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ABSTRACT

Aim: To ascertain scientifically by proximate analysis, the nutrient composition and mineral
contents of the American cockroach Periplaneta americana.

Study Design: Completely randomized sample design (CRD) was engaged in the study with 15
parameters replicated five (5) times, totaling seventy five experimental samples. The whole
experiments were repeated in three trials.

Place and Duration of Study: Postgraduate laboratory, Faculty of Science, Niger Delta University
Wilberforce Island, Bayelsa State, Nigeria between September 2019 and February 2020.
Methodology: The nutrient composition and mineral profile of the cockroaches were ascertained
using randomly selected cockroach sample while adopting standard procedures of AOAC, (1990,
2005). Statistical analysis and significant difference tested at alpha level p< 0.05 was done using
Turkey HSD test for difference between mean while results were presented in tables. The software
used was SPSS version 20.

Results: The results for proximate analysis of nutrients found in P. americana are given as follows:
moisture content: 12.42+1.6%, Crude ash: 3.52+0.8%, crude protein: 8.72+1.3%, crude fat:
17.64+1.9%, fibre: 21.2842.1%, Carbohydrate (dry method): 87.56+4.2% and Carbohydrate (free
nitrogen extract): 48.76+3.1%. Furthermore, P. americana was proven rich in both micro and

*Corresponding author: Email: rukoroije@gmail.com;



Boate and Suotonye; AFSJ, 15(2): 37-46, 2020; Article no.AFSJ.56507

phosphorus (128.76+5.1mg/100g),

macro minerals in very high to low concentrations such as:calcium (468.00+9.7mg/100g),
magnesium (362.00+£8.5mg/100g), iron (274.60+7.4mg/100g), potassium (242.5+7.0 mg/100g),
sodium (110.68+4.7mg/100g),
100g), copper (7.54+1.2mg/100g) and zinc (4.74+1.0mg/100g). All results were calculated as
mean percentages of five experimental evaluations.

Conclusion: Cockroaches are omnivores and feed on rotten vegetables, waste products from
industries such as brewer’s yeast, leftover bread, brewer’s spent grains and several other food
materials, hence they are very well efficient at turning plant based feed into animal protein. This
makes them efficient projectors for addressing the problem of shortage of animal proteins thereby
fulfilling the food security goal of sustainable development.

manganese (12.63+1.6mg/

Keywords: Cockroach; proximate analysis; nutrient; minerals; protein; carbohydrate; calcium.

1. INTRODUCTION

Insects are highly suitable as feed due to their
high nutritional values and since they are
naturally a part of some livestock diet [1]. Insects
are used for multiple purposes such as human
food (entomophagy) [2,3], animal feeds [4] and
as well as alternative sources such as medicinal
(entomotherapy) [5,6]. Cockroach specie
Periplaneta americana commonly known as the
American cockroach is considered the edible
amongst most cockroach species especially in
countries like China where they are bred in
captivity, sold and supplied to farmers who use
them as feed for livestock and to the general
public who eat them as food or for medicinal
purposes or simply as tonic [4,7-9]. In
pharmaceutical industries the insects are used
for the production of drug formulations in curing a
number of ailments such as gastroenteritis,
duodenal ulcers and pulmonary tuberculosis,
cancer, AIDS and potent anti-carcinogenic
properties especially in traditional Chinese
medicine where they are believed to work faster
than other medicines [7,8]. Cockroaches are
reported to have detoxifying properties and can
act as diuretics. They are also effective for
relieving sore throat, tonsillitis, liver cirrhosis and
fluid build-up [9]. Cosmetic industries in Korea
value the rich quality of cellulose contained in
cockroach wings and cockroach powder are
used in the production of facial mask and cream
used for the treatment of burns [8]. According to
[10,11], crystal-like milk derived from cockroach
is considered a potential super food been
awaited by the world.

