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Introduction 

Free radicals can occur through the environment (external sources) or through natural physiological processes. 

It can be produced externally as a result of stress, diet,  smoking,  inflammation, ozone, exercise, drugs, alcohol 

air pollutants, industrial chemicals, and exposure to X-rays and sunlight. Free radicals, of which there are many 

types. However, the most common in aerobic (oxygen breathing) organisms are Reactive Oxygen Species 

(ROS), which are oxygen free radicals. Examples include hydroxyl, superoxide anion, singlet oxygen and 

hydrogen peroxide. Superoxide radical is taken into account of a primary ROS because it is generated in 

mitochondria by electron escape from the ETS (electron transport chain) to molecular oxygen in oxidative 

phosphorylation [1]. The addition of an electron to dioxygen forms the superoxide anion radical (O·̄2). 

Superoxide, usually known radical in biological systems, is produced largely in the mitochondria organelle of 

the cell. Mitochondria perform the task of energy production and cellular respiration through the "electron 

transport chain" mechanism. Electrons produce chemical energy by transferring from one molecule to another 

in the ETS. Oxygen, which is ranked last in the ETS. Some of the electrons leaking from the ETS react with 

oxygen to compose superoxide radicals [2-3]. Approximately 3% of the oxygen in the mitochondria is 

transformed to superoxide [4-5]. Mitochondrial DNA (mtDNA) is the basic place of radical oxygen injury 

from superoxide. Although cells can repair most nuclear DNA damage, they cannot easily repair mtDNA 

damage, and over time mtDNA injury gatheres in cells and closes mitochondria. This causes cells to die and 

the organism to age [1]. However, superoxide radical is also generated by phagocytes to kill pathogens during 

infection. Superoxide radicals can be produced by both enzymatic and non-enzymatic pathways. 

Superoxide radicals, which are radicals, are relatively unreactive with biological molecules such as lipids, 

proteins and DNA. Under physiological situation, the superoxide radical usually exists largely as the radical 

anion (O·2̄) and in a very small proportion (0.6%)  as the hydroperoxyl radical (HOO·) [6]. Superoxide radicals 

do not interact straight with DNA Radical anion can be occured in biological systems as a result of thiol 

mediated mending of radicals by thiols, outcomes in the occurring of thiyl radicals [7]. Hydrogen peroxide 

(H2O2) is a non-free radical, oxidizing agent generated by the two electron reduction of oxygen (O2). Hydrogen 
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ABSTRACT 

In this study, common tests such as 2,2-diphenyl-l-picrylhydrazyl (DPPH) assay, 

hydrogen peroxide (H2O2) and superoxide anion (O·̄2 ) radical scavenging activity were 

exerted to measure the antioxidant activities of L-carnitine, Coenzyme Q10 (Co-Q10) and 

β-carotene dietary supplements. Antiradical and antioxidant capacities were evaluated 

comparatively with these tests. The highest free radical scavenging activity was observed 

in β-carotene (H2O2 73%; O·̄2 69%), while the lowest activity was recorded in L-carnitine 

(H2O2 59%; O·̄2 67%). The radical scavenging activity of these dietary supplements was 

discovered to be significantly different from each other (P < 0,05). The antiradical 

activities of these dietary supplements were measured colorimetrically based on their 

DPPH radical scavenging ability. At the end of the incubation period (30 minutes), the 

effective concentration (EC50) values of β-carotene, Co-Q10, L-carnitine and methanol 

solutions were measured as 10.060, 28.990 and 146.682 μg/mL, respectively. These 

results demonstrate the potent antioxidant and antiradical activities of all three dietary 

supplements compared to ascorbic acid (standard). It can only be said that the antiradical 

activity of L-carnitine is lower than the others, suggesting that this may be due to kinetic 

behavior.  

