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Insects and shrimps represent the clade Pancrustacea of the phylum Arthropods. Being valuable sources of nu-
trients and bioactive compounds, insects and shrimps possess several physiological similarities but are processed
and consumed in different ways. This review provides a comparative overview of the additional health benefits
of insects and shrimps to assess their potential as a functional food. Hydrolysates, their antioxidant and
angiotensin-converting enzyme inhibitory activities, fatty acids, cholesterol, minerals, vitamins, carotenoids,
phenolic compounds, dietary fiber, as well as, in vivo studies on the consumption of insects and shrimps are

discussed. Both organisms could be viewed as marine and terrestrial counterparts of high nutritional importance
and valuable sources of bioactive compounds and proteins needed for designing new functional food and sup-
plements. However, more in vivo and clinical studies are needed along with the safety and allergy assessment of
insects to ensure their safety for human consumption.

1. Introduction

Arthropods enclose large animal taxa that include crustaceans, in-
sects, myriapods, and chelicerates, united by common features - the
clear segmentation of their bodies, a sclerotized cuticle, and jointed
appendages (Fig. 1) (Budd & Telford, 2009). Both insects and shrimps
can be also classified as belonging to the clade Pancrustacea. Insects are
the largest class of Arthropods, and their consumption was happening
throughout the whole history of humankind. Eating cicadas as a delicacy
in Ancient Greece, the larvae of longhorn beetle in the city of Rome or
locusts and grasshoppers in Ethiopia has been well documented and has
reached the present time (van Huis et al., 2013). However, only a few
insect species such as silkworm and honey bee were domesticated
(Lecocq, 2018). In countries with lower monetary income, insects
remained a part of a diet and even considered as a delicacy, for example,
palm weevil (Kelemu et al., 2015; van Huis, 2003).

Crustaceans (shrimps, prawns, crabs, lobsters, krill) are consumed
and farmed worldwide with more than 300 species of shrimps that are of
economic interest (Gillett, 2008). Shrimp farming has begun with nat-
ural migration of wild shrimps into tidal impoundments forming inci-
dental crops of shrimps in Asia centuries ago. During the 1970s
technologies of industrial shrimp farming started to develop, focusing
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for instance on shrimp nutrition (Chamberlain, 2012). Once considered
as acceptable food, shrimps have long become a delicacy and a highly
desired source of proteins.

Inexorable population growth and environmental problems recently
increased ecological awareness and initiated the modernization of the
agricultural system towards a more sustainable model. As a response to
the changing world, the shrimp industry proposes indoor farming that
lowers the risk of disease, increases shrimp quality, product traceability,
and has a positive effect on the environment (Rubel, Woods, Pérez,
Unnikrishnan, Felde, & Zum, 2019). Ecological issues have also caused a
growing global interest in alternative protein sources. In this regard,
edible insects offer a promising solution both in terms of high nutritional
value (van Huis et al., 2013) and the sustainability of their production
(van Huis & Oonincx, 2017). Additionally, insects can be reared on food
waste or by-products of food manufacturing (Oonincx, van Broekhoven,
van Huis, & van Loon, 2015), following the concept of a circular econ-
omy and minimizing the loss of nutrients in food production systems.

The idea of “Let food be thy medicine and medicine be thy food” is
attributed to Hippocrates (460-377 BC), but was also known in ancient
China and then revived in Japan (Arai, 2005). Generally, functional food
is defined as “any food that has a positive impact on an individual’s
health, physical performance, or state of mind in addition to its
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nutritious value” (Rincon-Leon, 2003). Nowadays, the design of func-
tional foods aims to promote health by targeting specific physiological
processes that lead to disease prevention (Vattem & Maitin, 2016). They
may originate from plants, animals, microbes, algae, mushrooms, and
other sources targeting cancer, immune system, aging, diabetes,
gastrointestinal, and women’s health (Doyon & Labrecque, 2008; Vat-
tem & Maitin, 2016). Insects were extensively studied as a source of
bioactive compounds for medicine (Costa-Neto, 2005), but little is
known about their additional functional potential when consumed as
food. On the contrary, shrimps are well studied as a source of nutrients,
but the added-value potential of shrimp by-products was the main in-
terest of recent studies. Therefore, this review aims to compare insects
and shrimps for their health-promoting effects as food and to assess if
they meet the criteria of functional food and food ingredients.

2. Consumption of insects and shrimps

The processing and consumption approaches differ for insects and
shrimps and to a great extent are related to their sizes.

Cultivated shrimps have been reported to have sizes ranging from 8
to 23 cm judged by total their length. The exoskeleton and cephalo-
thorax make at least 40% of the total shrimp body (Randriamahatody
et al., 2011), while shrimp muscles are used directly for consumption.
Shell loosening and enhancement of peelability of shrimps can be
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enhanced through enzymatic processes, microwave, or ultrasound
treatments (Dang et al., 2018). Shrimp by-products such as exoskeleton
and head, are used for further extraction of bioactive compounds and
chitin.

Insects are generally consumed as whole, but in some cases wings
and legs for instance from locusts, are removed in order to lower chitin
content and to prevent sticking in the throat if an insect is eaten entirely.
On an industrial level, insects are processed into insect powder, protein-
enriched and fiber-enriched fractions, and fat. Separation of pure muscle
fractions from insects by peeling, that is feasible for shrimps, is hardly
possible on the large-scale processing nowadays. Moreover, peeling is
more relevant for adult insect species with well developed exoskeleton,
for instance locusts, than to soft larvae of yellow mealworm (Tenebrio
molitor) or pupae of black soldier fly (Hermetia illucens). The smaller size
of insects also hardens its peeling in comparison to shrimps.

The facts described above highlight the differences in the con-
sumption of insects and shrimps that is reflected in their different
biology, anatomy, and morphometrical properties. All these factors are
taken into account in further discussion.

3. Nutrients and bioactive compounds of insects and shrimps

Insects and shrimps have high protein content ranging between 7-48
and 13-27 g/100 g fresh weight, respectively. Protein content largely
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Fig. 1. Images of insect and shrimp species (soldierfly.com, seafoodsource.com). All images were recolored to grayscale. Images not to scale.
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varies between species and depends on their development stage (van
Huis et al., 2013). For instance, silkworm (Bombyx mori) larvae protein
isolate, larvae and pupae of a honey bee (Apis mellifera), green tiger
(Penaeus semisulcatus), and speckled shrimps (Metapenaeus monoceros)
are especially rich in glutamic acid, aspartic acid, leucine, and lysine
(Mishyna, Martinez, Chen, & Benjamin, 2019; Wu, Jia, Tan, Xu, & Gui,
2011; Yanar & Celik, 2006). The abundance of individual amino acids
was also reported to be influenced by seasonal variation (Yanar & Celik,
2006) and a diet type (Mente, Coutteau, Houlihan, Davidson, & Sorge-
loos, 2002). In general, the amino acid composition of insects and
shrimps meet requirements for the human diet and comparable to ani-
mal proteins (Table 1) (Ghosh, Lee, Jung, & Meyer-Rochow, 2017; van
Huis et al., 2013; Yanar & Celik, 2006; Zielinska, Baraniak, Karas,
Rybczynska, & Jakubezyk, 2015).

