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Abstract

Pimpinella anisum L. seeds of the two cultivars were assessed for their nutritional quality and safety assessment through
proximate, chemical and pharmacological studies. The proximate composition along with rich mineral elements as well as
minor level of toxic elements indicated the good quality of seeds. The GC-MS analyses of hydro distilled volatile oils of
two cultivars contained 16 constituents. The main constituents in BSRC (Bangladesh Spice Research Centre) seeds were
trans-anethole (83.67%), fenchone (5.29%) and 1,2-diisopropenylcyclobutane (6.31%) whereas, frans-anethole (69.94%),
fenchone (11.184%) and p-limonene (13.007%) were the main constituents in local market seeds. The ICs,, values of DPPH
antioxidant activity showed at 48.71 and 52.48 mg/mL, in BSRC and local market seeds cultivars essential oils respectively.
The antimicrobial activity of the essential oils showed moderate activity in both cultivars against Gram-positive, Gram-
negative bacteria and fungi. Both oils had some similarity in physiochemical properties and antimicrobial activity. The brine
shrimp cytotoxic activity of the essential oils exhibited weaker activity than the standard drug at 3.06 and 2.86 pg/mL (ICs)
in BSRC and local market seed cultivars respectively. The present investigation demonstrated good nutritional quality with
rich bioactive phytoconstituents as well as low level of toxic elements of anise seeds. The research findings can open up a
new possibility for exportation of indigenously cultivated spices as well as recommendations for food and pharmaceutical
industries.
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Antioxidant - Cytotoxicity
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economy [5, 6]. Nonetheless, spices have played diverse
role in medicine and pharmaceutical formulation [7, 8].
Pimpinellaanisum L. is a member of the genus Pimpinella

Published online: 10 July 2019 @ Springer


http://orcid.org/0000-0002-6252-7401
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-019-00188-3&domain=pdf

A. Ghosh et al.

and belongs to the family Apiaceae is an economically
important vegetable and condiment plant. It is well known
as anise (Bangla name Mouri) and comprises 150 species of
mostly distributed in the northern hemisphere. It is largely
cultivated in Europe, South East Asian countries, Africa
and South America [9-11]. The major anise producing
countries are Spain, Mexico, Egypt, Italy, India, Bulgaria,
Tunisia, Syria, and France [12]. In Bangladesh, it is mostly
cultivated in Northern districts. Anise seeds are used as
a food flavouring, preservative, medicinal, biochemical
agents and vast spectrum applications in pharmaceutical
industries. Its leaves are used in salads and in pickling.
Traditionally, the seeds are used as carminative, diuretic,
sedative, appetizers, and disinfectant, analgesic in migraine,
increase milk production, seizure and in the treatment of
epilepsy [13-16]. The pharmacological studies of the essen-
tial oil were also reported to have antibacterial, antifun-
gal, antioxidant, insecticidal, antiviral, muscle relaxant of
tracheal chain, anticonvulsant, analgesic and anti-diabetic
activities [17-29]. Chemical studies of P. anisum essential
oils have demonstrated that the anise seed comprises the
predominant amount of trans-anethole, cis-isoeugenol, lin-
alool, estragol, methyl chavicol and anisaldehyde [30-32].
Other minor components are B-caryophyllene, anisic acid
(oxidation products of anethole), limonene, a-pinene, acet-
aldehyde, p-cresol, creosol, hydroquinine, f-farnasene,
y-himachalene and ar-curcumene [33, 34]. Carcinogenic
effects are an important safety issue in the food and phar-
maceutical industries. Therefore, this issue encouraged sci-
entist to investigate biological activity of components for
manufacturing safe product. The toxicity and cancerogenic
effect of anethole are well investigated. The cis-isomer of
anethole being 15-38 times more toxic than the trans (E)
isomer to animals [35]. cis-Anethole (c.a. 0.3-0.4%) con-
tained with trans-anethole in anise seeds which may not
cause of toxicity but possible in daylight to form cis-anet-
hole during storage period [33]. Moreover, the other issue
is heavy metals toxicity, which is well known toxic roles in
various biochemical reactions in human body [36]. Toxic
heavy metals cause serious health risk like as kidney injury,
renal failure and liver damage [37]. More than twenty ele-
ments are responsible for humane physiological activities.
Among them, minor and trace elements are conjugated
with proteins to form metalloproteins or small molecules
like polyphenols, phosphates, phytates as well as chelat-
ing compounds. Also, these elements have important enzy-
matic function by transporting the bound proteins to their
target sites in the human body [36, 38]. Several techniques
are available to evaluate the elemental composition of the
plants and foods. Nonetheless, the ICP-MS is a sensitive
multi-element analysis technique which is widely using in
plant, food and pharmaceutical industries. In this regards,
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the elemental analysis of the anise seeds varieties has been
employed by Varian ICP-MS technique to assess the minor
and trace elemental contents in the present study.

