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Abstract

Background: Oryza sativa L. is a major cereal food crop and staple food in most of the

developing countries which act as the rich source of nutrients and medicinal secondary metabolites.

Methods: Present study revealed the diversity of phytochemical compounds in three traditional rice

varieties, Sona Masuri, Thulasi and Supriya, of Kerala. Methanol extracts of seeds prepared using

soxhlet apparatus and the compounds analyzed by GC-MS. Findings: The extract analysis showed the

presence of the highest number of bioactive compounds in Supriya followed by Thulasi and Sona

Masuri. Most important compound in Sona Masuri and Thulasi was 9,12-Octadecadienoic acid (z,z)-,

while Oxacycloheptadec-8-en-2-one analyzed as the major notable compound in Supriya. These

phytochemical compounds are with different biological activities, in turn leading the production of new

pharmaceutical medicines in future.

Key words: Oryza sativa L., retention time, phytochemical compound, GC-MS analysis, Soxhlet

apparatus.

1. Introduction

Rice, Oryza sativa L. is a perennial monocot plant in the family Poaceae and originated in India,

Thailand and southern China. It is now cultivated on an estimated 3% of the world’s agricultural land in

wet tropical, semi-tropical and warm temperate areas around the world for the production of cereal

grain; hence serves as a primary source of calories for over half the world’s population [1]. There are two

major ecotypes of O. sativa, namely ‘indica’ adapted to the tropics, and ‘japonica’, adapted to the

temperate regions and tropical uplands and they show difference in seed shape. The seed of the ecotype,

‘indica’, is characteristically long and slim whereas ‘japonica’ appears short and round [2].
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Although there are no scientific reports available on the exact number of traditional varieties

found in Kerala, it is documented that nearly 2000 traditional varieties with nutritional or medicinal

values are predominantly cultivated [3]. Some of the important aromatic and medicinal rice varieties

include Chennellu, Njavara, Gandhakasala, Jeerakasala, Chomala, Kayama, Kothampala etc.; while

Thekkan, Chettadi, Kuttadan, Jyothi, Uma, Jaya etc. have high nutritional value [4,5]. All these varieties

grow in various agro-climatic conditions of the state. But most of the varieties have disappeared from

Kerala due to reduced cultivation and by various unfavourable abiotic conditions. It can be overcome by

ex-situ and in-situ conservation methods, in turn confirming the germplasm conservation of rice

diversity.

According to the American Diabetes Association, carbohydrates are the body's main source of

energy. Rice is a good source of carbohydrate and each variety contains different quantities. In addition,

the cereal provides proteins, dietary fibres, macronutrients, micronutrients etc. [6]. Together with

nutrients, some of the traditional rice varieties are rich with different medicinal secondary compounds.

Gas Chromatography-Mass Spectrometry (GC-MS) analysis is commonly used to detect and analyze

the presence of the volatile secondary compounds. It combines the features of Gas Chromatography and

Mass Spectrometry to identify different substances within the sample even if it is in minor quantity [7].

Previous study reports that Njavara, one of the major nutritional and medicinal rice varieties, included

about 109 compounds having different biological activities including anti-microbial, anti-oxidant,

anticancerous etc. [8]. Using advanced methods, the detection of medicinally important secondary

metabolites in traditional rice varieties of Kerala is very significant in the pharmaceutical industry of the

coming years.

The present study focused on three traditional rice varieties of Kerala, Supriya, Sona Masuri and

Thulasi. Supriya (PTB 61) is a high yielding rice variety developed at Mannuthi Rice Research Centre,

Thrissur, Kerala; which yields six and half to seven tons per hectare. A Premium Aromatic Rice Tulsi

Amrit (Thulasi) is the non- Basmati variety having short to medium grain rice with intermediate

amylose and gelatinization temperature. Moreover, Sona Masuri is also one of the fine varieties of

non-basmati rice with lightweight and low starch content. Both Sona Masuri and Thulasi have less

carbohydrate content than other traditional varieties in Kerala; so it plays a significant role in the diet of

diabetic patients [9]. The knowledge on secondary metabolites of these three economically important rice

varieties is very interesting and will contribute more in the future of the pharmaceutical industry.
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2. Materials and methods

2.1. Collection of plant material: The fresh seeds of selected rice varieties, Sona Masuri and Thulasi

were collected from Chandragiri Modern Rice Mill, Thirurangadi, Malappuram, Kerala, India. Supriya

seeds were procured from Regional Agricultural Research Station (RARS) Pattambi, Kerala, India.

2.2. Preparation of extract: The seeds were dehusked carefully and powdered well using motor and

pestle. About 30 gm of seed powder extracted with 250 ml methanol at a temperature between 60 and 65
0C using Soxhlet apparatus. The extract was concentrated by a rotary vacuum evaporator to obtain

viscous semi-solid mass which was subjected to GC-MS.