Lipid content, its composition, degree of saturation, and presence of
cholesterol in insects and shrimps are highly dependent on species,
development stage, and origin of the material used for fatty acid analysis
(Table 2). Generally, insects have higher fat content ranging from 2 to
62% (Williams, Williams, Kirabo, Chester, & Peterson, 2016),
comparing to shrimps that contain around 1% of fat (Dayal et al., 2013).
In general, insect fatty acid profile is similar to that of vegetable oils and
animal fats (Tzompa-Sosa & Fogliano, 2017) and both insects and
shrimps are rich in unsaturated fatty acids. Particularly, adult locusts
(Schistocerca gregaria) and house crickets (Acheta domesticus), as well as
deep-water rose shrimps (Parapenaeus longirostris), have around 65% of
unsaturated fatty acids (Tzompa-Sosa, Yi, van Valenberg, van Boekel, &
Lakemond, 2014; Yerlikaya, Topuz, Buyukbenli, & Gokoglu, 2013;
Zielinska et al., 2015). Around 75-76% of total fatty acids in whole
larvae of yellow mealworms are also unsaturated fatty acids (Tzompa-
Sosa et al., 2014), that is similar to the ratio of unsaturated fatty acids in
muscles and by-products of adult Northern pink shrimps (Pandalus
borealis) and spotted shrimps (Trachypena curvirostris) (Heu, Kim, &
Shahidi, 2003). However, high ratio of saturated fatty acids (51-68%)
was typical for black soldier fly (Hermetia illucens) larvae grown on
feeding media with the inclusion of the brown algae (Liland et al., 2017).
Omega-6/omega-3 fatty acids ratio is generally lower for shrimp
(0.2-0.8) meat comparing to whole insects (1.2-27) (Table 2), which
makes shrimps more desirable for the reduction of the risk of a number
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of chronic diseases. While insects fat needs additional processing or
mixing with other fat sources in order to achieve the desired ratio of
omega-6/omega-3. It should be mentioned, that the oil extraction
method significantly affects the yield and omega-6/omega-3 ratio
(Tzompa-Sosa et al., 2014) and can be controlled by diet (Lehtovaara
et al., 2017).

Cholesterol is the major sterol in shrimps and insects and can not be
synthesized de novo (Behmer & Nes, 2003; Kumar et al., 2018). The level
of cholesterol in shrimps (173 mg/100 g) is considered moderate, which
is lower than in eggs (400mg/100g) but higher than in chicken
(100 mg/100 g) and beef (70 mg/100 g) (Dayal et al., 2013). It has been
also stated that the level of cholesterol in shrimps is not harmful due to
low content of saturated fatty acids (Dayal et al., 2013). Comparable
concentration of cholesterol to conventional meat sources was reported
for Tenebrio molitor (669.4 mg/kg), that was significantly lower than in
Zophobus morio  (1594.9-1784.1 mg/kg) (Sabolova, Adamkova,
Kourimskd, Chrpova, & Panek, 2016). However, in 2015, US De-
partments of Agriculture and Health and Human Services announced the
dropping of dietary cholesterol as a “nutrient of concern”, that is sup-
ported by scientific evidence on no relationship between dietary
cholesterol and serum cholesterol or clinical cardiovascular events
(Mozaffarian & Ludwig, 2015).

Minerals are essential constituents of insects and shrimps, and the
content of all minerals largely varies between species. A comprehensive
analysis by Rumpold and Schliiter (2013) demonstrated that edible in-
sects are generally low in calcium (0.04-2010 mg/100 g based on dry
matter), potassium (0.20-3259 mg/100 g based on dry matter), and do
not fulfill the requirements for the daily uptake of these minerals for
adults. Low potassium content was characteristic for shrimps as well, but
shrimps were reported as a good source of calcium (the daily value of
foods, <10% and 10-25%, respectively) (Dayal et al., 2013). According
to FAO (Food and Agriculture Organization of the United Nations,
2016), the calcium content in shrimps varies between 21 (raw flesh of
Pandalus shrimps) and 583 mg/100 g fresh weight (raw flesh of eastern
school shrimp Metapenaeus macleaya).

Crickets and locusts are rich in magnesium (Rumpold & Schliiter,
2013), which is similar to the dominance of magnesium in black tiger
(Penaeus monodon) and white shrimp (Penaeus vannamei) meat (Sriket,

Table 1
Amino acid composition (mg/g protein) of insects, shrimps, and FAO standard for adults.
Amino acid Mealworm (Tenebrio molitor),  Locust (Schistocerca Tiger prawn (Penaeus monodon),  Southern pink shrimp (Penaeus WHO, 2007
larvae gregaria), adult adult™” notialis), adult”
Alanine 44.3 88.8 49.5 50 -
Arginine 25.6 39.8 82.8 69 -
Aspartic acid 50.5 66.1 88.3 90° -
Cysteine 5.5 3.6 6.3¢ 61¢
Glutamic acid 79.7 107.5 139.6 126°
Glycine 31.8 49.4 49.0 64 -
Histidine 16.1 20.6 19.1 25 15
Isoleucine 21.4 28.2 38.9 36 30
Leucine 45.8 77.7 66.1 70 59
Lysine 26.7 35.1 68.0 71 45
Methionine 9.6 8.2 23.0 58 16
Phenylalanine  16.1 18.7 32.0 27 30
Proline 43.4 67.1 329 75 -
Serine 28.8 33.7 30.0 45 -
Threonine 26.1 35.5 323 58 23
Tryptophan na na 10.7 na -
Tyrosine 28.8 33.1 32.4 33 -
Valine 39.7 56.6 42.1 42 39
Reference (Zielinska et al., 2015) (Zielinska et al., 2015) (Penaflorida, 1989) (Akintola, 2015) (WHO/FAO/UNU,
2007)

# Converted from g AA/100 g protein.
b Muscle.

¢ Reported as aspartate.

