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Abstract

Rapid increase in population of world results in urbanization and industrialization
which accelerate the pace of waste generation. Waste disposal is becoming a problem for
town planners, muncipalaties, civil authorities and also to public .Traditional practiceslike
incineration and landfill creates environmental problems.In this context it is necessary to
adopt environment friendly waste disposal technology. This criteria is full fill to some
extent by Valorising recycling or Conversion of Organic Refuse by Saprophages). In this
technology one of the candidate valorising insect is Black Soldier fly Hermetia illucens
(Linnaeus).Using this insect has many benefits like it quickly reduces the volume of
organic waste,preventing house fly and blow flies from laying eggs in organic waste.,
reduction in harmful bacteria and also produces protein rich feed for poultry and
aquaculture. Conversion of organic waste into protein reducespressure on captive fishery
as it is the main source of fishes from which fish meal and fish oil is been produced..
Hence the review paper highlights the ultimate role of Black Soldier Fly helpsin recovery
of nutrients from Organic waste and also helps to overcome the problem of organic waste
disposal without disturbing the environment

Introduction

Rapid urbanization, consumer behaviour, intensiv@mal husbandry practices,

municipalities and decision makes are confronteth wiew challenges in solid waste
management. Organic waste management is now ardlidepn and many authorities find it
very difficult to find a appropriate sustainablelutmn. Management of municipal solid
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waste (MSW) in low and middle-income countries ramaa challenging and neglected key
issue. Especially in urban and peri-urban areas, Hbusehold waste often remains
uncollected on streets and drains, thereby athgctiisease vectors and causing water
blockages (Diaz etal.,1996 and Zurbrugy etal.,20@6mpared to other waste components,
such as glass, metal and paper, the organic fracbften amounting to 80% of the total
municipal waste, is frequently looked upon as atevdisaction without market value and
therefore ignored by the informal waste recycliegter (Ali, 2002 and Ahmed,2002) Even if
collected, MSW typically ends up in a landfill on @ more or less uncontrolled dumpsite
where the material decomposes in large heaps wmEsrobic conditions. To reduce the
environmental burden and improve public health, rewd financially attractive waste
management strategies should be explored and édster

Another issue of faecal sludge (FS) managemenadeBmulating in septic tanks, latrine
and other onsite sanitation facilities containshhigvel of nutrients and pathogens. Despite
high nutritional value of faecal sludge farmers ileictant to apply this sludge in their farm
field due to high cost transportation. If the sladg not treated properly prior to use in
farmers field it causes health hazards to the fesraed ultimately to the consumers who
used to eat these contaminated vegetables. Thuialfakidge is discharged into the surface
water which contaminates the aquatic water bodieglware used for portable drinking
water. Organic waste management can be achievedchyenging or in other words
valorising recycling activities/ CORS (Conversioh @rganic Refuse by Saprophages)
technologies which have many advantages over ther aecycling technologies. CORS
technologies (Conversion of Organic Refuse by Sapages), such as vermicomposting or
faecal sludge treatment by the aquatic wdawmbriculus variegatus, could offer promising
alternatives of nutrient recovery from organic weadlissen,2007). Organic waste digestion
by the larvae of the black soldier fly (BSHermetia illucens L. (Diptera: Stratiomyidae) is
another CORS solution combining nutrient recovarg amcome generation (Sheppard,and
Newton,1994) The larvae of this non-pest fly feedamd thereby degrade organic material
of different origin. Domestic waste, chicken, pigdacow manure and even human excreta
were found to be easily processed by the larvaleastbeen estimated that this nonpest fly

species can reduce nitrogen and phosphorus wastg by 75% and the mass of manure
residue by 50% in poultry and swine systems (Sheppea al. 1994, 1998; Newton et
al. 2005).
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The by-product of this bioconversion system is aorg@ant amount of fly prepupae.
These prepupae are approximately 40% protein aftl 80 (Sheppard et al. 1994, 1998;
Newton et al. 2005), which makes for a suitablers®wf food for animals including
commercially raised fish ( Calvert et al. 1969; New et al. 1977; Bondari and
Sheppard ,1981).

