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Abstract: Essential oils can potentially be employed as natural pest control products, thus presenting a viable
eco-friendly alternative for typical synthetic insecticides. Toxicological tests of ten isolated essential oils
against adult females of cotton mealybug, Phenacoccus solenopsis after 24h and 72h of treatment using spray
method technique revealed that Nigella sativa, Melissa officinalis and Cuminum cyminum were the most
potent essential oils at 24h with LC  52.57, 163.88 and 1311.03 ppm while at 72h were 17.23, 44.52 and 71.79 ppm,50

respectively. The most potent essential oils were analyzed by gas chromatography/mass spectrometry (GC/MS),
several natural product classes were characterized and the main constituents in each essential oil were
qualitatively and quantitatively identified. In addition, the effect of these essential oils on biochemical aspects
including transaminases enzymes (aspartate aminotransferase AST and alanine aminotransferase ALT),
phosphatases enzymes (acid phosphatase ACP and alkaline phosphatase ALP), acelylcholinesterase (AChE)
and chitinase revealed that activation in both transaminases and phosphatases enzymes and inhibition in the
activity of acelylcholinesterase and chitinase. 
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INTRODUCTION insights are directed towards development of highly

Phenacoccus solenopsis (Pseudococcidae; are available resources, safe, ecofriendly and compatible
Hemiptera) is one of the major sucking pests attaching with the use of beneficial organisms [3, 5, 6].
commonly cotton, so it well-known as cotton mealybug. Searching for bioactive phytochemicals, plant
This invasive and polyphagous insect infests fruit crops, derivatives, of a potential pesticidal activity is vast and
vegetable crops, ornamentals and different weed plants. reflects the renewed interest in the field of plant-based
P. solenopsis colonized and propagated on healthy young pesticides. Essential oils- producing plants can
plants and at heavily infestations, crinkling and curling of potentially be employed as natural pest control products
leaves were clearly observed resulting in growth against a wide range of specific agricultural pests using
malformation. Honeydew production produced at heavily fumigant, contact and repel applications [7].
infestations and associated with sooty mold growth Essential oils are complex natural heterogeneous
which resulted in a reduction in the photosynthetic mixtures composed of various low molecular weight
efficiency of the plant [1-4]. terpenoids, as well as non-terpenoid volatile compounds

Synthetic chemical insecticides provide an efficient [8]. Several studies  addressed  the  insecticidal  activity
control of pests in agricultural systems. Several negative of essential oils or their chemical constituents against
impacts have been raised on the application of these mealybugs suggested a neurotoxic action from its
insecticides targeting environment, human health, observed symptoms [3, 9, 12-14].
reducing non-target beneficial organisms, including This study aimed to investigate the toxic effect of
predators, parasitoids and pollinators. Meanwhile, new some  selected  ecofriendly  green  essential  oils  against

selective and biodegradable natural insecticides  which
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cotton mealybug,  Phenacoccus  solenopsis  in addition 1 ml aqueous solution of the essential oils. The excess of
to identify their chemical constituents and evaluate its spraying solutions were removed from the Petri dishes,
biochemical effects. then confined well with the lids bearing the ventilation

MATERIALS AND METHODS mentioned procedure the control groups were treated with

Plant Materials: Origanum majorana L. (Lamiaceae) X-100 only [3].
(Aerial parts), Nigella sativa L. (Ranunculaceae) (Seeds), Mealybug mortality percentage was observed at 24h
Piper nigrum L. (Piperaceae) (Seeds), Cuminum cyminum and 72h following initial treatment, Abotts formula was
L. (Apiaceae) (Seeds), Boswellia Carterii Birdw. used for correcting the mortality according to Abbott [17]
(Burseraceae) (Resin), Melissa officinalis L. (Lamiaceae) and data statistically analyzed according to Finney to
(Aerial parts), Valeriana officinalis L. (Caprifoliaceae) determine LC , LC  and slope values [18]. Toxicity index
(Roots) were bought from the herbal markets of Mansoura was calculated for each applied essential oil using Sun's
(Egypt) while Cymbopogon citratus (DC.) Stapf (Poaceae) equation [19].
(Aerial parts), Ocimum basilicum L. (Lamiaceae) (Leaves),
Coriandrum sativum L. (Apiaceae) (Aerial parts) were Biochemical Tests: P. solenopsis was prepared for
collected from Mansoura University farm. biochemical testes according to Amin et al. [20].

