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ABSTRACT 

This study tested Annona squamosa seed bioactive compounds against two different 
species of termites. The seed oil was extracted mechanically and with solvents (hexane and ethyl 

acetate) using the Soxhlet apparatus. GC MS/MS identified the phytochemical profile of the oil 
and solvent extract. A. squamosa seed oil was found with 9-octadecenoic acid (Z)-, octadecanoic 

acid, n-hexadecanoic acid and oleic acid-TMS as major compounds. The predominant compound 

of A. squamosa seed extracts is found as 9- octadecanoic acid, n-hexadecanoic acid and             6-
octadecanoic acid. To find the extract's LC50 value, the laboratory bioassay was carried out against 

O. anamallensis and M. fletcheri with A. squamosa seed oil and hexane and ethyl acetate extract 

of A. squamosa seed. For both species, O. anamallensis and M. fletcheri oil recorded the lowest 
LC50 value of about 0.14 and 0.25 per cent, respectively, followed by hexane extract and ethyl 

acetate extract. 
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INTRODUCTION 

Termites, also known as "eusocial roaches," belong to the order Blattodea. Despite 

their role in ecosystem engineering, they are highly destructive pests that damage various 

agricultural crops, perennial trees, forests, buildings, and wooden structures (9). 

Odontotermes species cause severe damage to the nursery and transplanted seedlings of 

coconut during earlier stages. More serious losses are caused when they nibble at the tender 

growing point. This species also damages coconut plants in the nursery by constructing mud 

galleries. Trunk wilting of the central shoot, stunted growth, and mud galleries are also seen 

on the trunk. The tender shoots of coconut seedlings have been observed to be cut off by 

termites, which also cause damage to the roots and shoots of seedlings, as well as on young 

coconut trees. The attacked plants dry gradually and finally become wilted (7). 

Botanical insecticides derived from plant extracts have the potential to control a 

variety of arthropod pests. They are an alternative to synthetic chemical insecticides (5,6). 

Acetogenins from Annonaceae plants, specifically Annona squamosa, have been widely 

recognized for their potent insecticidal, molluscicidal, and nematicidal properties (8). 

Building upon these findings, the current study evaluated the toxicity of custard apple seed 

extracts against termites under laboratory conditions (Plate 1). 
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Plate 1. Annona squamosa Linn. Plant and seeds 

MATERIALS AND METHODS 

The experiment was initiated in March 2023 for the procurement and extraction of 

oil and solvent extraction. The GC-MS/MS analysis and toxicity test were done from April 

to July 2023 at Tamil Nadu Agricultural University, Coimbatore (11.0122° N, 76.9354° E, 

411m MSL), receiving an annual rainfall of 715 mm with a mean minimum temperature of 

19 °C to 24 °C mean and maximum temperature of 30 °C to 35 °C.  

Solvent extraction of A. squamosa Linn. seeds  

Custard apple (A. squamosa L.) seeds and solvents (hexane and ethyl acetate) were 

purchased from private firms. The sundried seeds were powdered using a mixer grinder. The 

extraction was done with the Soxhlet apparatus, which filled 30 g of seed powder with 300 

ml of solvent. The extraction was done for 6 h at 60 ˚C. The crude extract was collected after 

evaporating the solvents using a rotary vacuum evaporator at 45 ˚C for 30 minutes. The 

recovery percentage of hexane and ethyl acetate extract is 23.3 % and 20 %, respectively. 

Oil extraction of A. squamosa Linn. Seeds 

The crude oil of A. squamosa Sun-dried seeds were extracted using the mechanical 

expeller with a steamer and 10hp motor. The oil recovery percentage was 13 %. 

GC-MS/MS analysis 

Gas Chromatography-Mass Spectrometry/ Mass Spectrometry (GC-MS/MS) 

analysis for seed oil, hexane and ethyl acetate extract of A. Squamosa L.  seeds were done 

at the Centre for Molecular Biology and Biotechnology, Department of Biotechnology, 

Agricultural College and Research Institute, Coimbatore, to identify the phytochemical 

profile of the seed oil and solvent extracts. It was carried out in QP 2020, Shimadzu GC 

equipped with Rxi-5 Sil MS column of length 30 m and 0.25×0.25 μm thickness and dia. 

