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Abstract The odor detection thresholds of carvacrol

(5-isopropyl-2-methyl-phenol), thymol (2-isopropyl-5-

methyl-phenol) and p-cymene 2,3-diol (2,3-dihydroxy-4-

isopropyl-1-methyl-benzene) in sunflower oil, determined

by the three-alternative, forced-choice procedure, were

30.97, 124 and 794.33 mg kg-1, respectively. Sunflower oil

containing 13, 70, or 335 mg kg-1 of carvacrol, thymol or

p-cymene 2,3-diol, respectively, was judged to be similar

(P \ 0.01) in taste and odor to its antioxidant-free counter-

part. The rate constant of sunflower oil oxidation, measured

from the increase in peroxide value during storage at 25 �C,

was 9.2 9 10-9 mol kg-1 s-1 while the rate constants were

9.3 9 10-9, 9.8 9 10-9, and 4.3 9 10-9 mol kg-1 s-1 in

the presence of 13 mg kg-1 carvacrol, 70 mg kg-1 thymol,

and 335 mg kg-1 p-cymene 2,3-diol, respectively. At a level

of 335 mg kg-1, p-cymene 2,3-diol did not impart flavor

taints and effected a 46.7% reduction in the rate of oxidation

of sunflower oil. These findings indicate that the diphenolic

p-cymene 2,3-diol could potentially replace synthetic

antioxidants and is a valuable addition to the antioxidants

used by the food industry in its quest to meet consumer

demands for synthetic-additives-free and ‘natural’ foods.
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Introduction

Bulk oils and fat- and oil-containing foods are susceptible

to oxidation during processing and storage. Lipid oxidation

negatively impacts the sensory quality of foods through

production of unpleasant/offensive flavors, reduces the

nutritional quality of foods, produces potentially toxic

compounds, and causes significant economic losses to the

food industry [1]. Synthetic phenolic antioxidants [e.g.

butylated hydroxyanisole (BHA), butylated hydroxytolu-

ene (BHT), tertiary butylhydroquinone (TBHQ) and propyl

gallate (PG)] are extensively used to retard lipid oxidation

in foods [2]. However, concerns about the safety of syn-

thetic antioxidants [3, 4] and consumers’ demands for

synthetic-additives-free foods triggered the search for nat-

ural compounds with antioxidative properties [5]. Herbs

and spices are rich sources of phenolic antioxidants and

much effort has been spent in isolating and characterizing

their active compounds [6]. However, the antioxidant

potential of herbs and spices is largely limited by the

characteristic flavors of their phenolic constituents, which

as antioxidants must not impart flavors/taints to foods [7].

Carvacrol (5-isopropyl-2-methyl-phenol), thymol

(2-isopropyl-5-methyl-phenol), and p-cymene 2,3-diol

(2,3-dihydroxy-4-isopropyl-1-methyl-benzene) (Fig. 1) are

phenolic compounds responsible for the distinct flavor of
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thyme (Thymus vulgaris L.) leaves. These compounds have

been reported to exhibit pronounced antioxidant activity [8,

9]. The aforementioned phenolic antioxidants of thyme

would be useful for controlling lipid oxidation in bulk oils

and fat-containing foods if they were to possess antioxidant

activities at levels below their detection thresholds.

Detection thresholds are usually determined by a small

group of subjects in a laboratory setting and lower values

are expected for the population due to the presence of more

sensitive individuals [10]. Therefore, the usage levels at

which thyme antioxidants do not impart flavor needed to be

determined.

The objectives of the present work were to determine

the (1) odor detection thresholds of carvacrol, thymol and

p-cymene 2,3-diol in sunflower oil, (2) maximum levels at

which these antioxidants can be added to sunflower oil with

the resulting antioxidant-treated oil still being judged as

similar to its antioxidant-free counterpart and (3) antioxi-

dant efficacy of these phenolics at their maximum level of

usage in sunflower oil.

Experimental Procedures

Materials

Carvacrol, thymol and p-cymene-2,3-diol were obtained

from Sigma-Aldrich Co. (Taufkirchen, Germany). Sun-

flower oil, free from added antioxidants, was obtained from

a local refinery (Dora Oil Refinery, Beirut, Lebanon). The

free fatty acids and peroxide value of sunflower oil were

0.05% (as oleic acid) and 0.2 mequiv kg-1. The sample

was stored at 6 �C.

Procedures

Sensory Testing

Determination of Odor Thresholds Odor detection

thresholds were determined according to ASTM method

E1432 [11]. Twelve panelists (eight females, four males;

age 21–28) were recruited from the Faculty of Agricultural

and Food Sciences at the American University of Beirut.