Essential Oils Isolation: Hydrodistillation of the ten based on Ishaaya et al. [21] also, phosphatases enzymes
essential oils using a Clevenger type apparatus were (ACP and  ALP)  were  assessed  according  to  Powell
performed  for  8 h  and  stored  in  the  dark  at  -20°C, and Smith [22], while, acetylcholinesterase (AChE) was
until analysis according to the European Pharmacopoeia determined  based  on  the  method  derived by Simpson
[15]. et al. [23] and finally, chitinase enzyme according  to Bade

GC-MS Analysis of Essential Oils:  GC/MS analyses
were performed on a Varian GC interfaced to Finnegan RESULTS AND DISCUSSION
SSQ 7000 mass selective Detector (SMD) with ICIS V2.0
data system for MS identification of the GC components.    Essential oils can be used as an alternative to
The column used was DB-5. The temperature of the oven traditional pesticides, mimicking their effects on target
was  programmed  from  50°C  for 3 min., at isothermal, organisms while avoiding toxicity to non-target species,
then heating by 7°C/ min. to 250°C and  isothermally  for thus being more selective towards pest targets [25].
10 min., at 250°C. Ionization energy was set at 70eV. The toxic effect of ten plant essential oils against
(Mansoura University, Egypt). adult females of cotton mealybug, P. solenopsisi after 24h

Tested Insect: A laboratory strain of P. solenopsis was technique in Table 1. The results revealed that the toxicity
kept under (30±2°C, 65±5%RH) conditions without any effect of each essential oil was significantly increased in
pesticides contaminations to obtain  a  homogenous a concentration and time dependent manner. The most
strain till the time of study. P. solenopsis was reared on potent toxic essential oils group against the adult females
sprouted potato Solanum tuberosum [16]. of P. solenopsis after 24  and 72 hours of treatment was

Bioassay: Ten adult females of P. solenopsis were gently 24h: 52.57, 1967.99 ppm, and at 72h: 17.23, 357.52 ppm),
moved  by the aid of fine brush to a fresh cotton leave followed by Melissa officinalis (LC  at 24h: 163.88,
and placed in a Petri dish and be ready for the essential oil 1311.03 ppm, and at 72h: 44.52, 402.11 ppm), then
application. Three replications were prepared for each Cuminum cyminum (LC  at 24h: 393.57, 15159.87 ppm,
treatment and the control. Emulsion formulation of the and at 72h: 71.79, 857.55 ppm), while the moderate toxic
selected  essential  oils  in  water  containing 0.3% triton group comprises Coriandrum sativum, Origanum
X-100 was prepared. After that preparation of a series of majorana, Cymbopogon citratus and Boswellia Carterii
five diluted concentrations from each essential oil were according to their toxicity index and finally the least toxic
performed and immediately tested. Spraying all Petri group which includes Ocimum basilicum, Piper nigrum
dishes were carried out using a small hand atomizer with and Valeriana officinalis, respectively.

holes to prevent vapor accumulation. As the above

a  spraying  solution  containing  water and 0.3% Triton

50 90

Transaminases enzymes (AST and ALT) were determined

et al. [24] was assigned.

and 72h of application were assessed using spray method

found to be the essential oils of Nigella sativa (LC  at50, 90

50, 90

50, 90
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Table 1: Toxicity of essential oils against adult females of P. solenopsis after 24 and 72 h of treatment.

