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Introduction

Conjugated linoleic acids (CLAs) are dietary fatty acids 
produced by ruminant animals and have been shown in 
vivo and in vitro to exhibit anti-carcinogenic effect (Guo 
et al., 2007; Seo et al., 2008). Conjugated linoleic acids are 
unique, because they are present in food from animal 
sources such as dairy foods and meats, while the major-
ity of naturally occurring substances that have been dem-
onstrated to have anti-carcinogenic activity are of plant 
origin. Furthermore, CLAs have also many other impor-
tant properties that regulate physiological and metabolic 

responses such as antidiabetic (Belury et al., 2003), anti-
atherogenic (Valeille et al., 2006), anti-obesity (Lee et al., 
2006), and have immune system enhancement effects 
(Ntambi et al., 2002).

Antioxidant activities including free radical scaveng-
ing capacity, may give more explanations for CLA ben-
eficial effects, even though the mechanisms which are 
responsible for these beneficial effects of CLA are still 
unclear (Yu, 2001; Leung & Liu, 2000). Various forms 
of CLA isomers were found in food content and animal 
products. Evidence has indicated that cis-9, trans-11 and 
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Context: Conjugated linoleic acids (CLAs) are a mixture of positional and geometric isomers of linoleic acid (LA) and 
believed to have many positive biological activities.

Objective: The present study was undertaken to assess the antioxidant activity of cis-9, trans-11 and trans-10, cis-12 as 
single or mixed CLA isomers at two ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11).

Materials and methods: A microplate reader was used to determine the free radical scavenging properties of CLAs 
against DPPH radical in ethanol.

Results: The kinetic reactions of CLA-DPPH• showed that all tested CLAs have exerted radical scavenging activities in 
a dose-dependent manner and observed to immediately react and quench DPPH radicals at all tested levels and no 
lag phase was noticed in CLA-DPPH• reactions. The median inhibitory concentration (IC50) value for cis-9, trans-11 CLA 
was observed to be more effective than other tested CLA. Total antioxidant capacity (TAC) of all tested CLAs were less 
effective radical scavengers as compared to vitamin E and butylated hydroxytoluene, although all tested CLAs were 
quenched a high amount (P < 0.05) of DPPH free radicals. 
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system, suggesting that the free radical scavenging activity of CLA isomers may contribute to their diverse biological 
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trans-10, cis-12 CLA isomers and the mixture between 
them may contribute differently to their beneficial effects 
and may act in a different way in the biological systems 
(Pariza et al., 2000).

Park and others (1999) reported that trans-10, cis-12 
CLA was more effective than cis-9, trans-11 CLA in 
changing body composition by reducing body fat and 
enhancing body water, protein and ash in mice. In 
another study, trans-10, cis-12 CLA showed a higher 
activity than the mixture isomers of CLA in reducing 
incorporation of fatty acids into cell triglycerides and 
inducing apoptosis, demonstrating that trans-10, cis-12 
CLA is a major anti-adipogenic isomer of CLA. In addi-
tion, trans-10, cis-12 CLA was observed to be more effec-
tive in suppressing hepatic triglycerides secretion than 
cis-9, trans-11 CLA in Hep G2 cell cultures (Lin et al., 
2001). Moreover, trans-10, cis-12 CLA showed a strong 
antioxidant at concentration 2–20 µM as compared to 
cis-9, trans-11 CLA or α-tocopherol, while cis-9, trans-11 
CLA possessed a weak antioxidant activity under the 
same concentrations (Leung et al., 2000).

In contrast, cis-9, trans-11 CLA showed a higher activ-
ity than trans-10, cis-12 CLA and the mixture of these 
two CLA isomers in inducing hepatic peroxisome pro-
liferation in Sprague-Dawley rats (Moya et al., 1999). In 
another study, cis-9, trans-11 was more effective than 
trans-10, cis-12 CLA in enhancing the growth of young 
rodents (Pariza et al., 2000). Furthermore, cis-9, trans-11 
CLA was chosen over trans-10, cis-12 CLA incorporation 
into tissue lipids (Martin et al., 2000).

The mixture of cis-9, trans-11 and trans-10, cis-12 CLA 
isomers was found to possess higher biological activity 
than the individual CLA isomers. Truitt and collabora-
tors (1999), reported that a mixture of cis-9, trans-11 and 
trans-10, cis-12 CLA isomers was more effective than 
either cis-9, trans-11 CLA or trans-10, cis-12 CLA as anti-
aggregatory in induced human platelet aggregation. It 
was also observed that the mixture of CLA isomers had 
a greater inhibitory activity for platelet cyclooxygenase 
than either cis-9, trans-11 CLA or trans-10, cis-12 CLA as 
measured by [14C] thromboxane B2 formation.

