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Abstract
Anthropogenic releasing of oil into the environment is the main source of environmental pollution. Oil contamination is consid-

ered as one of hazardous materials to ecosystem components. The severity of damage may reach to all organisms through food chain
and food web. So, the demand for creative and eco-friendly way is vital to decontaminate the deleterious effect of oil contamination.
This study focuses on using lipase activity and oxidative stress parameters of black soldier fly larva (BSFL) as an indication of ecofriendly biodegradation tool of oil contamination. The results showed that, the insect lipase activity was significantly increased along

time treatment (0-48h). Besides that, the lipid peroxidation concentration as a deleterious effect of oil contamination was decrease
in the cuticle homogenates than the fat body. Also, the correlation between application time and lipase activity or lipid peroxides
was strong to moderate positive correlation. These results emphasized the ability of using insect lipase activity and oxidative stress
parameters as lipid peroxidation amount as a valuable indicator of entomoremediation of oil contamination.
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Highlights
•
•

•
•

Insect lipase activity allows a potential biomonitoring of
oil degradation.

A highly significant correlation with time post treatment

was confirmed in the cuticle and fat body homogenates
of BSFL.

The oil pollution causes comparable adverse effects in
living organisms.

The using of BSFL as an entomoremediation agent of oil
contamination was confirmed.

Introduction

Oil contamination is considered as the main problem to envi-

tion [5]. This environmental pollution leads to deleterious effect on
all living organisms in association with climate change [6]. So, the
demand for eco-friendly and cost-effective methodology for pol-

lutants decontamination is rising nowadays to save our planet [7].

As the results of hydrophobic characters of hydrocarbons, waterinsoluble and more resilient to degradation; crude oil causes pollution of drinking water decreases water and air quality, soil fertility

[8]. In addition to, petroleum hydrocarbons can block the soil pores
which may decrease soil aeration and water permeability, resulting
in toxicological and ecological effects on plants [9].

There are a lot of methodologies using for monitoring and con-

trolling oil contamination such as physicochemical and biological

treatment [10,11]. The physicochemical methodologies include in-

ronment [1,2]. It can enter marine and terrestrial environmental

cineration, thermal deposition, land filling, solvent extraction and

leum are another route of oil contamination [4]. Besides that, the

tion. Also, bioremediation behaves as eco-friendly and most effec-

components through different natural deposits [3]. Also, human

activities in the production, transportation and storage of petroaccidental spills, misuse of oil products and improper management of oil waste fractions can act as a source of serious pollu-

cement kiln [12]. Otherwise, biological treatment includes the us-

ing of fungus, bacteria, or insects in the treatment of oil contaminative tool of remediation of oil contamination as a result of living
organisms’ sensitivity to environmental stressors [13].
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In this context, there were a lot of studies concluded that many

techniques can be used for the removal of heavy metals pollutants. The using of cation exchanger- sodium dodecyl sulfate acryl

amide for the removal of Pb+2 from an aqueous solution [14]. Also,

adsorption-desorption isotherms can be used to examine the bioavailability of Zn in calcareous soil [15]. Another study revealed the
use of acetonitrile stannic selenite composite as ion exchange ma-

82

soldier fly larvae can decontaminate oil pollution effect? Are the
biochemical parameters can be used as an eco-friendly, cost reduction, and effective tool for bioremediation concept?

Materials and Methods
Experimental sample

The larval 5th instar of black solider fly, Hermetia illucens were

terial for the removal of heavy metals [16]. Although ion exchange

obtained from colony at Entomology Department, Faculty of Sci-

Besides that, activated carbon or zirconium oxide composite was

were fed on contaminated oil source for 5 days then were forced

methodology is used for removal heavy metals to parts per billion,

it considered as expensive, pH sensitive, not specific methodology.
used for the adsorption of cadmium ions from the aqueous medium

[17]. These methodologies have some limitations including dam-

ence, Cairo University. About 10 Kg Organic waste was obtained

from household source and was mixed with 1 L used oil. Insects
to stop feeding after 0, 12, 24, 48 h post treatment. For each ex-

perimental group, 50 insects pool of 5th instars of H. illucens were

age of membranes, production of contaminated sludge, inefficient

dissected to isolate tissues for further analysis and were stored at

ing up as a result of traditional methods inadequately.

