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ABSTRACT. Changes in body composition and serum lipid profile in rats, supplemented with coconut
oil, are evaluated and compared to other lipid sources. Female Wistar rats received by gavage 1 mL kg of
saline, soybean oil, lard or coconut oil during 21 days. At the end of the study period, body composition,
food intake, feces, urine, organ weight and serum lipid profile were assessed. No statistical differences
between the groups were found in body composition, food intake, fecal and urinary analysis, and organ
weight. In the case or plasma lipid concentrations, coconut oil and lard raised total cholesterol levels,
without changes in LDL levels. On the other hand there was no change in total cholesterol levels in the
soybean oil group. HDL fraction increased in all groups when compared to that in the saline group; this
increase was more significant in the coconut oil group. There was significant reduction of serum
triglycerides only in the coconut oil group when compared to the saline group. Supplementation with
coconut oil did not interfere in weight and body composition of the animals used in current study, but
revealed significant effect on the increase of HDL-c levels and decrease of serum triglycerides.

Keywords: dyslipidemias, body composition, oils.

Oleo de coco aumenta o HDL-c e reduz os triglicerideos séricos em ratas Wistar

RESUMO. Analisar as alteragdes na composi¢io corporal e no perfil lipidico sérico de ratas suplementadas
com Oleo de coco, comparativamente a outras fontes lipidicas. Foram utilizadas ratas Wistar, as quais
receberam via oral 1 mL kg™ de solugio salina, 6leo de soja, gordura de porco ou éleo de coco por 21 dias.
Ao término avaliaram-se a composi¢io corporal, o consumo alimentar, as fezes, a urina, o peso de érgios e
o perfil lipidico sérico. Nio houve diferenca estatistica entre os grupos com relagio a composigio corporal,
a0 consumo alimentar, 2 andlise de fezes e 2 urina, e peso de érgios. Quanto as concentragdes de lipidios
plasmaticos, o 6leo de coco e a gordura de porco elevaram o colesterol total, sem alteragio dos niveis de
LDL, quando comparados ao grupo salina. Em todos os grupos foi observada elevagio da fragio HDL,
sendo mais significativa no grupo 6leo de coco, quando comparados ao grupo salina. Ainda, se comparado
a0 grupo salina, apenas no grupo 6leo de coco houve redugio significativa das concentragdes séricas de
triglicerideos. A suplementacio com 6leo de coco nio interferiu no peso e composigio corporal dos animais
em estudo. No entanto esta suplementagio apresentou importante efeito no aumento do HDL-c e na
redugio dos triglicerideos séricos.

Palavras-chave: dislipidemias, composi¢io corporal, 6leos.

Introduction

According to the World Health Organization
(WHO), cardiovascular diseases (CVDs) are the
leading cause of death worldwide, accounting for
30% of global deaths, with almost rates in Brazil
(Organiza¢io Mundial da Satide [OMS], 2014).
Studies show that deaths from CVDs could
be prevented in 50 to 70% of patients if they comply
with dietary recommendations and changes in
lifestyle, or rather, in the control of obesity,

metabolic syndrome and blood pressure, all of
which have an impact in triggering these diseases
(Sposito, Caramelli, Fonseca, & Bertolami, 2007).
Thus, it may be observed that actions related to food
and nutrition intervene in the prevention and
control of such diseases and may modify the
epidemiological profile mentioned above (Coltro
etal,, 2009).

Currently, dietary patterns have been altered as a
result of nutritional transition process. It is a shift
characterized by sequential changes in diet patterns
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and body composition of individuals, which, in turn,
is the result of social, economic, demographic,
technological and cultural changes that have affected
the population™s lifestyle and health profile health.
(Sposito et al.,, 2007; Coutinho, Gentil, & Toral,
2008). In fact the literature reports that the amount
and type of dietary fat play a significant role in the
onset of cardiovascular risk factors by causing
elevated lipid concentrations and serum lipoproteins
(Santos et al., 2013).

