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Abstract 
An experiment was conducted to detect the toxicity of column chromatographic fractions of sweet flag, 

Acorus calamus extract against pulse beetle, Callosobruchus maculatus. A total of 105 fractions were 

eluted from 7 combinations of 4 solvents viz., hexane, dichloromethane, ethylacetate and methanol. 

Among these, 20 fractions eluted using hexane and hexane+dichloromethane combination showed 

insecticidal activity. These 20 fractions were subjected to Ultra High performance liquid chromatography 

to check the presence of active compound i.e, β-asarone. The results revealed that only 8 fractions had β-

asarone content and it ranged between 56 and 285µg/ml. The fractions with β-asarone caused 65.00 to 

85.00 per cent mortality within 24 hours after treatment (HAT) while the mortality was between 25.00 

and 55.00 per cent in the fractions which did not contain β-asarone. However, cent per cent mortality was 

observed in all the 20 fractions at 72 hours after treatment. Oviposition in seeds treated with fractions 

was reduced to the tune of 82.50 to 100.00 per cent. No adult was emerged from the seeds treated with 

hexane and hexane+dichloromethane combination fractions of sweet flag extract while 85 number of 

adults emerged from untreated seeds. 

 

Keywords: β-asarone, sweet flag, pulse beetle, HPLC, toxicity, column chromatography 

 

Introduction 

The postharvest food losses in grain occur from harvesting up to consumption. Abiotic and 

biotic factors are major concern for losses of stored grains in the world. Amid all biotic factors, 

the insect pests contribute major share by causing 30-40 per cent damage (Kumar  

et al., 2017) [10]. In India, there are about 200 species of insect pests which cause damage to 

stored grains and grain products. Pulses are key hosts for the Pulse beetles Callosobruchus 

spp. The losses brought in by these insects are of great importance in tropical developing 

nations where legume seeds are frequently the primary source of protein in the human diet. 

Before harvest, an infestation could develop in the pods and spread to the storage area, where 

there could be significant losses. The commercially significant pest of all pulses including 

Cowpea, Green gram, Bengal gram and Black gram is the pulse beetle Callosobruchus 

maculatus (F.) (Coleoptera: Bruchidae), which causes in 40–50% losses of pulses in storage 

(Gosh and Durbey, 2003). Due to the risks involved with using chemical insecticides or 

fumigants, C. maculatus infestation is a significant issue prohibiting the safe storage of pulses 

(Satya et al., 2016). The use of plant materials and their biologically active constituents is 

considered as the leading substitute for synthetic insecticides (Khattak et al., 2006). Among 

the plant products, Sweet flag (Acorus calamus, F: Acoraceae) rhizomes which has been 

utilised in Ayurveda to treat a variety of digestive issues as well as fever, asthma, bronchitis, 

and cough (Balakumbahan et al., 2010) [2] possess insecticidal, ovicidal, antifeedant, repelling 

and contact toxicity properties against stored product pests (Schmidt et al., 1991; Kim et al., 

2003; Mansoor-ul-Hasan et al., 2006; Chen et al., 2015; Kafle et al., 2017) [14, 8, 11, 3]. The 

insecticidal, therapeutic and pharmacological activities of sweet flag species are attributed to 

the main chemical components viz., α and β- asarone (Chan Park et al., 2002; Devi and 

Ganjewala, 2009) [4]. A study was undertaken to isolate, identify and assess the bioactivity of 

insecticidal compounds, present in the A. calamus rhizome extract against stored product pest, 

pulse beetle (C. maculatus).  
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Materials and Methods 

Mass culturing of C. maculatus 

C. maculatus was cultured in plastic jars of 600 ml capacity 

(12 × 8 cm) on cowpea seeds that were sterilized in hot air 

oven at 100 0C for one hour after procuring from the shop. 

The initial culture of C. maculatus infested stocks were 

obtained from Department of Pulses, TNAU, Coimbatore. 