Therefore, the general objective of this study was 
to determine the free radical scavenging properties of 
trans-10, cis-12 and cis-9, trans-11 as single or mixed CLA 
isomers at two selected ratios, 1:6 and 1:13 (trans-10, cis-12/ 
cis-9, trans-11), against the stable 2,2-diphenyl-1-picryhy-
drazyl radical (DPPH) in ethanol. Since the milk fat from 
the ruminant is considered as the main source of CLA, 
these two ratios of CLA isomers were obtained previously 
from cow milk fat of Mafriwal and Jersey breeds that can 
be provided naturally for human consumption. Moreover, 
the specific objectives of the present study were:

to assess the kinetics of selected CLA isomers against •	
DPPH radicals.
to determine the median inhibitory concentration •	
(IC

50
) of selected CLA isomers on DPPH free radical.

to estimate and compare the total antioxidant capac-•	
ity (TAC) of CLA with selected antioxidants.

Materials and methods

DPPH radical scavenging assay
The DPPH assay was carried out using a developed 
method that was used by She et al. (2010) with slight 
modification. Solution of 500 µM DPPH free radical 
was prepared by dissolving DPPH (Sigma Chemical 
Co., USA) in 99% ethanol (Sigma Chemical Co., USA) 
with hard shaking and then allowed to stand for 30 min 
in the dark at room temperature. The reactions of 
DPPH free radical with tested materials were carried 
out in a 96-well microplate and the absorbance at 
517 nm was set using a microplate reader (ASYS UVM 
340, Austria). A sample reaction well containing 100 
µL of CLA isomers was added with 100 µL of 500 µM 
DPPH free radical solution. DPPH free radical solution 
was added to each tested sample in microplate to ini-
tiate the reaction between the antioxidant and DPPH 
radical. Absorption was red at 517 nm immediately 
after the addition of DPPH free radical solution on 
the microplate wells. An absorption reading at 517 nm 
was also established for a mixture of 100 µL of solvent 
(ethanol) and 100 µL of 500 µM DPPH free radical solu-
tions as a control. All samples were analyzed at least in 
triplicate, and fresh DPPH free radical stock solution 
was prepared daily.

Kinetics of CLA-radical reactions
The kinetic reactions of CLAs against the stable 2,2-
diphenyl-1-picrylhydrazyl radical (DPPH•) in ethanol 
were determined by measuring the disappearances of 
DPPH radicals in the reaction mixtures in using the 
developed method of Yu (2001). Six concentrations 
(2.5, 5, 10, 20, 40 and 80 mg/mL ethanol) of trans-10, 
cis-12 (purity ≥ 98%) (Cayman Chemical Ltd, USA) and 
cis-9, trans-11 (purity ≥ 96%) CLA isomers (Cayman 
Chemical Ltd, USA) and the selected two mixtures of 
CLA were used in the kinetic study. CLA solution (100 
µL) was mixed into 100 µL of 500 µM DPPH• ethanol 
solution. Absorbance at 517 nm was measured for each 
reaction mixture against an ethanol blank at 0, 5, 10, 
20, 40, 80, 160, 320, and 1400 min. The reaction of CLA-
DPPH• was obtained by plotting the remaining amount 
of DPPH• against time at each level to demonstrate the 
kinetic properties of CLA isomers and the mixtures. 
The values of % DPPH• remaining at different reaction 
times for various levels of CLA were obtained using the 
following formula:

% DPPH• remaining = (A sample/A control) × 100

 Where:
A sample = absorbance of the certain concentration of 

a selected antioxidant (CLA-DPPH•) at 517 nm measured 
at certain reaction time.

A control = absorbance of the control (DPPH•) at 
517 nm measured at certain reaction time.
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Median inhibitory concentration (IC
50

) quantification
The IC

50
 of trans-10, cis-12 and cis-9, trans-11 CLA 

isomers as single or mixed at two ratios, 1:6 and 1:13 
(trans-10, cis-12/cis-9, trans-11) were determined by 
plotting the percent DPPH• remaining at steady state of 
the reaction against the corresponding CLA concentra-
tion. Then, from concentration-response curve for each 
tested CLA, the IC

50
 values were obtained by using the 

following formula:

(50% – A%) / (B% – 50%) = (X–CA) / (CB–X)

 Where:
A% = the % inhibition immediately above 50%.
B% = the % inhibition immediately below 50%.
CA = the concentration with the % inhibition immedi-

ately above 50%.
CB = the concentration with the % inhibition immedi-

ately below 50%.
X = IC

50
 value.