The panelists were nonsmokers, had no self-reported

problems in their sense of smell and were selected on the

basis of their ability to detect high levels of the stimuli

(0.1–0.3% for carvacrol and thymol; 2% for p-cymene 2,3-

diol), their motivation and willingness to fast for one hour

prior to testing and to participate in the whole study. The

panelists were asked to provide odor descriptors of the

antioxidants solutions at suprathreshold levels. The panel-

ists were familiarized with the logistics of the Three-

Alternative Forced-Choice (3-AFC) procedure and were

not compensated for serving on the panel.

Solutions for testing were made by preparing stock

solutions of antioxidants in sunflower oil and diluting to

provide samples differing in concentration by a factor of 2.

Levels of the antioxidants were chosen, on the basis of

preliminary screening experiments, and were varied by a

factor of 2 to provide a reasonable bracketing of threshold.

Seven solutions were prepared with levels ranging between

0.0004 and 0.0256, 0.003 and 0.192, and 0.03 and 1.92 g

per 100 mL sunflower oil for carvacrol, thymol and

p-cymene 2,3-diol, respectively. Concentrations of anti-

oxidants were converted to mg kg-1 of oil by multiplying

with density of sunflower oil (925 kg m-3). Panelists who

were able to detect the lowest concentrations (i.e. the

0.0004, 0.003 and 0.03 g per 100 mL levels of carvacrol,

thymol and p-cymene 2,3-diol, respectively) 100% of the

time were tested at two lower concentrations. Samples of

antioxidants in oil (20 mL) were placed in transparent glass

bottles (30 mL capacity) coded with 3-digit numbers. The

3-AFC sets, each set consisting of three bottles with two

bottles containing sunflower oil with no added antioxidants

and the third bottle a solution of antioxidant in sunflower

oil, were presented to the panelists at room temperature.

Each session consisted of seven sets with the antioxidant

level of the odd sample in each set having successively

higher values. The panelists were asked to proceed from

the set with the lowest value to the set with the highest

concentration, with order being specified from left to right,

open the bottles and sniff the solutions, and indicate the

odd sample. The assessors were not told that the antioxi-

dant concentrations were increasing in the specified

direction of testing to eliminate the expectation error [10].

Samples were arranged in a balanced random order, within

each triad, in order for each sample to appear in a given

position an equal number for times to eliminate positional

bias [10]. Testing was replicated 6 times with two sessions,

1 h apart, being conducted in a day. Testing was conducted

daily, and for some panelists every other day, with the 42

presentations of the 3-AFC sets evaluated by each panelist,

for each antioxidant, being completed in a week. Testing

was conducted in partitioned booths equipped with day-

light. The individual thresholds were determined by fitting

data to the logistic model:

HO

HO

HO

HO

a b c

Fig. 1 Structures of carvacrol (a), thymol (b) and p-cymene 2,3-diol

(c)
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P ¼
1
3
þ eBðT�Log XÞ

1þ eBðT�Log XÞ ð1Þ

where

P = Proportion of correct identifications at each

concentration in the six replicate determinations,

B = Slope of logistic curve,

X = Concentration of stimulus (mg kg-1) in oil, and

T = Threshold value in Log (mg kg-1).

The individual threshold value (T) corresponds to the

concentration at which the predicted correct identification

is 50% in the normalized curve.

The group detection threshold was determined by

computing the geometric mean of individual thresholds.

Similarity Testing: Odor One hundred and eight subjects

(65 females, 43 males; age 17–68 years), recruited from the

American University of Beirut campus, served on panels

aimed at establishing odor similarity between antioxidant-

containing oils and their antioxidant-free counterparts. The

concentrations of carvacrol, thymol, and p-cymene 2,3-diol

corresponding to the respective group detection thresholds

(i.e. 30.97 mg kg-1 for carvacrol, 124 mg kg-1 for thymol

and 794.33 mg kg-1 for p-cymene 2,3-diol) were lowered

in steps differing by 25% and added to sunflower oil. More

specifically, carvacrol was tested at concentrations of 23.23,

17.42, 13.07 mg kg-1, etc.; thymol was tested at 93, 69.75,

52.31 mg kg-1, etc.; and p-cymene 2,3-diol was tested at

595.75, 446.81, 335.1 mg kg-1, etc. The resulting antioxi-

dant-containing oils were tested for similarity to regular

sunflower oil. The triangle test was used and subjects were

instructed to identify the sample that was most different

from the other two. Half of the triads contained two anti-

oxidant-treated oils and one regular oil while the other half

of triads contained two regular and one antioxidant-treated

oil samples. Samples were presented in a balanced random

order with sample size and testing logistics (sample coding,

sample handling, testing area) being as described in the

previous section.

