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Abstract Fixed oil, the non-volatile fraction of oil from

spices remains an unexplored entity. The study aimed to

extract fixed oils from 13 Indian spices belonging to the

Apiaceae and Lamiaceae family. Further fatty acid com-

position, antioxidant activities and phytochemical profile of

the fixed oils was estimated. Among the studied spices,

Ferula assa-foetida had the highest amount of fixed oil

(19.93%). GC–MS profiling of the fixed oils showed pal-

mitic, stearic, oleic, linoleic and alpha-linolenic to be the

major fatty acids. The study further identified fixed oils

from Trachyspermum ammi L., Petroselinum crispum L.,

Ocimum basilicum L. and Rosmarinus officinalis L. to be

major source of protocatecheuic, 4,hydroxybenzoic, trans-

cinnamic, myristein and trans-ferulic acid. R. officinalis, O.

basilicum and Thymus vulgaris L. fixed oils also showed

highest radical scavenging property. T. vulgaris, Majorana

hortensis Moench. and O. Basilicum fixed oils confirmed

high amounts of a-, b ? c- and d-tocopherol respectively.

b-sitosterol was found to be the dominating phytosterol in

all fixed oils. Principal component analysis revealed exis-

tence of variation among spice fixed oils concerning to

their fixed oil composition. The study thus identifies spice

fixed oils as a rich source of lipid soluble bioactive

compounds that are of tremendous industrial and pharma-

ceutical importance.

Keywords Spices � Non-volatile � Fixed oil � Fatty acid �
Apiaceae � Lamiaceae

Introduction

Spices are part of plants used in the form of roots, buds,

rhizomes, barks, seeds, leaves, fruits, and flowers (Shahidi

and Hossain 2018). They are of immense importance to the

medical, pharmaceutical, nutritional, industrial and cos-

metic industry as they are reservoirs of bioactive com-

pounds. India owing to its diversified climate and soil

conditions is one of the largest producer, consumer, and

exporter of spices and its by-products. Spices belonging to

the Apiaceae (Trachyspermum ammi L., Pimpinella anisum

L., Ferula assa-foetida, Carum carvi L., Coriandrum

sativum L., Cuminum cyminum L., Anethum graveolens L.,

Petroselinum crispum L.) and Lamiaceae family (Ocimum

basilicum L., Majorana hortensis Moench., Origanum

vulgare L., Rosmarinus officinalis L., and Thymus vulgaris

L.) were selected for the study as they are annual, medic-

inal and aromatic plants that are widely distributed in

temperate climatic regions. These plants are broadly used

across the world as spices, drugs, preservative and

flavouring agents owing to the presence of valuable sec-

ondary metabolites (Vallverdú-Queralt et al. 2014).

Whole spices, as well as their by-products such as

extracts, essential oil and oleoresin, have been immensely

studied by researchers stating it’s major use as an anti-

oxidative, anti-microbial, anti-inflammatory, anti-muta-

genic and analgesic agent (Krishna De and De 2018).

However, fixed oils from spices remain an unexplored
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entity. Technically, fixed oils are the non-volatile oil

fraction containing mainly lipophilic components such as

fats, resins, and waxes and are generally soluble in organic

solvents. Fixed oils are extracted from the aroma free spice

matter post essential oil distillation. The understanding of

spice fixed oil is still in its infancy as evidenced by a few

studies that have been reported on fixed oils. Ashraf et al.

(2006) studied the fixed oil content of black cumin and

analyzed the fatty acids present in them. Sultan et al.

(2009) also highlighted polyunsaturated fatty acids to be

the dominating fraction in black cumin. Piras et al. (2012)

reported nutmeg to have a fixed oil content of 14.4%.

Khalid et al. (2005) studied the fixed oil content of Carum

carvi, Anethum graveolens and Petroselinum crispum,

belonging to the Umbelliferae family. However for spices

of Indian origin, only countable studies have been reported

on the fixed oil content of Indian spices where Sowbhagya

et al. (2008) found C. cyminum to have a fixed oil content

of 15% while Ali et al. (2018) reviewed nutmeg fixed oil

consisting mainly of myristic, petroselinic and palmitic

acid. Manasa et al. (2020) studied the fatty acid profile and

nutraceutical composition of fixed oils from M. fragnans,

F. vulgare, T. Foenum-graecum, C. zeylancium and A.

galanga. However, for spices belonging to Apiaceae and

Lamiaceae family not many studies have been reported on

its fixed oil composition and characterization. This lacuna,

therefore, allows us to explore the fixed oil content of

spices belonging to these families and further report their

fatty acid profile for the first time.

Apart from being a potential source of unusual fatty acid

spice fixed oils can also be a source of bioactive secondary

metabolites such as phenolics, tocopherols, and phytos-

terols which may also contribute to their antioxidant

property. Therefore, the purpose of the present study was to

standardize the extraction of fixed oils (non-volatile oil)

from 13 Indian spices belonging to two families (Apiaceae

and Lamiaceae). Further, the study characterizes the fixed

oil by determining the fatty acids present, assessing its

antioxidant potential (by three methods namely DPPH,

ABTS and FRAP) and additionally understanding the

lipophilic compounds (phenolics, tocopherols and sterols)

present in the fixed oil attributing to their high antioxidant

activity. Lastly, principal component analysis was applied

to determine the existence of variation in the fixed oil

composition among the spices.

