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The objectives of the study were to determine the fungitoxic efficacy and 

the physicochemical characteristics of the essential oil extracted from 

Acorus calamus. 500 g of the rhizome pulp was subjected to hydro-

distillation using Clevenger’s apparatus. The fungitoxic efficacy of the 

essential oil was tested against twenty-five phytopathogenic fungi by using 

Poisoned food technique. It showed hundred percent fungitoxicity against 

six fungi out of twenty-five fungi tested. The physicochemical 

characteristics of essential oil such as colour, specific gravity, specific 

viscosity, refractive index, acid value, saponification value, ester value, 

carbonyl percentage, test for phenol and solubility were also determined. 

These characteristics are used to determine the quality of extracted 

essential oil. The oil of Acorus calamus was pale yellow and soluble in 

acetone, ethanol, methanol, benzene and chloroform. The oil exhibited the 

presence of phenols.  The present study indicates that the extraction of 

essential oil of Acorus calamus has a potential of secondary metabolites 

which can be exploited as a good source of bioactive substances. 
 

Keywords: Acorus calamus, Rhizome, Clevenger’s apparatus, Essential oil, 

Fungitoxic efficacy, Physicochemical. 
 

 
INTRODUCTION 

 

Medicinal plants play an important role from both commercial and healthy 

lifestyle perspectives. Towards the end of the twentieth century, the World 

Health Organization (WHO) estimated that an impressive 80% of the 

world’s population probably rely mainly on natural medicines, with plant-

originated medicines as the main component of this trend (in developed 

countries) or tradition (in developing countries) (Aquino et al., 2010).  

There are two principal kinds of vegetable oils, fixed or fatty oils and 

essential or volatile oils. Essesitial oil is a fluid of a specific narcotic odor, 

colorless, highly refractive and easily inflammable. The stain of essential oil 

on a piece of paper disappears spontaneously. Such oil is generally a 

mixture of a hydrocarbon with an oxygenated body and the term is used as  
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a convenient group name for a class of volatile odour 

bearing substances occurring in various parts of plants 

and in some animals. It is to these oils that flowers owe 

their scent and herbs and spices their fragrance. 

 

Essential oils are secreted in different parts of the 

plant. In scented flowers, such as the rose, they are 

concentrated in the petals, whereas in spice producing 

plants the chief deposit may occur in the leaves or bark 

as in the cinnamon, or in the fruit as in the nutmeg, or 

in the root as in orris oil.  

 

Volatile oils from a broad spectrum of plant species 

have shown antinociceptive, anti-inflammatory, 

antimicrobial, antiviral, antitumoral and antioxidant 

activities (Rufino et al., 2010). Some constituents from 

oils can act as pro-oxidants (such as free fatty acids 

and hydroperoxides) or as antioxidants, including 

tocopherols, phenols, and possibly phospholipids 

together with other components. 

 

Medicinal plants are the nature’s gift to human beings 

to make disease free healthy life. The medicinal 

characteristics of plants have been investigated in the 

recent scientific developments throughout the world, 

due to their potential activity against several diseases, 

without side effects and economic viability (Bhanot et 

al., 2011).  Several bioactive compounds widely 

distributed in plants which have been reported to 

exert multiple biological effect, including antioxidant, 

anti-inflammatory, anti-carcinogenic etc.  (Ganga et al., 

2011). 

 

Moreover, recently there has been a profound interest 

in the antimicrobial characteristics of extracts from 

aromatic medicinal plants, specifically essential oils. 

Essential oils are volatile complex compounds which 

are characterized by a strong odour and are formed 

naturally by aromatic plants as secondary metabolites. 

They are rich sources of biologically active compounds 

(Bishop et al., 1997). 

 

Thus, plants are a good source of biologically active 

compounds known as phytochemicals. 

Phytoconstituents have been found to work as 

antioxidants by scavenging free radicals and many 

have curative potential for free radical associated 

disorders and they also have antimicrobial activity 

(Molan et al., 2012). 

 

Essential oils are gaining remarkable interest for their 

potential multipurpose use as antioxidant, antifungal, 

and antiseptic agent; Study of various physicochemical 

characteristics explores the practical importance of 

herbal oils in daily life (Parthiban et al., 2011). 

Physicochemical characteristics of oil like colour, 

specific gravity, specific viscosity, refractive index, acid 

value, saponification value, ester value, carbonyl 

percentage, test for phenol and solubility etc. 

indirectly influence the quality of both essential and 

fixed oils. The commercial importance of oils mostly 

depends on these physicochemical characteristics, 

which provide baseline data to determine its 

suitability for consumption. The objective of the study 

to determine the fungitoxic efficacy and the 

physicochemical characteristics of the essential oil 

extracted from the rhizomes of Acorus calamus. 

