
~ 304 ~ 

Journal of Entomology and Zoology Studies 2014; 2 (4): 304-310

 ISSN 2320-7078 

 JEZS 2014; 2 (4): 304-310 

 © 2014 JEZS 

  Received: 23-06-2014 
Accepted: 11-07-2014 

Arun Kumar Singh 
Microbial Technology & Entomology 
Department, Crop Protection Division 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, Lucknow- 
226015, India 

Dewasya Pratap Singh 
Herbal Medicinal Product Department 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, Lucknow- 
226015, India 

Neelima Anshul 
Microbial Technology & Entomology 
Department, Crop Protection Division 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, Lucknow- 
226015, India 

Dwijendra Singh 
Microbial Technology & Entomology 
Department, Crop Protection Division 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, Lucknow- 
226015, India 

Dayanandan Mani 
Herbal Medicinal Product 
Department, Academy of Scientific 
and Innovative Research (AcSIR), 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, P.O. CIMAP, 
Lucknow-226015, India. 

Correspondence: 
Dayanandan Mani 
Herbal Medicinal Product 
Department, Academy of Scientific 
and Innovative Research (AcSIR), 
CSIR-Central Institute of Medicinal 
and Aromatic Plants, P.O. CIMAP, 
Lucknow-226015, India. 

African basil as source of vitamins for the growth 
and development of Helicoverpa armigera Hubner 

(Lepidoptera: Noctuidae) 
Arun Kumar Singh, Dewasya Pratap Singh, Neelima Anshul, Dwijendra 
Singh and Dayanandan Mani 

Abstract
African basil, Ocimum gratissimum (L.) was found to be a good alternative source of vitamins for 
being used in formulation of semi- synthetic diet for mass rearing of various lepidopteron insects with 
special reference to Helicoverpa armigera. Components of the semi-synthetic insect diet were 
repalaced by methanolic stem extract of African basil increases the life span of larva, larval & pupal 
period as well as larval weight significantly over control. The replacement of vitamin A and biotin by 
methanol stem extract of African basil in insect diet fed to the larvae enhanced the 100 percent growth 
and development of H. armigera. The biosafety studies indicated non-toxic effect of methanol stem 
extract on liver, renal function and lipid profile of Swiss albino mice over control. This approach is 
demonstrating to use alternate sources of vitamins for man and animals from various medicinal plant 
species which may be bioassay further as bioresources for food in future. 

Keywords: Growth and development, Helicoverpa armigera, Methanol stem extract, Ocimum 
gratissimum, Swiss albino mice, Vitamin. 

1. Introduction
Medicinal plant species synthesize the biologically active molecules in high amount and are 
used in preparation of important drugs, aroma and agro chemicals etc. throughout the world. 
However, a large number of taxa are still unexplored for their utility to mankind and other 
living organisms. Ocimum gratissimum L. (Lamiaceae) is commonly known as African basil is 
an important medicinal plant abundantly available in South Africa and Asia. The leaves of 
African basil were reported as expectorant in herbal cough mixtures as well as used as an 
antiemetic. Antibacterial activities of eugenol obtained from its essential oil have already been 
found effective as mosquito-repellent along with mosquitocidal potential [1]. The leaf extracts 
of O. gratissimium have been reported to posses antidiabetic properties in streptococci-induced 
diabetic rats [2], nutritional and antimicrobial properties [3], prevented diarrhea [4], anti-fertility 
effect in the male mouse [5], hepatoprotective effect [6], its essential oil relaxes the muscles of 
the small intestine, used in gastrointestinal disorders [7], possess antitumor and anti-cancer in 
vitro [8, 9]. 
During mass culture of insect species on semi-synthetic diet, several ingredients are added for 
their faster growth and development. Particularly also adding some different types of vitamins 
which made the diet expensive and tedious, because the formulation containing more number 
of components. With a view to search low-cost insect diet from medicinal plants, we have 
made efforts to evaluate the O. gratissimum as possible source of semi-synthetic diet for mass 
rearing of Helicoverpa armigera. Preliminary experiment that showed methanol stem extract 
of O. gratissimum mixed in semi-synthetic diet, responsible for the growth and development of 
Helicoverpa armigera under laboratory conditions. Therefore the efforts were made to study in 
details; different formulations of insect diet were prepared containing methanol stem extract of 
African basil. The biosafety studies on Swiss albino mice for its nontoxic effect on liver 
function test, renal functions test and lipid profile were described in this communication. 

