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Abstract 

The aim of this study was to evaluate the effect of the inclusion level of crude glycerin from palm 

oil in the diet of growing pigs. Diets were formulated to be isocaloric and isoproteic, with a constant 

content of linoleic acid within the experimental diets. A total of 36 pigs (average BW 23.05± 2.86 

kg) were randomly assigned to one of the three treatments: 1) 0% of crude glycerin; 2) 5% of crude 

glycerin; 3) 10% of crude glycerin. Pigs were housed in 12 pens; 4 replicates (pens) per treatment 

and three pigs/replicate. Data were analyzed as a complete block design using the GLIMMIX 

procedure of SAS, with a random block effect for period. This study established that inclusion of 

crude glycerin from palm oil in the diet of growing pigs did not affect (P > 0.05) growth 

performance, carcass characteristics and meat quality. We concluded that inclusion of crude 

glycerin from palm oil up to 10% of the diet did not adversely affect pig performance and the 

quality of the meat. 
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Resumo 

O objetivo deste estudo foi avaliar o efeito da inclusão de níveis de glicerina bruta do óleo de palma 

na dieta de suínos em crescimento. As dietas foram formuladas para serem isoenergéticas e 
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isoproteicas, o teor de ácido linoléico permaneceu constante na dieta. No total, 36 suinos (com 

média BW de 23,05 ± 2,86 kg) foram distribuídos aleatoriamente em três tratamentos: 1) 0% de 

glicerina bruta; 2) 5% de glicerina bruta; 3) 10% de glicerina bruta. Os leitões foram alojados em 12 

baias com quatro repetições (baias) por tratamento, três suínos/repetição. Os dados foram analisados 

como um delineamento em blocos casualizados utilizando-se o procedimento GLIMMIX do SAS, 

com um efeito aleatório de bloco por período. Notou-se que a inclusão de glicerina bruta do óleo de 

palma não afetou (P> 0,05) o desempenho produtivo, as características da carcaça e qualidade da 

carne. Concluiu-se que a inclusão de glicerina bruta do óleo de palma até 10% não afetou o 

desempenho dos suínos e a qualidade da carne. 

Palavras-chave: biodiesel; óleo de palma; subprodutos; suínos. 
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Introduction 

 

 

The biodiesel industry from fatty sources generates glycerin, a by-product that can be used as an 

excellent source of energy for growing pigs. In Colombia, the installed capacity of biodiesel 

production was of 505.708 t in 2013(1). Each liter of biodiesel generates approximately 79 g of 

crude glycerin(2), consequently, with the installed capacity, the country will produce annually 

around of 51940 t of crude glycerin (80% glycerol) with a density of 1.3 g/ml(3). 

In pigs, crude glycerin obtained from soybean oil has shown an energy value close to corn(4,5). 

Several studies have revealed that the inclusion of crude glycerin up to 16% in isoenergetic and 

isoproteic diets for pigs has not affected performance, carcass characteristics and meat quality(2,6-10). 

However, when corn was replaced by crude glycerin as the source of dietary fatty acids (FA), a 

reduction in the content of polyunsaturated fatty acids in the loin occurred(2). Regarding the case of 

crude glycerin from palm oil, no studies on the evaluation of its effect on the performance of pigs. 

This study evaluated the effect of the inclusion level of crude glycerin from palm oil (PO) in the 

diet of growing pigs on growth performance, carcass characteristics, and meat quality. 

 

Material and Methods 

 

 

The Bioethics Committee of the Faculty of Veterinary Medicine of the National University of 

Colombia (UN) approved all the procedures involving animals in this study (Act 4 of September 28, 

2011). This study was developed in the swine section of the Agricultural Center “MARENGO” of 

the UN-Bogota. A total of 36 pigs of a commercial crossing (Yorkshire x Landrace x Pietrain,  
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average LW of 23.05 ± 2.86 kg) were randomly assigned to pens with three pigs per pen and four 

pens (replicates) per treatment. Dietary treatments were assigned in a completely randomized block 

design as follows: 1) control - 0% crude glycerin; 2) 5% crude glycerin; 3) 10% crude glycerin from 

PO. Crude glycerin from PO was obtained from a biodiesel production facility (Bio-D S.A, 

Facatativa, Colombia). Table 1 displays the chemical composition of crude glycerin from PO. The 

maximum level of inclusion of CG was 10% because it is the level that has not affected the 

performance of pigs using other sources of crude glycerin(2,6,7,9,10), although in Australia the use of 

up to 16% of CG did not affect the performance of animals but there were difficulties in feed 

management(8). 

