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1. Introduction

The cochineal, the scale insect Dactylopius coccus 
(Hemiptera: Dactylopiidae), is well-known as being edible, 
but it is also used in industrial processes. This insect is 
reared for marketing purposes on Opuntia sp. cactuses 
of which Peru is the largest producer. The female insect 
produces a colorant (E120) of which carminic acid is the 
active ingredient. It is used in many industrial applications 
such as: (1) the food industry (e.g. gelatines and jams); (2) 
the pharmaceutical industry (e.g. syrups, toothpastes); 
(3) the cosmetics industry (e.g. lipsticks); (4) the textile 
industry (e.g. for dying wool and silk) (De Jesús Méndez-
Gallegos et al., 2003). The production of carminic acid 
using engineered microorganisms has also been attempted 
(Seo and Jin, 2022).

Insects may be used as feed but can also be considered as 
food, such as is the case with the black soldier fly (Bessa 
et al., 2020). Cockroaches are considered more as feed but 
can also be consumed by humans (Ukoroije and Bawo, 
2020). The other way round is easier as most insects used 
as food can also be used as feed. Edible insects can also be 
used for cultural purposes (medicinal, toys, depicted on 
stamps, etc.); e.g. Van Huis (2021). However, I would like 
to concentrate on the industrial applications.

2. Oil products

Vegetable oil is normally used for the preparation of 
skincare and protection products. However, lipids derived 
from insects can also be used for this purpose. The high 

concentration of lauric acid in black soldier fly larvae (BSFL) 
seems to make it less suitable in skincare production than 
locust or cricket fats, which are rich in C16 and C18 fatty 
acids (Verheyen et al., 2018). This last publication also 
indicated some challenges such as the high phospholipid 
and free fatty acid levels as well as odour and colour. 
According to Franco et al. (2022) the composition of the 
fatty acids in BSFL is favourable for soap production, while 
their derivatives can be used for detergent and shampoo 
production. They mentioned that skincare products 
produced by using purified BSFL fat are already on the 
market. Verheyen et al. (2020) demonstrated that BSFL fats 
could be a promising and suitable alternative to palm kernel 
or coconut oil for the synthesis of glycine-acyl surfactants, 
which can be used for technical applications (such as 
detergents, wetting agents, emulsifiers, and foaming agents).

There are many publications dealing with the production of 
biodiesel from fats of BSFL. For example, in Malaysia this 
is done by feeding BSFL on fermented (using the fungus 
Rhizopus oligosporus) palm kernel expeller leftovers (Liew 
et al., 2022). The highest yield of biodiesel obtained from 
BSFL fed with organic waste was more than 80% (Park et 
al., 2022). Biodiesel is often produced by the enzymatic 
transesterification of oil or fat with methanol (Wong et 
al., 2020), and it has been produced using different insects, 
mostly BSFL (Surendra et al., 2016), but also the yellow 
mealworm (Lee et al., 2021a; Wang et al., 2017; Zheng et 
al., 2013), and the palm weevil Rhynchophorus phoenicis 
(Tangka et al., 2020). Different organic side streams are 
used, but manure is also an interesting substrate (Lee et 
al., 2021b; Li et al., 2011).
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3. Protein products

Proteins isolated by extraction from black soldier fly 
prepupae and dissolved in water with the addition of 
glycerine show a highly functional potential as a polymer 
matrix for film formation. They can successfully be 
employed as a base for bio compostable plastics in 
agriculture (Barbi et al., 2019).

4. Chitin products

Chitin is, after cellulose, the most abundant biopolymer. 
The major sources of chitin are crustaceans, insects and 
microorganisms. Chitin and chitosan, the deacetylated 
derivative of chitin, have a widespread application in 
nutrition and biomedicine. They exert anti-cancer, 
antioxidant and antimicrobial functions, and can also be 
used for tissue engineering, biomedicine, wound healing 
processes, microencapsulation and sustained drug delivery 
applications (Jacob et al., 2020; Tripathi and Singh, 2018). 
Chitinases are employed in antifungal creams and lotions, 
while chitin derivatives have a number of applications 
such as in the making of contact lenses, artificial skin, and 
surgical stitches (Singh et al., 2022). The black soldier fly’s 
pupal exuviae are used, as they yield the most chitin and 
chitosan and these can easily be supplied by insect farms 
(Triunfo et al., 2022).

