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Crude glycerine in growing and finishing pigs feeding

Glicerina bruta na alimentacao de suinos na fase de crescimento e

terminacio

Paulo Levi de Oliveira Carvalho!"; Ivan Moreira?; Claudio Scapinello?;
Liliane Maria Piano'; Adriana Gomez Gallego'; Gabriel Moresco®

Abstract

Two experiments were carried out aiming to determine the nutritional value and to evaluate performance,
carcass traits and economic feasibility of growing-finishing pigs fed on two types of crude glycerine
(CG) which were made from vegetable oil (CGS), and mixed of animal fat + soybean oil (CGA). In
Experiment [, a digestibility assay were carried out using 32 (24 test diet and 8 basal diet) cross breed
pig (45.08 = 4.11 kg). The experimental unit consisted of one pig, with a total of four experimental units
per diet. Glycerine levels used in the digestibility assay were 6, 12, and 18% of the basal diet (corn +
soybean meal based). The values (as-fed-basis) of DE and ME (kcal/kg) obtained were: CGS= 5,040 and
4,481; CGA= 5,234 and 4,707, respectively. In the Experiment II, 63 pigs, were allotted in a completely
randomized design in 2 x 4 factorial scheme, with two types of crude glycerine (CGS and CGA) and
four inclusion levels (3, 6, 9, and 12%). Additionally, it was formulated a control diet containg no
glycerine (0%). There was no interaction (P>0.05) among levels of CG and types of glycerine sources,
and the regression analysis indicates no effects (P>0.05) of crude glycerine inclusion on performance
and carcass traits (backfat thickness and loin depth). The results suggest that it is feasible to use up to
12% of both crude glycerine (made from soybean oil and mixed) on growing-finishing pigs diet, without
impairing performance and carcass traits, besides providing a reduction of about 11% on feeding cost.
Key words: Biodiesel, co-product, digestibility, glycerol

Resumo

Foram conduzidos dois experimentos com o objetivo de determinar o valor nutricional e avaliar o
desempenho, caracteristica de carcaca e viabilidade economica de suinos em fase de crescimento e
terminag¢do alimentados com ragdes contendo dois tipos de glicerinas brutas: GBV — oriunda de
oleo vegetal (soja) e GBM — mista, oriunda de gordura animal e 6leo de soja. No Experimento I, foi
conduzido um ensaio de digestibilidade com 32 (24 racgdes testes e 8 ragdo referéncia) suinos (45,08
+ 4,11 kg) mestigos. A unidade experimental consistiu-se de um suino, totalizando quatro unidades
experimentais por ragdo. Os niveis de substituicdo da racdo referéncia pela glicerina foram 6, 12 e
18%. Os valores de ED e EM (kcal/kg), na matéria natural, obtidos foram: GBV= 5.040 e 4.481 e
GBM=5.234 ¢ 4.707, respectivamente. No Experimento II, foram utilizados 63 suinos, distribuidos em
delineamento inteiramente casualizados, em esquema fatorial 2 x 4, sendo dois tipos de glicerina bruta
(GBV e GBM) e quatro niveis de inclusdo (3, 6, 9 e 12%). Adicionalmente, foi formulada uma racao
testemunha, ndo contendo glicerina (0%). Nao houve interacao (P>0,05) entre os niveis de inclusao
e o tipo da glicerina bruta. A andlise de regressao indica que ndo houve efeito (P>0,05) do nivel de
inclusdo das glicerinas brutas sobre o desempenho e caracteristica de carcaga (espessura de toucinho
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e profundidade de lombo). Os resultados de sugerem que ¢ viavel a utilizacdo em até 12%, de ambas
as glicerinas brutas (de origem vegetal e mista), na alimentagdo de suinos na fase de crescimento e
terminag@o, sem prejuizos no desempenho e caracteristica de carcaga, além de propiciar a redugdo de

cerca de 11% no custo da alimentacéo.

Palavras-chave: Biodiesel, coproduto, digestibilidade, glicerol

Introduction

Although the biodiesel production may not
attend future demand projections, it is expected
to increase even further the availability of crude
glycerine. In 2011, 273,353 cubic meters of crude
glycerine were produced in Brazil (ANP, 2013),
which is an environmental and logistics problem for
biodiesel production industries. However, in swine
production, glycerine can be an alternative source
of high potential energy in the diet replacing corn.

