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ABSTRACT 
In today's society, there is evidence of a nutritional 
transition in food, where poor consumption habits are 
risk factors for chronic diseases. Due to the functional 
capabilities of rice and grape marcs in the prevention 
and treatment of cardiovascular diseases, this sought 
to evaluate the chemical composition of grape marc 
and parboiled rice grain and their effects on the 
biological response of Wistar rats fed a 
hypercholesterolemic diet. This work encompassed 
two experiments. In the experiment, the antioxidant 
activity was determined in parboiled rice grains, grape 
marc, and a mix of both (Mix 1 - 40% of parboiled rice 
and 60% grape marc and Mix 2 - 60% of parboiled rice 
and 40% grape marc). In experiment II, we assessed 
the biological response of adult male Wistar rats, 
Universidade Federal de Pelotas strain, fed 
hypercholesterolemic diets with 40 and 60% of grape 
marc and parboiled rice, respectively. The addition of 
parboiled rice and grape marc improves the nutritional 
parameters of hypercholesterolemic diets with 
increased concentrations of protective factors. The 
increase in the grape marc ratio in the diet increases 
the availability of antioxidants, reducing blood levels 
of cholesterol and Low-Density Lipoprotein (LDL) 
without compromising parameters related to renal 
function. The presence of parboiled rice in a 
hypercholesterolemic diet increases the plasma levels 
of HDL. 
 
Keywords: Cholesterol, diets, grape marc, mixtures, 
rice, Wistar rats. 
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1 INTRODUCTION 

There is an evidenced nutritional transition in modern society, whose consumption pattern is 

influenced by socioeconomic, demographic, and behavioral factors, with a predominance of simple 

carbohydrates rather than fruits and vegetables. Qualitative characteristics of a diet are important in defining 

the health status of a population, especially concerning chronic degenerative diseases of adulthood (PINHO 

et al., 2012). 

The beneficial effects of certain types of food on health are known for a long time. Functional foods, 

for example, are those that contain substances that may be considered biologically active and, in addition, 

contribute to nutrition and are beneficial to health (KOMATSU et al., 2008). Changes in processing and 

the growing exigence of the consumer for food with high sensory quality, nutritional and what bring 

benefits to health, encourage the study of new ingredients for the food industry (SILVA et al., 2009). The 

combination of the parboiled Rice and the grape marc in this study is justified for its high nutritional content 

of them (YI et al., 2009; ELIAS; OLIVEIRA and SCHIAVON, 2010), associated with your phenolic 

composition, presenting an important antioxidant property, and consequently, benefit to the human health 

(HEINEMANN et al., 2005; VENDANA et al., 2008). 

Rice stands out for being a basic food for the majority of the population in various parts of the world 

and the most produced and consumed cereal in the world (WALTER et al., 2008). As for nutritional value, 

rice provides 20% of the world's dietary energy, while wheat supplies 19% and corn 5% (FAO, 2004). In 

addition to being a carbohydrate-rich food (WALTER et al., 2005), it can also be an important source of 

digestible proteins, minerals (mainly phosphorus, iron, and calcium), and B complex vitamins, including 

B1 (thiamine), B2 (riboflavin), B3 (niacin) and B9 (folic acid). However, its functional characteristics are 

still little known (MONKS, 2010). Being a product of plant origin, rice is a cholesterol-free food with a 

low lipid content (WALTER et al., 2008), although oryzanol and tocotrienol are present. The main fatty 

acids in rice are palmitic, oleic, and linoleic, corresponding to approximately 95% of the fatty acids present 

in the total lipid content (MONKS, 2010).  