4 Reported as cystine.

¢ Reported as glutamate.

f na — not analysed.
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Table 2
Fat characteristics of insects and shrimps.
Latin name Common Development, Fat, % Saturated Unsaturated n-6 fatty n-3 fatty n6/n3 Reference
name fraction fatty acids, % fatty acids, % acid, % acid, % ratio
Insects
Schistocerca Locust Adult, whole 13.0? 35.3 64.68 14.0 11.4 1.2 (Zielinska et al.,
gregaria 2015)
Acheta House cricket Adult, whole 1.6-8.0°¢ 31.3-34.4° 64.2-68.3¢ 29.1-34.4¢ 2.0-2.5¢ 12.8-16.9¢ (Tzompa-Sosa
domesticus et al., 2014)
Tenebrio molitor Yellow Larvae, whole 7.8-12.9>  23.5-24.4° 75.0-76.2¢ 21.7-23.4¢ 0.8-0.9¢ 24.4-27.2°  (Tzompa-Sosa
mealworm ¢ et al., 2014)
Hermetia illucens Black soldier Larvae, whole" 33.12 67.9 31.68 18.0 1.4 12.94 (Liland et al.,
fly 2017)
Oecophylla Red ant Adults, whole 9.3% 31.9 68.18 8.4 1.0 8.44 (Oranut,
smaragdina Subhachai, Shen,
& Li, 2010)
Shrimps
Crangon crangon Brown shrimp  Adult, beheaded 1.0 33.0 51.28 6.7 22.3 0.3¢ (Turan, Kaya, &
and peeled Erdem, 2011)
Aristeomorpha Giant red Adult, beheaded 2.2 31.2 68.88 4.5 29.4 0.2 (Yerlikaya et al.,
foliacea shrimp and peeled 2013)
Parapenaeus Deep-water Adult, beheaded 1.8 35.7 64.3% 6.9 27.0 0.3 (Yerlikaya et al.,
longirostris rose shrimp and peeled 2013)
Metapenaeus Speckled Adult, beheaded 2.2 33.3 66.7% 19.0 23.8 0.8 (Yerlikaya et al.,
monoceros shrimp and peeled 2013)
Pandalus borealis Northern pink Adult, muscle 0.4 25.4 74.28 12.2¢ 31.1¢ 0.4¢ (Heu et al., 2003)
shrimp
Pandalus borealis ~ Northern pink  Adult, by- 0.6 25.9 73.58 11.24 24.2¢ 0.54 (Heu et al., 2003)
shrimp products
Trachypena Spotted Adult, muscle 0.3 26.2 73.58 12.04 31.3¢ 0.4¢ (Heu et al., 2003)
curvirostris shrimp
Trachypena Spotted Adult, by- 0.7 26.1 73.38 11.44 26.1¢ 0.44 (Heu et al., 2003)
curvirostris shrimp products
Oratosquilla nepa  Mantis shrimp  Adult, whole 1.3 4.3 93.08 12.0 26.0 0.5 (Chaijan &

Panpipat, 2019)

a-based on dry weight, b — based on fresh weight, ¢ - variations are due to differences in the methods of lipid extraction, d - calculated based on the available data, e -
nd-not determined, f — cholesterol ester, g — calculated as sum of monounsaturated and polyunsaturated fatty acids, h — the data are for larvae grown on pure plant-

based medium.

Benjakul, Visessanguan, & Kijroongrojana, 2007). Cricket powder is rich
in copper, manganese and zinc (2.33-4.51, 4.1-12.5, and 12.8-21.8 mg/
100 g of dry matter, respectively) (Montowska, Kowalczewski, Rybicka,
& Fornal, 2019). Latunde-Dada et al. demonstrated, that cricket (Gryllus
bimaculatus) and sirloin beef had higher levels of iron, calcium and
manganese than a grasshopper (Sphenarium purpurascens), mealworm
(Tenebrio molitor) and buffalo worms (Alphitobius diaperinus) and the
mentioned insects exhibited a higher amount of chemically available
calcium, copper, magnesium, manganese and zinc than beef (Latunde-
Dada, Yang, & Vera Aviles, 2016). In contrast, deep-water rose shrimp
meat had a low content of iron and zinc (66.20 and 36.74 mg/kg,
respectively) (Cankirilig & Berik, 2017). Insects are generally low in
sodium with the exception of some caterpillars (Rumpold & Schliiter,
2013). In particular, Finke showed, that sodium content varies between
species from 165 mg/kg (waxworms) and 475 mg/kg (superworms) to
1340 mg/kg in adult house crickets (Finke, 2002). In comparison, so-
dium content in beef, pork and chicken varies between 63 and 77 mg/
100 g (Desmond, 2006) and from 112mg/100 g (raw flesh of speckled
shrimp) to 630mg/100g (raw flesh of Pandalus shrimps) for shrimp
species (Food and Agriculture Organization of the United Nations,
2016).

Little is known about vitamins of edible insects, but they are gener-
ally rich in By (riboflavin), Bs (pantothenic acid), and By (biotin)
(Rumpold & Schliiter, 2013). Riboflavin of superworms and mealworms
larvae, and adult house crickets was determined at the concentrations of
7.5, 8.1, and 34.1 mg/kg, respectively (Finke, 2002). These values are
higher than those in shrimps, for example, riboflavin content varies
between 0.05 and 0.11 mg/100 g fresh weight for raw flesh of Whiteleg
shrimp and Palaemonid shrimps, respectively (Food and Agriculture
Organization of the United Nations, 2016). The concentration of B
complex vitamins remained constant at all development stages of

grasshopper (Brachystola magna) and on contrary vitamin C increased
from 19.86 in eggs to 34.55mg/100 g in adults (Zamudio-Flores et al.,
2019). Insects generally have low amount of vitamin C (Rumpold &
Schliiter, 2013), that is a comparable trait to shrimp species (Food and
Agriculture Organization of the United Nations, 2016).

Usually delivered from animal sources, vitamin B;5 was determined
in insects at the concentrations of 1.08 ug/100 g in yellow mealworm,
2.88g/100 g in cricket, and 0.84 and 13.2pug/100 g in grasshopper
(Locusta migratoria) and cockroach (Shelfordella lateralis), respectively
(Schmidt, Call, Macheiner, & Mayer, 2019). Similar values of B1, were
detected in raw shrimp flesh, i.e. 1.3 mcg/100 g (whiteleg shrimp), 2.1
mcg/100 g (eastern school shrimp), 3.5 mcg/100 g (Pandalus shrimps),
5 mcg/100 g (common shrimp) (Food and Agriculture Organization of
the United Nations, 2016). It has been shown that fat-soluble A, D and E
vitamins showed a noticeable increase across the developmental stages
(from egg to adult) of grasshopper (Brachystola magna) with the
maximum in the adult stages and values of 0.39, 5.25, and 145.36 mg/
100 g, respectively (Zamudio-Flores et al., 2019). In silkworms, on the
contrary, the content of vitamin A is significantly higher than vitamin E,
but both vitamins were found to be lower than in carrots, sweet potato,
almonds, and spinach (Paul & Dey, 2014).

Phenolic compounds have a wide range of functions in particular in
scavenging oxidative stress as they are responsible for the antioxidative
properties (Oliveira, Carvalho, & Melo, 2014). Substantial amounts of
phenolic compounds and flavonoids (744.5-881.0 and 423.6-552.6 mg/
100 g, respectively depending on varieties) were found in steamed and
freeze-dried mature silkworm larval powders that suggest their health-
improvement effects (Ji et al., 2017). Apigenin was determined as one
of the most abundant flavonoid in the unprocessed and processed edible
stink bugs (Encosternum delegorguei) (37.13 and 34.52ng/g, respec-
tively), while rutin was found at the lowest concentration (2.89 ng/g)
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(Musundire, Osuga, Cheseto, Irungu, & Torto, 2016). Ethanolic extracts
from the adult large black chafer beetle (Holotrichia parallela) were
especially rich in catechins, however the authors concluded that it is not
clear whether catechin is originated from insect cuticles or from the
plants which insects eat (Liu et al., 2012).

