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Determination of Antioxidant Potential of Volatile Extracts
Isolated from Various Herbs and Spices

KWANG-GEUN LEE* AND TAKAYUKI SHIBAMOTO

Department of Environmental Toxicology, University of California—Davis, One Shields Avenue,
Davis, California 95616

Antioxidant activities of volatile extracts isolated from thyme, basil, rosemary, chamomile, lavender,
and cinnamon were evaluated by two independent assays: the aldehyde/carboxylic acid assay and
the conjugated diene assay. The volatile extracts were prepared from dried herbs and spices using
liquid—liquid continuous extraction following steam distillation under reduced pressure (55 °C and
95 mmHg). The antioxidant activities of the extracts decreased in the following order in both of the
lipophilic assay systems: thyme > basil > rosemary > chamomile > lavender and cinnamon. Thyme
and basil extracts inhibited the oxidation of hexanal for 40 days at the levels of 10 ug/mL and 50
ug/mL, respectively. The extracts of thyme and basil were effective in retarding methyl linoleate
deterioration at 40 °C, with activity increasing with concentration in the range 10—200 ug/mL. At a
concentration of 50 ug/mL, thyme extract was similar in antioxidant activity to BHT and a-tocopherol
in the conjugated diene assay. The antioxidant potentials of the volatile extracts used in this study
were accurately measured by the lipophilic systems, such as the aldehyde/carboxylic acid assay
and the conjugated diene assay.
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INTRODUCTION The antioxidant activities of herbs and spices extracted with
solvents, such as methanol or acetone, have been evaluated in
various test systems, including hydrophilic and lipophilic
systems. So far, many investigations on the antioxidant activities
of methanol extracts of rosemar§-13), sage (9, 10, }4and
thyme (15—18) have been carried out in hydrophilic and
lipophilic test systems. However, only a few volatile extracts
of herbs and spices obtained by distillation and ligtliquid
continuous extraction were assessed for their antioxidant activi-

The oxidative deterioration of lipids is a great concern in the
shelf life of foods. Lipid oxidation leads to development of
undesirable off-flavors and decreases the acceptability of foods
(). In addition, lipid oxidation decreases food safety and
nutritional quality by formation of potentially toxic products
and secondary reaction products during cooking or processing
(2, 3). To prevent and retard lipid oxidation, synthetic antioxi-
dants such as butylated hydroxyanisole, butylated hydroxytolu- . S o
ene, tertiary-butylhydroguinone, and propy! gallate have been ties (19, 20). Typlcal assays for antioxidant act|\(|t|es of pla'nlt
added to lipid-containing foodsl). However, potential health ~ €Xtracts and their components are performed in hydrophilic
hazards of synthetic antioxidants in foods, including possible SYStems such as water or alcohols. However, volatile compo-

carcinogens, have been reported several tiBe8)( Since then, nents in plant extrgcts are dissolved in less polar or rjonpolar
the search for antioxidants naturally occurring in plants as solvents such as dichloromethane and hexane. For this reason,

alternatives to synthetic antioxidants is of great interest to it iS less accurate and not robust to measure the antioxidant

researchers7J. Natural antioxidants of plant origin are generally ~activity of volatile extracts using the typical hydrophilic assays.
classified as vitamins, phenolic compounds including flavonoids The aldehyde/carboxylic acid assay and the conjugated diene
and phenolic acidS, and volatile Compounds in herbs and Spiceﬁssay used in this Study were carried out to test the antioxidant
(1). These natural antioxidants are becoming increasingly Potential of volatile extracts in lipophilic environments such as
important, not only in food but also in preventive medicine. In dichloromethane and methyl linoleate.
medicine, natural antioxidants are one of the important sources In this study, the volatile extracts of herbs and spices (thyme,
in curing diseases associated with oxidative damagye ( basil, rosemary, chamomile, lavender, and cinnamon) were
Spices and herbs provide foods with flavors and food- prepared using liquigliquid continuous extraction following
preserving power, including antiseptic and antioxidant activity. steam distillation under reduced pressure. The antioxidant
properties of the volatile extracts were assessed by modification
* To whom correspondence should be addressed. Phone: 530-752-2409.Of established assays, such as the aldehyde/carboxylic acid assay
Fax: 530-752-3394. E-mail: kwglee@ucdavis.edu. and the conjugated diene assay.
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MATERIALS AND METHODS were added to methyl linoleate (1 g), and dichloromethane was removed
under pure nitrogen purging (20 s). Oxidation of methyl linoleate in
Materials and ReagentsDried thyme leavesThymusulgarisL.), screw-capped amber vials (15 mL) was carried out &G a shaker
basil leaves (Ocimum basiliculn), rosemary leaves (Rosemarynus \vater bath (Dubnoff model, Precision Scientific, Chicago, IL). An
officinalis L.), chamomile flowerheads (Chamaemelum noHilg, aliquot of sample (10 mg) was taken at 24-hour intervals and dissolved
lavender flowerheadd évandula angustifolid. Miller), and cinnamon in 5 mL of 2,2 4-trimethylpentane (isooctane) for spectrometric

