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ABSTRACT

Spices are a promising source of bioactive compounds since it has been traditionally used for the treatment of various
diseases. The present study was aimed at evaluating the phytochemical constituents of different spices extracts by
qualitative phytochemical analysis, GC-MS and ATR. The results showed that the used (distilled water) solvent took an
important role in the extraction of phytochemical components. Aqueous extract was identified as the most effective solvent
for the extraction, resulting in the highest content of polyphenolic compounds in all the spices.
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INTRODUCTION

Plants produce secondary metabolites mainly as the
products of primary metabolism and as part of the defence
mechanisms of plants (Saxena, 2013). The secondary
metabolites produced by plants are phytochemicals such as,
alkaloids, carbohydrates, glycosides, phenols, triterpenoids,
etc., which provide their healing properties (Bhandary et
al., 2012). Saxena, (2013) indicated that the phenolic
compounds do possess antioxidant activity due to their free
radical scavenging activities. Recent research revealed the
significance of dietary intake of antioxidants in the
protection of human health. As much as and above 4,000
phytochemicals have been cataloged (Meagher et al., 1999)
and are classified based on their protective function and
physical characteristics (Costa et al., 1999; Meagher et al.,
1999) and (Saxena, 2013)reported that nearly 150
phytochemicals have been studied in detail by many
researchers. Fruits, vegetables, seeds, legumes, grains,
herbs, nuts and spices are found to possess a wide-range of
dietary phytochemicals (Mathai, 2000). Harvey, (2000)
indicated the accumulation of phytochemicals in different
parts of plants such as root, stem, leaves, seeds, buds and
flowers etc. The outer layer of various plant tissues
concentrates phytochemicals particularly as the pigment
molecules.  Supplementary  forms  containing  the

phytochemicals lacks the evidence of having the same
health benefits as dietary phytochemicals (Balasundram
et al., 2006; Tapas et al., 2008; Saxena, 2013). Due to the
above mentioned facts, it was planned to assess the phyto-
constituents of the selected spice extracts.

MATERIALS AND METHODS

Selection of Indian Spices

Indian spices viz., asafoetida (Ferula asafoetida), black
pepper (Piper nigrum), cardamom (Elettaria
cardamomum), cinnamon (Cinnamomum aromaticum) and
clove (Syzgium aromaticum) were selected based on the
literature survey about their medicinal properties. The
spices were purchased from supermarket and used for the
present study.

Aqueous Extract Preparation of Spices

About 20 g of each spices viz., F. asafoetida, P. nigrum, E.
cardamomum, C. aromaticum and S. aromaticum were
crushed to powder with kitchen blender and the fine
powder was mixed with 100 ml of distilled water and
boiled in a water bath for 30 minutes. The boiled mixture
was filtered using Whatman No. 1 filter paper and the
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filtered aqueous extract was freeze-dried and the powder
was stored at -20°C until further use. Similarly, mixed
aqueous extract spice was prepared by mixing 20 g each of
all the spices and mixed with 500 ml distilled water and
then the mixture was boiled in a water bath for 30 minutes
and the boiled mixture was filtered using Whatman No. 1
filter paper and the filtered aqueous extract was freeze-
dried and the powder was stored at -20°C until further use.

Qualitative Phytochemical Screening

Qualitative phytochemical analysis of aqueous extract of
asafoetida, black pepper, cardamom, cinnamon and clove
and mixed spice aqueous extract of the above-mentioned
spices were subjected to preliminary phytochemical
screening for its phyto-constituents according to the
method of (Kokate et al., 2004).