2. Material and methods
2.1 Insect Culture    
The H. armigera larva were collected from commercial fields of pigeon pea (Cajanus cajan) 
for mass rearing on semi-synthetic diet as described by Singh and Rembold [10].  Vitamins    



 

~ 305 ~ 

Journal of Entomology and Zoology Studies 
 

were purchased from HI-MEDIA separately and required 
quantity of ingredients was weighed through electronic semi- 
microbalance; Sartorius- CPA225D (M/S Sartorius Weighing 
Technology GmbH bender Land star, 94-108/37075, 
Germany.) A homogeneous paste was made by gradually 
adding water and mixing in 50 ml capacity beaker in which the 
paste of vitamins was added, stirred, mixed and cooked for 2-3 
minutes (Table 1). The diet was kept for drying and stored in 
the refrigerator for rearing of larvae. Freshly emerged adults 
were transferred into jar (25X20cm) containing cotton swab 
dipped in 10% honey solution and covered with cheese cloth. 
The cheese cloth containing eggs were transferred to another 
jar at 70-90% Relative Humidity to prevent desiccation of the 
eggs. Freshly hatched larvae were transferred to glass Petri 
dishes containing semi synthetic diet. After three days, larvae 
were transferred into multi-rearing trays to avoid cannibalism. 
 
2.2 Extraction and diet preparations  
African basil plants were collected from research farm of 
CSIR-Central Institute of Medicinal and Aromatic Plants, 
Lucknow, India. The leafs, stems and roots of the plant were 
chopped in pieces and shed dried and powdered with the help 
of a mixer-grinder, dissolved in methanol, and filtered it. The 
process to dissolve the marc in methanol was repeated 
consecutive for three days and the filtrate was concentrated 
with the help of rotary rotavapor R-200 (M/S BUCHI, 
Labotechik, Switzerland). After extraction, the concentrated 
extract was added in semi- synthetic diet (w/w) at various 
concentrations (Table 2). 

 
 
 

Table 1: Different constituents of semi-synthetic insect diet 
formulation for rearing Helicoverpa armigera under laboratory 

conditions (10) 

Constituents Quantity (g/ ml) for 
500g 

Part -1 
Chick pea powder 

Yeast powder 
sucrose 

Formaldehyde (10%) 
Distilled water 

Part - ll 
Ascorbic acid 

Methyl-4-hydroxybenzoate 
Sorbic acid 

Streptomycin sulphate 
Wheat flour and tocopherol acetate 

(10:1) 
Vitamin mixture 

Vitamin A 
Thiamine chloride 

Riboflavin 
Nicotinamide 
D –panthenol 

Biotin 
Pyridoxine hydrochloride 

Cyanocobalamin 
Ascorbic acid 

Tocopherol acetate 
Part lll 

Agar powder 
Distilled water 

 
100 
10 
10 
2.5 
200 

 
2 

1.2 
0.8 

0.0002 
0.1 

 
 

0.007 
0.090 
0.113 
0.54 
0.8 

0.001 
0.35 

0.009 
1.8 
0.9 

 
7.6 
165 

Table 2: Details of different semi-synthetic insect diet formulations prepared by adding methanol stem extract of O. grattissmum  
 