Materials and methods

Plant materials

Thirteen spices belonging to the Apiaceae and Lamiaceae

family, present under the purview of Spice Board of India,

Cochin, were procured and authenticated from Vriksha

Vijnan Private Limited, Bangalore, Karnataka, India. The

following are the names of the spices used in the study:

Trachyspermum ammi L., Pimpinella anisum L., Ferula

assa-foetida, Ocimum basilicum L., Carum carvi L., Co-

riandrum sativum L., Cuminum cyminum L., Anethum

graveolens L., Majorana hortensis Moench., Origanum

vulgare L., Petroselinum crispum L., Rosmarinus offici-

nalis L., and Thymus vulgaris L.. The images of the spices

are shown in Supplementary Fig. S1.

Chemicals and standards

Boron trifluoride (BF3) methanol complex solution

(13–15%), heptadecanoic acid, DPPH, TPTZ, ABTS, tro-

lox, ascorbic acid, phenolic standards namely gallic acid,

protocatechuic acid, 4-hydroxybenzoic acid, chlorogenic

acid, vanillic acid, syringic acid, epicatechin, trans-cin-

namic acid, catechin, caffeic acid, p-coumaric acid, trans-

ferulic acid, myricetin, quercetin, and kaempferol; toco-

pherol standards namely a-tocopherol, b-tocopherol, c-to-

copherol, and d-tocopherol; sterol standards namely

ergosterol, b-sitosterol, stigmasterol, campesterol and

squalene were purchased from Sigma-Aldrich (Saint Louis,

MO, USA). HPLC grade solvents were procured from

Merck, USA, while other solvents used were obtained from

SRL, India. Milli-Q water was used for HPLC analysis.

Folin-ciocalteu reagent, sodium carbonate, sodium acetate

trihydrate, iron (III) chloride hexahydrate, and potassium

persulphate, used in the present study were of analytical

grade procured from Himedia, India.

Extraction of fixed oils

The powdered spices were packed in a 2 L capacity steam

distillation apparatus. Distillation was carried out to

retrieve the essential oil, and the process was continued

until the samples were free from volatile compounds,

which was confirmed through GC–MS. The time required

for each spice to remove volatile components completely

was standardized. Once the samples were free from

essential oil, they were dried in a hot air oven (Biobee,

India) at 60 �C. Further, dried sample was fed into the

soxhlet apparatus, and fixed oil extraction was carried out

using hexane for about 6 h. The solvent was evaporated

under reduced pressure using a rotary evaporator (Heidolph

Hei-Vap R-300, Germany). Recovered fixed oils were

collected in an amber glass bottle, flushed with a stream of

nitrogen gas and stored at -20 �C until use. The fixed oil

content of spices were determined on a dry weight basis

and expressed as percentage (Khalid et al. 2005).
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Fatty acid profiling of fixed oils

The fatty acid composition of fixed oils extracted from

Indian spices were determined through GC–MS as descri-

bed by Prasad et al. (2019). Fatty acid methyl esters

(FAMEs) were prepared by esterification of oil with 1 ml

of BF3-methanol complex solution at 60 �C for 30 min.

After cooling FAMEs were extracted by adding

water:hexane (1:1, v/v). The upper hexane layer containing

the FAMEs was transferred into GC vials. 50 ll of hep-

tadecanoic acid (1 mg/ml in hexane) was added as an

internal standard to each sample before methylation. The

resulting FAMEs were then analyzed using Agilent DB-23

column ((50%-Cyanopropyl)- methylpolysiloxane; 60 m

length; 0.25 mm ID; 0.25 lm film thickness) on 7890B

GC-5977A MSD system (M/s Agilent Technologies, Sin-

gapore). Helium at a flow rate of 1 ml/min was used as a

carrier gas; injection volume was 1 ll, and the split ratio

was 20:1. The temperature program was as follows: an

initial temperature of 40 �C for 1 min, ramped to 130 �C at

70 �C min-1 rate with 1 min hold, then increased to

170 �C at 6.5 �C min-1 rate and further ramped to 200 �C
at 2.75 �C min-1 rate with 6 min hold and then increased

to 210 �C at a rate of 40 �C min-1 with 2 min hold.

Finally, the temperature was ramped to 230 �C at

20 �C min-1 rate with 7 min hold time. The mass spectrum

was recorded under EI (Electron impact ionization) at a

fixed electron energy of 70 eV with a mass range of m/z

40–500 da. Fatty acids identified were confirmed by mass

spectral library search (NIST version 2.0 g).

Extract preparation

1 g of fixed oil was extracted with 4 ml of 70% methanol

containing 0.1% hydrochloric acid by vigorous shaking in a

multitube vortexer (Benchmixer XL, Benchmark Scientific,

USA) at 2500 rpm for 1 h. The sample suspension was

then centrifuged at 12,000 9 g for 15 min at 10 �C. The

supernatant was then collected and stored in amber tubes at

-20 �C. This extract was then further used for determining

the phenolic content and antioxidant activity of the fixed

oil (Sreeramulu and Raghunath 2011).

Determination of total phenolic content

The total phenolic content present in fixed oils was deter-

mined using the Folin-Ciocalteu reagent measured at

725 nm using a plate reader (BMG LABTECH Clariostar

Plus, Germany). Briefly, to each well suitable volumes of

sample extracts were added. To this 1 ml of 10% Folin-

Ciocalteu reagent (v/v) and 0.8 ml of 7.5% Na2CO3 (w/v)

was added and the final volume was made up to 2 ml with

deionized water. The reaction mixture was vortexed

thoroughly and incubated in dark at room temperature for

90 min. Reaction without sample or standard was taken as

blank. The total phenolic content present in the fixed oils

was expressed as mg gallic acid equivalent (GAE) per

100 g oil by using the regression equation obtained from

the calibration curve of gallic acid (Sreeramulu and

Raghunath 2011).

