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Secondary metabolites found in plants have been recognized as potent botanical insecticides  
that are safer than synthetic insecticides. The potential of Piper retrofractum Vahl. fruit extracts  
and their isolated compounds was investigated against the second instar of Spodoptera litura Fab. 
using topical application. The results showed that the hexane extract was the most potent with  
a median lethal dose (LD50) value of 0.87 µg/larva at 24 hr and 48 hr posttreatment. Among  
seven isolated compounds from the hexane extract, methyl piperate had the highest toxicity to  
S. litura with LD50 values of 2.00 and 1.60 µg/larva at 24 hr and 48 hr posttreatment, respectively, 
followed by pipernonaline, piperanine and retrofractamide D, respectively. The fruits of  
P. retrofractum could have potential for the development of novel insecticides to control S. litura 
for use in an integrated pest management program.
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Introduction 

	 Spodoptera litura Fab. (Lepidoptera: Noctuidae) is a polyphagous 
insect pest that is dispersed throughout Asia and is having a high 
impact on reduced agricultural yields where its larvae can be a severe 
pest of vegetables such as cabbages, lettuces, kale, soybeans, mung 
beans and corn (Su et al., 2012). Feeding by the larvae damages leaves, 
followers, stems, and head sections throughout the year in Thailand 
and synthetic insecticides such as pyrethroids, organophosphates and 
carbamates, have been used to control this insect (Ruttanaphan et al., 
2019). Unfortunately, these chemicals take a long time to decompose 
so that residues can affect the agricultural products, consumers and the 
environment (Gavrilescu, 2005).

	 An alternative approach for the control of S. litura is to use 
botanical insecticides that are safer and less harmful to the environment 
than synthetic insecticides. Many naturally occurring compounds  
from plants have been used to control this insect such as Alpinia 
galanga (L.) Willd. (Pengsook et al., 2020), Acorus calamus  
L. (Yooboon et al., 2019), Brucea Javanica L. (Mao et al., 2019),  
Piper nigrum L. (Fan et al., 2011) and Piper longum L. (Park et al.,  
2002). However, the botanical insecticides may not be useful in the  
long term due to their rapid rate of decomposition and the development  
of insecticide resistance in insect pests (Ahmad et al., 2009). Therefore, 
alternative plants are needed as a source of novel insecticides to control 
this insect species. Additionally, the identification of active ingredients 
is needed, since the chemical structures of active compounds have 
also suggested structural modification as a means of exploring novel 
insecticides (Tharamak et al., 2020), which are more potent and can be 
used for the control of resistant insects (Hüter, 2011).
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	 Piper retrofractum Vahl. belongs to the family Piperaceae. This 
plant is used as a traditional medicine (Kim et al., 2011) and displays 
a wide variety of biological activities: antioxidant (Jadid et al., 2017), 
anti-obesity activity (Muharini et al., 2015), antitussive (Kubo et al., 
2013), antifungal (Luyen et al., 2014), antidiabetic (Kim et al., 2011) 
and antibacterial (Tewtrakul et al., 2011). Interestingly, this plant has 
shown insecticidal activity against various insects such as Spodoptera 
exigua Hübner (Ratwatthananon et al., 2017), Plutella xylostella L.  
(Kraikrathok et al., 2013), Blattella germanica L. (Saenmanot et al., 2018)  
and Culex quinquefasciatus Say (Wiwattanawanichakun et al., 2018).  
Furthermore, previous studies found that the ethanolic P. retrofractum 
fruit extract and its major components had high toxicity to S. litura  
(Yooboon et al., 2019). The present study has extended the identification  
of other active ingredients from the most active extract, which was 
produced using sequential extraction. The aim of the present study was 
to investigate the contact toxicity of seven isolated compounds from  
the hexane extract of the fruits of P. retrofractum against S. litura.

Materials and Methods

General

	 The solvents used were purified using standard protocols.  
A rotary evaporator (IKA®RV10 basic, Thailand) was used at the 
Department of Chemistry, Faculty of Science, Kasetsart University, 
Bangkok, Thailand. The 1H and 13C nuclear magnetic resonance 
(NMR) spectra were recorded on a Bruker 400 MHz AVANCE III 
HD spectrometer operating at 400 MHz (1H) and 100 MHz (13C).  
The chemical shifts (δ) were reported in parts per million (ppm) 
relative to tetramethylsilane (TMS). Splitting patterns were designated 
as: s, singlet; d, doublet; dd, doublet of doublets; dt, doublet of triplets; 
ddd, doublet of doublet of doublets; t, triplet; m, multiplet; q, quintet 
and br, broad. Coupling constants (J) were reported in hertz (Hz). 
High-resolution mass spectra (HRMS) were recorded on a MAXIS 
(Bruker).