S.no Constituents 
Standard 

diet* 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17 F18 

1 
Chick pea 

powder 
10 Og - - - - - - - - - - - - - - - - - 

2 Yeast powder 1 - Og - - - - - - - - - - - - - - - - 

3 
Formaldehyde 

(10%) 
0.25 - - Og - - - - - - - - - - - - - - - 

4 Ascorbic Acid 0.38 - - - Og - - - - - - - - - - - - - - 

5 
Methyl 4-

hydroxybenzoate 
0.12 - - - - Og - - - - - -  - - - - - - 

6 Sorbic Acid 0.08 - - - - - Og - - - - - - - - - - - - 

7 
Streptomycin 

sulphate 
0.0002 - - - - - - Og - - - - - - - - - - - 

8 
Wheat flour and 

Tocopherol(10:1) 
0.1,0.09 - - - - - - - Og - - - - - - - - - - 

9 Vitamin A 0.0006752 - - - - - - - - Og - - - - - - - - - 

10 
Thiamine 
chloride 

0.009 - - - - - - - - - Og - - - - - - - - 

11 Riboflavin 0.01125 - - - - - - - - - - Og - - - - - - - 
12 Nicotinamide 0.054 - - - - - - - - - - - Og - - - - - - 
13 D-pantothenol 0.08 - - - - - - - - - - - - Og - - - - - 
14 Biotin 0.000135 - - - - - - - - - - - - - Og - - - - 

15 
Pyroxine 

hydrochloride 
0.035 - - - - - - - - - - - - - - Og - - - 

16 Cyanocobalamin 0.00092 - - - - - - - - - - - - - - - Og - - 
17 Sucrose 1 - - - - -  - - - - - - - - - - Og - 
18 Agar Powder 0.76 - - - - - - - - - - - - - - - - - Og 
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2.3 Bioassays 
Besides formulation of standard semi-synthetic diet for H. 
armigera, based insect diet formulations (18 components) 
were prepared along with the methanol stem extract (Table 2). 
All the diet formulations containing methanol stem extract and 
marc, was provided to each individual larva (Total 10 no.) 
separately as food. The standard semi-synthetic diet was given 
to same sets to each ten individuals as control. All bioassays 
were conducted in laboratory on average room temperature 
26±1 0C and R.H.75±5%. 
 
2.4 Biosafety studies of methanolic extract 
Swiss albino mice (20±5g) were used for this study. Animal 
were maintained in an air conditioned room (22 ± 3 0C); 
relative humidity 50±5%; with a 12 h light/12 h dark cycle. 
The animals were maintained on certified pellet rodent diet 
(M/S Dayal Industries, Lucknow, India) and water was 
provided as libitutm to all the animals. All the ethical 
procedures for animal care were followed for the purpose of 
Control and Supervision of Experiments on Animals 
(CPCSEA).  
Paracetamol (PCM) overdose was frequently used as an 
animal model for toxicity with some modifications [11, 12, 13]. 
The mice were divided into six groups consisting of six 
animals each. The animals of group1st (Vehicle control) served 
distilled water orally as control for 7 days. Group 2nd served as 
toxin control and fed distilled water + paracetamol (300 mg/kg 
body weight, (i.p.). Group 3rd served as Liv 52, received Liv-
52 syrup. Group 4th Liv-52+paracetamol.  
Treatment group1st fed methanolic stem extract of O. 
gratissimum @100 mg/kg b.w. + paracetamol, while treatment 
group 2nd was also fed methanol stem extract @ 300 mg/kg 
b.w. + paracetamol. After 2:30 hrs of toxin administration 500 
μl of blood were collected from retro orbital plexus of the mice 
using non-heparinized hematocrit capillaries. The blood was 
allowed to clot at room temperature for 30 min and then kept 
at 4 ˚C for 30 minutes. After 30 min the blood samples were 
removed from the refrigerator and allowed to compatible to 
room temperature. Thereafter serum samples were centrifuged 
at 2500 rpm for 10 minutes.  The supernatant containing the 
serum was collected and stored at -20 ˚C for further use.  
The liver function test; SGOT, SGPT, ALP, S. Bilirubin, lipid 
profile test; total cholesterol, triglyceride, LDL, HDL, and 
renal function test; S. creatinine level were carried out as 
performed by using standard diagnostic kits as per 
manufacturer’s protocol. The paracetamol was purchased from 
M/S Sigma Chemical India, biochemical test kits from M/S 
Merck Specialties Private Ltd. (labkit) and Liv-52 from M/S 
Himalaya Herbal Healthcare Ltd., India was used in the 
experimentation. 
 