Antioxidant activity

The antioxidant activity of the fixed oils was estimated by

three different methods namely DPPH, FRAP and ABTS.

DPPH Assay

A methanolic solution of 0.1 mM DPPH was prepared

freshly in dark conditions. To a series of known concen-

trations of extracts 1.45 ml of DPPH solution was added.

The plate was then vortexed and incubated in dark for

30 min at ambient conditions. The discoloration of DPPH

was measured at 517 nm against methanol as blank. The

radical scavenging activities of the fixed oils were

expressed as mg ascorbic acid equivalent (AAE) per 100 g

oil using ascorbic acid as standard (Sreeramulu and

Raghunath 2011).

ABTS Assay

The extractives at different concentrations were mixed with

2 ml of the diluted ABTS?� (7 mM) solution and incubated

in dark for 6 min at 30 �C, followed by measurement of

absorbance at 734 nm. The radical scavenging activity was

calculated as mM trolox equivalent (TE) per 100 g oil with

reference to the scavenging activity obtained by trolox (Re

et al. 1999).

FRAP Assay

The ferric reducing antioxidant power of fixed oils was

assessed by employing the method reported by Benzie and

Strain (1999). FRAP reagent was prepared freshly by

mixing acetate buffer, TPTZ solution and ferric chloride

solution in a ratio of 10:1:1. The reagent was then incu-

bated at 37 �C for 30 min in a water bath. Briefly, 1.5 ml

of FRAP reagent was added to a known volume of extracts.

After incubation in dark for 6 min at room temperature, the

absorbance was measured at 593 nm against trolox as

standard. FRAP values were expressed as mM trolox

equivalent (TE) per 100 g oil.
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Quantification of phenolic compounds

Identification of individual phenolic compounds present in

the fixed oils was determined by HPLC (Nexera X-2 LC-

30A, Shimadzu, Japan). The extracted compounds were

separated using a reverse-phase C18 column (Chromasol,

250 9 4.6 mm, 5 lm). The mobile phase consisted of

acetic acid in water adjusted to a pH of 2.65 (solvent A)

and 20% of solvent A and 80% acetonitrile (solvent B).

Gradient elution with a flow rate of 1.2 ml/min was carried

out according to Burin et al. 2011. The phenolic com-

pounds present in the sample were detected by comparing

their retention time with those of corresponding standards

and also by spiking of samples with appropriate standards.

A standard mix containing all standards (1 mg/ml in

methanol) were analyzed along with samples, and quan-

tification of the identified compounds was carried out using

peak area obtained from the standards. The phenolic peaks

were detected at 280 nm and 320 nm and annotated using

LabSolutions software and expressed as lg per 100 g oil.

Identification of tocopherols

Quantification of tocopherols present in the fixed oils was

estimated through HPLC. Weighed amount of oil samples

were diluted with hexane and passed through 0.2 lm pore

size syringe filters before injection. Separation of toco-

pherols was done using a reverse-phase C18 column at

30 �C. A mobile phase containing methanol:water (95:5,

v/v) was isocratically eluted at a flow rate of 1.5 ml/min.

The eluate was detected using a RF 20A fluorescence

detector set at an excitation wavelength of 290 nm and an

emission wavelength of 330 nm. The tocopherols present

in the fixed oils were expressed as mg per100g oil (Di-

wakar et al. 2010).

Determination of sterols and squalene

Isolation of sterols and squalene fraction from the fixed oils

was carried out by alkali saponification by boiling

ethanolic potassium hydroxide under reflux for 2 h (Food

Safety and Standard Authority of India 2016). The

extracted unsaponifiable matter was dissolved in acetone

and separated on a reverse-phase C18 column at 30 �C. A

mobile phase consisting of methanol:acetonitrile (98:2,

v/v) was isocratically eluted at a flow rate of 1.2 ml/min.

Individual sterols and squalene were detected at a wave-

length of 205 nm and were expressed as mg per 100 g oil

(Sánchez-Machado et al. 2004).

Statistical analysis

All the results were expressed in the form of mean ± s-

tandard deviation (SD) of three replicates. The average

values within the families were statistically tested using

analysis of variance (ANOVA) followed by Tukey test to

compare means that showed significant variation (P

B 0.05). The relationship between the phenolic content and

antioxidant capacity of the fixed oils were evaluated using

Pearson correlation coefficient at P B 0.05 confidence

level. Multivariate Principal Component Analysis (PCA)

was performed to determine compositional variability

among the spice fixed oils within the families. All the

analyses were done using XLSTAT software (XLSTAT

statistical and data analysis solution, Boston, USA https://

www.xlstat.com).

Results and discussion

Most of the studies on spices have been reported on their

volatile oil, their characterization, and their role in com-

bating various metabolic disorders. However, the present

study focused on extracting fixed oils from spices, identi-

fying the fatty acids present, and studying their phenolic,

tocopherol, sterol and squalene composition and evaluating

their antioxidant potential.

Fixed oil content

The fixed oil content of Indian spices, expressed as per-

centage based on dry weight is presented in Table 1. The

time taken for each spice to distill for the extraction of

fixed oils is presented in Supplementary Table S1. The

fixed oil content was highest in F. assa-foetida (19.93%)

and C. cyminum (14.11%) while lowest in P. crispum

(0.96%) in the Apiaceae family. Our results were in

agreement with Sowbhagya et al. (2008) where 15% of

fixed oil was obtained from C. cyminum. While amongst

the Lamiaceae family R. officinalis had the highest fixed oil

content (4.57%). Manasa et al. (2020) also reported the

fixed oil content of Indian spices where M. fragnans

(26.43%) had the highest amount of fixed oil.