5. Antimicrobial peptides

Insects are extremely resistant to bacterial infections and 
are a primary source of antimicrobial compounds (Hadj 
Saadoun et al., 2022). There is great potential for their use 
in livestock production as there is an increasing problem of 
antibiotic resistance, and alternatives to antibiotics would 
be desirable (Józefiak and Engberg, 2017). These insect 
peptides exhibit an antimicrobial effect by disrupting the 
microbial membrane and consequently it is not easy for 
microbes to develop drug resistance. At present, several 
structural families of Antimicrobial peptides (AMPs) from 
insects are known (defensins, cecropins, drosocins, attacins, 
diptericins, ponericins, metchnikowins, and melittin), but 
new AMPs are continuously being discovered (Wu et al., 
2018). Several AMPs have been identified in the black 
soldier fly (Xia et al., 2021; Zhang et al., 2021), but research 
is at an early stage and more studies are required (Xia et 
al., 2021).

6. Biodegradation of plastics

Foam plastics of polystyrene, polyethylene, polypropylene, 
polyurethane, polylactic acid and polyvinyl chloride, can 
be degraded by yellow mealworms (Tenebrio molitor) and 
superworms (Zophobas morio) (Wang et al., 2022). The 
degrading of polystyrene and polyurethane by both these 

species was associated with distinct microbiomes (a number 
of genera of bacteria were mentioned) although similar 
changes in chemical groups in plastics have been observed 
(Wang et al., 2022). Kuan et al. (2022) showed that yellow 
mealworm, the superworm and Galleria mellonella utilise 
polystyrene and polyethylene for mineralisation as a carbon 
source. They identified some bacteria such as Pseudomonas 
aeruginosa in the superworm as the cause of polystyrene 
degradation. 

7. Bioremediation

Bioremediation is a process that employs living organisms 
to remove contaminants, pollutants, and toxins from soil, 
water, and other environments. Bulak et al. (2018) used 
black soldier fly larvae to reduce the dry mass of cadmium 
(Cd) and zinc (Zn) in polluted corn leaves by about half 
after 36 days. Cd accumulates mostly in the puparia, 
while Zn accumulates in the adults. The high Cd content 
in the puparia might facilitate the recovery of the metal. 
Sverguzova et al. (2021) reduced Cd by close to 75% in zoo 
compost by using the black soldier fly.

Antibiotics such as oxytetracycline (Liu et al., 2020) 
and ciprofloxacin found in poultry manure can also be 
removed by black fly larvae, (Yang et al., 2021) and intestinal 
microorganisms facilitate bioremediation.

8. Other applications

The defence chemical of the edible stinkbug Encosternum 
delegorguei in Malawi is removed using a water method 
(e.g., pouring hot water over the stinkbug). The insect is 
eaten and the drained water can be used as a termiticide 
(Dzerefos et al., 2013).

9. Conclusions

The question is whether consumers are willing to use insect-
based non-food products, such as cosmetics. Lenaerts et 
al. (2019) found that both novelty seekers and risk avoiders 
are willing to try, but it depends on the product. Where 
food safety issues are concerned, non-food and non-feed 
applications may be an interesting alternative.