Grapes are rich in phenolic compounds, with the highest content found in organic grapes (MULERO 

et al., 2010). The main compounds are flavonoids (anthocyanins, flavonols, and flavonols), stilbenes 

(resveratrol), phenolic acids (derivatives of cinnamic and benzoic acids) and a wide variety of tannins 

(MALACRIDA and MOTTA, 2005). Anthocyanins, a group of natural pigments with various phenolic 

structures, and glycosides of flavonols, present in higher concentrations in the bark (DOWNHAMAND 

COLLINS, 2000), are among the most studied phenolic compounds in grapes, for their outstanding 

antioxidant activity and anti-inflammatory and anticancer properties (NEGRO et al., 2003). The species 

Cabernet sauvignon is highlighted as the red grapes most used in winemaking, resulting in delicate and fine 

wines (JUBILEU et al., 2010). Some studies focus on the antioxidant potential in marc, consisting of seeds 

and skins (ALONSO et al., 2002; ROCKENBACH et al., 2008; NEVES et al., 2011) rejected during the 

winemaking process, and the stalks, which receive far less attention, although they contain a significant 
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amount of polyphenols (SOUQUET et al., 2003).  

Based on the great importance of these foods in nutrition and the need to understand their potential 

of beneficial interference with human health, the main objectives of this study were to identify phenolic 

compounds present in the parboiled rice (Oryza sativa) and grape marc and investigate their biological 

effects in Wistar rats submitted to a hypercholesterolemic diet.   

 

2 MATERIAL AND METHODS 

2.1 EXPERIMENTAL ANIMALS 

The use of animals for research promotes an accurate assessment of the control of the diet, and 

metabolic and biochemistry parameters influenced by the foods (ANGELOVA and BOYADJIEV, 2013). 

Small rodents like rats are ideal models for the research of cardiovascular pathologies, induced or not 

(RUSSELL and PROCTOR, 2006). 

The Ethics and Animal Experimentation Commission - EAEC at the Federal University of Pelotas, 

under Protocol 23110.007731/2012-86, approved this study. The experiments with animals were conducted 

at the Central Animal Laboratory of the Federal University of Pelotas, from July to September 2013. Male 

Wistar rats (Rattus norvegicus, Albinus variety, class Rodentia) were used (n = 24) with an average age of 

60 days. We used Wistar rats due to their low cost, high resistance to infection, availability of a suitable 

site for experimentation, and above all, for being the model most frequently used for research on the 

nutritional aspects (SHANAIDER and SILVA, 2004) 

 

2.2 FEEDSTOCK 

Grains of polished parboiled rice (Oryza sativa) from the 2010 harvest were used and maintained 

under a controlled temperature of 15ºC in the grain storage house of the Grain Laboratory/UFPEL. Grape 

marc was also used, resulting from the pressing of red grapes from the species Vitis vinifera, Cabernet 

sauvignon variety, 2010 harvest.  

 

2.3 SAMPLE PREPARATION 

The polished parboiled rice grains were crushed and ground at room temperature in a cutting mill. 

The milled rice grains were sifted in an 80 mesh (British standard screen) nylon sieve and the marc in a 60 

mesh (GERMANI et al., 1997). 

The grape marc with 63% moisture was subjected to dehydration in a circulating air oven at a 

temperature of 40 °C for 16 hours. Food mixtures were prepared with the products of the screening of 

parboiled rice grains and grape marc. Mix 1 contained 40% rice and 60% grape marc, whereas Mix 2 was 

composed of 60% rice and 40% grape marc. The opposing concentrations were defined whit the aim of 

evaluating the biological response of the increment of this raw material on the diet. The pellets were 

prepared in the electric mixer by adding 10ml of soybean oil per 1 kg of diet and water qsp. 
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2.4 DIET 

The experimental diets were formulated according to the recommendations of the American 

Institute of Nutrition (AIN-93M) (REEVES et al., 1993), all isocaloric and isoproteic (MAHAN and 

SCOTT-STUMP, 2010). Diets were made according to the recommendations of AOAC (2006). Soybean 

oil doesn't contain isoflavone, then, doesn't express the estrogenic and antiestrogenic influence on health 

(JOOYANDEH, 2011). 

In the hypercholesterolemic diets, commercial cholesterol of 1% was added to induce 

hypercholesterolemia in animals (ROSSI et al., 2000). After formatting the pellets, they were dried in an 

air-forced circulation stove at 40°C for 6 hours and stored in polyethylene bags in a freezer at -18°C.  