Similarity Testing: Taste Sunflower oil was dosed with

concentrations of carvacrol, thymol, and p-cymene 2,3-diol,

determined not to impart odor to the oil (i.e. 13 mg kg-1 for

carvacrol, 70 mg kg-1 for thymol and 335 mg kg-1 for p-

cymene 2,3-diol), and judged for similarity in taste to reg-

ular sunflower oil using the triangle test. Sixty four panelists

(41 females, 23 males; age 18–35 years), recruited from the

Faculty of Agricultural and Food Sciences, participated in

this part of the study. Subjects were asked to place samples

of oil (5 mL) in the mouth, swish them thoroughly

throughout the oral cavity, and indicate the odd sample. The

panelists were asked to rinse their palates before and after

testing of each sample with bottled water (Nestlé PureLife,

Falougha, Lebanon). Apart from the difference in evaluat-

ing samples (taste, sniff), the logistics of tests (sample

coding, composition of triads, testing area) were the same as

those in odor testing sessions.

Testing was done at an a-level of 0.2 (probability of

concluding that a perceptible difference exists when one

does not), a b-level of 0.01 (probability of concluding that

no perceptible difference exists when one does); Pd (true

proportion of population able to detect a difference

between samples) was set at 25 and 30% in odor and taste

tests, respectively. The significance of the test was ascer-

tained by reference to tables of correct responses required

to establish significance in the triangle test [10]. The con-

fidence limits on the proportion of the population that can

distinguish between samples were determined by calcu-

lating 1:5� c=n� 0:5� zað1:5Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðc=nÞð1� c=nÞ=n
p

and

1:5� c=n� 0:5þ zbð1:5Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðc=nÞð1� c=nÞ=n
p

; where c is

the number of correct responses in the triangle test, n total

number of assessors and Za and Zb are critical values of the

standard normal distribution [10].

Determination of Antioxidant Activity

The efficacy of carvacrol, thymol, and p-cymene-2,3-diol in

inhibiting oxidation of sunflower oil was determined by the

method described by Yanishlieva et al. [12]. Concentrations

of the antioxidants, at levels at which sunflower oil was

judged to be similar in odor and taste to its antioxidant-free

counterpart, were added to sunflower oil. Solutions of the

antioxidants-in-oil were placed in Petri dishes (diame-

ter = 8 cm) to provide layers that were 1 mm thick and

stored in the dark at 25 ± 1 �C. Aliquots were withdrawn, at

4-day intervals, and their peroxide values (PV) determined,

in triplicate, by iodometric titration [13]. Under these con-

ditions of high oxygen tension, the rate of oxidation is not

affected by oxygen diffusion and is, therefore, equal to the

rate of peroxide accumulation [14]. The rate of hydroper-

oxide formation was expressed in mol kg-1 s-1 using

the relationship 1 mequiv kg-1 h-1 = 0.14 lmol L-1 s-1

[14].

Statistical Analysis

The parameters B (slope of logistic curve) and T (threshold

value) were estimated by fitting the proportion of correct

identifications, in the six replications of the ascending

forced choice tests, to Eq. (1) using the sequential quadratic

programming option, with a maximum of 12 iterations, of

the Nonlinear Regression module of SPSS software [15].

The logistic curves of individual panelists for the three

antioxidants, corresponding to Eq. (1), were plotted using
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Origin software [16]. PV were fitted to days of storage by

linear regression using Microsoft Excel�.

Results and Discussion

Representative logistic curves fitted to an individual pan-

elist’s data and individual and group detection thresholds

of carvacrol, thymol and p-cymene 2,3-diol are presented

in Fig. 2 and Table 1.

The individual detection thresholds of the antioxidants

in sunflower oil ranged over 8–106 orders of magnitude

with differences being smallest for thymol and largest

for p-cymene 2,3-diol (Table 1). Differences in olfactory

sensitivity to chemical stimuli have been attributed to

physiological differences and random fluctuations in

alertness, attention, fatigue and adaptation with a

decrease in sensitivity being observed after prolonged

exposure [10]. The group detection thresholds of thymol

and p-cymene 2,3-diol were 4 and 25.5 times higher than

that of carvacrol, respectively (Table 1). Odor detection

thresholds are shaped by the molecular architecture of

chemical stimuli and marked differences in thresholds’

magnitudes have been reported for isomers and homol-

ogous series in different classes of compound [17, 18].