24h 72h
---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
LC  (ppm) LC  (ppm) Toxicity LC  (ppm) LC  (ppm) Toxicity50 90 50 90

Essential oils (95% CL) (95% CL) Slope ± SE index (95% CL) (95% CL) Slope ± SE index

Origanum 570.41 61092.10 0.631±0.18 9.22 212.61 8060.66 0.812±0.24 8.10
majorana (283.11-4177.92) (6551.41-1.4xE8) (107.38-451.52) (1913.21-1.4xE6)

Nigella 52.57 1967.99 0.815±0.25 100.0 17.23 357.52 0.973±0.29 100.00
sativa (11.21-95.81) (609.35-186424.96) (1.27-38.51) (173.56-3180.87)

Cymbopogon 626.78 26354.34 0.789±0.25 8.39 104.43 3570.95
citratus (340.17-5697.85) (3749.14-1.3xE8) (36.21-175.22) (1063.81-351465.72) 0.836±0.26 16.50

Ocimum 1461.48 23654.09 1.060±0.30 3.60 527.61 12917.78 0.923±0.29 3.27
basilicum (666.67-18520.98) (4193.90-9553114.90) (278.53-4295.20) (879.19-336381.13)

Piper 2451.37 34508.79 1.116±0.35 2.14 1125.63 15398.36
nigrum (938.55-103909.16) (5027.51-8.7xE7) (512.08-14155.48) (2914.98-5.5xE6) 1.128±0.33 1.53

Coriandrum 552.05 27358.72 0.756±0.19 9.52 369.36 56324.19 0.587±0.19 4.67
sativum (300.79-2312.44) (4688.06-4628730.23) (181.52-2683.63) (5233.74-1.1xE9)

Cuminum 393.57 15159.87 0.808±0.25 13.36 71.79 857.55 1.190±0.28 24.00
cyminum L. (217.82-1458.83) (2833.84-1.07xE7) (31.77-115.19) (422.86-4781.44)

Boswellia 633.41 20122.39 0.853±0.26 8.30 410.75 25334.68 0.716±0.22 4.19
carterii (343.10-4605.37) (3333.98-2.1xE7) (219.28-2106.06) (3628.89-5.4xE7)

Melissa 163.88 1311.03 1.419±0.36 32.08 44.52 402.11 1.341±0.41 38.70
officinalis (103.21-249.24) (623.17-10803.65) (6.60-79.02) (236.21-2175.01)

Valeriana 2826.04 96630.31 0.836±0.26 1.86 669.60 13829.96 0.975±0.30 2.57
officinalis (957.53-160395.67) (9185.10-1.01xE9) (303.17-10869.48) (2169.26-1.8xE7)

Our findings was in agreement with Al-Harbi et al. constituents, with a variable number of polar and non-
[26], who recorded a significant mortality percentage polar molecules in different concentrations.
96.4% of N. sativa essential oil against Sitophilus oryzae The major compounds within the essential oil seem
at  concentration  6 mg/cm   after  48h and  70.3%  at 24h to reflect quite well the biological properties of the2

of exposure time [26]. The efficacy of M. officinalis extraction source [31].
essential oil as a safe plant-based insecticide was The most promising active essential oils, N. sativa,
previously assessed against Tribolium castaneum Herbst M. officinalis and C. cyminum, were analyzed by GC/MS
and showed a potent toxic effect in fumigant (LC =0.071 technique to identify their bioactive components by50

µL/mL air) and contact bioassays (100% mortality at 0.157 comparing their mass spectra with those authenticated in
µL/cm )  and 100% repellency at concentration 0.028 NIST library. From N. sativa (NEO) 18 bioactive2

µL/cm  [27]. compounds were identified, representing 97.94% from the2

Laboratory experiments established the effectiveness analyzed oil sample, a series of bioactive acetogenines
of C. cyminum oil at a concentration of 2.5% against (95.00%) was characterized with the major components
Dactylopius opuntiae with  100%  nymph mortality after being n-hexadecanoic acid (21.02%), linoleic acid ethyl
3 h post treatment [28]. Also, a significant mortality rate ester (20.18%), (Z,Z)-9,12-octadecadienoic acid (15.34%)
(58.3–53.3%) against the 2  and 5  instar larvae of and hexadecanoic acid ethyl ester (13.44%) (Table 2). nd th

Cydalima perspectalis was obtained with C. cyminum From M. officinalis (MEO), 38 bioactive compounds
essential oil [29]. The fumigant and contact toxicity of C. were identified, representing 98.19% from the analyzed oil
cyminum essential oil and its main constituent sample, two main groups was characterized monoterpenes
cuminaldehyde were tested against adults of Sitophilus (11.63%) and sesqueiterpene (85.76) with the highest
zeamais, after 7 days of exposure and the LC  values abundant compounds being (-)-caryophyllene oxide50

were (229.4 and 484.8 mg L  air) for fumigant assay and (23.83%), (-)-spathulenol (19.94%) and -curcumene1