References

Barbi, S., Messori, M., Manfredini, T., Pini, M. and Montorsi, M., 2019. 
Rational design and characterization of bioplastics from Hermetia 
illucens prepupae proteins. Biopolymers 110: e23250. https://doi.
org/10.1002/bip.23250

Bessa, L.W., Pieterse, E., Marais, J. and Hoffman, L.C., 2020. Why for 
feed and not for human consumption? The black soldier fly larvae. 
Comprehensive Reviews in Food Science and Food Safety 19: 2747-
2763. https://doi.org/10.1111/1541-4337.12609

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/J
IF

F2
02

2.
x0

04
 -

 M
on

da
y,

 A
ug

us
t 2

9,
 2

02
2 

5:
09

:2
7 

A
M

 -
 W

ag
en

in
ge

n 
U

ni
ve

rs
ity

 a
nd

 R
es

ea
rc

h 
L

ib
ra

ry
 I

P 
A

dd
re

ss
:1

37
.2

24
.8

.4
2 

https://doi.org/10.1002/bip.23250
https://doi.org/10.1002/bip.23250
https://doi.org/10.1111/1541-4337.12609


� Edible insects: non-food and non-feed industrial applications

Journal of Insects as Food and Feed 8 (5)� 449

Bulak, P., Polakowski, C., Nowak, K., Waśko, A., Wiącek, D. 
and Bieganowski, A., 2018. Hermetia illucens as a new and 
promising species for use in entomoremediation. Science of 
the Total Environment 633: 912-919. https://doi.org/10.1016/j.
scitotenv.2018.03.252

De Jesús Méndez-Gallegos, S., Panzavolta, T. and Tiberi, R., 
2003. Carmine cochineal Dactylopius coccus Costa (Rhyncota: 
Dactylopiidae): significance, production and use. Advances in 
Horticultural Science 17: 165-171.

Dzerefos, C.M., Witkowski, E.T.F. and Toms, R., 2013. Comparative 
ethnoentomology of edible stinkbugs in southern Africa and 
sustainable management considerations. Journal of Ethnobiology 
and Ethnomedicine 9: 20. https://doi.org/10.1186/1746-4269-9-20

Franco, A., Salvia, R., Scieuzo, C., Schmitt, E., Russo, A. and Falabella, 
P., 2022. Lipids from insects in cosmetics and for personal care 
products. Insects 13: 41. https://doi.org/10.3390/insects13010041

Hadj Saadoun, J., Sogari, G., Bernini, V., Camorali, C., Rossi, F., Neviani, 
E. and Lazzi, C., 2022. A critical review of intrinsic and extrinsic 
antimicrobial properties of insects. Trends in Food Science & 
Technology 122: 40-48. https://doi.org/10.1016/j.tifs.2022.02.018

Jacob, M.R., Mahadevan, R., Akshay, P., Anas, K.K., Mathew, S. and 
Anandan, R., 2020. Nutritional and biomedical applications of 
chitin and chitosan: a mini review. Research Journal of Agricultural 
Sciences 11: 1452-1458.

Józefiak, A. and Engberg, R.M., 2017. Insect proteins as a potential 
source of antimicrobial peptides in livestock production. A 
review. Journal of Animal and Feed Sciences 26: 87-99. https://
doi.org/10.22358/jafs/69998/2017

Kuan, Z.-J., Chan, B.K. and Gan, S.K., 2022. Worming the circular 
economy for biowaste and plastics: Hermetia illucens, Tenebrio 
molitor, and Zophobas morio. Sustainability 14: 1594. https://doi.
org/10.3390/su14031594

Lee, D.-J., Kim, M., Jung, S., Park, Y.-K., Jang, Y., Fai Tsang, Y., Kim, 
H., Park, K.-H. and Kwon, E.E., 2021a. Direct conversion of yellow 
mealworm larvae into biodiesel via a non-catalytic transesterification 
platform. Chemical Engineering Journal 427: 131782. https://doi.
org/10.1016/j.cej.2021.131782

Lee, K.-S., Yun, E.-Y. and Goo, T.-W., 2021b. Optimization of feed 
components to improve Hermetia illucens growth and development 
of oil extractor to produce biodiesel. Animals 11, 2573. https://doi.
org/10.3390/ani11092573

Lenaerts, M., Meersman, F., Verheyen, G.R. and Van Miert, S., 2019. 
Consumer perception of insects in non-food products. Journal 
of Insects as Food and Feed 5: 321-331. https://doi.org/10.3920/
JIFF2019.0010

