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Abstract: Heavy weight pigs tend to deposit greater quantities of fat than protein. To work around this situation, 

ractopamine has been used in the finishing stage. In environments with moderate temperatures, ractopamine in pig diets 
in the finishing phase may increase rates of weight gain and improve feed efficiency without affecting feed intake. 
Ractopamine increases needs of pigs in terms of lysine, phosphorus and energy. The effects of ractopamine in pigs 

raised under conditions of heat stress have been observed in weight gain, feed efficiency and muscle deposition rate, 
but not on reducing the amount of fat in pigs weighing between 95.0 and 120.0 kg. Ractopamine has promoted the 
increase in quantity of meat on the carcass, without altering flavor and tenderness. The weight of some organs is 

affected by the use of ractopamine, especially in animals under conditions of heat stress. There is need for more 
research relating to the effects of ractopamine with the welfare of pigs with at least 95.0 kg. 
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INTRODUCTION 

Consumers of pork have demanded a higher quality 

product with less fat. Slaughterhouses, in order to 

increase industrial output, have preferred to process 

heavier pigs (between 115.0 and 130.0 kg). To match 

end user demand with supply of meat from the 

slaughterhouses, it has been proposed to use 

ractopamine in pig diets in the finishing phase (from 

95.0 to 120.0 kg) while removing it from the diets at 

least ten days prior to slaughter [1-3]. 

The use of ractopamine in pig diets has been 

allowed in Brazil since 1996 and is used to improve 

performance and production of livestock pork, as well 

as increase carcass quality. Consumers of pork benefit 

from the use of ractopamine indirectly by purchasing a 

higher quality product while the pig farmers benefit 

since they can increase the amount of meat produced 

and profit from the bonus rates paid by 

slaughterhouses, as well as the more efficient 

utilization of nutrients. 

Ractopamine may act in the animal metabolism by 

reducing deposition of fat and increasing muscle tissue, 

and this results in slaughter of heavier animals 

(weighing between 125.0 and 130.0 kg) with carcasses  

 

 

*Address correspondence to this author at the Animal Science 
Department/Departamento de Zootecnia (DZO), Universidade Federal de 
Viçosa (UFV), Viçosa, Minas Gerais, MG. 36571-000, Brazil; Tel: +55-31-3899-
3290; Fax: + 55-31-38991236; E-mail: gregzootec@yahoo.com.br 

equal those of the lightweight animals slaughtered 

(weighing between 105.0 and 110.0 kg). Moreover, 

because deposition of fat increases continuously with 

age and more food is consumed per gram of fat 

deposited than per gram of protein deposited, with the 

use of ractopamine there may be improve in feed 

efficiency [4]. 

The protein deposit rate is directly related to 

increased demand for lysine, therefore ractopamine 

may alter the needs of this amino acid and other 

essential amino acids in pigs since there is a direct 

relationship between lysine and other amino acids for 

maximum protein deposit in the body of the animal [5, 

6]. Supplementing the diet with higher levels of lysine 

may alter production responses of pigs subjected to 

diets with ractopamine, especially early in the 

administration of -adrenergic (up to 14 days) when the 

responses are more evident [6-8]. Additionally, the 

responses of animals fed diets with ractopamine can 

be modified according to the period and dose used [6]. 

Use of ractopamine to improve animal performance 

also demands larger quantities of other nutrients in the 

diet that participate in protein metabolism [9]. There is 

evidence that this ß-adrenergic has resulted in greater 

muscle tissue deposits but with lower bone mass 

deposits and this may be due to lack of calcium and 

especially phosphorus to increase muscle growth 

without bone loss [10], but little attention has been paid 

to this fact [2]. 
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It has also been shown that the addition of 

exogenous phytase in the diet may reverse the 

negative effects of diets with reduced levels of 

available phosphorus, and therefore ensure the 

performance of animals due to constant release of 

phytic phosphorus [11]. Thus, there appears to be a 

dependence on lysine and other amino acids, as well 

as phosphorus to maximize the use of ractopamine. 

The potential of other factors related to the needs of 

these nutrients for animals also affects the use of 

ractopamine, where temperature may be one of these 

factors. 

Pigs are warm-blooded animals and sensitive to 

environmental temperatures, especially when adults. 

