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Abstract

With the rapidly increasing population of people today, mass production, inexpensive labor, low cost,
high market share and economic sufficiency are the first issues that come to mind in poultry farming.
The most important cost in the poultry farming sector is production of food. As insects are in the richest
group that provides species variations in the feeds for living beings, they are a significant source of
feeding poultry animals. In addition to this, it is believed that aquatic insects (Coleoptera) are a source
with very high protein contents that is used in poultry husbandry. The levels of edible insect consumption
are only known by some people in the world. In feeding hens, hen feeds may be experimentally used by
mixing these with other edible insect groups that are easier to obtain. As it is possible to use edible insects
as protein sources in human consumption, these may also be utilized in feeding poultry animals that are
grown for eggs. Our aim for the future is to develop alternative methods that aim to enrich the quality of
meat and eggs from poultry animals and conduct a study that provides statistical analysis results
regarding hematological, biochemical and economic data. Moreover, we expected to see whether or not
there would be potential health risks related to the consumption of these mixed feeds by laying hens and
broilers. Consequently, the purpose of this review study is to provide information about edible aquatic
insect species which are more economical and practical.
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Introduction

In order to meet the needs of three-dimensional foods by the increasingly high human population in the
world, a new feeding trend has been developed under the category of edible insects to include synthetic
meet, genetically modified foods and some insects. The factors that have led to changes in raw materials
of foods and nutritional strategies may include increased human population, reduced interest in plant-
based production and animal husbandry, irresponsible nutrition, excessive household wastes and waste
of food (Gines et al.,2017).

Hunger may be defined as insufficient nutrition in terms of protein/energy or micronutrients (vitamins
and minerals). Approximately 33% of the world’s population face hunger. The factors that prevent people
from sufficient consumption of nutrients may be listed as the stability issues of edible substances and
existing raw materials of food (Eksi and Isci, 2012).

The daily diets of people who live in large cities in developed countries with higher levels of prosperity
and broader spectrum of foods contain more protein than those of people living in rural areas.
Commercial production of chicken products has reached a level that is affordable by middle economic
classes in countries with low income (Table 1). Infrastructure and other related processes for broiler
production are created fast, and it is possible to transition to serial production. While chicken meat is not
very healthy, it is the most inexpensive one among those obtained from farm animals (FAO, 2013b).
Main idea is to evaluate usage of edible aquatic insects for feed rations of poultry animals and is to add
more comprehensive approach to poultry industrial spatial newly and clearly. Poultry market are
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important to need of nutrition at both human feeding and other animal whose nutrition requirement. At
this respect, there is a necessity to explain of gain favour in use of edible aquatic insects. Moreover, these
inforamations should be added: worldwide, nearly 1 700 insect species are reported to be used as human
food. Table 1 identifies them according to taxonomic orders, common English names and number of
species. Four insect orders predominate, in rank sequence: Coleoptera, Hymenoptera, Orthoptera and
Lepidoptera, accounting for 80 percent of the species eaten (Ramos-Elorduy 2005).

Table 1. Chicken meat production by years in some countries (thousand tons) (Anonymous, a).

2014 2015 2016
USA 17,306 17,971 18,283
BRAZIL 12,692 13,146 13,605
CHINA 13,000 13,400 12,700
EU 10,450 10,810 11,070
INDIA 3,725 3,900 4,200
RUSSIA 3,260 3,600 3,750
MEXICO 3,025 3,175 3,270
ARGENTINA 2,050 2,080 2,100
TURKEY 1,894 1,909 1,900
THAILAND 1,570 1,700 1,780
INDONESIA 1,565 1,625 1,640
OTHERS 16,018 15,378 15,250
WORLD 86,555 88,694 89,548

Net protein utilization (NPU) is a protein quality index that is calculated by the biological value and
protein digestibility values of foods. The net protein utilization values of grains are usually lower than
40%. Rice, which has an NPU value of 60%, is an exception, but its absolute protein content is low
(7.5%). The NPU value of chicken eggs is 87%. In general, grains are very poor in terms of essential
amino acids that are crucial for human nutrition such as lysine, methionine that contains sulfur, cystine
and occasionally tryptophan. Eggs and meat of chicken are rich in essential amino acids (FAO, 2013b).