GC-MS Spectral Analysis of Spice Extracts

GC-MS spectral analysis was carried out to determine the
presence of aromatic compounds in all the spice extracts.
The model of the GC-MS used for mass spectral
identification was an Agilent 7890 interfaced to a 240-mass
selective detector with ion trap. The capillary column (30
mm x 0.25 mm x 0.25 um film thickness) was HP-5MS.
The oven temperature was initially maintained at 80°C to
300°C. The carrier gas used was nitrogen (99.999%), at a
flow rate of 1.0 ml/ minute, and injection volume of 1.0 pl
was employed (split ratio of 10:1). The electron-impact
ionization of the mass spectrometry was operated at
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electron energy of 70 eV. Mass spectra were taken at 70
eV, with a scan interval of 0.5 seconds and fragments from
40 to 450 Daltons. Total GC running time was 61 minutes
and the interpretation on GC-MS was conducted using the
database of National Institute Standard and Technology
(NIST) having more than 62,000 patterns. The spectrum of
the unknown component was compared with the spectrum
of the known components stored in the NIST library. The
name, molecular weight and structure of the components of
the test materials were ascertained.

ATR Spectral Analysis of Spice Extracts

Liquid form of aqueous extracts of all the spices and mixed
spice extract were subjected to ATR analysis, which were
carried out in the range of 500 to 3500 cm™ at a resolution
of 4 cm™ using Bruker (Alpha).

RESULTS AND DISCUSSION

The preliminary phytochemical screening revealed the
presence of alkaloids, flavonoids, glycosides, phenols,
tannins and triterpenoids in F. asafoetida; alkaloids,
carbohydrates, glycosides, phenols and triterpenoids in
P. nigrum; carbohydrates, flavonoids, glycosides, phenols
and triterpenoids in E. cardamomum; alkaloids, flavonoids,
glycosides, phenols, saponins and triterpernoids in
C. aromaticum; alkaloids, flavonoids, glycosides and
phenols in S. aromaticum and alkaloids, carbohydrates,
flavonoids, phenols, saponins, tannins and triterpenoids in
the mixed spices extract as shown in the Table 1.

Table 1. Qualitative phytochemical analysis of selected spices aqueous extract.

Phytochemicals F. asafoetida  P. nigrum

E. cardamomum

C. aromaticum S. aromaticum Mixed

Alkaloids
Anthraquinones
Carbohydrates
Flavonoids
Glycosides
Phenols
Quinones
Saponins
Tannins
Triterpenoids
Steroids
Phytosteroids

+

+ +

+ +

+ + + +
+ +

+

+ + +

+ denotes presence, - denotes absence.

The results pertaining to the identification of number of
compounds from the GC fractions of F. asafoetida aqueous
extract showed 8 active phytocompounds, P. nigrum
aqueous extract showed 11 active phytocompounds,
E. cardamomum aqueous extract showed 15 active phyto-
compounds, C. aromaticum extract showed 15 active
phytocompounds. S. aromaticum aqueous extract showed
about 65 active phytocompounds and mixed spices aqueous
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extract revealed the presence of 75 active
phytocompounds. From the spectral analysis, RT, peak
name, peak area of the phyto-constituents presented in
spices extract were matched with NIST/NBS spectral
database. The mass spectra and their mass peaks are given
in Figure 1 - 6 for F. asafoetida, P. nigrum, E.
cardamomum, C. aromaticum, S. aromaticum and mixed
spices extract.
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Figure 1. GC-MS chromatogram of asafoetida (F. asafoetida).
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Figure 2. GC-MS chromatogram of black pepper (P. nigrum).
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Figure 3. GC-MS chromatogram of cardamom (E. cardamomum).
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Figure 4. GC-MS chromatogram of cinnamon (C. aromaticum).
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Figure 5. GC-MS chromatogram of clove (S. aromaticum).
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Figure 6. GC-MS chromatogram of mixed spice extract.
analysis of aqueous extract of F. alkyne, alkane, amine, aromatic, alkyl

halides,

asafoetida, P. nigrum, E. cardamomum, C. aromaticum,
S. aromaticum and mixed spice extract showed the
presence of functional groups namely alcohol, alkene,
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anhydride, ether and ester as shown in Figure 7 to

Figure 12.
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Figure 7. ATR spectrum of asafoetida (F. asafoetida) aqueous extract.
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Figure 8. ATR spectrum of black pepper (P. nigrum) aqueous extract.
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Figure 9. ATR spectrum of cardamom (E. cardamomum) aqueous extract.
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Figure 10. ATR spectrum of cinnamon (C. aromaticum) aqueous extract.
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Figure 11. ATR Spectrum of cloves (S. aromaticum) aqueous extract.
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Figure 12. ATR spectrum of mixed spice aqueous extracts (1000 to 3500 cm-1).