Temperatures greater than 25°C have been considered 

critical for finishing pigs and there has also been 

reports correlating temperature with metabolic 

alterations and body weight of the animals, as well as 

feed intake [8]. Thus, if the presence of ractopamine in 

the diet of animals in high temperature environments 

also contributes to reduced fee intake, its use may be 

impractical, given that increased body temperature 

already contributes to reduced feed intake. 

Based on these facts, the present analysis is 

presented to make suggestions for further research 

and use of ractopamine. 

THEORETICAL REFERENCE 

Ractopamine is a ß-adrenergic agonist of 

phenethylamine group, with structure similar to the 

catecholamines, epinephrine and norepinephrine, and 

is an exogenous substance that alters the animal 

metabolism and distribution of nutrients favoring 

muscle deposition in relation to fat deposition [5, 12]. 

Most mammals have adipose tissue with -receptors, 

which when activated by catecholamines promote 

lipolysis and thus reduce body fat. 

According to researchers [13], the muscle tissues 

also possess ß-adrenergic receptors that promote 

specific muscle actions. When agonists bind to specific 

receptors on the cell membrane, there is a change in 

receptor conformation. This mechanism permits that 

the receptor agonist, which is associated with G 

protein, binds to it and causes a change in its 

conformation to form a complex with the  subunit 

transporter of the G protein (GTP). GTP interacts with 

adenylate cyclase, forming the complex which converts 

adenosine triphosphate (ATP) to cyclic adenosine 

monophosphate (cAMP) [14]. 

The 1 and 2 type receptors, encountered in the -

adrenergic receptor, stimulate the adenyl cyclase 

system and promote increased production of cAMP. 

This, in turn, promotes activation of protein kinases that 

phosphorylate and modify the activity of several 

enzymes, modulating metabolic processes such as 

muscle contraction, stimulation of lipolysis, increased 

glyconeogenesis, glycogenolysis, insulin and glucagon 

increases, and cardiac contractions [14]. 

Additionally, activity of this agonist is related to the 

modulation of enzymes involved in the lipid and 

glucose metabolism [15]. Protein kinases activate the 

hormone-sensitive lipase enzyme that acts directly on 

breakdown of triglycerides, inhibition of lipogenesis via 

phosphorylation and reduced glucose transport, 

inactivation of acetyl-Co A carboxylase and reduced 

gene expression for synthesis of lysogenic enzymes 

(citrate lyase, malic enzyme and glucose 6-phosphate 

dehydrogenase). As a result there is increased 

catabolism of lipids via lipolysis and reduced 

biosynthesis of fatty acids and triglycerides [16, 17].  

In pigs, ractopamine acts by inhibiting the binding of 

insulin to adipocyte adrenergic receptor, thereby 

antagonizing its action and consequently decreasing 

the synthesis and deposit of fat. It can also bind to 

membrane receptors and trigger a series of events that 

lead to increase in diameter of muscle fibers, more 

specifically white and intermediate fibers [18]. 

The main action mechanism of ractopamine has 

been on adipose cells with reduced synthesis and 

deposit of subcutaneous fat by partial inhibition of 

lipogenesis, which allows for increased protein 

synthesis and improved quantitative characteristics of 

pig carcasses [19-21]. However, it has been found that 

these effects of ractopamine are partial and temporary 

on blocking of lipogenesis and become evident in 

heavier animals, where deposit of lipids in the carcass 

increases at a faster rate when compared to protein [5]. 

Therefore, ß-adrenergic additives are among the 

most widely used nutritional alternatives in animal 

production for redirection of nutrients to muscle tissue 

deposition at the expense of fat deposition, improving 

carcass traits, nitrogen retention and growth rates in 

animals weighting more than 95.0 kg [22, 23]. 

DATA FOR META-ANALYTIC STUDY 

A database was used to perform a meta-analysis 

wich was used to aid in discussions of the review. This 
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meta-analysis was comprise of 20 scientific technical 

articles published between 2007 and 2013 and the 

main criteria for selection of publications were (a) 

addition of ractopamine in the diet, (b) enviroment 

temperature where the trials were conducted, (c) pigs 

in finishing phase and (d) trials that included carcass 

characteristics. The methodology for the definition of 

dependent and independent variables and to coding of 

the data followed the propositions described in the 

literature [24] Was realized Analyses of variance-

covariance which were evaluated by using of static 

analysis using SAS package version 9.2 (2008). 