Research into alternate sources of protein andhdatfocused on plant-based oils and
proteins. Soybean meal is the most commonly utlliakernate protein source, comprising
betweenl1l0 and 50% of the protein in the diet (Tamwoth Akiyama 1997; Hardy 2002). The
nutritional requirements of carnivorous fish, sashrainbow trout, have made it difficult to
completely eliminate the use of fish meal and Bbghn diets without compromising growth
or utilizing cost-prohibitive plant protein conceaites. Total replacement of fish meal as the
protein component of diets may be problematic beeaii the high sensitivity of carnivorous
species to dietary imbalances, antinutritionaldespresent within plant meals (Francis et al.
2001), and palatability problems (Papatryphon apar& 2001).Total replacement of fish oil
has also not been feasible, especially with caroive species because of their specific
dietary requirements for long-chain unsaturatety @&tids. Partial replacement of fish oil has
been reported using plant and animal oils (Koshial.€1994; Balfryet al. 2002); however,
more research is required concerning the use ishiimg diets to manipulate the final tissue
fatty acid profile and product quality (Bell et 2004; Morris et al. 2005).

Biological aspect of Black soldier fly

Black soldier fliesHermetia illucens (Linnaeus) is a common fly of the Stratiomyidae
family. The black soldier flyHermetia illucens (Linnaeus), was first seen in 1930 in Hilo
Sugar Company in Hawaiian Islands (Sagade and &e2809).Black soldier fly is a tropical
fly indigenous to the whole of the Americas, frohe tsouthern tip of Argentina to Boston
and Seattle. But during World War 11, the blackdset flies spread into Europe, India, Asia
and even Australia. It is a sleek looking fly tisadften confused with a wasp. However, like
most flies, the black soldier flies only have twangs (wasps have four) and does not
possess a stinger (DuPonte and Larish,2003). Alssathe black soldier fly does not possess
a stinger, nor do they possess a mouthpart or tiligesrgans to allow them to consume
waste; therefore, they do not bite either. HeaHllwlts are approximately 7/8 inches long
(Hawkinson, 2005) with the female possessing aisbecblored abdomen while the male’s
abdomen is more bronze. Their legs are black watle gellow forelegs. Black soldier fly
antennae — which are long, black, and straightotrgpade from their head directly forward




ISSN : 2278 — 563

Global Online Electronic International Interdiscip linary Research Journal (GOEIIRJ)
{ Bi-Monthly} Viame-I, Issue-llI Qaober 2012

and do not contain an arista (bristle-like appeedaigthe tip of the antennae). In India, BSF
larvae were found in poultry house in Punjab in208shuma etal.,2007)

In natural breeding, black soldier flies lay theggs in moist organic material while in
urbanized areas the black soldier fly lays eggslumpsters or compost, which provide
similar odors and nutritional needs to naturallycwrcing organic matter (Diclaro and
Kaufman,2009). Members of the family Stratiomyidesially range in color from yellow,
green, black or blue, with some having a metalppemrance. Many are mimics of other
flying insects, such as bees and wasps. Blackesollyi adults are bristle less flies having a
wasp-like appearance and are black or blue in col®bey also have two translucent
"windows" located on the first abdominal segmert dreir scutellum is often conspicuously
developed. The wing veins of fly are crowded nemta and more strongly pigmented than
those behind while vein C does not entirely surcbtime wing. The species ¢fermetia
illucens has a fairly quick life cycle of 5-8 days. A fewydaafter becoming an adult and
emerging from a pupal case, female black soldies find a mate. How this would occur is a
male intercepting a female mid-flight and them bo#scending in copula. The female does
not waste any time to lay 500+ eggs in a dry emwirent near edges or crevices of decaying
organic matter. Each egg is approximately 1 mmemgth and creamy white in colouring
(W. Diclaro Il and Kaufman, 2009). After these eg@ge laid, they remain in this stage for
approximately 4.5 days or 105 hours (ESR Intermalio2008). Once the eggs hatch, the
larvae find whatever waste they can and immediattdyt to consume it. Two weeks later,
the larvae have reached full maturity given theivieonmental conditions are favorable. It
may take up to six months for larvae to reach nigtaiue to black soldier flies’ ability to
extend their life cycle in hostile circumstancebeTarvae can be up to roughly 27 mm in
length and 6 mm in width. They have a pale whitewowith a small black head containing
their mouthparts (Newton, 2005) Following the méyuof the BSFL, pupae stages begin
where the sixth instar (final molting phaseHermetia illucens) larvae remove themselves
from their feeding sites in search of a dry, slielleenvironment. Once this occurs, pupation
commences. As a result, the exoskeleton darkepgmentation and a pupa develops inside
of the exoskeleton. Pupation takes another twoksvéefore an adult emerges from the
pupae case. Then, the adult emerges to reprodage agd the cycle repeats.