The Current State of Poultry Farming

As the methods of scientific nutrition have been developing since 1970s, with some regulations that
provided advantages, Turkey, which has taken the 10th place in the world’s chicken meat production,
has also reached the 14th place in egg production (Celik and Sengiil, 2001; Sahin et.al., 2014).

A study in Turkey reported that, by the year 2015, 1900 species of insects worldwide were edible and
could be used as sources of protein. Flies, flour beetles, silk worms, cockroaches, crickets and termites
may be used in sectors that are important for human life such as foods, medicine and textile in addition
to utilization as animal feeds. Insects are also used in foods as dyes (E120 carmine), protective films and
coatings (E904) Shellac (Coccus lacca) (Giines et al.,2017).

Despite such a speed up and mobility in production, there may sometimes be significant deficiencies in
the system, and the Turkish chicken meat sector imports 40% of the total raw material production from
other countries (Tavuk Eti Tarim Uriinleri Piyasalari, 2018).

Advantages of Consumption of Edible Insects by Chickens

Chickens are omnivorous animals that usually feed on arthropod species (mosquito larvae, grasshoppers,
louses, etc.) (Tekeli, 2014).

Chickens play an important role in the poultry farming industry as a leading market and provide protein
and fat-free and healthy meat for people. This is why providing the nutrients that chickens need is
important for them to reach their optimal level of production (Mngqi, 2015).

In the agricultural sector, various chemical insecticides are used to control the pest insects worldwide.
However, these heavy chemical substances also inflict significant harm on nature and organisms that are
not targets (Iskender and Algur, 2009). By feeding poultry animals with insects, there may be a reduction
in the population of insects, and this way, insecticides could be used less, and the damages on the
environment could be minimized (Figure 1, c).
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While fly larvae as food for chickens facilitate the recycling of animal-based fertilizers, not only are
chickens fed, but also organic wastes are recycled (Sert, 2003).

Likewise, Fanatico (1998) reported that poultry animals that fed in meadows decreased feed costs by
30% by feeding on seeds, insects and worms.

It is possible to reach the general conclusion in studies that have been carried out in the world that meat
yield and live weight increased in chickens that were fed by diets containing worms by 10% to 15%, the
time of reaching marketable weight was shortened, and these ratios were appropriate for feeding broiler
chickens. Additionally, when chickens were fed by diets that included 5% and 20% worms, this
significantly increased the breast muscles of the animals (Hwengbo et al., 2009).

Pretorius (2011) reported that, in comparison to chickens that were fed by rations of soybeans, those that
were fed by Musca domestica (housefly) larvae had higher increases in live weight and higher feed
consumption levels. These larvae did not cause any erosion or toxicity in the gizzards of the chickens.
The muscle ratios in the breast and the carcass were higher in the group that was given 10% housefly
larvae in comparison to the group that was fed with soybeans. However, the color and pH values in the
breast and leg muscles were not significantly affected by the interventions.

Furthermore, Pretorius (2011) stated that the orders of Coleoptera and Diptera could be the most suitable
organisms for feeding chickens, especially housefly larvae in the order Musca domestica (Diptera) have
a broad variety of solid protein contents, and therefore, these may be the potentially most suitable source
of protein.

It was discovered at the department of Seroculture at the Tamil Nadu Agricultural University in India
that the high levels of wastes in the silk worm industry could be used as feed in broiler production (Huis
et al., 2013).

Wang et al. (2005) reported that the body of an adult insect contains 58.3% crude protein, 10.3% crude
oil, 8.7% chitin and 2.96% crude ash. It was stated that poultry feed created by substituting fish-
containing feed with grasshopper flour by 15% could be prepared and used especially in impoverished
geographies without changing the values of live weight, feed consumption and feed utilization in the
animals.