Ractopamine and Nutritional Needs of Lysine and 
Energy 

Utilization of ractopamine may be more efficient with 

increased intake of essential amino acids, since there 

is no use in having ß-adrenergic agonist if there is no 

retention of lysine and other essential amino acids to 

enable greater nitrogen retention in the muscles [5, 6]. 

Increased levels of lysine in the diet has changed the 

productive responses in pigs fed diets with ractopamina 

(Table 1), especially early in the administration of the 

-adrenergic agonist when the responses are more 

evident [5, 7, 8]. 

As can be seen, there is an effect of temperature on 

the efficiency of utilization of dietary lysine. Although 

the amounts of lysine for maintenance are not 

changed, the amounts lysine for growth is greatest 

when levels of ractopamine are increased. 

Pigs fed diets containing ractopamine and greater 

concentrations of lysine increased protein deposition 

and altered the ratio of lysine to other essential amino 

acids [19, 25]. On the other hand, has been reported 

[4] that the lysine level of 0.87% was not sufficient to 

meet the potential growth of animals receiving 

ractopamine in the diet and these researchers also 

suggested that weight gain of animals was limited due 

to lack of nutritional adjustments between dietary 

amino acids, since only the level of lysine and other no 

essential amino acid was increased. When studying the 

effect of lysine supplementation and ractopamine in 

diets, observed a thinner layer of back fat when the 

lysine level was increased despite not having adjusted 

amino acid concentrations [20]. 

In contrast, hypothesized that excess lysine may 

limit the benefits generated by the -adrenergic agonist 

by providing greater competition for absorption sites 

and catabolism of excess amino acids at the expense 

of increased protein synthesis [26]. However, 

researchers reported that animals receiving diets 

containing ractopamine with greater concentrations of 

lysine and other amino acids consumed more food, 

gained more weight and presented greater gains than 

animals that did not receive ractopamine in their diets 

[26], contrary to what was conjectured by another 

studies [5, 7]. 

In addition to the protein density, it appears that 

higher energy levels also favor the quantity and 

percentage of meat on the carcass as demonstrated in 

research [5, 7] that reported that the energy level can 

be altered with the use of ractopamine in the diet, but 

nevertheless, protein and amino acid needs appear to 

be more related to the effects of ractopamine than 

energy itself. According with studies [6] the relationship 

of energy with performance of pigs fed diets containing 

ractopamine is still controversial, but that the 

lysine:energy ratio of diets may affect weight gain and 

feed efficiency. 

Thus, it is likely that the actions mediated by 

ractopamine alter amino acid requirements, especially 

lysine content in diets with corresponding increases for 

other essential amino acids, and metabolizable energy 

needs should be corrected to maintain the same 

Table 1: Lysine Intake for Maintenance and Growth and Weight Gain in Function of Ractopamine Levels 

Ractopamine levels (ppm) Valor P 
Variables 

0 5 10 15 20 
CV (%) 

R
1
 T

2
 R*T

3
 

 Lysine intake, g/dia    

Maintenance 0,941 0,988 0,917 0,957 0,869 0,46 0,68 0,10 0,96 

Growth 26,9 27,2 27,3 28,9 25,1 3,88 0,14 <,0001 0,79 

ADG, kg
4
 0,983 1,156 0,981 1,07 0,981 6,2 0,20 <,0001 0,35 

1
R, effect of ractopamina level;  

2
T, effect of temperature environmental; and 

3
R*T, interaction of ractopamine versus temperature, and 

4
Average daily weight gain. 
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relationships as found in diets without ractopamine and 

with normal levels of lysine. 

Ractopamine and Phosphorus Requirements 

Considering that 1 and 2 type receptors stimulate 

the adenyl cyclase system which increases the 

production of “cAMP” to promote activation of protein 

kinases which, in turn, “phosphorylate” and modify the 

activity of several enzymes that modulate metabolic 

processes resulting from the use of ractopamine, it 

must be assumed that there occurs mobilization of 

significant amounts of phosphorus in the animal 

organism with the use of ractopamine. 