India ranks among the 12 mega biodiversity centres by
having about 45,000 plant species, with unmatched
diversity due to the 16 different agro-climatic zones, 10
vegetative zones and 15 biotic provinces. India has a rich
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floral diversity of flowering plants (15,000 - 18,000), fungi
(23,000), algae (25,000), lichens (1,600), bryophytes
(1,800) and microorganisms (30 million). Traditional
medicine is the synthesis of therapeutic experience of
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generations of practicing physicians of indigenous systems
of medicine. Medicinal plants, minerals and organic
matters etc. comprises the traditional preparation. Herbal
drug constitutes only those traditional medicines that
primarily use medicinal plant preparations for therapy.
Hasan et al., (2009) emphasized that the use of plant
preparations by Indian, Chinese, Egyptian, Greek, Roman
and Syrian dates back to about 5000 years by drawing the
evidence from ancient record. Chopra et al., (1956)
indicated the use of 800 plants in indigenous systems of
medicine and also revealed about the record of 500 plants
in ancient texts. Indian subcontinent has a vast repository of
medicinal plants which is used in traditional medical
treatments and also forms a rich source of knowledge.
(Rabe & Van Staden, 1997) reported the use of several
plant species to treat different ailments in various
indigenous systems such as Siddha, Ayurveda, Unani and
Allopathy. Recently 20,000 medicinal plant species have
been recorded In India (Dev, 1997) and about 800 plant
species are used by more than 500 traditional communities
for curing different diseases (Kamboj, 2000). Currently
80% of the world population depends on plant-derived
medicine for the first line of primary health care for human
alleviation because it has no side effects. Plants are
important sources of medicines and currently in the world
about 25% of pharmaceutical prescriptions contain at least
one plant-derived ingredient. Hasan et al., (2009) revealed
that nearly 121 pharmaceutical products were formulated
based on the traditional knowledge obtained from various
sources. The qualitative phytochemical profiling revealed
the presence of alkaloids, flavonoids, glycosides, phenols,
tannins and triterpenoids in F. asafoetida; alkaloids,
carbohydrates, glycosides, phenols and triterpenoids in P.
nigrum; alkaloids, carbohydrates, flavonoids, glycosides,
phenols and triterpenoids in E. cardamomum; alkaloids,
flavonoids, glycosides, phenols, saponins and triterpernoids
in C. aromaticum; alkaloids, flavonoids, glycosides and
phenols in S. aromaticum and alkaloids, carbohydrates,
flavonoids, phenols, saponins, tannins and triterpenoids in
the mixed spice extract. Moreover, ATR spectral study
confirms the presence of functional groups namely
alcohol, alkene, alkyne, alkane, amine, aromatic, alkyl
halides, anhydride, ether and ester in F. asafoetida, P.
nigrum, E. cardamomum, C. aromaticum, S. aromaticum
and the mixed spice extract showed the presence of
functional groups namely alcohol, alkene, alkyne, alkane,
amine, aromatic, alkyl halides, anhydride, ether and ester.