Saponins contain a triterpene or steroid aglycone and one or more
sugar chains and dietary saponins are known as potential pancreatic
lipase inhibitors, antioxidants, immune regulators, and reported to be
promising against the development of obesity (Guclu-Ustundag &
Mazza, 2007; Jeepipalli, Du, Sabitaliyevich, & Xu, 2020). Very little is
known about saponins from insects and shrimps. The presence of sa-
ponins (6.88 and 7.00%, respectively) was shown in larvae and pupae of
silkworm along with tannic acid, oxalate, phytate, and phytin phos-
phorus (Omotoso, 2015). Saponins were also determined (53.3 Dio-
sgenin equivalents per 100g of the sample) in a cricket (Henicus
whellani) along with alkaloids (52.3 g/100 g) and tannins (0.17 Gallic
acid equivalents per 100 g of the sample) (Kunatsa, Chidewe, & Zvidzai,
2020).

The exoskeleton of many Arthropods, including insects and crusta-
ceans consists of chitin, a long-chain polymer of N-acetylglucosamine.
Chitin contains 90.6% of total dietary fiber (Maezaki, Yamazaki, Miz-
uochi, & Tsuji, 1993) and it can be defined as a functional food
component providing special benefits to food, for instance contributing
to colonic health, coronary artery health, and cholesterol reduction
amongst many others (Prosky, 2000). Chitin content largely depends on
an insect species and their development stage and was eastimated as
38.1 mg/kg, 81.5 mg/kg, and 137.2 mg/kg for waxworm larvae, cricket
nymphs, and adult mealworms, respectively (Finke, 2007). Chitin can be
eliminated from insects during the production of food ingredients
through a number of extraction procedures. Unlike insects, shrimps are
easier peeled and pure shrimp meat is consumed, that eliminates the
consumption of chitin. In its turn, shrimp waste (exoskeleton and heads)
is a valuable source of chitin, that can be consequently deacetylated into

Insects
ACE
inhibitory
‘{g@ activity
Anticancerogenic
activity

Whole insect

Anti-hepatic
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chitosan. Health-promoting benefits of dietary chitosan were previously
discussed in literature (Inanli, Tiimerkan, El Abed, Regenstein, &
Ozogul, 2020; Shahidi, Arachchi, & Jeon, 1999). It should be
mentioned, that chitosan can be also produced from chitin of whole
insects or chitin-enriched fractions of processed insects.

4. Health-promotion properties of insects and shrimps

Both insects and shrimps contain a diversity of amino acids, fatty
acids, and bioactive compounds that exhibit a variety of health-
promoting characteristics (Fig. 2). These constituents are investigated
in both in vitro and in vivo experimental setups and provide new insights
and clues on how they might influence health in various ways and more
importantly how they can provide a function to foods that consist of
them. These will be discussed and elaborated upon herewith.

4.1. In vitro studies

4.1.1. Angiotensin converting enzyme inhibitory activity (ACE)
Angiotensin I converting enzyme (ACE) is involved in the regulation
of treating hypertension (Iwaniak, Minkiewicz, & Darewicz, 2014) and
congestive heart failure. Comparative in vitro analysis of peptides ob-
tained from the silkworm, the yellow mealworm, the cotton leafworm
(Spodoptera littoralis) and the weaver ant (Oecophylla smaragdina) by
various types of enzymatic hydrolysis showed that they are comparable
in ACE inhibitory activity to bioactive peptides obtained from other
animal sources (Cito, Botta, Francardi, & Dreassi, 2017). Gastrointes-
tinal digestion of the cotton leafworm, silkworm, locust, and bumble bee
(Bombus terrestris) led to the increase of ACE inhibitory activity of hy-
drolysates suggesting insect proteins as antihypertensive component
(Vercruysse, Smagghe, Herregods, & Van Camp, 2005; Vercruysse,
Smagghe, Matsui, & Van Camp, 2008; Wu et al., 2011). Moreover, hy-
drolysates components of silkworms from less than 500 to about

Shrimps
S
Antioxidant = ¥ A\
activity ’( ¥ ’/*«ﬁ
Cardio-
protective
activity
Beheaded and
peeled shrimp

steatosis activity

Anti-obesity

effect
Protein
Effect on gut
Protein microflora
Oil
Effect on
. health-span N
oil Chitin
Hypolipidemic
activity
Chitin By-products

Fig. 2. Ways of insect and shrimp consumptions and their potential health benefits.
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1000 Da exhibited inhibitory activity on ACE (Wang et al., 2008), while,
the low molecular weight constituents (<6 kDa) were found to mainly
contribute to ACE-inhibitory activity (ICso=0.430 mg/mL) of water
extracts of housefly larvae (Musca domestica) (Li et al., 2017). Similarly,
small peptides (<3kDa) from shrimp (Pandalopsis dispar) byproducts
produced by Alcalase and Protamex hydrolysis revealed strong ACE
activity but were also associated with the adverse effect as bitterness
(Cheung & Li-Chan, 2010).

Fermentation was shown as a good method for the production of ACE
inhibitory peptides. In particular, fermentation of marine shrimp (Acetes
chinensis) with Lactobacillus fermentum SM 605 resulted in the produc-
tion of new ACE inhibitory peptides (Asp-Pro, Gly-Thr-Gly, and Ser-Thr)
with an ICsg value of 3.37 mg/mL of fermented shrimp sauce (Wang
et al., 2008). Other peptides Ser-Val and Ile-Phe obtained from Thai
traditional fermented shrimp paste also exhibited ACE inhibitory ac-
tivity (ICsq values of 60.68 and 70.03 uM, respectively) (Kleekayai et al.,
2015). It is known, that insects can be fermented as well (Borremans,
Lenaerts, Crauwels, Lievens, & Van Campenhout, 2018), but to the best
of our knowledge there are no studies on ACE inhibitory potential of
fermented insects.

It has been also shown, that bioactive hydrolysates can be obtained
from a by-product of shrimp processes, such as shrimp shell discard
(Ambigaipalan & Shahidi, 2017) and shrimp cooking juice (Pérez-San-
tin, Calvo, Lopez-Caballero, Montero, & Gomez-Guillén, 2013) with the
ACE inhibitory active peptides from 502 to 1355 Da in size for the latter.
Protein-concentrated fractions from shrimp cooking wastewater ob-
tained by ultrafiltration with 300, 100 and 30 kDa membranes showed
potent ACE-inhibitory activities (ICso values of 1.98, 9.87, and 23.10 ng/
mL) comparable to other fish and seafood species (Amado, Gonzalez,
Murado, & Vazquez, 2016). Smaller peptides of <3, 3-10, and >10kDa
from northern shrimp by-products hydrolyzates showed ICsy values of
0.06, 0.03 and 0.03 mg/mL, respectively (Kim, Yoon, Shim, & Lim,
2016). Thus, proteins and peptides obtained from insects, shrimps, and
their by-products have the potential for ACE inhibition.