Li, Q., Zheng, L., Qiu, N., Cai, H., Tomberlin, J.K. and Yu, Z., 
2011. Bioconversion of dairy manure by black soldier fly 
(Diptera: Stratiomyidae) for biodiesel and sugar production. 
Waste Management 31: 1316-1320. https://doi.org/10.1016/j.
wasman.2011.01.005

Liew, C.S., Wong, C.Y., Abdelfattah, E.A., Raksasat, R., Rawindran, 
H., Lim, J.W., Kiatkittipong, W., Kiatkittipong, K., Mohamad, M., 
Yek, P.N., Setiabudi, H.D., Cheng, C.K. and Lam, S.S., 2022. Fungal 
fermented palm kernel expeller as feed for black soldier fly larvae 
in producing protein and biodiesel. Journal of Fungi 8: 332. https://
doi.org/10.3390/jof8040332

Liu, C., Yao, H., Chapman, S.J., Su, J. and Wang, C., 2020. Changes in 
gut bacterial communities and the incidence of antibiotic resistance 
genes during degradation of antibiotics by black soldier fly larvae. 
Environment International 142: 105834. https://doi.org/10.1016/j.
envint.2020.105834

Park, J.-Y., Jung, S., Na, Y.-G., Jeon, C.-H., Cheon, H.-Y., Yun, E.-Y., Lee, 
S.-h., Kwon, E.E. and Kim, J.-K., 2022. Biodiesel production from the 
black soldier fly larvae grown on food waste and its fuel property 
characterization as a potential transportation fuel. Environmental 
Engineering Research 27: 200704-200700. https://doi.org/10.4491/
eer.2020.704

Seo, S.-O. and Jin, Y.-S., 2022. Next-generation genetic and 
fermentation technologies for safe and sustainable production of 
food ingredients: Colors and flavorings. Annual Review of Food 
Science and Technology 13: 463-488. https://doi.org/10.1146/
annurev-food-052720-012228

Singh, R., Upadhyay, S.K., Singh, M., Sharma, I., Sharma, P., Kamboj, 
P., Saini, A., Voraha, R., Sharma, A.K., Upadhyay, T.K. and Khan, F., 
2022. Chitin, chitinases and chitin derivatives in biopharmaceutical, 
agricultural and environmental perspective. Biointerface Research 
in Applied Chemistry 11: 9985-10005. https://doi.org/10.33263/
BRIAC113.998510005

Surendra, K.C., Olivier, R., Tomberlin, J.K., Jha, R. and Khanal, S.K., 
2016. Bioconversion of organic wastes into biodiesel and animal 
feed via insect farming. Renewable Energy 98: 197-202. https://doi.
org/10.1016/j.renene.2016.03.022

Sverguzova, S.V., Shaykhiev, I.G., Pendyurin, E.A., Sapronova, Z.A. 
and Bomba, I.V., 2021. Remediation of soils contaminated with 
Cd2+ ions by zoo compost after cultivation of Hermetia illucens 
fly larvae. Chemical Bulletin 4: 35-45.

Tangka, J.K., Esther, A.F. and K., B.M.D., 2020. Evaluation of raffia palm 
weevil larvae (Rhynchophorus phoenicis) as a potential biodiesel 
resource. Journal of Advances in Biology & Biotechnology 23: 36-
43. https://doi.org/10.9734/JABB/2020/v23i830173

Tripathi, K. and Singh, A., 2018. Chitin, chitosan and their 
pharmacological activities: a review. International Journal of 
Pharmaceutical Sciences and Research 9: 2626-2635. https://doi.
org/10.13040/IJPSR.0975-8232.9(7).2626-35

Triunfo, M., Tafi, E., Guarnieri, A., Salvia, R., Scieuzo, C., Hahn, T., 
Zibek, S., Gagliardini, A., Panariello, L., Coltelli, M.B., De Bonis, 
A. and Falabella, P., 2022. Characterization of chitin and chitosan 
derived from Hermetia illucens, a further step in a circular economy 
process. Scientific Reports 12: 6613. https://doi.org/10.1038/s41598-
022-10423-5