Biochemical analysis

removal of contaminants, expensive, and extensive use of energy

[18]. So, the demand for using bioremediation technology is growBioremediation is an efficient and eco-friendly methodology

to treat petroleum-contaminated soil [19]. It is characterized by
limited cost required and non-toxic production. Also, there are an

approach to combine two different living organisms in the biore-

mediation process such as the combination between plant and rhizosphere bacteria. This synergistic effect can be used to overcome

the decreasing of phytoremediation and bioaugmentation alone

[20,21]. The using of insects as a biomonitoring agent of environ-

-20°C until use.

The activity of lipase enzyme was determined spectrophoto-

metrically according to the method of Abd-Elhakeem., et al. [34].

Briefly, after homogenization of samples in tris HCl buffer (0.1 M;
pH=7.0) containing Triton X-100 (0.1% (w:v)), 2.4 mL of 165 mM

phenyl acetate was added to 0.1 ml sample and incubated at 40˚C
for 10 min. The absorbance was measured at 750 nm. Lipase activity was expressed as OD/mg protein/min.

The lipid peroxides concentration was measured according to

mental pollutants has a great attention nowadays as many features

Hermes-Lima., et al. [35]. Experimental tissues were isolated in

[22-28]. One of these insect species is black soldier fly (BSF). It oc-

onds), the samples were centrifuged at 2000 g for 10 min at 4°C. A

especially belongs to wide availability, cost efficiency, eco-friendly,
no ethical consideration, large numbers of individuals per female

curs in the tropic and temperate regions around the world. The larvae of BSF have been used as alternate protein production, organic
waste management and bioremediation of pollutants [29].

The using of insect oxidative stress parameters in addition to

lipase activity is considered as a novel application to measure the

bioremediation ability As environmental pollutants lead to production of reactive oxygen species (ROS). The oxidative damage to lip-

ids, proteins and nucleic acids as results of ROS production can be
used as an indicator of decontamination ability [30-33]. Therefore,

the aim of this study was to assess the activity of lipase enzyme
and lipid peroxidation of BSFL along time course (0, 12, 24, 48 h)

of oil contamination treatment, comparing to control group. This
phenomenon can be used to answer some questions as: Is black

phosphate buffer (pH = 7.0), and homogenized in ice-cold metha-

nol (1:5, w/v). After homogenization (mortar, 10 strokes/30 sec-

5 mL aliquot of the supernatant was used for the assay. The follow-

ing components were sequentially added to the samples (200 µL of
supernatant): 400 µL of 1 mM FeSO4, 200 µL of 0.25 M H2SO4, and

200 µL of 1 mM xylenol orange. Samples were then incubated un-

der dark conditions at room temperature for 3 h. The absorbance
was measured at 580 nm. Then, 10 µL of 0.5 mM cumene hydroperoxides (as an internal standard) was added to each sample, and

the samples were maintained at room temperature for 1 h before
the absorbance was re-measured at 580 nm. The change in absor-

bance due to addition of internal standard was calculated. Lipid
peroxides concentration was expressed as mM cumene hydroper-

oxides/mg protein. The total protein concentration of samples was
determined using spectrophotometer according to the method of
Bradford [36].
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Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics

for Windows (Version 17.0. Armonk, NY: IBM Corp.) and Microsoft Excel. Non-parametric tests were carried out using the k in-

dependent Kruskal–Wallis test. These non-parametric tests were
assessed on the lipase activity and lipid peroxidation concentra-

tion are expressed using median and quartile deviation (25th and

75th percentiles: P25 and P75). Correlations between the time of
incubation and the lipase activity and lipid peroxidation concentra-

tion were performed based on Pearson’s regression analysis using

multiple regression models. However, the kinetics parameters of
lipase enzymes were determined and drawn using Microsoft Excel
functions.

