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Modified Rancimat Method for Evaluation of Antioxidative Effect against Skin Lipids
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Table 1. Induction period and Pf value by general rancimat method

Compounds Induction period (h)a  Pf b

Control 14.7 1.0
BHT 58.6 4.0
SBG 24.0 1.6
POL 19.0 1.3
RCN 17.8 1.2

aValues are given as means of three experiments. bPf (protection factor) =
Induction period of antioxidant/Induction period of control.

Table 2. Induction period and Pf value by modified rancimat method

Compounds Induction period (h)a  Pf b

Control 2.5 1.0
BHT 9.8 3.9
SBG 28.5 11.4
POL 5.5 2.2
RCN 10.0 4.0

aValues are given as means of three experiments. bPf (protection factor) =
Induction period of antioxidant/Induction period of control.

Skin is a highly complicated tissue which possesses the lar-
gest surface area in the body and serves as the protective layer 
for internal organs. It is designed to give both physical and bio-
chemical protection, and is equipped with a large number of 
defense mechanisms.1 However, skin is very susceptible to oxi-
dative reaction, because there are rich contents of lipids, pro-
teins and DNA in the skin cell, all of which are very sensitive 
to the oxidation process.2 Lipid peroxidation could be induced 
from excessive exposure to UV light, and has been considered 
as a major factor for skin aging processes.3 In particular, squ-
alene, main component of skin surface polyunsaturated lipids, 
is easily peroxidized.4 The initial product of peroxidized squ-
alene, squalene-monohydroperoxide (Sq-OOH), is produced 
at the human skin by natural exposure to sun light. Recently, 
the damages of hairless mice skin by the topical application of 
Sq-OOH5 have been reported. Repeated application of Sq-OOH 
to the hairless mice induced clear skin wrinkles. Thus, in order 
to prevent or retard skin aging process, prevention of skin lipid 
peroxidation by natural or chemical antioxidants is desirable. 
To identify efficient antioxidants in cosmetic applications, a con-
venient assay method suitable for the estimation of skin lipid 
peroxidation is necessary. Rancimat6 is a convenient method 
which can evaluate the lipid peroxidation by observing the 
change of electrical conductivity due to the formation of volatile 
dicarboxylic acids. It has been used in food industry to deter-
mine the peroxidation of unsaturated fatty acid components. 
However, the rancimat method is not suited for skin research, 
because the composition of oils used as a lipid source in this 
method is very different from that of skin lipid.6c In this report, 
we demonstrate that modified rancimat method is a powerful 
tool for screening natural antioxidants for skin lipid peroxida-
tion. We changed composition of lipid source to what is very 
close to skin lipid.

At first, we tested antioxidative activities of several natural 

extracts by using general rancimat method. As shown in Table 1, 
extracts from Korean medicinal plants presented different in-
duction time on retarding the peroxidation of corn oil. Their 
activities were compared with BHT as a positive control. Among 
the three natural extracts, Scutellaria baicalensis Georgi (SBG) 
extract was found to have the most powerful antioxidative acti-
vity. Portulaca oleracea L. (POL) extracts appeared to be the 
compound with the next activity and Rheum coreanum Nakai 
(RCN) extract was less active than other extracts. The order of 
activity is BHT > SBG > POL > RCN. However, ranges of Pf 
values of tested natural product are too small (from 1.2 to 1.6). 
Thus, sensitivity is not enough for primary screening of anti-
oxidative activity.

To establish the modified rancimat system suitable for skin 
lipid peroxidation studies, we prepared the artificial skin lipid 
and used it instead of corn oil. The prepared artificial skin lipid7 
was consisted of pork lard (33%), stearic acid (24%), lanolin 
(22%), squalene (12%) and cholesterol (4%). This composition 
is similar to that of human skin. According to the Table 2, the 
results of new rancimat method were different from previous 
general rancimat data. Surprisingly, SBG extract shows the 
strongest antioxidative activity among the tested samples. Induc-
tion period of SBG was 11.4 times longer than that of control 
with this new method. The sensitivity for evaluation of anti-
oxidative activity was dramatically increased due to the wide 
ranges of Pf value (from 2.2 to 11.4). It is interesting to observe 
that the order of activity between RCN and ROL was reversed. 
In contrast to previous rancimat data, RCN is more active than 
POL. These interesting and meaningful differences between 
general rancimat and modified method may be due to changing 
of lipid composition which is suited to skin research.