LD  values were (120.4 and 96.5 µg per adult) [30]. (14.16%) (Table 2). 50

Essential oils are characterized by a strong odour Seventeen bioactive compounds  were  identified
with its intensity dependent on the chemical composition from C. cyminum (CEO), representing 99.53% from the
and concentration of the different components. The analyzed oil sample, with the major components being
composition of these oils comprises a great number of cuminaldehyde (39.73%), p-cymene (31.06%) and -pinene
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Table 2: GC/MS analysis data of the promising essential oils.
No Component Name RT MEO Area % CEO Area % NEO Area % MF M.wt

Acetogenines
1 1-Octen-3-ol (1) 4.31 0.80 C H O 1288 16

2 Tetradecanoic acid (2) 22.20 0.39 C H O 22814 28 2

3 Tetradecanoic acid, ethyl ester (3) 22.92 0.52 C H O 25616 32 2

4 Hexadecanoic acid, methyl ester (4) 25.54 1.97 C H O 27017 34 2

5 n-Hexadecanoic acid (5) 26.29 21.02 C H O 25616 32 2

6 Hexadecanoic acid, ethyl ester (6) 26.87 13.44 C H O 28418 36 2

7 (Z,Z)-9,12-Octadecadienoic acid, methyl ester (7) 28.53 2.65 C H O 29419 34 2

8 (E)-9-Octadecenoic acid, methyl ester (8) 28.71 2.13 C H O 29619 36 2

9 (Z,Z)-9,12-Octadecadienoic acid (9) 29.24 15.34 C H O 28018 32 2

10 Oleic Acid (10) 29.40 7.88 C H O 28218 34 2

11 Linoleic acid ethyl ester (11) 29.76 20.18 C H O 30820 36 2

12 Ethyl Oleate (12) 29.93 8.79 C H O 31020 38 2

13 Octadecanoic acid, ethyl ester (13) 30.48 0.69 C H O 31220 40 2

Total 0.80 95.00
Monoterpene hydrocarbon

14 -Pinene (14) 4.31 15.06 C H 13610 16

15 -Myrcene (15) 4.52 0.50 C H 13610 16

16 m-Cymene (16) 5.05 0.21 2.65 C H 13410 14

17 p-Cymene (17) 5.06 31.06 C H 13410 14

18 o-Cymene (18) 5.05 0.88 C H 13410 14

19 -Terpinene (19) 5.81 0.25 0.20 C H 13610 16

Total 0.21 49.52 1.08
Oxygenated monoterpenes

20 Cineole (20) 5.21 5.97 C H O 15410 18

21 Linalool (21) 6.59 0.30 C H O 15410 18

22 (E)-Pinocarveol (22) 7.39 0.60 C H O 15210 16

23 Pinocarvone (23) 7.75 0.35 C H O 15010 14

24 E,E-2,6-Dimethyl-3,5,7-octatriene-2-ol (24) 8.03 0.41 C H O 15210 16

25 Terpinen-4-ol (25) 8.33 1.04 0.47 C H O 15410 18

26 p-Menth-3-en-7-al (26) 8.53 2.55 C H O 15210 16

27 (-)- -Fenchol (27) 8.62 1.60 C H O 15410 18

28 trans-Carveol (28) 9.27 0.87 C H O 15210 16

29 Cumaldehyde (29) 9.57 39.73 C H O 14810 12

30 Carvone (30) 9.68 0.69 C H O 15010 14

31 2-Isopropenyl-5-methyl-4-hexenal (31) 10.44 0.36 C H O 15210 16

32 Terpinen-7-al (32) 10.63 0.87 C H O 15010 14

33 1,4-p-Menthadien-7-al (33) 10.80 0.28 C H O 15010 14

34 1-(6-Methyl-7-oxabicyclo[4.1.0]hept-1-yl)ethanone (34) 11.05 1.02 C H O 1549 14 2