 

2.5 DETERMINATION OF TOTAL PHENOLS AND ANTHOCYANINS 

The total phenol content of Mix 1 and Mix 2 was determined through the method proposed by 

Singleton and Rossi (1965). Anthocyanin analysis of Mix 1 and Mix 2 was performed according to Vanini 

et al. (2009).  

 

2.6 BIOLOGICAL ASSAY 

The biological assay was conducted under controlled conditions of temperature and humidity 

(23±1ºC and 50 to 60%, respectively) and a photoperiod of 12 hours. The experiment was divided into two 

periods: adaptation and treatment. Diets were administered in the form of pellets containing Mix 1 and Mix 

2. The animals were weighed and divided into four groups of six animals each. The biological assay lasted 

57 days, with the first seven days corresponding to the period of adaptation, in which the animals were 

given water and diet from the Central Animal Laboratory-UFPEL "ad libitum”. During the following 50 

days of treatment, they were fed experimental diets. At the end of the experiment, after fasting for 12 hours, 

the animals were anesthetized with dextroketamine hydrochloride and euthanized. Their blood was 

collected by cardiac puncture using a heparinized syringe and placed in test tubes. The epididymal fat and 

the liver of the rats were weighed after removal. The epididymal fat index and hepatosomatic relationship 

were obtained according to Melo et al. (2007). For monitoring the weight gain, the animals were weighed 

three times a week on alternate days. Weight gain was calculated by the difference between weights at the 

beginning and end of the experiment. Feed intake was daily observed and the amount of feed offered was 

restored daily or as needed. The feed efficiency coefficient (FEC) was calculated according to Sgarbieri 

(1996). 

 

2.7 BIOCHEMICAL EVALUATION 

Plasma analyses of glucose, cholesterol, high-density lipoprotein (HDL), low-density lipoprotein 

(LDL), very low-density lipoprotein (VLDL), triacylglycerols, urea, creatinine, glutamic oxaloacetic 
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transaminase (SGOT), glutamic pyruvic transaminase (GPT) and alkaline phosphatase were quantified by 

the enzymatic methods of Labtest Diagnóstica® (2011). 

 

2.8 STATISTICS 

The data were analyzed for normality with the Shapiro-Wilk test; homoscedasticity with the Hartley 

test; and independence of residuals with graphical analysis. Data were then subjected to analysis of variance 

by F test (p≤0.05). If a statistical significance was observed, the effects of the mix were evaluated by t-test 

(p≤0.05); the effects of the diets compared to the control (standard) by Dunnett test (p≤0.05); and between 

diets by Duncan test (p≤0.05) to choose the best diet on nutritional parameters.  

 

3 RESULTS AND DISCUSSION 

3.1 TOTAL PHENOLS AND ANTHOCYANINS 

 
Table 1. Total phenol content and total anthocyanins of Mix 1 and Mix 2. 

Samples Total phenols* Total anthocyanins** 
Mix 1 484.67±28.00 A1/2/ 8.26±0.87 1/ 
Mix 2 151.67±11.72 b 7.00±0.35 

Overall average 318.17 7.76 
CV (%) 6.7 9.5 

1/ Means of three determinations ± standard deviation. 2/ Means followed by the same letter in the column do not differ by t-test 
(p≤0.05). CV: coefficient of variation. Mix 1: 40% of parboiled rice and 60% of grape marc. Mix 2: 60% of parboiled rice and 
40% of grape marc. * Expressed as: mg GAE/g; ** expressed as: mg 100/g. 

 

As shown in Table 1, Mix 1 had the highest concentration of grape marc and showed higher levels 

of total phenols (484.67 mg GAE/g) compared to Mix 2 (151.6 mg GAE/g).    

Table 1 also shows the anthocyanin concentration in Mix 1 is 18% greater than in Mix 2. Similar 

data were found by Soares et al. (2008) in Isabel and Niagara grape marc and by Rockenbach et al. (2008). 

In vitro and in vivo studies show that anthocyanins can mitigate the oxidative stress involved in the 

atherosclerotic process. Several mechanisms may be involved in this process, such as the ability of 

anthocyanins to inhibit the oxidation of LDL (CHANG et al., 2006) and reduce the oxidative injury of 

vascular endothelial cells (YI et al., 2010). 