It is a well-known fact that food sources, rich in
certain types of fatty acids, impact normal body
metabolism (Almeida, Queiroz, Queiroz, Costa, &
Matta, 2009). Saturated fatty acids and cholesterol,
mainly present in animal fats, trigger changes in
lipid metabolism, favoring the emergence of CVD.
Moreover, oils rich in polyunsaturated fatty acids,
present in corn oil and fish, for example, promote
the reduce blood cholesterol in patients with
atherosclerosis (Teitelbaum & Walker, 2001). In
addition, omega-3 fatty acids (n-3) in the diet alter
the metabolism of various organs by its conversion
into eicosanoids, prostaglandins, leukotrienes,
lipoxins and thromboxanes (Luz, Silva, Marques,
Luciano, & Souza, 2012).

Coupled to the above information, coconut oil
has recently been popularly attributed with several
functional, especially related to better body
composition. Since coconut has a vegetable origin, it
has a high content of saturated fatty acids (Jayadas &
Nair, 2006), mainly consisting of triglycerides with
low degree of unsaturation, comprising two major
fatty acids, lauric acid and myristic acid (Pham, Casa,
Gregorio, & Kwon, 1998). Saturated fats, rich in
lauric acid, provide a more favorable lipid profile of
a fat rich in trans fatty acids. Moreover, myristic and
palmitic acids increase LDL-C and HDL-C, with a
protective role for CVD (Pham et al., 1998; Santos
et al., 2013).

It has been demonstrated that consumption of
coconut oil exhibits anti-inflammatory, analgesic
and antipyretic effects, reduces tissue lipid levels and
enhances the anti-thrombotic effects associated with
inhibition of platelet coagulation, promotes low
cholesterol level, increases antioxidant activity and
inhibits lipid peroxidation in mice (Nurul-Iman,
Kamisah, Jaarin, & Qodriyah, 2013).

Current study evaluates the changes in body
composition and serum lipid profile in rats
supplemented with coconut oil and compared to
other lipid sources.

Material and methods

Animals and diet

Current experiment was approved by the Ethics
Committee on Animal Experimentation of the
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Federal University of Grande Dourados (UFGD)
through protocol no. 009/2011, according to Law
11.794 of October 8, 2008 established by the
National Board of Control of Animal
Experimentation (Sociedade Brasileira de Ciéncia
em Animais de Laboratério [Concea], 2013).

Wistar rats, 8 weeds old and weighing 150-200 g,
were divided into four groups (n = 7 - 8), placed in
metabolic cages and fed on rodent chow (Purina
Labina®), with water ad libitum, for 21 days (Castro,
Almeida, Leonardi, Ovidio, & Jordio, 2012). The
groups were treated orally (by gavage) with saline,
soybean oil (9 kcal mL") (Tabela Brasileira de
Composigio dos Alimentos [Taco], 2011), lard
(5.89 kcal mL") (Taco, 2011) and coconut oil
(8.46 kcal mL™") (according to the product label),
purchased in supermarkets in Dourados, Mato
Grosso do Sul State, Brazil. The daily dose was
1.0 mL kg' (Gongalves, Mariucci, & Vicentini,
2007).

The consumption of water and feed were
quantified daily, as feces and urine, by means of a
0.0001 g precision analytical balance (GEHAKA
AG200°), during the administration of the
respective treatments. After 21 days, the animals
were fasted for 12 hours, anesthetized with ketamine
and xylazine (10:75 mg kg') and euthanized by
exsanguination of the inferior vena cava. The
collected blood was centrifuged (4000 rpm x
10 min) and the serum was kept at -20°C until
biochemical analysis.

Feed efficiency coefficient

The Feed Efficiency Coefticient for weight gain
and food consumption during the entire
experimental period was calculated by the formula:
Weight gain (g)/Food consumption (g) in the same
period (Weber, Freitas, Amancio, & Morais, 2010).

Urine and feces

Feces and urine were weighed daily on an
analytical balance, accurate to 0.0001 (GEHAKA
AG200%). After verification, the feces were frozen at
-20°C and the urine discarded.

Liver weight and carcass

After euthanasia, the viscera were removed and
the liver preserved for weighing. After weighting,
the carcass was frozen at -20°C and the remainder
discarded.