Plant materials

	 The dried fruits of P. retrofractum (2.2 kg) were collected in 
September 2018 from Village No. 9, Ban Hong district, Ban Hong 
sub-district, Lamphun province, Thailand. A voucher specimen  
(BK 68866) was preserved in the Bangkok Herbarium, Plant Varieties 
Protection Office, Department of Agriculture, Bangkok, Thailand.

Extraction

	 The dried fruits of P. retrofractum were ground into a powder 
and extracted using maceration and sequential extraction over 7 d 
using hexane, dichloromethane, ethyl acetate, and methanol. All crude 
extracts were filtered using vacuum filtration with a Buchner funnel 
and the solvent was removed using a rotary evaporator and stored  
at 4oC in a refrigerator.

Isolation

	 The most active hexane extract (3 g) was fractionated using 
column chromatography with 100% hexane to 50% hexane in ethyl 
acetate to provide seven fractions. Fraction 3 was purified using 
recrystallization with ethanol to produce methyl piperate (1, 0.55%). 
Fraction 4 was subjected to silica gel column chromatography with 
65% hexane in ethyl acetate to give four subfractions. Subfraction 
4–2 was further purified using preparative thin layer chromatography 
(PTLC) with 75% hexane in ethyl acetate to obtain (2E,4E,14Z)-
N-isobutylicosa-2,4,14-trienamide (2, 0.55%). The purification of 
fraction 5 using silica gel column chromatography and eluting with 
70% hexane in ethyl acetate produced four subfractions. Subfraction 
5–1 was further purified using PTLC with 80% hexane in ethyl acetate 
to produce guineensine (3, 0.88%). Fraction 6 was fractionated using 
silica gel column chromatography and eluting with 70% hexane 
in ethyl acetate to provide four subfractions. Retrofractamide D  
(4, 0.32%) was isolated from subfraction 6–4 using PTLC with  
70% hexane in ethyl acetate. Next, fraction 7 was purified using silica 
gel column chromatography with 80% to 65% hexane in ethyl acetate 
to produce two subfractions. Subfraction 7–1 was purified using 
silica gel column chromatography and eluting with 75% hexane in 
ethyl acetate to give pipernonaline (5, 0.55%). Subfraction 7–2 was 
fractionated using silica gel column chromatography and eluting with 
70% hexane in ethyl acetate to obtain two subfractions. Subfraction 
7–2–1 was purified using PTLC with 70% hexane in ethyl acetate to 
produce piperine (6, 0.22%), whereas subfraction 7–2–2 was purified 
using PTLC using 70% hexane in ethyl acetate to produce piperanine 
(7, 0.32%).
	 Details of the fraction purifications are provided below:
	 Methyl piperate (1): Colorless solid; 1H NMR (400 MHz, 
CDCl3) δ 7.44 (dd, J = 15.3, 10.8 Hz, 1H), 7.02 (d, J = 1.6 Hz, 1H),  
6.94 (dd, J = 8.1, 1.5 Hz, 1H), 6.86 (s, 1H), 6.82 (d, J = 1.7 Hz, 1H), 
6.80 (s, 1H), 6.75 (d, J = 10.8 Hz, 1H), 6.01 (s, 2H), 3.79 (s, 3H).  
13C NMR (100 MHz, CDCl3) δ 167.75, 148.73, 148.44, 145.14, 
140.43, 130.69, 124.64, 123.11, 120.08, 108.69, 106.03, 101.54, 
51.68. HRMS (ESI) Calculated for C13H12NNaO4 255.0633 ([M+Na]+), 
Found 255.0636 (Venkatasamy et al., 2004).
	 (2E,4E,14Z)-N-Isobutylicosa-2,4,14-trienamide (2): Colorless 
solid; 1H NMR (400 MHz, CDCl3) δ 7.18 (dd, J = 15.0, 9.9 Hz, 1H), 
6.16–5.99 (m, 2H), 5.77 (d, J = 15.1 Hz, 1H), 5.72 (s, 1H), 5.36–5.31 
(m, 2H), 3.14 (dd, J = 12.3, 5.8 Hz, 2H), 2.12 (dd, J = 13.7, 7.1 Hz, 2H),  