Numerous spices are commonly consumed by the Bang-
ladeshi people for their daily culinary purposes. Generally,
in Bangladesh, anise seeds are obtained from local market;
most of them are imported and old spices of different varie-
ties without any quality specification and source of origin.
Moreover, many works have been done on volatile com-
pounds as well as their pharmacological effects of anise
seeds and very few reports have been published on their
toxic and trace elemental contents as well as toxicity of
essential oils and compounds. The data relating to nutri-
tional quality composition and safety assessments are really
scarce. So, it is very important to determine their compre-
hensive quality assessment and toxicological studies. In this
view, the objective of the present research was to investigate
in vitro antioxidant, antimicrobial and cytotoxic activities of
the essential oils of P. anisum seeds in addition to their nutri-
tion, elemental and essential oil compositions in the quality
perspective for the possibilities of exportation. The permis-
sible and critical levels of proximate parameters, necessary
dietary intakes of minor nutritional elements and toxic ele-
ments have been also compared by WHO and USDA recom-
mended limits.

Material and methods
Plant material

Pimpinella anisum L. (anise) seeds were collected from
the local market (Chakbazar) Dhaka and Bangladesh Spice
Research Centre (BSRC), Bogra. The samples were cleaned
in water, freed from others specimen and air-dried in shade
at ambient temperature. The dried samples were powdered
by the ball mill and preserved in airtight high-density double
lined polyethylene bag until analysis. The seeds samples are
shown in Fig. 1.

Physico-chemical and proximate studies

The physicochemical and proximate parameters were carried
out by the standard methods with three replications [39—43].
The total content of carbohydrate and food energy (FE) was
estimated by the following equation:

Carbohydrate(%) = 100 — (moisture + total ash + crude protein

+ crude fiber + fats and oil)

FE (kcal/100g) = (% crude protein X 4)
+ (% fats and oils X 9) + (% carbohydrate X 4).
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Fig.1 a P. anisum L. seeds from BSRC (Bogra) cultivar and b P. ani-
sum L. seeds from local market (Dhaka)

Elemental analyses

Reagents, water and standard

HNO; and HC1 (37%) acids were trace metal analysis grade
of BDH (Analar Grade, England), high purity de-ionized
water (Barnstead purification system) and Multi-element
stock solutions containing 10 mg/L of each element (Accu
Trace TM Reference Standard, USA) were used. Aliquots
of ICP multi-element standard solution (10 mg/L) contain-
ing the metals such as Be, Bi, Cd, Cs, Cr, Co, Cu, Ga, In,
Li, Ni, Pb, As, Se and Ag. The tuning solution (10 ppb)
contains Ba, Be, Ce, Co, In, Pb, Mg, Tl and Th for instru-
ment tuning and verification of performance. Working
standard solutions (1, 5, 10, 20 and 50 pg/L) were prepared
by dilution of the stock standard solutions in 1% HNO;
from 100 pg/L as the intermediate standard for elemental
analyses.

Sample preparation for ICP-MS and AAS

A certain amount of moisture less ash samples were taken
from Local market (1.0082 g) and BSRC (1.0098 g) for ele-
mental analyses. On the other hand, moisture less powder
samples were taken from local market (2.5060 g) and BSRC
(2.5005 g) for Hg estimation by AAS. Ashing and subse-
quent sample preparation were performed as per AOAC
method [41, 42].

ICP-MS instrument and operating condition

The elemental analyses were done by Varian UltraMass™
ICP-MS system (Varian Optical Spectroscopy Instruments,
Melbourne, Australia). The plasma source was 99.998%
argon (Carbagas 3097, Liebefeld, Bern, Switzerland). The
instrument and operating conditions were as follows: Instru-
mental: Sampler cone: Nickel (0.5 mm orifice diameter),

Skimmer cone: Nickel (1.0 mm orifice diameter); Plasma
conditions: RF power: 1.40 kW, Plasma Ar flow rate: 18.0
L min~!, Auxiliary Ar flow rate: 2.25 L min~!, Sheath gas
flow: 0.20 L min~!, Nebulizer gas flow: 1.0 L min~!, Sam-
pling depth: 6.50 mm, Pump Rate: 5 rpm.

Atomic absorption spectrometry (AAS) analyses

Mg, Fe, Mn and Ca were analysed by Flame Atomic Absorp-
tion Spectrometer (Varian AA 240 FS). Al was analysed by
Zeeman Atomic Absorption Spectrometer (Varian AA 240
Z) in graphite furnace and the total Hg was analysed by cold
vapour hydrate generation Atomic Absorption Spectrometer
(Varian AA 220 FS) followed by the Varian operating man-
ual. The metals stock standard was 1000 mg/L (Reference/
Traceable) for Mg, Fe, Ca, Al and Mn and the quantification
limit was at ppm levels for individual element. The detection
limit of Fe, Mn and Al were 0.027, 0.005 and 0.00196 mg/
mL respectively. On the other hand, Hg stock standard was
AR grade, equivalent to 100 mg/L and quantification limit
was 0.01 pg/L (ppb). All calibrated standard, quality con-
trol standard and check standard are traceable according
to National Institute of Standard and Technology (NIST).
Recovery of the quality spiked sample, duplicate samples
and quality control sample were observed and the recovery
ranges for each parameter was 100+ 10%.

Flame photometry analyses

The concentration of Na and K (Certified Reference Mate-
rial) were analysed by Flame Photometer (Jenway PFP-7,
England, UK). Standard Na* and K solutions (1-5 ppm)
were used in the serial dilution method for standard curve
within linear calibration range and the total quantities in
solution of samples were calculated.