Concentration of fat in the carcass and feces

Fat was determined by Soxhlet method. The
carcasses and feces were dried in an oven with air
circulation at 60°C for 14 and 8 days, respectively.
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They were then ground in a knife mill; each sample
was then weighed and packaged in cartridges, using
petroleum ether as solvent (Instituto Adolfo Lutz
[IAL], 1985). Fat percentage was calculated by
weight difference before and after extraction.

Concentration of total blood cholesterol, HDL-c, LDL-c
and triglycerides

Total cholesterol, HDL-C, LDL-C and
triglycerides, was calculated based on colorimetric
enzymatic method for semi-automatic biochemical
analysis  system, according to manufacturer's
instructions (Lab-test Diagnostic®).

Statistical analysis

Results are expressed as mean = standard error
ofmean (SEM). The analysis of variance (ANOVA)
was used to compare 3 or more groups. When
differences were significant, the analysis was
complemented by Tukey’s test or Newman-Keuls,
using a 5% significance level. Calculations were
performed with Graph Pad Instat program 3.02.

Results and discussion

The comparison of groups supplemented with
saline, soybean oil, lard and coconut oil, with regard
to the total weight gain and total food intake showed
no statistical difference. However, feed efficiency
coefticient revealed a significant difference between
the group treated with lard and soybean oil
(p < 0.05) and demonstrated that the soybean oil
group was capable of retaining more energy than the
lard group (Table 1).

Table 1. Total weight gain (G), food consumption (FC) and feed
efficiency coefticient (FEC) in rats treated with different fat
sources for 21 days.

Saline Soybean Oil Lard Coconut Oil
G(g) 3428%393 4300207 3028+333 30.75%*3.62
FC (g) 41828 =16.37 413,50 + 14.53 413.14 + 16.85 398.75 * 16.16
FEC 0.08 + 0.00 0.10 + 0.00 0.07 +0.01° 0.07 + 0.00

Rates as mean = SEM using ANOVA followed by Tukey’s test. ®p < 0.05 compared
with the group treated with soybean oil. n = 7-8.

There was no statistical difference between
groups with regard to weight of feces, volume of
urine (Table 2), and water consumption (data not
shown). The same occurred with regard to the
weight of the organs analyzed (Table 3), and to fat
percentage of carcasses and feces (Table 4).

Table 2. Weight of feces and urine volume in rats treated on
different fat sources for 21 days.

Saline Soybean Oil Lard Coconut Oil
Feces (g)  181.18 £ 10.77 175.18 £ 9.52 178.50 + 14.59 173.69 + 12.50
Urine (mL) 130.91 + 19.97 99.35 + 11.80 91.38 + 18.08 110.35 + 24.96

Rates as mean = SEM using ANOVA followed by Tukey’s test. n = 7-8.
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Table 3. Weight of liver, spleen, kidney, heart and lung of rats
treated on difterent fat sources for 21 days.

Saline Soybean Oil Lard Coconut Oil

Liver (g) 727+015 733%034 701*025 699 +021
Spleen (g) 049 +001 047 =001 1.02+071 044 =001
Right kidney ()  0.78 = 0.01 0.80 + 0.03 0.79 = 0.02 0.78 + 0.03
Leftkidney (2~ 0.77 = 0.02 078 £0.03 0.78 = 0.02 0.76 + 0.02
Heart (g) 0.81+002 0.84=002 077002 081 =002
Lung (g) 1.09 =004 1.18+005 1.84+077 1.14 *0.03

Rates as mean = SEM using ANOVA followed by Tukey’s test. n = 7-8.

Table 4. Percentage of lipid carcasses and feces in rats treated on
different lipid sources for 21 days.

Saline Soybean Oil Lard Coconut Oil
Carcasses (%) 26.02 £236 2274 + 150 22.76 = 1.02 21.80 = 1.10
Feces (%) 732 +1.97 874+2.62 8.02*1.67 523+0.82

Rates as mean = SEM using ANOVA followed by Tukey’s test. n = 7-8.