The column oven temperature was programmed at 70 ˚C and then heated to 120 ˚C with            

5 ˚C/min rate, 185 ˚C with a 10 ˚C/min rate and 280 ˚C with a 15 ˚C/min rate at a hold time 

of 2 min, 10 min, and 5min respectively. The injector temperature was     240 ˚C and helium 

(99.999 %) was used as a carrier gas at a flow rate of 1ml/min and the split ratio was 1:10. 

The mass detector used in this analysis was Mass Spectral Detector (MSD). The MS was 

operated at 230 ˚C as an ion source temperature and 280 ˚C as an interface temperature. A 

one mL volume of sample was analysed. The interception in GC-MS/MS was done with the 

National Institute Standard and Technology (NIST) database. The spectrum of unknown 

compounds was compared with those of known compounds stored in the NIST library. The 
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compound name, molecular formula, and molecular weight of the A. squamosa Linn. 

extracts were observed.  

Laboratory assessment of toxicity of A. squamosa Linn. solvent and oil extracts against 

different termite species 

Field-collected termites O. anamallensis Holmgren and Holmgren and M. fletcheri 

Holmgren and Holmgren were used for the laboratory studies (Plate 2). 

 
              Odontotermes anamallensis                                   Microcerotermes fletcheri 

                                                    

Plate 2. Different species of termites used for laboratory experiments 

Bait toxicant analysis 

Compact disc food bait was prepared using 40 grams of coconut leaf powder and 0.5 

g of dextrose (binding agent) and then the required amount of water was added and hand-

moulded. Treatments were taken as per the mortality obtained in the preliminary test. Eleven 

treatments were carried out for oil and hexane extract of Annona seeds and eight treatments 

were carried out for ethyl acetate extract.  The baits were impregnated with different 

concentrations of solvent extracts and oil of custard apple seeds and placed in a plastic 

container. Each concentration was replicated four times. The experimental design was a 

Completely Randomized Design (CRD).  Each treatment was released with 20 worker 

termites and with water was considered as an untreated check. The treatment was maintained 

in BOD at 29˚ C and 85 %. The observation was recorded for 24 h at 4 h intervals of termite 

mortality. The data was subjected to probit analysis by Finney’s method.  

RESULT AND DISCUSSION 

Phytochemical profile of oil and solvent extracts of A. squamosa Linn. seed 

In general, the chemical constituents revealed the presence of monounsaturated 

omega 9 fatty acids (Oleic acid), saturated fatty acids (decanoic acid) polyunsaturated 

hydrocarbon (squalene), phytosterols (campesterol, stigmasterol, etc.), organic acid (lactic 

acid) and primary saturated fatty acid (palmitic acid). The major components in                          
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A. squamosa seed oil and solvent extracts are saturated and unsaturated fatty acids such as 

n-hexadecanoic acid, 9-octadecenoic acid and octadecenoic acid (Table 1, 2&3). According 

to Adesanwo et al. (2), 9-octadecanoic acid was found to be the most abundant compound 

in the A. squamosa seed extracts. Several studies have identified major compounds in the 

extracts of A. squamosa and A. muricata. Deewatthanawong et al. (4) found that 

hexadecanoic is the dominant compound in both A. squamosa and A. muricata extract. 

Babaiwa et al. (3) reported that hexadecenoic acid is the most prevalent compound in             

A. muricata extract, while Zahid et al. (13) identified n-hexadecanoic acid, octadecanoic 

acid and 9-octadecanoic acid as the predominant compounds in the solvent extraction of       

A. squamosa seed extract along with palmitic acid, oleic acid and stearic acid. Similarly, 

Hagr et al. (5) also reported hexadecanoic acid and 9-octadecanoic acid as the major 

compounds of A. squamosa seed extract. Various compounds have been found in                      

A. squamosa seeds including palmitic acid, oleic acid, steric acid, campesterol and 

stigmasterol. Furthermore, both A. squamosa and A. muricata seed extracts contain palmitic 

acid and oleic acid reported by Acda (1) (Fig. 1, 2 & 3 and Annexure 1).  