Essential oil analysis

Anise seeds were subjected to hydro-distillation using Clev-
enger’s apparatus for 4 h. The extracted oils were dried over
anhydrous sodium sulphate to remove traces of moisture and
stored in a refrigerator at 4 °C until analyses.

GC-MS analysis

The essential oils of anise seeds were analysed by electron
impact ionization (EI) method on GC-2010 Shimadzu Gas
Chromatograph, coupled to a GC-MS QP 2010 plus Shi-
madzu Mass Spectrometer fitted with RTX-5 MS fused silica
capillary column (Supelco Inc.) (30 mx 2.5 mm; 0.25 pm
film thickness). The column temperature was 40 °C (hold
2 min) to 220 °C (hold 5 min) at the rate of 10 °C/min,
maintained with carrier gas helium at a constant pressure of
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90 kPa (Acquisition parameters full scan; scan range 40-550
amu). The split ratio was 10. Mass spectra were taken at
70 eV.

Identification of the compounds

The constituents of the essential oils were identified by
retention indices under temperature-programmed conditions
based on co-injection of homologous r-alkanes (C¢—C,,) on
the RTX-5 MS capillary column. Compounds were identi-
fied by comparison of their mass spectra with those of the
internal reference mass spectral NIST-107 library.

In vitro antioxidant activity

The in vitro antioxidant activity of the anise seed essential
oils were determined by DPPH (1,1-diphenyl-2-picrylhy-
drazyl) method with some modifications [44]. The oils were
dissolved in methanol and the applied concentrations were
100 to 0.781 mg/mL by serial dilution technique. Ascor-
bic acid (ASA) and tert-butyl-1-hydroxytoluene (BHT)
(200-1.562 pg/mL) were used as positive control. Briefly,
200 pL of a sample solution (extracts or control) at different
concentration and 800 pL methanol (1.0 mL) were mixed
with 1.0 mL of a DPPH solution. The reaction mixture was
vortexed and kept in the dark box for 25 min at the room
temperature. The absorbance of the mixture was measured
at 517 nm using an UV-Visible spectrophotometer (UV-Vis
1650, Shimadzu Corporation, Japan). The per cent of inhibi-
tions was calculated from the following equation.

DPPH scavenging activity(%) = (1 — ABS ;1. /ABS 01 X 100.

IC;, value of the oils and standards

The actual decrease in absorbance was measured against
controls. The data of ICs, values were transformed into a
straight line by means of a trend line fit linear regression
analysis by MS Excel version 10 Software for windows. The
experiment was performed triplicate and the results were
expressed as mean +SD with 95% confidence interval in
every case.

Antimicrobial screening

The disc diffusion method [45] was used to test antimicrobial
and antifungal activities against five Gram-positive, eight
Gram-negative organisms and three fungi species. The bac-
terial and fungal strains were collected as pure culture from
the Institute of Nutrition and Food Sciences (INFS), Uni-
versity of Dhaka. The test samples were made by dissolving
in calculated volumes of solvents separately and applied to
sterile discs (6 mm diameter) at a concentration of 400 pg/
disc and carefully dried to evaporate the residual solvents.
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The test material (disc containing) were placed on nutrient
agar medium and seeded uniformly with test microorgan-
isms. Standard antibiotic ciprofloxacin (5 pg/disc) discs
and blank discs (impregnated with solvents) were used as
positive and negative control respectively. The antimicrobial
activity of the test samples were determined by measuring
the diameter of the inhibited zone on the disc and expressed
in millimetre.

In vitro cytotoxic activity

In vitro cytotoxic activity was carried out on the Brine
Shrimp nauplii by the lethality bioassay to detect the tox-
icity level of the anise seed essential oils [46]. The Brine
Shrimp eggs were collected from local pet shops. In this
experiment, eggs were hatched within 48 h providing a
large number of larvae (nauplii in a tank with 3.8% w/v
sea salt in distilled water) at 30 °C in front of a lamp. The
test samples (essential oil) were prepared by dissolving
in DMSO (Dimethyl Sufoxide) (not more than 50 pL in
5 mL solution) and it was applied in 5 mL brine solution
(3.8% NaCl in water) to attain concentrations of 0.039 to
10.0 pg/mL. A vial containing 50 pL DMSO diluted to
5 mL of brine solution was used as a control. Standard
vincristine sulfate was used as positive control at the same
concentration. Then matured shrimps (10-20 of each vial)
were applied to all experimental and control vials. After
24 h, the vials were inspected using a magnifying glass
in front of lamp and the number of surviving nauplii in
each vial were counted. The lethal concentrations (LCs)
of dose-response data were calculated by MS-Excel (ver-
sion 7) software.

Data analysis

The data analyses were carried out by MS Excel (version
10) software. The results were evaluated by statistically
significant with 95% confidence interval.