The evaluation of serum lipids showed that
coconut oil and lard increased the total blood
cholesterol, with significant difference (p < 0.01),
when compared to groups treated with saline and
soybean oil. In the case of LDL-c, the group
supplemented with soybean oil revealed lower rates
when compared to those of other groups. HDL-c
levels were significantly increased in the group
treated with coconut oil when compared to those
with saline, soybean oil and lard groups. Coconut oil
also reduced blood triglycerides, with a significant
difference from the other groups (p < 0.001)
(Figure 1).
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Figure 1. Profile of blood lipids rats supplemented with different
lipid sources for 21 days. Concentration of A) total blood
cholesterol; B) LDL-cholesterol; C) HDL-cholesterol; D) and
triglycerides. n = 4-7. Rates as mean * SEM with ANOVA,
followed by Newman-Keuls test. Different letters mean
significant difference in the comparison of the groups.

Information on the fatty acid composition of
studied oils and fats is essential to justify their
mechanism of action and their activities at different
parameters. The evaluation of the ratio of
polyunsaturated fatty acids and saturated fatty acids
(PUFA/SFA) in oil or fat source identifies the
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relationship between dietary lipids and lipid
metabolism (Newman et al., 2002).

Coconut oil is comprised of approximately 44%
saturated fatty acids and 66% unsaturated fatty acids
(Machado, Chaves, & Antoniassi, 2006), with a
composition similar to that of lard, which has a
higher acid content because of a higher saturated fat
percentage (45.05%) than unsaturated fatty acids
(54.95%). The composition is the reverse of soybean
oil, which has lower amounts of saturated fatty acids
(14.19%) when compared to unsaturated fatty acids
(85.49%) (Almeida, Queiroz, Costa, & Matta, 2011).
This  fact influences many  physiological
mechanisms, such as the regulation of the activity of
pancreatic lipase and, as a result, the digestibility of
lipids (Ricketts & Brannon, 1994). A high
PUFA/SFA ration increases fat digestibility (Ricketts
& Brannon, 1994; Monsma, Gallaher, & Ney, 1996).

Another factor that also determines digestibility
is the amount of stearic fatty acids (C18:0). Several
studies indicate that high stearic fatty acids
concentration in food sources increases fat
digestibility (Monsma et al., 1996). Therefore, the
above factor justifies the difference found in the
Feed Efficiency Coefficient between the lard group
and the soybean oil group. In addition to a high
PUFA/SFA ratio, soybean oil contains small
amounts of stearic acid (4%) and consequently, it is
highly digestible.

Almeida, Queiroz, Costa, and Matta (2011)
analyzed serum lipid abnormalities and liver
histology of rats fed on different lipid sources
(soybean oil, fish and lard, margarine and butter)
and did not detect any statistical difference between
the groups in weight gain and food intake,
corroborating results in current study.

With respect to faeces weight and urine volume,
there were no significant differences among the
groups. Quinna et al. (2013) reported that a high-fat
diet generated greater satiety and consequent
reduction consumption of food, water and excretion
consumption.

Further exploration of these mechanisms is
necessary, although it is possible to infer that this
effect is tied to the amount of ingested fat.

In general, excessive intake of fat induces its
accumulation in such organs as the heart and liver
(Quinna et al., 2013). In the case of the liver, fat
accumulation is detected as hepatic steatosis,
characterized by the accumulation of VLDL
particles, which cause liver increase with a weight
5% higher than the reference rate (Almeida
et al., 2011). However, treatment with different
types of oils or fats in current study did not cause
changes in the weight of liver, heart and other
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organs analyzed. Result shows that fat dose in
current study was not so high to alter these organs.

The same happened with the carcasses which are
an evaluation criterion of body composition (Rogero
et al,, 2008). There was no statistical difference
when the study groups were compared. In a study
by Ippagunta, Hadenfeldt, Miner, and Hargrave-
Barnes (2011), whose objective was to determine if
there were changes in lipolysis in rats to offer diets
containing soybean oil, coconut oil or fat-free,
followed by conjugated linoleic acid (CLA) for 10 or
12 days, a difference was found in body fat loss in
the group with coconut oil and CLA. The above
suggested that coconut oil increased lipolysis.