Consumers are intolerant to the presence of flavor taints

in edible oils and a major objective of the refining pro-

cess is removal of foreign flavors. The bland flavor of

edible oils would be jeopardized when treated with

carvacrol, thymol or p-cymene 2,3-diol especially as

these antioxidants evoked sensations described as herbal,

sweet, warm, penetrating, and tar-like at suprathreshold

concentrations.

Triangle tests indicated that antioxidant-treated sun-

flower oil samples were similar (P \ 0.01), in odor, to

antioxidant-free sunflower oil when dosed at levels lower

by two 25% intervals for thymol and three 25% intervals

for carvacrol and p-cymene 2,3-diol than the corresponding

group detection thresholds. More specifically, sunflower oil

was judged to have a similar odor to its antioxidant-free

counterpart when treated with 13, 70, and 335 mg kg-1 of

carvacrol, thymol and p-cymene 2,3-diol, respectively. At

these levels the 99% confidence intervals (CI) of the true

proportion of the population that can detect differences in

odor between antioxidant-treated and antioxidant-free

sunflower oil ranged between 0 and 8%, 0 and 19%, and

0 and 22% for carvacrol, thymol and p-cymene 2,3-diol,

respectively.

At the aforementioned levels of the antioxidants, sun-

flower oil was judged similar (P \ 0.01) in taste to its

antioxidant-free counterpart with the 99% CI of the true

proportion of the population that can detect differences in

taste ranging between 0 and 20%, 0 and 17%, and 0 and 22%

for carvacrol, thymol and p-cymene 2,3-diol, respectively.

These findings indicate that sunflower oil, and possibly other

bulk oils, can be treated with p-cymene 2,3-diol at sub-

stantially higher levels than carvacrol and thymol without

undue effects on its taste and odor.

Fig. 2 Proportion of correct judgments by assessor # 9 at different

concentrations of: carvacrol (a), thymol (b) and p-cymene 2,3-diol

(c). Each point (filled circle) is the proportion correct of six judgments

in 3-Alternative Forced Choice (AFC) tests with one sample

containing the indicated concentration of the antioxidant and the

other two samples having no added antioxidant. The parameters B and

T (in Log units) of the curves as determined by logistic regression of

Eq. (1) were -22.4, 1.673 for carvacrol (a), -35.24, 2.263 for thymol

(b) and -4.27, 2.570 for p-cymene 2,3-diol (c). The threshold value

(T) is the concentration that corresponds to 50% correct identifica-

tions on the normalized curves
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The behavior of hydroperoxide accumulation was

apparently pseudo-zero-order with the rate being indepen-

dent of oxygen concentration:

C ¼ C0 þ kt ð2Þ

where C0 and C are the concentrations of hydroperoxides at

time (0) and after time (t), respectively, and k the rate con-

stant of the reaction (Fig. 3). The PV increased linearly with

time and the system did not show distinct induction period

and propagation phase, under the conditions of measure-

ment, typical of lipids undergoing oxidation. The

coefficients of determination (R2) of the linear regression

equations of PV vs. days of storage were C0.997 with the CI

of regression coefficients being B0.06 at P \ 0.05. The rate

constant of sunflower oil oxidation was 9.2 9 10-9

mol kg-1 s-1, with the rate constants being 9.3 9 10-9,

9.8 9 10-9, and 4.3 9 10-9 mol kg-1 s-1 in the presence

of 13 mg kg-1 carvacrol, 70 mg kg-1 thymol, and

335 mg kg-1 p-cymene 2,3-diol, respectively. The apparent

lack of antioxidative effect for carvacrol and thymol is pre-

sumably due to their low concentrations especially as these

monophenols have been reported to exhibit marked antiox-

idant activity, in sunflower oil, at concentrations higher than

those used in the present work [12]. The lower value of k

observed for oxidation of sunflower oil in the presence of

p-cymene 2,3-diol can be attributed to its higher concentra-

tion, as compared to those of carvacrol and thymol, in the

oxidizing substrate. Furthermore, the presence of two

phenolic hydroxyl groups in the molecule in contrast with the

monophenolic nature of the two other antioxidants contrib-

utes to the improved antioxidant activity (Fig. 1). The

antioxidant activity is known to increase with increasing

numbers of hydroxyl groups in phenolic antioxidants

[19, 20]. This work indicated that p-cymene 2,3-diol could be

a potential replacement for synthetic antioxidants, provided

that this compound be extracted from natural sources.
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3. Miková K (2001) The regulation of antioxidants in food. In:
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