 

 

 

Diets were formulated to be isocaloric and isoproteic according to the method used by Araújo et 

al.(12). Pigs were fed diets over a 4-phase feeding program, within each phase diets were offered ad 

libitum in meal form. Pigs in each pen were weighed weekly, and feed residuals were used to 

calculate weekly feed intake and feed conversion. Consumption was corrected for the number of 

animals(2). The day before slaughter (100 kg BW), a pig with average weight within replicates was 

selected. The feed was removed but water was maintained in the pen(3,9). 

Feeding phases were from 20-30 kg, 30-50 kg, 50-70 kg, and 70-100 kg LW. Experimental diets are 

shown in Table 2. Previous results have shown the effect of crude glycerin on the fatty acid profile 

of pork loin(2); therefore, the level of linolenic acid in the diet was monitored and kept constant by 

using as diet ingredients palm oil and full-fat soybean. 
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Pigs were slaughtered in a commercial plant. Hot carcasses were weighed (HCW) and refrigerated 

overnight at 0 °C, and lean meat yield (LMY) was calculated according to the methods described by 

the following equation developed in Colombia(13). 

LMY = 3872 + (- 0.3344 * BF) + 0.5623 * HCW 

In which, LMY is weight of the major commercial cuts in the area of Antioquia, Colombia (loin, 

head loin, rib, beef bacon, hand, and leg), BF is backfat thickness measured at 6 cm from the 
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midline at the last rib in mm, and HCW is hot carcass weight in kg. 

Backfat thickness (BF), loin eye area at the last rib, and LMY were determined on the right side of 

the carcass(3). Longissimus dorsi muscle (LDM) sample was taken and cut into chops from medium 

zone to determine quality attributes such as color, pH(3), water retention capacity (WRC), shear 

force (SF), and fatty acids profile. pH was determined 6 h postmortem by using a portable 

potentiometer(7).  

Water retention capacity (WRC) of the loin was determined by grounding a 350 mg sample with a 

screen of 4.5 mm. The sample then was taken on filter paper and covered with acetate paper, the 

assembly was subjected to pressure with a texturometer for 5 min, keeping the pressure constant at 

10 kg-f. The sample then was allowed to dry for 24 h for analysis. The analysis of images of the 

loin area and WRC was performed by using the Google Sketchup 8 software (Google, Inc., 

Mountain View, CA, USA). 

Instrumental color was measured on chops using a HunterLab MiniScan EZ Spectrophotometer 

(Hunter Associates Laboratory Inc., Reston, West Virginia, USA). Samples were read using 

illuminant D65 observer and evaluated for CIE (L*, a* and b*) color values. Cooking losses were 

evaluated on loin chops by weighting changes before and after cooking, and tenderness was 

determined on cooked samples by measuring shear force on Warner-Bratzler according to the 

methods described by Della Casa et al.(7), Lammers et al.(2), and Mendoza et al.(9). 

For economic analysis a partial budget was used as follow: 

C = (B + Σ(cij (Yij))) / X 

In which, C is cost per kg of swine in pesos, B is pig cost at 20 kg, X is body weight of pigs at the 

end of the experiment, Y is feed conversion, c is experiment diet cost in j phase, and i is 

experimental treatment in i phase. 

PNI = [(Py * Yi) - (Px * Xi)] / n 

PNC = [(Pz * (Yi* Li)) - (Px * Xi)] / n 

In which: PNI is partial net income per pig per experimental group, PNC is partial net income per 

pig carcasses by experimental group, Py is price of kg of live swine, Y is body weight of pigs at the 

end of the experiment, Px is price cumulative weighted kg food, X is amount of food consumed 

before the sacrifice, n is number of pigs for slaughter/replica, i is experimental treatment, L is lean 

yield (%), and Pz is price of pork (kg). The prices of raw materials used for economic analysis were 

set according to the local market in the savannah of Bogotá, and the purchase prices of raw 

materials were used for testing in Colombian pesos. The price of pork was 4458 $/kg to market 

Bogotá in April 2011 (14).  

Data were analyzed as a complete block design(15) with a random block effect for period. When 

significant differences occurred, analysis was performed using the linear and quadratic polynomial 

effect (P <0.05). 
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Results and Discussion 

 

 

The effects of inclusion of crude glycerin from PO in commercial diets of pigs on the productive 

performance are summarized in Table 3. According to the results, the level of PO crude glycerin in 

the diet, up to 10%, did not affect pig performance (P> 0.05) or feeding cost per kilogram of live 

pigs (P > 0.05).  

Results in carcass quality of pigs fed different levels of crude glycerin from PO were summarized in 

Table 4. Dietary treatments did not affect carcass characteristics (P>0.05) or feeding cost to produce 

one kilogram of lean meat (P>0.05).  