2.05–1.97 (m, 4H), 1.85–1.73 (m, 1H), 1.62 (dt, J = 15.2, 7.8 Hz, 1H), 
1.43–1.37 (m, 2H), 1.29 (ddd, J = 19.8, 9.3, 4.0 Hz, 16H), 0.93–0.84 
(m, 9H). 13C NMR (100 MHz, CDCl3) δ 166.72, 143.43 141.55, 
129.98, 128.32, 121.76, 47.10, 32.08, 31.89, 29.90, 29.19, 28.93, 
28.72, 27.30, 27.02, 22.45, 20.24, 14.11. HRMS (ESI) Calculated for 
C24H45NNaO 384.3242 ([M+Na]+), Found 384.3235 (Wu et al., 2004).
	 Guineensine (3): Yellow solid; 1H NMR (400 MHz, CDCl3) 
δ 7.19 (dd, J = 15.1, 9.9 Hz, 1H), 6.89 (d, J = 1.5 Hz, 1H),  
6.80–6.69 (m, 2H), 6.32– 6.20 (m, 1H), 6.18–5.96 (m, 3H), 
5.93 (s, 2H), 5.74 (d, J = 14.9 Hz, 1H), 5.50 (s, 1H), 3.16  
(t, J = 6.3 Hz, 2H), 2.15 (q, J = 7.0 Hz, 4H), 1.38 (dd, J = 42.4, 6.1 Hz, 
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9H), 0.92 (d, J = 6.7 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 143.32, 
141.53, 129.51, 128.39, 121.82, 120.34, 108.36, 105.53, 101.05, 
47.08, 33.01, 29.47, 29.11, 28.78, 20.26. HRMS (ESI) Calculated 
for C24H33NNaO3 406.2358 ([M+Na]+), Found 406.2360 (Wu et al., 
2004).
	 Retrofractamide D (4): Yellow solid; 1H NMR (400 MHz, CDCl3) 
δ 7.36 (dd, J = 12.0, 4.0 Hz, 1H), 6.98 (br s, 1H), 6.89 (d, J = 8.0 Hz, 
1H), 6.81–6.73 (m, 3H), 6.67 (d, J = 8.0 Hz, 1H), 5.97 (s, 2 H), 5.93 
(d, J = 8.0 Hz, 2H), 5.56 (br s, 1H), 3.19 (t, J = 6.4 Hz, 2H), 1.82  
(m, 1H), 1.70 (br s, 6H), 0.94 (d, J = 8.0 Hz, 6H). 13C NMR (100 MHz, 
CDCl3) δ 166.45, 147.11, 143.61, 141.51, 130.99, 129.73, 129.02, 
124.77, 122.99, 122.79, 128.65, 105.87, 101.45, 47.25, 28.77, 20.28. 
HRMS (ESI) Calculated for C21H27NNaO3 364.1889 ([M+Na]+), 
Found 364.1883 (Banerji et al., 1985).
	 Pipernonaline (5): Yellow oil; 1H NMR (400 MHz, C3D6O) δ 7.42 
(d, J = 1.7 Hz, 1H), 7.26 (dd, J = 8.1, 1.7 Hz, 1H), 7.21 (d, J = 7.9 
Hz, 1H), 7.16 (t, J = 7.0 Hz, 1H), 6.88 (dt, J = 14.9, 1.5 Hz, 1H), 6.80  
(dt, J = 15.8, 1.5 Hz, 1H), 6.60 (dt, J = 15.8, 6.9 Hz, 1H), 6.41 (s, 2H), 
4.01–3.94 (m, 4H), 2.73–2.60 (m, 4H), 2.14–2.04 (m, 2H), 1.99–1.90 
(m, 9H).13C NMR (100 MHz, C3D6O) δ 155.14, 143.71, 140.22, 
139.20, 131.59, 130.85, 118.57, 115.70, 111.59, 43.00, 42.40, 38.49, 
35.06. HRMS (ESI) Calculated for C21H28NO3 342.2069 ([M+H]+), 
Found 342.2075 (Wu et al., 2004).
	 Piperine (6): Yellow solid; 1H NMR (400 MHz, CDCl3) δ 7.39 
(ddd, J = 14.7, 8.4, 1.8 Hz, 1H), 6.96 (d, J = 1.6 Hz, 1H), 6.87  
(dd, J = 8.0, 1.6 Hz, 1H), 6.78–6.70 (m, 3H), 6.42 (d, J = 14.7 Hz, 1H), 
5.94 (d, J = 4.7 Hz, 2H), 3.56 (s, 4H), 1.74–1.46 (m, 6H). 13C NMR 
(100 MHz, CDCl3) δ 165.59, 148.34, 148.26, 142.64, 138.38, 131.12, 
125.51, 122.65, 120.20, 108.64, 105.82, 101.42, 47.07, 43.38, 26.87, 
25.80, 24.81. HRMS (ESI) Calculated for C17H19NNaO3 308.1263 
([M+Na]+), Found 308.1278 (Wu et al., 2004).
	 Piperanine (7): Yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.39 
(ddd, J = 14.7, 8.7, 1.5 Hz, 1H), 7.02–6.92 (m, 1H), 6.88 (dd, J = 8.1, 
1.7 Hz, 1H), 6.85–6.57 (m, 1H), 6.28–6.10 (m, 1H), 5.90 (s, 2H), 3.62 
(dt, J = 37.9, 14.1 Hz, 4H), 2.68 (t, J = 7.6 Hz, 2H), 2.52–2.36 (m, 2H), 
1.71–1.44 (m, 6H). 13C NMR (100 MHz, CDCl3) δ 165.65, 147.70, 
144.22, 142.67, 138.40, 135.13, 125.48, 121.43, 108.98, 108.62, 
108.28, 105.80, 101.40, 100.91, 34.68, 34.60, 24.74. HRMS (ESI) 
Calculated for C17H21NNaO3 310.1419 ([M+Na]+), Found 310.1414 
(Wu et al., 2004).