35 Carvacrol (35) 11.33 0.35 C H O 15010 14

36 2-Hydroxy-3-(3-methyl-2-butenyl)-3-cyclopenten-1-one (36) 12.27 0.35 C H O 16610 14 2

37 (6E)-3,7-Dimethyl-6-nonenal (37) 12.96 0.50 C H O 16811 20

38 -(E)-Damascenone (38) 13.30 0.34 C H O 19013 18

39 (R)-lavandulyl acetate (39) 13.41 0.25 C H O 19612 20 2

40 Cuminic acid (40) 14.51 3.04 C H O 16410 12 2

41 2-Caren-4-ol (41) 31.56 0.31 C H O 15210 16

Total 11.42 50.01 0.82
Total Monoterpene 11.63 99.53 1.9

Sesqueiterpene hydrocarbons
42 -Copaene (42) 13.56 1.32 C H 20415 24

43 (-)- -Bourbonene (43) 13.72 1.05 C H 20415 24

44 Longifolene (44) 14.17 0.78 C H 20415 24

45 Cedr-8-ene (45) 14.36 1.35 C H 20415 24

46 Caryophyllene (46) 14.51 1.68 C H 20415 24

47 Aromandendrene (47) 15.47 1.46 C H 20415 24

48 -Longipinene (48) 15.71 0.33 C H 20415 24

49 -Muurolene (49) 15.85 0.23 C H 20415 24

50 -Curcumene (50) 15.94 14.16 C H 20215 22

51 trans-Calamenene (51) 16.77 0.26 C H 20215 22

52 (+)- -Cadinene (52) 16.92 1.25 C H 20415 24

53 Cadala-1(10),3,8-triene (53) 17.18 0.51 C H 20215 22

Total 23.6 0.78
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Table 2: Continue
No Component Name RT MEO Area % CEO Area % NEO Area % MF M.wt

Oxygenated sesqueiterpene
54 Ledene oxide-(II) (54) 17.45 0.19 C H O 22015 24

55 Isoaromadendrene epoxide (55) 17.72 0.32 C H O 22015 24

56 Nerolidol (56) 17.80 0.75 C H O 22215 26

57 (-)-Spathulenol (57) 17.93 19.94 C H O 22015 24

58 (-)-Caryophyllene oxide (58) 17.38 23.83 C H O 22015 24

59 Cedr-8(15)-en-9-ol (59) 18.20 0.51 C H O 22015 24

60 -acorenol (60) 18.31 0.20 C H O 22215 26

61 Alloaromadendrene oxide-(2) (61) 18.43 1.50 C H O 22015 24

62 (1R,7S)-Germacra-4(15),5,10(14)-trien-1 -ol (62) 18.69 4.35 C H O 22015 24

63 Cubenol (63) 19.14 0.87 C H O 22215 26

64 11,11-Dimethyl-4,8-dimethylenebicyclo[7.2.0]undecan-3-ol (64) 19.20 1.72 C H O 22015 24

65 -Cadinol (65) 19.37 4.35 C H O 22215 26

66 Cubebol (66) 19.46 0.27 C H O 22215 26

67 Verrucarol (67) 23.03 0.31 C H O 26615 22 4

68 Hexahydrofarnesyl acetone (68) 23.93 1.94 C H O 26818 36

69 Phytol (69) 29.03 1.11 C H O 29620 40

Total 62.16
Total sesqueiterpene 85.76 0.78

Aromatic compounds
70 5-Methyl-2-phenyl-2-hexenal (70) 15.63 0.26 C H O 18813 16

Total 0.26

Table 3: Activity levels of some biochemical parameters in adult females of P. solenopsis after application the LC  of the promising essential oils50

ALT ALP ACP (µg AchE (ug Chitinase (µg
AST (mU/mg (mU/mg (µg phenol/ phenol/min/ AchBr/min/gm NAGA/min /g

LC protein) Change protein) Change min/g.b.wt) Change g.b.wt) Change body weight) Change body weight) Change50

Essential oil ppm Mean±SE % Mean±SE % Mean±SE % Mean±SE % Mean±SE % Mean±SE %

Control 0.79 ±0.001 1.95 ±0.084 0.32 ±0.007 1.03 ±0.011 451.49 ±11.33 35.73 ±0.520c d d d a b