The GC-MS study also confirmed that aqueous extract
of F. asafoetida aqueous extract contains 8 active
phytocompounds, P. nigrum aqueous extract contains 11
active phytocompounds; E. cardamomum contains about 22
active phytocompounds, C. aromaticum aqueous extract
contains 15 active phytocompounds, S. aromaticum
aqueous extract contains 65 active phytocompounds and
mixed spice aqueous extract revealed the presence of 75
active phytocompounds. Similar phytochemical profiling
studies were also studied by Anjum et al., 2017; Hemalatha
et al., 2020; Manimaran et al., 2017; Manimekalai, et al.,
2016; Rajesh et al., 2016; Saranya et al., 2017; Rajesh et
al., 2019; Swamy et al., 2017) in various plant parts. (Mena
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et al., 2016) stated that rosemary extract contains 17 active
compounds in GC-MS among them most of the compounds
flavonoids. Likewise, GC-MS profiling of Malaysian
Plectranthus amboinicus leaves also showed 115 peaks of
which about 46 chemical compounds identified were found
to polyphenol in nature (Swamy et al., 2017). Earlier
studies of Manimekalai et al. (2016) and Swamy et al.
(2017) have identified the presence of polyphenols such as
rutin, quercetin, gallic acid, caffeic acid, squalene, phytol,
stigmasterol, triacontate, tetrapentacontane, phytol acetate,
glycerol, nonacosane, Hexadecanoic acid, amyrin, vitamin-
E, benzene, ascorbic acid, 1-methyl-3-(1-methylethyl)-and
butanoic acid methyl ester in G. mangostana fruit extract
and P. amboinicus leaves. In a similar way, the present GC-
MS result also finds support from the reports of the above
authors.

Polyphenols and polyphenol rich foods, especially
fruits, vegetables and green tea are widely known for their
antioxidant properties; however they also exert anti-
inflammatory, anticancer, and neuro-protective properties,
which might contribute to their purported benefits also,
possibly or not, via., their antioxidant properties and they
are linked to the maintenance of health via., protection
against the development of non-communicable diseases
(Mena et al., 2016). Antimicrobial, ant-diabetic type-11 and
anti-asthma activities are the other properties depicted by
polyphenols (He et al., 2013). Herbs and spices have also
been shown to possess anticancer, neuro-protective, anti-
inflammatory, arterial dysfunction, oxidative stress with
aging, Alzheimer's disease, antimicrobial, cardiovascular
diseases, neurodegenerative disorders, prostate cancer, type
Il diabetes, liver diseases, tumour, digestive disorders,
colon cancer, constipation, breast cancer, leukaemia and
colorectal neoplasia properties as suggested by Ghawi et
al., 2014; Manimekalai et al., 2016; Mena et al., 2016).
The antioxidants in spices is their structural diversity, with
organosulfides being contained in garlic, carotenoids in
saffron, proanthocyanidins in okra, blueberry, cranberry
and grapes, B-type proanthocyanidins in U. tomentosa,
curcumins in turmeric and proanthocyanidins in cinnamon
and as a result these spices possess a broad spectrum of
human health activities (Huang, 2018). Blumberg et al.,
(2013) reported that Cranberry contains A-type
proanthocyanidins responsible for health benefits against
urinary tract infection. The presence of polyphenolic and
flavonoid compounds in spices in our study also finds
support from the above reports that they might also possess
protective potential against various ailments.

ATR spectral analysis of aqueous extract of
F. asafoetida, P. nigrum, E. cardamomum, C. aromaticum,
S. aromaticum and mixed spices extract showed the
presence of functional groups namely alcohol, alkene,
alkyne, alkane, amine, aromatic, alkyl halides, anhydride,
ether and ester. Similar results were also observed in the
FT-IR finger printings of OH stretched phenol, C=0 aryl
ketone and C-C aromatic ring in Aloe vera, Mimosa pudica
and Phyllanthus niruri, which confirmed that they were
flavonoids (Jose et al., 2014). Manimekalai et al.,
(2016)also revealed the presence of alkyl halides, phenols,
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alcohols, carboxylic acids, amines, amides, acyl chlorides,
alkynes, ketones, aromatic rings, nitro compounds and
esters in G. mangostana extracts. The present study
summarizes that the spice extracts are a good source of
various metabolites like alkaoids, carbohydrates,
flavonoids, glycosides, phenols, saponins and triterpenoids
and this could be a potential source of natural antimicrobial
to kill the dread full microbes and the GC-MS results also
showed the presence vitamin-E, phytol (vitamin-p) and
ascorbic acid and this spice extracts can also be used as a
natural antioxidant. Further investigation on bioactivity
studies might prove their medical applications.