Results

The results showed the kinetics parameters of lipase enzymes

for naïve samples in figure 1. It revealed that most significant highest value of lipase enzymes activity at 2 mg/mL substrate and at

15% enzyme concentration and therefore the Vmax of lipase enzyme
equal to 25 in cuticle samples and 20 in fat body experimental sam-

ples with a chi square value equal to -0.121 and -8.01 in cuticle and
fat body experimental tissues samples (Figure 1).

Figure 1: Kinetics of lipase enzymes (I) different substrate

concentration, using Linear Weaver-Burk plot, to determine

Vmax and Km of the degradation enzyme of lipid (II) different
enzyme concentration, to determine the optimal

concentration, inside experimental tissues (a) cuticle (b) fat

body of naïve 5th instars of black solider fly (BSFL) Hermetia
illucens, which expressed as OD/mg protein/min.

Also, the results showed that, lipase enzyme activity and lipid

peroxidation concentration were significantly lower in homoge-

nates of cuticle samples than fat body of 5th instars larvae H. illucens

in naïve and polluted samples (Figure 2). Besides that, the lipase

activity in the cuticle tissue of 5th instars BSFL showed a fluctuation pattern at 12, 24, and 48 hours post treatment. Unlikely, the fat

body samples were significantly increased in lipase enzyme activity at 24 h post oil waste treated, with respect to control and naïve

insects’ samples (Figure 2a). Indeed the highest values of Lipid per-

oxidation concentration were found in 24 h post treatment in both
cuticle and fat body experimental tissues (Figure 2b), however, the
concentration of lipid peroxidation decline post 24 hours treat-

ment with the fold of 0.12 than 24 h in both cuticle and fat body

samples (Figure 2b). In the 48 hours post treatment case, the insect
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lipase activity showed no significance difference between 12, 24,
48 h and 0, 12,48 h post treatment in cuticle and fat body tissues,
respectively (P > 0.05) (Figure 2a). However, the lipid peroxidation
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in cuticle and fat body insects showed a significant decrease than
24 h post treatment (Figure 2b).

Figure 2: Lipase enzyme activity assay (a), which expressed

Additionally, the results emphasized that Pearson’s correlation

coefficient among time post treatment and lipase enzyme activity

or lipid peroxidation concentration were positive strong to moderate correlation in both cuticle and fat body homogenates of 5th

instars of Hermetia illucens (Table 1).
Treatment
Lipase enzyme

Lipid peroxidation
concentration

as (OD/mg protein/min) and Lipid peroxidation concentration
(b), which expressed as (mM cumene hydroperoxide/mg pro-

tein) of naïve, and treated insect with waste oil at different time
of incubation (0, 12, 24, and 48 hours), experimental tissues

obtained from cuticle and fat body homogenates of 5th instars
of Hermetia illucens.

Experimental tissues

r

Equation

Type of equation

R2

Cuticle

0.702*

y= -0.004x2 + 0.19x +6.8

Polynomial

0.93

y=-0.0002x +0.015x +63

Polynomial

0.80

Fat body
Cuticle

Fat body

0.455

0.838**

0.831**

y=-0.003x + 0.14x + 8.4
2

y=-0.003x + 0.015x + 0.53
2

2

Polynomial

Polynomial

0.63

0.82

Table 1: Pearson′s correlation coefficient among time post treatment and lipase enzyme activity or lipid peroxidation concentration
(which expressed as OD/mg protein/min, and mM cumene hydroperoxide/mg protein), samples obtained from cuticle and fat body

Discussion

homogenates of 5th instars of Hermetia illucens treated with contaminated oil waste.

In the present work, the biochemical parameters including

lipase activity and oxidative stress parameters were used to assess the impacts of oil decontamination ability using insect. Black

soldier fly larvae, Hermetia illucens, were treated with oil waste
pollutants and the biochemical results of both treated and naïve

insects were compared with each other. However, entomoremedia-

tion considered as a new area, there were a little of studies discuss
this essential topic [37-42]. In the quoted works, some studies cov-

ered the xenochemicals detoxification by insects through studying

specialized enzymes or using insect’s gut bacteria. The main differ-

ence between this study and quoted works is the using of source
of polluted. In this study, the pollutant source is oil waste, while
the others used polyethylene, polystyrene, heavy metals, hydrocar-

bons, and wastewater pollutants. Almost these pollutants source
can disrupt the redox hemostasis in cases of within or exceed normal permitted levels and cause macromolecules damage as lipid

peroxidation, protein carbonylation and even DNA damage to all

surrounding living organisms and even through food chain [2224,46-48].