Glycerine can be sold without purification
(natural glycerine), in crude form (high content of
fatty acids), semipurified, better known as “Blonde”
(low fatty acid content) and purified (95 to 99%
of glycerine). According to Rivaldi et al. (2008),
despite the use of purified glycerine in cosmetics
and food, its production involves the additional cost
of purification which is too high. For this reason,
crude glycerine has high levels of fatty acids,
catalysts residues and a certain amount of methanol.

Since the 1990s, the use of glycerine as feedstuffs
for pigs has been investigated in order to verify the
effects of this co-product of biodiesel production
on performance, carcass traits and meat quality of
pigs. Studies from Mourot et al. (1993) and Mourot
(2009) with the inclusion of up to 5% of crude
glycerine in growing and finishing pigs feeding
highlight the tendency to reduce the effect of the
qualitative carcass traits, such as drip and cooking
losses.

So, this study aims to evaluate the nutritional
value and effects of the inclusion of two types
of crude glycerine (vegetable and mixed) on
performance, carcass traits and economic feasibility
on growing and finishing pigs.

Material and Methods

The experiments were carried out at the
Iguatemi Experimental Farm, belonging to the State
University of Maringa (CCA / UEM).

Two crude glycerine (CG) were studied: CGS —
made from vegetable oil (soybean); CGA — mixed,
made from about 80% of animal fat + 20% soybean
oil. Both were obtained from Biopar biofuels
industry, located in Rolandia — PR.

Two experiments were carried out, a digestibility
assay (Experiment I) and a performance trial
(Experiment II). In experiment [, 32 (24 test diet and
8 basal diet) crossbred barrows from commercial
line with 45.08 + 4.11 kg of initial live weight. The
animals were kept individually in metabolism cages
similar to those described by Pekas (1968), in a
room with controlled temperature. The control diet
consisted of corn (72.97%), soybean meal (24.45%),
(0.570%), limestone (0.635%),
dicalcium phosphate (0.875%) and vitamin-mineral
premix (0.50%), it was formulated to meet the
requirements indicated by Rostagno et al. (2005).

common salt

Four experimental units were used per treatment.
Substitution levels of basal diet for glycerine were
6, 12 and 18%, resulting in six test diet.

Diets supply, feces and urine collection were
performed according to protocol described by
Sakomura and Rostagno (2007). In the collection
period, the diet supply was calculated based on
metabolic weight (kg””®) of each pig and on the
average intake recorded in the pre-experimental
period. Feeding was offered at O8h and 15h,
being 55% of the total in the morning and 45%
in the afternoon. All diets were moistened with
approximately 20% of water, aiming to avoid waste,
reduce dustiness and improve feed acceptability by
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the animal. After each meal, water was provided
at the feeder (3 mL of water/g of diet) to avoid
excessive water
composition of the diets and the feces were
evaluated by the Laboratorio de Nutricdo Animal at
Universidade Estadual de Maringa, in accordance
with the methodologies described by Silva and
Queiroz (2002).

consumption. The chemical

The coefficient of dry matter digestibility,
organic matter, gross energy and the metabolization
coefficient of gross energy were calculated
according to Matterson, Potter and Stutz (1965).
The digestible (DE) and metabolizable energy
(ME) values were estimated by regression analysis
(ADEOLA; ILELEJIL, 2009) of DE and ME intake
(kcal / kg) associated of crude glycerine vs. crude
glycerine intake. To evaluate differences between
the digestibility of CGS and CGA, the data were
subjected to variance analysis using the statistical
package SAEG (UFV, 1997) according to the
following statistical model: Yij = p + Ti + eij where:
Yij = digestibility coefficient of the treatment
i, of repetition j; u = constant associated with all
observations; Ti = effect of inclusion level of food i,
being i = 6; 12; 18%; eij = random error associated
with each observation.

In experiment I1, 63 crossbred pigs of commercial
line were used, with initial average weight of 30.53
+ 1.59 and final of 59.55 + 4.27 kg in the growing
and with initial weight of 60.35 £ 2.25 and final of
89.91 + 5.23 kg in the finishing phase.

Treatments consisted of nine experimental
diets with increasing levels of inclusion (0, 3, 6,
9 and 12%) of two types of crude glycerine (CGS

and CGA). The diets based on corn and soybean
meal (Tables 1 and 2) were formulated to meet the
recommended by Rostagno et al. (2005) for growing
and finishing pigs.