4.1.1.1. Antioxidant activity. Compounds with antioxidant activities
can scavenge free radicals and prevent the radical chain reactions of
oxidation (Giilcin, 2012). It has been shown, that enzyme assisted hy-
drolysis of insects and shrimps leads to the production of peptides with
antioxidant activity. The treatment of lesser mealworms with the
metallo-protease thermolysin resulted in the release of active peptides
from its isolate (ICso = 0.63 mg/mL) and concentrate (ICso = 0.60 mg/
mL) (Lacroix, Davalos Teran, Fogliano, & Wichers, 2018). Comparable
antioxidant activity (ICso = 0.40-1.01 mg/mL) was observed for protein
hydrolysates from tropical banded crickets (Gryllodes sigillatus) after
hydrolysis with Protamex (Nongonierma, Lamoureux, & FitzGerald,
2018). The potential of enzymatic hydrolysis using Alcalase and neutral
proteinase to produce natural antioxidant food additives was also re-
ported for houseflies (Zhang et al., 2016) and whiteleg shrimp (Ketnawa
et al., 2016). Extract paste Mungoong prepared from raw cephalothorax
of white shrimp with the addition of 0.15% Flavourzyme showed higher
antioxidant activity, than paste prepared by other methods (Benjakul,
Binsan, Visessanguan, Osako, & Tanaka, 2009).

The degree of hydrolysis significantly affected the antioxidant ac-
tivity of hydrolysates of white shrimp prepared with Alcalase 2.4 L and
Protamex. In particular, higher peptide chain hydrolysates had the
highest antioxidant power for the DPPH and reducing power, while the
lower peptide chain ones - higher antioxidant power for ABTS radical
scavenging (Latorres, Rios, Saggiomo, Wasielesky, & Prentice-
Hernandez, 2018). A similar trend was observed for hydrolysates from
housefly larvae, i.e. the antioxidant activity was reported due to the
presence of the low molecular weight constituents (<6 kDa), while DPP-
IV inhibitory activity (ICsp=3.52mg/mL) was due to the high-
molecular-weight constituents (>6 kDa) (Li et al., 2017).

Simulated gastrointestinal digestion of insect proteins led to the
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enhancement of bioactivity and was previously reported to cricket
proteins (Hall, Johnson, & Liceaga, 2018), cricket, super worms (Zie-
linska, Karas, & Jakubezyk, 2017), and silkworm larvae (Wu et al.,
2011). These findings are promising for the potential beneficial effect of
bioactive compounds released during natural digestive processes, but
further in vivo model studies are needed.

Similar approaches for the production of peptide fractions from in-
sects and shrimps with high ACE activity can be effective for enhance-
ment of antioxidant activities, such as fermentation (Faithong, Benjakul,
Phatcharat, & Binsan, 2010; Prapasuwannakul & Suwannahong, 2015).

Except for proteins, other constituents of insects and shrimps were
reported to have antioxidant activity. Oil extracted from larvae of the
beetle Pachymerus nucleorum exhibited antioxidant activity (24.3 uM
Trolox/g) in addition to a high level of unsaturated fatty acids (Alves,
Sanjinez Argandona, Linzmeier, Cardoso, & Macedo, 2016). Mantis
shrimp (Oratosquilla nepa) oil showed antioxidant activity with DPPH
higher than olive and corn oils. It has been suggested that tocopherol
(41.6-49.7 mg/100 g oil) and astaxanthin (1.9-2.8 g/100 g oil), which
are known as antioxidants, may contribute to the observed effect, and
astaxanthin provides red color to the shrimps (Chaijan & Panpipat,
2019).

Dietary carotenoids are known to have health benefits and may
decrease the risk of disease, for example certain cancers and eye disease
(Eggersdorfer & Wyss, 2018). In crustaceans, carotenoids are mainly
absorbed from the diet (Sachindra, Bhaskar, & Mahendrakar, 2005).
One of the red fat-soluble carotenoids found in crustaceans, astaxanthin
is known to have antioxidant, anticancer properties, prevents diabetes
and cardiovascular diseases (Ambati, Phang, Ravi, & Aswathanarayana,
2014; Vieira, Oliveira, & Kurozawa, 2016). The astaxanthin-rich frac-
tion of carotenoid extract obtained from shrimp processing discards
showed that its singlet oxygen quenching activity, ability to inhibit the
thermal oxidation of phospholipid liposomes, and protection factor
against singlet oxygen mediated oxidation of liposomes was higher than
that of a-tocopherol (Sowmya & Sachindra, 2012). Astaxanthin and
other carotene derivatives such as lycopene, p-carotene, zeaxanthin,
violaxanthin, xanthophylls, and p-carotene monoepoxide were also
detected in insects (Shamim, Ranjan, Pandey, & Ramani, 2014), but
further studies should aim to explore their antioxidant potential.

Phenolic compounds and their values in house cricket and yellow
mealworm extracts obtained after ultrasound-assisted and pressurized-
liquid extractions using ethanol or ethanol:water (0.3-5.0 g gallic acid
equivalent/100 g of extract) were found to be in correlation with anti-
oxidant activity (del Hierro, Gutiérrez-Docio, Otero, Reglero, & Martin,
2020). Seymour et al. purified an antioxidant of phenolic nature from
shrimp shell that was proposed as 1,2-diamino-1-(o-hydroxyphenyl)pro-
pene (Seymour, Li, & Morrissey, 1996). Furthermore, di Mattia et al.
recently demonstrated that water-soluble extracts of grasshoppers,
silkworm, and crickets have antioxidant capacity 5-fold higher than
fresh orange juice (Di Mattia, Battista, Sacchetti, & Serafini, 2019), but
the contribution of phenolic compounds needs further investigation.

The chitosan from the exoskeletons of insects and shrimps was re-
ported to be a promising source of antioxidants, that contributes into
valorization of processing waste streams (Mahdy Samar, El-Kalyoubi,
Khalaf, & Abd El-Razik, 2013; Song, Yu, Zhang, Yang, & Zhang, 2013).

The facts stated above clearly indicate that both insect and shrimp
hydrolysates, as well as carotenoids and phenolic compounds, represent
a very promising source of readily available biologically active material.
A number of methods with their advantages and shortcomings are
currently used for the determination of antioxidant activities of insect
and shrimp that complicated the comparison, therefore a more stan-
dardized approach should be developed and used.