CONCLUSION

Spices are well known for its medicinal properties. A
comparative study has been conducted with an aim to
achieve the best extraction solvent for the extraction of
phytochemicals from the selected spice extracts such as
Ferula asafoetida, Piper nigrum, Elettaria cardamomum,
Cinnamomum aromaticum, Syzgium aromaticum and
mixed spices. The results from this study demonstrated that
using distilled water as extraction solvent results in the
maximum extraction of polyphenolic compounds in our
study. To best of our knowledge this is the first report that
directly compares six different spice extracts and our
results clearly demonstrates that distilled water is the best
extraction solvent for the extraction of various
phytochemicals from the spices. The medicinal potential of
these spices can be explored further.

ACKNOWLEDGMENT

The authors are like to thank SAIF-IITM Chennai and
NIOT-Chennai for GC-MS and GC-MS/MS spectral
analysis and also we are like to thank FIST Presidency
College Chennai for ATR analysis.

REFERENCES

Anjum, K. R., Sivakumari, K., Ashok, K., & Rajesh, S.
(2017). A pilot investigation into associations between
various indoor airborne fungal particles in triplicane
public toilet of Chennai, Tamil Nadu. International
Journal of Current Pharmacology Research, 9(3), 50-
53.

Balasundram, N., Sundram, K., & Samman, S. (2006).
Phenolic compounds in plants and agri-industrial by-
products: antioxidant activity, occurrence, and
potential uses. Food Chemistry, 99(1), 191-203.

Bhandary, S. K., Kumari, S., Bhat, V. S., Sharmila, K., &
Bekal, M. P. (2012). Preliminary phytochemical
screening of various extracts of Punica granatum peel,
whole fruit and seeds. Journal of Health Science, 2(4),
35-38.

Blumberg, J. B., Camesano, T. A., Cassidy, A., Kris-
Etherton, P., Howell, A., Manach, C., Vita, J. A.

44

Int. J. Zool. Appl. Biosci., 6(1), 35-45, 2021

(2013). Cranberries and their bioactive constituents in
human health. Advances In Nutrition, 4(6), 618-632.

Chopra, R. N., Nayar, S. L., & Chopra, I. C. (1956).
Glossary of Indian Medicinal Plants. Council of
Scientific and Industrial Research, New Delhi, India.
pp1-197.

Costa, M. A., Xia, Z.Q., Davin, L. B., & Lewis, N. G.
(1999). Toward Engineering the metabolic pathways of
cancer-preventing lignans in cereal grains and other
crops phytochemicals. In: Human Health Protection,
Nutrition, And Plant Defense ,67-87.

Dev, S. (1997). Ethnotherapeutics and modern drug
development: the potential of ayurveda. Current
Science, 73(11), 909-928.

Ghawi, S. K., Rowland, I, & Methven, L. (2014).
enhancing consumer liking of low salt tomato soup
over repeated exposure by herb and spice seasonings.
Appetite, 81, 20-29.

Harvey, A. (2000). Strategies For discovering drugs from
previously unexplored natural products. Drug
Discovery Today, 5(7), 294-300.

Hasan, S. Z., Misra, V., Singh, S., Arora, G., Sharma, S., &
Sharma, S. (2009). Current status of herbal drugs and
their future perspectives. Biological Forum-An
International Journal, 1(1), 12 -17.

He, X., Marco, M. L., & Slupsky, C. M. (2013). Emerging
aspects of food and nutrition on gut microbiota.
Journal of Agricultural and Food Chemistry, 61(40),
9559-9574.

Hemalatha, G., Sivakumari, K., Rajesh, S., & Shyamala
Devi, K. (2020). Phytochemical profiling, anticancer
and apoptotic activity of graviola (Annona muricata)
fruit extract against human hepatocellular carcinoma
(HEPG-2) cells. International Journal of Zoology And
Applied Biosciences, 5(1), 32-47.

Huang, D. (2018). Dietary antioxidants and health
promotion. Antioxidants, 7( 9), 1-3.