bark (Cinnamomum cassilume) were purchased from a local market.  measurement (HP 8452A diode array UV spectrophotometer) of
Methyl linoleate was obtained from Nu-Chek-Prep, Inc. (Elysian, MN). conjugated diene absorption at 234 nm. The spectrophotometer was
Hexanal, hexanoic acid, undecane, 2,2,4-trimethylpentane (isooctane)set to zero with 2,2,4-trimethylpentane. All analyses were carried out
ando-tocopherol (vitamin E) were purchased from Aldrich Chemical in triplicate. Results were calculated as mmol MeLo hydroperoxides

Co. (Milwaukee, WI). Butylated hydroxytoluene (BHT) was purchased per kg of methyl linoleate with a molar absorptivity of 26,000 (27).
from Sigma Chemical Co. (St. Louis, MO), and dichloromethane was

from Fisher Scientific Co., Ltd. (Fair Lawn, NJ).
Isolation of Volatile Extracts by Steam Distillation under
Reduced Pressure (DRP) and Liquie-Liquid Continuous Extrac-

tion. Dried thyme, basil, rosemary, chamomile, lavender, or cinnamon ; - - .
(20 g) was placed in a 3-L round-bottom flask Wit L of deionized The yields of total volatile components (relative to the dried

water. The solution was steam-distilled at%5for 3 h under reduced herbs and spices) for thyme, basil, rosemary, chamomile,

pressure (95 mmHg). The distillate (900 mL) was extracted with 100 lavender, and cinnamon were 1.240.14, 1.05+ 0.1, 0.087
mL of dichloromethane using a liquidiquid continuous extractor for = 0.038, 0.45+ 0.16, 1.06+ 0.09, and 1.08t 0.09% (w/w),

6 h. After the extract had been dried over anhydrous sodium sulfate, respectively. The mass of total volatile components from thyme,
the solvent was removed in a rotary flash evaporator (Yamato Sci, basil, rosemary, chamomile, lavender, and cinnamon were 246
Tokyo, Japan). The distillation was stopped when the volume of extract 4+ 27, 2094+ 20, 17+ 7.6, 93+ 32, 2124+ 17, and 215+ 17

was reduced to approximately 1 mL. Then the solvent was further mg, respectively. The values are mearstandard deviatiom(

removed under a purified nitrogen stream until the volume was reduced = 4,

to 0.6 mL. L o .

© - ) ) Antioxidant Activities of Volatile Extracts Isolated from
Determination of Total Volatile Components in Extract. The mass T

) X hyme, Basil, Rosemary, Chamomile, Lavender and Cin-
of each concentrate was determined according to the method reportedn mon in the Aldehvde/Carboxviic Acid A The aldehvde/
by Lee and Shibamota2{, 22). Each concentrate was analyzed by amo e enyade/arboxylic Acid Assay.The aldenyde

gas chromatography (GC), using a flame ionization detector (FID), to C&rooxylic acid assay is a relatively simple assay compared to
determine the percentage of total peak areas of volatile componentstyPical assays for antioxidant activity of an individual chemical
and solvent. The total mass of volatile components was calculated by OF @ group of chemicals. Volatile chemicals dissolved in organic
multiplying the percentage representing the total peak area of compo-Solvent (non- or less-polar phase) can be easily measured for
nents by the total mass of extract. Each experiment was repeated thre¢heir antioxidant potential by this assay. In addition, this assay
times. The detector response to solvent was found to be linear over ajs appropriate to assess long-term antioxidant potential of natural
range of 0.2L to 1.0 uL injected, with &% value of 0.99. A Hewlett-  antioxidants because aldehyde oxidation is monitored over 40
Packard (HP; Palo Alto, CA) model 6890 GC equipped witha3@m  gays. This assay has been used to examine antioxidant activity