Results and discussion
Physico-chemical and proximate composition

The physico-chemical and proximate composition of P.
anisum seeds (Table 1) show fresh weight and dry weight
basis of the two cultivars. The highest content of total
ash, acid soluble ash, water in-soluble ash, nitrogen, pro-
tein, essential oil and food energy were observed in the
BSRC cultivated seeds than the local market seeds and
same was true in local market seeds for crude fibre, fatty
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Table 1 Physico-chemical and proximate composition of anise seed
cultivars (g/100 g)

Parameters Market seeds BSRC USDA
limit®

Moisture 9.41+0.02°  927+001° 954

Dry mater 90.58 +£0.02 90.72+0.01

Organic matter 91.74+0.01 91.61+0.00

Total ash 8.25+0.01% 8.38+0.01°
747+001°  7.61+0.01° 695

Acid in-soluble ash 0.30+0.01 0.21+0.01 <14

Acid soluble ash 7.95+0.01 8.17+0.01

Water in-soluble ash 5.58+0.2 6.14+0.02

Water soluble ash 2.67+0.02 2.24+0.02

Nitrogen 3.14+0.11* 3.27+0.04°
2.84+0.1° 2.97+0.03

Protein 19.63+0.74*  20.49+0.26*
17.79+0.67°  18.59+0.24>  17.60°

Crude fiber 13.14+0.05*  12.64+0.01* 14.6°
11.90+0.04>  11.46+0.01°

Fatty oil 9.72+0.09* 9.44+0.02° 15.90°
8.80+0.07°  8.56+0.01°

Essential oil 2.22+0.01* 2.32+0.01°
2.01+0.01°  2.10+0.01°

Carbohydrate 49.24+0.71*  49.03+0.20*  50.02°
44.60+0.65°  44.48+0.18°

Food energy (kcal/100 g)  362.99+0.19*° 363.07+0.04* 337°
328.81+0.12° 329.39+0.08°

Each value represents Mean + SD (n = 3), p < 0.05 (95% of confi-
dence interval)

BSRC Bangladesh Spice Research Centre, Bogra
20n dry weight basis

®On the fresh weight basis

“USDA (2018) https://ndb.nal.usda.gov
dSuggested limit (Tainter and Grenis 1993)

oil and carbohydrate contents. There are no apparent vari-
ations were observed among the cultivars of the proxi-
mate parameters. Most of the results are close to those
already reported data [47, 48] whereas the variation was
observed in the essential oil content which was reported
to have higher value (2.49 and 3.98%) than the current
studies [48, 49]. The differences observed may be due to
variety, climatic variation, cultivar and agronomic practice
differences. The results have also complied with USDA
[50] limit for moisture, ash, protein, carbohydrate and
food energy contents which have indicated good quality
seeds as well as good nutritional source. The ash con-
tent of both cultivars indicated high amount of minerals
which have found higher than the USDA limit. On the
other hand, low acid insoluble ash indicated poor silicate
impurity, as well as high water soluble ash, indicated

soluble minerals contents [51]. Lower acid insoluble ash
and higher water soluble ash are present in BSRC seeds
cultivar which marks its rich sources of minerals. The high
protein content in BSRC seeds indicated good source of
quality protein. Although, there are numerous reports were
disseminated around the web but the proximate properties
of the present cultivars have been reported in the first time.
Overall, the BSRC seeds cultivars meet the best quality
standards of USDA nutritional limit. Therefore, it can be
considered as good quality spice for human consumption
as well as it would be considered for possible exportation.

Elemental composition

The elemental compositions of anise seeds of two cultivars
were analyzed by ICP-MS, AAS and FP methods and the
results are shown in Tables 2 and 3 respectively. A total of
21 elements were detected including 4 toxic elements. The
concentration of the detected elements have been calculated
as dry (DWB) and fresh weight basis (FWB) within the sig-
nificance level (p <0.05) and the relative standard deviations
(RSD%) were <5%. K and Mg were detected as the high-
est concentration in local market seeds cultivar whereas Ca
and Na were the highest level in BSRC seeds cultivar fol-
lowed by Fe and Al on the dried basis. The trace elements
of Ba, Se, Ga, V, Co, Ag and Cs were detected higher level
in BSRC seeds cultivar than the local market seeds cultivar.
On the contrary, Li, Ni and Bi were detected predominant
amount in local cultivar seeds in comparison to the BSRC
seeds cultivar. By comparing with the reported data, the con-
tent of Ca (6.0 0.60, 10.135, 2.63), K (15.47, 15.61, 0.887,
0.252), Mg (3.33, 0.270, 0.147) and Na (0.087, 0.365) (g/
kg), Fe (104.2, 5.40, 44.4), Co (0.061) and Ni (0.114) (mg/
kg) were found lower than the current studies [48, 52-55].
On the contrary, Na (5.83) (g/kg), Al (2962, 492, 269), Fe
(1799.5, 211, 156), Li (5.76, 0.4), Ni (18.42), Ba (191) and
Se (2.86) (mg/kg) were reported higher values than the pre-
sent studies [52-54, 56]. Some data of elemental contents
of anise seeds showed minor differences with literature. The
observed differences may responsible for the soil compo-
sition, climate condition, maturity, harvesting period and
biochemical synthesis of the plant body which affect the
mineral composition of the present results [57]. Mineral
elements are an important quality parameter of food prod-
ucts due to its pharmacological effect in human metabolism
because many organometallic compounds have reported bio-
logical effect [58]. For example, Co is a part of vitamin B,
compound which has many physiological actions in human
and animal body. It requires a small amount (7-50 pg/day)
in human body though it is regarded sometimes as toxic ele-
ment at the elevated level [59, 60]. Li is regarded as another
beneficial element with many pharmacological effects such
as it was reported for the treatment of manic depressive
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Table 2 Essential elemental composition of anise seed cultivars

