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ABSTRACT 

 
 Excess production of free radicals in the body my trigger oxidative stress conditions, leading to the 
formation of malonaldehyde (MDA). The oxidative stress then may further cause the damage to the cells and 
tissues, giving rise to degenerative diseases. An intake of nutrients containing antioxidants, such as cocoa 
powder may retard the stress. This research was aimed to study the antioxidant activity in cocoa powder in 
vivo using Wistar rats (Rattus norvegicus). Oxidative stress in rats was conditioned by using used cooking oil. 
Then, a cocoa powder with concentrations of 10% and 20% was mixed in the feed. The results showed that the 
addition of cocoa powder on feed had  reduced the levels of  MDA and had increased the levels of antioxidants 
of SOD (Super Oxide Dismutase) in the tissues of  the mice. The addition of cocoa powder of  20% had a better 
impact than that of 10% on lowering the MDA and increasing the SOD. 
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INTRODUCTION 
 
 Polluted air, exposure to ultraviolet light, and pesticide residues on foodstuffs may have a role as  pro-
oxidant. This condition then may increase the production of reactive oxygen species  (ROS) in the body. The 
increase of ROS may cause oxidative stress conditions. Oxidative stress can be seen from tissue damage caused 
by oxygen free radicals in the entire biological membrane that are by attacking the proteins, lipids, or fats, 
nucleic acids and gliko-conjugate [1]. Free radicals do not have an electron pair, so that these free radicals will 
achieve stability by attacking the nearest molecule to look for electron pairs. Because of the activity of free 
radicals can damage the molecular shape and causes the cells destroyed macromolecules. Macromolecular 
cells most vulnerable to attack by free radicals are unsaturated fatty acids such as poly unsaturated fatty acids 
long (PUFA) [2,3]. The double bond carbon - carbon unsaturated fatty acids (PUFA) weaken the bond carbon - 
hydrogen, and facilitate the transfer of hydrogen by free radicals, and free radicals can separate hydrogen 
atoms and formed the radical lipid, which oxidized to produce a lipid peroxyl radical [4]. 
 
  The body can naturally forming antioxidants (as a response to the formation of free radicals) include 
super oxide dismustase (SOD). However, many sources prooxidant in the daily activities can lead to the 
production of free radicals in the body can be higher than an antioxidant that may occur by oxidative stress. 
Improved conditions of oxidative stress on the body can lead to various degenerative diseases (eg cancer, 
diabetes, hypertension, and heart). Therefore, it is necessary nutrition for the body of a functional food 
sources that contains antioxidants. The functional food expected to anticipate shortages and increase the 
activity of antioxidant enzymes SOD in the body [3,5,6].  
 
 Some experts explain that consuming cocoa beans processed products (and product derivatives) that 
contain antioxidants can provide health benefits. Antioxidant procyanidin (a dimer of catechin) of cocoa has 
been shown to have biological activity relevant to defense against free radicals (oxidants), vascular health, 
prevention of tumor, and immune function, as well as demonstrate protection against protein damage 
peroxynitrite-mediated vitro [7,8,9]. Other benefits are the improvement of cardiac function and relief of 
angina pectoris, nervous system stimulation, facilitate digestion and kidney and improve bowel function. In 
addition, cocoa has been used to treat anemia, mental fatigue, tuberculosis, fever, gout, kidney stones, and 
even sex drive [10,11]. Epidemiological data show that intake of cocoa daily, regularly reduces the risk of 
coronary heart disease, stroke and inversely related to cardiovascular risk and have a beneficial role in arterial 
function [12]. 
 
 Antioxidants in cocoa beans have decreased a lot during the process of post-harvest handling 
(primary processing) as well as the secondary processing. The levels of the antioxidant catechins in cocoa 
powder are only between 1-2% only [9].  The antioxidant catechins from the cocoa bean roasting process can 
be improved by vacuum [13]. Results reported that the evaluation of antioxidant activity using DPPH radical 
shown that increased antioxidants in beans or cocoa powder would cause an increase in antioxidant activity 
[14]. Based on that evaluation it is necessary to test further the antioxidant activity of cocoa powder using the 
In vivo animal experiments. The main emphasis the use of experimental animals, among others is to study the 
ability of antioxidants counteract free radicals in the metabolic system of living creatures [15]. 
 

MATERIALS AND METHODS 
 
Sample preparation 
 

Cocoa used in this study cocoa powder processed [16]. Dried cocoa seeds were collected from the 
plantation in Lasusua, North Kolaka, Southeast Sulawesi. The seeds were processed into powder using a 
hydraulic press, powder grinder, the 80-mesh screen, and some supporting tools. The cocoa powder was 
roasted using a vacuum frying device to obtain dried cocoa powder. 
 