2.3. GC-MS analysis: The detection of phytochemical compounds in seed extracts carried out using the

GC-MS instrument (Shimadzu, Model Number - QP2010S). The Rxi-5Sil MS column showed 30 meter

length, 0.25mm ID and 0.25µm thickness. In the gas chromatography part, the temperature programme,

oven temperature, was 70°C raised to 260°C at 6°C/min and injection volume was 1 μl. The samples

dissolved in methanol were run fully at a range of 50-650 m/z and the results were compared using

NIST 11 & WILEY8 Spectral Library Programme.

3. Results

Different types of volatile secondary metabolites were detected in methanolic extracts of Sona

Masuri, Thulasi and Supriya in which Supriya showed the highest number of phytochemical compounds

followed by Thulasi and Sona Masuri. Most of the analyzed compounds have different biological

activities including antibacterial, anticancerous, antiinflammatory, antioxidant, antifibrotic properties

etc. In GC-MS analysis, 9, 12-Octadecadienoic acid (z,z)- showed the highest area % of 61.55 and 74.66

in Sona Masuri and Thulasi respectively (Table 1 & 2). The phytochemical compounds in Supriya had

lower area % compared to other varieties; among the compounds, Oxacycloheptadec-8-en-2-one had the

highest value, 18.82 (Table 3). In case of RT, it was lowest for dodecanoic acid (20.56) in Supriya; while

methylpalmitate (28.40) showed lowest RT in Sona Masuri and Thulasi (Table 1, 2 & 3). The study

revealed that Supriya is highly medicinal compared to other varieties due to the presence of diverse

secondary metabolites (Figure 1, 2 & 3).

Table 1. Phytochemical compounds detected in methanol extract of dehusked Sona Masuri.
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RT Area
%

Phytochemical compounds Bioactivity

28.4 2.56 Methylpalmitate Anti-inflammatory & antifibrotic [25]
31.6 4.96 9,12-Octadecadienoic acid, methyl ester Anticancerous [21]
31.7 4.94 10-Octadecenoic acid, methyl ester Antimicrobial [22]
33.4 61.55 9,12-Octadecadienoic acid (z,z)- Anti-inflammatory & cancer preventive

[14]
35.1 0.67 3-Cyclopentylpropionic acid,

2-dimethylaminoethyl ester
-

38.9 6.29
Dicapryl phthalate

Plasticizer, dye carrier, adhesive,
hepatotoxin & mucous membrane
irritant [24]

39.3 6.50
Oxalic acid, hexyl pentadecyl ester -

39.8 4.47 Oxalic acid, 3,5-difluorophenyl nonyl
ester -

40.1 6.72 Oxalic acid, pentadecyl propyl ester -
40.8 1.43 Adipic acid, decyl ester -

Table 2. Analyzed phytochemical compounds in methanol extract of dehusked Thulasi.

RT Area
%

Phytochemical compound Bioactivity

28.4 2.23 Methylpalmitate Anti-inflammatory & antifibrotic [25]

31.6 4.99 Methyl
octadeca-9,12-dienoate

Antitumor [26]

31.7 5.44 Elaidinsaeure methyl ester -
32.2 0.29 Methyl isostearate -
32.9 1.62 Hexadecanoic acid Antioxidant, hypocholesterolemic, nematicide,

pesticide, lubricant & haemolytic [26]
33.5 74.66 9,12-Octadecadienoic acid

(z,z)-
Anti-inflammatory & cancer preventive [14]

34.0 1.75 Solasonine -

38.9 3.01 Dicapryl phthalate Plasticizer, dye carrier, adhesive, hepatotoxin &
mucous membrane irritant [24]

39.3 1.42 Oxalic acid, hexyl pentadecyl
ester -

39.4 0.38 1-heptanol, 2-propyl- -
42.8 3.69 9-Octadecenamide -
43.1 0.82 Squalene Anti-inflammatory, anti-atherosclerotic, skin

aging & adjuvant activities [26]

Table 3. Phytochemical compounds present in methanol extract of dehusked Supriya.

