat is related to most of the meat traits evaluated 
in this study. A higher pH than the normal range 
(5.4-5.8), in this context, increases water retention 
and compromises protein denaturation, tenderness, 
succulence, and texture of the meat (higher 
water content within the fiber, larger diameter of 
the perimysium). On the other hand, pH below 
normal values reduces water retention and benefits 
protein denaturation, tenderness, succulence, and 
texture in addition to reducing the redox potential 
and formation of oxymyoglobin (responsible 
for the bright red color of meat). The pH might 
also interfere with the composition of the meat, 
regulating the loss of liquids and the denaturation 
rates of proteins, which work on the moisture and 
protein content of the meat, respectively (ABRIL, 
et al., 2001; MUCHENJE et al., 2009).
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Table 7. Meat characteristics of Nellore young bulls fed crude glycerin levels in the diets.

Items
g kg-1 of crude glycerin CV

(%)
Contrasts, p - Value1

0 60 120 240 L Q 0 vs. CG
Physicochemical characteristics

Color, points 2.68 3.67 3.16 3.23 22.14 0.588 0.105 0.335
Texture, points 3.11 3.36 2.83 3.08 18.26 0.587 0.980 0.971
Marbling, points 2.66 3.62 4.37 3.66 24.51 0.958 0.131 0.140
Shear force, kg/cm2 7.25 7.71 7.41 6.76 15.57 0.439 0.287 0.925
Humidity, % 72.74 72.47 72.32 72.15 2.80 0.955 0.985 0.890
Mineral matter, % 4.20 3.60 4.10 4.14 9.25 0.872 0.277 0.223
Crude protein, % 20.58 19.93 20.25 21.85 9.04 0.860 0.732 0.859
Ether extract, % 3.05 3.58 3.41 3.06 29.79 0.704 0.426 0.905

Technological characteristics
Thaw loss, % 10.59 10.59 8.28 8.06 33.98 0.716 0.135 0.126
Cooking loss, % 26.33 24.73 25.81 23.49 18.21 0.149 0.289 0.103
Total loss, % 36.93 34.70 34.10 31.56 18.42 0.240 0.162 0.881

CV = coefficient of variation; L = linear effect of crude glycerin level (CG); Q = quadratic effect of crude glycerin level; 0 vs. CG 
= diets with vs. diets without crude glycerin.

The lack of variation in marbling by the dietary 
crude glycerin levels is another factor that explains 
the similar characteristics of meat obtained from the 
experimental diets (Table 7). Marbling is correlated 
with variation in the chemical composition 
(especially the fat content), succulence, loss of 
liquids during thawing and cooking, tenderness, 
and texture (MOON et al., 2006). In the present 
study, marbling was classified as “traces,” and the 
only characteristic evaluated that does not have a 
direct relationship with pH. The results obtained 
in the present study agreed with most of those 
reported in literature (LEÃO et al., 2013; EIRAS 
et al., 2014; EGEA et al., 2014), where inclusion 
of up to 24% of crude glycerin did not result in any 
alteration of marbling. In general, it is reasonable 
to expect an increase in meat marbling with the 
inclusion of crude glycerin due to the increase in 
propionate production and total carcass fat (WANG 
et al., 2009; VAN CLEEF et al., 2014). According 
to Pethick et al. (2004), intramuscular fat prefers 
carbons originating from glucose and lactate, 
whereas subcutaneous fat prefers those from acetate 
and acetyl units.

Among the physicochemical characteristics 
of the meat, the average shear force of the 
muscle fibers (7.28 kg/cm2) is noteworthy, as it 
characterizes the meat as tough. Miller et al. (2001) 
found that a shear force of 4.3 kg/cm2 is the point 
from which the consumer significantly realizes the 
lower tenderness of the meat, and the acceptability 
of the meat is significantly reduced as this value is 
increased. The values obtained in the present study 
might be related to the genotypes of the animals 
as well as the carcass-temperature decline pattern. 
Wheeler et al. (1990) demonstrated that the zebu 
displayed higher muscle calpastatin concentrations 
than taurus cattle. Calpastatin inhibits the action of 
calpain, which is responsible for the post-mortem 
proteolysis (HUANG et al., 2014). The effect of 
temperature, however, is related to the shortening 
of muscle fibers by the cold, which occurs when the 
temperature during chilling drops suddenly (<10 ºC) 
before the first 10 h after bleeding (SAVELL et al., 
2005). In the present study, the carcasses reached 
an average temperature of 5.84 ºC for the first 8 h 
of chilling, confirming the hypothesis. Additionally, 
the results obtained in the present study are in line 
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with those presented by Mach et al. (2009) and 
Lage et al. (2014), who did not find alterations in 
the shear force of muscle fibers upon inclusion of 
crude glycerin in cattle diets. An increase in meat 
tenderness is expected with increased marbling 
upon inclusion of crude glycerin in the diets, since 
the shear force of muscle fibers reduces as marbling 
increases, especially in zebu animals (WHEELER 
et al., 1994).

However, the results of this study disagree 
with those found by Carvalho et al. (2014), who 
observed a decrease in the meat color components 
(lightness) of cattle fed with 12% and 18% crude 
glycerin versus those fed with 0% and 6%. This 
is explained by the higher level of ether extract in 
diets with higher amounts of crude glycerin. Egea 
et al. (2014), on the other hand, found a decrease in 
the color of the meat from cattle fed with increasing 
levels of crude glycerin in their diets (0%, 2%, and 
4%). The authors attributed this to the occurrence 
of the Maillard reaction in diets with higher levels 
of crude glycerin. Our results, however, agree with 
those published by Françozo et al. (2013), Leão 
et al. (2013), and Eiras et al. (2014), who did not 
detect alterations in the meat color upon inclusion 
of crude glycerin in the cattle diets. Contrastingly, 
Carvalho et al. (2014) found alterations in the 
chemical composition of the meat from cattle 
receiving increasing levels of crude glycerin (0%, 
6%, 12%, and 18%), in which the water content 
decreased as the ether extract content increased. 
Further, the authors did not observe alterations 
in the ash and crude protein contents of the meat, 
similar to the present study. Lastly, it is noteworthy 
that the texture, loss of liquids during thawing and 
cooking, and total liquid loss by the meat observed 
in this study are similar to the those presented by 
FRANÇOZO et al. (2013) and LEÃO et al. (2013). 
These authors, too, did not observe alterations in 
these traits upon increase in the levels of glycerin 
in the cattle diets. The observations made on the 
loss of liquids by these studies are explained by the 
similar intramuscular fat content, whereas the lack 

of variation in texture is partly explained by the 
similar liquid loss by the meat.

Conclusion

Inclusion of up to 240 g kg–1 crude glycerin in 
millet grain-based diets for feedlot-finished Nellore 
young bulls does not change the meat yield of the 
carcasses or the main characteristics of the meat 
with economic importance.
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