For diet formulations, the chemical and energetic
composition of crude glycerine (CGS and CGA)
(Table 3) obtained in the digestibility trial was used.
For other ingredients such as corn and soybean meal
the values of crude protein, phosphorus and calcium
were determined.

Pigs were allotted in a randomized complete
block design with repetitions in time, in a factorial
2 x 4, two types of crude glycerine (CGS and CGA)
and four levels of inclusion (3, 6, 9 and 12%), with
seven replicates and a pig for each experimental
unit. Additionally, a control diet was formulated
containing 0% of glycerine. At the end of the
growing, the animals were assigned randomly into
experimental units and treatments, avoiding staying
in the same treatment.

Pigs were weighed at the beginning and at the
end of the experiment and the total feed intake were
computed, which was used to calculate the daily
feed intake (DFI), daily weight gain (DWG) and
feed:gain ratio (F:G) of each experimental unit. At
the end of the growing and finishing, the backfat
thickness and loin depth were measured at the P2
position using the device Sono-Grader (Renco®).

Using the data of DWG and DFI, the economic
analysis was made based on the equation proposed
by Guidoni (1994):

N
PMCG < [PRP(Gain-Gain,) — 3’ P, (C,*FI- C, *FI)J/(C, *FI)
J#L=1
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Table 1. Centesimal and chemical composition of diets containing increasing levels of two types of crude glycerine (vegetable and mixed) for growing (30 — 60kg)
pigs feeding.

Inclusion levels of crude glycerine, %

Vegetable oil crude glycerine Mixed crude glycerine

Item, % 0 3 6 9 12 3 6 9 12
Corn 67.30 64.43 61.57 58.70 55.84 64.61 61.92 59.23 56.54
Crude glycerine - 3.00 6.00 9.00 12.00 3.00 6.00 9.00 12.00
Soybean meal 26.65 27.19 27.72 28.26 28.79 27.16 27.66 28.16 28.66
Soybean oil 3.282 2.616 1.949 1.232 0.616 2.473 1.663 0.854 0.045
Limestone 0.537 0.538 0.538 0.538 0.538 0.538 0.538 0.538 0.538
Dicalcium phosphate 1.330 1.335 1.340 1.345 1.350 1.334 1.339 1.344 1.349
Comum salt 0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.350 0.350
Vitamin-mineral premix' 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300 0.300
Growth promoter? 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005
L-Lysine HCL 0.188 0.178 0.168 0.157 0.157 0.179 0.169 0.159 0.150
DL-Methionine 0.021 0.025 0.029 0.033 0.037 0.025 0.029 0.033 0.036
L-Threonine 0.034 0.033 0.032 0.031 0.030 0.033 0.032 0.031 0.030
Calculate values®

Metabolizable energy?, kcal/kg 3,370 3,370 3,370 3,370 3,370 3,370 3,370 3,370 3,370
Crude protein®, % 17.50 17.50 17.50 17.50 17.50 17.50 17.50 17.50 17.50
Calcium?, % 0.658 0.658 0.658 0.658 0.658 0.658 0.658 0.658 0.658
Available phosporus 3, % 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.346 0.346
Digestible lysine 3, % 0.934 0.934 0.934 0.934 0.934 0.934 0.934 0.934 0.934
Digestible methionine + cystine 3% 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560 0.560
Digestible threonine 3, % 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607 0.607
Total glycerol®, % - 1.679 3.357 5.036 6.714 1.662 3.324 4.986 6.648
Methanol®, % - 0.329 0.658 0.986 1.315 0.152 0.303 0.455 0.606
Diet cost’, R$/kg 0.483 0.473 0.464 0.457 0.461 0.471 0.459 0.448 0.436

“Vitamin and mineral premix for growing pigs (Vit A, 2,300,000 IU; Vit D3, 466,667 1U; Vit E — 5,000 IU; Vit K3, 667 mg ; Vit B1, 333 mg ; Vit B2, 1,000 mg ; Vit B6, 400 mg ; Vit
B12, 4,000 mcg ; Pholic Acid, 67 mg; Niacin, 6,660 mg; Ac. Pantothenic, 4,000 mg; Biotin,17 mg; Choline ,43 g; Iron 26,667 mg; Copper, 41,667 mg; Cobalt, 183 mg; Manganese,
16,667 mg; Zinc, 26,667 mg; Selenium, 67 mg; Todine, 267 mg; Antioxidant 27 g; Vehicle g.s.p., 1,000 g); > Leucomag (leucomycin, 30%); *Calculate based on Rostagno et al. (2005)
and/or determined.