4.1.1.2. Cardio-protective activity. Cardio-protective nature of shrimps
was proposed due to atherogenic (AI) and thrombogenic (TI) indices
(0.36 and 0.29, respectively), which are lower than in other non-
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vegetarian foods (Dayal et al., 2013). Similarly, low indexes of athero-
genicity (0.32-0.36) and thrombogenicity (0.28-0.34) were observed
for Atlantic white shrimp (Litopenaeus schimitti). These atherogenic in-
dexes are lower than those for beef (0.72), pork (0.69), chicken (0.50),
rabbit (0.82), and lamb (1.00) and related to the quality of lipids and
their desirability (Pires et al., 2018). In this regard, a study by De Oli-
veira e Silva et al. showed that moderate shrimp consumption does not
have an adverse effect on the overall lipoprotein profile of normolipi-
demic subjects (De Oliveira e Silva et al., 1996). Comparative analysis of
Al and TI of mealworms demonstrated that the values of 0.6-0.7 and
1.2-1.4 for larvae of Zophobas morio, respectively, are higher than those
for larvae and adults of Tenebrio molitor (0.3-0.5 for Al and 0.5-0.8 for
TI) (Mlcek et al., 2019), but were comparable to shrimps and conven-
tional meat sources.

4.1.1.3. Anticarcinogenic activity. Both insects and shrimps contain
compounds such as proteins, peptides, alkaloids or chitin that are
effective against cancer. Insect proteins such as pierisins and lectins, and
peptides such as alloferon 1 were shown to have potential anticancer
activity (Slocinska, Marciniak, & Rosinski, 2008). The Texas grass-
hopper yielded three alkaloids pancratistatin, narciclasine, and unger-
emine that were efficient inhibitors of several human cancer cell lines
BXPC-3, MCF-7, SF268, NCI-H460, KM20L2, and DU-145 (Pettit,
Meng, Herald, Knight, & Day, 2005). Also, crude insect-derived extracts
were effective against HeLa cancer cell to various degrees of efficiency,
with species as red ant (Formica rufa), scorpion (Buthus martensi),
Tabanus sp, and vespae nidus (Polistes mandarinus) showing the most
potent cytotoxicities (Ahn, Ryu, Lee, & Kim, 2000). On the other hand,
peptide fractions from shrimp shell waste ranging from 10 to 30 kDa and
<10 kDa inhibited the growth of Caco-2 and HepG2 cells by 60% while
the fractions below 10 kDa inhibited the growth of HepG2 cells by 55%
in comparison to control (Kannan, Hettiarachchy, Marshall, Raghavan,
& Kristinsson, 2011).

Chitin, chitosan, and low molecular weight chitin from shrimp
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Parapenaeus longirostris had ICsy (ug/mL) values of 739, 531 and 1,
respectively towards the human tumour cell line THP-1 (Salah et al.,
2013). Finally, chitin and chitosan isolated from Penaeus monodon shells
showed anticancer activity towards PA-1 cells in concentrations of 50
and 10 pg/mL (Srinivasan, Velayutham, & Ravichandran, 2018). This
indicates that there is an untapped potential of insect and shrimp com-
ponents in fighting cancer although more research is needed.

4.2. In vivo studies

In vivo studies that include anti-obesity, anti-hepatic steatosis,
hypolipidemic, and hypocholesterolemic effects caused by oral admin-
istration of insects and shrimps by mice, rats, drosophilas, and humans,
as well as the responses of gut microflora and effect on healthspan were
previously reported (Table 3). In general, these studies are very valuable
for the information they provide, but are far scarcer compared to those
done in vitro. Nevertheless, the main outcomes of several interesting
ones shall be discussed further.

4.2.1. Anti-obesity effect

Overweight and obesity have an adverse effect on health. Daily oral
administration of yellow mealworm larvae powder at the concentrations
of 100 mg/kg per day and 3000 mg/kg per day attenuated body weight
gain of obese mice fed a high-fat diet and reduced hepatic steatosis (Seo
et al., 2017). Follow-up studies revealed that yellow mealworm larvae
extract administration suppressed feeding through down-regulating the
expression of the orexigenic neuropeptides neuropeptide Y and agouti-
related protein. Moreover, mealworm extract significantly reduced the
expression of endoplasmic reticulum stress response genes (Seo, Kim,
Moon, Hwang, & Kim, 2017). Promising anti-obesity activity of another
insect Korean horn beetle (Allomyrina dichotoma) was demonstrated for
extract using 3 T3-L1 cells as an in vitro model of adipogenesis (Chung,
Yoon, Hwang, Goo, & Yun, 2014). The following study by Yoon et al.
showed that its larvae reduced body weight gain, organ weight and

Table 3
In vivo studies of health benefits of insects and shrimps.
Latin name Common Fraction Preparation Test Dose Major studied effect References
name organism
Acheta domesticus Cricket Whole Pasterization, drying Rats 283.0 g/kg of the Body composition, (Agbemafle,
test diet hemoglobin Hanson, Bries, &
Reddy, 2019)
Allomyrina Korean horn Whole Lyophilized Mice 100 mg/kg per Anti-obesity effect (Yoon et al., 2015)
dichotoma beetle day, 3000 mg/kg
per day
Bombyx mori Silkworm Whole Steaming, freeze- Rats 0.1, 1 or 10 g/kg Hepatic steatosis, lipid (Hong et al., 2018)
drying body weight metabolism
Bombyx mori Silkworm Whole Boiling, freeze-drying Drosophila 5, 10, and 20% Healthspan, lifespan, (Nguyen et al.,
resistance to Parkinson’s 2016)
disease
Gryllodes sigillatus Cricket Powder Drying, roasting Human 25 g/day Gut microbiota (Stull et al., 2018)
Rhynchophorus Palm weevil Whole Blanching, freeze- Rats 403.0 g/kg of the Body composition, (Agbemafle et al.,
Pphoenicis fabricius drying test diet hemoglobin 2019)
Tenebrio molitor Yellow Whole Freeze-drying Mice 100 mg/kg per Adipogenesis and anti-obesity  (Seo et al., 2017)
mealworm day, 3000 mg/kg effect
per day
Tenebrio molitor Yellow Oil Solid-liquid extraction Rats 5000 mg/kg Biochemical parameters (Alves et al., 2019)
mealworm
Pandalus borealis Northern Protein Patent processing Mice 35% and 70% of Oral glucose tolerance (Wang et al., 2016)
pink shrimp concentrate technology casein
replacement
Penaeus brasiliensis, Pink shrimp Shrimp waste Low pressure Mice 50, 100 and Anti-obesity and (Mezzomo et al.,
Penaeus paulensis (head, carapace, extraction, 200 mg/kg per hypolipidemic effects 2015)
tail) superecritical fluid day
extraction
Penaeus orientalis Shrimp Edible fraction Freeze-drying, Mice 15% proteins of a Serum and liver lipid levels (Tanaka et al.,
defatting basal diet 1998)
Penaeus sp. Shrimp Fermented Fermentation, freeze- Rats 10%-+-cholesterol- Hypocholesterolemic, (Halder et al.,
shrimp-shell drying rich basal diet antioxidant and prebiotic 2013)
hydrolysate activity
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adipose tissue volume of mice in a dose-dependent manner. Addition-
ally, gene expression levels of transcription factors PPAR-gamma and
CEBPA, and lipoprotein lipase in the epididymal fat tissue of high fat
diet-fed mice with 3000 mg/kg per day insect powder were reduced by
12.4, 25.7, and 12.3 fold, respectively (Yoon et al., 2015).