The tools used for the analysis include scale analytic "Denver Instrument M 310", the glasses, 
spectrophotometers 20D Plus "LaboMed", UV mini-1240 "Shimadzu", cuvette,  micro-centrifuge "Jovan A14", 
micropipette "Soccorex", tip, vortex, tube 2ml, micro-hematocrit, incubators "WTB Binder", Shimadzu UV-
1601. For the maintenance of mice, among other tools used mouse cage, where to eat mice, rats drinking 
places, sawdust. Then, the apparatus used to make the rat feed were, among others, digital scales, basins, 
spatulas, measuring cups, meat grinder, trays, and cabinet dryer. 
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Stage In Vivo 
 

The experimental animals used were white rats (Rattus norvegicus) Wistar strain aged 2 -3 months 
weighing 150-250 grams [17]. Animal testing in healthy, active and kept in a cage with a period of adaptation 
one week before treatment is given. Furthermore, to create conditions of oxidative stress in rats is given intake 
of cooking oil (used oil that has repeatedly been used for frying). Used cooking oil is used as a source of free 
radicals due to cooking oil that has repeatedly been used had a peroxide value above 100 meq Kg-1. 
 

Mice were fed as much as 20 grams and drink water ad libitum. Standard feed made from Comfeed 
PARS and flour with a ratio of 2: 1 and the addition of cocoa powder according to treatment (10 and 20%). The 
added water mixture is then formed into pellets. Every day the rest of the feed mice weighed, and body weight 
of rats were weighed every three days.  

 
The treatment was done within 4 (four) groups, namely: (1) positive control group/control stress 

oxidative, giving cooking diet + standard feed for 6 weeks; (2) negative control group, giving a normal diet 
(food standard) for 6 weeks; (3) The treatment group used cooking diet Giving + standard + cocoa powder feed 
10% of the weight of feed for 6 weeks; (4) Provision of diet treatment group cooking oil + standard + cocoa 
powder feed 20% of the weight of feed for 6 weeks. Each treatment was repeated 5 times. 
 
Testing Activities of SOD and MDA levels 
 

Animals were then analyzed levels of MDA (malonaldehyde) and its SOD activity. MDA is the main 
product the result of free radical reactions with phospholipids, are abundant in the circulation and which are 
manufactured in constant proportion to the lipid peroxidation that occurs, so it is a good indicator to see the 
speed (rate) of lipid peroxidation in vivo [18,19]. The steps of the testing that is animal blood serum taken for 
analysis. Blood sampling is in retro orbital plexus of the eye. This analysis is done at weeks 0, 1, 2, 3, 4, 5, and 
6. The examination conducted by reacting blood serum-reagent, such as TCA, Na-Thio, HCl, and distilled water 
with a specific composition. Total MDA analyzed using spectrophotometric method at a wavelength of 532 nm 
[20,21]. 
 

RESULTS AND DISCUSSION 
 

Data showed that the dried cocoa beans contain catechins 3.20% and decreased into 2.90% after 
processed into nib (cocoa nib). After the cocoa nib roasting into a powder, the catechins levels increased to 
5.1% (13-Tamrin et al., 2012). Based on the results of animal studies using a strain of Wistar rats treated cocoa 
powder, MDA of blood serum of mice in the fifth week showed different levels as shown in Figure 1.  
 

 
 

Figure 1: MDA levels of blood serum of Wistar rats at week 5 
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Figure 1 shows that the mice were conditioned in oxidative stress and untreated cocoa powder seems 
to have the highest levels of MDA than the other three groups of mice. The condition describes the content of 
free radicals used cooking oil is very high. The peroxide value from waste cooking oil ranged from 101.04 to 
106.39 Meq kg-1 [17]. The high peroxide value is an indicator of damage to the used cooking oil, which 
supports the formation of free radicals, which can cause oxidative stress and if prolonged oxidative stress can 
cause tissue damage [22]. MDA is one of the aldehyde compounds resulting from the breakdown of lipid 
peroxides. Lipid peroxides are the result of a free radical oxidation reaction with the lipid membrane in the cell 
tissues of the body or with acid-unsaturated fatty acids, which form the end product MDA. Therefore, MDA is 
the end product of lipid peroxides in the body due to the presence of free radical reactions.  Free radicals are 
reactive molecules with unpaired electrons and are produced continuously in the cell, either intentionally or as 
a byproduct of metabolism. The series of oxidation-reduction reactions in the transformation of the 
metabolism of proteins, carbohydrates,  and fats in the mitochondrion called oxidative phosphorylation. The 
results of products such as oxygen and its derivatives such as superoxide and hydroxyl radicals [6,23,24]. 
 

It in conditions of excessive free radicals is very dangerous because it can cause damage or 
abnormalities in both biochemical and physiological processes in the cell. The condition can lead to metabolic 
aberrations that can lead to damage and cell death. Even under conditions of free radicals can damage DNA, 
proteins, and fats that can lead to some degenerative diseases in humans and animals [2,25]. 
 