Insect rearing

	 All experiments were performed with the approval of the Animal 
Ethics Committee of Kasetsart University (No. OACKU01059).  
S. litura larvae were reared on an artificial diet (Tharamak et al., 2020) 
and before testing for contact toxicity were kept at 27°C, 65 ± 5% 
relative humidity and an L16:D8 photoperiod in the insect-rearing 
room of the Department of Zoology, Faculty of Science, Kasetsart 
University, Bangkok, Thailand. 

Contact toxicity bioassay

	 The median lethal doses (LD50) were determined of the extracts 
and isolated compounds against second instars of S. litura using  
a topical application. Sample concentrations in the range 0.25–40 
µg/larva were prepared in acetone. Each sample (2 µL) was slowly 
applied to the thorax region of S. litura using a micro applicator  
in five replicates each consisting of a population of 10 larvae  
(n = 50 per treatment) and acetone alone was used as the control.  
The treated larvae were transferred into Petri dishes (diameter  
100 mm) under controlled conditions with an artificial feeding diet  
and then mortality was recorded at 24 hr and 48 hr posttreatment. 
Larvae that did not move after prodding with a fine brush were 
considered dead. The LD50

 
values were determined using Probit 

analysis in the StatPlus Program (2018 version, Analyst Company, 
Canada).

Results 

	 The sequential extraction of the fruits of P. retrofractum revealed 
that the highest yield was produced by the dichloromethane solvent 
(4.28%) and the lowest yield by the ethyl acetate solvent (1.27%), 
as shown in Table 1. A comparison of the contact toxicity among the 
four extracts for control of S. litura showed that the hexane extract 
had the greatest efficacy with an LD50 value of 0.87 µg/larva at  
24 hr posttreatment, while LD50 values were obtained above 9 µg/larva 
for the other extracts (Table 2). All tested extracts produced the same 
mortality at 24 hr and 48 hr posttreatment.
	 The chemical constituents of the hexane extract were isolated 
using appropriate chromatography techniques. Seven known 
compounds were identified: methyl piperate (1), (2E,4E,14Z)-N- 
isobutylicosa-2,4,14-trienamide (2), guineensine (3), retrofractamide D  
(4), pipernonaline (5), piperine (6) and piperanine (7), as shown in 
Fig. 1.

Table 1	 Characteristics and amounts of different crude extracts of fruits of P. retrofractum from different solvent extractions
Extract Weight (g) Yield1 (% wt/wt) Characteristic
Hexane 57.06 2.59 Orange oil
Dichloromethane 94.22 4.28 Dark brown gum
Ethyl acetate 28.04 1.27 Dark brown gum
Methanol 54.18 2.46 Dark brown gum

1 (Weight of crude extract/weight of dried plant) × 100
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Table 2	 Contact toxicity of P. retrofractum fruit extracts against S. litura
Extract Time (hr) LD50 LCL UCL Slope ± SE p-value χ2

Hexane 24
48

0.87
0.87

0.50
0.50

1.04
1.04

1.45 ± 0.15
1.45 ± 0.15

0.05
0.05

18.14
18.14

Dichloromethane 24
48

12.93
12.93

9.20
9.20

19.02
19.02

1.08 ± 0.13
1.08 ± 0.13

0.21
0.21

9.68
9.68

Ethyl acetate 24
48

9.36
9.36

6.50
6.50

14.14
14.14

1.74 ± 0.26
1.74 ± 0.26

0.01
0.01

18.64
18.64

Methanol 24
48

25.40
25.40

15.33
15.33

56.88
56.88

1.11 ± 0.20
1.11 ± 0.20

0.002
0.002

22.48
22.48

LD50 = lethal dosage that kills 50% of exposed larvae, expressed in micrograms per larva;  
LCL = lower confidence limit; UCL = Upper confidence limit

Fig. 1	 Chemical structures of seven isolated compounds from hexane extract

Table 3	 Contact toxicity of seven isolated compounds against S. litura.