0.25 mm id. ¢ = 0.25um) DB-WAX bonded-phase fused-silica ¢ 41ra] aroma extracts isolated from plant sour@is-@4
capillary column (J&W Scientific, Folsom, CA) and a FID was used 28) P ’

for analysis of total volatile components in each extract. The linear ] .
velocity of the helium carrier gas was 30 cm/s at a split ratio of 20:1.  Figure 1 shows the amounts of hexanal remaining in samples
The injector and detector temperatures were 280 The oven over a period of 40 days. GC peak area ratios were calculated
temperature was programmed from 50 to 280at 3 °C/min and held by dividing the GC peak area of hexanal by the GC peak area
for 20 min. of the internal standard, undecane. Antioxidant activities of the
Aldehyde/Carboxylic Acid Assay. The inhibitory effect of each known antioxidants BHT and-tocopherol were used to confirm
volatile extract on the oxidation of aldehyde to carboxylic acid was the testing system. All extracts exhibited dose-dependent
determined according to previously published repdtis-@4). Various inhibitory activity between concentration (3800xg/mL) and
amounts of volatile extract and components were added to 2 mL of a gntioxidant activity. After 30 days, control samples exhibited
dichloromethane solution of hexanal (3 mg/mL) containing 0.2 Mg/ yer 9504 oxidation of hexanal to hexanoic acid. In control
mL of undecane as a GC internal standard. The oxidation of the sample g, e the rate of hexanoic acid formation was slow during
solution was initiated by heating at 6C for 10 min in a sealed vial, he first 10 d but i d idlv after 10 d H |
and then the vial was stored at room temperature. The headspace oF enrs ays _u_ Increase rap_l y _a er ays. mexana
each vial was purged with pure air (1.5 L/min, 3 s) every 24 h for the WaS completely oxidized to hexanoic acid on and after 40 days.
first 10 days. The decrease in hexanal was monitored at 5-day intervals /At all concentrations of thyme, almost 100% hexanal remained
Standards of BHT andi-tocopherol were also examined for their iN samples, which meant the thyme extract possesses potent
antioxidative activity using the same methodology. The quantitative antioxidant activity against hexanal oxidatidfigure 1a). The
analysis of hexanal was conducted according to an internal standardpercentage of hexanal remaining in solutions treated with
method (25). All analyses were carried out in triplicate. A HP model different amounts of volatile extracte;tocopherol, and BHT
5890 GC equipped with a 30 m 0.25 mmi.d. ¢y = 0.254m) DB-1 is shown inTable 1. The inhibitory effect of the extracts on
bonded-phase fused-_silica capillary colum_n Je&w Scientific) and aFID formation of hexanoic acid was in the following descending
s e for i of hexanal, Tne inea weocty of e eI, order: thyme- basil=rosemary- chamaile- avender and
detector temperatures were 300 and 280 respectively. The oven cinnamon. At a cc_)ncentratlon of SQ_ﬁXg/mL, thyme, baS”.’ .
rosemary, chamomile, lavender, and cinnamon extracts inhibited

temperature was programmed from 40 to 280at 4 °C/min and held o .
for 10 min. hexanal oxidation by 100, 100, 59, 50, 6, and 5% respectively,

Conjugated Diene Assay.Measurements of conjugated diene for 40 days. For _th_e volatile extrac(:)t of thyme, the percentages
hydroperoxides in methyl linoleate were carried out according to the Of hexanal remaining were 98.00% at concentrations from

procedures previously described (26). Various concentrations of each10 to 500ug/mL. The volatile extract of b_aS” demonstrated 8,
volatile extract (10, 20, 50, 100, and 2Q@y/mL) dissolved in 24,96, 99, 100, and 100% at concentrations of 10, 20, 50, 100,
dichloromethane (volume of extract with dichloromethane was284 200, and 50@g/mL, respectively. The inhibitory effect of thyme

RESULTS AND DISCUSSION

Measurement of Total Volatile Components in Extracts.
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Figure 1. Relative amounts of hexanal remaining in solutions treated with different amounts of total volatile extracts isolated from thyme (a), basil (b),
rosemary (c), chamomile (d), lavender (e), and cinnamon (f) at concentrations indicated: -4- control; -B- 10 xg/mL; -a- 20 ug/mL; -@- 50 ug/mL; -O-
100 ug/mL; -A- 200 ug/mL; and -O- 500 ug/mL.