Fatty acid composition of fixed oils

GC–MS analysis was performed to study the fatty acid

profile of fixed oils, which is presented in Table 2. A wide

spectrum of 23 fatty acids was confirmed, ranging from

C12:0 to C28:0 in F. assa-foetida and P. crispum fixed oils,

respectively. Palmitic, oleic, and linoleic were the pre-

dominant fatty acids present in the spice fixed oils

belonging to the Apiaceae family (Table 2). However, for
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spices belonging to the Lamiaceae family (Table 3) pal-

mitic and alpha-linolenic were the major fatty acids. It is a

well-documented fact that petroselinic acid is the domi-

nating fatty acid in C. cyminum, C. sativum and C. carvi

seed oil (Rebey et al. 2012; Laribi et al. 2009; Ramadan

2013) however, in the fixed oil obtained from these seeds

oleic acid was found to be the major fatty acid. This further

stirs in more interest in exploiting the less discussed facet

of fixed oils from Indian spices. Furthermore, the presence

of alpha-linolenic acid majorly in O. vulgare, M. hortensis,

R. officinalis, T. vulgaris, and O. basilicum fixed oils

generates potential application of these fixed oils for vari-

ous pharmaceutical and industrial applications. Similar

findings were also reported by Matthaus et al. (2018) where

linolenic was the prime fatty acid in several Origanum

seeds. Some rare fatty acids such as C15:0 in P. crispum

and C20:2 (cis 11,14) and C24:1(cis 15) in F. assa-foetida

fixed oils were also observed. Mustard is a well-known

source of erucic acid (C22:1, cis 13) (Al-Jasass et al. 2012).

However, the present study identified erucic acid to be the

dominant fatty acid in F. assa-foetida fixed oil thereby

making it an alternative source of erucic acid which is

widely used as lubricants and act as a precursor for bio-

diesel production. Thus, the study lays importance in

identifying spice fixed oils as a source of fatty acids that are

of immense commercial importance.

Figure 1 represents the distribution of saturation and

unsaturation of fatty acids present in fixed oils. It was

observed that the degree of monounsaturated fatty acids

was major in spice fixed oils belonging to the Apiaceae

family. Our results were in concordance with other studies

where C. sativum (Kiralan et al. 2009), T. ammi, P. anisum

and C. carvi (Laribi et al. 2010, 2013) and fennel showed

the highest amount of monounsaturated fatty acid. While

on the other hand fixed oils from Lamiaceae family had

significantly higher amounts of polyunsaturated fatty acids.

Similar findings were also observed by Chernenko and

Glushenkova (2001) where M. hortensis, O. vulgare, and T.

vulgaris were a rich source of polyunsaturated fatty acid.

Total phenolic content of fixed oils

The total phenolic content of the studied spice fixed oils

estimated through Folin-Ciocalteu assay, showed signifi-

cant variation ranging from 7.32 to 1264.32 mg GAE/

100 g oil (Table 4). R. officinalis fixed oil (1264.32 mg

GAE/100 g) had the highest phenolic content followed by

O. basilicum (272.79 mg GAE/100 g oil) and T. vulgaris

fixed oil (212.31 mg GAE/100 g oil). However, on the

contrary F. assa-foetida and A. graveolens fixed oils

showed the least amount of phenolics. Rebey et al. (2012)

also investigated the total phenolic content of C. cyminum

seed extract. Manasa et al. (2020) when explored the

phenolic content of fixed oils reported the highest phenolic

content in C. zeylancium and M. Fragnans.

Antioxidant activity of fixed oils

Since no single method is sufficient to conclude the

antioxidant capacity of the plant extracts so we tested the

antioxidant potential of the spice fixed oils through DPPH,

ABTS and FRAP assay (Table 4). DPPH radical scav-

enging assay is one of the most widely used assay because

of its simplicity and sensitivity. It was observed that R.

officinalis fixed oil had the highest radical scavenging

activity (756.88 mg GAE/100 g oil) whereas F. assa-foe-

tida (7.99 mg GAE/100 g oil) and P. anisum (5.21 mg

GAE/100 g oil) fixed oil exhibited the least radical

Table 1 Fixed oil content (%)

of Indian spices
Family Spices Common name Part used Fixed oil

Apiaceae T. ammi Ajowan Fruit 6.77 ± 0.37a

P. anisum Aniseed Fruit 7.03 ± 0.20a

F. assa-foetida Asafoetida Gum oleoresin 19.93 ± 0.66b

C. carvi Caraway Fruit 4.88 ± 0.16c

C. sativum Coriander Fruit 12.52 ± 0.95d

C. cyminum Cumin Fruit 14.11 ± 0.53e

A. graveolens Dill Fruit 9.81 ± 0.29f

P. crispum Parsley Leaf 0.96 ± 0.06 g

Lamiaceae O. basilicum Basil Leaf 2.52 ± 0.06ac

M. hortensis Marjoram Leaf 3.51 ± 0.01b

O. vulgare Oregano Leaf 2.27 ± 0.31c

R. officinalis Rosemary Leaf 4.57 ± 0.18d

T. vulgaris Thyme Leaf 2.97 ± 0.07a

Results are expressed as Mean ± SD, n=3; Different superscript letters across the column within families

indicate significant difference between values at P\ 0.05
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scavenging activity. Spice fixed oils identified with high

antioxidant activity can also be explored as a potential

candidate for blending with conventional vegetable oils.