Results of growing, carcass characteristics, and meat quality obtained in the present study are 

similar to those observed with crude glycerin from soybean oil(2). The study of Lammers et al.(2) 

evaluated crude glycerin in growing pigs and described animal growth, feed intake, conversion, fat 

in the 10th rib, loin area and free fat percentage showing no effects due to treatments, similarly to 

the results found in the present study. Contrary, in piglets, the inclusion of crude glycerin improved 

average daily gain in linear form, without affecting consumption and conversion(16), similar to the 

results obtained with 8% glycerol in diet(10) and growing pigs(8).  

In another study, a slight reduction in weight gain in the early stages of development of fattening 

pigs was noticed; however, at slaughter, there were no significant differences in the performance of 

the animals. Carcass characteristics were not affected by the recommended inclusion of crude 

glycerol up to 9% of the diet(3), similar to the results obtained with 8% glycerol in the diet(10). 

Contrary to the results observed in the present experiment, Della Casa et al.(7) verified that 5% 

glycerin inclusion in the diet did not affect the performance heavy pigs (46-160 kg) at fattening; 

however, glycerin inclusion at 10% reduced weight gain and adversely affected feed conversion. 

Mendoza et al.(9) observed there was no effect of refined glycerin on characteristics of carcass or 

meat quality of finishing pigs. 

There was no effect (P>0.05) of crude glycerin from PO on the parameters of meat quality (Table 

5). The findings of this study show that the inclusion of crude glycerin to a level of 10% did not 

affect most of the meat quality features analyzed (P> 0.05). However, we observed an increase (P 

<0.05) in the cooking losses with the increase in the level of crude glycerin from PO in the diet. 

The effects of glycerin on meat quality were similar to those observed in the study of fattening 

heavy pigs(7), where treatments did not affect the characteristics of meat or fat ham. The sensory 

responses were not very consistent to lead to any conclusions, as noted by Della Casa et al.(7). 

Observations in meat quality were similar to those verified with crude glycerin derived from 

soybean oil, which were not affected by treatments including crude glycerin. But contrary to the 

present results, in that study, the pH of the loin increased with the inclusion of crude glycerin(2). 
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The increase in cooking losses was contrary to what was previously observed: that the inclusion of 
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glycerin could reduce water loss from the carcass and cooking(6). However, more recent studies 

have not shown this condition(2,7). This increase in cooking losses could be explained by 

hyperhydration in the tissues caused by increased consumption of glycerol, a result that is consistent 

with that observed in athletes(17). Several experiments(2,3,7-10) did not reveal effects of the inclusion 

of crude glycerin on lightness (L *), red index (a *), and yellow index (b *) of pork loins, similarly 

to the results of the present study. 

Based on the findings of the present study, the inclusion of crude glycerin up to a level of 10% did 

not affect the fatty acid composition of intramuscular fat of the loin (P> 0.05) (Table 6).  

Previous studies have showed an increase in oleic acid in the backfat at the expense of linoleic and 

linolenic acids and consequently a reduction in the ratio polyunsaturated fatty acids (PUFA): 

saturated fatty acids (SA). This result could be explained by variations in the fatty acid content of 

the experimental diets where the PUFA were reduced to include crude glycerin from soybean oil in 

place of corn(2). Contrasting results were obtained in the present study in which the level of linoleic 

acid was kept constant in the diet by varying inclusion levels from palm oil and full-fat soybean. 

Therefore, since the linolenic acid was constant within the experimental diets, the fatty acid profile 

of pork loin did not change due to the inclusion level of PO crude glycerin. 

 

 

In piglets, the inclusion of up to 15% crude glycerin in the diet showed a linear increase in the 

content of PUFA and a linear reduction in the content of the saturated acids (SA). In addition, the 

relationship PUFA:SA increased linearly, which indicates glycerol is metabolized for glucose 
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synthesis and not for the synthesis of fatty acids(18). These results were also observed in lactating 

sows, where the inclusion of crude glycerin increased the lactose content in milk demonstrating a 

gluconeogenic effect of glycerol(19).  

According to the results of this study (Table 7), the inclusion of up to 10% PO crude glycerin in the 

diet did not affect the economic analysis variables reviewed in this study (P> 0.05). 

The economic analyses were consistent with those performed by Carvalho et al.(20), who observed a 

reduction in the cost of feed when the inclusion of crude glycerin in the diet increased. However, 

the results of the economic viability of including glycerin were not clear. It depends on other market 

variables, including, especially, the cost of corn and soybean meal. The reduction in feed costs by 

including crude glycerin(20) is also one of the justifications given in another study on the inclusion 

of crude glycerin. Nevertheless, the impact of such inclusion on revenues and feeding costs has 

been reconsidered(3,16). 

 

 

 

Conclusions 

 

 

The use of crude glycerin from palm oil up to 10% in diets of growing pigs did not adversely affect 

pig performance, carcass characteristics, and meat quality. Therefore, crude glycerin from palm oil 

can be safely utilized as a source of energy for swine. 
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