KEY WORDS 

Antioxidant,  

β-carotene,  

DPPH,  

Coenzyme Q10,  

L-carnitine 

 

ARTICLE HISTORY 

Received 

18 October 2024  

Accepted  

17 December 2024 

 

https://doi.org/10.38001/ijlsb.1569828
https://www.researchgate.net/profile/Stephen-Phipps-2/publication/237263042_Assessing_Antioxidant_Activity_in_Botanicals_and_Other_Dietary_Supplements/links/0046353c95de00448e000000/Assessing-Antioxidant-Activity-in-Botanicals-and-Other-Dietary-Supplements.pdf
mailto:yozkan52@gmail.com
https://orcid.org/0000-0001-8740-1162


Kaya et al.  / International Journal of Life Sciences and Biotechnology, 2025 8(1): p. 45-50 

46 
 

peroxide can produce OH (hydroxyl) through the fenton reaction in existence molecular oxygen (O2) and 

transition metal ions. Superoxide and hydrogen peroxide are the two main ROS, which form other radicals 

such as the hydroxyl radical and peroxynitrite. DPPH is a stable free radical discovered by Blois method [8]. 

In the DPPH method, the antioxidant capacity is evaluated by measuring the DPPH radical scavenging capacity 

of antioxidants spectrophotometrically. Supplements are widely used today to protect against various diseases, 

to strengthen the immune system and for supportive and complementary treatment. The most notable of these 

supplements are Coenzyme Q10 (Co-Q10), β-carotene and L-carnitine. Each of these has its own specific 

purpose. Co-Q10, also known as ubiquinone, is a lipid-soluble (lipophilic) intracellular antioxidant that delays 

aging, improves human immunity, increases body resistance and vitality, reduces oxidative stress in coronary 

artery disease, and increases antioxidant enzyme activity [9-10]. Co-Q10 is synthesized internally in the human 

and acting an important role in the formation of cellular respiration in the mitochondria for the production of 

ATP (adenosine triphosphate). It protects proteins (mitochondrial), cholesterol (low-density lipoprotein) and 

phospholipids (membrane) from oxidative cell damage caused by free radicals [11]. Co-Q10 behaves as an 

intracellular antioxidant by behaving as the main quenching of free radicals and reactive oxygen species. β-

carotene is one of more than 600 naturally occurring compounds called carotenoids. Carotenoids are pigments 

that assist in photosynthesis in plants. The antioxidant effect of β-carotene is based on its capability to 

quenching peroxyl radicals and quench singlet oxygen [12-13]. It protects lipids from free radical oxidation 

by binding to aggressive peroxyl free radicals. They can terminate oxidation chain reactions [14-15]. L-

carnitine has significant physiological duty ATP manufacturing in peripheral tissues and in carrying long chain 

fatty acids over the internal mitochondrial membrane for β-oxidation [16-17]. L-carnitine, obtained from both 

dietary and internally biosynthesis, is an significant co-factor of peroxisomal oxidation of long-chain fatty 

acids and has significant duties in the regulation and intermediary metabolism of neural functions in humans 

[18].The objective of this study is to comparatively appraise the antioxidant capacities of antioxidant 

supplements such as Co-Q10, l-carnitine and β-carotene, which are used by consumers to protect their general 

health and support their immunity. 

Material and Methods 

Material 

Ministry of Agriculture and Forestry approved L-carnitine (500 mg per tablet), Coenzyme Q10 (30 mg per 

tablet), Beta Caroten capsules (7 mg per tablet) were commercially obtained from Solgar . 

Sample Preparation  

L-carnitine, Co-Q10 (ubiquinone) and β-carotene tablets were homogenized by mortar and pestle. Each 100 

mg of homogenized sample was dissolved by incubating in methanol (1:100 ml ratio) for DPPH analysis and 

in ultrapure water (UPW)  for superoxide anion radical and hydrogen peroxide scavenging activity for 24 hours 

in a dark medium. At the end of this period, these specimens were centrifuged (1800 rpm, 20 min) and the 

supernatant was collected for analysis. 