Jose, J., Sudhakaran, S., Kumar, S., Jayaraman, S., &
Variyar, E. J. (2014). A comparative evaluation of
anticancer activities of flavonoids isolated from
Mimosa Pudica, Aloe Vera And Phyllanthus niruri
against human breast carcinoma cell line (MCF-7)
using MTT assay. International Journal of Pharmacy
And Pharmaceutical Sciences, 6(2), 319-322.

Kamboj, V. P. (2000). Herbal medicine. Current Science,
78(1), 35-39.

Kokate, C., Purohit, A., & Gokhale, S. (2004). Analytical

pharmacognosy In: Textbook of Pharmacognosy:
Pune, Nirali Prakasan. New Delhi, India. pp 466- 470.

Manimaran, M., Sivakumari, K., Ashok, K., & Rajesh, S.
(2017). Evaluation of the in vitro antimicrobial effect
of resveratrol on human pathogens. Evaluation, 2(5).



Rubab Anjum et al.

Manimekalai, 1., Sivakumari, K., Ashok, K., & Rajesh, S.
(2016). Phytochemical profiling of mangosteen fruit,
Garcinia mangostana. World Journal of Pharma and
Pharmacology Science, 5(2), 221-252.

Mathai, K. (2000). Nutrition in the adult years. Krause's
Food, Nutrition, and Diet Therapy, 10th Ed., Ed. Lk
Mahan And S. Escott-Stump, 271, 274-275.

Meagher, R. B., Mckinney, E. C.,, & Kandasamy, M.
(1999). Isovariant dynamics expand and buffer the
responses of complex systems: the diverse plant actin
gene family. The Plant Cell, 11(6), 995-1005.

Mena, P., Cirlini, M., Tassotti, M., Herrlinger, K.A.,
Dall’asta, C., & Del Rio, D. (2016). Phytochemical
profiling of flavonoids, phenolic acids, terpenoids, and
volatile fraction of a rosemary (Rosmarinus officinalis
L.) Extract. Molecules, 21(11), 1576.

Rabe, T., & Van Staden, J. (1997). Antibacterial Activity of
south african plants used for medicinal purposes.
Journal of Ethnopharmacology, 56(1), 81-87.

Rajesh, S., Sivakumari, K., Ashok, K., & Abitha, A.

(2016). Anti-cancer Activity of cardiospermum
halicacabum linn. leaf extracts against hepatocellular
carcinoma cell line (HEP-G2). World Journal of

45

Int. J. Zool. Appl. Biosci., 6(1), 35-45, 2021

Pharm and Pharmcology Science, 5(3), 1133-1154.

Saranya, A., Sivakumari, K., Ashok, K., & Rajesh, S.
(2017). Phyto-chemical profiling and anti-cancer study
of lyophilized pure fruit juice of citrus limon (I) osbeck
against human breast cancer (MCF-7) cell line.
Journal of Advanced Molecular Biology, 1(2), 90-103.

Saxena, M. S. J., Nema R., Sigh, D., And Gupta, A.(2013).
Phytochemsitry of medical plants. Journal Of
Pharmacy And Phytochemistry, 1(6), 168-182.

Selvaraj, R., Sivakumari, K., Rajesh, S., & Ashok, K.
(2019). Molecular docking interaction of propolis with
caspase-3, caspase-9, bax, BCL-2 and BCL-XI.
International Journal of Research and Analytical
Reviews, 6(2), 33-38-33-38.

Swamy, M. K., Arumugam, G., Kaur, R., Ghasemzadeh,
A., Yusoff, M. M., & Sinniah, U.R. (2017). GC-MS
Based Metabolite Profiling, Antioxidant And
Antimicrobial Properties Of Different Solvent Extracts
of Malaysian Plectranthus Amboinicus Leaves.
Evidence-Based Complementary and Alternative
Medicine, 2017.

Tapas, A. R., Sakarkar, D., & Kakde, R. (2008). Flavonoids
as nutraceuticals: A Review. Tropical Journal of
Pharmaceutical Research, 7(3), 1089-1099.