The plastic jars used in this study were surface sterilized with 

ethanol and allowed to dry. On each of the jar lids, a 5 cm 

diameter hole was cut and fit with a mesh. About 50 pairs of 

newly emerged C. maculatus adults were added to 600 ml 

plastic jars that contained 200 g of cowpea seeds. To 

encourage more egg laying, the plastic jars were placed in the 

dark and covered with black muslin material. Throughout the 

course of the experiment, rearing was maintained at a 

temperature of 30 ±5 °C and a relative humidity of 70 ±5 %. 

Following the same process as above, adults that emerged 

from the culture after 25 to 30 days were used for maintaining 

subcultures. These beetle was subcultured on a weekly basis 

to provide an ongoing supply of insects for research. 

 

Chemicals and Reagents 

Hexane, dichloromethane, ethylacetate and methanol of 

HPLC grade, were purchased from Merck India Ltd., 

Mumbai, India. Silica gel G TLC grade was purchased from 

Sisco Research laboratories Pvt. Ltd., Mumbai, India. 

Certified Reference material of β-asarone (95% purity) was 

purchased from Sigma Aldrich Chemicals Pvt. Limited., 

Bangaluru, Karnataka, India. β-asarone primary stock 

solutions of was obtained by dissolving 10.526 mg of certified 

reference material in 25 ml volumetric flask and volume made 

up with methanol. From 950 µg ml-1 stock solution, 14.474ml 

was taken in 25ml volumetric flask and volume made up with 

methanol to get 400 µg ml-1 solution. The flasks were 

labelled and stored at–20 °C in a deep freezer. By diluting 

appropriate proportions of standard solution with methanol, 

intermediate stock solutions of 100 µg ml-1 and 10 µg ml-1 

were obtained from the primary stock solution. Individual 

working standard solutions were prepared by diluting 

intermediate stock solution to the required volume. 

 

Soxhlet Extraction 

A quantity of 100 gm of sweet flag rhizome powder was 

wrapped with whatman filter paper 1 and kept in glass 

thimble of Soxhlet extraction apparatus. Then 700 ml of 

hexane (a non-polar solvent) was loaded to the round bottom 

flask of the apparatus and run at 60 0C for 6 hours. The extract 

was collected in round bottom flask after six hours of running. 

In a rotary vacuum evaporator set at 40 °C, the extract 

collected was evaporated to near dryness and then extract was 

collected using 5ml of hexane. The extracted substances had a 

pleasant woody and spicy odour and ranged in colour from 

pale yellow to pale brown. 

 

Fractionation of hexane extract of sweet flag rhizome by 

column chromatography  

Hexane extract of A. calamus oil was used for fractionation 

by column chromatography (length 68cm and breadth 3cm). 

A two third of the column was filled with silica gel (Merck 

7734, particle size 0.063-0.2 mm) and four solvents viz, 

hexane, dichloromethane, ethyl acetate, and methanol alone 

and in nine combinations with 9:1 to 1:9 ratios of Hexane : 

dichloromethane, dichloromethane : ethyl acetate ( 9:1 to 1:9) 

and ethyl acetate : methanol (9:1 to 1:9) with increasing 

polarity, ranging from 100 per cent hexane to 100 per cent 

methanol, were used to separate compounds into fractions.  

 

Bioassay  

Bioassays were conducted with all the column 

chromatographic fractions viz., hexane fractions (2), 

hexane+dicholoromethane fractions (18), dichloromethane 

fractions (5), dichoromethane+ethylacetate fractions (36), 

ethylacetate fractions (5), ethylacetate+methanol (35) and 

methanol (4) for insecticidal activity against C. maculatus. 

Cowpea seeds were used as the media and 100 µl of each 

fraction collected was taken and applied on 10 gm of seeds 

placed in a plastic container to which 5 pair of adults were 

released manually. Two replications were followed for each 

fraction and the experiment was monitored for 3 days for 

adult mortality and after 7 days, number of eggs laid were 

counted in all the treatment. Number of adults emerged as F1 

progeny was recorded, 30 days after inoculation of beetles. 