DPPH (2,2-diphenyl-l-picrylhydrazyl) free radical scavenging activity 

Free radical scavenging activities of Co-Q10, L-carnitine and β-carotene were measured against  DPPH (2,2-

diphenyl-1-picrylhydrazyl) [19]. DPPH is a stable free radical that absorbs at 517 nm, and its absorption 

decreases when reduced with antioxidants. Briefly, 2 mL of methanol solutions of supplements prepared at 

different concentrations (5 μg/mL, 10 μg/mL, 20 μg/mL, 40 μg/mL, 80 μg/mL, 160 μg/mL, 320 μg/mL, 640 

μg/mL and 1280 μg/mL) were combined with DPPH (3 mL) also prepared in methanol. For the reaction, the 

solutions were incubated in the dark for 30 minutes. Then, absorbance values of the solutions were taken at 

517 nm using a spectrophotometer against the DPPH only solution (blank solution). % inhibition activity was 

calculated according to the equation [(%)=[(Acontrol−Asample/Acontrol)×100]. Then, % inhibition was 

drawn against concentration and EC50 was reckoned  from this graph. EC50 values express the concentration at 

which 50% of radicals are scavenged by antioxidants, with lower EC50 values indicating higher antioxidant 

capacity. In this study, L-ascorbic acid was employed as the standard antioxidant. 

Hydrogen peroxide scavenging activity 

H2O2 scavenging capability of Co-Q10, L-carnitine and β-carotene was identified by the method of Ruch et al. 

[20]. For this purpose, 40 mM H2O2 solution was made in pH 7.4 PBS (phosphate buffer). 0.6 mL of H2O2 was 

added to Co-Q10, L-carnitine and β-carotene at a concentration of 80 μg/mL. The spectrophotometer 

absorbance of the reaction mixture was taken at 230 nm after 10 min. PBS was employed as a blank and L-

ascorbic acid was employed as a standard. The H2O2 clearance percentage of supplements and the standard 

was calculated according to the equation [(%Cleaned H2O)=[(Acontrol−Assample/Acontrol)×100]. 

Superoxide anion radical scavenging activity  
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O·2̄ scavenging activity of Co-Q10, L-carnitine and β-carotene was measured according to the procedure 

specified by Nishikimi et al. [21]. Superoxide radicals are formed as a result of the oxidation of NADH and 

the analysis is based on the reduction of nitroblue tetrazolium (NBT). Briefly, superoxide radicals were 

produced by mixing 1 ml of NBT solution that was prepared with 156 μM NBT in 100 mM PBS at pH 8.0, 1 

ml of NADH solution that was prepared with 468 μM NADH in 100 mM PBS at pH 8.0, and 0.1 ml of 

supplements solution. To initiate the reaction, 100 μl of PMS solution, which was prepared with 60 μM PMS 

in 100 mM PBS at pH 8.0, was added to the mixture. These reaction mixture was kept at 24°C for 7 min and 

the absorbance at 560 nm was read against blank. L-Ascorbic acid was employed as control. The reducing 

absorbance of the reaction mixture stated rising superoxide anion scavenging activity. Percent inhibition of 

superoxide anion formation by supplements and standards was calculated according to the equation [(% 

SOSA)=[(Acontrol−Asample/Acontrol)×100]. Blank, in which NBT + NADH + PMS solution without 

supplement was used.    

Statistical Analysis  

The results obtained were given as mean. Significant differences were defined by one-way analysis of variance 

(ANOVA) employing the SPSS 26.0 statistical package program. Differences were accepted as significant at 

the 0.05 level (P < 0.05). All experiments were repeated at least three times. 

Results and Discussion 

Scanning electron analysis results 

The O·2̄ (superoxide anion radical) is a poor oxidant. However, it is quite toxic (dangerous) and causes 

oxidative stress by causing the manufacture of singlet oxygen and hydroxyl radicals, which are stronger [22]. 