Source: Elaboration of the authors.
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Table 2. Centesimal and chemical composition of diets containing increasing levels of two types of crude glycerine
(vegetable and mixed) for fishing (60 — 90kg) pigs feeding.

Inclusion levels of crude glycerine, %

Vegetable oil crude glycerine

Mixed crude glycerine

Item, % 0 3 6 9 12 3 6 9 12
Corn 76.95 7457 7151 69.13 65.95 74.74 7190  69.03  66.72
Crude glycerine - 3.00 6.00 9.00 12.00 3.00 6.00 9.00 12.00
Soybean meal 17.55 17.59 1834 18.39 19.25 17.55 18.24 18.93  19.04
Soybean oil 3273 2588 1.927 1.243 0.586 2452 1.640  0.836  0.012
Limestone 0.561 0.556 0.550 0.545 0.539 0.568  0.551 0.545  0.541
Dicalcium phosphate 0.952 0960 0.964 0.973 0.977 0960 0.964 0968 0.976
Comum salt 0.350 0.350 0.350 0.350 0.350 0.350  0.350  0.350 0.350
Vitamin-mineral premix ! 0.150 0.150 0.150 0.150 0.150 0.150  0.150 0.150  0.150
Growth promoter? 0.005 0.005 0.005 0.005 0.005 0.005  0.005 0.005  0.005
L-Lysine HCL 0.181 0.185 0.168 0.172 0.152 0.186  0.171 0.155  0.157
DL-Methionine 0.005 0.012 0.013 0.020 0.020 0.012  0.013 0.014  0.020
L-Threonine 0.023 0.028 0.024 0.030 0.024 0.029  0.025 0.021  0.026
Calculate values?

Metabolizable energy’, kcal/kg 3,400 3,400 3,400 3,400 3,400 3,400 3,400 3,400 3,400
Crude protein®, % 14.56 1456 1456 14.56  14.56 14.56 1456 1456 14.56
Calcium?, % 0.511 0.511  0.511  0.511  0.511 0.511 0.511 0511 0.511
Available phosporus 3, % 0.262 0262  0.262 0.262  0.262 0262  0.262 0.262 0.262
Digestible lysine 3, % 0.716 0.716  0.716 0.716  0.716 0.716  0.716  0.716  0.716
Digestible methionine + cystine *,% 0.444 0.444 0444 0444 0444 0.444  0.444 0444 0.444
Digestible threonine *, % 0.480 0.480  0.480 0.480 0.480 0480  0.480 0.480 0.480
Total glycerol®, % - 1.679 3357 5.036 6.714 1.662  3.324 4986 6.648
Methanol®, % - 0329 0.658 0.986 1315 0.152  0.303  0.455 0.606
Diet cost’, R$/kg 0.430 0.420 0411 0.402 0.393 0.418 0.406  0.394 0.383

“Vitamin and mineral premix for fishing pigs (Vit A, 2,666,660 1U; Vit D3, 533,300 IU ; Vit E, 4,667 IU ; Vit K3, 1,200 mg ; Vit B1,
200 mg ; Vit B2, 13.336 mg; Vit B6, 133 mg ; Vit B12, 6,667 mcg; Pholic Acid, 34 mg; Niacin, 10,000 mg; Pantothenic, 666,666
mg; Biotin, 20 mg; Choline, 62 g; Iron, 40 mg; Copper, 86,805 mg; Cobalt, 334 mg; Manganese, 30,000 mg; Zinc, 46,666,0 mg;
Selenium, 67 mg; lodine, 400 mg; Antioxidant, 40 g; Vehicle g.s.p., 1,000 g); > Leucomag (Leucomycin, 30%); *Calculate based

on Rostagno et al. (2005) and/or determined.
Source: Elaboration of the authors.

Where: PMCG= maximum price for crude
glycerine (CGS and CGA) so that the diet in which
it will be used reach the same economic efficiency
as crude glycerine-free diet (zero level of inclusion);
PRP = price per kilogram of pig; Gain, = average
weight gain of pigs from treatment containing the
i level of crude glycerine (CG); Gain, = average
weight gain of pigs from treatment without CG
(zero level of inclusion); P, = price of the remaining
ingredients in each diet; Qﬂ = percentage of the j
ingredient in diet i; Fli = Average feed intake for
diet i; C,, = percentage of the j ingredient in the

diet without CG; FI0 = Average feed intake for diet
without CG; percentage of CG in the diet 1.

