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Ducetia japonica, also known as bush cricket, is an edible insect that is valued as a food source by various
tribal communities in Arunachal Pradesh. Its nutrient content makes it a novel source for both human food
and animal feed. However, no research has been done on its food safety or possible toxicity. The
toxicological evaluation was carried out on mice for 2-weeks at four distinct dose levels of 2000, 3000,
4000, and 5000 mg/kg bodyweight, according to the criteria of the Organisation for Economic Co-operation
and Development (OECD). Bodyweight and clinical indicators showed no substantial toxicological-related
alterations. Furthermore, no toxicological changes in haematology were observed. When compared to a
vehicle control group, serum alanine aminotransferase and creatinine levels did not differ between the
experimental groups. In the liver and kidney tissues of mice, no histological and gross abnormalities were
found. The relative organ weight of the treatment groups did not differ significantly from that of the vehicle
control group. As a result, the LD50 value for Ducetia japonica is considered to be greater than 5000 mg/kg
body weight and no evidence of toxic changes were observed in the present study.
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Introduction

According to numerous sources, feeding the entire
population, which is expected to reach 9 billion by 2050,
will be extremely tough [1]. Therefore, researchers are
trying to explore other food sources for alternative food
supplies, which are nutritious, eco-friendly, and take less
space to farm. As a result, insects get the most
enthusiastic response [2]. Entomophagy is the
consumption of insects as food [3,4,5] and it has been
mentioned in Christian, Islamic, and Jewish literature for
quite some time [6]. Entomophagy can also be proven
through archeological findings [7], which reveal that it
has been practiced for millions of years [8]. They are
consumed for a variety of reasons, including cultural
significance, taste, and seasonal availability. They have
also been shown to be high in energy, protein, mono and
polyunsaturated fatty acids, as well as trace elements
such as biotin, folic acid, pantothenic acid, and riboflavin
[9,10]. Furthermore, studies have shown that edible
insects have the potential antioxidant property to combat
the effects of oxidative stress [11,12,13,14] and are also
proven to have antimicrobial properties [15]. Ducetia
japonica, commonly known as bush cricket, is a member
of the Tettigoniidae family that can be found in East
Asia, South Asia, and Southeast Asia [16]. Arunachal
Pradesh is one of the Indian states that fall under the
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South Asian countries where Ducetia japonica can be
found eaten whenever it is seasonally available.
According to studies, Ducetia japonica is nutritionally
dense, containing 56% protein, 14.99% fat, 11.84% fiber,
4.59% ash, and 11.84% carbohydrates. It can also deliver
the daily recommended dose of amino acids, including
essential amino acids while also containing 22.77%
MUFA and 18.93% PUFA [17]. According to the studies
on the nutrient content of Ducetia japonica, it can be
considered a novel food source. Hence, the current
research is being carried out to determine whether it is
harmful at a specific level.
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Materials and Methods

2.1 Sample Collection
From December to January, the adult of Ducetia
japonica was handpicked from various locations on and
around the campus, including the botanical garden, rice
fields, trees, and shrubs, in Doimukh, Papum pare
District, Arunachal Pradesh, India.
2.2 Sample Preparation
The insect sample was brought to the laboratory for
further processing after it was collected. The insects were
thoroughly cleaned with distilled water and then pat dried
with a paper towel. After that, the samples were dried for
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72 hours at 50-60°C in an oven. After drying, the sample
was milled into powder and stored in a deep freezer at
−20°C for subsequent examination.
2.3 Animal and Maintenance
Three-week-old healthy female albino mice (n = 25)
were housed in a polypropylene cage under light (12hr
light: 12hr dark) and temperature (25°C) control
conditions. The animals were given regular laboratory
food and free access to water. The animals were acquired
from the Department of Zoology, Rajiv Gandhi
University, Animal facility. The experiment followed the
National Institutes of Health's (NIH) guideline for the
care and use of animal models (NIH, 1985). The
institutional
animal
ethical
committee
(No.
RGU/IAEC/20/03) reviewed and approved all of the
experimental procedures.
2.4 Experimental Design
Healthy 12-weeks old female mice were randomly
assigned to five groups (n = 5 mice per group). The
method complies with the OECD Test Guideline 423 for
acute dose toxicity [18]. The study was conducted in
accordance with Good Laboratory Practice (GLP)
guidelines. Mice were given distilled water as a vehicle
and graded dosages of Ducetia japonica aqueous extract
(2000, 3000, 4000, 5000 mg/kg body weight) via oral
gavage once a day for two weeks until the completion of
the experiment, the mice were monitored daily for
clinical symptoms such as general appearance, mortality,
and behavioural abnormality. Throughout the study, the
body weight was recorded every week.
2.5 Blood Analysis
Before dissection, all of the mice have fasted
overnight and 1-2ml of blood was obtained by cardiac
puncture under diethyl ether anaesthesia. An automatic
haematology analyzer, MythicTM 18 Vet (Orphee),
Germany, was used to examine haematological
parameters such as Red Blood Cell Count (RBC), White
Blood Count (WBC), haemoglobin, different leukocyte
count, and platelets. The biochemical parameters such as
ALT and creatinine levels were determined by using
commercial kits Reitman and Frankel, 1975 and Coral
system, Goa, India respectively.
2.6 Histopathology and Organ Weight
At the end of the experiment, the mice were
anaesthetized with diethyl ether and sacrificed, a
complete necropsy was performed on all animals,
followed by a gross inspection. The brain, liver, lung,
kidney, and spleen were immediately removed and