2.5 Observations  
Observations in relation to growth and development of H. 
armigera were recorded by taking larval weight, larval period, 
and larval-pupal intermediate, larval mortality, pupa-adult 
intermediate and adultoid. Data on different parameters were 
recorded during the study are presented in (Table 3-5). To 
evaluate the biosafety of methanol stem extract of O. 
gratissimum, the liver function tests, lipid profile and renal 
function test was carried out by estimating SGOT, SGPT, 
ALP, S. Bilirubin, lipid profile test; (total cholesterol, 
triglyceride, LDL) and renal function test; S. Creatinine on 
Swiss albino mice. 
 

2.6 Data analysis 
The corrected per cent growth and development activity of H. 
armigera was calculated by using the following formulae: 
Corrected % activity:  
 

Activity (%) in treatment- activity (%) in Control X 100 
100-(%) activity in Control 

 
Results of biosafety parameters were expressed as Mean ±SD 
and compared by one-way analysis of variance (ANOVA), 
followed by Student–Newman–Keuls test as post hoc test. n = 
6 mice/group. Results were considered statistically significant 
when P < 0.05. 
 
3. Results  
Among methanol root, stem and leaf extracts of O. 
gratissimum, methanol stem extract increased the mean larval 
weight over root, leaf and control. However, the mean pupal 
weight was found to decrease due to semi-synthetic diet 
containing methanol root, stem and leaf extract fed to H. 
armigera over control (Fig. 1-A). There was non-significant 
effect of methanol root, stem and leaf extracts fed to larvae on 
mean larval and pupal period as compared to control (Fig. 1-
B). Regarding methanol marc, there was no significant effect 
on mean larval and pupal period of H. armigera (Fig. 2-A). 
However, methanol marc also showed significant effect on 
mean larval weight and non-significant effect on pupal weight 
(Fig. 2-B). 
The result obtained from the present study was indicated the 
replacement of different ingredients by methanol stem extract 
of African basil in semi synthetic diet in various concentration  
showed the larval period was found to be increased 
significantly by the replacement of ingredients ascorbic acid, 
methyl-4-hydroxybenzoate, sorbic acid, vitamin A, thiamine 
chloride and riboflavin for on an average to 17.50, 16.70, 
16.70, 18.30, 17.60 and 17.60 days, respectively, over control 
and other formulations at 1% critical difference (Table 3). The 
ingredient of semi synthetic diet, yeast powder, formaldehyde, 
ascorbic acid replaced with the methanol stem extract was 
found significantly enhancing the pupal period on an average 
to 29.75, 24.60, and  23.67 days respectively, over other 
treatments and control at 1% critical difference (Table 3). 
However, the weight of H. armigera larva was found increased 
due to replacement of methyl-4-hydroxybenzoate, sorbic acid, 
vitamin A and agar powder on average to 0.253, 0.310, 0.241 
and 0.246 g respectively,  by O. gratissimum methanol stem 
extract over other treatments and control at 1% level of critical 
difference (Table 4). The result also indicated that the growth 
and development of H. armigera was found to be hundred per 
cent by replacement of the ingredient Vitamin A and Biotin 
over other treatments and control (Table 5).  
The results obtained from biochemical parameters, oral 
administration of PCM in Swiss albino mice (group 2) at the 
dose of 300mg/kg body weight, produced significant 
(p<0.001) increase in the serum levels of SGOT, SGPT, ALP 
and S. Bilirubin (Fig. 3 A-D), compared to the vehicle control 
group. In contrast pre-treatment with methanol extract at the 
rate of 100mg/kg and 300mg/kg body weight significantly 
(p<0.005) prevented the elevation in these liver enzymes. In 
addition, administration of PCM increase the serum levels in 
total cholesterol (Fig. 3-E), triglyceride (Fig. 3-F), LDL (Fig. 
3-G), while HDL (Fig. 3-H) cholesterol is decreases as 
compared to vehicle control. Animal pretreated with 
methanolic stem extract at @ 100 and 300 mg/kg b.w. before 
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PCM administration was considerably lower the values of 
serum lipid level compare to 2nd group animals. The same 
results have been observed with the kidney function test. The 
administration of PCM increases the serum creatinine level as 

compared to 1st group but in  treatment groups Vth and VIth 
does not produce significant change in S. creatinine level 
compared with 2nd  group of the animals (PCM) (Fig. 3-I).