Although coconut oil is considered an important
natural source of saturated fat, especially lauric acid
(C12:0), its use results in more favorable lipid
profile than solid fat which is rich in trans fatty acids
(Mensink, Zock, Kester, & Katan, 2003; Roos,
Schouten, & Katan, 2011). Coconut oil is rich in
myristic and palmitic acids and increases LDL and
HDL cholesterol (Micha & Mozaftarian, 2010), the
latter having been observed in current study. The
negative effects of these fatty acids appear to be the
cause of the increased prevalence of CVDs,
according to studies conducted in Asia, where
coconut oil comprises up to 80% of the fat
consumed in some regions (Kumar, 1997; Assuncio,
Ferreira, Santos, Cabral, & Floréncio, 2009).

In an experimental study with guinea pigs
comparing coconut oil and olive oil and sunflower
oil, there was a significant increase in LDL-c and
triglycerides in the groups treated with coconut oil
(Lecker, Matthan, Billheimer, Rader, & Lichtenstein,
2010). This result differs from that in current study
where coconut oil significantly increased the HDL
fraction, making it a powerful alternative food for
the prevention and treatment of CVDs due to the
low range of foods to achieve this goal
Furthermore, the group supplemented with coconut
oil in current analysis showed decreased levels of
triglycerides in the other groups, perhaps due to its
composition: mainly fatty short and medium chain
acids which are transported directly to the liver to
undergo B-oxidation (Ooyama, Wu, Nosaka,
Aoyama, & Kasai, 2008). Different results were
reported in a study by Lecker, Matthan, Billheimer,
Rader, & Lichtenstein (2010), which showed an
increase in LDL-c and triglycerides.

With regard to the LDL fraction, even within the
context of controversy in the literature, soybean oil
is acknowledged as a food with powerful cardio-
protective effects by significantly decreasing the
of LDL-c. Therefore,
comparing LDL-c rates with coconut oil would not

serum concentrations
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be feasible (Hoie et al., 2005) although coconut oil
has a protective effect when compared with other
lipid sources, such as lard (Santos et al., 2013).

Conclusion

Alteration in weight and body composition was
not detected in the use of coconut oil. However, the
use of the same showed a significant effect in
increasing HDL-c, suggesting that the coconut oil
may have a cardio-protective role when included in
the diet. Animals supplemented with this oil also
showed a significant reduction of serum
triglycerides. Compared to other sources of
saturated fat (in our case, lard), no harm with regard
to total blood cholesterol exists when coconut oil is
used. However, further studies are needed to clarify
the possible mechanisms leading to the observed
results.

References

Almeida, M. E. E, Queiroz, J. H., Costa, N. M. B, &
Matta, S. L. P (2011). Lipideos séricos e morfologia
hepitica de ratos alimentados com diferentes fontes
lipidicas (6leo de soja, gordura de peixe e porco,
margarina e manteiga). Revista de Nutrigio, 24(1),
143-152.

Almeida, M. E. E, Queiroz, J. H., Queiroz, M. E. L. R,,
Costa, N. M. B., & Matta, S. L. P (2009). Perfil
lipidico tecidual de ratos alimentados com diferentes
fontes lipidicas. Revista de Nutri¢do, 22(1), 51-60.

Assuncio, M. L., Ferreira, H. S., Santos, A. F., Cabral, C.
R. Jr., & Floréncio, T. M. (2009). Effects of dietary
coconut oil on the biochemical and anthropometric
profiles of women presenting abdominal obesity.
Lipids, 44(7), 593-601.

Castro, G. S. F., Almeida, B. B., Leonardi, D. S., Ovidio,
P. P.,, & Jordio, A. A. (2012). Association between
hepatic cholesterol and oleic acid in the liver of rats
treated with partially hydrogenated vegetable oil.
Revista de Nutrigdo, 25(1), 45-56.

Coltro, R. S., Mizutani, B. M., Mutti, A., Délia, M. P. B.,
Martinelli, L. M. B., Cogni, A. L., & Matsubara, B. B.
(2009). Frequéncia de fatores de risco cardiovascular
em voluntirios participantes de evento de educagio e
sadde. Revista da Associagio Médica Brasileira, 55(5),
606-610.