ABTS radical scavenging activity assay also showed

results similar to the DPPH assay results where R. offici-

nalis fixed oil showed the highest radical scavenging

activity (101,096.19 mM TE/100 g oil) followed by O.

basilicum (13,703.3 mM TE/100 g oil) fixed oil. While, A.

graveolens fixed oil (85.03 mM TE/100 g oil) showed the

least radical scavenging activity. Our results were in con-

cordance with Vallverdú-Queralt et al. (2014) where

ethanolic extract of R. officinalis showed the highest radi-

cal scavenging property. However, it should also be noted

that the aqueous extract from spices has been thoroughly

Table 3 Fatty acid composition

(lmol %) of fixed oils

belonging to Lamiaceae family

Fatty acids O. basilicum M. hortensis O. vulgare R. officinalis T. vulgaris

C14:0 ND 0.70 ± 0.03a 1.34 ± 0.02a 1.44 ± 0.00a 2.03 ± 1.21a

C16:0 36.45 ± 0.06a 19.35 ± 0.57b 29.22 ± 0.40c 35.53 ± 0.25a 31.81 ± 0.55d

C16:1 (cis 9) ND 0.98 ± 0.14 ND ND ND

C18:0 8.02 ± 0.21a 5.28 ± 0.39b 4.14 ± 0.07c 4.34 ± 0.09c 4.84 ± 0.06bc

C18:1 (cis 9) 4.17 ± 0.07a 10.06 ± 0.27b 8.11 ± 0.23c 8.18 ± 0.05c 8.64 ± 0.36c

C18:1 (cis 11) 0.91 ± 0.01ac 1.06 ± 0.06 ab ND 1.14 ± 0.06b 0.85 ± 0.04c

C18:2 (cis 9,12) 15.55 ± 0.28a 21.50 ± 0.24b 12.26 ± 0.45c 12.04 ± 0.17c 14.77 ± 0.28a

C18:3 (cis 9,12,15) 34.13 ± 0.39a 39.01 ± 1.49b 43.95 ± 0.20c 35.72 ± 0.06ab 35.32 ± 1.19a

C20:0 ND 1.04 ± 0.13 ND ND ND

C22:0 0.78 ± 0.11a ND 1.00 ± 0.03ab 1.62 ± 0.06b 1.74 ± 0.35b

C24:0 ND 0.60 ± 0.06 ND ND ND

Results are expressed as Mean ± SD n=3; ND—Not Detected; C14:0—Myristic; C16:0—Palmitic;

C16:1 (cis 9)—Palmitelaidic; C18:0—Stearic; C18:1 (cis 9)—Oleic; C18:1 (cis 11)—Vaccenic;

C18:2 (cis 9,12)—Linoleic; C18:3 (cis 9,12,15)—Alpha-linolenic; C20:0—Arachidic; C22:0—Behenic;

C24:0—Lignoceric; Different superscript letters across the row indicate significant difference

Between values at P\ 0.05

Fig. 1 Levels of SFA, MUFA

and PUFA in fixed oils:

Distribution of saturation of

fatty acids present in spice fixed

oils. Values are expressed as

percentage. SFA - saturated

fatty acid, MUFA -

monounsaturated fatty acid,

PUFA - polyunsaturated fatty

acid
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exploited by most of the researchers but the lipophilic

extracts have not been much explored thereby allowing us

to study the less studied aspect of the spices. Ferric

reducing antioxidant power of the fixed oils was also

estimated where similar results were obtained as that of

DPPH and ABTS assay. The highest reducing power was

exhibited by R. officinalis (15,427.89 mM TE/100 g oil),

O. basilicum (13,098.74 mM TE/100 g oil) and T. vulgaris

(7584.63 mM TE/100 g oil) fixed oil. Zhang et al. (2014)

studied the ferric reducing power of cold-pressed O. vul-

gare oil however our results were in slight divergence with

them due to differences in the extraction method used.

Pearson’s correlation coefficient was performed to

examine the correlation among the antioxidant assays and

the Folin-Ciocalteu assay as shown in Table 5. A strong

positive correlation was observed between total phenolic

content and DPPH (R = 0.998); total phenolic content and

TEAC (R = 0.994) and DPPH and TEAC (R = 0.985).

Correlation between DPPH and FRAP was R = 0.877

while between total phenolic content and FRAP it was

R = 0.846. The lowest correlation was observed between

FRAP and TEAC (R = 0.788). Thus the results obtained

were quite conclusive of the fact that the high antioxidant

capacity of the fixed oils is attributed to their high phenolic

content as observed from the correlation coefficient.

Overall the antioxidant potential of the studied fixed oils in

decreasing order is as R. officinalis[O. basilicum[ T.

vulgaris[P. crispum[C. carvi[C. sativum[M.

hortensis[C. cyminum[O. vulgare[ T. ammi[P.

anisum[F. assa-foetida[A. graveolens.