Mortality was calculated by using the formula, 

 

Mortality % =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑠𝑒𝑐𝑡𝑠 𝑑𝑒𝑎𝑑

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑠𝑒𝑐𝑡𝑠
 × 100 

 

HPLC Instrumentation   

The concentration of β-asarone was quantified using Ultra 

High Performance Liquid Chromatographic (UHPLC) 

(Shimadzu, Prominence I series 2030) system with auto 

sampler and Photo Diode Array (PDA) Detector (SPD-

M20A). A reverse phase (C18-Shimadzu) column with a 

length of 250 mm, an id of 4. 6 mm, and a particle size of 4 µ 

was used for chromatographic separation in a column oven at 

40 °C. Mobile phase consisting methanol and water was 

utilised for separation (70:30) in isocratic mode at a flow rate 

of 0.5 mL min-1. A total of 15 minutes were authorized for the 

run, with an injection volume of 20 µL. The peak height/peak 

area of standards and fraction samples run under similar 

operating circumstances were compared to determine the 

concentration of β-asarone in different fractions. 

 

Results and Discussion 

Insecticidal action of Sweet flag fractions on pulse beetle was 

observed in laboratory experiments (Table 1) Highest 

mortality of 85.00 per cent was observed in H-D-19(1:9) 

fractions followed by H-D-7(7:3) (80.00%), H2(70.00%), H-

D-6(8:2) (70.00%), H-D-18(2:8) (70.00%), H-D-5(8:2) 

(65.00%), H-D-9(6:4) (65.00%) and H-D-12(5:5) (65.00%) 

fractions at 24 hours after treatment (HAT). Fractions H1 and 

H-D-4 (9:1) showed 55.00 and 40.00 per cent mortality 

respectively followed by H-D-3(9:1) and H-D-11(5:5) 

fractions with 35.00 per cent mortality. The fractions H-D-

8(6:4), H-D-13(4:6), H-D-15(3:7), H-D-16(3:7) and H-D-

17(2:8) caused 25.00 per cent mortality. Least mortality of 

15.00% was recorded in the H-D-10(5:5) and H-D-14(4:6) 

fractions and no mortality was observed in fractions other 

than hexane alone and hexane-dichloromethane combinations. 

Eight fractions viz., H2, H-D-5(8:2), H-D-6(8:2), H-D-7(7:3), 

H-D-9(6:4), H-D-12(5:5), H-D-18(2:8) and H-D-19(1:9) 

caused cent per cent mortality after 48 HAT(Table 1). 

Fraction H-D-4(9:1) showed 80.00 per cent mortality 

followed by H1(75.00%), H-D-3(9:1) (65.00%) and H-D-

17(2:8) (55.00%). The mortality was 50.00 per cent observed 

in the fractions H-D-11(5:5), H-D-8(6:4) and H-D-16(3:7). 

The fractions H-D-13(4:6), H-D-10 (5:5) and H-D-20(1:9) 
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caused 45.00 per cent mortality and least mortality was seen 

in fraction H-D-14 (4:6) (40.00%). 

The fractions (20 No. s) ontained in column chromatography 

were subjected to UHPLC analysis for estimating β- asarone 

content. Results revealed that out of 20 fractions, only 8 

fractions viz., H2, H-D-5(8:2), H-D-6(8:2), H-D-7(7:3), H-D-

9(6:4), H-D-12(5:5), H-D-18(2:8) and H-D-19(1:9) had β- 

asarone. Among these fractions, H2 fraction had the highest 

β- asarone content (284.18µg/ml) followed by the H2 fraction 

chromatogram showed three peaks (plate2) including a peak 

at a retention time of 9.7 corresponding to the peak of 

standard chromatogram (plate1) and the results confirmed that 

both peaks were corresponding to β- asarone. 

 

Effect of fractions on egg laying and adult emergence of C. 

maculatus Among the 20 fractions, one egg was seen in seeds 

treated with H2 fraction and in the remaining fractions, 

number of eggs laid ranged between 2 and 20 (Table 2). 

Fractions such as H-D-5(8:2), H-D-6(8:2), H-D-7(7:3), H-D-

12(5:5), H-D-18(2:8) and H-D-19(1:9) with β-asarone content 

which caused cent mortality at 48 HAT had lesser number of 

egg (1.00 to 5.00) when compared to other fraction and 

control (120 No.s ). Interestingly, the fractions H-D-13(4:6) 

and H-D-14(4:6) which had no β-asarone content showed 

50.00 to 45.00 per cent mortality on 48 HAT also had lesser 

number of eggs (1- 2eggs/10gm). No adult emergence was 

observed in any of the 20 fractions tested. 