Elements Conc. in solution ~ Market anise seeds RSD (%) Conc. in solution ~ BSRC anise seeds RSD (%) Recommended limit
DWB FWB DWB FWB

Li (ug/kg) 93.6928 383.56 34745 091 87.1731 362.09 328.5 2.54 20.0 mg/kg®

Be (ug/kg)  0.2386 0.97 0.88 30.97 0.287 1.19 1.08 25.75

V (ug/kg) 32.3656 132.5 120.02  0.76 40.1214 166.65 151.19 1.36

Co (ug/kg)  16.3808 67.06 60.75 1.05 16.4576 68.36 62.02 0.85 0.2-0.3 mg/kg®

Ni (ug/kg) 130.7678 535.34 48494 0.85 126.7391 526.44 477.6 0.72

Ga (ug/kg) 7.372 30.18 27.34 1.13 8.0071 33.26 30.17 1.76

Se (ug/kg)  73.4551 300.71 2724 2.37 166.845 693.03 628.74 2.84 5 g

Ag (png/kg)  0.7067 2.89 2.62 3.08 1.3759 5.72 5.18 0.46

Cs (ug/kg) 09911 4.06 3.67 1.49 1.0268 4.26 3.87 0.48

Ba (ug/kg)  216.468 886.18 802.75 1.21 283.4041 1177.19 1067.98 0.43

Bi (ug/kg) 6.989 28.61 25.92 1.04 4.346 18.05 16.38 2.03

Al (mg/kg) 254 103.98 94.19 0.1 28.23 117.26 106.38 0.1

Fe (mg/kg) 29.9 122.4 110.88 0.1 335 139.15 126.24 0.1 36.96 mg*

Ca (g/kg) 2580 10.56 9.56 0.1 3080 12.79 11.6 0.1 646 mg*

Mg (g/kg) 920 3.766 341 0.1 773 3.21 291 0.1 170 mg?

Na (g/kg) 289 1.18 1.07 0.1 353 1.47 1.33 0.1 16 mg*

K (g/kg) 8100 33.16 30.03 0.1 6200 25.75 23.36 0.1 1441 mg*

ND not detected, RSD relative standard deviation, p <0.05, Conc. in solution concentration of the elements in solution, DWD dry weight basis,
FWB fresh weight basis, BSRC Bangladesh Spice Research Centre, Bogra Dilution factor 0.05. Fe, Ca, Mg were done by AAS, Na, K by FP,

other elements by ICP-MS
*Recommended limit for anise seeds (per 100 g) by USDA, 2018

bToxicity level of recommended intake Li (Aral and Vecchio-Sadus 2008), Co (WHO 2005)

Table 3 Toxic elemental composition of anise seed cultivars

Elements Conc. in solution Market anise RSD (%) Conc. in solution BSRC anise RSD  Permissible
limit (mg/kg)*
DWB FWB DWB FWB (%)

As (ughkg) 0 ND ND ND 0 ND ND ND 10

Cr (ug/kg) 27.8712 115 103.35 1.66 27.6856 115 104.33 089 2

Pb (ug/kg) 27.3075 111.79 101.26 0.07 19.9683 82.94 75.25 0.33 10

Cd (ug/kg) 1.4078 5.76 5.22 4.89 1.2048 5.004 4.54 4.02 0.3

Hg (ug/kg) 23.71 473.06 428.52 04 51.65 1032.8 936.97 0.9 1

ND not detected, RSD relative standard deviation, p <0.05., Conc. in solution concentration of the elements in solution DWD dry weight basis,
FWB fresh weight basis, dilution factor 0.05. As, Cr, Pb, Cd by ICP-MS and Hg by AAS, BSRC Bangladesh Spice Research Centre, Bogra

“WHO (2005)

disorders though it has a toxicological effect at 20 mg/kg
[61, 62]. Vegetables, grains, meat and dairy products are
the main sources of Li and can fulfil the Li deficiency. The
recommended daily dietary intake of Li is 0.65-3.1 mg/day
for adult [63, 64]. On the other hand, Se is a biologically
important element in the aspect of antioxidant nutrient as
well as a modulator in inflammatory and immune responses
[65]. It binds with different enzymes, protein and fatty acids
to form selenoprotein P, type 1 iodothyronine deiodinase
metalloproteins and glutathione peroxidase. The Se has been
found higher amount in our present study than the reported

@ Springer

data (4, 5 pg/kg) [50, 66]. Moreover, Ca, Fe, K and Mg
contribute many important biological processes and met the
daily dietary requirement in human metabolism [67]. The
elements can influence the taste of spice as well as quality
of anise seeds. The human body cannot able to synthesize
essential elements which supplemented by external sources
but over intake cause of toxicity in the body. The current
results have complied with the USDA [50] recommended
limit of quality parameters of anise seeds (Table 3) of both
cultivars. Moreover, the mineral composition of the current
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Table 4 Essential oil