Based on Figure 1 also shows that the addition of cocoa powder of 10% and 20% in the diet of mice 
provides changes to the levels of MDA are formed. The addition of 10% cocoa powder showed decreased 
levels of MDA thus approaching the body tissues of normal mice (without treatment used cooking oil). The 
data illustrate the antioxidants in cocoa powder could inhibit free-radical oxidation of waste cooking oil so that 
the formation of MDA is also inhibited. Furthermore, the addition of 20% cocoa powder feed on mice showed 
lower levels of MDA from the group with the addition of cocoa powder of 10% and a group of normal mice. 
This condition could indicate increased levels of cocoa powder in feed mice also increase the levels of 
antioxidants. In conditions of a high antioxidant number of hydroxyl groups alleged to be higher, so the ability 
to stabilize free radicals in the body tissues of mice was higher than 10% cocoa powder levels. 
 

In addition to inhibiting free radical reactions, the cocoa powder containing antioxidants also affect 
the levels of superoxide dismutase (SOD) in the body tissues of mice. SOD is an intracellular enzymatic 
antioxidant. That play an important role in the protection of cells against oxidative stress, ROS, and indirectly 
to maintain the balance of some toxic oxygen species [22,25,26,27]. The SOD is mostly working intracellular 
mitochondria and the cell cytoplasm. SOD parse highly reactive superoxide anions into hydrogen peroxide 
(H2O2) and oxygen. In humans, there are three forms of the enzyme Cu, ZnSOD, EC-SOD, and MnSOD. While 
red blood cells (erythrocytes) contain only human Cu, which acts as an enzyme ZnSOD first-line defense 
against ROS [28]. In detail, SOD content data based on the analysis of blood serum of experimental animals can 
be seen in Figures 2 and 3. 

 

 
 

Figure 2: Levels of SOD from blood serum Wistar rats at week V 
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Figure 2 shows that the group of mice treated with cooking oil without the addition of cocoa powder 
revealed that SOD levels low. Low levels of SOD describe the low activity of SOD enzyme. It can be a proof of 
the high oxidative stress by excessive free radical production. The conditions suppress the SOD enzyme, so it is 
not able to eliminate many free radicals are formed. Thus, it assumed that if the high oxidative stress will 
increase lipid oxidation marker. Lipid peroxide is a marker of oxidative damage (oxidative injury) presented 
with elevated levels of MDA. This is supported by the data in Figure 1 which shows the levels of MDA in groups 
of mice treated with cooking oil without the addition of cocoa powder is very high compared to the other 
three groups of mice that is 55.25 ng / mL in the fifth week. In conditions of high levels, MDA as a toxic 
compound may disrupt membrane integrity and cell function, which further causes cell damage [29]. 
 

Figure 2 also shows that the group of mice treated with the addition of cocoa powder 10 and 20% in 
the feed have higher SOD levels of a group of normal mice (without treatment). It can be a picture of the 
influence of cocoa powder is added to the feed to the activity of SOD mice. SOD activity can be judged by its 
ability to inhibit the reaction catalyzed by superoxide radicals. The activity of an enzyme (SOD) is proportional 
with concentration of the enzyme [30,31].  In Figure 2 is seen that in the group of rats that feed is added 20% 
cocoa powder had the highest levels of SOD. The conditions reinforce the notion that the high levels of 
nutrients (including antioxidants) in feed can increase the activity of SOD enzymes in the body tissues of mice. 
Other research reported that a high nutrient could increase the activity of SOD [32]. The high activity of SOD 
enzymes provides the maximum ability to catalyze the change of superoxide into hydrogen peroxide and 
oxygen to inhibit the formation of MDA. This is corroborated by the low levels of MDA are formed in groups of 
mice treated with the addition of cocoa powder of 20% (Figure 1). 
 

The addition of the cocoa powder in feed mice turned out to provide an increase in SOD enzyme 
activity after a period of six weeks. The increase was exceeded increased activity of SOD in the group of normal 
mice, and a group of rats treated used cooking oil. In detail, SOD from blood serum of mice after six weeks of 
the maintenance period can be seen in Figure 3. 

 

 
 

Figure 3: Levels of SOD from blood serum Wistar rats at week VI 
 

Based on Figure 3 is known that increased levels of SOD in the group of rats treated used cooking oil 
also increased so that the level is approaching the levels of SOD group of normal mice.  This increase probably 
caused in the sixth week of the effects of free radical activity of used-cooking oils has decreased so slowly been 
able to overcome the body's immune system started normal mice with metabolic conditions. The same thing 
may also happen in groups of mice with the addition of cocoa powder of 10% and 20% as shown in Figure 3. 
According to Figure 3 can also be explained that the process of recovery of the metabolism of the effect of free 
radical activity can be faster with the addition of cocoa powder in feed mouse. Speed the recovery process 
faster allegedly took place at a level higher cocoa powder. Such conditions can be seen in Figure 3,  the activity 
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of SOD in the addition of the cocoa powder is 20% higher than the addition of 10%, although the difference 
SOD relatively little of both these treatments, but the data can be highlighted the importance of the intake of 
foods that contain antioxidants and their role in inhibiting the overproduction of free radicals in the body 
 

CONCLUSIONS 
 

Based on the above it can be concluded that the addition of cocoa powder on rats feed can reduce 
levels of MDA and increase SOD. The addition of the cocoa powder content of 20% can decrease MDA and 
increase SOD was higher than 10% cocoa powder. 
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