Ukoroije, R.B. and Bawo, D.S., 2020. Cockroach (Periplaneta americana): 
Nutritional value as food and feed for man and livestock. Asian 
Food Science Journal 15: 37-46. https://doi.org/10.9734/afsj/2020/
v15i230150

Van Huis, A., 2021. Cultural significance of beetles in sub-saharan 
Africa. Insects 12: 368. https://doi.org/10.3390/insects12040368

Verheyen, G., R., Mart, T., Steven, V., Tania, N., Isabelle, N., Tom, O., 
Sarah, G., Luc, P., Kenn, F. and Sabine Van, M., 2020. Glycine-acyl 
surfactants prepared from black soldier fly fat, coconut oil and palm 
kernel oil. Current Green Chemistry 7: 239-248. https://doi.org/1
0.2174/2213346107999200424084626

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/J
IF

F2
02

2.
x0

04
 -

 M
on

da
y,

 A
ug

us
t 2

9,
 2

02
2 

5:
09

:2
7 

A
M

 -
 W

ag
en

in
ge

n 
U

ni
ve

rs
ity

 a
nd

 R
es

ea
rc

h 
L

ib
ra

ry
 I

P 
A

dd
re

ss
:1

37
.2

24
.8

.4
2 

https://doi.org/10.1016/j.scitotenv.2018.03.252
https://doi.org/10.1016/j.scitotenv.2018.03.252
http://doi.org/10.1186/1746-4269-9-20
https://doi.org/10.3390/insects13010041
https://doi.org/10.1016/j.tifs.2022.02.018
https://doi.org/10.22358/jafs/69998/2017
https://doi.org/10.22358/jafs/69998/2017
https://doi.org/10.3390/su14031594
https://doi.org/10.3390/su14031594
https://doi.org/10.1016/j.cej.2021.131782
https://doi.org/10.1016/j.cej.2021.131782
https://doi.org/10.3390/ani11092573
https://doi.org/10.3390/ani11092573
https://doi.org/10.3920/JIFF2019.0010
https://doi.org/10.3920/JIFF2019.0010
https://doi.org/10.1016/j.wasman.2011.01.005
https://doi.org/10.1016/j.wasman.2011.01.005
https://doi.org/10.3390/jof8040332
https://doi.org/10.3390/jof8040332
https://doi.org/10.1016/j.envint.2020.105834
https://doi.org/10.1016/j.envint.2020.105834
https://doi.org/10.4491/eer.2020.704
https://doi.org/10.4491/eer.2020.704
https://doi.org/10.1146/annurev-food-052720-012228
https://doi.org/10.1146/annurev-food-052720-012228
https://doi.org/10.33263/BRIAC113.998510005
https://doi.org/10.33263/BRIAC113.998510005
https://doi.org/10.1016/j.renene.2016.03.022
https://doi.org/10.1016/j.renene.2016.03.022
https://doi.org/10.9734/JABB/2020/v23i830173
https://doi.org/10.13040/IJPSR.0975-8232.9(7).2626-35
https://doi.org/10.13040/IJPSR.0975-8232.9(7).2626-35
https://doi.org/10.1038/s41598-022-10423-5
https://doi.org/10.1038/s41598-022-10423-5
https://doi.org/10.9734/afsj/2020/v15i230150
https://doi.org/10.9734/afsj/2020/v15i230150
https://doi.org/10.3390/insects12040368
https://doi.org/10.2174/2213346107999200424084626
https://doi.org/10.2174/2213346107999200424084626


A. van Huis

450� Journal of Insects as Food and Feed 8 (5)

Verheyen, G.R., Ooms, T., Vogels, L., Vreysen, S., Bovy, A., Van Miert, 
S. and Meersman, F., 2018. Insects as an alternative source for the 
production of fats for cosmetics. Journal of Cosmetic Science 69: 
187-202.