Evaluating the addition of 20ppm of ractopamine 

and different levels of phosphorus to the diets of 

finishing pigs, it was found that weight gain, feed intake 

and feed efficiency increased linearly with increased 

levels of available phosphorus in the diets [10]. These 

researchers also found that greater quantities of 

available phosphorus are necessary to maintain the 

same bone mineral content (75 g between 70.0 and 

114.0 kg) to ensure the effects of ractopamine, 

especially in the first week of supplementation with the 

additive. The most likely explanation for this was that 

higher rates of muscle tissue growth in animals fed 

diets with ractopamine demanded greater phosphorus 

concentrations, which was initially mobilized from the 

bones and later turnover to these tissues. 

Other attempts to demonstrate the importance of 

phosphorus on the effects of ractopamine have been 

made, but the results have not been sufficient to prove 

the phosphorus/ractopamine ratio. However, these 

attempts have been made with animals beginning in 

the growth stage and when utilizing low levels of 

ractopamine. There is evidence that levels below 20 

ppm may not allow expression of the effects of 

ractopamina [22]. Evaluating increased levels of 

ractopamine (0, 5, 10 and 15 ppm) in diets for gilts, 

researchers verified that weight gain of the animals 

was not affected by the inclusion of ractopamine and 

these authors worked with pigs beginning in the growth 

phase [3]. 

Another additive that should be taken into 

consideration regarding the use of ractopamine is 

phytase because it acts on the availability of some 

nutrients, principally phytic phosphorus from plant 

sources. However, it should be noted that according to 

the theory that supports the use of ractopamine; 

various nutrients are integrated in process of nutrient 

distribution in muscle and adipose tissues. Perhaps for 

this reason, researchers observed effects of phytase 

on the availability of phosphorus, but observed no 

effect of ractopamine in the diets of finishing pigs [2, 

22, 27-29]. Some of these researchers worked with 

animals weighing less than ideal and others with 

insufficient amounts of ractopamine, and they did not 

notice the need for supplementation of the diets with 

lysine and other amino acids, or the need for 

corrections of energy values. 

The integrated participation of nutrients in action of 

ractopamine becomes more evident when one 

considers, for example, that when evaluating the 

addition of ractopamine (only 5 ppm) plus phytase in 

diets with higher levels of protein and essential amino 

acids and greater amounts of calcium and available 

phosphorus for finishing animals, observed that 

animals fed diets containing ractopamine plus phytase, 

although showing no significant differences between 

treatments, gained 6.9% more weight, showed a 8.9% 

better feed conversion and weighed 2.7% more than 

the animals in the control treatment [11]. 

Thus it is clear that diets for finishing pigs weighing 

at least 95.0 kg, with adequate levels of amino acids 

and energy and with higher levels of available 

phosphorus may benefit from the use of ractopamine. 

Ractopamine and Thermal Environment 

Pigs are warm-blooded animals and therefore 

sensitive to environmental temperatures, especially 

when adults. Thus, in environments of thermal comfort, 

the use of ractopamine may be promoted since the 

animals can express their full genetic potential, with 

better performance and utilization of nutrients without 

significant alterations in feed intake. However, in high 

temperature environments the animals may undergo 

changes in their metabolism and potential for growth 

may be reduced, as well as alterations in food intake in 

an attempt to reduce the heat generated by the 

digestion of nutrients in the diets. In hot environments 

the production of thyroid hormones is probably 

influenced by temperature and this can affect weight 

gain of the animal [30], as shown in Table 1 by ADG, 

the which is directly related to the intake of dietary 

lysine. 

The metabolic changes produced by ractopamine 

seem depend on the lysine intake and for tjis, to affect 

weight gain, increasing it in the animals receiving ß-

adrenergic agonist in their diet even though feed intake 

is not always influenced. Although the presence of 
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ractopamine may not alter feed intake, it has improved 

the efficiency of nutrient utilization by animals and thus 

significantly improved weight gain. This improvement 

appears to be related to increased protein deposition 

rates in animals compared to fat deposition, since 

protein synthesis adds about 35.0% water [31], and this 

has been considered one of the factors leading to 

better results for both weight gain and feed efficiency in 

animals fed ractopamine [4]. Therefore, there is a 

positive correlation between protein gain and feed 

conversion, indicating that pigs with high rates of 

muscle tissue gains present better feed efficiency [32], 

but there direct effect of temperature upon to ADG. 