N. sativa 52.57 0.95 ±0.012 20.3 6.54 ±0.137 235.4 0.47 ±0.007 46.9 2.65 ±0.011 157.3 281.05 ±0.86 -37.8 55.79 ±3.562 56.1b a a a b a

C. cyminum 393.57 1.35 ±0.058 70.9 5.95 ±0.172 205.1 0.41 ±0.008 28.1 2.27 ±0.004 120.4 242.49 ±3.33 -46.3 34.72 ±0.984 -2.8a b b b c b

M. officinalis 163.88 1.00 ±0.002 26.6 5.07  ±0.132 160.0 0.37  ±0.002 15.6 2.15 ±0.007 108.7 298.49 ±3.78 -33.9 19.00 ±1.666 -46.8b c c c b c

LSD 0.10 0.44 0.02 0.03 20.27 6.660.05

p 0.000 0.000 0.000 0.0000 0.0000 0.0000
f 62.94 229.34 99.87 5950.93 217.95 54.42

LSD=less significant differences, F=F-test, P=P-value; According to Duncan's, letters represent the substantial variations between treatments; the data represent the average and standard
errors of three replicates, each containing a 30- adult females.

(15.06%) from the main group monoterpene (99.53%) (0.95±0.012 mU/mg protein) compared to control
(Table 2). (0.79±0.001 mU/mg protein). Also, a significant activation

   These differences between the essential oils are in alanine aminotransferase (ALT) activity was noticed,
probably due to a mixture of environmental (climate/ the activation values were 6.54±0.137 (235.4%), 5.95±0.172
nutrition/soil/weather) and genetic factors, which can (205.1%)  and  5.07±0.132  (160.0%)  (mU/mg protein) for
affect the biosynthesis of the secondary metabolite [28]. N. sativa, C. cyminum and M. officinalis essential oils,

The effect of sublethal concentration (LC ) of the respectively compared with the control 1.95 ±0.08450

promising essential oils on certain biochemical parameters (mU/mg protein).
of the adult females of P. solenopsis after 72h of treatment The level of ALT  and  AST  enzymes  are  affected
was examined to interpret the primary mode of actions of by  the  entry  of  any  toxicants  or  any  infections  into
the selected essential oils. the  insect  body which resulted in physiological

Results represented in Table 3 revealed that the challenge [32]. 
biochemical  parameter   aspartate  aminotransferase Acid and alkaline phosphatases have  been  shown
(AST) of adult females haemolymph of P. solenopsis was to be associated with insect development especially in
significantly activated by all essential oils treatments, relation to nutrition and egg maturation. Acid
where the highest activation value (1.35±0.058 mU/mg phosphatase has received considerable attention in
protein) observed in C. cyminum treatment followed by developmental studies because of its association with
M. officinalis (1.00±0.002 mU/mg protein) and N. sativa histolysis [33].

d



Acad. J. Entomol., 16 (3): 105-112, 2023

110

The activity of acid (ACP) and alkaline (ALP) was recorded by C. cyminum 34.72±0.984 (-2.8%) and an
phosphatase of adult female's haemolymph of P. activation effect was observed for N. sativa (55.79±3.562)
solenopsis (Table 3) was significantly increased after (56.1%) compared with control (35.73±0.520 µgNAGA/ min
application the LC of all tested essential oils compared /g body weight).50

with the untreated one. N. sativa showed the highest Similar results have been reported, after application
distinguishable activation in both ACP and ALP by of Eucalyptus globulus essential oil and 1,8-Cineole a
(2.65±0.011 and 0.47±0.007) (157.3 and  46.9%)  followed significant decrease in chitinFase activity was observed
by C. cyminum (2.27±0.004 and 0.41±0.008) (120.4 and against Tribolium confusum likewise, menthol against
28.1%) and M. officinalis essential oils (2.15±0.007 and Rhyzopertha dominica [36, 37].
0.37±0.002) (µg phenol/min/g.b.wt) (108.7 and 15.6%),
respectively. REFERENCES

Our findings were in accordance with Zhi-qing et al.
[34], terpinen-4-ol (25), the component identified in both 1. Pawar, S.R., H.R. Desai, G.R. Bhanderi,  and  C.J.
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