Wang, H., Rehman, K.U., Liu, X. and Ziniu, Y., 2017. Insect biorefinery: 
a green approach for conversion of crop residues into biodiesel and 
protein. Biotechnology for Biofuels 10: 304. https://doi.org/10.1186/
s13068-017-0986-7

Wang, Y., Luo, L., Li, X., Wang, J., Wang, H., Chen, C., Guo, H., Han, T., 
Zhou, A. and Zhao, X., 2022. Different plastics ingestion preferences 
and efficiencies of superworm (Zophobas atratus Fab.) and yellow 
mealworm (Tenebrio molitor Linn.) associated with distinct gut 
microbiome changes. Science of the Total Environment 2022: 
155719. https://doi.org/10.1016/j.scitotenv.2022.155719

Wong, C.Y., Lim, J.W., Chong, F.K., Lam, M.K., Uemura, Y., Tan, W.N., 
Bashir, M.J.K., Lam, S.M., Sin, J.C. and Lam, S.S., 2020. Valorization 
of exo-microbial fermented coconut endosperm waste by black 
soldier fly larvae for simultaneous biodiesel and protein productions. 
Environmental Research 185: 109458. https://doi.org/10.1016/j.
envres.2020.109458

Wu, Q., Patočka, J. and Kuča, K., 2018. Insect antimicrobial peptides, a 
mini review. Toxins 10: 461. https://doi.org/10.3390/toxins10110461

Xia, J., Ge, C. and Yao, H., 2021. Antimicrobial peptides from black 
soldier fly (Hermetia illucens) as potential antimicrobial factors 
representing an alternative to antibiotics in livestock farming. 
Animals 11: 1937. https://doi.org/10.3390/ani11071937

Yang, C., Ma, S., Li, F., Zheng, L., Tomberlin, J.K., Yu, Z., Zhang, J., 
Yu, C., Fan, M. and Cai, M., 2021. Characteristics and mechanisms 
of ciprofloxacin degradation by black soldier fly larvae combined 
with associated intestinal microorganisms. Science of the 
Total Environment 2021: 151371. https://doi.org/10.1016/j.
scitotenv.2021.151371

Zhang, J., Li, J., Peng, Y., Gao, X., Song, Q., Zhang, H., Elhag, O., Cai, 
M., Zheng, L., Yu, Z. and Zhang, J., 2021. Structural and functional 
characterizations and heterogenous expression of the antimicrobial 
peptides, hidefensins, from black soldier fly, Hermetia illucens 
(L.). Protein Expression and Purification 192: 106032. https://doi.
org/10.1016/j.pep.2021.106032

Zheng, L., Hou, Y., Li, W., Yang, S., Li, Q. and Yu, Z., 2013. Exploring 
the potential of grease from yellow mealworm beetle (Tenebrio 
molitor) as a novel biodiesel feedstock. Applied Energy 101: 618-
621. https://doi.org/10.1016/j.apenergy.2012.06.067

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/J
IF

F2
02

2.
x0

04
 -

 M
on

da
y,

 A
ug

us
t 2

9,
 2

02
2 

5:
09

:2
7 

A
M

 -
 W

ag
en

in
ge

n 
U

ni
ve

rs
ity

 a
nd

 R
es

ea
rc

h 
L

ib
ra

ry
 I

P 
A

dd
re

ss
:1

37
.2

24
.8

.4
2 

https://doi.org/10.1186/s13068-017-0986-7
https://doi.org/10.1186/s13068-017-0986-7
https://doi.org/10.1016/j.scitotenv.2022.155719
https://doi.org/10.1016/j.envres.2020.109458
https://doi.org/10.1016/j.envres.2020.109458
https://doi.org/10.3390/toxins10110461
https://doi.org/10.3390/ani11071937
https://doi.org/10.1016/j.scitotenv.2021.151371
https://doi.org/10.1016/j.scitotenv.2021.151371
https://doi.org/10.1016/j.pep.2021.106032
https://doi.org/10.1016/j.pep.2021.106032
https://doi.org/10.1016/j.apenergy.2012.06.067

	Edible insects: non-food and non-feed industrial applications
	Abstract
	1. Introduction
	2. Oil products
	3. Protein products
	4. Chitin products
	5. Antimicrobial peptides
	6. Biodegradation of plastics
	7. Bioremediation
	8. Other applications
	9. Conclusions
	References