 

MATERIALS AND METHODS 

 

Isolation of Essential Oil 

Five hundred grams of rhizome of Acorus calamus was 

surface sterilized by dipping in 2 % sodium 

hypochlorite solution for 5 minutes and thoroughly 

washed with sterilized double distilled water followed 

by pulverization using a sterilized pestle and mortar. 

The pulp was subjected to hydro distillation in a 

Clevenger’s apparatus. 

 

The volatile fraction, thus obtained after hydro 

distillation for 6 - 8 hours, exhibited two distinct 

layers: an upper aromatic oily layer and a lower 

colourless aqueous layer. The lower odorless aqueous 

layer was collected and dried over anhydrous sodium 

sulphate. The amount of oil thus recovered was noted 

in terms of per cent recovery on fresh /dry weight 

basis according to the material used. The oils were 

stored at low temperature (4 - 6°C) for further use 

(Essien et al., 2008). 

 

Determination of Fungitoxic efficacy of Acorus 

calamus essential oil 

The fungitoxic efficacy of the essential oil extracted 

from the rhizome of Acorus calamus was determined 

by ‘Poisoned Food Technique’ (Arora and Dwivedi, 

1979). For treatment sets, 1 ml of the essential oil 

was mixed with 9 ml of molten PDA medium in a pre-

sterilized Petri plate and the contents were agitated 

in a circular mode in order to mix the essential oil 

homogeneously. In control sets, 1 ml of sterilized 

double distilled water was added in place of the 
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essential oil. A fungal disc (5 mm in diameter) cut 

from the periphery of 7 days old culture of different 

test fungi with the help of flame sterilized cork borer, 

served as inoculums. The plates were incubated for 7 

days at 27 ± 2°C. 

Colony diameters in mutual perpendicular directions 

were measured on the seventh day in assay plates. 

Fungitoxicity was recorded in terms of the percent 

inhibition of mycelial growth and calculated using the 

following formula (Vincent 1947): 

 

Percent Inhibition = 
dc  -  dt 

X100 
dc 

Where, dc = average diameter of fungal colony in 

control sets 

dt = average diameter of fungal colony in treatment 

sets 

The experiments were repeated twice and each set 

contained four replications.  

 

Determination of Physicochemical characteristics 

of oil: 

Physicochemical characteristics provide a base line for 

aptness of oils (Kimbonguila et al. 2010). The 

physicochemical characteristics of the oil determined 

were Specific gravity, Specific Viscosity, Refractive 

index, Acid number, Saponification number, Ester 

number, Carbonyl percentage, Test for phenols, 

Solubility in organic solvents. 

 

(a) Specific gravity: 

A cleaned and dried empty pycnometer was taken and 

weighed. The pycnometer was filled upto the mark 

with double distilled water and weighed again. The 

weight of water was recorded. After removing the 

water the pycnometer was dried in the oven and filled 

upto the mark with the essential oil under 

experimentation. The weight of pycnometer with oil 

was calculated using the following formula. 

Specific gravity = 
Weight of the oil 

Weight of an equal volume of water 

                

(b) Specific Viscosity : 

An Ostwald viscometer was cleaned and dried. Ten ml 

of 1% solution (in acetone) of the oil under 

experimentation was filled in the bulb of the 

viscometer. The solution was sucked upto upper mark 

and the viscometer left as much. The time taken by the 

solution to percolate down from the upper mark of the 

viscometer to the lower mark was recorded. 

The process was repeated by filling the viscometer 

with pure acetone. The relative viscosity of the oil was 

calculated as per following formula: 

 

rel= 
Flow time of 1%solution of essential oil in solvent 

Flow time of pure solvent 

 

The value of relative viscosity thus obtained, was 

converted to specific viscosity by the formula as under: 

sp = rel-1 

Where,  sp  = Specific viscosity 

rel-1  = relative viscosity 

                 

(c) Refractive index : 

Abbe type of refractometer was used to determine the 

refractive indices of the oils. The double prisms of the 

apparatus were cleaned with alcohol and one drop of 

the oil was placed between them. The prisms were 

closed by tightening the screw heads and the 

refractometer was allowed to stand for few minutes to 

equate the temperature of the oils and the apparatus. 

The alidade of the refractometer was moved backward 

of forward to get a broader line which was a band of 

colour. A sharp colourless line was obtained by 

rotating the screw heads of the compensator. Finally, 

the line was adjusted in such a way that it fell on the 

point of intersection of the cross-hairs. The refractive 

index was head directly on the scales of the sector. 