Coutinho, J. G., Gentil, P C., & Toral, N. (2008). A
desnutricio e obesidade no Brasil: o enfrentamento
com base na agenda tdnica da nutri¢io. Caderno de
Satide Priblica, 24(2), 332-340.

Gongalves, L. A., Mariucci, R. G., & Vicentini, V. E. P
(2007). Avaliagio da atividade antimutagénica da
polivitaminico Vita Max. Arquivo Mundial, 14(2),
14-19.

Hoie, L. H., Morgenstern, E. C., Gruenwald, ],
Graubaum, H. J., Busch, R., Lider, W,, & Zunft, H. J.

189

(2005). A double-blind placebo-controlled clinical trial
compares the cholesterol-lowering effects of two
different soy protein preparations in
hypercholesterolemic subjects. European Journal of
Nutrition, 44(2), 65-71.

Instituto Adolfo Lutz. (1985). Normas analiticas do Instituto

Adolfo Lutz: métodos quimicos e fisicos para andlise de
alimentos (3a ed.). Sao Paulo, SP: IAL.

Ippagunta, S., Hadenfeldt, T. J., Miner, J. L., & Hargrave-
Barnes, K. M. (2011). Dietary conjugated linoleic
acid induces lipolysis in adipose tissue of coconut
oil-fed mice but not soy oil-fed mice. Lipids, 46(9),
821-830.

Jayadas, N. H., & Nair, K. P. (2006). Coconut oil as base
oil for industrial lubricants - evaluation and
modification of thermal, oxidative and low
temperatures properties. Tribology Internacional, 2(39),
873-878.

Kumar, P. D. (1997). The role of coconut and coconut oil
in coronary heart disease in Kerala, south India.
Tropical Doctor, 27(4), 215-217.

Lecker, J. L., Matthan, N. R., Billheimer, J. T., Rader, D.
J., & Lichtenstein, A. H. (2010). Impact of dietary fat
type within the context of altered cholesterol
homeostasis  on  cholesterol and  lipoprotein
metabolism in the F1B hamster. Metabolism, 59(10),
1491-1501.

Luz, G, Silva, S., Marques, S., Luciano, T. F., & Souza, C.
T. (2012). Suplementacio de 4cidos graxos poli-
insaturados 6mega-3 reduz marcadores inflamatérios e
melhora a acio da insulina em figado de
camundongos. Revista de Nutricao, 25(5), 621-629.

Machado, G. C., Chaves, J. B. P, & Antoniassi, R. (2006).
Composigio de dcidos graxos e caracteristicas fisicos e
quimicas de 6leos hidrogenados de coco babagu. Ceres,
53(308), 463-470.

Mensink, R. P, Zock, P. L., Kester, A. D., & Katan, M. B.
(2003). Eftects of dietary fatty acids and carbohydrates
on the ratio of serum total to HDL cholesterol and on
serum lipids and apolipoproteins: a meta-analysis of 60
controlled trials. The American Journal of Clinical
Nutrition, 77(5), 1146-1155.

Micha, R., & Mozaftarian, D. (2010). Saturated fat and
cardiometabolic risk factors, coronary heart disease,
stroke and Diabetes a fresh look at the evidence.
Lipids, 45(10), 893-905

Monsma, C. C., Gallaher, D. D., & Ney, D. M. (1996).
Reduced digestibility of beef tallow and cocoa butter
affects bile acid excretion and reduces hepatic
esterified cholesterol in rats. Journal of Nutrition,
126(8), 2028-2035.

Newman, R. E., Bryden, W. L., Fleck, E., Ashes, J. R,
Buttemer, W. A., Storlien, L. H., & Downing, J. A.
(2002). Dictary n-3 and n-6 fatty acids alter avian
metabolism:  metabolism and  abdominal  fat
deposition. British_Journal of Nutrition, 88(1), 11-18.

Nurul-Iman, B. S., Kamisah, Y., Jaarin, K., & Qodriyah,
H. M. S. (2013). Virgin coconut oil prevents blood
pressure elevation and improves endothelial functions

Acta Scientiarum. Health Sciences

Maringa, v. 38, n. 2, p. 185-190, July-Dec., 2016



190

in rats fed with repeatedly heated palm oil. Hindawi
Publishing Corporation, 1(1), 1-7.