Compound Time (hr) LD50 LCL UCL Slope ± SE p-Value χ2 Potency ratio
Methyl piperate (1) 24

48
2.00
1.60

1.62
1.29

2.60
2.00

1.40 ± 0.20
1.39 ± 0.20

0.46
0.50

1.54
1.40

1
-

(2E,4E,14Z)-N-isobutylicosa-2,  
4, 14-trienamide (2)

24
48

14.38
10.73

10.16
7.92

24.22
16.30

0.91 ± 0.13
0.95 ± 0.13

0.43
0.93

2.76
0.14

7.19
-

Guineensine (3) 24
48

10.97
8.54

8.60
5.42

15.00
16.99

1.01 ± 0.11
0.99 ± 0.17

0.38
0.31

5.33
5.96

5.48
-

Retrofractamide D (4) 24
48

2.93
1.41

2.34
1.12

3.67
1.79

1.36 ± 0.20
1.34 ± 0.20

0.97
0.98

0.06
0.04

1.46
-

Pipernonaline (5) 24
48

2.27
2.25

1.87
1.84

2.88
2.92

1.63 ± 0.21
1.52 ± 0.20

0.47
0.28

1.52
2.54

1.14
-

Piperine (6) 24
48

>40
4.97

-
3.55

-
8.91

-
1.34 ± 0.22

-
0.79

-
0.47

>20
-

Piperanine (7) 24
48

2.60
1.22

2.14
1.00

3.14
1.47

1.62 ± 0.20
1.62 ± 0.20

0.51
0.39

1.35
1.89

1.30
-

LD50 = lethal dosage that kills 50% of the exposed larvae, expressed in micrograms per larva; LCL = lower confidence limit; UCL = upper confidence limit; Potency 
ratio =  LD50 value of compound/LD50 value of methyl piperate (1) at 24 hr posttreatment.

	 All the isolated compounds were examined for their contact toxicity  
against S. litura to determine the active ingredient (Table 3). The results  
showed that methyl piperate (1) had the greatest toxicity with LD50 
values of 2.00 and 1.60 µg/larva at 24 hr and 48 hr posttreatment, 
respectively, followed by pipernonaline (5), piperanine (7) and 

retrofractamide D (4) with LD50 values in the ranges 2.27–2.93 and  
1.22–2.25 µg/larva at 24 hr and 48 hr posttreatment, respectively.  
On the other hand, (2E,4E,14Z)-N-isobutylicosa-2,4,14-trienamide (2),  
guineensine (3) and piperine (6) were less toxic.