 

3.2 FEED INTAKE, WEIGHT GAIN, AND FEED EFFICIENCY COEFFICIENT (FEC %) 

 
Table 2. Feed intake, weight gain, and FEC of male Wistar rats fed experimental diets based on Mix 1 and Mix 2. 

Diet Feed intake (grams) Weight gain 
(grams) Feed efficiency coefficient 

Standard diet (AIN 93M) 1137.97±0.91 94.30±12.572 7.66±0.34  
Diet + Cholesterol (1%) 1253.60±15.09b 1/* 118.38±12.97 10.14±0.91  

Diet + Chol. + Mix 1 1285.39±25.84a* 124.00±14.81 8.37±0.96  
Diet + Chol. + Mix 2 1223.37±15.55c* 116.72±11.83 9.31±0.91  

Overall average 1225.08 114.6 8.98 
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CV (%) 1.4 11.5 9.6 
*, ns Significant and not significant, respectively, compared to the control (standard diet) by Dunnett test (p≤0.05). 1/ Means 
followed by the same letter in the column do not differ by the Duncan test (p≤0.05) when diets are compared. 2/ Means of six 
measurements  ±  standard deviation. CV: coefficient of variation. NF: not significant by F test (p≤0.05). Chol.: Cholesterol. Mix 
1: 40% of parboiled rice and 60% of grape marc. Mix 2: 60% of parboiled rice and 40% of grape marc. Feed efficiency 
coefficient: Weight gain/diet consumption x 100. 
 

The Mix 1 diet had the highest consumption (Table 2) but did not differ from the cholesterol group 

(1%), so the animals fed a diet with the greatest grape marc concentration showed higher consumption 

(Table 2). This result observed in the treatments with the highest proportion of grape marc is probably 

promoted by the concentration of carbohydrates, fats, and alcohols present in this alternative ingredient, 

which have palatalizing and flavoring effects (FERREIRA et al., 2007).  

Regarding animal weight gain, there was no significant difference between treatments because diets 

were isoproteic, isocaloric, and isolipidic, except for the treatment Mix 1 where the rats gained 31.5% more 

weight than the standard diet, due to the highest consumption of diets in that treatment. The FEC did not 

differ significantly among the experimental diets. Similar findings occurred in a study by Ishimoto (2008), 

which examined healthy and hypercholesterolemic hamsters fed with pomace extracts and grape marc flour 

from winemaking and juice production and observed FEC of 12.0% and 12.2% respectively, without 

significant differences between groups. It was observed that the cholesterol diet had an FEC above 22.3% 

compared to the standard diet. The best response, i.e. the lowest rate between consumption and weight gain, 

was found in the treatment of the Mix 1 diet. 

 

3.3 EPIDIDYMAL FAT MASS (G), EPIDIDYMAL FAT RATIO, LIVER WEIGHT (G), AND THE 

HEPATOSOMATIC RATIO OF MALE RATS 

 
Table 3. Epididymal fat mass, epididymal fat ratio, liver mass, and the hepatosomatic ratio of male Wistar rats fed experimental 
diets with Mix 1 and Mix 2. 

Diet Epididymal fat mass 
(grams) 

Epididymal fat 
ratio % 

Liver mass 
(grams) 

Hepatosomatic ratio 
(%) 

Standard diet (AIN 93M) 5.14±0.87 1.43±0.222/ 9.15±1.47 2.45±0.152/ 

Diet + Cholesterol (1%) 6.55±0.69 b 1/ns 1.66±0.07bns 15.99±1.29a1* 3.68±0.24a* 
Diet + Chol. + Mix 1 9.49±1.54a* 2.08±0.32a* 15.91±2.53a* 3.54±0.24a* 
Diet + Chol. + Mix 2 6.45±1.19bns 1.81±0.19ab* 14.21±1.73a* 3.90±0.17a* 

Overall average 6.77 1.71 13.48 3.30 
CV (%) 16.1 11.7 12.9 6.1 

*, ns Significant and not significant, respectively, compared to the control (standard diet) by Dunnett test (p≤0.05). 1/ Means 
followed by the same letter in the column do not differ by the Duncan test (p≤0.05) when diets are compared. 2/ Means of six 
measurements  ±  standard deviation. CV: coefficient of variation. Chol.: Cholesterol. Mix 1: 40% of parboiled rice and 60% of 
grape marc. Mix 2: 60% of parboiled rice and 40% of grape marc. Epididymal fat ratio: epididymal fat weight/body weight x 
100. 
Source: Prepared by the authors. 
 