Environmental Conditions
Black soldier flies are extremely sensitive to themvironments; thus, their conditions

need to be monitored extensively to ensure thedsighield is obtained. Considering black
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soldier flies are an equatorial and generally amvaeason temperate species, their lifespan is
dictated by how warm their environment is. An expent conducted by Jeffrey Tomberlin
in 2009 tested the effect varying temperatures badblack soldier flies and their
development. What he found was that at a temperatti2?C (80.6F) for both males and
females, was when larval, prepupal, pupal, andtdduagevity was at its most efficient
(Tomberlin, 2009). He concluded that smaller adaitd a shorter adult lifespan correlate as
temperature increases due to higher rates of metaband growth. Once temperatures hit a
higher threshold of 30-36 (86-96.8F), black soldier fly development is acutely inkéoi.

At a given temperature of 2Z, males and females took ~2.5d more to completapalp
stage than at 3@ (86°F). Also, at 27 and 3C, 83.2-91.8% and 74.2-96.7%, respectively, of
individuals survived to become adults. From Tomhbé&riwork with black soldier fly rearing,
he has concluded that from the egg stage (» 4alluds it takes roughly 43d total.

Humidity

L.A. Holmes, 25% RH (relative humidity) causes laghates of desiccation and higher
mortality rates on black soldier fly eggs. At 70%i Radults lived 2-3d longer that adult
black soldier flies subjected to lower RH levelsolides 976-977, 2012). Therefore, the
higher the humidity of the proposed environmeng thgher the chances are of a more
successful colony. Eclosion at lower RH levels; beer, is still possible. A relative
humidity of 30-90% promotes mating and ovipositwhen eggs and larvae are reared in a
27°C environment.

Light

Naturally, black soldier flies require direct sghii to encourage mating. Thus,
operations indoors require supplemented artifigigiting. higher wavelength of 450-700 nm
is recommended to produce mating behaviors outladkbsoldier fly adults (Zhang 3-6,
2010).
Diet

As adults,Hermetia illucens cannot feed; however, automatic or frequent watsting
provides an adequate amount of water to the adtlis.mists form droplets, which are then
taken up by the adults. The adults’ main energy®is the remaining fat stored from their

larval stages. Larvae have a much wider range agatey demands for sustenance. Black

soldier fly require a certain level of moisture in the organgtter they are consuming.
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Nutritional Profile
An analysis of dried Black Soldier Fly larvae (EBRernational 2008) elucidates that it

contains:

Crude protein 42 1%
Ether Extract 0
(Lipids) 34.8%
Ash 14.6%
Moisture 7.9%
Crude Fiber 7.0%
Calcium 5.0%
Phosphorus 1.5%

Nitrogen Free 0
Extract (NFE) 1.4%

Use of Black soldier fly in aquaculture feed.

Rainbow trout, Oncorhynchus mykiss, diets generally consist of approximately 40%
protein and 20% fat (Hardy 2002). In general thet,dontains 50% and more protein and
fat is extracted from wild caught fish As globguaculture is expanding feed requirement is
also increases due to this pressure on capturerigshincreases.(Millennium Ecosystem
Assessment 2005). In 2003, the Food and Agricultdrganization estimated that 52% of all
fish meal and 86% of all fish oil harvested weredusn fish diets (Tacon et al. in press).
Commensurate with the increase in demand and foiddis natural resource is the need to
find alternatives for commercial aquaculture diets.

Replacement of 25% of the fish meal component Wi#ck soldier fly prepupae reduced
the percentage of fish meal in the diet from 3@786 of the total diet with no adverse effect
on the FCR of the fish. In addition, this permitee@8% reduction in the fish oil component
of the diet, which reduced the total percentagisbfoil in the diet from 13 to approximately
8%..(st-Hilair e etal.,2007)

Conclusion

Valorising recycling activities/ CORS (Conversioh@rganic Refuse by Saprophages)
using Black Soldier fly larvae is been used commanl Western Countries for Organic
waste disposal . Though this Black Soldier fly tlarve well in Tropical country like India
so more efforts is to be given on promotion of @igavaste disposal by Black Soldier fly. It
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has many advantages over traditional way of waisigodal likeincineration and land fill.
The advantages like reducing the biomass of orgamaste, helping in preventing harmful
bacteria , and production of protein. It has a pé of waste disposal .helps in sorting the
problem of much needed protein for animal feedMgre efforts are to be taken to make this
technology more popular and overcome the problemsuntered during scale up projects.