Discussion 

	 Botanical insecticides have low levels of hazardous properties  
and result in no harmful residues in the environment and consequently,  
they offer an alternative approach to reduce the use of synthetic 
insecticides (Aktar et al., 2009). P. retrofractum in the genus Piper 
is widely distributed in tropical regions of the world. P. retrofractum 
fruits have been used as a spice in food and traditional medicine 
(Muharini et al., 2015; Sholikhah, 2016). This plant has also been 
used as an insecticide to control various insect pests (Isman, 2014; 
Saenmanot et al., 2018; Subsuebwong et al., 2016). Regarding  
S. litura, the ethanolic extract of P. retrofractum fruits has been reported  
to be more effective than other plants (A. calamus, A. galanga, 
Curcuma longa L. and Sphagneticola trilobata L.) according to 
Yooboon et al. (2019); in addition, a mixture of P. retrofractum and 
A. calamus ethanolic extracts had a synergistic effect that enhanced 
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toxicity against S. litura. However, in the current study, a comparison 
of the LD50 values against S. litura at 24 hr posttreatment between the 
hexane extract (LD50 = 0.87 µg/larva) and the ethanolic extract in the 
previous work (LD50 = 5.58 µg/larva) showed that the hexane extract 
was approximately 6.41-fold more potent than the ethanolic extract. 
Similarly, the hexane extract was comparatively more potent than the 
most active ethyl acetate extracts from A. galanga rhizomes (Pengsook 
et al., 2020) and Phaseolus lathyroides L. seeds (Pipattanaporn et al., 
2015) against this insect pest. These results suggested that extraction 
with hexane could produce beneficial ingredients present in the fruits 
of P. retrofractum for the development of commercial insecticides.
	 The chemical components of P. retrofractum fruits have been 
reported in several studies as alkaloids, terpenoids, lignans, flavones, 
propenylphenols, kawapyrones and dihydrochalcones (Kubo et al.,  
2013). The results of the present study found that almost all the isolated 
compounds from the hexane extract were alkaloids (Compounds 2–7)  
except for methyl piperate (1). The insecticidal activities of these 
compounds have also been reported. For example, piperine (6), 
isolated from Piper ribesioides Wall. had high toxicity toward Aedes 
aegypti L. (Kumrungsee et al., 2018). Pipernonaline (5), isolated 
from P. longum, had toxicity activity against S. litura (Park et al., 
2002). However, there have been no reports identifying methyl 
piperate (1) as a potent insecticide. This compound has been first 
reported in the current study as having insecticidal activity against  
S. litura. Regarding contact toxicity, methyl piperate (1) was the  
most active compound with LD50 values of 2.00 and 1.60 µg/larva  
at 24 hr and 48 hr posttreatment, respectively, whereas pipernonaline  
(5), retrofractamide D (4) and piperanine (7) were slightly less potent 
than methyl piperate (1). However, piperine (6) did not appear to have 
any potential effect on the mortality of S. litura. A similar result was 
obtained when piperine was used to treat S. exigua (Ratwatthananon 
et al., 2017).
	 Based on the LD50 values, methyl piperate (1) was less potent than 
the hexane crude extract. However, the toxicity of pure compounds 
may have a potentially synergistic effect in mixtures that may lead to 
the development of more potent botanical insecticides and reduce the 
potential of resistance developing toward the pure compound (Koul 
and Walia, 2009). Methyl piperate (1) is an alternative approach for 
use as a botanical insecticide and it has potential for the modification 
of its chemical structure for the development of novel insecticides that 
are less toxic than synthetic insecticides. Furthermore, this compound 
may provide a significant reduction in antioxidant ability (Nakatani 
et al., 1986), which may avoid losing insecticidal activity due to its 
degradation by temperature and light (Turek and Stintzing, 2013).
	 The P. retrofractum fruit extracts and the active composition were 
first examined for their insecticidal activity against S. litura using 
topical application. The hexane extract and methyl piperate (1) could 
be further developed for use as an alternative botanical insecticide. 
In addition, the effect on detoxification enzymes and biochemical 
interactions should be a further focus for understanding the trends of 
resistance and the possible mode of action of S. litura after treatment 
using the hexane extract and methyl piperate (1).

Conflict of Interest

	 The authors declare that there are no conflicts of interest.

Acknowledgements

	 This work was supported by the Center of Excellence for Innovation  
in Chemistry (PERCH-CIC), Ministry of Higher Education, Science, 
Research and Innovation; the Kasetsart University Research and 
Development Institute (KURDI), Bangkok, Thailand; and the 
Department of Chemistry and Department of Zoology, Faculty of 
Science, Kasetsart University. The first author is grateful for the 
financial support provided by a Science Achievement Scholarship  
of Thailand (SAST).

References 

Ahmad, M., Saleem, M.A., Sayyed, A.H. 2009. Efficacy of insecticide mixtures  
against pyrethroid‐and organophosphate‐resistant populations of 
Spodoptera litura (Lepidoptera: Noctuidae). Pest Manag. Sci. 65: 266–274. 
doi: 10.1002/ps.1681

Aktar, W., Sengupta, D., Chowdhury, A. 2009. Impact of pesticides use in 
agriculture: their benefits and hazards. Interdiscip. Toxicol. 2: 1–12. doi: 
10.2478/v10102-009-0001-7

Banerji, A., Bandyopadhyay, D., Sarkar, M., Siddhanta, A.K., Pal, S.C., 
Ghosh, S., Abraham, K., Shoolery, J.N. 1985. Structural and synthetic 
studies on the retrofractamides–amide constituents of Piper retrofractum. 
Phytochemistry 24: 279–284. doi.org/10.1016/S0031-9422(00)83537-2

Fan, L.S., Rita, M., Dzolkhifli, O., Mawardi, R. 2011. Insecticidal properties of 
Piper nigrum fruit extracts and essential oils against Spodoptera litura. Int. 
J. Agric. Biol. 13: 517–522.

Gavrilescu, M. 2005. Fate of pesticides in the environment and its 
bioremediation. Eng. Life Sci. 5: 497–526. doi.org/10.1002/elsc.200520098

Hüter, O.F. 2011. Use of natural products in the crop protection industry. 
Phytochem. Rev. 10: 185–194. doi: 10.1007/s11101-010-9168-y

Isman, M.B. 2014. Botanical insecticides: a global perspective. In: Isman 
M.B. (Ed.). Biopesticides: State of the Art and Future Opportunities. ACS 
Publications. Washington, DC, USA, pp. 21–30..