Total antioxidant capacity quantification
Total antioxidant capacity (TAC) of trans-10, cis-12 and 
cis-9, trans-11CLA isomers as single or mixed at two 
ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) 
CLA was estimated and compared to vitamin E (Sigma 
Chemical Co., USA) and butylated hydroxytoluene 
(BHT) (Sigma Chemical Co., USA) according to the 
method described by Winston et al. (1998) using the 
stable 2,2-diphenyl-1-picryhydrazyl radical (DPPH•). 
500 µM DPPH• solution (100 µL) were added into 100 µL 
of ethanol solutions of vitamin E, BHT, trans-10, cis-12 
CLA, cis-9, trans-11 CLA and the selected two combina-
tions of trans-10, cis-12 and cis-9, trans-11CLA isomers 
at ratios 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) to 
start the reaction. The final concentration was 50 mM for 
each test compound except for the control containing 
pure ethanol according to the method described by Yu 
(2001). All tests were conducted at room temperature in 
triplicate and the absorbance at 517 nm was measured 
by using a microplate reader. The area under the kinetic 
curve for each tested compound and the control against 
the time was calculated by integration. Then, total anti-
oxidant capacity (TAC) was determined according to the 
following formula:

TAC =100 – (∫ SA/∫ CA × 100)

 Where:
∫ SA = the integrated areas of the curve defining the 

sample reactions.
∫ CA = the integrated areas of the curve defining the 

control reactions.

Statistic analysis
Data were reported as mean ± Standard error (SE) and 
differences among the mean (n = 3) of tested compounds 
were determined by using Kruskal-Wallis H test and one-
way analysis of variance (ANOVA) after verification of the 
normal distribution of the data followed by Tukey post 

test. All statistical tests were performed by using SPSS 15 
software package (SPSS, 2006). Significant differences 
were tested at P < 0.05 level.

Results

Kinetics of CLA-radical reaction
The kinetic reactions of trans-10, cis-12 and cis-9, trans-11 
single CLA isomers against the stable 2,2-diphenyl-1-
picryhydrazyl radical (DPPH•) in ethanol are shown in 
Figure 1, while the kinetic reactions of mixed CLA iso-
mers against DPPH free radical at ratios 1:6 and 1:13 of 
trans-10, cis-12/cis-9, trans-11 CLAs are shown in Figure 
2. The free radical scavenging activity of trans-10, cis-12 
and cis-9, trans-11 CLA isomers as single or mixed at two 
ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) CLA 
was detected at all tested concentrations, and the lowest 
concentration was 2.5 mg of CLA/mL in ethanol. Dose 
and time dependence were observed under the same 
testing conditions. The higher concentration of CLA at 
80 mg/mL was more effective in quenching free radicals 
than other tested concentrations in the system. All tested 
CLAs immediately reacted and quenched DPPH free 
radicals at all tested concentrations without exhibiting 
any lag phase in CLA-DPPH• reactions.

Median inhibitory concentration (IC
50

) of CLAs
The inhibition percent of DPPH• at steady state against 
the corresponding concentrations of trans-10, cis-12 and 
cis-9, trans-11 CLA isomers as single or mixed at the two 
tested ratios is shown in Figure 3. The IC

50
 value for cis-9, 

trans-11 CLA (11.1 ± 3.8 mg/mL) was observed to be more 
effective than other tested CLAs followed by trans-10, 
cis-12 CLA (12.6 ± 3.4 mg/mL), the mixtures of trans-10, 
cis-12 and cis-9, trans-11 at ratio of 1:6 (16.3 ± 1.1 mg/mL) 
and the mixtures of trans-10, cis-12 and cis-9, trans-11 
at ratio of 1:13 (27.9 8 mg/mL). No significant (P > 0.05) 
difference existed between all tested CLAs except the 
IC

50
 value for the mixtures of trans-10, cis-12 and cis-9, 

trans-11 at ratio of 1:13, which was observed to be signifi-
cantly less effective than other tested CLAs. Furthermore, 
cis-9, trans-11 CLA quenched significantly more DPPH 
radicals at low concentrations (5 and 10 mg/mL) against 
DPPH radicals than that of trans-10, cis-12 CLA and the 
two mixtures of trans-10, cis-12 and cis-9, trans-11 at the 
ratios of 1:6 and 1:13. Meanwhile, trans-10, cis-12 CLA 
quenched significantly more (P < 0.05) DPPH radicals at 
high concentrations (40 and 80 mg/mL) against DPPH 
radicals than other tested CLAs (Table 1).