Table 1. Percentage of Hexanal Remaining in Solutions Treated with Different Amounts of Volatile Extracts, a-Tocopherol, and BHT throughout a
Storage Period of 40 Days

conc. inhibitory effect? (%)
(ug/mL) thyme basil rosemary chamomile lavender cinnamon a-tocopherol BHT
0 2+0.2 2+16 6+3.3 5+04 6+34 3+04 2+0.2 5+20
10 98+73 8+52 5+0.8 6+0.3 7+£07 2+0.2 89+0.6 99+0.8
20 99+4.1 24+14.9 5+04 6+0.6 7+12 2+0.6 92+22 99+0.7
50 9905 96 +10.6 5+0.6 17+£13 6+15 2+05 97+£23 100+ 0.6
100 100+ 1.3 99+1.0 17+£10.6 25+1.0 6+21 2+0.6 98+0.2 100+ 0.1
200 100+5.7 100+ 1.0 14+£22 31+£03 6+0.8 2+0.3 99+13 100+ 0.1
500 100+ 4.8 100+ 3.2 59+19.2 50+4.9 607 5+28 100+ 15 100+ 0.1

@ The values are mean * standard deviation (n = 3).

at 10ug/mL and basil at 5@g/mL were comparable to that of Antioxidant Activities of Volatile Extracts Isolated from
BHT, which showed over 99% at concentrations varying from Thyme, Basil, Rosemary, Chamomile, Lavender, and Cin-
10 to 500ug/mL. At concentrations of 10, 20, and @/mL, namon in the Conjugated Diene Assayln the conjugated

the antioxidant activity of thyme was higher than that of diene assay, the amount of total conjugated diene hydroperoxides
a-tocopherol, which inhibited hexanal oxidation by 89, 92, and produced from polyunsaturated lipids such as methyl linoleate
97%, respectively. upon oxidation was determined quantitatively by the absorption
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Figure 2. Effect of volatile extracts isolated from thyme (a) and basil (b) on the oxidation of methyl linoleate.

Table 2. Inhibitory Effects (%) of Various Concentrations of Volatile Extracts, o-Tocopherol, and BHT toward Conjugated Diene Formation from

Methyl Linoleanate

conc. inhibitory effect? (%)

(ug/mL) thyme basil rosemary chamomile lavender cinnamon a-tocopherol BHT
10 33+1.0 28+ 6.6 0+04 10+6.1 0+0.7 0+02 99+0.4 100+0.0
20 39+£6.3 50+05 12+36 25+6.8 3+1.2 0+£0.6 99+0.1 100+ 0.0
50 99+0.6 45+7.1 23+0.6 24 +£2.7 0+£15 1+05 98+0.3 100+0.1

100 99+0.1 61+1.6 28+5.0 28+13 2+21 2+0.6 98+0.1 100+£0.1
200 99+0.2 68+ 0.4 38+20 31+14 5+0.8 2403 96+ 0.9 100+0.1

@ The values are mean * standard deviation (n = 3).

maximum at 234 nm (29). This method has been applied to
measure antioxidant activity of plant and wine extra2®, 30,
31), flavonoids 82), and tocopherolsl®). In this assay, no

squalene (33) and to lecithiB4) upon UV radiation. The data
suggests that-tocopherol might be degraded into many
products (including malonaldehyde and glyoxal) at higher

initiators or metal-catalysts such as ferrous chloride or hydrogen concentrations. However, further investigation is necessary to

peroxides were added for initiating and accelerating autoxida-

clarify this phenomenon. In this assay, volatile extracts of

tion, because the main oxidation phase is not an initiation phaselavender and cinnamon did not display any antioxidant activity

but a propagation phas8d). The inhibitory effect in this assay

similar to their results in the aldehyde/carboxylic assay.

is due to added volatile components because there is no The strong antioxidant activity of the volatile extract of thyme

antioxidant (such as tocopherols or carotenoids) in methyl
linoleate itself Figure 2 illustrates the effect of volatile extracts
isolated from thyme (a) and basil (b) on the oxidation of methyl
linoleate. The values are meanstandard deviation (r 3).

The formation of conjugated diene hydroperoxides in oxidizing
methyl linoleate was the most effectively inhibited by thyme.
The volatile extracts of thyme and basil inhibited hydroperoxide
formation in methyl linoleate dose-dependently, at concentra-
tions from 10 to 20Qug/mL. Inhibitory effects (%) of various
concentrations of volatile extracts;tocopherol, and BHT on
the formation of conjugated diene hydroperoxides from MelLo
are shown infable 2. The effectiveness of the various volatile
extracts on MeLo oxidation was in the following descending
order: thyme> basil > rosemary and chamomile lavender
and cinnamon. The trend of inhibition of MeLo hydroperoxides
was quite similar to that of hexanal oxidation. The inhibitory
effects of thyme, basil, rosemary, chamomile, lavender, and

is mostly due to its main volatile components, thymol and
carvacrol 85). The antioxidant activities of thymol and carvacrol
have been reported using various testing systelfis 18, 22,