According to Table 3, no significant difference was observed in epididymal fat mass between 

treatments about standard diet, except for Mix 1 due to the higher dietary consumption, as shown in Table 

2. With the addition of cholesterol (1%) to the diet AIN 93M, there was an increase of 27.4% in epididymal 
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fat to the standard diet. Rats fed with Mix 1 diet had an increased epididymal fat mass of 84.6% compared 

to rats fed the standard diet and 44.9% compared to the cholesterol diet (1%). Walter (2009), who assessed 

the physiological effect of rice grains with light brown, red, and black pericarp on rats, found different 

results, since animals that consumed feed containing rice grains presented significantly lower epididymal 

fat weight than those in the control group. Regarding the epididymal fat ratio, the Mix 1 and Mix 2 diets 

differed significantly (p≤0.05) compared to the standard diet. 

Between diets, it was observed that the cholesterol diet increased epididymal fat content by 16% 

compared to the standard diet. The cholesterol diet did not differ among treatments, except from the Mix 1 

diet, which is consistent with the results found in the analysis of epididymal fat.  

It can be concluded that the hypercholesterolemic diet used in this study was sufficient to cause 

obesity in mice since the adiposity index of the animals was increased compared to their respective controls. 

Similar data were found in the study by Denardin et al. (2009), who observed that there was no effect of 

dietary intake with rice on the epididymal fat of animals.  

Also in Table 3, all treatments showed significant differences in liver weight relative to the standard 

diet. With the addition of synthetic cholesterol (1%) in the diet AIN 93M, there was an increase of 75% in 

body weight, which also occurred in other treatments. The increased liver weight may indicate increased 

metabolic activity in the body, leading to liver overload due to cholesterol (RODRIGUES 2011). These 

results are in agreement with the data found by Macqueen et al. (2007), which showed an increase in body 

weight of non-obese rats ingesting a high-fat diet. All diets differed significantly (p<0.05) from the standard 

diet with the hepatosomatic ratio. The cholesterol addition to the standard diet increased the hepatosomatic 

ratio by 50%. There was no significant difference between diets concerning the cholesterol diet (1%). These 

findings are in agreement with Monks (2010), who studied the effect of different degrees of polishing rice 

in the percentage ratio between the liver mass and the final weight of the rats and found no significant 

differences between the experimental groups. 

 

3.4 TOTAL CHOLESTEROL, HIGH-DENSITY LIPOPROTEIN (HDL), LOW-DENSITY 

LIPOPROTEIN (LDL), AND VERY LOW-DENSITY LIPOPROTEIN (VLDL) 

 
Table 4. Profiles of total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and very low-density 
lipoprotein (VLDL) of male Wistar rats fed experimental diets with Mix 1 and Mix 2. 

Diets Total cholesterol 
(mg d/L) 

High density 
lipoprotein - HDL 

(mg d/L) 

Low-density 
lipoprotein - LDL 

(mg d/L) 

Very low density 
lipoprotein - VLDL 

(mg d/L) 
Standard diet (AIN 93M) 67.67±5.68  23.16±2.042/ 28.40±4.04  8.75±2.63  
Diet + Cholesterol (1%) 83.50±7.09a1/ * 15.33±1.37b* 50.00±4.73a* 12.50±1.29b* 

Diet + Chol. + Mix 1 65.60±4.72b  ns 18.75±3.40a* 35.50±3.83b* 15.67±1.53a* 
Diet + Chol. + Mix 2 72.00±4.60b  ns 19.50±2.43a* 40.67±4.63b* 13.00±1.73b* 

Overall average 72.48 19.23 39.09 12.31 
CV (%) 7.8 11.9 11.10 15.3 

*, ns Significant and not significant, respectively, compared to the control (standard diet) by Dunnett test (p≤0.05). 1/ Means 
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followed by the same letter in the column do not differ by the Duncan test (p≤0.05) when diets are compared. 2/ Means of six 
measurements  ±  standard deviation. CV: coefficient of variation. Chol.: Cholesterol. Mix 1: 40% of parboiled rice and 60% of 
grape marc. Mix 2: 60% of parboiled rice and 40% of grape marc. 
 