Reference

Ahmed, N., Zurbrugg, C.,2002: Urban organic wastmagement in Karachi, Pakistan. In:
28th WEDC Conference on Sustainable Environmentlit&tion and Water Services.
Kolkata, India , Folder F34 (Pakistan)

Ali, A.,2002. Managing the scavengers as a resouncesu 'nay Kocasoy, T.A., Nuhog'lu,

I". (eds.) Appropriate Environmental and Solid V¢adManagement and Technologies for
Developing Countries, vol. 1, p. 730. Internatiordlid Waste Association, Bogazici

University, Turkish National Committee on Solid Wad stanbul .

Ashuma, Bal M., Kaur P., Rath S., and Juyal P.,26@%t report of Hermatia illucens larvae
in poultry houses of Punjab, Journal of ParasiigeBses, 31(2), 145-146.

Ashuma, Bal M., Kaur P., Rath S., and Juyal P.,26@%t report of Hermatia illucens larvae
in poultry houses of Punjab, Journal of ParasiiseBses, 31(2), 145-146.

Balfry, S.,Higgs D.,Richardson N. and Lall.S.P.200The influence of alternate
supplemental dietary lipids on the growth and HeaftAtlantic salmon in seawater. Abstract
in  Symposium Proceedings, Biochemical and Physicébg Advances in Finfish
Aquaculture. International Congress on the BioladyFish, 2002, University of British
Columbia, Vancouver, BC, Canada.

Bell, J. G., R. J. Henderson, D. R. Tocher, and.JSargent. 2004. Replacement of dietary
fish oil with increasing levels of linseed oil: mbdation of flesh fatty acid compositions in
Atlantic salmon (Salmo salar) using a fish oil $iming diet. Lipids 39:223— 232.

Bondari, K. and D. C. Sheppard. 1981. Black solflietarvae as a feed in commercial fish
production. Aquaculture 24:103-109.

Calvert, G. A., R. D. Martin, and N. O. Martin. 26House fly pupae as food for poultry.

Journal of Economic Entomology 62:938—939.




ISSN : 2278 — 563

Global Online Electronic International Interdiscip linary Research Journal (GOEIIRJ)
{ Bi-Monthly} Viame-I, Issue-llI Qaober 2012

Diaz, L.F., Savage, G.M., Eggerth, L.L., Golueke(C1996. Solid waste management for
economically developing countries. In: The Intern@blid Waste and Public Cleansing
Association,Copenhagen, Denmark?CalRecovery Incatpao.

Diclaro I J. W. and Kaufman P.E.,2009. Publicatiodt EENY 461
http://edis.ifas.ufl.edu/in830.

DuPonte M. W. and Larish L.B., 2003.Soldier Flyvéstock Management, Insect Pests.
Cooperative Extension Service, College of tropicagriculture and Human
Resources.(University of Hawaii, at Manoa) LH 107.

"ESR International.” Bioconversion of Food WasteadBl Soldier Fly. ESR International,
2008

Elissen, H.J.H.,2007. Sludge reduction by aquatarms in wastewater treatment with
emphasis on the potential application of Lumbrisulvariegatus. PhD, Wageningen
University, The Netherlands . Environmental Entonggl 38.3 (2009): 930-34.

Francis, G., H. P. S. Makkar, and K. Becker. 208dtinutritional factors present in plant-
derived alternate fish feeding ingredients andrteiects in fish. Aquaculture 199:197-227.

Hardy, R. W. 2002. Rainbow trout, Oncorhynchus ragkiPages 184-202 in C. D. Webster
and C. E. Lim, editors. Nutrient requirements &elding of finfish for aquaculture. The
Haworth Press, Binghamton, New York, USA.

Koshio, S., R. G. Ackman, and S. P. Lall. 1994¢Ef$ of oxidized herring and canola oils in
diets on growth, survival, and flavor of Atlantialsion, Salmo salar. Journal of Agricultural
and Food Chemistry 42:1164-1169.