Hexane and hexane+dichoromethane proved to be the better 

solvent in extracting insecticidal fractions of A. calamus 

extract against C. maculatus, This study coincides with the 

work of termiticidal activity of n-hexane fractions of A. 

calamus rhizomes against Coptotermes curvignathus 

Holmgren (Adfa et al., 2015) [1] and also the study of the 

insecticidal substances from A. calamus and Stemona 

tuberose which revealed the pronounced insecticidal activity 

of dichloromethane extracts of A. calamus on topical 

application against the third-instar larvae of Plutella xylostella 

(Jiyavorranant et al., 2001) [6]. The insecticidal action of 

fractions containing β- asarone content could be substantiated 

with the report of Chan Park et al., 2002 who found that (Z)- 

and (E)-asarones at 0.064 mg/cm2 caused cent percent 

mortality of Callosobruchus chinesis. 

 

Conclusion  

Data obtained in the present study confirmed the insecticidal 

activity of sweet flag extract against the pulse beetle C. 

maculatus and fractionation of chemical compounds in sweet 

flag extract resulted in isolation of twenty fractions with 

insecticidal property. The effects caused by the fractions with 

β-asarone resulted in 100 per cent mortality within 48 hours 

after treatment and also reduced the egg laying. Interestingly 

fractions which did not contain β-asarone content also gave 

100% mortality after 72 hours and reduced the egg laying. 

These results confirm that other than the β-asarone in sweet 

flag, some other unknown compounds are also responsible for 

the insecticidal activity. Identification of insecticidal 

compounds other than β-asarone may pave way for 

developing new botanical insecticidal formulation with novel 

mode of action. 

 
Table 1: Insecticidal action of chemical fractions (column chromatography) of sweet flag extract on C. macualtus 

 

Treatments (Fractions ratios) 
Cumulative adult mortality (%) 

24 HAT 48 HAT 72 HAT 

H1 55.00 (47.884)cd 75.00 (60.112)b 100.00 (87.134)a 

H2 70.00 (57.102)bc 100.00 (87.134)a 100.00 (87.134)a 

H-D-3 (9:1) 35.00 (36.221)e 65.00 (53.779)c 100.00 (87.134)a 

H-D-4 (9:1) 40.00 (39.232)de 80.00 (63.435)b 100.00 (87.134)a 

H-D-5 (8:2) 65.00 (53.779)bc 100.00 (87.134)a 100.00 (87.134)a 

H-D-6 (8:2) 70.00 (56.789)bc 100.00 (87.134)a 100.00 (87.134)a 

H-D-7 (7:3) 80.00 (63.435)ab 100.00 (87.134)a 100.00 (87.134)a 

H-D-8 (6:4) 25.00 (29.888)ef 50.00 (45)de 100.00 (87.134)a 

H-D-9 (6:4) 65.00 (53.779)bc 100.00 (87.134)a 100.00 (87.134)a 

H-D-10 (5:5) 15.00 (22.5)f 45.00 (42.116)de 100.00 (87.134)a 

H-D-11 (5:5) 35.00 (36.221)e 50.00 (45)de 100.00 (87.134)a 

H-D-12 (5:5) 65.00 (55.259)bc 100.00.00 (87.134)a 100.00 (87.134)a 

H-D-13 (4:6) 25.00 (29.888)ef 45.00 (42.116)de 100.00 (87.134)a 

H-D-14 (4:6) 15.00 (22.5)f 40.00, (39.232)e 100.00 (87.134)a 

H-D-15 (3:7) 25.00 (29.888)ef 55.00 (47.884)cd 100.00 (87.134)a 

H-D-16 m(3:7) 25.00 (29.888)ef 50.00 (45)de 100.00 (87.134)a 

H-D-17 (2:8) 25.00(29.888)ef 55.00 (47.884)cd 100.00 (87.134)a 

H-D-18 (2:8) 70.00 (57.102)bc 100.00 (87.134)a 100 (87.134)a 

H-D-19 (1:9) 85.00 (67.5)a 100.00 (87.134)a 100.00(87.134)a 

H-D-20 (1:9) 25.00 (29.888)ef 45.00 (42.116)de 100.00 (87.134)a 

Control 0.00 (2.866)g 0.00 (2.866)g 0.00(2.866)b 

H; Hexane, H-D; Hexane + Dichloromethane, HAT- Hours after treatment.  