Comparison of total antioxidant capacity
Total antioxidant capacity (TAC) of trans-10, cis-12 and 
cis-9, trans-11 CLA isomers as single or mixed at the two 
tested ratios was measured and compared with widely 
used antioxidants such as vitamin E and BHT (Figure 
4). Total antioxidant capacity of trans-10, cis-12 CLA 
(57.87 ± 3.5%) was observed to be significantly more effec-
tive (P < 0.05) than other tested CLAs followed by cis-9, 
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trans-11CLA (45.48 ± 6.9%) and the mixture of trans-10, 
cis-12 and cis-9, trans-11 at ratio 1:6 (45.41 ± 4%) then 
1:13 (34.58 ± 3.5%). Meanwhile, all tested CLAs were less 
effective radical scavengers as compared to vitamin E 
(83.96 ± 1.5%) and BHT (82.07 ± 0.6%), although all tested 
CLAs were quenched a significant high amount (P < 0.05) 
of DPPH free radicals, on the same per mole basis. All 
antioxidants were tested at a level of 50 mM against 500 
µM DPPH free radicals.

Discussion

There is a growing interest in the usage of antioxidants 
that in the attempt to prevent oxidative damage caused 
by of free radicals in the human body. This oxidative 
damage may be a causative agent in the occurrence 
and development of several chronic diseases, like can-
cer, diabetes and atherosclerosis diseases (Keller et al., 
2002; Senthilkumar & Subramanian, 2007; Shirwaikar 
et al., 2007). Most of natural antioxidants are extracted 

Figure 1. Kinetic curve of single CLA isomers against DPPH free radical (a) cis-9, trans-11 CLA (b) trans-10, cis-12 CLA. The final 
concentrations of CLA were 2.5, 5, 10, 20, 40 and 80 (mg/mL) in the reaction mixtures. DPPH• concentration was 500 µM in all reaction 
mixtures. Values are mean ± SE (n = 3).
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from plants that contain various antioxidant compounds 
such as flavonoids, phenolics, carotenes and vitamins. 
Therefore, most of the antioxidant methods to determine 
the antioxidant activity of plant extract are screening 
for these compounds. Furthermore, plant extract can 
be prepared in organic and inorganic solvents, which 
give more chances to apply more than one antioxidant 
assay. Conjugated linoleic acids are unique compounds, 
because they have been found predominantly in animal 

products (e.g., meat, milk). They are oily and pure com-
pound, which make the applications of the antioxi-
dant assays very limited due to its lipid-soluble nature. 
Therefore, this study was carried out using just DPPH 
assay, but with different parameters to evaluate the free 
radical scavenging activity of trans-10, cis-12 and cis-9, 
trans-11 as single or mixed CLA isomers at two selected 
ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11). 
These two ratios of CLA isomers were selected based on 

Figure 2. Kinetic curve of mixed CLA isomers against DPPH free radical (a) at ratio 1:6 of trans-10, cis-12/cis-9, trans-11. (b) at ratio 1:13 
of trans-10, cis-12/cis-9, trans-11. The final concentrations of CLA were 2.5, 5, 10, 20, 40 and 80 (mg/mL) in the reaction mixtures. DPPH• 
concentration was 500 µM in all reaction mixtures. Values are mean ± SE (n = 3).
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them natural availability in the milk fat of Mafriwal and 
Jersey breeds (Yassir et al., 2010).

The kinetics of trans-10, cis-12 and cis-9, trans-11 CLA 
isomers as single or mixed at two ratios, 1:6 and 1:13 
(trans-10, cis-12/cis-9, trans-11) of the CLA-DPPH• reac-
tions showed dose and time dependence in their reac-
tions at all tested concentrations (2.5, 5, 10, 20, 40 and 
80 mg/mL in ethanol). Furthermore, no lag phase was 
observed for all tested CLAs against DPPH free radical in 
ethanol. These data indicate that all tested CLAs can pro-
vide immediate protection against free radicals and were 
in agreement with previous study reported by Yu (2001) 
that the mixture of CLA isomers exerted kinetic reactions 
without a lag phase unlike linoleic acid. This lag phase 
indicated the delay of radical quenching actions.