Citation: Eman A Abdelfattah. “Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination". Acta Scientific Medical Sciences
5.12 (2021): 81-88.

Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination
85

Generally, the kinetics parameters in tissues of H. illucens from

previous studies, In Abdelfattah and Renault [46] study, the cor-

that the lipase activity and lipid peroxides concentration of treated

which ensure the potential oxidative stress insect response to all

Naïve group were optimized at optimum condition for enzyme
and substrate concentration (Figure 1). Also, the results showed
insects was significantly higher than in naïve individuals (Figure

2). The obtained results indicated a possible impact of oil waste

contamination on the biochemical parameters and even cause
macromolecules damage, in form of lipid peroxides, in H. illucens.

Therefore, the potential use of biochemical analysis and oxidative

stress parameters as an indicator of oil contamination entomoremediation [37,41].

Analysis of lipase activity and lipid peroxides concentration

parameters (Figure 2) revealed that cuticle tissues of larvae more
sensitive than fat body and could be consider as a good responding

tissue system. The damage level in this tissue reflected the level
of pollution a long hour’s post treatment. However, it should be

stressed here that lipid damage and activity of lipase varied among
analyzed tissue. Surely, the difference is coming from the tissue func-

tion and stressing factors. Cells of cuticle have direct contact with

all exogenous factors that surrounding individuals in the polluted
environment. On the other hand, fat body cells are characterized by
storage area and high metabolism rate and extensive consumption

of oxygen [43]. Reactive oxygen species (ROS) are generated from

natural and anthropogenic source [44]. Nature source occur during cell respiratory, however, anthropogenic source from environ-

mental pollutants [24,26,28]. The oil contamination can increase
the production of ROS in the cells, tissues and individuals exposed
to them, and therefore can cause oxidative stress [23,25]. This can

explain the fluctuation of results along time course post oil contam-

ination treatment. Yang., et al. [38] showed that wax worms can de-

grade polyethylene. Also, Yang., et al. [39] reveled that meal worms
can degrade polystyrene, which approved the ability of using insect
as a biodegradation tool, in form of entomodegradation. While the

lipid metabolism or breakdown can be occurred using serine hydrolyses enzyme called lipase. This enzyme has an essential role in

the biochemical process like lipid metabolism and transport. Also,
it can regulate the cell signal transduction [45].

The relationship between biochemical analysis parameters and

time post treatment of oil contamination treatment in the present

study has a clear pattern. The positive strong to moderate corre-

lation was obtained in both experimental tissues and biochemical

parameters (lipid peroxides concentration and lipase enzyme ac-

tivity) of H. illucens (Table 1). This also were occurred in various

relation factors among epinephrine concentration and oxidative

stress parameters of Sarcophaga dux showed a unique pattern
environmental pollutants even within normal levels. Besides that,

the study of Abdelfattah [47], tested the different concentrations

and application time of vitamin B12 on antioxidant response of
Physiophora alceae. These results confirmed that correlation factors among the treating insects with different time and concentra-

tion of vitamin B12 had a positive correlation. These results indi-

cate the insect ability to reduce oxidative stress factors and use
them in biological treatment of drug and plant residues. Additionally, the study of Abdelfattah and Lim [48] approve the ability of

using black soldier fly larvae as a possible organic waste recycler.

Additionally, BSFL can convert the hazardous effect of un-treated
organic waste into insect valuable biomass.

Conclusion

In this study, we have examined the effects of the oil contamina-

tion, which is considered as an anthropogenic source of pollution.