o . Compounds RI Retention time Composition (%)
composition (% w/w) of Anise
seeds cultivars Local market seeds ~ BSRC seeds  Local market seeds =~ BSRC seeds
p-Thujene® 873 - 8.352 ND 0.261
1,2-Diisopropenyl- 934 - 9.69 ND 6.315
cyclobutane®
a-Pinene* 948 7.373 7.374 1.851 0.85
p-Myrcene? 958 8.77 8.771 0.378 0.204
Trans-p-Ocimene® 976 - 9.902 ND 0.403
p-Terpinen® 993 8.35 - 0.353 ND
y-Terpinen® 998 10.417 10.418 0.394 0.286
D-Limonene® 1018  9.69 - 13.007 ND
p-Menthatrienea 1029 - 9.588 ND 0.449
p-Cymene® 1042 9.587 - 1.418 ND
Cineole® 1059  9.768 9.772 0.438 0.292
Fenchone® 1121 11.137 11.14 11.184 5.291
trans-Anethole® 1190  13.667 13.669 69.949 83.671
R-(-)-Carvone® 1190  14.664 - 0.313 ND
Fenchyl acetate® 1277  14.437 14.436 0.329 0.134
a-Carcumene® 1524 19.41 - 0.239 ND
Total (%) 99.853 98.156
Compounds Identified (%)
Monoterpene hydrocarbons® 17.401 8.768
Oxygenated monoterpenoid hydrocarbons® 82.213 89.388
Sesquiterpene hydrocarbon® 0.239 ND

RI Retention Index, determined with reference to a homologous series of normal alkanes on RTX-5
MS column. Minimum detection limit is 0.001%, ND stands for not detected. BSRC: Bangladesh Spice

Research Centre, Bogra

“Monoterpene hydrocarbons

®Oxygenated monoterpenoid hydrocarbons

“Sesquiterpene hydrocarbon

experiment might have to provide a sufficient amount of
minerals to meet the recommended dietary allowances [68].

In the view of toxic heavy metals (Table 3), As was not
detected any of the samples under investigation. Hg was
detected as high amount in BSRC seeds cultivars. On the
other hand, Pb and Cd were estimated higher amount in local
market seed cultivar than the BSRC seeds cultivar. Whereas,
Cr was found the same amount in both cultivars in the cur-
rent experiment. The present results of toxic elements were
found difference with the reported data. Cd (6, 54, 90, 660),
Cr (64, 156, 9100, 24680) and Pb (215, 221, 1210) pg/kg
were reported higher than the current study [52-55]. How-
ever, the results of toxic elements also found below the rec-
ommended level of WHO [69] established data for herbal
medicine. The heavy metal in spice mainly contaminated by
polluted soil and contaminated water. Hence, it could be a
great concern to the consumer and also in pharmaceutical
manufacturer without assessment of their safety profile. The
present levels of toxic elements may not create any toxicity
alarm over safety of this spices consumption, especially in

BSRC seeds cultivar. In the nutritional point of view, present
findings would also be valuable information to the consumer
and spice traders as a good source of essential nutrients.

Essential oils analysis

The essential oils of both cultivars were obtained by hydro-
distillation method and the analyses were carried out by GC
and GC-MS. The oils were homogeneous, transparent and
pale yellow liquid with pungent and characteristics spicy
odour. The oils were found lighter than water and freely
miscible with polar organic solvents. As a result of essen-
tial oil analyses (Table 4, Fig. 2), a total of 12 (represent-
ing 99.853%) and 11 compounds (representing 98.156%)
were identified and quantified in local market and BSRC
seeds cultivars respectively. The oils are characterized by
high contents of oxygenated monoterpenoid hydrocarbons
(89.388%) in BSRC seeds which denoted higher value than
the local market seed cultivar. On the other hand, monoter-
pene hydrocarbons (17.401%) were identified higher in local
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Fig.2 GC-MS chromatogram (a) Prevss 5
of P. anisum L. seed essential 2
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market seed cultivar than the BSRC seeds. trans-Anethole
(83.671%) was the most oxygenated monoterpene rich com-
pound in BSRC seed cultivar along with a monoterpene
hydrocarbon 1, 2-diisopropenylcyclobutane (6.315%). In ~_ o
addition, other major compounds D-limonene (13.007%), E
fenchone (11.184%) and a-pinene (1.851%) were detected z
H,CO PN

in local market seed cultivar. The major components are dis-
played in Fig. 3. In the case of 1,2-diisopropenylcyclobu-
tane, f-thujene, trans-f-ocimene and p-menthatriene, these
compounds were absent in local market seed cultivar. More-
over, few reports have been published on the chemical com-
positions of the essential oils of P. anisum seeds and found
difference in the major compounds. In this context, trans-
Anethole (74.58-96.3), limonene (1.1), methyl chavicol
(14.5) and estragole (1.89-2.4) were reported as prominent
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trans-anethole Fenchone D-Limonene

Fig.3 Major components of P. anisum in the seeds of essential oils

terpenoids in the oils [30, 49, 70-74]. p-limonene was higher
and trans-anethole was lower contents than the reported data
in local market seed cultivar. Whereas, trans-anethole has
been detected within the range of the reported data in BSRC



Characterization of quality and pharmacological assessment of Pimpinella anisum L. (Anise)...

seed cultivar. Furthermore, fenchone and 1,2-diisopropenyl-
cyclobutane have been found the predominant amount for the
first time but methyl chavicol and estragole are totally absent
in the present study. The variations of the oil compositions
are due to the same geochemical and environmental factor
stated above along with different isolation techniques [75].
trans-Anethole is a derivative of alkoxypropenylbenzene as
well as key fragrance and bioactive compound of more than
20 plant species essential oils [76]. The oil quality of the
anise seed oil mostly depends on the crystallization point
of trans-anithole content. The crystallization temperature
of the oil is 15-20 °C which increases with trans-anethole
content in the essential oil [77]. The congealing point of the
oils observed at 15-17 °C at time of storage in the freeze.
However, the present results are in good agreement with
reported data compared with various cultivars.