 
 

 

  
 

Fig 1: Effect of African basil methanol extract on larval/pupal (A) period (B) weight of Helicoverpa armigera 
 

  
 

Fig 2: Effect of African basil marc on larval/pupal (A) period (B) weight of Helicoverpa armigera. 
 

Table 3: Effect of different methanol stem extract of Ocimum 
gratissimium based semi- synthetic diet on longevity of larva and 

pupa of H. armigera 
 

Different 
formulation 

Mean period (Days) 
Larva Pupa 

F1 05.60 00.00 
F2 14.90 29.75* 
F3 15.12 24.60* 
F4 17.50* 23.67* 
F5 16.70* 17.15 
F6 16.70* 17.67 
F7 16.10 18.40 
F8 12.80 19.00 
F9 18.30* 18.90 

F10 17.60* 20.63 
F11 17.60* 19.89 
F12 15.80 17.70 
F13 12.80 18.67 
F14 13.50 19.00 
F15 13.20 18.75 
F16 12.70 18.38 
F17 13.60 17.63 
F18 11.80 15.12 

Standard diet 14.89 16.41 
Sem 00.724 2.549 

Cd at 5% 2.022 7.118 

 
Table 4: Effect of different methanol stem extract on Ocimum 
gratissimium based semi- synthetic diet on larval weight of H. 

armigera 
Formulation codes Mean larval weight (g) 

F1 0.021 
F2 0.185 
F3 0.130 
F4 0.131 
F5 0.253** 
F6 0.310** 
F7 0.234** 
F8 0.163 
F9 0.241** 
F10 0.179 
F11 0.130 
F12 0.019 
F13 0.019 
F14 0.016 
F15 0.155 
F16 0.171 
F17 0.085 
F18 0.246** 

Standard diet 0.176 
Sem 0.252 

CD at 1% 0.0927 
CD at 5% 0.0702 
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Fig 3: Effect of methanol stem extract of Ocimum gratissimum on liver function, lipid profile and Serum levels of creatinin of Swiss albino mice over control (A-SGOT), (B-SGPT), (C-Alkaline Phosphatase), (D-
Bilirubin), (E-Total cholestrol), (F-Triglyceride), (G-LDL), (H-HDL),  (I-Creatinin). 

Values are expressed as mean ± SEM (n = 6). Group 2 (Paracetamol) was compared with group 1 (vehicle control). Group 3, 4 and 5 (Liv-52 and treatment groups) were compared with group 2 (Paracetamol). *P ≤ 
0.05, **P ≤ 0.01, ***P ≤ 0.001.
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Table 5: Effect of Ocimum gratissimum based diet formulations on growth and development of H. armigera 
 

Different 
formulation 

Material  replaced by methanolic 
stem extract of  O. gratissimum Lm L+P Pd Adl 

Growth and 
development 
activity (%) 

Corrected per 
cent activity 

F1 Chick pea powder 10 - - - 00 - 
F2 Yeast powder - 2 - 2 60 - 
F3 Formaldehyde (10%) 1 3 - 1 50 - 
F4 Ascorbic Acid - 1 2 3 40 - 
F5 Methyl 4-hydroxybenzoate - 2 1 2 50 - 
F6 Sorbic Acid - - 1 1 80 33.33 
F7 Streptomycin sulphate - - 2 - 80 33.33 
F8 Wheat flour and Tocopherol(10:1) - 1 1 1 70 - 
F9 Vitamin A - - - - 100 100 
F10 Thiamine chloride - 1 2 1 60 - 
F11 Riboflavin - 1 - - 90 66.66 
F12 Nicotinamide - - 2 - 80 33.33 
F13 D-pantothenol - 1 - 1 80 33.33 
F14 Biotin - - - - 100 100 
F15 Pyridoxine hydrochloride - 2 - 1 70 - 
F16 Cyanocobalamin - 2 - - 80 33.33 
F17 Sucrose 1 1 1 - 70 - 
F18 Agar Powder - 1 - 1 80 33.33 

Semi-synthetic Normal standard diet - 1 1 1 70 - 
 

*Lm= Larval mortality, L+P= Larval- Pupal intermediate, Pd= Pupal death, Adl= Adultoid 
 