The oil contamination can be further transferred to the environ-

ment, with potential consequences for wildlife. We demonstrated
that larvae of the black soldier fly larvae that received the highest oil contamination time exposure concentration were charac-

terized by decreased the lipid peroxides amount regarding to 24

h post treatment, and decreased the activity of lipase enzymes to
the value of 0 h post treatment in fat body tissues. Theses results

suggesting the ability of BSFL to decontaminate oil pollution and
may have had a protective effect against ROS production, as for-

merly reported from other animal taxa. The changing patterns we
measured for lipase and lipid peroxidation levels, combined with

former evidence reporting increased oil metabolism in treated tis-

sues (fat body and cuticle), suggested that higher amounts of lipids
were go through lipid peroxidation mechanisms. Increased lipase

enzyme activity would have helped containing ROS production by

restore redox status and even using insect as a bioremediation
agent of oil contamination.

Ethical Approval and Consent to Participate
This article does not contain any studies with human partici-

pants or animals that require ethical approval.

Consent for Publication
Not applicable.

Citation: Eman A Abdelfattah. “Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination". Acta Scientific Medical Sciences
5.12 (2021): 81-88.

Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination

Availability of Data and Materials

7.

The datasets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.
Competing Interests

The authors declare that they have no conflict of interest.

8.

This study was funded by Cairo University project

9.

Funding

Acknowledgments

Many thanks for grateful to Prof. Dr. Ghada El-bassiony, Head

of Entomology Department and Prof. Elsayed Fahim, Professor at

zoology Department, Faculty of Science, Cairo University, Egypt for
his help in revision of this manuscript.

This study was done at the Entomology Department, Faculty

of Science, Cairo University, Egypt, with the assistance of the team

members (Dina Hossam, Aya hamdy, Nada Yasser, Mohamed Yasser, Aya Aboelhassan, Mohamed Ashraf, Dyaa Bassiony, Abdallah

Nagah, Hamed Ashry, Mouhamed Saeed, Naira Essam, Sohaila Mohamed) of the project entitled “ recycling of organic wastes using

ecofriendly-biological technology project” which supported and
funded by Cairo University, Egypt.

Bibliography
1.

2.

3.

4.
5.

6.

Cocârţă DM., et al. “Crude oil contaminated sites: evaluation
by using risk assessment approach”. Sustainability 9.8 (2017):
1365.
Cecchi G., et al. “Port Sediments: Problem or Resource? A Review Concerning the Treatment and Decontamination of Port
Sediments by Fungi and Bacteria”. Microorganisms 9.6 (2021):
1279.
Balba MT., et al. “Bioremediation of oil-contaminated soil:
microbiological methods for feasibility assessment and field
evaluation”. Journal of Microbiological Methods 32.2 (1998):
155-164.
Onwurah IN E., et al. “Crude oil spills in the environment, effects and some innovative clean-up biotechnologies” (2007).

Bobic V. “Soil pollution with petroleum hydrocarbons-bioremediation: potentiality and practice”. Goriva I Maziva 44.1
(2005): 20.
Manisalidis I., et al. “Environmental and health impacts of air
pollution: a review”. Frontiers in Public Health 8 (2020): 14.

86

Environmental US. Protection Agency. Superfund Engineering
Issue~ Treatment of Lead-Contaminated Soils. EPA/540/291/009. Office of Solid Waste and Emergency Response.
Washington DC and Office of Research and Development, Risk
Reduction Engineering Laboratory. Cincinnati, Ohio (1992).
Saeed M., et al. “Development of a plant microbiome bioremediation system for crude oil contamination”. Journal of Environmental Chemical Engineering 9.4 (2021): 105401.
Jia J., et al. “The dynamic change of microbial communities
in crude oil-contaminated soils from oil fields in China”. Soil
and Sediment Contamination: An International Journal 26.2
(2017): 171-183.

10. Wu TY., et al. “Pollution control technologies for the treatment
of palm oil mill effluent (POME) through end-of-pipe processes”. Journal of Environmental Management 91.7 (2010): 14671490.
11. Agamuthu P., et al. “Bioremediation of hydrocarbon contaminated soil using selected organic wastes”. Procedia Environmental Sciences 18 (2013): 694-702.

12. Azeez NM and Sabbar AA. “Efficiency of duckweed (Lemna
minor L.) in phytotreatment of wastewater pollutants from
Basrah oil refinery”. Journal of Applied Phytotechnology in Environmental Sanitation 1.4 (2012): 163-172.