The diet supplemented with cholesterol (1%) showed statistical significance in total cholesterol. The 

other diets showed no differences compared to the control (standard diet - AIN 93M) (Table 4). Molena-

Fernandes et al. (2010) compared the effects of golden and brown flax flour on lipid profile and weight 

gain in Wistar rats, and average total cholesterol levels did not differ significantly between groups. This 

behavior of cholesterol is also consistent with the study by Roberto (2012), who evaluated the effect of 

diets designed with guava residue (peel and seed) as a source of fiber on the parameters of biological 

response in Wistar rats. As observed in Table 4, there was a 23.2% increase in total blood cholesterol levels 

due to the presence of 1% synthetic cholesterol in the AIN 93M diet. It should be noted that Mix 1 diet 

promoted lower plasma cholesterol concentrations (21.4%) than the cholesterol diet. Regarding the analysis 

of lipoprotein HDL, only Mix 1 diet showed statistical significance (p≤0.05) when compared to the standard 

diet. According to Table 4, if hypercholesterolemia was induced, rats fed the cholesterol diet had decreased 

levels of blood HDL by 33.3% compared to the standard diet. Therefore, Mix 1 and Mix 2 diets, which 

were hypercholesterolemic, showed an increase of HDL in the blood of rats by 22.3% and 32.6%, 

respectively.  In the study by Soares-Filho et al. (2011), rats consuming moderate amounts of red wine 

showed an increase of 6.63% in the serum levels of HDL, compared with rats consuming the control diet. 

Helbig (2007) found a rate of 38.29% in blood levels of HDL in rats fed parboiled rice. Our results show 

that plasma HDL increased when the concentrations of Mix 1 and 2 were elevated in the diets (Table 6). 

According to Lerma-Garcia et al. (2009), the oryzanol present in the lipid fraction of parboiled rice can 

raise levels of HDL. HDL is extremely important because they help remove cholesterol already deposited, 

reducing the risk of atherosclerosis and heart attack (Andrade, 2006). With plasma concentrations of LDL 

lipoprotein (Table 6), it was observed that the cholesterol diet (1%) increased blood levels of LDL by 78.6% 

compared to the diet AIN 93M. All diets were significantly different (p≤0.05) from the cholesterol diet 

(1%), especially the reduction of lipoprotein LDL by 29% in Mix 1. Pérez-Jiménez et al. (2008) conducted 

a study of diet supplementation in humans with grape antioxidant fiber, reducing the total cholesterol, LDL, 

and triglycerides in hypercholesterolemic individuals. The low-density lipoprotein (LDL) tends to be 

deposited in the arteries and is associated with the onset and acceleration of the atherosclerotic process. 

Oxidative modification of LDL is an important factor in the development of atherosclerotic lesions 

(GIEHL, 2007). As for the contents of very low-density lipoprotein (VLDL), all diets showed significant 

differences compared to the control (standard diet - AIN 93M). Rats fed diet and cholesterol and Mix 1 diet 

presented the greatest VLDL cholesterol levels. 
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3.5 PROFILES OF GLUCOSE, TRIACYLGLYCEROLS, UREA, AND CREATININE 

 
Table 5. Profiles of glucose, triacylglycerols, urea, and creatinine in male Wistar rats fed experimental diets with Mix 1 and Mix 

2. 