However, not only does it appear that ractopamine 

improves weight gain and feed efficiency, but also 

promotes changes in proportions of gain between fat 

and protein; it has also been observed that it changes 

the efficiency of nutrient utilization. It is possible that 

the changes generated by ractopamine in relation to 

gain can change the pathways of energy expenditures 

[19]. Thus, the energy savings due to better efficiency 

of nutrient utilization can also improve animal 

performance (see papers 12 and 33). In addition, 

energy requirements of animals that consume 

ractopamine can be modified, since part of energy that 

would be used to deposit fat is available for other 

metabolic functions, such as production. 

Under conditions of heat stress, a reduction in basal 

metabolism has been reported in an attempt to reduce 

the generation of body heat and this occurs, among 

other reasons, at the detriment of lower feed intake or 

at the expense of productivity [33]. One cannot infer 

that the inclusion of ractopamine in the diet has specific 

actions on the control of voluntary feed intake in pigs in 

heat-stress environments [8, 34, 35] because in their 

experiments food intake did not differ between diets 

with or without ractopamine; however, it should be 

noted that these researchers worked with pigs in the 

growth phase and, as shown in the theoretical 

foundation of the effects of ractopamine in the animal 

organism, so these results corroborate with another 

researchers, where the effects of ractopamine and 

body heat become more evident in heavier animals 

(over 95.0 kg) [5]. 

It can thus be inferred that if nutrients such as lysine 

and essential amino acids, phosphorus, calcium, 

energy and others are not properly supplemented, feed 

intake of animals subjected to high temperatures tends 

to be less than in environments with comfort 

temperatures and if ractopamine further decreases 

intake as a result of metabolic changes, utilization of 

ractopamine may be unviable for pigs under conditions 

of heat stress. Had been found that pigs exposed to 

high temperature environments significantly reduced 

(about 46.0%) feed intake to reduce total production of 

body heat [36]. Besides the effect of temperature on 

possible changes in feed intake of animal, energy 

density of feed may be another factor influencing 

intake. Variations in feed intake may also occur with 

low energy density diets since animals tend to increase 

feed intake to meet their energy needs [37]. 

However, according to studies had been observed 

that in environments of heat stress, the presence of 

ractopamine in the diet with high energy levels caused 

a reduction in back-fat thickness and increased the 

percentage of meat compared to the diet without 

ractopamina [8]. This fact may indicate that with 

nutritional corrections ractopamine in pigs can be used 

in the final stages of completion, even in environments 

of heat stress. 

Improvements in feed efficiency along with 

improvements in weight gain of animals have been 

more consistent in responses regarding the use of 

ractopamine in diets for finishing pigs. These would be 

the greatest benefits for the animals fed ractopamine 

compared with those who not receiving the additive 

[23, 37] and these authors also reported that if the diets 

of pigs in environments of heat stress are properly 

corrected with phosphorus, lysine and other amino 

acids to acquire the adequate metabolizable 

lysine/energy ratio, both weight gain and feed 

conversion will be positively affected, as well as 

carcass traits. In heat stress environments when 

studying the inclusion of ractopamine in the diet, 

observed an improvement in weight gain and feed 

efficiency [8, 34, 35]. 

Just as in some experiments with pigs in conditions 

of heat stress the effects of ractopamine have not 

verified, its effects have not been observed in various 

experiments performed in thermoneutral environments. 

Evaluating doses of 20 ppm of ractopamine for pigs at 

ambient temperatures between 18° to 25°C, 

researchers observed no effect of ractopamine addition 

on feed intake [2, 4, 5, 12, 26, 39]. Some authors have 

even verified that the inclusion of ractopamine in pig 

diets in an environment of moderate temperatures, 

between 16 and 25°C, allowed a reduction in food 

intake of approximately 7.3% [18] and 12.9% [3]. 

However, these researchers paid no attention to the 
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details of dietary nutritional corrections or to the initial 

weights of the animals. 

On the other hand, other researchers when 

assessing animals in the growing and finishing stages 

in thermoneutral environments have observed 

increases in weight gains of approximately 168 g/day 

or 12.2% [4] and 250 g/day or 31.3% [12] in animals 

fed diets with ractopamine, from the growth phase until 

finishing. 