13. Wang ZL., et al. “Catalases play differentiated roles in the adaptation of a fungal entomopathogen to environmental stresses”.
Environmental Microbiology 15.2 (2013): 409-418.
14. Naushad M. “Surfactant assisted nano-composite cation exchanger: development, characterization and applications for
the removal of toxic Pb2+ from aqueous medium”. Chemical
Engineering Journal 235 (2014): 100-108.

15. Hararah MA., et al. “Zinc adsorption–desorption isotherms:
possible effects on the calcareous vertisol soils from Jordan”.
Environmental Earth Sciences 65.7 (2012): 2079-2085.

16. Naushad M., et al. “Ion-exchange kinetic studies for Cd (II):
Co (II): Cu (II): and Pb (II) metal ions over a composite cation
exchanger”. Desalination and Water Treatment 54.10 (2015):
2883-2890.
17. Sharma G and Naushad M. “Adsorptive removal of noxious
cadmium ions from aqueous medium using activated carbon/
zirconium oxide composite: isotherm and kinetic modelling”.
Journal of Molecular Liquids 310 (2020): 113025.

Citation: Eman A Abdelfattah. “Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination". Acta Scientific Medical Sciences
5.12 (2021): 81-88.

Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination

18. Bacosa HP and Inoue C. “Polycyclic aromatic hydrocarbons
(PAHs) biodegradation potential and diversity of microbial
consortia enriched from tsunami sediments in Miyagi, Japan”.
Journal of Hazardous Materials 283 (2015): 689-697.

19. Tirandaz H., et al. “The succession of Dominant Culturable
Hydrocarbon-Utilizing Bacteria During Bioremediation of OilBased Drilling Waste”. Iranian Journal of Chemistry and Chemical Engineering 38.5 (2019): 267-277.

20. Fatima K., et al. “Successful phytoremediation of crude-oil contaminated soil at an oil exploration and production company
by plants-bacterial synergism”. International Journal of Phytoremediation 20.7 (2018): 675-681.

21. Smarzewska S and Guziejewski D. Soil remediation technologies. In “Handbook of Advanced Approaches Towards Pollution Prevention and Control”. Elsevier (2021): 193-219

22. Abdelfattah EA. “Biomolecule’s oxidation and antioxidant enzymes response as a result of injection of oxidative stressor
into 5th instar of Schistocerca gregaria (Orthoptera, Acrididae)”. Entomology, Ornithology and Herpetology 5181 (2016):
2161-2983.
23. Renault D., et al. “Assessment of oxidative stress and activities
of antioxidant enzymes depicts the negative systemic effect
of iron-containing fertilizers and plant phenolic compounds
in the desert locust”. Environmental Science and Pollution Research 23.21 (2016): 21989-22000.

24. Abdelfattah EA., et al. “Biomonitoring of genotoxicity of industrial fertilizer pollutants in Aiolopus thalassinus (Orthoptera: Acrididae) using alkaline comet assay”. Chemosphere 182
(2017): 762-770.

25. Yousef HA., et al. “Evaluation of oxidative stress biomarkers in
Aiolopus thalassinus (Orthoptera: Acrididae) collected from
areas polluted by the fertilizer industry”. Ecotoxicology 26.3
(2017): 340-350.

26. Yousef HA., et al. “Antioxidant enzyme activity in responses
to environmentally induced oxidative stress in the 5th instar
nymphs of Aiolopus thalassinus (Orthoptera: Acrididae)”. Environmental Science and Pollution Research 26.4 (2019): 38233833.
27. NASSAR MI., et al. “BEE venom drug potentiality on the macromolecules damage of the larval gut of hermetia illucens (l.):
(diptera: stratiomyidae)”. Journal of the Egyptian Society of
Parasitology 50.3 (2020): 488-493.

87

28. Abdelfattah EA., et al. “Stage-, sex-and tissue-related changes
in H2O2, glutathione concentration, and glutathione-dependent enzymes activity in Aiolopus thalassinus (Orthoptera:
Acrididae) from heavy metal polluted areas”. Ecotoxicology
30.3 (2021): 478-491.