Enzymatic reactions in the xanthine oxidase system can produce superoxide anion radical. Hydrogen peroxide 

(H2O2) radical can be produced in organisms by reactions catalyzed by superoxide dismutase (SOD) and many 

oxidizing enzymes (glucose oxidase, xanthine oxidase and other oxidases). Since the H2O2 formed is 

uncharged, it can pass through biological membranes and oxidize many biomolecules.  However, this oxidation 

is very slow because the reaction kinetics are slow, which makes it possible for them to accumulate in large 

quantities [23]. The radical quenching abilities of antioxidant compounds are generally related to their potential 

to generate stable radicals. In this study, the ability of Co-Q10, L-carnitine and β-carotene to scavenge 

hydrogen peroxide and superoxide anion is demonstrated in Figure 1. The ability of these supplements to 

scavenge H2O2 and O·2̄ was measured in comparison to the standard antioxidant ascorbic acid. At the same 

concentrations (80 μg/mL), the O·2̄ and H2O2 scavenging activities (%) of L-carnitine, Co-Q10, and β-carotene 

and ascorbic acid were 67, 69, 69, 81 and 59, 71, 73, 84, respectively. These results showed that these three 

supplements have effective superoxide anion radical and hydrogen peroxide scavenging activity and have 

statistically significant different scavenging effects from each other (P < 0.05). At concentrations of 80 μg/mL, 

the O·2̄ scavenging effect of the supplements and the standard declined in the order of ascorbic acid > Co-Q10 

and β-carotene > L-carnitine. H2O2 scavenging effect declined in the order of ascorbic acid >β-carotene > Co-

Q10 > L-carnitine. 
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Fig 1 Comparison of O·2̄ and H2O2 radical scavenging activity of Co-Q10, L-carnitine, β-carotene and ascorbic 

acid at 80 μg/mL concentration. Lower case letters (a,b and c) indicated that the concentrations for each 

supplements are significantly different from each other according to Tukey's HSD test (P < 0.05). 

 

Again, the antioxidant activities of supplements such as L-carnitine, Co-Q10, and β-carotene in the DPPH test 

with different concentrations of standard antioxidant (ascorbic acid) and regression EC50 values were 

calculated. The results of the DPPH analysis are expressed as EC50, the value corresponding to the antioxidant 

concentration necessary to drop the early concentration of the DPPH radical by 50% [24]. 

 

 
 

Fig 2 Relationship between Co-Q10, Ascorbic acid, L-carnitine and β-carotene supplement at increasing 

concentrations and DPPH free radical scavenging activity 

 

In Figure 2, the antioxidant activities of the supplements at changing concentrations (5, 10, 20, 40 and 80 

μg/ml) were tested using the DPPH method. In the DPPH assay, antioxidants (i.e., molecules that can donate 

electrons or hydrogen) colorimetrically drop the purple stable radical DPPH to the yellowish DPPH2 

(diphenyl-picrylhydrazine). DPPH gives strong absorption at 517 nm due to unpaired electron. When the 

radical pairs its unpaired electron in the presence of antioxidant (hydrogen donor), its absorption decreases and 

its purple color turns into yellow. In other words, the lower the absorption, the higher the antioxidant activity. 

In our study, it was witnessed that the free radical scavenging activity of Co-Q10, L-carnitine and β-carotene 

antioxidants changed depending on the concentration change. When the DPPH radical scavenging efficiency 

of the supplements was tested, β-carotene, Co-Q10 and L-carnitine showed DPPH free radical scavenging 

efficiency of 74%, 70% and 48% at 80 μg/ml. 