G

The input prices (R$) were obtained in Maringa-
PR: 1.6 for swine kg; 0.272 for corn; 0.629 for
soybean meal; 1.98 for soybean oil; 0.16 for
limestone; 1.12 for dicalcium phosphate; 0.34 for
comum salt; 9.00 for lysine, 14.0 for methionine;
11.46 for threonine; 97.00 for the growth promoter

and 0.29 for CGS and CGA.

In order to evaluate the performance data, the
values were subjected to analysis of variance,
adopting the following statistical model: Y, =m +
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Bi + Sj+Nk+ FI+NFk1+ i
of animal /, within the block 1, inclusion level k& and
crude Glycerine type /; m = constant associated to
all observations; Bi = block effect, being i = 1, 2, 3,
4,5; Sj = effect of sex j (1= male, 2 = female); Nk
= effect of crude glycerine level, being k=3, 6, 9,
12%; Fl = effect of the type of crude glycerine, being
[ = CGS and CGA; NFk/ = interaction effect of the
inclusion levels k and the crude glycerine type / and
€= random error associated with observation.

where YW: observation

The degrees of freedom of the inclusion levels
(CGS and CGA) were decomposed in orthogonal
polynomials, to obtain the regression equations.

To compare the results of the control diet (0%
crude glycerine) at each level of inclusion of CGS
and CGA, the Dunnett test was applied (SAMPAIO,
1998). Statistical analysis was performed using
the statistical package SAEG. In the performance
experiment, the initial weight of pigs was used as
co-variable.

Results and Discussion

The physical, chemical and energetic composition
of crude glycerine (CGS and CGA) (Table 3), are
in agreement with the results quoted by Kerr et al.
(2009) for the levels of glycerol (51.54%), moisture
(4.99%), gross energy (5,581 kcal / kg), total fatty
matter (24.28%), methanol (14.99%) and ash
(4.20%) in crude glycerine obtained from chicken
fat, the values show that crude glycerine has a wide
variation in its chemical composition.

The digestibility coefficients values, metabolism
and digestible nutrients (Table 4) of crude glycerine
(CGS and CGA) showed that both are excellent
energy sources to feed pigs in the initial phase
and with high utilization by animals. The presence
of elevated levels of total fatty acids in CGS and
CGA provides high energy content. A difference in
chemical composition of crude glycerine affects its
ME value, however, it is not clear whether different
raw materials will also affect the value of ME.

The ratio of ME:DE (Table 4) for both glycerines
(CGS and CGA) indicated that the co-products had
high utilization by animals. In comparison, these
values were reduced to those obtained by Lammers
et al. (2008b) for pigs in the initial phase (92%)
fed with semipurified glycerine and to the values
of corn and soybean oil (97%) (ROSTAGNO et
al., 2005). However, Kerr et al. (2009) using two
crude glycerine derived from chicken fat, found a
relationship ME: DE of 82-85%. The authors note
that this reduction, possibly, is due to the amount of
fatty acids present in crude glycerine.

Mendoza et al. (2010) observed that the inclusion
of up to 30% of purified glycerine may have been
the limit for the glycerine metabolism and it could
explain the increased excretion of energy in the urine
and losses of glycerine metabolism. Doppenberg
and Vand Der Aar (2007) studies, in pigs, confirm
that there is a limitation in the activation of enzymes
for glycerol use. High inclusion levels of glycerine
in the diet provide low energy content, because
the enzyme system (glycerol kinase) becomes
saturated in the conversion of glycerol to glycerol-
3-phosphate, being this glycerol in excess, excreted
in the urine.

Semina: Ciéncias Agrdrias, Londrina, v. 34, n. 3, p. 1399-1410, maio/jun. 2013
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Table 3. Chemical and energetic composition of crude glycerines (as-fed basis).

Nutrients

Vegetable oil crude glycerine

Mixed crude glycerine

Moisture, %

Total glycerol, %
Crude protein, %
Gross energy, kcal/kg
Total fatty acid, %
MONG, %'
Methanol, %

Ash, %

Sodium chloride, %
Calcium, ppm
Phosporus, ppm
Potassium, %
Sodium, %
Chloride, %
Magnesium, ppm
Copper, ppm
Chrome, ppm
Iron, ppm

Zinc, ppm
Manganese, ppm
Aluminum, ppm
Cobalt, ppm
Molybdenum, ppm
Lead, ppm

pH

Density, kg/m?