 

(d) Acid number: 

One ml of the essential oil was dissolved in 15 ml of 95 

% ethanol in a conical flask. Three drops of 1% 

phenolpthaline were added to the contents of the flask 

and it was titrated against 0.1 N sodium hydroxide 

solution. The first appearance of pink colouration that 

did not fade with in 10 second was considered as the 

end point. Another set without oil was also run parallel 

to treatment and the difference in the amount of alkali 

used while titrating the treatment and the set without 

oil gave the amount of alkali consumed for 

determination of the acid number of the oil. The acid 

number was calculated by the following formula : 

          

Acid number = 
Volume of 0.1 N Alkali consumed 

X5.61 
Weight of 1ml essential oil 

(*The weight of 1 ml essential oil of Acorus calamus = 

0.940 gm). 

 

(e) Saponification number: 

One ml of the essential oil was taken into a 100 ml 

saponification flask. Ten ml of 0.5 N alcoholic sodium 
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hydroxide solution was added to the flask and an air 

cooled glass condenser (1 meter in length and 1 cm in 

diameter) was attached to it. The mixture was refluxed 

for an hour on a water bath and then allowed to cool 

down to room temperature. The contents were the 

titrated against 0.5 N aquous hydrochloric acid using 3 

drops of 1% phenolpathalin solution as the indicator. 

Another set, without oil was also run parallel to the 

treatment set and the difference in the amount of acid 

consumed for the determination of saponification 

number of the oil, which was calculated by the 

following formula: 

Saponification number = 
Volume of 0.5 N Acid consumed 

X 28..05 
Weight of 1ml essential oil 

(* The weight of 1 ml essential oil of Acorus calamus = 

0.940 gm) 

 

(f) Ester number : 

The ester number was calculated using the 

saponification number and the acid number by the 

following formula: 

 

Ester Number = Saponification number - Acid number 

 

(g) Carbonyl percentage : 

One ml of the oil was taken in 100 ml saponification 

flask and 35 ml of 0.5 N hydroxylamine hydrochloride 

solution was added to it. The flask was left overnight at 

room temperature. The liberated hydrochloric acid 

was estimated by titrating the contents of the flask 

against 0.5 N alcoholic sodium hydroxide solution 

using two drops of bromophenol blue as the indicator. 

Another set, without oil, was run parallel to the 

treatment set and the difference in the amount of 

alkali used while titrating the treatment and the set 

without oil gave the amount of alkali consumed for 

determining the carbonyl percentage, which was 

calculated using the formula : 

 

 
 

(h) Test for phenols : 

One ml of the oil was taken in the test tube containing 

1 ml of 95 % ethanol. Three drops of alcoholic ferric 

chloride solution were added to it. The appearance of 

brown colour indicated the presence of phenols in the 

oil.  

 

(i) Solubility in organic solvents : 

One ml of the oil was taken in a test tube and one ml of 

the organic solvent was added drop and shaken after 

each addition. Appearance of the clear solution 

indicated of the oil in the solvent. 

 
RESULTS AND DISCUSSION 

  

The results recorded in Table - 1 showed that the 

essential oil of Acorus calamus completely inhibited 

the growth of the six test fungi viz., Aspergillus flavus, 

A.niger, A.nidulans, Helminthosporium oryzae, 

Pyricularia oryzae and Rhizoctonia solani. 

Table 1:  Fungitoxic Efficacy of Essential oil of Acorus calamus 

Sl. No. Test Fungi Percent Inhibition of Mycelial Growth 

1 Alternari alternata 72.2 

2 A. solani 76 

3 Aspergillus flavus 100 

4 A.niger 100 

5 A.nidulans 100 

6 Cladosporium cladosporioides 52.1 

7 C. herbarum 59.5 

8 Colletotrichum falcatum 95.2 

9 Curvularia genicula 46 

10 C. lunata 48 

11 Fusarium acuminatum 70 

12 F.moniliforme 68.5 

13 F. udum 73.2 

14 F. solani 73 

15 Gibberella fujikuroi 84 
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Table 1:  Continued… 

Sl. No. Test Fungi Percent Inhibition of Mycelial Growth 

16 Helminthosporium oryzae 100 

17 Penicillium notatum 62.8 

18 P. chrysogenum 52.5 

19 Phytophthora infestans 48.5 

20 Pyricularia oryzeae 100 

21 Pythium aphanidermatum 82.5 

22 Rhizoctonia solani 100 

23 Rhizopus nigricans 63.2 

24 Sclerotium oryzae 54.2 

25 Sclerotium rolfsi 59.7 

 

 

Table 2: Physiochemical Characteristics of Essential oil of Acorus calamus 

Parameter studied Value 

Colour Pale yellow  

Specific gravity  0.886 

Specific viscosity  0.105 

Refractive index  n25 D 1.4030 

Acid number 11.936 

Saponification number 34.319 

Ester number 22.383 

Carbonyl percentage  48.0* 

Test for phenols  Positive  

Solubility Soluble in acetone, ethanol, methanol benzene & chloroform. 