Jadid, N., Hidayati, D., Hartanti, H.R., Arraniry, B.A., Rachman, R.Y., 
Wikanta, W. 2017. Antioxidant activities of different solvent extracts of 
Piper retrofractum Vahl. using DPPH assay. In: Murkovic, M., Risuleo, G., 
Prasetyo, E.N., Shovitri, M., Nyanhongo, G.S. (Eds.). Proceedings of AIP 
Conference. Surabaya, Indonesia, pp. 1–7.

Kim, K.J., Lee, M.-S., Jo, K., Hwang, J.-K. 2011. Piperidine alkaloids  
from Piper retrofractum Vahl. protect against high-fat diet-induced  
obesity by regulating lipid metabolism and activating amp-activated  
protein kinase. Biochem. Biophys. Res. Comm. 411: 219–225. doi: 
10.1016/j.bbrc.2011.06.153

Koul, O., Walia, S. 2009. Comparing impacts of plant extracts and pure 
allelochemicals and implications for pest control. CAB Rev. 4: 1–30. 
doi:10.1079/PAVSNNR20094049

Kraikrathok, C., Ngamsaengi, S., Bullangpoti, V., Pluempanupat, W., Koul, O.  
2013. Bio efficacy of some Piperaceae plant extracts against Plutella 
xylostella L. (Lepidoptera: Plutellidae). Commun. Agric. Appl. Biol. Sci. 
78: 305–309.

Kubo, M., Ishii, R., Ishino, Y., et al. 2013. Evaluation of constituents of Piper 
retrofractum fruits on neurotrophic activity. J. Nat. Prod. 76: 769–773.  
doi: 10.1021/np300911b



452 A. Ratwatthananon et al. / Agr. Nat. Resour. 54 (2020) 447–452

Kumrungsee, N., Wonsa, N., Ruttanakum, D., et al. 2018. Bioefficacy of  
Piper ribesioides (Piperaceae: Piperales) extracts and isolated piperine 
against Andes aegypti (Diptera: Culicidae) larvae and their impact on 
detoxification enzymes. Biopestic. Int. 14: 23–30.

Luyen, B.T.T., Tai, B.H., Thao, N.P., Yang, S.Y., Cuong, N.M., Kwon, Y.I., 
Jang, H.D., Kim, Y.H. 2014. A new phenylpropanoid and an alkylglycoside 
from Piper retrofractum leaves with their antioxidant and α-glucosidase 
inhibitory activity. Biorg. Med. Chem. Lett. 24: 4120–4124. doi: 10.1016/ 
j.bmcl.2014.07.057

Mao, G., Tian, Y., Sun, Z., Ou, J., Xu, H. 2019. Bruceine D isolated from 
Brucea javanica (L.) Merr. as a systemic feeding deterrent for three major 
Lepidopteran pests. J. Agric. Food Chem. 67: 4232–4239. doi.org/10.1021/
acs.jafc.8b06511

Muharini, R., Liu, Z., Lin, W., Proksch, P. 2015. New amides from the fruits 
of Piper retrofractum. Tetrahedron Lett. 56: 2521–2525. doi.org/10.1016/ 
j.tetlet.2015.03.116

Nakatani, N., Inatani, R., Ohta, H., Nishioka, A. 1986. Chemical constituents 
of peppers (Piper

spp.) and application to food preservation: naturally occurring antioxidative 
compounds. Environ. Health Perspect. 67: 135–142. doi: 10.1289/ehp. 
8667135

Park, B.-S., Lee, S.-E., Choi, W.-S., Jeong, C.-Y., Song, C., Cho, K.-Y. 2002. 
Insecticidal and acaricidal activity of pipernonaline and piperoctadecalidine 
derived from dried fruits of Piper longum L. Crop Prot. 21: 249–251. doi.org/ 
10.1016/S0261-2194(01)00079-5

Pengsook, A., Puangsomchit, A., Yooboon, T., Bullangpoti, V., Pluempanupat, W.  
2020. Insecticidal activity of isolated phenylpropanoids from Alpinia galanga  
rhizomes against Spodoptera litura. Nat. Prod. Res. 1: 1–5. doi.org/ 
10.1080/14786419.2020.1747461.

Pipattanaporn, P., Tharamak, S., Temyarasilp, P., Bullangpoti, V., Pluempanupat, W.  
2015. Toxicity of the seeds of Phaseolus lathyroides (Leguminosae) against 
Spodoptera litura (Lepidoptera: Noctuidae). Commun. Agric. Appl. Biol. Sci.  
80: 193–198. 