Antioxidant activity

Antioxidant activity of the two essential oils was evaluated
through DPPH-free radical scavenging assays using ascorbic
acid and BHT as positive controls. The assays were carried
out at concentrations of 0.78125, 1.5625, 3.125, 6.25, 12.5,
25, 50 and 100 mg/mL. The inhibition per cent and con-
centrations that inhibited 50% in each test (ICs, values) are
shown in Table 5. The antioxidant activity of the oils exhib-
ited significant dose dependent activity with concentrations.
The ICs, value of local market seed cultivar was calculated
as 52.48 mg/mL with the highest inhibition of 61.27%. On
the other hand, the BSRC seed cultivar observed 48.71 mg/
mL (ICs,) with the highest inhibition of 63.78%. The activ-
ity of the oils were weak than that of either ascorbic acid
or BHT (ICs, 3.73 and 11.84 pg/mL) respectively. Present
experiment was coincide with reported value of anise seeds
essential oil at 48.5 mg/mL (48%) [78] and found higher at
the concentration of 86.88 mg/mL and 250 pL (c.a. 25%)
[79, 80]. On the other hand, the highest activity was reported
at 5.62 pg/mL and 65.22% at 25 pL concentration than the
current study [70, 81]. Such variations in the antioxidant
activity might be attributed to the varied chemical compo-
sition, structure of the predominant compounds and agro-
climatic factors. Fennel essential oil reported as good DPPH
radical scavenging activity due to its major components
trans-anethol, fenchone, estragole and limonene [82]. The
double bond of the propenyl side chain is conjugated with
the aromatic ring in trans-anethole. It can form a conjugated
radical cation, delocalized with benzene ring and later sta-
bilized by the -OCHj; group through 1, 4 interaction [83].
Besides, fenchone is a colorless, with a pungent camphora-
ceous odor and bitter taste [77]. It was reported [84] as the
major compound (11.32%) in F. vulgare oil and responsible
for antioxidant activity which is similar of our current stud-
ies. This methoxy (—OCH;3) group act as strong electron

donating group as well as CH; group has an inductive effect
into the benzene ring that can increase the stability of the
benzene ring and enhance the radical scavenging activity.
Moreover, essential oils are a complex mixture of multiple
components and therefore, the antioxidant action is responsi-
ble for their predominant components as well as broad spec-
trum synergistic action of the multiple components [85-87].
The exact reason of the antioxidant action of the oils is quite
troublesome to explain without isolation of the individual
components as well as synergistic assay. Further study would
be a footstep to unfold the reason of the antioxidant action
of the individual components as well as synergistic study
of the oils. In this connection, the antioxidant action of the
oils may be due to the predominant amount of individual
components such as frans-anethol, fenchone and limonene
as well as minor components or synergistic action.

Antimicrobial activity

The results of antimicrobial activity of the two essential oils
showed (Table 6) moderate activity against all tested organ-
ism compared to the standard antibiotic ciprofloxacin. Gram-
negative bacteria of E. coli, S. paratyphi, S. dysenteriae and
V. mimicus and all tested fungi showed the same moderate
inhibition with the zone of 18 mm of both cultivars than
the Gram-positive bacteria except S. lutea. Overall, all the
tested oils were less effective against microorganism than
ciprofloxacin. The present results were comparatively higher
than the reported data of various seed cultivars [70, 78, 81,
87] however, some studies were revealed good activity than
the present study [28, 73]. The oils contain high amount of
trans-anethole, fenchone and p-limonene. The frans-anet-
hole was reported as high anti-bacterial activity against 8
microorganism that was very similar with sample contained
high anethole [88]. Moreover, trans-anethole reported to
have anti-inflammatory, antidiabetic, and chemopreventive,
neuro protective, anti-carcinogenic, immunomodulatory
and many pharmacological effects [76]. Besides, fenchone
and p-limonene were also reported as potent anti-microbial
activity [89, 90]. The higher resistance of Gram-negative
bacteria may be due to the differences in the cell membrane
of the tested organism. It possesses outer membrane and
unique periplasmic space which is absent in the Gram-posi-
tive bacteria. Strong substances can easily damage the bacte-
rial cell wall and cytoplasmic membrane and cause cell leak-
age in bacterial cellular and mitochondria membranes. The
Gram-positive bacteria do not have such type of cell wall
structure to protect [91, 92]. Therefore, Gram-negative bac-
terial group has displayed good activity than that of Gram-
positive bacteria. Nonetheless, the antimicrobial activity is
generally considered as dose dependent concentration of the
oil. This variation is due to the major component as well
as the synergistic action of the minor constituents. On the
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Table 7 Cytotoxic effect on Brine Shrimp nauplii of P. anisum seed essential oils

ICy, (pg/mL)

10

0.078 0.156 0.3125 0.625 1.25 2.5

0.039

Dose concentrations (ug/mL)

Mortality (%)

2.86+0.08
3.06£0.09

0.50+00

100+ 00
100+ 00
100+ 00

48.71+£2.22
48.88+1.92

34.12+1.37
27.77+4.81

27.93+1.09
22.61+2.06

15.01+0.63
20.0+0.0

14.01+1.18
19.39+1.04
40.55+0.95

9.14+0.83
10.31+£3.43
30.0+00

8.67+1.19
10.31+£3.43

Market seeds Oil
BSRI seeds Oil

90.85+0.83

80.12+1.62

50.00+00

+ 60.51+0.88 + +

20.0+00

10.0+00

Vincristine sulphate

whole, both oils exhibited good antibacterial activity at the
dose of 400 pg/mL. Further studies would be appreciated
to investigate synergistic action as well as the mechanism
of action of these essential oils and isolated components
that were responsible for antimicrobial action by means of
in vivo studies on animal model.