Phenolic profile of fixed oils

The high antioxidant activity of spices has always been

associated with the phenolic compounds present in them as

shown in Table 6. We observed that the fixed oils from T.

ammi, P. crispum, O. basilicum and R. officinalis were the

major source of phenolic compounds. P. crispum

(417.53 lg/100 g oil) and O. basilicum (493.47 lg/100 g

oil) fixed oil were found to have high levels of protocate-

cheuic acid. trans-Cinnamic acid was present in abundance

in P. crispum (1438.14 lg/100 g oil) and M. hortensis

(849.46 lg/100 g oil) fixed oils. High amounts of

hydroxybenzoic acid was detected in O. basilicum fixed oil

(1419.56 lg/100 g oil). It was noted that moderate

amounts of vanillic acid, syringic acid, epicatechin and

quercetin were significantly present in spices belonging to

Table 4 Total phenolic content and antioxidant profile of fixed oils

Family Spices Total Phenolic Content (F–C assay) (mg

GAE/100 g oil)

DPPH (mg AAE/

100 g oil)

ABTS (mM TE/100 g

oil)

FRAP (mM TE/100 g

oil)

Apiaceae T. ammi 13.62 ± 0.23a 8.25 ± 0.86ab 253.81 ± 12.21a 497.88 ± 33.67a

P. anisum 10.89 ± 0.19a 5.21 ± 1.77b 798.84 ± 35.13b 654.77 ± 96.44a

F. assa-
foetida

8.76 ± 1.92a 7.99 ± 1.32ab 202.12 ± 16.07ac 598.31 ± 32.02a

C. carvi 28.58 ± 2.96b 7.72 ± 0.69ab 455.96 ± 70.25d 899.84 ± 25.40b

C. sativum 28.48 ± 2.88b 8.15 ± 2.18ab 599.22 ± 3.58e 956.50 ± 110.37b

C. cyminum 23.63 ± 6.57b 7.99 ± 0.8ab 219.58 ± 29.03a 575.98 ± 25.70a

A.
graveolens

7.32 ± 1.59a 10.46 ± 2.75ac 85.03 ± 4.41c 472.27 ± 36.91a

P. crispum 40.81 ± 0.7c 13.31 ± 1.29c 788.39 ± 42.61b 2104.38 ± 109.64c

Lamiaceae O. basilicum 272.79 ± 12.07a 202.52 ± 36.86a 13,703.3 ± 869.53a 13,098.74 ± 2311.16a

M. hortensis 26.73 ± 0.61b 11.14 ± 1.23b 427.91 ± 23.56b 1711.17 ± 273.66b

O. vulgare 19.24 ± 0.55b 16.89 ± 1.99b 455.79 ± 29.55b 793.96 ± 157.76b

R. officinalis 1264.32 ± 144.97c 756.88 ± 24.16c 101,096.19 ± 1547.4c 15,427.89 ± 651.28a

T. vulgaris 212.31 ± 6.87a 155.62 ± 18.32a 6674.5 ± 43.91d 7584.63 ± 618.10c

Results are expressed as Mean ± SD, n=3; F–C- Folin Ciocalteu; GAE: gallic acid equivalent; AAE: ascorbic acid equivalent; TE: trolox

equivalent;

Different superscript letters across the column within families indicate significant difference between values at P\ 0.05

Table 5 Correlation coefficient (R) between assays

Folin-Ciocalteu DPPH ABTS FRAP

DPPH 0.998 1

ABTS 0.994 0.985 1

FRAP 0.846 0.877 0.788 1
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Apiaceae family (Table 6) though they were absent in

Lamiaceae family (Table 7). However, levels of myristein

(88.24–526.88 lg/100 g oil) were majorly high in spice

fixed oils belonging to Lamiaceae family. P. crispum fixed

oil showed high levels of kaempferol (2474.23 lg/100 g

oil). The phenolic compounds identified in the studied

spice fixed oils were similar to those reported by Val-

lverdú-Queralt et al. (2014). Notably, the current work

confirms the presence of well-studied bioactive compounds

even from the lipophilic fraction of spices that could be of

immense industrial importance.

Tocopherol composition of fixed oils

The tocopherol composition of the fixed oils is described in

Table 6. The fixed oils were screened for a-, b-, c- and d-

tocopherol. A wide range in tocopherol level was seen,

where T. vulgaris fixed oil showed the highest amount of a-

tocopherol (551.49 mg/100 g oil) while the least was found

in A. graveolens fixed oil (3.81 mg/100 g oil) (Table 6).

Overall the levels of a- tocopherol was higher in lamiaceae

family (Table 7). b ? c- tocopherol were found to be

highest in M. hortensis (26.97 mg/100 g oil) and A.

graveolens (26.32 mg/100 g oil) fixed oils while C. cymi-

num fixed oil (0.10 mg/100 g oil) showed the least

amounts. Remarkably, it was observed that the fixed oils

from spices belonging to the Apiaceae family such as T.

ammi, P. anisum, C. carvi, and C. cyminum showed no

presence of d- tocopherol. Our findings were in agreement

with that of Matthäus et al. (2015), where P. anisum and C.

cyminum oil also showed the absence of d- tocopherol.

Among all the spices, O. basilicum fixed oil had the highest

level of d- tocopherol (9.07 mg/100 g oil). Spice fixed oils

such as R. officinalis, T. vulgaris, O. vulgare and T. ammi

showed remarkably high levels of tocopherols when com-

pared with conventional vegetable oils such as corn, pea-

nut, sunflower, soybean, olive (Gliszczyńska-Świgło and

Sikorska 2004) and garden cress seed oil (Diwakar et al.