Most studies with ractopamine have been 

performed in distinct environments and environmental 

conditions, but worked with animals of the same 

species and same weight in two experiments (in an 

environment of heat stress and another thermoneutral) 

and verified that the final weights of the animals 

maintained in conditions of heat stress fed diets 

containing 20 ppm of ractopamine were lower than 

those of animals kept in thermoneutral environments 

[12, 34]. However, in both cases the final weights of the 

animals increased in greater proportions in the 

thermoneutral environment than in the heat stress 

environment, since differences between initial weight 

and final weight were 80.7% in the diets without 

ractopamine and 86.6% in diets with 20 ppm of 

ractopamine in the stressful environment, and 91.3% in 

the diets without ractopamine and 98.3% in diets with 

20 ppm of ractopamine in the thermoneutral 

environment. 

Thus, it can be inferred that although ractopamine 

improves the performance of animals maintained in hot 

environments, the results appear to be inferior to those 

obtained in animals in environments of comfort, but in 

both conditions with properly supplemented diets the 

effects of ractopamine are observed. 

Ractopamine and Welfare 

It has been hypothesized that ractopamine by 

changing the physiological conditions of pigs can cause 

behaviors incompatible with their welfare. For stressful 

conditions can lead to muscle exhaustion due to 

increased concentrations of degraded lactic acid as 

from the muscle glycogen. Moreover, in situations of 

fear or excitement, rapid glycogenolysis can also occur 

in response to the release of catecholamines and the 

increased activity of enzymes such as creatine 

phosphokinase (CPK). The release of CPK in muscle 

can cause prolonged recumbence and even muscle 

injuries. In pigs fed diets containing ractopamine has 

been a reported positive correlation between skin 

lesions and lactate levels in blood plasma [40]. 

Because ractopamine is a catecholamine that also acts 

in glycogenolysis, it can increase the activity of CPK. 

Thus, it is possible to infer that the levels of CPK, 

lactic acid, adrenaline, noradrenalin and cortisol, as 

well as visual assessments of skin lesions and 

behavior (frequency and time stay lying) may be 

parameters for evaluation of conditions tiredness and 

stress in pigs, in particular, fed ractopamine. However 

there is controversy about the effects harmful of 

ractopamine on animal welfare, because the amounts 

used in the feeding of finishing pigs is small and has 

not been found residues in tissues of the animal's 

body. Furthermore, it should be noted here that the 

quantities become proportionally even smaller and less 

available if the ractopamine is properly used in animals 

with weights higher the 95.0 kg. 

In 1992, study using up to 15 ppm of ractopamine in 

pigs diets for up to six weeks from 64,0 kg, verified 

small effects of ractopamine on the stereotyped 

behavior and aggressive and these researchers 

inferred that the more time spent lying by animals than 

remained on ractopamine treatment wasn't responsible 

for marked changes in the behavior of pigs [41]. In 

2010, one study using up to 10 ppm of ractopamine in 

diets for pigs from 90.0 to 107.0 kg in conditions of 

commercial production, observed improvements in 

performance and carcass quality and found no effects 

on the behaviour, number of skin lesions and carcass 

after transport [42]. These researchers also found no 

changes in cortisol amounts and lactate 

concentrations, but they found differences in CFK 

concentrations showing physiological changes in 

animals. More recently, in 2011 making use of up to 20 

ppm ractopamine for 21 days in the feeding of the pigs 

of 87.0 to 110.0 kg found no changes in animal 

behavior (time lying, on standing and drinking or 

feeding), in heart and respiratory frequency, blood 

pressure and nor in the concentrations of Na and K in 

plasma, but they verified differences in relation to 

lactate concentrations (118 mg/dl x 151 mg/dl) [43]. 

On the other hand the use of 5 ppm or 10 ppm of 

ractopamine for pigs for 14 or 28 days as from 77.0 kg 

has detected found that lesions in the hooves of 

animals and no found differences between diets with 

and without ractopamine with relation to 

norepinephrine, epinephrine, dopamine, 3-4-

dihydroxyphenylacetic acid, homovanillic acid, 

serotonin and 5-hydroxyindoleacetic acid 

concentrations and dopamine turnover [44, 45]. But 
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these researchers suggested that the aggressive 

pattern observed in gilts is likely linked to brain 

monoamine profiling of a deficient serotonergic 

signaling, indicated by reduced serotonin 

concentrations in the raphe nuclei and frontal cortex, 

reducing the 5-hydroxiindoleacetic acid concentrations 

in the amygdala, and with an enhanced dopamine 

release ratio in the amygdala, brain areas vital for 

aggression regulation. 