  

 

Studies of various physicochemical characteristics 

identify the practical importance and provide basis for 

suitability and utility of various oils of plants origin in 

daily life. Physicochemical characteristics of the 

essential oil like Specific gravity, Specific Viscosity, 

Refractive index, Acid number, Saponification number, 

Ester number, Carbonyl percentage, Test for phenols, 

Solubility in organic solvents (Table -2) indirectly tells 

about the quality of essential oil.  

 

The essential oil of Acorus calamus was pale yellow 

and dark yellow repectively. The oil was soluble in 

acetone, ethanol, ethanol, methanol, benzene and 

chloroform. The oil also exhibited the presence of 

phenols.  

. 

CONCLUSION 

 

These results indicated that the essential oil of Acorus 

calamus is suitable for the extraction as antifungal 

purposes on commercial scale. However, further 

investigation for the identification of bioactive 

compounds under in vitro and in vivo conditions is 

required. 

 

ACKNOWLEDGEMENTS 

Authors are grateful to Rev. Prof. J. K. Lal, The 

Principal, St. Andrew’s College, Gorakhpur (U.P) for 

providing infrastructure and facilities. One of the 

authors Sandeep Chaudhary is thankful to University 

Grant Commission - Rajiv Gandhi National Fellowship 

(UGC-RGNF) scheme for providing financial assistance. 

 

 REFERENCES 

 

Abhishek Bhanot, Rohini Sharma, and Malleshappa 
(2011). Natural sources as potential anti-cancer 
agents: A review. Int. JPM.; 3: 9-26. 

Abdul-Lateef Molan, Abbas Mohamad Faraj and 
Abdulkhaliq Saleh Mahdy (2012). Antioxidant 
activity and phenolic content of some medicinal 

http://www.ijlsci.in/


 
Samuel and Chaudhary, 2019 

 

562 | Int. J. of Life Science, Volume 7 (3) July-September, 2019 

plants traditionally used in Northern Iraq. 
Phytopharmacology; 2(2): 224-233.  

Arora,  DK  and  Dwivedi  RS (1979) Rhizosphere  
Fungi  Of  Lens esculanta Antagonistic To 
Sclerotium rolfsii Sacc. Soil Biol. Biochem. 11: p. 
563. 

Aquino A, Wanderley K, Paiva-Santos CdO (2010) 
Coordination polymer adsorbent for matrix solid-
phase dispersion extraction of pesticides during 
analysis of dehydrated Hyptis pectinata medicinal 
plant by GC/MS. Talanta, 83: 631-636. 

Bishop CD and Thornton IB (1997) Evaluation of the 
Antifungal Activity of the Essential Oils of Monarda 
citriodora var. citriodora and Melaleuca alternifolia 
on Post Harvest Pathogens. J. Essent. Oil Res; 9: 77-
82.  

Essien EP, Essien JP, Ita BN and Ebong GA (2008) and 
trends towards Sustainability. Expert workshop. 
Physicochemical Characteristics and on assessing 
the Sustainable yield in medicinal and 
Fungitoxicity of the Essential Oil of Citrus medica 
L. Aromatic plant collection. Available on line: 
against Groundnut Storage Fungi. Turk. J. Bot., 
http://www.floraweb.de/map-pro/le ctures/ 32: 
161-164. 

Ganga Rao B, Sambasiva Rao E, Veda Priya G, Swathi 
Priya K, Chandrika K, and Venkateswara Rao A 
(2011). Evaluation of antioxidant and anti-
inflammatory activity of Euphorbia heyneana 
Spreng. Asian P. JTBM; S191-S194.  

Kimbonguila, A, Nzikou JM, Matos L, Loumouamou B, 
Ndangui CB, Pambou-Tobi NPG, Abena AA, Scher J 
and Desobry S (2010) Proximate Composition and 
Physicochemical Properties on the Seeds and Oil 
of Annonamuricata grown In Congo-Brazz. 
Resurch. Journal Environmental and Earth Science, 
2(1): 13-18. 

Parthiban KT, Selvan P, Paramathma M, Kanna SU, 
Kumar P, Subbulakshmi V and Vennila S (2011) 
Physico-chemical characterization of seed oil from 
Jatrophacurcas L. genetic resources. Journal of 
Economic and Natural Environment, 3(5): 163-167. 

Rufino MSM, Pérez-Jiménez J, Arranz S (2010). Açaí 
(Euterpe oleraceae) „BRS Pará‟: A tropical fruit 
source of antioxidant dietary fiber and high 
antioxidant capacity oil. Article in press. Food Res. 
Int., 44: 2100-2106. 

Vincent JM (1947) Distribution of fungal hyphae in the 
presence of certain inhibitors. Nature, 159: 850. 

 

© 2013 -2019 | Published by IJLSCI 

http://www.floraweb.de/map-pro/le%20ctures/