Figures in parenthesis are arc sin transformations.  

In a column means followed by same letter(s) are not significantly different (p=0.05) by LSD 
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Table 2: Effect of chemical fractions (column chromatography) of sweet flag extract on egg laying and progeny development of C. maculatus. 

 

Treatments (Fractions ratios) Number of eggs laid % reduction from control Number of adults emerged, F1 progeny 

H1 (Hexane) 5.50 (2.45)e 95.41 0.00 (0.71)a 

H2 (Hexane) 1 (1.14)f 99.16 0.00 (0.71)a 

H-D-3 (9:1) 7.00 (2.74)de 94.16 0.00 (0.71)a 

H-D-4 (9:1) 18.50 (4.36)b 84.58 0.00 (0.71)a 

H-D-5 (8:2) 4.50 (2.23)e 96.25 0.00 (0.71)a 

H-D-6 (8:2) 4.50 (2.23)e 96.25 0.00 (0.71)a 

H-D-7 (7:3) 5.00 (2.34)e 95.83 0.00 (0.71)a 

H-D-8 (6:4) 15.00 (3.94)c 87.50 0.00 (0.71)a 

H-D-9 (6:4) 6.50 (2.67)e 94.58 0.00 (0.71)a 

H-D-10 (5:5) 21.00 (4.63)b 82.50 0.00 (0.71)a 

H-D-11 (5:5) 12.50 (3.60)c 89.58 0.00 (0.71)a 

H-D-12 (5:5) 5.00 (2.34)e 95.83 0.00 (0.71)a 

H-D-13 (4:6) 1.00 (1.14)f 99.16 0.00 (0.71)a 

H-D-14 (4:6) 1.00 (1.14)f 99.16 0.00 (0.71)a 

H-D-15 (3:7) 15.50 (4.00)bc 87.00 0.00 (0.71)a 

H-D-16 (3:7) 11.00 (3.38)cd 90.83 0.00 (0.71)a 

H-D-17 (2:8) 11.50 (3.46)cd 90.41 0.00 (0.71)a 

H-D-18 (2:8) 5.00 (2.34)de 95.00 0.00 (0.71)a 

H-D-19 (1:9) 1 (1.14)f 99.16 0.00 (0.71)a 

H-D-20 (1:9) 20.00 (4.478)b 83.33 0.00 (0.71)a 

Control 120.00 (10.977)a 0.00 120 (9.30)b 

H; Hexane, H-D; Hexane + Dichloromethane  

Figures in parenthesis are √𝑥 + 0.5 transformed values.  

Values are mean of two replications. 

In a column means followed by same letter(s) are not significantly different (p=0.05) by LSD 

  
Table 3: β- asarone content in fractions of sweet flag extract 

 

Fractions Quantity of β-asarone (µg/ml) 

H1 0.00 

H2 284.33 

H-D-3 (9:1) 0.00 

H-D-4 (9:1) 0.00 

H-D-5 (8:2) 141.00 

H-D-6 (8:2) 176.78 

H-D-7 (7:3) 177.39 

H-D-8 (6:4) 0.00 

H-D-9 (6:4) 120.10 

H-D-10 (5:5) 0.00 

H-D-11 (5:5) 0.00 

H-D-12 (5:5) 85.93 

H-D-13 (4:6) 0.00 

H-D-14 (4:6) 0.00 

H-D-15 (3:7) 0.00 

H-D-16 (3:7) 0.00 

H-D-17 (2:8) 0.00 

H-D-18 (2:8) 56.07 

H-D-19 (1:9) 107.30 

H-D-20 (1:9) 0.00 

H; Hexane 

H-D; Hexane + Dichloromethane 
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Fig 1: Standard chromotogram of β-asarone 

 

 
 

Fig 2: Chromotogram for β-asarone in hexane fraction extract of sweet flag 
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