Diets Glucose (mg/dL) Triacylglycerols 
(g/dL) 

Urea 
(mg/dL) 

Creatinine 
(mg/dL) 

Standard diet (AIN 93M) 118.75±10.72  47.33±10.692/ 44.67±3.50  0.87±0.032/ 

Diet + Cholesterol (1%) 123.40±14.64 ab1/ ns 67.20±13.92ans 44.40±4.33a1/ns 0.91±0.04ans 
Diet + Chol. + Mix 1 117.75±11.12 bns 78.00±7.00a* 29.00±3.56c* 0.79±0.03b* 
Diet + Chol. + Mix 2 138,00±6,00 ans 66.20±8.23ans 37.80±4.02b* 0.81±0.04bns 

Overall average 125.17 65.19 39.75 0.84 
CV (%) 8.8 16.4 9.7 4.4 

*, ns Significant and not significant, respectively, compared to the control (standard diet) by Dunnett test (p≤0.05). 1/ Means 
followed by the same letter in the column do not differ by the Duncan test (p≤0.05) when diets are compared. 2/ Means of six 
measurements ± standard deviation. CV: coefficient of variation. Chol.: Cholesterol. Mix 1: 40% parboiled rice and 60% of 
grape marc. Mix 2: 60% to 40% parboiled rice and grape pomace. 
 

As shown in Table 5, serum glucose concentrations did not differ between the study groups at the 

end of the experiment. Rats fed the cholesterol diet (1%) showed a 4.5% increase in fasting glycemia about 

the AIN 93M. The lowest glucose level was found in treatment Mix 1. Glycemic control preserves 

endothelial function and reduces the risk of developing cardiovascular problems. Positive effects on glucose 

homeostasis with polyphenols and plant extract rich in polyphenols, in vitro and animals, have been 

reported (HANHINEVA et al., 2010). In mice that received a high-fat diet, the addition of resveratrol 

increased their insulin sensitivity and the number of mitochondria in their liver (Baur et al. 2006). Moura 

et al. (2012) subjected rats to a high-fat and hypercaloric semi-purified diet with 35% fat: 31% of animal 

origin, 39% saturated fat, and 4% vegetable origin (soybean oil), and observed that serum glucose 

concentrations did not differ between the groups at the end of the experiment. According to Monks (2010), 

food digested slowly or with a low glycemic index has been associated with improved diabetes control and 

reduced blood lipids. As for triacylglycerol levels, Mix 1 diet showed a statistical difference from the diet 

AIN 93M, whereas other diets did not differ. There was no significant difference among diets, and rats fed 

Mix 1 diet showed the highest levels of triacylglycerols. In the study by Walter (2009), blood concentrations 

of glucose, total cholesterol, HDL cholesterol, and triacylglycerols during fasting did not differ between 

treatments. Mixed results were observed in other studies evaluating the consumption of concentrated 

fractions of rice with black pericarp on these parameters. In the work developed by Chiang et al. (2006), 

there was no difference in plasma levels of triacylglycerols and total cholesterol between mice consuming 

a control diet or containing extract of rice with black pericarp, but HDL cholesterol levels were significantly 

higher for the latter group. 

Regarding urea analysis (Table 5), it was observed that the cholesterol diet did not differ statistically 

from the standard diet AIN 93M. In Mix 1 diet, with higher amounts of grape marc, the animals showed a 

reduction of 35% in blood levels of urea and of 15.4% in the Mix 2 diet. Bezerra et al. (2008) highlighted 

the protective effect of Vitis vinifera on renal function in rats submitted to renal ischemia by clamping for 
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40 minutes. The diet with greater grape marc concentration showed better plasma urea levels in rats. As for 

plasma creatinine levels, shown in Table 5, it was observed that Mix 1 diet showed a difference compared 

to the control (standard diet - AIN 93M), but there was no statistical difference between the diets. 

 

3.6 ACTIVITIES OF THE ENZYMES GLUTAMIC OXALOACETIC TRANSAMINASE (SGOT), 

GLUTAMIC PYRUVIC TRANSAMINASE (GPT), AND ALKALINE PHOSPHATASE (U/L) IN RATS 

 
Table 6. Activities of the enzymes glutamic oxaloacetic transaminase (SGOT), glutamic pyruvic transaminase (GPT), and 
alkaline phosphatase (U/ L) in male Wistar rats fed experimental diets with Mix 1 and Mix 2. 