weighed. The tissue of the liver and kidney was fixed
overnight in Bouin's solution. The organs were then
transferred to 70% alcohol and dehydrated by passing
through ascending grades of alcohol, cleared in xylene,
and embedded in paraffin wax after that sectioned at 5µ
using a Leica RM2125 RTS rotator microtome. The
section was stained with haematoxylin and eosin, then
photographed and examined under Leica DM500 B
(Leica Microsystems, Germany) microscope.
2.7 Statistical Analysis
The mean ± standard deviation was used to express
all of the data. One-way analysis of variance (ANOVA)
is used in the statistical analysis. The statistical analysis
was performed using IBM SPSS Statistics v20. The
statistically significant result was denoted by p < 0.05.
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Result and Discussion

People have been eating insects since the dawn of
time, not only to overcome hunger but also for their
nutritional and medicinal benefits [19,20]. Insects are
being considered as an alternative food source among all
the other non-conventional food resources due to factors
such as global warming and population growth [21].
Insects are sold and consumed as delicacies on the streets
and at edible insects markets in various Southeast Asian
countries. As a result, concerns about food safety and the
potential toxicity of edible insects have arisen. Thus,
toxicological analysis of the edible insect Ducetia
japonica was conducted to assess its food safety.
Throughout the 14-days oral dose toxicity study, there
were no signs of clinical harm (Table 1). Also, no
mortality was recorded during the study period (Table 2).
The animals were euthanized after the 14-days
experiment period, and their organs were inspected for
gross lesions such as a change in colour, shape, and
swelling. No gross lesions were found throughout the
observation (Table 3). During the first week of the
experiment, all the treatment groups, including the
control group, lost weight. This could be because the
animals in the study were not accustomed to the oral
mode of dosing, resulting in stress-related bodyweight
loss. However, the following week, all of the treatment
groups gained weight, resulting in significant (p < 0.05)
bodyweight change among the treatment groups
compared to the vehicle control group (Fig. 1).
Comparing the haematological test result of the dosed
group with the vehicle control group showed no
significant difference between them (Table 4).

Table 1: Clinical signs in female mice within 2-weeks of oral dosing of Ducetia jopanica extract.
Days of oral treatment
1
7
14

0
0/5
0/5
0/5

2000
0/5
0/5
0/5

Groups (mg/kg/day)
3000
0/5
0/5
0/5

4000
0/5
0/5
0/5

5000
0/5
0/5
0/5

*Number of deceased mice/Total mice.
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Table 2: Case of mortality in female mice within 2-weeks of oral dosing of Ducetia jopanica extract.
Days of oral treatment
1
7
14

0
0/5
0/5
0/5

2000
0/5
0/5
0/5

Group (mg/kg/day)
3000
0/5
0/5
0/5

4000
0/5
0/5
0/5

5000
0/5
0/5
0/5

*Number of deceased mice/Total mice.