29. Cammack JA and Tomberlin JK. “The impact of diet protein and
carbohydrate on select life-history traits of the Black Soldier
Fly Hermetia illucens (L.) (Diptera: Stratiomyidae)”. Insects 8.2
(2017): 56.
30. Imlay JA. “Pathways of oxidative damage”. Annual Review of Microbiology 57 (2003): 395-418.
31. Stadtman ER and Levine RL. “Free radical-mediated oxidation
of free amino acids and amino acid residues in proteins”. Amino Acids 25 (2003): 207-218.

32. Rosa CE., et al. “Antioxidiant responses of Laeonereis acute
(Polychaeta) after exposure of hydrogen peroxide”. Brazilian
Journal of Medical and Biological Research 41 (2008): 117-121.
33. Kodrik D., et al. “Hormonal regulation of response to oxidative
stress in insects- An update”. International Journal of Molecular Sciences 16 (2015): 25788-25816.
34. Abd-Elhakeem MA., et al. “New colorimetric method for lipases activity assay in microbial media”. American Journal of
Analytical Chemistry (2013).

35. Hermes-Lima M., et al. “Quantification of lipid peroxidation in
tissue extracts based on Fe (III) xylenol orange complex formation”. Free Radical Biology and Medicine 19.3 (1995): 271280.

36. Bradford MM. “A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle
of protein-dye binding”. Analytical Biochemistry 72.1 (1976):
248-254.
37. Ewuim SC. “Entomoremediation-a novel in-situ bioremediation approach”. Animal Research International 10.1 (2013):
1681-1684.
38. Yang J., et al. “Evidence of polyethylene biodegradation by
bacterial strains from the guts of plastic-eating waxworms”.
Environmental Science and Technology 48.23 (2014): 1377613784.
39. Yang Y., et al. “Biodegradation and mineralization of polystyrene by plastic-eating mealworms: Part 1. Chemical and physical characterization and isotopic tests”. Environmental Science
and Technology 49.20 (2015): 12080-12086.

Citation: Eman A Abdelfattah. “Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination". Acta Scientific Medical Sciences
5.12 (2021): 81-88.

Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination

40. Berasategui A., et al. “Potential applications of insect symbionts in biotechnology”. Applied Microbiology and Biotechnology 100.4 (2016): 1567-1577.

88

41. Bulak P., et al. “Hermetia illucens as a new and promising species for use in entomoremediation”. Science of the Total Environment 633 (2018): 912-919.

42. Rodriguez-Campos J., et al. “Bioremediation of soil contaminated by hydrocarbons with the combination of three technologies: bioaugmentation, phytoremediation, and vermiremediation”. Journal of Soils and Sediments 19.4 (2019): 1981-1994.
43. de Oliveira VP and Cruz-Landim C. “Morphology and function
of insect fat body cells: a review”. Biociências 11 (2003): 195205.

44. Kannan K and Jain SK. “Oxidative stress and apoptosis”. Pathophysiology 7 (2000): 153-163.
45. Yao HP., et al. “Identification of the proteome of the midgut of
silkworm, Bombyx mori L., by multidimensional liquid chromatography (MDLC) LTQ-Orbitrap MS”. Bioscience Reports 29
(2009): 363-373.

46. Abdelfattah EA and Renault D. “Effect of different doses of the
catecholamine epinephrine on antioxidant responses of larvae
of the flesh fly Sarcophaga dux”. Environmental Pollution Research Science (2021): 1-8.

47. Abdelfattah EA. “Effect of different concentration and application time of vitamin B12 on antioxidant response of Physiophora alceae”. African Journal of Biological Sciences (2021):
189-203.

48. Abdelfattah EA and Lim JW. “Biotechnology application of
organic waste management using black soldier fly, Hermetia
illucens”. African Journal of Biological Sciences 17.1 (2021):
171-187.

Volume 5 Issue 12 December 2021
© All rights are reserved by Eman A Abdelfattah.

Citation: Eman A Abdelfattah. “Insect Lipase Activity as a Useful Indicator of Entomoremediation of Oil Contamination". Acta Scientific Medical Sciences
5.12 (2021): 81-88.