In the present study, the IC
50

 values of cis-9, trans-11 
and trans-10, cis-12 CLA isomers as single or mixed at two 
ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) were 
determined. The IC

50
 value is defined as the level of the 

tested CLA that caused 50% inhibition of DPPH radical 
formation under the experimental conditions. The lowest 

IC
50

 indicates potent antioxidant to act as DPPH scaven-
gers. The IC

50
 value for cis-9, trans-11 CLA was observed 

to be more effective than other tested CLAs followed by 
trans-10, cis-12 CLA, the mixtures of trans-10, cis-12 and 
cis-9, trans-11 at ratio of 1:6 and 1:13. These data indicate 
that the individual CLA isomers may have a greater free 
radical scavenging capacity than the mixture of them. In 
other words, individual CLA isomers may have inhibitory 
effects between them in their reactions against the free 
radicals.

Similar inhibitory effect between trans-10, cis-12 and 
cis-9, trans-11 CLA isomers was observed in a previous 
study (Moya-Camarena et al., 1999). In that study, the 
mixture of CLA isomers containing 41% of cis-9, trans-
11/trans-9, cis-11 CLA and 44.1% of trans-10, cis-12 
CLA, was significantly a weaker activator for peroxisome 
proliferator-activated receptor α (PPARα) than single iso-
mers of cis-9, trans-11; trans-10, cis-12; or trans-9, cis-11 
CLA using a rat hepatoma cell line.

In contrast to the inhibitory effect, the mixture of 
trans-10, cis-12 and cis-9, trans-11 CLA isomers was 

Figure 3. Disappearance of DPPH as a function of trans-10, cis-12 and cis-9, trans-11CLA isomers as single or mixed at two ratios, 1:6 
and 1:13 (trans-10, cis-12/cis-9, trans-11) Concentration at steady state of reaction. Vertical bars represent the standard error of each data 
points (n = 3).

Table 1. Inhibition % of DPPH• radical at steady state among different concentrations of selected CLAs, and median inhibitory 
concentration (IC

50
) value for each selected CLA.

Selected CLA

Concentration (mg/mL)
2.5 5 10 20 40 80 IC

50

cis-9, trans-11 13 ± 6a 35 ± 4a 51 ± 4a   57 ± 2.5a 64 ± 5a 72 ± 4a   11.1 ± 3.8a

trans-10, cis-12  6 ± 4a  8 ± 3b 40 ± 3b 64 ± 3a 72 ± 3b 86 ± 4b   12.6 ± 3.4a

1:6  7 ± 5a 13 ± 4b 40 ± 2b   56 ± 1.5a   63 ± 3.5a 73 ± 3a   16.3 ± 1.1a

1:13  5 ± 2a  9 ± 7b 23 ± 3c 44 ± 4b 56 ± 1c 72 ± 4a 27.9 ± 8b

Values were expressed as mean ± standard error (n = 3).
IC

50
 value was defined as the CLA concentration that caused 50% inhibition of DPPH• radical formation at steady state of reaction.

Means in a column with different letters were significantly different at the level p < 0.05.
1:6 and 1:13 ratios represent the mixtures of trans-10, cis-12 and cis-9, trans-11CLA isomers.
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found to be more effective for the inhibition of cyclooxy-
genase on human platelet thromboxane B2 formation 
from exogenously added arachidonic acid than the 
single CLA isomers, followed by trans-10, cis-12 CLA 
(Truitt et al., 1999), suggesting that there may be a syn-
ergistic effects between these CLA isomers. Martin 
and co-workers (2000) investigated the CLA effect on 
lipid-metabolizing enzymes in male rats by determining 
selected enzyme activities in different tissues after cellu-
lar subfractionation. The authors found that the mixture 
of CLA isomers was a weaker substrate for the mitochon-
drial carnitine palmitoyl transferase I (CPT-I) compared 
to either trans-10, cis-12 or cis-9, trans-11 CLA isomers. 
The same authors also reported that the mixture of CLA 
isomers was a poorer substrate for the acyl-CoA oxidase 
(ACO) than trans-10, cis-12 CLA, but more favored than 
cis-9, trans-11 CLA. These results demonstrated that 
interactions between trans-10, cis-12 and cis-9, trans-11 
CLA isomers might be more complex than synergistic or 
inhibitory effects.