 

 

Figure 1. Phytochemical profile of A. squamosa L.seeds (Hexane extract) 
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Table 2. Phytochemical profile of A. squamosa Linn. Seed oil 

S. 

No. 

Phytochemical profile of hexane extract of Annona squamosa Linn. seeds 

Retention 

time (Min.) 

Area Area 

(%) 

Name of the compound 

1.  29.821 1767808 0.43 Palmitic acid-TMS; hexadecanoic acid 

2.  31.678 104945284 25.36 Oleic Acid; 9-Octadecenoic acid (Z)- 

3.  32.057 32590320 7.88 Octadecanoic acid 

4.  38.673 3365002 0.81 9-Octadecenoic acid (Z)-, oxiranylmethyl ester 

5.  39.063 1670015 0.40 Palmitic acid-TMS; hexadecanoic acid 

6.  39.217 1192049 3.29 Oleic acid-TMS; (Z)-octadec-9-enoic acid 

7.  39.357 1072238 0.26 2-Keto-isovaleric acid-2TMS 

8.  43.833 1124113 0.27 2-Methylhippuric acid-2TMS 

9.  44.491 1494488 0.36 Lactic acid-13C3-2TMS 

10.  44.640 1843360 0.45 Squalene 

11.  45.991 844107 0.20 Ethylmalonic acid-2TMS 

12.  50.370 10441127 2.52 Campesterol 

13.  50.736 10621623 2.57 Stigmasterol 

14.  51.629 21437824 5.18 .gamma.-Sitosterol 

 

 

 
Figure 2. Phytochemical profile of A. squamosa L. seeds (Ethyl acetate extract) 
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Figure 3. Phytochemical profile of A. squamosa L. seeds (seed oil) 

Toxicity of Annona squamosa seed extracts 

The probit analysis showed the LC 50 of 0.14, 0.28 and 1.87 for oil, hexane and ethyl 

acetate, respectively, to O. anamallensis Holmgren and Holmgren. The LC50 (Table 4) 

value of oil is less, followed by hexane extract and ethyl acetate extract of A. squamosa 

Linn. seeds which may be due to the toxic compounds in the extract. Among O. anamallensis 

Holmgren and Holmgren and M. fletcheri Holmgren and Holmgren the O. anamallensis 

Holmgren and Holmgren is more susceptible to the A. squamosa extract than the M. fletcheri 

Holmgren and Holmgren. The LC 50 value for oil, hexane and ethyl acetate against                  

M. fletcheri Holmgren and Holmgren was 0.25, 0.47 and 0.46, respectively. Among the 

solvent extract, hexane showed the lowest LC 50 (0.28 and 0.47 respectively) against             

O. anamallensis Holmgren and Holmgren and M. fletcheri Holmgren and Holmgren, which 

may be because the predominant compounds 6-Octadecenoic acid, Octadecenoic acid, and 

Hexadecanoic acid is more in the hexane extract (Fig. 4). Sini et al. (10) reported that the   

A. squamosa Linn. extract, which contains octadecenoic acid (oleic acid), showed 

insecticidal activity against the Leptocorisa acuta. Similarly, Vetal and Pardeshi (12) 

reported that among the ethanol and hexane extract of A. squamosa Linn. the hexane extract 

showed more insecticidal activity against Spodoptera litura than the ethanolic extract. 

Trisna Priadi et al. (11) reported that the A. glabra extract showed insecticidal activity 

against wood destroying termites Cryptotermes cynocephalus (dry-wood termites) and 

Coptotermes curvignathus. 
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Figure 4. Comparison of phytochemical profile of A. squamosa L. seed extracts 

CONCLUSIONS 

Forty-three, 37 and 14 phytochemicals were identified in hexane and ethyl acetate 

extracts and seed oil of A. squamosa. 6-Octadecenoic acid was predominant in the extracts 

and 9-Octadecenoic acid was predominant in the seed oil. A comparison of toxicity revealed 

that the oil extract was more toxic than hexane and ethyl acetate extracts. O. anamallensis 

Holmgren and Holmgren were more susceptible to A. squamosa L. seed oil and solvent 

extract than M. fletcheri Holmgren and Holmgren.  
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