Table 7 Phenolics, tocopherols and sterols present in fixed oils belonging to Lamiaceae family

O. basilicum M. hortensis O. vulgare R. officinalis T. vulgaris

Phenolics (lg/100 g oil)

Gallic acid ND ND ND ND 99.50 ± 7.97

Protocatecheuic acid 493.47 ± 9.56 ND ND ND ND

4,Hydroxybenzoic acid 1419.56 ± 0.00a 225.80 ± 45.62b ND ND 264.71 ± 15.93b

Chlorogenic acid 662.46 ± 0.00 ND ND ND ND

Vanillic acid ND ND ND ND ND

Syringic acid ND ND ND ND ND

Epicatechin ND ND ND ND ND

trans-Cinnamic acid ND 849.46 ± 15.20a ND 131.69 ± 3.61b ND

Catechin ND ND ND 28.24 ± 11.84 ND

Caffeic acid ND ND ND 11.07 ± 1.61 ND

p-coumaric acid 270.39 ± 0.00a ND ND 246.20 ± 11.02a ND

trans-Ferulic acid ND 43.01 ± 0.00 ND ND ND

Myricetin ND 526.88 ± 15.20a 125.73 ± 9.36b 230.17 ± 2.41c 88.24 ± 5.31b

Quercetin ND ND ND ND ND

Kaempferol ND ND 26.47 ± 0.00 ND ND

Tocopherols (mg/100 g oil)

a-Tocopherol ND 36.15 ± 3.83a 134.61 ± 0.42b 382.39 ± 1.40c 551.49 ± 0.87d

(b ? c)–Tocopherol 19.05 ± 0.42a 26.97 ± 4.41a 2.84 ± 0.00b 8.24 ± 0.00b 3.00 ± 0.46b

d–Tocopherol 9.07 ± 0.58a 5.25 ± 0.99b 0.11 ± 0.01c 0.13 ± 0.07c 0.51 ± 0.04c

Sterols (mg/100 g oil)

Ergosterol 15.48 ± 0.60 ND ND ND ND

Stigmasterol ? Campesterol 1126.34 ± 0.15a 127.38 ± 1.21b ND 371.22 ± 3.02c 141.55 ± 0.05d

b–Sitosterol 1720.65 ± 87.46a 1392.89 ± 8.97b 1089.22 ± 32.06c 1287.47 ± 1.10b 824.27 ± 1.69d

Squalene 333.09 ± 3.31a 55.03 ± 0.25b 112.82 ± 1.37c 65.71 ± 0.11b 36.17 ± 0.22d

Results are expressed as Mean ± SD, n=3; ND—Not Detected; Different superscript letters across the row indicate

Significant difference between values at P\ 0.05 level
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2010), thus giving an opportunity to investigate spice fixed

oils as a rich source of tocopherols.

Sterol and squalene composition of fixed oils

Identifying novel sources of sterols and squalene is of

immense importance because of their anti-oxidative, anti-

inflammatory, anti-carcinogenic and lipid-lowering effect

(Ryan et al. 2007). Table 6 describes the various sterols and

squalene present in spice fixed oils. Amongst the four

phytosterols (ergosterol, stigmasterol, campesterol, b-

sitosterol) identified, b-sitosterol was found to be in

abundance as observed in most vegetable oils. T. ammi

(3307.64 mg/100 g oil) (Table 6) fixed oil showed the

highest levels of b-sitosterol while the least was observed

by P. anisum (31.85 mg/100 g oil) fixed oil. Stigmasterol

and campesterol were the next major sterols found in all

spice fixed oils except for O. vulgare (Table 7). These

sterols were recorded to be majorly present in T. ammi

(3411.80 mg/100 g oil) fixed oil while A. graveolens

(85.55 mg/100 g oil) fixed oil showed the least amounts.

The presence of ergosterol was confirmed in 4 spice fixed
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oils of which T. ammi (170.32 mg/100 g oil) fixed oil

contained high levels of it. Ramadan and Morsel (2002)

reported 29.8% of stigmasterol and 28.2% of b-sitosterol

present in C. sativum seed oil. High levels of b-sitosterol

(960 mg/100 g oil) was also present in nigella seed oil

(Atta 2003). Besides, it was interesting to note spice fixed

oils as an alternative source of squalene, where O. basili-

cum (333.09 mg/100 g oil) fixed oil along with T. ammi

(190.26 mg/100 g oil) fixed oil exhibited remarkably high

amounts of squalene. Identifying spice fixed oils as a

source of sterols would be of great interest to the oil pro-

cessing and food industries because of the richness of

phytochemicals present in the unsaponifiable fraction.

Principal component analysis

This statistical analysis was implemented in our study to

identify variation among the fatty acids and bioactive

compounds present in spice fixed oils belonging to both the

families. The biplot graphs representing the PCA is shown

in Fig. 2. In PCA of Apiaceae family (Fig. 2a), the first two

principal components accounted for 68.63% of the total

variation (PC1 = 36.33% and PC2 = 32.30%, respectively)

while in PCA of Lamiaceae family (Fig. 2b) 76.38% of the

total variation was observed (PC1 = 47.03% and PC2 =

29.35%, respectively). In the Apiaceae family, SFA (%),

protocatechuic acid, trans-cinnamic acid, catechin, trans-

ferulic acid, kaempferol and MUFA (%) contributed

majorly to PC1 while ergosterol, stigmasterol and cam-

pesterol, b-sitosterol, squalene, a- tocopherol, syringic acid

and epicatechin were responsible for variation in PC2. In

the Lamiaceae family, variability in PC1 was positively

contributed by ergosterol, stigmasterol and campesterol, b-

sitosterol, squalene, protocatechuic acid, 4, hydroxyben-

zoic acid, chlorogenic acid, p-coumaric acid, d- tocopherol

and SFA (%) while b ? c- tocopherol, trans-ferulic acid,

trans-cinnamic acid myristein, PUFA (%) and a- toco-

pherol were responsible for variation in PC2.

Conclusion

Numerous studies have been reported on spice extracts,

essential oils and oleoresins, however not much interest has

been shown in studying the fixed oil from the spices.