Cytotoxic activity

The cytotoxic activity of the two essential oils on brine
shrimp nauplii shown significant activity compared with
positive control vincristine sulphate (Table 7). Local mar-
ket and BSRC seed cultivars exhibited potent activity with
the highest mortality rate of 100% and LCs, values were
2.86 and 3.06 pg/mL respectively whereas, vincristine
sulphate displayed strong activity at 0.50 pg/mL. DMSO
(the negative control) had not any mortality at the dose of
50 pL/mL. The Brine Shrimp cytotoxic activity of anise
seed essential oil reported higher than 1000 pL/mL in
the microplate assay at low concentration [93]. The pre-
sent study showed strong activity than the reported data.
The difference observed of the two oils may be due to the
prominent component of the oils together with synergistic
action of the minor components. trans-Anethole, fenchone
and D-limonene were the major component in the essen-
tial oils by GC-MS study. trans-Anethole and p-limonene
were reported as anticancer activity [94-98]. Moreover,
fenchone was also reported for its fumigant toxic activ-
ity [99]. The observed cytotoxic activity on Brine Shrimp
naupli might be responsible for those components present
in the oils. On the other hand, the brine shrimp cytotoxic-
ity is a very simple bioassay technique for anti-tumor and
anticancer predictor as well as important parameter of the
safety profile assessment of foods and medicinal plants.
It marks also antiplasmodial, antimalarial, antifilarial and
antiviral activities [91, 100]. On the other hand, the rela-
tionship between cytotoxic assay and antimicrobial assay
is very clear. Though cytotoxic assay is a predictor of vast
array of bioactivities, nonetheless it cannot predict the anti-
microbial assay because of the cell structure of the shrimp
nauplii and microorganism. The bacterial cells are prokary-
otic type and brine shrimp cells are eukaryotic type struc-
ture [93]. Therefore, both are potential tools to understand
the activity of the essential oils and extract or compound
for its safety and potential use in food and pharmaceutical
industries. The degree of mortality depends on the applied
concentration of the oils and related pure compounds. At
the elevated doses, it can be toxic since the degree of mor-
tality is proportional to the concentration. The reported
recommended toxicity level for plant extracts is less than
1.0 mg/mL (LCs) [46]. The current investigation of the
oils have exhibited toxic on brine shrimp larvae cells at the
highest dose of 10 pL/mL. The results revealed that the oils
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can be safe at certain concentration level. Therefore, fur-
ther in vivo toxicity studies on cell line and animal model
of the essential oils and its isolated pure compound also
suggested for safety profile as well as possible anticancer
effect.

Conclusion

The quality parameters of the spices and condiments are the
important health factor in human and important criteria for
spice importers as well as food industries due to the adultera-
tion and toxicological effects. Therefore, it should be taken
necessary steps to ensure nutritional quality and safety by
the extensive physicochemical, chemical and pharmacologi-
cal investigation. Therefore, the present study incited inter-
est in evaluating imported (local market) and indigenous
anise seeds for its physiochemical, chemical and proximate
analysis along with pharmacological evaluation. The physi-
ochemical and proximate parameters such as protein, fibre,
and carbohydrate and food energy have been complied and
agreed with the quality recommendation of USDA and WHO.
The ICP-MS is a quite efficient technique to determine minor
and trace elements of medicinal plants and food products. The
anise seeds of two cultivars were found to be the rich source
of nutritionally essential trace elements and very low amount
of toxic elements that were within the recommended limits
specified by WHO and USDA and could not pose any risk
to the consumer though the daily consumption of this spice
is very low. The present results suggest that many of these
essential elements have vital importance in metabolism as well
as mineral supplement in the body. In addition, the essential
oils were comprised with high amount of frans-anethole, fen-
chone and p-limonene of both cultivars. The pharmacological
studies of these compounds are well recognized importance
of various activities against different diseases. The antioxidant
activity of the essential oils promises substantial nutraceuti-
cal importance associated with age related disorder. Besides,
both antimicrobial and brine shrimp cytotoxic activities of the
essential oils were displayed valuable information concerning
the safety issue either in food and pharmaceutical formulation.
The results can be considered as the first information on the
chemical and pharmacological properties of anise seeds of the
two cultivars. The present study delineates comparative infor-
mation of the two cultivars and also contributes knowledge
to the consumer and scientist pertaining to nutritional quality
and safety profile. This might open up a new prospect of pos-
sible exportation of indigenously cultivated spices. Further,
in vivo studies are recommended on animal model with active
chemical components for discovering new bioactive drug lead
molecules.
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