Jacob (2013) reported that poultry animals’ consumption of some insect species would affect the nutrient
contents of their meats and eggs. It was observed that the fat contents of eggs increased in chickens by
insect consumption. Consequently, it was determined that fly larvae were an inexpensive feed material
that may be used in the place of chicken feed based on fish.

A study on Cirina forda (Diptera) investigated the usability of the larvae of the insect as feed material in
feeding poultry animals. In the study, insect larvae were substituted by 50% and 100% with fish-
containing feed. As a result of the trial, there was no significant difference between the groups in terms
of live weights. Results were reported to state that worms may be a great source of protein in the field of
producing poultry meat and eggs, and they will provide a positive influence on the quality and
performance of broiler meat (Oyegoke, 2006).

Similarly, Al Qazzaz et al. (2016) fed 9-month-old laying hens with a feed that was enriched in protein
by using black soldier fly larvae and reported that there was no significant difference of the time of
incubation, but there was a significant increase in the number of chicks that hatched from the eggs.

In difference to the topic of our study, we felt the need to summarize the results of a study which
investigated the effects of addition of humate and probiotics into the rations of Japanese quails that are
kept in different numbers by different ratios on egg quality and blood parameters. As a result of the study
in question, it was reported that increased numbers of animals that are kept affected the animals’ live
weight changes, egg yield, egg weight and feed utilization rates negatively, and these problems could be
eliminated by adding humate and probiotics to the feeds (Y6riik et al., 2008).

Briefly, Albers and Camerdese (1992) added that compared were concentrations of Al, Cd, Ca, Cu, Fe,
Hg, Pb, Mg, Mn, Ni, P, and Zn in water, plants, and aquatic insects of three acidified (pH - 5.0) and three
nonacidified (pH - 6.5) constructed wetlands. Accumulation of Zn in water and bur-reed (Sparganium
americanum) were higher in acidified wetlands than in nonacidified wetlands. Floating nonrooted plants
contained mean concentrations of Fe, Mg, and Mn that were higher than recommended maximum levels
for poultry feed. The mean concentrations of all metals in insects were below recommended maximum
levels for poultry feed and below levels that cause toxic effects in wild birds. Smaller than expected in-
creases of metal concentrations in the water of acidified wetlands were probably due to limited mo-
bilization of metals from the sediments and insignificant changes in sedimentation of aqueous metals.
Calcium was lower in acidified than in nonacidified wetland water, but the Ca content of insects and bur-
reed was not lower. Low concentrations of Ca in aquatic insects from both groups of wet- lands indicate
that calcium-rich crustaceans and mollusks are probably important to female water- fowl and their young
during the spring, when invertebrates make up the majority of the diet. Although toxic effects from metal
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ingestion seem to be unlikely consequences of wetland acidification, the adverse effect of low pH on the
occurrence of crustaceans and mollusks could threaten egg produc- tion and development of young.

Usage of Insects as Human Food

In addition to being kept for various reasons such as the production of goods that are essential such as
meat, eggs and milk, animals are also a source of reproduction and breeding of future animal generations
(FAO 2013a).

The habit of consuming insects as food is known as “entomophagy,” and it is widespread in several
places in the world except Europe and North America. Bukkens (2010) stated that, in addition to
competing with conventional animal products such as beef and pork, it is greatly important that insects
are consumed as snacks by local people, and they are bred only for such purposes.

In contrast to several parts of the world where there is a lack of vitamins, especially vitamin B, calories,
minerals and fats, thanks to the consumption of insects that has become a tradition for centuries in Latin
American countries, such deficiencies are not experienced (Ramos-Elorduy, 1997).