36). In the case of the volatile extract of basil, eugenol, reported
as a major volatile component, probably contributes significantly
to the strong antioxidant activity of the extra@5). Eugenol
showed high antioxidant activity in the aldehyde/carboxylic acid
assay (21). The antioxidant activities of the volatile extracts of
thyme and basil in the conjugated diene assay were lower than
those in the aldehyde/carboxylic acid assay at the same doses.
This can be explained with different amounts of the substrates
hexanal and methyl linoleate that were used in the assays.
Because concentration of methyl linoleate (2.4 mmol/mL) in
the conjugated diene assay is quite high compared with that of
hexanal (3Qumol/mL) in the aldehyde/carboxylic acid assay,
inhibition for substrate oxidation requires a higher dose of
antioxidants.

cinnamon were 99, 68, 38, 31, 5, and 2%, respectively, at a The potent antioxidant activity of rosemary has been thor-

concentration of 20@g/mL. The inhibitory effect of thyme was
similar to that ofa-tocopherol or BHT at concentrations from
50 to 200ug/mL. At concentrations from 10 to 200g/mL,
BHT anda-tocopherol inhibited MeLo oxidation by 100% and
96—99%, respectively. The inhibitory effect of thyme was
weaker than that oéi-tocopherol at lower doses (10 and 20
wg/mL), but it was more effective at higher doses (50, 100, and
200ug/mL). It is hard to rationalize the decrease in inhibitory
effect of a-tocopherol at higher doses in this assay. A similar
phenomenon was observed wheftocopherol was added to

oughly investigated (12, 16, 19, BHowever, the antioxidant
activity of the volatile extract of rosemary was much lower than
that of thyme or basil in the present study. Extracts of spices
and herbs are traditionally obtained by steam distillation (the
extract is called an “essential oil”) or by extraction with solvents
(such as alcohols, hexane, and acetone) and consequent solvent
removal by evaporationlg). The major components in the
volatile extract of rosemaryl,8-cineole and bornesiare
different from those in the solvent extraatarnosol and carnosic
acid (19, 38). Though carnosol and carnosic acid in rosemary
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extract are potent antioxidants, 1,8-cineole and borneol have (14) Wang, M.; Shao, Y.; Li, J.; Zhu, N.; Rangarajan, M.; LaVoie,

not shown high antioxidant activity (12).

In conclusion, volatile extracts of thyme and basil exhibited
antioxidant activities in lipophilic systems, such as in the

aldehyde/carboxylic acid assay and in the conjugated diene
assay. The antioxidant activities of these volatile extracts, as

well as BHT anda-tocopherol, were consistent in the two

assays. The results indicate that the antioxidant activities of
thyme and basil extracts are as potent as those of the known

antioxidants BHT andx-tocopherol. It is very important to

E. J.; Ho, C. T. Antioxidative phenolic glycosides from sage
(Salvia officinalis).J. Nat. Prod.1999,62, 454—456.

(15) Simandi, B.; Hajdu, V.; Peredi, K.; Czukor, B.; Nobik-Kovacs,
A.; Kery, A. Antioxidant activity of pilot-plant alcoholic and
supercritical carbon dioxide extracts of thyngeur. J. Lipid Sci.
Technol.2001,103, 355—358.

(16) Lacroix, M.; Smoragiewicz, W.; Pazdernik, L.; Kone, M. |;
Krzystyniak, K. Prevention of lipid radiolysis by natural anti-
oxidants from rosemary (Rosmarinus officindliy and thyme
(Thymuswulgaris L.). Food Res. Int1997,30, 457—462.

develop and select a reliable and robust assay for accurately (17) Abdalla, A. E.; Roozen, J. P. Effect of plant extracts on the

measuring antioxidant activity of natural antioxidants. Antioxi-

dant behavior is usually more complicated when evaluated in

hydrophilic systems than in lipophilic systen&9j. Therefore,

the volatile antioxidants that are non- or less-polar compounds

might be more accurately assessed for their antioxidant activity ) )
d (19) Farag, R. S.; Badei, A.; Hewedi, F. M.; Elbaroty, G. S. A.

by lipophilic systems than by hydrophilic systems. Herbs an

spices possessing high antioxidant activity, such as thyme and

basil, would not only be very useful to maintain food freshness,

flavor, taste, and color, but also to alleviate diseases by

preventing oxidative deterioration.
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