Table 3: Gross Finding in female mice after 2-weeks of oral dosing of Ducetia japonica extract.
Group (mg/kg/day)
0
2000
3000
4000
5000

Gross finding
No gross findings
No gross findings
No gross findings
No gross findings
No gross findings

Frequency
5/5
5/5
5/5
5/5
5/5

Mean Body Weight (g)

30
25
G1 (0 mg/kg/day)

20

G2 (2000 mg/kg/day)

15

G3 (3000 mg/kg/day)

10

G4 (4000 mg/kg/day)

5

G5 (5000 mg/kg/day)

0
1

7
Days

14

Fig. 1: Mean body weight of mice administered with Ducetia japonica extract for 2-weeks.
Table 4: Haematological data of mice orally administered with Ducetia japonica extract for 2-weeks.
Parameters
RBC (106/µl)
HGB (g/dl)
HCT (%)
MCH (pg)
PLT (103/µl)
WBC (103/µl)
LYM (%)
NEU (%)
MON (%)

0mg/kg/day
7.56 ± 0.28
14.05 ± 0.3
39.5 ± 0.3
17.5 ± 0.31
720.5 ± 3.5
3.07 ± 0.36
77.5 ± 0.4
13.2 ± 0.3
2.30 ± 0.1

2000mg/kg/day
7.39 ± 0.15
13.9 ± 0.3
39.7 ± 0.08
17.1 ± 0.29
713.8 ± 2. 1
3.03 ± 0.37
76.4 ± 1.1
13.6 ± 0.8
2.16 ± 0.08

3000mg/kg/day
7.32 ± 0.29
14.2 ± 0.3
39.75 ± 0.3
17.3 ± 0.54
718.3 ± 7.4
3.26 ± 0.22
77.3 ± 0.1
13.0 ± 0.5
2.28 ± 0.2

4000mg/kg/day
7.33 ± 0.15
13.7 ± 0.2
39.5 ± 0.1
17.0 ± 0.32
715 ± 6.2
3.17 ± 0.35
77.4 ± 0.1
14.0 ± 0.3
2.72 ± 0.1

5000mg/kg/day
7.44 ± 0.24
14.2 ± 0.3
39.5 ± 0.2
17.4 ± 0.38
717.6 ± 1.3
2.98 ± 0.29
77.7 ± 0.1
14.5 ± 0.5
2.69 ± 0.1

Each value represent the mean ± standard deviation (n = 5). RBC - Red blood cell; HGB - Hemoglobin; HCT - Hematocrit; MCH - Mean
corpuscular hemoglobin; PLT - Platelet; WBC - White blood cell; LYM - Lymphocyte; NEU - Neutrophil; MON - Monocyte.

To assess the liver and renal toxicity of Ducetia
japonica aqueous extract, serum ALT and creatinine
levels was measured. The serum ALT and creatinine
levels did not differ significantly between the study
groups (Table 5). The activity of the blood toxicity
marker enzymes ALT and creatinine in the liver and
kidney respectively was not aided by the administration
of Ducetia japonica aqueous extract. Hence, it was
confirmed that the liver and kidney of all the animals in
the dosed groups were functioning normally. When the
weight of organs such as the brain, lung, liver, spleen,
and kidney of dosed groups was compared to the weight
of the vehicle control group, no significant (p > 0.05)
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variations in organ weight were found between the
vehicle control and treatment groups (Table 6).
Furthermore, microscopic observations of liver and
kidney tissues in all the treatment groups were compared
to the vehicle control group, no significant differences
were observed (Fig. 2 & 3).
No significant toxicological alterations were seen in
the 2-weeks oral dosage study, based on the findings of
the parameters used in the investigation. As a result, the
aqueous extract of Ducetia japonica caused no toxicity in
mice, and the lethal dose was higher than 5000 mg/kg
body weight.
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Table 5. Serum ALT and creatinine value of mice orally administered with Ducetia japonica extract for 2-weeks.

Parameters
ALT (IU/L)
CREA (mg/dL)

0mg/kg/day
11.4 ± 0.39
0.72 ± 0.1

2000mg/kg/day
11.3 ± 0.38
0.7 ± 0.14

3000mg/kg/day
11.5 ± 0.24
0.78± 0.08

4000mg/kg/day
11.4 ± 0.21
7.2 ± 0.13

5000mg/kg/day
11.56 ± 0.10
0.8 ± 0.08

Each value represents the mean ± standard deviation (n = 5). ALT - Alanine aminotransferase; CREA - Creatinine.

Table 6. Organ weight of mice orally administered with Ducetia japonica extract for 2-weeks.
Parameters
Liver (g)
Kidney (g)
Lung (g)
Spleen (g)
Brain (g)

0mg/kg/day
0.9531 ± 0.0152
0.2038 ± 0.0210
0.1532 ± 0.0033
0.0221 ± 0.0013
0.4036 ± 0.0076

2000mg/kg/day
0.9246 ± 0.0195
0.1937 ± 0.0032
0.1539 ± 0.0043
0.0231 ± 0.0021
0.4177 ± 0.0198

Organ Weight (g)
3000mg/kg/day
0.9381 ± 0.0237
0.2074 ± 0.0097
1.6315 ± 0.0433
0.0300 ± 0.0017
0.409 ± 0.0340

4000mg/kg/day
0.9278 ± 0.0224
0.2062 ± 0.0050
0.1525 ± 0.0037
0.0313 ± 0.0033
0.3999 ± 0.0311

5000mg/kg/day
0.9516 ± 0.0304
0.2116 ± 0.0199
1.5856 ± 0.0287
0.0297 ± 0.0035
0.4554 ± 0.0246

Each value represents the mean ± standard deviation (n = 5).