The place of insects in the continuation of life is undeniable. The importance of insects in the agricultural
field is great especially in terms of facilitating the pollination of plants they feed on and helping the
distribution of their seeds (Bektas, 2018). In addition to this, in Japan, several species of insects are not
only consumed as food but also sold in shops as canned food and snacks. Canned food is made out of
another species, Vespa japonica (Kantha, 1988). In Syria, Saudi Arabia and Egypt, people collect
grasshoppers in swarms, fry them, turn them into a powder and make a delicious bread by mixing with
flour (Fischer, 1995). The Onabasulu people who live in the north of the Mount Bosavi eat not only the
larvae but also the adults of Oryctes centaurus (centaur rhinoceros beetle) (Ratcliffe, 2006).

As known by people, insects are very rich in minerals and vitamins. Caterpillars contain high levels of
iron, zinc and vitamin Bi2. The Mg and Cu rates in termites are very high. The larvae of palm weevil are
rich in zinc, thiamine and riboflavin. It is seen as a certainty that the high contents of iron and zinc in
edible insect species will provide a solution for problems such as iron deficiency caused by nutritional
habits of women in some countries (FAO, 2013a)

Entomophagy is a term that refers to consumption of insects as a food source (Bodenheimer, 1951). It
may prove that insects, which are cold-blooded living beings, are at the top in comparison to other farm
animals in terms of converting the food they eat into body proteins (Huis et al., 2013).

Entomophagy, which will continue to lead food and feed safety in the future, constitutes the main theme
of entomological studies since the discovery of the nutritional value of insects, even today (Adeoye et
al., 2014; Anankware et al., 2015).

Aquatic Insects

Generally, when it is discussed that information of aquatic insecs, there are very data about it as noted
below:

The Hydrochidae family is a monotypic family that a single genus, Hydrochus Leach, 1817 (Hansen,
1987, 1991). 182 genera are known worldwide in this genus (Tashar, 2017b). They are seen in all
zoocographic regions (Archangelsky et al., 2016). Turkey is one of eight known species are endemic
(including stone walls, 2017b). They are considered as small and true aquatic insects in lengths of 1,5-6.
They live in stagnant or slow flowing waters. They feed on algae and rotten plant materials. The larvae
are carnivorous (Endrédy-Younga and Stals, 2008; Archangelsky et al., 2016).

The Dryopidae family is represented by 300 species of 33 genera (Jich and Balke, 2008; Tasar, 2018a).
They are mostly distributed in Oriental and Neotropical regions. They live in various aquatic, semi-
aquatic and terrestrial habitats (Kodada and Jach, 1995). Herbivores obtrusive. Adults feed on a variety
of substrates, such as leaf debris and billets in the hollow parts of fast-flowing waters (Webster and
DeMerchant, 2012). It is known that 11 species are connected to 3 genera from our country (Tasar, 2014a,
2018a).

The Elmidae family has 1497 species connected to 147 genera. It has also been reported that there are 5
fossil records of 2 genera (Jach et al., 2016). While members of this family generally prefer to live in
fast-flowing rivers, some species live in the coastal part of these fast-flowing waters (Jich and Kodada,
1995). Both adult and larvae are fed with diatoms, decayed algae detritus and vegetable residues (Webster
and DeMerchant, 2012). Elmins are aquatic insect species that are sensitive to various pollutants such as
agricultural, industrial and household waste. These species are reported to be clean water indicators due
to their high sensitivity to pollutants (Braun et al. 2014, Tasar, 2018a).

The Heteroceridae family is known to have 200 species of 5 genera worldwide (Mascagni, 1995; Tasar,
2014a). Members of this family live in muddy or sandy parts of the aquatic habitats. They spend most of
their time in the galleries they opened in the land (Clarke, 1973; Aguilera et al., 1998; Mascagni, 1995;
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Tasar, 2014a). 750 species of the genus Gyrinidae are known from 13 genera worldwide. Both adult and
larvae are true aquatic beetles (Garrido et al., 2011).

200 species of 5 genera of the family Haliplidae have been recorded worldwide. Both adults and larvae
are reported to live in a wide variety of aquatic habitats (Garrido et al., 2011).