Ratwatthananon, A., Yooboon, T., Kumrungsee, N., Bullangpoti V., 
Pluempanupat, W. 2017. Insecticidal activity of the fruits of Piper 
retrofractum against Spodoptera exigua. In: Pornputtkul, Y. (Ed.) 
Proceedings of the Pure and Applied Chemistry International Conference. 
Bangkok, Thailand, pp. 961–964.

Ruttanaphan, T., Pluempanupat, W., Aungsirisawat, C., Boonyarit, P.,  
Goff, G.L., Bullangpoti, V. 2019. Effect of plant essential oils and their 
major constituents on cypermethrin tolerance associated detoxification 
enzyme activities in Spodoptera litura (Lepidoptera: Noctuidae). J. Econ. 
Entomol. 112: 2167–2176. doi.org/10.1093/jee/toz126

Saenmanot, S., Insung, A., Pumnuan, J., et al. 2018. Insecticidal activity of 
Thai botanical extracts against development stages of German cockroach, 
Blattella germanica (L.) (Orthoptera: Blattellidae). Southeast Asian J. 
Trop. Med. Public Health. 49: 46–59.

Sholikhah, E.N. 2016. Indonesian medicinal plants as sources of secondary 
metabolites for pharmaceutical industry. J. Med. Sci. 48: 226–239. doi.org/ 
10.19106/JMedSci004804201606

Su, J., Lai, T., Li, J. 2012. Susceptibility of field populations of Spodoptera  
litura (Fabricius) (Lepidoptera: Noctuidae) in China to chlorantraniliprole 
and the activities of detoxification enzymes. Crop Prot. 42: 217–222. doi.org/ 
10.1016/j.cropro.2012.06.012

Subsuebwong, T., Attrapadung, S., Potiwat, R., Komalamisra, N. 2016. 
Adulticide efficacy of essential oil from Piper retrofractum Vahl against 
Aedes aegypti and Culex quinquefasciatus. Trop. Biomed. 33: 84–87. 

Tewtrakul, S., Hase, K., Kadota, S., Namba, T., Komatsu, K., Tanaka, K. 2011. 
Fruit oil composition of Piper chaba Hunt., P. longum L. and P. nigrum L. 
J. Essent. Oil Res. 12: 603–608. doi.org/10.1080/10412905.2000.9712168

Tharamak, S., Yooboon, T., Pengsook, A., Ratwatthananon, A., Kumrungsee, 
N., Bullangpoti, V., Pluempanupat, W. 2020. Synthesis of thymyl esters 
and their insecticidal activity against Spodoptera litura (Lepidoptera: 
Noctuidae). Pest Manag. Sci. 76: 928–935. doi.org/10.1002/ps.5598

Turek, C., Stintzing, F.C. 2013. Stability of essential oils: a review. Compr. 
Rev. Food Sci. F. 12: 40–53. doi.org/10.1111/1541-4337.12006

Venkatasamy, R., Faas, L., Young, A.R., Raman, A., Hider, R.C. 2004. Effects 
of piperine analogues on stimulation of melanocyte proliferation and 
melanocyte differentiation. Bioorg. Med. Chem. 12: 1905–1920. doi: 10.1016/ 
j.bmc.2004.01.036

Wiwattanawanichakun, P., Ratwatthananon, A., Poonsri, W., Yooboon, T., 
Pluempanupat, W., Piyasaengthong, N., Nobsathian, S., Bullangpoti, V. 
2018. The possibility of using isolated alkaloid compounds and crude 
extracts of Piper retrofractum (Piperaceae) as larvicidal control agents for 
Culex quinquefasciatus (Diptera: Culicidae) larvae. J. Med. Entomol. 55: 
1231–1236. doi: 10.1093/jme/tjy082

Wu, S., Sun, C., Pei, S., Lu, Y., Pan, Y. 2004. Preparative isolation and purification  
of amides from the fruits of Piper longum L. by upright counter-current 
chromatography and reversed-phase liquid chromatography. J. Chromatogr. 
A. 1040: 193–204. doi: 10.1016/j.chroma.2004.03.056

Yooboon, T., Pengsook, A., Ratwatthananon, A., Pluempanupat, W. 
Bullangpoti, V. 2019. A plant-based extract mixture for controlling 
Spodoptera litura (Lepidoptera: Noctuidae). Chem. Biol. Technol. Agric. 
6: 1–10. doi.org/10.1186/s40538-019-0143-6


	Insecticidal activity of Piper retrofractum fruit extracts and isolated compounds against Spodoptera litura
	Abstract
	Introduction
	Materials and Methods
	General
	Plant materials
	Extraction
	Isolation
	Insect rearing
	Contact toxicity bioassay

	Results
	Discussion
	Conflict of Interest
	Acknowledgements
	References