Again, we highlight that by the theory exposed in 

this review to ractopamine should be used in animals 

with at least 95.0 kg. For if the ractopamine is not 

acting as a nutrients divider in the animal body, it can 

be a precursor to undesirable reactions in the animal 

organism and produce undesirable behavior in terms of 

welfare. 

Thus, there is a need for more research relating to 

the effects of ractopamine with the welfare of pigs of at 

least 95.0 kg. 

Ractopamine, Carcass Traits and Meat Quality 

The principal action mechanisms of ractopamine 

have been on adipose cells with reduced synthesis and 

deposition of subcutaneous fat by the partial inhibition 

of lipogenesis, which allows for increased protein 

synthesis and quantitative improvements in carcass 

characteristics of the pigs [19, 21]. But, the presence of 

membrane receptors also leads to increase in diameter 

of muscle fibers, including the white and intermediate 

fibers [18], which may be related to increases in the 

percentage and quantity of meat. Because ractopamine 

can promote changes in weight and nutrient use 

efficiency by maximizing muscle tissue gains, the 

weight and size of internal organs may also be 

modified. Additionally, amino acids not used by the 

organism must be catabolized by the body can cause 

liver and kidney overload, since these are the pathways 

for disposal of excess dietary nitrogen. It therefore 

appears that ractopamine promotes improved weight 

gain and feed conversion for improved metabolic 

efficiency with lower demands for nitrogen elimination. 

Add to this the fact that increases in temperature 

result in anatomical and physiological changes in 

animals, such as reduction in the weight of the 

gastrointestinal tract and viscera in an attempt to 

reduce the caloric increase in order to decrease 

endogenous heat [30, 34]. Thus, the beneficial results 

of ractopamine on carcass traits (Table 2) can be 

obtained both in animals maintained in conditions of 

thermal comfort and in animals kept in conditions of 

heat stress, since there is no interaction between the 

ractopamine levels and environmental temperature. 

As was to be expected, the environmental 

temperature influences the carcass yield possibly by 

reducing gastrointestinal tract as aforesaid. In the same 

direction, both the ractopamine level used as the 

enviroment temperature affect the percentage of 

muscle tissue and reduces the backfat thickness in 

carcasses of pigs in the finishing phase 

The effect of ractopamine on the percentage and 

amount of meat on the carcass of animals consuming 

diets with higher energy levels also has been 

demonstrated [3, 11]. Ractopamine results in a 

reduction in back-fat thickness and increases the 

percentage of meat, carcass yield and loin depth [4, 23, 

46], significantly improving animal performance without 

affecting meat quality in terms of color, hardness, pH, 

and marbling [4, 47, 48]. 

One of the carcass parameters that have been 

more influenced by ractopamine is back-fat thickness. 

Has been observed that the inclusion of 20ppm of 

ractopamine in diets containing high levels of energy, 

between 2,548 and 2,668 kcal of net energy, caused a 

reduction in back-fat thickness [8]. Has been reported 

also linear decrease in back-fat thickness and linear 

increase of the depth of muscle and percentage of 

meat on the carcass due to the effects of ractopamina 

[12]. 

Table 2: Influence of Levels of Ractopamine Upon Carcass Quality 

Ractopamine Levels (ppm) Valor P Variáveis 

0 5 10 15 20 
CV (%) 

R
1
 T

2
 R*T

3
 

Carcass, kg 77 78,1 79,2 79,9 77,1 4,47 0,473 0,079 0,72 

Carcass yield, % 77,5 78,4 77,1 77 81,1 2,48 0,224 0,025 0,75 

Lean meat, % 57,1 58,9 56,8 60,9 58,8 1,12 <,0001 <,0001 0,98 

Backfat thickness, mm 13,2 13,1 11,4 13,7 8,7 6,92 0,026 0,096 0,71 

1
R, effect of ractopamina level;  

2
T, effect of temperature environmental, and 

3
R*T, interaction of ractopamine versus temperature. 
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However, it has been found that the carcass traits 

have improved as a result of the use of ractopamine 

while not altering meat quality. When evaluating the 

inclusion of 10ppm of ractopamine in the diet of pigs 

was found that the values of initial and final pH of the 

meat, carcass temperature 45 minutes after slaughter, 

degree of marbling and tenderness of the meat were 

affected by inclusion of the additive [49]. The reduction 

in marbling may be indicative of increased diameter of 

muscle fibers associated with reduced lipogenesis and 

increased lipolysis of adipose tissue. Has been found 

also that increasing doses of ractopamine in the diet 

resulted in less red meat production, with less 

saturation and less marbling; however these changes 

do not compromise the sensory evaluation of meat and 

were not indicative of PSE (pallid, soft and exudative) 

[43]. 