Effectiveness in inhibition of lipase activity related to the digestion of
dietary lipids, as a strategy against obesity and overweight, was also
supported in the studies of the extracts from house crickets and yellow
mealworms (del Hierro et al., 2020). Hypolipidemic and anti-obesity
effects were also demonstrated in a 30-day experiment with high-fat
diet combined with shrimp extracts (50-100 mg/kg day) (Mezzomo
et al., 2015). Moreover, the replacement of dietary casein with shrimp
protein in a diet-induced obese mouse model significantly improved
levels of oral glucose tolerance and 4-hr fasting blood glucose. However,
no effect was found on the levels of fasting blood glucose and insulin
(Wang et al., 2016).

4.2.2. Hypolipidemic activity

Hyperlipidemia can cause the development of various cardiovascular
diseases. Introduction of shrimps into the diet of mice showed the
hypolipidemic activity, while the serum cholesterol-lowering activity
was attributed to the lipid fraction, and reduction of hepatic cholesterol
and an increase of faecal steroid — to a non-lipid fraction (Tanaka, Sakai,
Ikeda, Imaizumi, & Sugano, 1998). It has been stated, that hydrolysates
from shells of Penaeus sp. shrimps have a hypocholesterolemic effect,
they can resist lipid peroxidation and affect the growth of health bene-
ficial microbes in male albino rats, and therefore can be promising for
hypercholesterolemic patients as a functional food (Halder et al., 2013).
However, it is still little known, what exactly causes the hypolipidemic
activity in cases described above.

The lipid metabolism of rats was affected by silkworm chrysalis oil,
rich in n-3 a-linolenic acid, that allowed to suggest that silkworm
chrysalis oil can improve hyperlipidaemia and hyperglycaemia (Men-
tang, Maita, Ushio, & Ohshima, 2011). Furthermore, chitooligo-
saccharides obtained from chitosan of Clanis bilineata larvae skin
decreased body weight gain, plasma triacylglycerol, total cholesterol,
and plasma low-density lipoprotein cholesterol levels in Sprague-
Dawley rats. In the same study, the faecal fat and cholesterol were
higher in rats fed a diet with chitooligosaccharides, that demonstrates
their potential as an alterative hypolipidemic source for humans (Xia,
Chen, & Wu, 2013).

4.2.3. Anti-hepatic steatosis activity

Hepatic steatosis is an early-stage disorder in alcoholic liver disease.
Hong et al. demonstrated that steamed and freeze-dried silkworm larval
powder supplementation is effective in preventing hepatic steatosis and
injury in ethanol-treated rats through increase fatty acid p-oxidation,
decrease de novo synthesis of fatty acids and collagen fiber, and inhibi-
tion of oxidative stress and inflammatory response (Hong et al., 2018).

4.2.4. Effect on gut microflora

The study of the consumption effect of 25 g of whole cricket powder
per day on gut microbiota revealed tolerance and non-toxicity of crickets
for the studied dose. Cricket powder supported the growth of the pro-
biotic bacterium Bifidobacterium animalis and reduced plasma TNF-a,
thus eating crickets may improve gut health and lower systemic
inflammation (Stull et al., 2018). Using an in vitro faecal model, Mota de
Carvalho et al. demonstrated a positive impact of digested yellow
mealworm flour on gut microbiota through an increase and/or upkeep
of health-promoting bacterial groups (de Carvalho et al., 2019).

4.2.5. Effect on health-span

Rearing of Drosophila sp. on food containing boiled and freeze-dried
mature silkworm larval powder demonstrated a significant increase in
health-span, lifespan, and resistance to rotenone-induced Parkinson’s
disease symptoms in comparison to control flies (Nguyen et al., 2016).
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5. Safety aspects of insect and shrimp consumption

Evaluation of the safety of insects and shrimps as a food source is a
key factor surrounding their consumption and farming. Insects and
shrimps accumulate toxic materials from the environment they are
farmed in. For instance, insect collection from the wild not only nega-
tively affects biodiversity but also increases the risk of contamination
with pesticides and heavy metals (van Huis et al., 2013). As an alter-
native to wild harvesting, the recent development of rearing systems
with a control environment and diet significantly lower the possible
contamination.

Another important safety aspect is the presence of toxic and allergic
substances. There is still a limited number of studies on the possible
toxicity of insects through oral administration. Gao et al. reviewed 34
edible insects in China and demonstrated that most of the studied insects
are non-toxic (Gao, Wang, Xu, Shi, & Xiong, 2018). The recent study by
Alves et al. showed that oils from yellow mealworm and coconut borer
(Pachymerus nucleorum) favored a reduction in cholesterol and glucose
levels in the rats, while safety evaluation showed low toxicity of oils and
did not cause lethality and changes in haematological parameters of rats
(Alves et al., 2019). The promising results were obtained for Allomyrina
dichotoma larvae demonstrating not mutagenic or clastogenic effects in
vitro and in vivo genotoxicity tests, and additional 28-day oral toxicity
study showed that the freeze-dried larvae can be considered to have No
Observed Adverse Effect Level (NOAEL) of 2500 mg/kg/day or more for
both sexes of Sprague-Dawley rats (Noh et al., 2015). Similar results
were obtained for the safety assessment of freeze-dried larvae of yellow
mealworm, i.e. NOAEL was determined to be more than 3000 mg/kg/
day for male and female of Sprague-Dawley rats in a 90-day experiment
(Han et al., 2016). After oral administration of white-spotted flower
chafer (Protaetia brevitarsis) at a dose of 300, 1000, and 3000 mg/kg/day
for 13 weeks, no adverse effects or changes in mortality, clinical ob-
servations, food consumption, clinical pathology, histopathology and
other parameters were observed in rats (Noh et al., 2018).

Crustaceans are well known to cause an allergic reaction (Ruethers
et al., 2018), that is also relevant to insect species. It has been recently
shown that the cricket allergen, namely tropomyosin, may induce an
allergic reaction in individuals with allergy to crustacean, that should be
taken into account before insect consumption (Kamemura et al., 2019).
However, insect processing by enzymatic and thermal approaches can
reduce the risk of cross-reactivity and allergenicity in patients allergic to
crustaceans and house dust mite (Linnemann et al., 2019). Moreover,
the increase of the degree of hydrolysis to 60-85% decreased IgE reac-
tivity to tropomyosin, as it has been demonstrated for crickets (Hall
etal., 2018). Boiling, roasting, and steaming of shrimps were reported to
not be sufficient to lower tropomyosin concentrations (Usui et al., 2015),
but high-intensity ultrasound at 50 °C showed the reduction in allerge-
nicity of shrimps (Zhenxing, Caolimin, & Jamil, 2006). Future studies
should focus on the impact of both shrimp and insect to the oral con-
sumption in regards to the allergenic and toxic reaction to the
consumers.