[A]

[B]

[D]

[E]

[C]

Fig. 2: Selected micrographs of liver from mice administered with Ducetia japonica extract for 2-weeks. (A) Vehicle
Control liver, (B) Liver of 2000 mg/kg body weight, (C) Liver of 3000 mg/kg body weight, (D) Liver of 4000 mg/kg
body weight, and (E) Liver of 5000 mg/kg body weight. Hematoxylin and Eosin stain; magnification 40X; Leica
DM5000 B.

4

Conclusion

Based on the results of a 2-weeks oral dose acute
toxicity study of Ducetia japonica aqueous extract, we
found that no-observed-adverse-effect level (NOAEL) of
aqueous extract of Ducetia japonica in female mice after
treatment with four distinct dose levels of 2000, 3000,
4000, and 5000 mg/kg bodyweight. The highest dose
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administered was 5000 mg/kg/day. In conclusion, based
on the current trial setting and conditions, Ducetia
japonica is considered safe as human food and animal
feed.
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Fig. 3: Selected microphotographs of kidney from mice administered with Ducetia japonica extract for 2- weeks. (A)
Vehicle control kidney, (B) kidney of 2000 mg/kg body weight, (C) kidney of 3000 mg/kg body weight, (D) kidney of
4000 mg/kg body weight (E), and kidney of 5000 mg/kg body weight, Hematoxylin and Eosin stain; magnification
40X; Leica DM5000 B.

Acknowledgment
The HoD, Department of Zoology is acknowledged
for providing the essential facilities for the research. We
would also like to express our gratitude to the
Department of Biotechnology, Government of India
(DBT NER/Agri/24/2013) for funding this research.

[5].

[6].

References
[1]. Grafton, R.Q., Daugbjerg, C. & Qureshi, M.E.
(2015). Towards food security by 2050. Food Sec.,
7(2): 179–183. https://doi.org/10.1007/s12571-0150445-x.
[2]. Patel, S., Suleria, H.A.R. & Rauf, A. (2019). Edible
insects as innovative foods: Nutritional and
functional assessments. Trends Food Sci. Technol.,
86:
352–359.
https://doi.org/10.1016/j.tifs.2019.02.033.
[3]. Paoletti, M.G. & Dufour, D.L. (2002).
Minilivestock. In: Pimental, D. (ed.), Encyclopedia
of Pest Management. Marcel Dekker, New York,
pp. 487–492.
[4]. Paoletti, M.G. (2005). Ecological Implications of
Minilivestock: Potential of Insects, Rodents, Frogs
and Sails. Science Publishers Inc., Enfield, New

J. Adv. Lab. Res. Biol. (E-ISSN: 0976-7614) - Volume 12│Issue 3│July 2021

[7].

[8].

[9].

Hampshire,
pp.
648.
https://doi.org/10.1201/9781482294439.
Srivastava, S.K., Babu, N. & Pandey, H. (2009).
Traditional insect bioprospecting - As human food
and medicine. Indian J. Tradit. Knowl., 8(4): 485–
494. http://hdl.handle.net/123456789/6263.
Thakur, A., Thakur, K.S. & Thakur, N.S. (2017).
Entomophagy (insects as human food): a step
towards food security. National conference on
advances in food science and technology: current
trends and future perspectives. Himachal Pradesh,
India.
http://dx.doi.org/10.13140/RG.2.2.29644.72327.
Bodenheimer, F.S. (1951). Insects as Human Food;
a Chapter of the Ecology of Man. Dr. W. Junk,
Publishers,
The
Hague,
pp.
352.
https://doi.org/10.1007/978-94-017-6159-8.
Sponheimer, M., de Ruiter, D., Lee-Thorp, J. &
Späth, A. (2005). Sr/Ca and early hominin diets
revisited: new data from modern and fossil tooth
enamel. J. Hum. Evol., 48(2): 147–156.
https://doi.org/10.1016/j.jhevol.2004.09.003.
Mariod, A.A. (2013). Insect oil and protein:
Biochemistry, food and other uses: Review. Agric.
Sci.,
4(9):
76–80.
http://dx.doi.org/10.4236/as.2013.49B013.