2.54
55.95
0.05
5,047
23.30
37.43
10.96
4.45
3.52
83.22
203.25
0.174
1.620
0.460
42.78
0.168
0.241
22.37
1.954
0.442
52.82
0.532
0.000
0.443
8.75
1.090

5.45
55.45
0.05
5,242
21.50
34.48
5.05
4.26
3.01
82.33
167.51
0.023
1.990
0.350
30.72
0.197
0.177
26.51
0.195
0.853
33.48
0.475
0.000
0.487
8.55
1.110

'MONG: organic matter non-glycerol. Defined as 100 — [glycerol content (%) + water content (%) + ash content (%)].

Source: Elaboration of the authors.

Table 4. Apparent digestibility coefficients (DC), metabolization coefficient (MC) and digestible values of nutrients

of two types of crude glycerine (vegetable and mixed) used on growing-finishing pigs feeding.

Digestibility coefficients, %

Vegetable oil crude glycerine

Mixed crude glycerine

DC of dry matter 92.07 94.98
DC of organic matter 91.85 95.58
DC of fat 99.43 100.14
DC of gross energy 96.06 99.85
DM of gross energy 85.38 89.95
Digestible nutrientes As fed basis As fed basis
Dry matter,% 89.73 89.80
Organic matter,% 87.75 91.51
Fat,% 23.17 21.53
Digestible energy, kcal/kg 5,040 5,234
Metabolizable energy, kcal/kg 4,481 4,707
ME:DE ration 0.89 0.90

Source: Elaboration of the authors.
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The slope of the linear relationship between
metabolizable energy intake vs crude glycerines
intake (CGS and CGA) (Figure 1) was estimated
to obtain the ME of each type of crude glycerine,
showing that the CGS and CGA have similar ME
(4,481 and 4,707 kcal/kg, respectively).

ME values in the crude glycerine (CGS and
CGA) estimated by regression analysis (Figure 1)
showed similar values to those obtained by Kerr
et al. (2009) in experiments with the inclusion of
different crude glycerine, from animal fat as raw
material, and the values found were from 5,581 to
6,021 kcal / kg for GE, from 4,336 to 5,228 kcal /
kg for DE and from 4,446 to 5,206 kcal/kg for ME.

Figure 1. Equations of ME of two types of crude glycerine, obtained from regression of ME (kcal/kg) intake associated
of crude glycerine vs. crude glycerine intake (kg), for 24 growing-finishing pigs, in five days.
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Source: Elaboration of the authors.

The metabolism of GE of glycerine can also
be influenced by the presence of high levels of
catalysts residues (Na* and K), used in the biodiesel
production, which causes an increase in water
consumption, consequently, in urine output. In the
literature there are evidences that this production is
influenced by the diets with high levels of glycerine.
According to Lammers et al. (2008a), pigs fed with
crude glycerine have more crude urinary energy
by the higher volume of urine excreted, indicating
that this co-product may have a diuretic effect in
animals. However, the amount of these catalysts
in the glycerine can be easily manipulated by the

industry in the biodiesel production with recovery
of the catalysts during the process.

For growing and finishing phases, there was no
interaction (P > 0.05) between the levels of inclusion
and the type of crude glycerine. Regression analysis
indicates that there was no effect (P > 0.05) of
the inclusion level of crude glycerine for the DFI,
DWG and FC variables (Table 5). Performance
results also suggest that the increasing addition
of glycerine in the diet had no effect on the feed
palatability. According to Groesbeck et al. (2008),
the crude glycerine has a sweet flavor, which can
improve the palatability of diets and consequently
feed intake.
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According to studies by Kijora and Kupsch
(1996), the sweet and saline taste of glycerine
showed higher feed intake in pigs (24.10 to 54.20
kg) fed up to 10% glycerine with different levels
of purification. Similar results were obtained by
Mourot et al. (1994), Lammers et al. (2008a) and
Schieck et al. (2010), evaluating the performance
of growing-finishing pigs fed with 5 to 10% of
inclusion of semipurified glycerine obtained from
animal fat and vegetable oil. Mendoza et al. (2010),
using purified glycerine, recommend adding up to
15% in of growing pigs feeding, without loss in
performance.