The Noteridae family has recorded 250 species of 14 genera from all over the world. Both adults and
larvae are aquatic (Garrido et al., 2011).

According to Huis et al. (2013) several aquatic insects such as the larvae or furniture beetle and both
larvae and adults of dung beetle are edible. Ramos-Elorduy (1997) listed 78 species of aquatic insects in
the families of Dytiscidae, Gyrinidae and Hydrophilidae. Typically, only the larvae of these species are
edible. Palm weevil, which is a frequently encountered pest in tropical geographies such as Africa, South
Asia and South America, also known as Rynchophorus, is an insect species that is consumed as food to
a great extent. According to Yde Jongema (2015), in eastern countries such as Indonesia, India, Laos,
Cambodia, Malaysia and Myanmar, people consumes aquatic insects such as Sternolophus, Hydrophilus
(Hydrophilidae), Hydradicus, Laccophilus, Eretes, Cybister and Dytiscus (Dytiscidae).

Defoliart (1995) argued that different consumptions could be observed in Southern Africa, for example,
some ants play an important role in the Pedi diet. Oecophylla smaragdina (Formicidae), which is known
as red or green tree ants in Asia (India, Burma, Thailand and Papua New Guinea) is consumed in its
every stage of life (larva, pupa and adult). These are added into bamboo soup with cooked eggs or offered
to guests with fruits in Thailand.

Discussion

Insects are organisms that play a significant role in human consumption and are traditionally consumed
in the cultures of several countries, while they provide significant options as protein sources for
communities that experience nutritional deficiencies (Table 2).

Table 2. Show of ordo, groups of taxonomic and family, consumed edible insects and consumption
region (from Defoliart 1995 and Jongema 2015).

Groups of taxonomic Aim to Consumption
Ordo (Known) Family (e.g.) Consumption Region
-Indonesia
-Cerambycidae -Philippines
more than 100 genera -Curculionidae -Sri Lanka
Coleoptera in 17 families -Scarabaeidae, As food -Papua New
-Buprestidae Guinea
-Dytiscidae -Western Pacific
It is used as -Africa
-Apidae (bees) food by -Asia
Hymenoptera | plenty of species -Formicidae (ants) indigenous -Australia
-Vespidae (wasps, hornets) populations -South America
-Mexico
-Angola
-Senegal
at least ten genera in It is most -Ethiopia
Isoptera four families - Termitidae widely used -Namibia
(Termites) as food -Nigeria
-Mozambique
-South Africa
-Zimbabwe
-Zaire
-Nigeria
approximately 80 as food and/or -South Africa
Lepidoptera genera in 20 families -Saturniidae (giant silk moths) animal feed -Zambia
used as food -Zimbabwe
-Zaire
are known in more -Acrididae as food and/or -South Africa
Orthoptera than 50 genera in seven - Gryllidae animal feed -Japan
families -Tettigoniidae - Thailand
-Mexico City
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Adequate consumption of edible insects does not only provide essential elements, but it also meets the
needs for vitamins that are required for the body. While consumption of insects does not have a place in
the Turkish culinary culture, insects are gradually being used as an alternative source of unprocessed raw
materials also in the food industry in the world (Figure 1; a and b).

Figure. 1. a. Edible insects sold at markets; b. Edible insects presented as a serving; ¢. Usage of
caterpillars in chick feeds (Anonymous, b).

Environmentally speaking, most Coleoptera species facilitate pollination as they move from one flower
to another or one tree to another while moving on the flowers for feeding. However, as they also damage
flowers, these species are known as pestilent pollinators (Benedek, 1996).

Because consumption of these types of insects by humans and animals will decrease the number of
pestilent pollinators, it will affect the pollination process positively, though not directly.

Additionally, insects’ chemical contents may include potential toxic accumulations that may lead to
toxicity later. This is why insect consumption should be monitored at controlled consumption levels for
both human nutrition and animal feeding.