 

Table 1 Co-Q10, L-carnitine, β-carotene and ascorbic acid EC50 values 

Samples EC50 

Ascorbic acid 5.424 μg/mL 

β-carotene 10.060 μg/mL 

Co-Q10 28.990 μg/mL 

L-carnitine 146.682 μg/mL 

 

In the present study, the antiradical activity effective concentrations (EC50) of Co-Q10, L-carnitine and β-

carotene were calculated and expressed in Table 1. The EC50 value is a very useful measurement parameter for 

evaluating antioxidant potential [25]. However, the non-linear relationship between antiradical activity and 

antioxidant concentration in the calculation of EC50 values makes the EC50 calculation somewhat difficult. The 

R2 values in our study being between 0.9553 that is, very close to 1, indicate that the calibration ranges are 

https://academic.oup.com/nutritionreviews/article-abstract/57/9/263/1860781
https://academic.oup.com/nutritionreviews/article-abstract/57/9/263/1860781
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quite linear. In general, the lower the EC50 value, the less antioxidant is needed to scavenge DPPH radicals, 

indicating the radical scavenging effect of the antioxidant. Of these supplements, β-carotene and Co-Q10 

appear to have relatively high antiradical activity compared to L-carnitine. In addition, although the R2 

(0.9315) value of L-carnitine is high, the linear link between its the percentage of inhibition and concentration 

is limited. This is clearly seen when we look at Figure 2. For L-carnitine, the Max. concentration (80 μg/ml) 

needs to be increased to obtain a better result and a non-linear relationship is likely to occur with increasing 

concentration. A similar situation has been observed in previous studies. For example, in one study, researchers 

reported that the maximum concentration should demonstrate 670 percent radical scavenging efficiency for 

the results to be more satisfactory [26]. In a different study, a linear relationship was demonstrated to link 

antioxidant concentration and percent inhibition in a limited concentration range [27]. 

DPPH is on a large scale employed to estimate the free radical scavenging efficiency of diverse antioxidant 

substances. Some of these studies are as follows; To evaluate the O·2̄  radical scavenging activity of Vaccinium 

myrtillus L. (blueberry), natural antioxidants vitamin C, phenolic acids and flavonoids found in V. myrtillus 

were separated by solid phase extraction. These antioxidants have been shown to have very strong free radical 

quenching capacities as a result of the superoxide anion free radical test [28]. In the study investigating the 

role of Coenzyme Q10 in improving the harmful effects of oxidative stress caused by high doses of H2O2, it 

was noted that the oxidative stress effect caused by H2O2 could be reduced by the application of Coenzyme 

Q10 [29]. The antioxidant properties of L-carnitine was researched in vitro using the DPPH test, H2O2 and O·2̄ 

scavenging activities. As a result, it was found that L-carnitine has strong H2O2 and O·2̄ scavenging activities. 

Its EC50 for DPPH is very high compared to acarbic acid. Therefore, it cannot be said that L-carnitine has 

strong DPPH scavenging activity. [30]. In the study researching the link between plasma L-carnitine amount 

and antioxidant effects, it was noted that L-carnitine increased the capacities of total antioxidant and 

antioxidant enzymes capacity in healthy individuals. As a result, researchers have suggested that it can be used 

as a complementary treatment in chronic diseases that cause oxidative stress [31]. In another study, L-carnitine 

and its effects on antioxidant status and lipid peroxidation were examined in the liver, kidneys, and blood of 

aged and young rats. L-carnitine has been shown to improve over time the excessively elevated lipid peroxides 

and excessively decreased antioxidants in elderly individuals [32]. Researchers have highlighted that carnitine 

is highly effective in normalizing age-related antioxidant status and lipid peroxidation and in regressing age-

related disorders of free radicals [32]. In a study evaluating the potential protective effect of L-carnitine, it was 

shown to be effective in reducing some biochemical and hematological changes and chromosomal damage 

induced by free radicals caused by radiation in mice [33].   

 

Conclusion 

According to the results of the study, commercially available Co-Q10, L-carnitine and β-carotene supplements 

were found to be effective antioxidants in decreasing power, DPPH radical and H2O2 and O·2̄  scavenging 

activity assays when encounter with standard antioxidant compounds such as ascorbic acid. 
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