Measuring the percent of inhibition of DPPH• at 
steady state and determining the IC

50
 values of CLA as 

single or mixed isomers might have led to a conclusion 
that trans-10, cis-12 CLA has greater maximal efficacy 
than other tested CLAs as free radical scavenger, while 
cis-9, trans-11 CLA was most potent isomer to directly 
react and quench free radicals than other tested CLAs 
at low concentrations in the system. However, all tested 
CLAs possessed as free radical scavenger, but they act 
at different concentrations in their reactions with free 
radicals. This observation is consistent only with the data 
for trans-10, cis-12 CLA isomer, but not for other CLAs as 
suggested by Leung and Liu (2000).

In a previous study, Leung and Liu (2000) stated 
that the antioxidant activity of trans-10, cis-12 CLA was 
comparable to that of vitamin E and higher than cis-9, 

trans-11 CLA at low concentrations (2–200 µM) mea-
sured by TBARS assay. In the current study, the total 
antioxidant capacity (TAC) of all tested CLAs were less 
effective radical scavengers as compared to vitamin E 
and BHT at the concentration of 50 mM as measured by 
DPPH assay. However, all tested CLAs were quenched 
a significant high amount of DPPH free radicals. This 
may be due to the different concentrations of CLAs 
used and the concept of the assay. In the present study, 
the DPPH assay has measured the antioxidant activity 
of the sample’s reaction itself with DPPH free radicals, 
while in the previous study, TBARS assay was carried 
out to measure the antioxidant activity by determin-
ing the resistance of lipid or lipid emulsions to oxida-
tion in the presence of the antioxidant being tested. 
Conversely, TAC of trans-10, cis-12 CLA was observed 
to be significantly more effective than other tested 
CLAs followed by cis-9, trans-11 CLA, the mixture of 
trans-10, cis-12 and cis-9, trans-11 at ratio of 1:6 and the 
mixture of trans-10, cis-12 and cis-9, trans-11 at ratio 
of 1:13. These results supported the conclusion, which 
obtained from measuring the percent of inhibition of 
DPPH• at steady state indicating that trans-10, cis-12 
CLA has greater maximal efficacy than other tested 
CLAs as free radical scavenger, and cis-9, trans-11 CLA 
was most potent isomer to directly react and quench 
free radicals at low concentrations in the system.

The present study demonstrated that trans-10, cis-12 
and cis-9, trans-11 CLA isomers as single or mixed at two 
ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) were 
shown to exhibit antioxidant capacity to directly react and 
quench DPPH free radicals at different concentrations 
without observing any lag phase in CLA-DPPH• reac-
tions. Trans-10, cis-12 CLA has greater maximal efficacy 
than other tested CLAs as free radical scavenger, while 
cis-9, trans-11 CLA was most potent isomer to directly 

Figure 4. Comparison of TAC of trans-10, cis-12 and cis-9, trans-11 CLA isomers as single or mixed at two ratios, 1:6 and 1:13 (trans-10, 
cis-12/cis-9, trans-11) with Selected antioxidants vitamin E (Vit E) and butylated hydroxytoluene (BHT). All antioxidants were compared at 
50 mM final concentration against 500 µM DPPH radical. Vertical bars represent the standard error of experimental data (n =  3). Columns 
marked with the same letter are not significantly different (P < 0.05).
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react and quench free radicals than other tested CLAs at 
low concentrations in the system. All tested CLAs were 
less effective radical scavengers as compared to vitamin 
E and BHT at the concentration of 50 mM, although all 
tested CLAs quenched a significant high amount of 
DPPH free radicals. In general, these findings suggest 
that the free radical scavenging activity of CLA isomers 
may contribute to their diverse biological activities.

conclusions

The present study demonstrated that trans-10, cis-12 
and cis-9, trans-11 CLA isomers as single or mixed at 
two ratios, 1:6 and 1:13 (trans-10, cis-12/cis-9, trans-11) 
were shown to exhibit antioxidant capacity to directly 
react and quench DPPH free radicals at different con-
centrations without observing any lag phase in CLA-
DPPH• reactions. Trans-10, cis-12 CLA has greater 
maximal efficacy than other tested CLAs as free radical 
scavenger, while cis-9, trans-11 CLA was most potent 
isomer to directly react and quench free radicals than 
other tested CLAs at low concentrations in the system. 
All tested CLAs were less effective radical scavengers as 
compared to vitamin E and BHT at the concentration 
of 50 mM, although all tested CLAs quenched a sig-
nificant high amount of DPPH free radicals. In general, 
these findings suggest that the free radical scavenging 
activity of CLA isomers may contribute to their diverse 
biological activities.
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