 
Earlier workers have reported the effect of African basil and 
its association with different insect species in different 
environment throughout the world. A good correlation was 
found between in vivo and the in vitro test (r = 0.85, P< 0.05) 
which is a useful tool for predicting oral acute toxicity in plant 
extracts [14]. Regarding anti-inset activities O. gratissimum was 
found more effective than Veronica amygdalina as stored 
grain protectants at all dosage level of application [15]. The oil 
of Cinnamomum and O. gratissimum reduced feeding damage 
by the pest from 62.8 to 64.5% as compared with the untreated 
control [16]. The extracts of O. gratissimum, H. suaveolens and 
T. erecta significantly reduced the pod damage and ensured 
relatively higher grain yield compared to the other extracts and 
the untreated control [17, 18]. 
 
4. Discussion  
Earlier Researchers have already developed various insect 
diets for lepidopteron [10, 19, 20]. Preparation of semi synthetic 
diet for lepidopterons pests requires several ingredients, which 
costs increasing continuously in the market as well as 
arrangement of different components, is also tedious. 
Formulation of new insect diet from simple and easily 
available plant materials may provide better substitute of 
existing costly semi-synthetic diets which may save the 
precious time of researchers. Therefore, the life cycle of insect 
was found to complete successfully without the vitamin A and 
biotin, separately. This study may lead to replacement of 
different components of synthetic diet for the preparation of 
different insect diet formulations which may be substitute of 
one or more synthetic materials that are commonly used in 
mass rearing of H. armigera under laboratory. However, the 
methanol extract of stem indicates the safety of bio product in 
animal model even at 300 mg/kg body weight of dosages. 
None of the earlier workers have carried out such experiments 
to prepare new insect diet for H. armigera under laboratory 
conditions based on a medicinal plant species –especially by 
incorporating O. gratissimum methanol extracts of stem. The 
stem extract of African basil seems to be one of the sources of 

vitamins for H. armigera. Although, the mode of action of 
utilizing stem extract of African basil replacing different 
essential components including vitamins also which is one of 
the important intriguing factor. The work on insect 
biochemistry in relation to the use of O gratissimum methanol 
stem extract mixing with the insect diet may open new area of 
research in future. Different flora may also be screened to 
develop new potential semi-synthetic diets for mass rearing of 
insect species. It is intriguing factor to search new semi 
synthetic diet for sericulture industries based on medicinal 
plants in general and O. gratissimum in particular.  
To carry out the various applied and basic research works, 
there are continuous demand of insect species for uniform age 
and healthy mass reared insect cultures in laboratories and 
glass house conditions throughout the year. The rearing of the 
pest on insect diet is more appropriate rather than their host 
plants because of unavailability of same host plant species 
throughout the year. Secondly, the host plant species may not 
be available easily and/ or may require further more manpower 
and inputs. So far, insect diet developed has been widely used 
to mass rear H. armigera in laboratories (10). However, a 
number of components are required to prepare the semi-
synthetic insect diet which is tedious and expensive. In case, 
methanol stem extract of Ocimum gratissimum can be used as 
substitute of vitamins/ other components, the cost of ingredient 
(s) may be reduced and the diet preparation might be simple 
too. In present communication, we have found that the 
methanol stem extract of O. gratissimum observed as a 
substitute in the place of vitamin A and biotin to formulate 
new semi-synthetic diet for H. armigera, in particular which 
have also been proved non-toxic to other animals based on our 
safety studies on Swiss albino mice. The same may be 
investigated to develop new semi-synthetic diet for 
lepidopteron insect species as well as its utilization in 
sericulture industries, and other economically important 
arthropods. 
Among several components known vital for the growth and 
development of man and animals, vitamins are reported to 
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synthesize in some plant species and play an important role in 
human growth and development (21). The supply of vitamins 
is found scanty in most of the human diets whose deficiencies 
may lead to many serious diseases in adult and children which 
causing various side effects and ultimate fatal sometimes, 
usually especially in diets of poor section of society in 
developing countries. Therefore, the individual requirement is 
fulfilled mostly by additional onside synthetic save. In such 
situations, the plant synthesizing the vitamins may used as 
natural substitute of synthetic sources of vitamins for man and 
animals.   
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