Therefore, the present study was proposed to extract fixed

oils from Indian spices and extensively explore its fatty

acid profile and bioactive composition. As we studied a

spectrum of spices belonging to Apiaceae and Lamiaceae

family, F. assa-foetida had the highest amount of fixed oil

while P. crispum had the least. A high degree of unsatu-

ration was observed which thereby paves a pathway for use

of fixed oils in food, pharmaceutical and cosmetic industry.

The presence of some unusual fatty acids also stirs in a lot

of excitement. Interestingly, the study also identifies spices

to be a storehouse of lipid-soluble bioactive compounds

wherein fixed oils from T. ammi, P. crispum, O. basilicum

and R. officinalis were the major source of phenolic com-

pounds. A strong positive correlation was observed

between Folin-Ciocalteu, DPPH and TEAC. T. vulgaris, M.

hortensis and O. basilicum fixed oils confirmed high

amounts of a-, b ? c- and d- tocopherol respectively. b-

sitosterol was found to be the dominating phytosterol in all

fixed oils with T. ammi fixed oil recording at the highest

levels. PCA confirmed the difference of T. ammi, P. cris-

pum, M. hortensis and O. basilicum fixed oils from other

spice fixed oils. The data obtained from the study can also

be used by the regulatory bodies to assess the quality and

authenticity of Indian spices and set standards for national

and international trade. The antioxidant richness of fixed

oils also paves a pathway for its use as potential adducts in

vegetable oil, and in various cosmetic, industrial, and

pharmaceutical applications. Therefore, the study consid-

erably enhances our understanding of lipids and secondary

metabolites from the non-volatile fraction of spices and

also gives us lucrative leads for various industrial

applications.
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Alvarenga JF, Leal LN, Lamuela-Raventos RM (2014) A

530 J Food Sci Technol (February 2022) 59(2):518–531

123

https://doi.org/10.1100/2012/859892
https://doi.org/10.1002/jsfa
https://doi.org/10.1016/S0308-8146(03)00038-4
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.1016/S0076-6879(99)99005-5
https://doi.org/10.1007/s11746-009-1523-z
https://doi.org/10.1007/s11746-009-1523-z
https://old.fssai.gov.in/Portals/0/Pdf/Manual_Metals_25_05_2016.pdf
https://old.fssai.gov.in/Portals/0/Pdf/Manual_Metals_25_05_2016.pdf
https://doi.org/10.1016/j.chroma.2004.07.051
https://doi.org/10.1016/j.chroma.2004.07.051
https://doi.org/10.1016/B978-0-12-813148-0.00029-3
https://doi.org/10.1016/B978-0-12-813148-0.00029-3
http://jcsp.org.pk/ArticleUpload/870-3707-1-RV.pdf
http://jcsp.org.pk/ArticleUpload/870-3707-1-RV.pdf
https://doi.org/10.1016/j.indcrop.2009.07.005
https://doi.org/10.1002/jsfa.3827
https://doi.org/10.1002/jsfa.3827
https://doi.org/10.1016/j.indcrop.2012.04.060
https://doi.org/10.1016/j.indcrop.2012.04.060
https://doi.org/10.1007/s13197-020-04813-8
https://doi.org/10.1007/s13197-020-04813-8
https://doi.org/10.3920/QAS2013.0296
https://doi.org/10.1002/ejlt.201800094
https://doi.org/10.1111/j.1750-3841.2012.02618.x
https://doi.org/10.1111/j.1750-3841.2012.02618.x
https://doi.org/10.5650/jos.ess18219
https://doi.org/10.1016/j.indcrop.2012.07.013
https://doi.org/10.1007/s00217-002-0537-7
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.1016/j.indcrop.2011.09.013
https://doi.org/10.1016/j.indcrop.2011.09.013
https://doi.org/10.1007/s11130-007-0046-8
https://doi.org/10.1002/bmc.316
https://doi.org/10.1016/j.jfoodeng.2007.07.001
https://doi.org/10.4236/fns.2011.25059
https://doi.org/10.4236/fns.2011.25059


comprehensive study on the phenolic profile of widely used

culinary herbs and spices: Rosemary, thyme, oregano, cinnamon,

cumin and bay. Food Chem 154:299–307. https://doi.org/10.

1016/j.foodchem.2013.12.106

Zhang XL, Guo YS, Wang CH, Li GQ, Xu JJ, Chung HY, Ye WC, Li

YL, Wang GC (2014) Phenolic compounds from Origanum

vulgare and their antioxidant and antiviral activities. Food Chem

152:300–306. https://doi.org/10.1016/j.foodchem.2013.11.153

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

J Food Sci Technol (February 2022) 59(2):518–531 531

123

https://doi.org/10.1016/j.foodchem.2013.12.106
https://doi.org/10.1016/j.foodchem.2013.12.106
https://doi.org/10.1016/j.foodchem.2013.11.153

	Extraction, fatty acid profile, phytochemical composition and antioxidant activities of fixed oils from spices belonging to Apiaceae and Lamiaceae family
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Chemicals and standards
	Extraction of fixed oils
	Fatty acid profiling of fixed oils
	Extract preparation
	Determination of total phenolic content
	Antioxidant activity
	DPPH Assay
	ABTS Assay
	FRAP Assay

	Quantification of phenolic compounds
	Identification of tocopherols
	Determination of sterols and squalene
	Statistical analysis


	Results and discussion
	Fixed oil content
	Fatty acid composition of fixed oils
	Total phenolic content of fixed oils
	Antioxidant activity of fixed oils
	Phenolic profile of fixed oils
	Tocopherol composition of fixed oils
	Sterol and squalene composition of fixed oils
	Principal component analysis

	Conclusion
	Author contributions
	Funding
	References