Likewise, for Backfat thickness (BT-P2) and
Loin depth (LD) variables, there was no interaction
(P>0.05) between the levels of inclusion and
the type of crude glycerine. Regression analysis
indicates that inclusion levels of crude glycerine did
not affect (P > 0.05) the variables studied (Table 5).

No effect on BT-P2 in growing pigs (50.9 to
105.2 kg), fed with the inclusion of up to 16% of
semipurified mixed glycerine was observed by
Hansen et al. (2009). On the other hand, studies with
inclusion of 5 to 10% of glycerine observed reduction
in backfat thickness in pigs (DUTTLINGER et al.,
2012; HANCZAKOWSKA et al., 2010).

Applying the prices to the equations according to
Guidoni (1994), it was obtained the maximum prices
(R$) of CGS and CGA so that the experimental
diets have the same economic efficiency of the diet
without addition of glycerine. Thus, the maximum
prices of 0.561; 0.488; 0.741 and 0.479 were
obtained for CGS and 0.797; 0.516; 0.418; 0.718 for
CGA in the growing phase, and 0.916; 0.432; 0.375;
0.664 were obtained for CGS and 0.240; 0.411;
0.533 and 0.678 for CGA in the finishing phase,
referring to the inclusion levels of 3, 6, 9 and 12%.
It was observed that the glycerine is economically
viable for all inclusion levels.

The economic analysis indicates that the use of
up to 12% of CGS and CGA in isoenergetic diets
can reduce the feeding costs of pigs (30-90 kg)
by up to 11% (Table 2 and 3: 0.383/0.430 = 0.89),
compared to the diet without glycerine (0%).
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Table 5. Performance of growing (30-60 kg) and finishing (60-90 kg) pigs, fed on diets with crude glycerine (vegetable and mixed).

Inclusion level of crude glycerine, %

Vegetable oil crude glycerine

Mixed crude glycerine

Item 0 3 ; 9 5 3 5 9 5 Mean +SE!  TG?> TGxLV?® Lin* Quad®
Growing
DFI¢, kg 1.910 1.824 1.680 1.650 1.763 1.769 1.851 1.722 1.646 1.757+0.03 NS NS NS NS
DWG7, kg 0.810 0.781 0.729  0.745 0.767 0.770 0.779  0.727 0.726  0.759+0.01 NS NS NS NS
Feed:gain ratio  2.356 2.344 2312 2223 2.310 2.302 2376 2375 2282 2.320+£0.02 NS NS NS NS
BTS, mm 9.93 9.86 929 9.14 9.00 9.14 1029  9.14  9.60 9.49+0.18 NS NS NS NS
LD, mm 40.40 39.29 39.43  40.14 39.14 40.43 38.86 39.86 39.73 39.70+0.51 NS NS NS NS
Finishing
DFI¢, kg 2.310 2280 2474 2397 2.498 2271 2152 2576 2296  2.362+0.04 NS NS NS NS
DWG7, kg 0.821 0.825 0.850 0.813 0.885 0.753  0.756 0.865 0.817 0.820+0.01 NS NS NS NS
Feed:gain ratio 2.857 2.792 2982 2978 2.826 3.023  2.863 3.015 2.847 2917+0.03 NS NS NS NS
BT®, mm 10.86 1329 1286 12.14 11.57 11.57 10.14 1429 10.14 11.8740.40 NS NS NS NS
LD’, mm 50.14 50.00 4843  47.71 47.71 50.00 49.86 49.43 50.14 49.27+0.79 NS NS NS NS

I"Standard error; > TG = Type of crude glycerine;* Interation between type of crude glycerine and crude glycerine levels;  Linear effect; - Quadratic effect;  DFI = Daily feed intake;
"DWG = Daily weight gain; *BT = Backfat thickness; *LD = Loin depth; NS = non-significant.
Source: Elaboration of the authors.
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Conclusions

Values of metabolizable energy, as-fed basis,
for vegetable oil and mixed glycerine are 4,481
and 4,707 kcal/kg, respectively. There by providing
a highly available energy source for growing e
finishing pigs.

The results suggest that for diets of pigs (30 — 90
kg) it is possible to use up to 12% of either types of
crude glycerine, without interfering on performance
and carcass in growing and finishing pigs. In
addition, the inclusion of crude glycerine can
provide up to 11% reduction in feed cost. However,
the economic feasibility of its use will depend on
the price relationship between the ingredients,
especially corn and soybean oil (or other energy
source).
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