In search of new antioxidant applicable to prevent skin lipid 
peroxidation, we selected meso-dihydroguaiaretic acid (MD-
GA)8 as a candidate. MDGA, a naturally occurring polyphenol, 
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Figure 1. Structure of meso-dihydroguaiaretic acid (MDGA).

Table 3. Oxidative stability of various antioxidants in modified ran-
cimat method

Compounds Induction period (h)a PFb

Control 2.1 1.0
BHT 9.9 4.6

L-Ascorbic acid 6.6 3.1
α-Tocopherol 17.3 8.1
α-Lipoic acid 2.5 1.2

MDGA 29.0 13.6
aValues are given as means of three experiments. bPf (protection factor) =
Induction period of antioxidant/Induction period of control.

is considered a main antioxidative component of stems bark 
of Machilus thunbergii Sieb. Et Zucc (Fig. 1).

It showed broad biological activities such as hepatoprotective 
activity,8a antibacterial activity,8b inhibitory activity of MMP-2, 
9 expression8c and inhibition of nitric oxide.8d We compared anti-
oxidative activity of meso-dihydroguaiaretic acid (MDGA) with 
well known antioxidants such as L-ascorbic acid, α-tocopherol 
and α-lipoic acid using modified rancimat method. Among three 
known antioxidants, α-tocopherol was found to be most active 
antioxidant. However, the activity of MDGA was more potent 
than that of α-tocopherol. Activity order is MDGA > α-toco-
pherol > L-ascorbic acid > α-lipoic acid.

In conclusion, we developed modified rancimat method to 
identify antioxidants to prevent peroxidation of skin lipid. Ran-
cimat is the representative method to evaluate an antioxidative 
effect of various natural oils. The focus of rancimat assay is 
measurement of oil storage in food chemistry. Therefore this 
method is not fit in the case of skin lipid peroxidation. We used 
artificial skin lipid as a peroxidation lipid source and compared 
new modified method with general rancimat method by testing 
antioxidative activities of several natural extracts. Interestingly, 
activity order of tested natural products was changed and sen-
sitivity of measuring antioxidative activity was dramatically 
increased. From these results, we evaluated meso-dihydrogua-
iaretic acid (MDGA) as a powerful natural antioxidant for 
skin lipid peroxidation using new rancimat method.

Experimental Section

Preparation of natural products and meso-dihydroguaiaretic 
acid (MDGA). Scutellaria baicalensis Georgi, Portulaca ole-
racea L. and Rheum coreanum Nakaki were purchased from 
herbal market (Gunhwa Co.) in Suwon, Korea. meso-Dihydro-
guaiaretic acid (MDGA) was purchased from Elcom Science 
Co. in Seoul, Korea.

Preparation of natural product extracts. Crushed roots of 
Scutellaria baicalensis Georgi were ground into powder, and 
500 g of the resulting powder was extracted three times, each 
time with 2 L of 70% ethanol, at room temperature. The extract 
was filtered through Whatman NO. 1 filter paper and concent-
rated to 200 mL in a rotary vacuum evaporator at 60 oC. The 
yellow precipitate formed was filtered and dried. The aerial 
parts of Portulaca oleracea L. were dried in the shade and pow-
dered. Whole dried Rheum coreanum Nakai was sliced and was 
ground into powder. Other steps are followed above mentioned.

General rancimat method. Antioxidative activities were stud-
ied with a Metrohm Rancimat Model 743, at 100 oC. An auto-
mated Metrohm Rancimat apparatus model 743 (Metrohm, 
Switzerland) capable of operating over a temperature range of 

50 - 200 oC was used for induction period determination of 
samples. Samples were analyzed in the equipment at the same 
time. The air flow rate was fixed at 20 L/g. The concentration 
of test samples (SBG, POL and RCN), calculated on dry weight 
basis, was 0.25% level (w/w) including BHT in Table 1 and 2. 
Control means solvent oil used only. For oxidative stability mea-
surement, each sample was weighted into the reaction vessel 
glassware. The conductimetry cells were filled with corn oil and 
deionized water up to 60 mL. In Table 3, all tested samples 
(BHT, L-ascorbic acid, α-tocopherol, α-lipoic acid and MDGA) 
were evaluated at the 3 mM concentration.

Modified rancimat method. We also prepared artificial skin 
lipid, consisting of pork lard as triglycerides (33%), stearic acid 
as free fatty acids (24%), lanolin as waxed (22%), squalene 
(12%) and cholesterol (4%). The flow rate, temperature and 
concentration of samples were same as used in general rancimat 
method.
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