Ooyama, K., Wu, J., Nosaka, N., Aoyama, T., & Kasai, M.
(2008). Combined intervention of medium-chain
triacylglycerol diet and exercise reduces body fat mass
and enhances energy expenditure in rats. Journal of
Nautritional Science and Vitaminology, 54(2), 136-141.

Organizacio Mundial da Sadde. (2014). Cardiovacular
Diseases (CVDs). Fact Sheet n° 317; 2014. Retrieved
from http://www.who.int/mediacentre/factsheets/
fs317/en/index.html

Pham, L. J., Casa, E. P., Gregorio, M. A., & Kwon, D. Y.
(1998). Triacylglycerols and regionspecific fatty
acid analyses of Philippine seed oils. Journal of the
American Oil Chemists' Society, 75(7), 807-11.

Quinna, N. A, Akayleh, F. T., Remawi, M. M. A,
Kamona, B. S., Taha, H., & Badwan, A. A. (2013).
Evaluation of a functional food preparation based on
chitosan as a meal replacement diet. Journal of
Functional Foods, 5(1), 1125-1134.

Ricketts, J., & Brannon, P. M. (1994). Amount and type of
dietary fat regulate pancreatic lipase gene expression in
rats. Journal of Nutrition, 128(8), 1166-1171.

Rogero, M. M., Tirapegui, J., Vinolo, M. A., Borges, M.
C., Castro, I. A, Pires, I. S., & Borelli, P. (2008).
Dietary glutamine supplementation increases the
activity of peritoneal macrophages and hemopoiesis in
early-weaned mice inoculated with Mycobacterium
bovis bacillus Calmette-Guérin. Journal of Nutrition,
138(7), 1343-1348.

Roos, N., Schouten, E. & Katan, M. (2001).
Consumption of a solid fat rich in lauric acid results in
a more favorable lipid profile in healthy men and

women than consumption of a solid fat rich in trans-
fatty acids. Journal of Nutrition, 131(2), 242-245.

Santana et al.

Santos, R. D., Gagliardi, A. C. M., Xavier, H. T., Magnoni,
C. D., Cassani, R., Lottenberg, A. M., Ramos, S. (2013).
Sociedade Brasileira de Cardiologia. I Diretriz sobre o
consumo de Gorduras e Saide Cardiovascular. Arquivo
Basileiro de Cardiologia, 100(3), 1-40.

Sociedade Brasileira de Ciéncia em Animais de
Laboratério. (2013). Portaria n° 596, de 25 de junho de
2013, art. 87, pardgrafo dinico, inciso II, da Constituigao
Federal, Art. 1° Diretrizes da Prdtica de Eutandsia do
Concea. Resolugdo normativa n. 13, de 20 de setembro de
2013. Retrieved from http://www.mct.gov.br

Sposito, A. C., Caramelli, B., Fonseca, F. A., & Bertolami,
M. C. (2007). Sociedade Brasileira de Cardiologia. IV
Diretriz brasileira sobre dislipidemias e prevengio da
aterosclerose. Departamento de Aterosclerose da
Sociedade Brasileira de Cardiologia. Arquivo Brasileiro
de Cardiologia, 88(1), 2-19.

Tabela Brasileira de Composi¢io dos Alimentos. (2011).
(4a ed.). Campinas, SP: Nepa. 161p.

Teitelbaum, J. E., & Walker, W. A. (2001). Review: the role
of omega 3 fatty acids in intestinal inflammation. The
Journal of Nutritional Biochemistry, 12(1), 21-32.

Weber, T. K., Freitas, K. C., Amancio, O. M. S., & Morais,
M. B. (2010). Effect of dietary fibre mixture on
growth and intestinal iron absorption in rats
recovering from iron-deficiency anaemia. British
Journal of Nutrition, 104(10), 1471-1476.

Received on August 5, 2015.
Accepted on April 5, 2016.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Health Sciences

Maringa, v. 38, n. 2, p. 185-190, July-Dec., 2016