It appears that the increase in muscle fibers did not 

alter the concentrations of calpain and this causes the 

meat quality to remain within the normal range due to 

the increase in efficiency of muscle growth without fat, 

resulting in less degradation after the death of 

myofibrillar protein [50]. 

With respect to weight and size of the organs, was 

found that animals under conditions of heat stress 

showed reduced weight of the liver, kidney, lung, 

spleen, heart and small intestine, and they also 

encountered a decrease in nutrient utilization efficiency 

by the animals subjected to heat stress [46]. In studies 

performed, animals fed diets with 0 or 20ppm of 

ractopamine showed greater utilization efficiency of 

amino acids in the diet and as a result, had lower 

absolute weights of the liver (1,322 vs. 1,160 g) and 

kidneys (290 vs. 255 g), and showed no effect on the 

weights of lungs, heart, spleen and small intestine 

when compared to animals that did not receive 

ractopamine in the diet [34]. 

Based on these facts, it appears that ractopamine 

affects the carcass characteristics of pigs at slaughter 

weighing more than 120.0 kg by decreasing back-fat 

thickness and increasing the proportional quantities of 

meat, but not altering the quality of meat; however 

ractopamine also affects the size of some organs such 

as liver and kidneys and in conditions of heat stress 

decreases the size of the gastrointestinal tract. 

CURRENT PERSPECTIVES 

The -adrenergic have effectiveness in improving 

the efficiency of nutrient utilization and altered the body 

composition, mainly by reducing the fat content of 

carcasses in livestock [4, 31, 32]. However, they have 

been lifted hypothesized to greater susceptibility to 

stress and higher incidences of lesions in animals 

treated with these compounds [44, 45], in addition to 

having fast desensitization of the -adrenergic 

receptors [5]. The ractopamine has also been restricted 

in European countries since 1996, so the searches for 

similar products have increased in recent years. 

Ractopamine hydrochloride has been marketed as 

a food additive. Because the most of the -adrenergic 

receptors act over rate of growth and over body 

composition, mainly by reducing fat and increasing the 

efficiency of nutrient utilization. The carcass weight, 

percentage of fat and loin eye area also were improved 

[39]. Thus, given the finding of the effects of 

ractopamine hydrochloride, other products have been 

developed and tested to check if its effects are similar 

to the ractopamine such as astaxanthin (3,3 '-

dihydroxy- , -carotene-4, 4' dione) as studied [51]. 

This product acts on immunity [52] and quality of eggs 

[52]. It also acts improving the performance of sows 

before farrowing, during lactation, after weaning and 

over the meat quality of finishing pigs [53, 54].  

TENDENCIES AND FUTURE DEVELOPMENTS 

Diets for finishing pigs weighing more than 95.0kg 

which present adequate levels of amino acids and 

energy, and higher levels of available phosphorus can 

increase the efficiency of use of ractopamine. 

Actions mediated by ractopamine may alter amino 

acid requirements, especially lysine content in diets 

with corresponding increases of other essential amino 

acids and metabolizable energy needs must be 

corrected. Therefore, the use of ractopamine is 

conditioned to the nutritional corrections of diets and 

studies are necessary to determine supplementation 

limits which do not become excessive and are excreted 

as environmental pollutants. 

The reduced number of studies, with necessary 

nutritional corrections and animals weighting more than 

90.0kg, relating ractopamine with high temperature 

environments leaves doubts as to the effects of the 

supplement in the diverse production environments. 

Thus, new studies are needed to evaluate 

performance, nutrient requirements, carcass traits and 

physiological changes due to the type of environment 

in which the animal is raised. 

There is a need for more research relating to the 

effects of ractopamine with the welfare of pigs with at 

least 95.0 kg. 
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Ractopamine improves the carcass traits of pigs at 

slaughter weighing more than 120.0 kg, decreasing 

back-fat thickness and increasing the proportional 

quantities of meat, but not altering its quality. 

Ractopamine also affects the size of some organs such 

as the liver and kidneys and in conditions of heat stress 

decreases the size of the gastrointestinal tract. 
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