Given the fact that insects can be consumed whole or as insect
powder that contains chitin, the digestibility of chitin is an important
factor to consider for the elimination of possible adverse health conse-
quences. It has been shown, that humans have enzymes with chitinolytic
activities, namely chitotriosidase (Chitl) and acidic mammalian chiti-
nase (AMCase) (Ohno et al., 2013). However, their activity might be
very low for those who do not consume food containing chitin regularly
(Paoletti, Norberto, Damini, & Musumeci, 2007).

Shrimp and fish are valuable sources of iodine and it has been
demonstrated that relatively increased consumption of fish does not
appreciably increase the risk of thyroid cancer (Bosetti et al., 2001).
Iodine concentration in whole raw shrimps was determined at
3.96-4.09 ng/g of dried weight while cooking decreased iodine con-
centration in whole shrimps and shrimp tissue by about 26-27 and 40%,
respectively (Mesko et al., 2016). In comparison, larvae of soldier flies
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and nymphs of Turkestan cockroach (Blatta lateralis) had 0.26 and
0.30 mg/kg of iodine, while in larvae of Tebo worms (Chilecomadia
moorei) and adult house flies iodine was at the concentration of
<0.1 mg/kg (Finke, 2013), but more studies about iodine in insects are
needed in future.

It is safe to conclude that both insects and shrimps are a viable source
of food, although more studies involving models with oral intake are
needed to bridge the knowledge gap and ensure that they are considered
as a safe and functional food type.

6. Perspectives for insect and shrimp based functional foods

Based on the foregoing, insects and shrimps can be classified as a
good, and at some extent unexplored, source of nutrients and bioactive
compounds applicable for a wide range of functional food ingredients
and food supplements. Upon their characteristics, they can be specif-
ically utilized as a functional food component for a specific purpose.
Moreover, the potential of additional health-promoting properties of
insects and shrimps can be altered through the processing and formu-
lation of value-added products, that should be taken into account and
tailor-made for a specific material.

Pretreatment is required for insects and shrimps derived materials in
order to decrease microbial load and provide safety, but conventional
treatments can cause negative side effects affecting the activity of
functional components. In particular, a way of cooking was determined
to affect the amino acid composition in Southern pink shrimp (Penaeus
notialis) by an increase of leucine to 102mg/g protein in smoked
products (Akintola, 2015). Heat treatments such as baking generally
increased ABTS and DPPH scavenging activities of crickets (Zielinska,
Baraniak, & Karas, 2017). Moreover, heat involved processing may
reduce total phenolic and flavonoids, as it has been demonstrated for
stinkbugs (Musundire, Zvidzai, & Chidewe, 2014) and lead to decom-
position of carotenoids and decrease of the antioxidant activities in
shrimp shells (Lira, Lopez, Firmino, Santos, & de Bezerra, 2017). In this
regard, the effect of pretreatment on the degradation of functional ele-
ments should be considered along with the changes in nutritional values,
digestibility, and sensory properties.

While shrimps are a known meat source, insects are a new food
source for a large portion of consumers in the Western world. Due to
their low acceptability and natural neophobic attitude and even preju-
dice towards insects, the type of insect-based food and a way of insect
incorporation is important to consider. Insects are recently claimed as a
promising meat substitute due to high protein content, that is compa-
rable to conventional meat sources as beef and pork. Additionally, some
insect species such as larvae of mealworm and superworm have low
purine content and can be recommended as meat alternatives (Bed-
narova, Borkovcova, & Komprda, 2014). Designing of meat-like struc-
tures from insects and application of ultra-processing technologies
require assessment of their influence on the degradation of functional
compounds, changes in their properties, and alternative mild processing
technologies should be explored.

Besides meat, shrimp by-products were reported to have the poten-
tial for the development of new ingredients and products such as flour,
biscuits, soup, pastry (Fernandes, da Silva, da Silva, Cavalheiro, & da
Conceicao, 2013; Goncalves & dos Santos Junior, 2019). Similarly, in-
sects can be used for the fortification of pasta, protein bars, powdered
peanut butter, crackers, biscuits, tortillas, burgers, bread, granola bars,
sauces, ravioli (Melgar-Lalanne, Hernandez-Alvarez, & Salinas-Castro,
2019). However, further upscaling of its production is still required
for making these insect derived foods commercially viable.

Fermentation is one of the traditional processing methods of shrimps
into fermented products, such as pastes. As has been discussed earlier,
fermentation may lead to the production of highly functional peptides,
but the known benefits of fermented foods are much wider including
prevention of cardiovascular disease, cancer, gastrointestinal and other
disorders (Tamang, Shin, Jung, & Chae, 2016). Future development of
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fermented insect and shrimp derived foods, especially from their by-
products, might widen the spectrum of novel food with additional
health benefits on Western market.

Hydrolysates from insects and shrimps possess antioxidant activity,
that can be used for fortification of beverages, such as protein and sports
drinks, providing additionally enhanced digestibility. Due to health-
associated risks of hydrogenated trans-fats, new materials for substitu-
tion of milk and plant lipids are required. A recent study showed that
black soldier fly and yellow mealworm can be used to substitute up to
75% of lipids in margarine providing lower environmental impact than
butter (Smetana, Leonhardt, Kauppi, Pajic, & Heinz, 2020). Effect of
incorporation of insect fat (that can be less relevant for shrimps due to
low fat content) into conventional food products on human health
should be investigated in future.

Thus, further development of products with insects and shrimps
should consider not only their nutritional values, microbiological safety,
and sensory properties, but also their bioactivities and mechanisms of
action that will deepen our understanding and will be beneficial for
incorporating them into novel functional food formulations.

7. Conclusion

Several interesting facts and findings of health-promoting benefits of
insects and shrimps consumption are elaborated upon in this review.
Firstly, it has been shown that insects and shrimps both represent unique
sources of food with high nutritional value especially in terms of protein
content and amino acid composition, while hydrolyzates of insects and
shrimps are potential in angiotensin-converting enzyme inhibitory and
antioxidant activities. Secondly, the fat of shrimps can be considered
“healthy” due to a high amount of unsaturated fatty acids, omega-6/
omega-3 ratio, and a relatively low level of cholesterol however insect
fat has less favourable omega-6/omega-3 ratio. Shrimps have an
extremely low amount of fat (~1%), while insect fat can be fractionated
and used as a separate food ingredient. Thirdly, the amount of vitamins
and minerals present in insects and shrimps makes them a valuable
source and promising functional food or supplement. Also, insects have
the potential to be used in low-sodium diets. Fourthly, insects and
shrimps express antioxidant activities, especially, due to the presence of
phenolic compounds and carotenoids. Future studies should further
explore the potential of carotenoids, especially astaxanthin. Taking into
consideration all facts mentioned here, it is reasonable to conclude that
insects and shrimps meet the criteria to be considered as future func-
tional food ingredients. However more in vitro, as well, in vivo and
clinical studies are needed along with oral intake safety and allergy
assessment.
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