There is no standard in terms of consumption regarding the nutritional values of insects. The amounts of
elements (some heavy elements are also included here) recommended for a person (25-year-old male)
for daily intake are variable as seen in Table 3 (Huis et al., 2013).

In addition to this, it is expected that awareness will increase on tendencies towards new methods and
mechanisms in insect production for making insects a more practical animal-based protein and reducing
labor costs in developing countries. In this context, with this evaluation that was made on the data derived
from references, it is expected to contribute to providing job opportunities for those who live in rural and
social areas in the economic and social senses and shedding light on new methods and innovative
initiatives to promote new ideas on easier and more efficient production.

Table 3. Qualitative presentation of the daily recommendation of intake for a 25-year-old male (Huis et

al., 2013).
Recommended intake for a 25-year-old male
Element (mg per day)*
Potassium 4700
Chloride 2300
Sodium 1500
Calcium 1100
Phosphorus 700
Magnesium 400
Zinc 11
Iron 8
Manganese 2.3
Copper 0.9
lodine 0.15
Selenium 0.055
Molybdenum 0.045

Note: *Dietary reference intakes (DRIs): recommended dietary allowances and adequate intakes,
minerals, Food and Nutrition Board, Institute of Medicine, National Academies.
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To use of insects as forage at poultry animals it might been that has been applied for a long time by
farmers at random. While livestocks, poultry, broilers and other farm animals feed, it also take in mixed
forages and nutritions. At this point, calculate of nutritive values between forage and mixed (insects and
herbal) is needed for more quality production. Values of nutritions should take into account one by one,
then these advantages should scale due to more efficient results (yields).

In the industrial sense, the number of animals that are bred in a unit area is highly important for the
profitability of the business. For example, in intensive poultry breeding, when the production is realized
in cage systems, some of the environmental factors that affect the yield characteristics in keeping the
animal in cases are related to the characteristics of and conditions in the cage (Yoriik et al., 2018). In
terms of development of alternative new methods and nutritional options and sustainability, another aim
is that concerned individuals should know that alternative protein sources in feeding poultry animals
have effects on yield, and new entrepreneurs should be informed on this matter.

Edible insects are important to human nutritions, but applications of mixed forage (insects and herbal)
or edible insects at poultry and broiler farms will happen more important for future food source. Because
of egg and chicken consumption by humans, feeding of hens should be focused in several research and
tentatively productions.

Conclusion

This review discussed some species in the order of Coleoptera and gathered important information in
terms of finding more effective and advanced methods in obtaining feeds for poultry animals and broilers.
It is needed to provide more of industrialized edible insects for poultry animals and broiler hens than
what they pick up from the environment. More studies are needed to understand whether or not these are
safer for consumption. We are aware that these data that will be obtained as a result of the analyses on
foods (meat, eggs) that constitute the food chain in the context of the living environment covered by our
study will be a source of new industrial investments and studies in the future.

In summary, considering the fact that protein-rich raw materials in both Turkey and the world are
expensive, it would be beneficial to state that it is crucial to research new alternative sources. For this
reason, industrial establishments in the field of poultry breeding and relevant establishments should
conduct research and development activities that focus on edible insects. In similarity to completed
studies, it was seen from references that edible insects have very high levels of crude protein, and the
findings that have been obtained may provide a solution to nutritional problems.

According to the data above, consumption of insects is necessary for the purpose of preventing a potential
famine that may be encountered in the future. However, due to the fact that some insects are hosts of
some pestilent microorganisms and some have toxic mineral contents, consumption of insects may be
utilized after eliminating these potentially negative impacts. Moreover, consumption of insects may be
rejected by people as it is not a traditional behavior for some countries in the world. This is why
consumption of insects by poultry animals may get people used to this idea indirectly as an alternative
source of food.

When legal arrangements and existing conditions are suitable, and when edible aquatic insects are used
as an alternative source of protein, it is believed that this will reduce feeding costs in poultry husbandry,
and insects could be kept under control in the environment by preventing them to reproduce excessively.

Note: This study was compiled by examining the references below.
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