RT Area % Phytochemical compound Bioactivity
20.56 05.82 Dodecanoic acid Antimicrobial, antifungal,

antiinflammatory & anticancerous [23]
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23.97 00.37 Tetradecanoic acid, methyl ester Antibacterial & antifungal [27]
24.94 03.25 Tetradecanoic acid Antimicrobial, antioxidant,

antiinflammatory, anticancerous,
hypercholesterolemic, larvicidal &
repellent [28, 29, 30]

28.16 04.51 Hexadecanoic acid, methyl ester Antimicrobial, antipasmodic,
antiinflammatory, antioxidant,
hypocholesteromic, antiandrogenic
& hemolytic 5-Alpha reductase inhibitor
[30, 31]

28.71 00.42 Dibutyl phthalate Antibacterial, antibacterial & antifungal
[32, 33]

29.22 13.03 Hexadecanoic acid Antimicrobial & anticancerous [28, 34]
31.36 07.69 9,12-octadecadienoic acid, methyl

ester
Antimicrobial [35]

31.48 06.96 Elaidinsaeure methylester Antiinflammatory, antiarthretic,
anticarcinogenic & hepato protective
[34]

32.52 18.82 Oxacycloheptadec-8-en-2-one Antimicrobial & antiasthmatic [17]
32.62 13.67 Cis-vaccenic acid Antimicrobial [36]
34.76 01.37 3-cyclopentylpropionic acid,

2-dimethylaminoethyl ester
Antibacterial [37]

38.48 11.63 Hexadecanoic acid,
2-hydroxy-1-(hydroxymethyl)ethyl
ester

Antioxidant, hypocholesterolemic,
nematicide, anti-androgenic & hemolytic
5-alpha reductase inhibitor [38]

41.13 06.70 9,12-octadecadienoic acid(z,z)-,
2-hydroxymethyl) ethyl ester

Antiasthmatic [17]

41.19 05.78 Oleoyl chloride Antibacterial, antimicrobial, antifungal
& endotoxin neutralizing activity [39,
40, 41, 42]

Figure 1. Chromatogram of phytochemical compounds present in hexane extract of seeds of O. sativa

var. Sona Masuri.
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Figure 2. Chromatogram of phytochemical compounds present in hexane extract of seeds of O. sativa

var. Thulasi.

Figure 3. Chromatogram of phytochemical compounds present in hexane extract of seeds of O. sativa

var. Supriya.

4. Discussion

In Kerala, many traditional rice varieties show medicinal values due to the presence of

significant phytochemical compounds. GC-MS is an integrative technique for separation, identification

and quantification of volatile compounds in plant extracts [10]. Quantification is an important step for

data analysis and different softwares is being used for the calculation of retention time corresponding to

specific peaks [11]. For the analysis of plant volatile compounds, the different solvents including ethanol,

hexane, methanol, ethyl acetate etc. are commonly used [12]. GC-MS analysis of hexane extract of

dehusked Njavara revealed the presence of 109 phytochemical compounds [8]. Similarly, Ashokkumar et

al. detected volatile compounds including fatty acids, terpenes, alkanes, alkenes, alcohols, phenols,

esters and amides in South Indian traditional rice varieties including Kichili samba, Seeraga samba,

Kaiviral samba, Mappilai samba, Karuppu kavuni, Kattuyanam and Kuzhiyadichan [13].

In the present investigation, the methanol extracts of dehusked seeds of Supriya, Sona Masuri

and Thulasi were used for analysis and detected 14, 12 and 10 compounds in Supriya, Thulasi and Sona
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Masuri respectively. Many of above compounds are pharmaceutically important and their medicinal

efficacies have been reported by many researchers including antioxidant, anticancerous, antibacterial,

antiinflammatory and antiviral activities that will improve the drug designing in pharmaceutical

industries (Table 1, 2 & 3); whereas some compounds show the industrial applications also. The

compound, 9,12-Octadecadienoic acid (z,z)-, showed highest area percentage in Sona Masuri and

Thulasi which has antiinflammatory and cancer preventive potential [14]; therefore, the rice varieties are

useful to produce anticancerous medicines. The same compound is also reported from different plants

like Solena amplexicaulis, Adenophorae radix, Albizia adianthifolia, Pterocarpus angolensis etc. [14,15,16].

The area percentage of Oxacycloheptadec-8-en-2-one is higher in Supriya compared to other

compounds. The compound in the rice variety is with better potential for antimicrobial and antiasthmatic

activities and can be used in pharmaceutical industry [17]. Similarly, Oxacycloheptadec-8-en-2-one is

detected from hexane and dichloromethane (DCM) extracts of Ageratum conyzoides and essential oils of

Trollius europaeus and Arisaema amuremse that makes the plant highly medicinal [18,19,20].

5. Conclusion

The rice varieties Supriya, Sona Masuri and Thulasi are the sources of different bioactive

compounds that justify the pharmaceutical usage of the varieties. GC-MS analysis shows the presence of

14, 12 and 10 phytochemical compounds with different biological activities in methanol extract of

Supriya, Sona Masuri and Thulasi respectively. In Sona Masuri and Thulasi, 9, 12-Octadecadienoic acid

(z,z)- is the major compound; while Supriya consisted of Oxacycloheptadec-8-en-2-one as the significant

phytoconstituent. Further investigations in this varieties will lead to the development of medicines in

future.
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