Millennium Ecosystem Assessment. 2005. United MatiReport. Accessed January 22,
2007, from http:/ivww.maweb.org/en/index.aspx

Morris, P. C., P. Haughton, A. Black, G. Hide, Rall&ore, and J. Handley. 2005. Full-fat
soya for rainbow trout (Oncorhynchus mykiss) inshreater: effects on performance,

composition and flesh fatty acid profile in abserafe hind gut enteritis. Aquaculture
248:147-161.




ISSN : 2278 — 563

Global Online Electronic International Interdiscip linary Research Journal (GOEIIRJ)
{ Bi-Monthly} Viame-I, Issue-llI Qaober 2012

Newton G.L., Booram C.V., Barker R.W., Hale O.M9,7¥. Dried Hermetia illucens larvae
meal as a supplement for swine, J. Anim. Sci.39%;399.

Newton, G.L., Sheppard, D.C., Watson, D.W., Bur@, Dove, R.,2005. Using the black
soldier fly, Hermetia illucens, as a value addea tor the management of swine manure. In:
Animal and Poultry Waste Management Center, Nordnoltha State University, Raleigh,

NC, p. 17.

Papatryphon, E. and J. H. Soares, Jr. 2001. Optighihe levels of feeding stimulants for
use in high-fish meal and plant feedstuff-basedsdfer striped bass, Morone saxatilis.
Aquaculture 202:279-288.

Sagade G.A. and Pejaver M.K., 2009. Study of ditserdf insect fauna from the household
biocompostBionano Frontier, 3(1), 67-70 .

Sheppard, D. C., G. L. Newton, S. A. Thompson, avif) G. Gasho, and K. Bramwell.
1998. Using soldier flies as a manure managemesitfoy volume reduction, house fly
control and feedstuff production. Page 51 in G.aRd| editor. Sustainable agriculture
research and education, southern region, 1998. #nReport. Sustainable Agriculture
Research and Education, Southern Region, Georgieo&t Griffin, Georgia,USA.

Sheppard, D.C., Newton, G.L., Thompson, S.A., Say&)1994. A value-added manure
management-system using the black soldier fly. &iour. Technol. 50(3), 275-279.

St-Hilaire, S., Sheppard, C., Tomberlin, J. K.jdg; S., Newton, L., McGuire, M. A,, ... and
Sealey, W. ,2007. Fly prepupae as a feedstuff fainbow trout, Oncorhynchus
mykiss.Journal of theNorld Aquaculture Society, 38(1), 59-67.

Tacon, A. G. J. and D. M. Akiyama. 1997. Feed id@ets for crustaceans. Pages 411-472
in L. R. D’Abramo, D. E. Conklin, and D. M. Akiyamaditors. Crustacean nutrition,
advances in world aquaculture, volume \World Aquaculture Society, Baton Rouge,
Louisiana, USA.

Tacon, A. G. J., M. R. Hasan, and R. P. Subasing®@6. Use of fishery resources as feed
inputs for aquaculture development: trends andcpainplications. FAO Fisheries Circular
no. 1018, FAO. 2006.99,Rome, Italy.




ISSN : 2278 — 563
Global Online Electronic International Interdiscip linary Research Journal (GOEIIRJ)

{ Bi-Monthly} Viame-I, Issue-llI Qaober 2012

Tomberlin, J. K., Peter H. A., and Heidi M. M. 200Bevelopment of the Black Soldier Fly
(Diptera: Stratiomyidae) in Relation to Temperatufable 1." Environ Entomol Zhang,
Jibin, Ling Huang, Jin He, Jeffery K. Tomberlinadhong Li, Chaoliang Lei, Ming Sun,
Ziduo Liu, and Ziniu Yu. ,2010."An Artificial LightSource Influences Mating and
Oviposition of Black Soldier Flies, Hermetia lllute" Journal of Insect Science 10.20: 1-7.

Zurbru'gg, C., Rothenberger, S., Vo'geli, Y., Dien&.,2007. Organic solid waste
management in a framework of millennium developmgoéls and clean development
mechanism. In: Diaz, L.F., Eggerth, L.L., Savage\iGeds.) Management of Solid Wastes
in Developing Countries, p. 430. CISA, Padovayltal