Page | 28

Acute Toxicity of Ducetia japonica

[10]. Rumpold, B.A. & Schlüter, O.K. (2013). Nutritional
composition and safety aspects of edible insects.
Mol. Nutr. Food Res., 57(5): 802–823.
https://doi.org/10.1002/mnfr.201200735.
[11]. Di Mattia, C., Battista, N., Sacchetti, G. & Serafini,
M. (2019). Antioxidant Activities in vitro of Water
and Liposoluble Extracts Obtained by Different
Species of Edible Insects and Invertebrates. Front.
Nutr.,
6:
106.
https://doi.org/10.3389/fnut.2019.00106.
[12]. Chatsuwan, N., Nalinanon, S., Puechkamut, Y.,
Lamsal, B.P. & Pinsirodom, P. (2018).
Characteristics,
Functional
Properties,
and
Antioxidant Activities of Water-Soluble Proteins
Extracted from Grasshoppers, Patanga succincta
and Chondracris roseapbrunner. J. Chem., 2018:
6528312. https://doi.org/10.1155/2018/6528312.
[13]. Dutta, P., Dey, T., Manna, P. & Kalita, J. (2016).
Antioxidant Potential of Vespa affinis L., a
Traditional Edible Insect Species of North East
India.
PLoS
One,
11(5):
e0156107.
https://doi.org/10.1371/journal.pone.0156107.
[14]. Zielińska, E., Baraniak, B. & Karaś, M. (2017).
Antioxidant and Anti-Inflammatory Activities of
Hydrolysates and Peptide Fractions Obtained by
Enzymatic Hydrolysis of Selected Heat-Treated
Edible
Insects.
Nutrients,
9(9):
970.
https://doi.org/10.3390/nu9090970.
[15]. Ma, G., Wu, L., Shao, F., Zhang, C. & Wan, H.
(2019). Antimicrobial Activity of 11 Insects
Extracts Against Multi Drug Resistant (MDR)
Strains of Bacteria and Fungus. IOP Conf. Ser.:
Earth
Environ.
Sci.,
252(2):
022132.
https://doi.org/10.1088/1755-1315/252/2/022132.

J. Adv. Lab. Res. Biol. (E-ISSN: 0976-7614) - Volume 12│Issue 3│July 2021

Yashung & Chakravorty

[16]. Gaikwad, S.M., Koli, Y.J., Raut, G.A., Waghmare,
S.H. & Bhawane, G.P. (2016). Long-horned
grasshoppers (Orthoptera: Tettigoniidae) in
Radhanagari Wildlife Sanctuary, Maharashtra,
India. J. Threat. Taxa, 8(2): 8533–8537.
https://doi.org/10.11609/jott.2574.8.2.8533-8537.
[17]. Chakravorty, J., Gogoi, M., Jugli, S. & Boria, M.
(2018). Ducetia japonica and Phyllozelus Sp.: Two
Tettigoniid
Species
of Orthopteran
Insects
Appreciated by Tribal People of Arunachal Pradesh
(North-East India) May Serve as Future Alternative
Food Source. Food Nutr. J., 3: 180.
https://doi.org/10.29011/2575-7091.100080.
[18]. OECD (2001). Test No. 423: Acute Oral toxicity Acute Toxic Class Method. OECD Guidelines for
the Testing of Chemicals, Section 4, OECD
Publishing,
Paris,
pp.
14.
https://doi.org/10.1787/9789264071001-en.
[19]. Imathiu, S. (2020). Benefits and food safety
concerns associated with consumption of edible
insects.
NFS
J.,
18:
1–11.
https://doi.org/10.1016/j.nfs.2019.11.002.
[20]. Durst, P.B., Johnson, D.V., Leslie, R.N. & Shono,
K. (eds.) (2010). Forest insects as food: humans bite
back. Proceedings of a workshop on Asia-Pacific
resources and their potential for development, FAO
Regional Office for Asia and the Pacific, Bangkok,
Thailand,
pp.
73.
Available
at:
http://www.fao.org/3/i1380e/i1380e.pdf.
[21]. Van Huis, A. (2016). Edible insects are the future?
Conference on ‘The future of animal products in the
human diet: health and environmental concerns’.
Proceedings of the Nutrition Society, 75(3): 294305. https://doi.org/10.1017/S0029665116000069.

Page | 29