Diet SGOT 
(U/L) 

GPT 
(U/ L) 

Alkaline phosphatase 
(U/L) 

Standard diet (AIN 93M) 156.00±14.53  56.00±4.08 2/ 74.80±6.98  

Diet + Cholesterol (1%) 221.20±10.92 b1/     * 60.00±0.82 bns 123.20±9.63 a      * 

Diet + Chol. + Mix 1 30% 246.33±9.71 a      * 62.17±7.22 abns 114.80±10.73 ab    * 

Diet + Chol. + Mix 2 30% 214.33±9.71 b      * 69.75±6.40 a      * 106.80±7.46 b      * 
Overall average 211.14 62.00 104.9 
CV (%) 5.3 9.0 8.4 

*, ns Significant and not significant, respectively, compared to the control (standard diet) by Dunnett test (p≤0.05). 1/ Means 
followed by the same letter in the column do not differ by the Duncan test (p≤0.05) when diets are compared. 2/ Means of six 
measurements  ±  standard deviation. CV: coefficient of variation. Chol.: Cholesterol.   Mix 1: 40% of parboiled rice and 60% 
of grape marc. Mix 2: 60% of parboiled rice and 40% of grape marc. SGOT - glutamic oxaloacetic transaminase. GPT - glutamic 
pyruvic transaminase. 
Source: Prepared by the authors. 

 

As shown in Table 6, all the diets were significantly different in SGOT (p≤0.05) when compared to 

the standard diet (control), i.e., there was increased enzyme activity in all groups. However, the values 

found for the enzyme SGOT did not differ from the reference values (81 to 180.0 U/L) according to Melo 

et al. (2012). There was an increase of 42% in SGOT enzyme in the cholesterol diet (1%) when compared 

to the standard diet. It was observed that Mix 1 diet caused an increase of the enzyme by 11.4% with the 

cholesterol diet (1%), indicating higher enzyme activity in these treatments. The results differed from those 

found by Monks (2010), who analyzed the effects on rats of rice polishing intensity on plasma levels of 

liver enzymes alkaline phosphatase (ALP) and alanine aminotransferase (ALT) and registered ALP values 

between 37.8 U /L to 39.8 U/L and ALT from 24.6 U/L to 28.8 U/L.  

Regarding the GPT, most showed no significant difference when compared to the standard diet 

(control). The values of the enzymatic activity of GPT did not differ from the reference values (36 to 58.0 

U/L) found in the study by Melo et al. (2012). Cholesterol diet treatment (1%) showed an increase in 

enzyme activity by 7.1% compared to the diet AIN 93M. Mix 2 diet showed higher enzymatic activity. 

According to Monks (2010), the SGOT and GPT enzymes serve as specific indicators to diagnose possible 

hepatobiliary and hepatocellular damage, as they are released into the bloodstream when the metabolic rate 

is increased in the liver.  

All diets were different concerning the alkaline phosphatase when compared to the standard diet 
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(control). The cholesterol diet (1%) presented the highest enzyme activity (64.3%) compared to the standard 

diet AIN 93M. However, there was no significant difference between the diets, and the values found showed 

no enzyme changes since the maximum reference value of enzyme activity is 79-196 U/L according to 

Melo et al. (2012).  

The elevation of the hepatics enzymes shows directly proportional to the appearance of the 

symptoms of metabolic syndrome like hypertension and atherosclerosis, which is the fundament of this 

research (ARAÚJO et al., 2005). 

 

4 CONCLUSIONS 

The addition of parboiled rice and grape marc improved nutritional assessment parameters of 

hypercholesterolemic diets with increased concentrations of protective factors. The greatest proportion of 

grape marc in the diet caused an increase in the availability of antioxidants, reducing blood levels of LDL 

lipoprotein and cholesterol without compromising parameters related to renal function. The presence of 

parboiled rice in a hypercholesterolemic diet increased the plasma levels of HDL lipoprotein. This study 

indicates that the consumption of these food sources assists in the control of dyslipidemia. The data don't 

care enough to show the efficiency of the diets about atherosclerosis, but, the biochemical parameters 

indicate a significative lipidic reduction, which is predictive of cardiac protection. 
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