Insect provide much of the protein animals need
at a much lower environmental cost as they can
feed on just about anything ranging from manure,
or other type of organic waste including leftover
foods, fruits, vegetables, offals, grains discarded
by breweries [12,13] hence are been reared and
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sold in their millions incurring huge profits for the
farmers [14]. Furthermore, [15,16] reported that
insects of the order Blattodea to which P.
americana belongs, are usually robust, grow
under extreme conditions of low oxygen, poor
lighting, high stocking density as well as have
high nutritive value. Cockroaches can be reared
as healthy food for humans [9] and as suitable
feed for livestock which they make sustainable
[4] or for the purpose of getting rid of food waste
[9]. According to Behre et al. [1], insect feed is a
sustainable addition to conventional feed, as
insects are reared on waste streams and can
generate diversified livelihood incomes. They are
cheap to procure and process and are readily
available in and outside the farms and
households. They are reportedly cheap source of
proteins and proposed as alternative to the meat

industry [7,12]. In order to enhance the
marketability of edible insects as food
industrialization  materials through diverse

development, it is critical to understand traits of
edible insects, particularly their nutritional content
especially since insects are used in addition to
foods rather than as a stand-alone food [17].
Thus, as possible requirement for the efficient
utilization of the American cockroach, be it as
food for man or feed for livestock, adequate
information on its nutrient composition cannot be
overemphasized. Several authors have studied
the nutritional attributes of cockroaches without
specifically narrowing it down to the specie
Periplaneta americana hence reference is drawn
always from the German specie Blatta orientalis
which has been reported to have high protein
content. Therefore, the aim of the research was
to evaluate the proximate composition of
nutrients and mineral profile of the single species
of cockroach, the American cockroach (P.
americana). The result of this study will be of
utmost priority especially in the achievement of
one of the agendum of the sustainable
development goal of food security.
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Plate 1. The American cockroach
(P. americana)
Source: Author

2. MATERIALS AND METHODS
2.1 Collection of Test Insect

A total of four hundred adult cockroaches
identified as American cockroaches were
collected from various areas of residential
buildings of Bayelsa State, Nigeria. The
cockroaches were taken to the Postgraduate
laboratory of the Niger Delta University,
Wilberforce Island, Bayelsa State for proper
identification and laboratory analysis.

2.2 Experimentation

Using the procedure of Soon-Kyung et al. [17],
the cockroaches were washed in water to
remove dirt and soil particles and later oven dried
at 40°C for 8 hours. The dried cockroaches were
ground into powder and stored at 4°C for later
use in the bioassay. Proximate analyses and
mineral content of the cockroaches were
determined using standard procedures by
Association of Official Analytical Chemists
[18,19]. For proximate analyses, the nutrient
content of the followings were determined:
moisture, ash, crude protein, crude fat and crude
fiber. Also mineral profile of the cockroaches
such as calcium, magnesium, sodium,
potassium, iron, manganese, copper, zinc and
phosphorus were evaluated.

2.2.1 Moisture content

A clean porcelain crucible was dried in an oven
to obtain a constant weight (a). Five grams (5 g)
of the sample was introduced into the crucible,

39

the lid replaced and weighed to obtain the weight
(b). The crucibles with contents were placed in
the oven and the temperature set at 60°C for 24
hours. This was allowed to cool in a constant
weight (c) [18].

% Moisture = 2=¢ x 12
b-a 1
2.2.2 Ash content

Two grams (2 g) of oven-dried sample was
weighed in a crucible of known weight. The
Crucible and content were placed in a muffle
furnace and ignited at 550°C for 15 hours and
later cooled to room temperature in a desiccated

desiccator. The ash and crucible were then
weighed [18].
% Ash = weight of Ash 100

weight of dried sample T

2.2.3 Crude protein content

0.5 g of the sample was weighed into a standard
500 ml Kjeldahl flask containing the Kjeldahl
catalysts 1.5 g of copper sulphate (CuSO, and
1.5 g of sodium sulphate (NaSO,4, some anti
bumbs chips and 5ml of Concentration hydrogen
tetraoxosulphatevi acid (H,SO,4 The digestion
flask was placed on the digestion rack and
heated gently for one hour to prevent charring
and frothing. The heating was then increased
about 4-5 hours until a clear bluish digest was
observed. The digest was cooled and
quantitatively transferred into a 50 ml standard
flask and made up to the mark with distilled
water. 10 ml of this solution was transferred in a
kjeldahl distillation flask, treated with 10 ml of
40% sodium hydroxide (NaOH) and heated. The
gas ammonia is collected in a conical flask
containing 10 ml of 5% boric acid into which 2
drops of the mixed indicator was added. The tip
of the distillation condenser is positioned in a
way that the tip is immersed into the
conical flask and the distillation continued until
about 3 times, the original volume was
obtained. The boric acid, mixed indicator solution
turned green as ammonia was distilled into it
[18].

A 50ml burette was then filled with 0.1MHcl
solution and the distillated was titrated.

% Nitrogen = ml Hcl (sample) — ml HCI
14 50 100

(blank) x M x —x—x —

1000 10 0.5

% Protein = % NX 6.25
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2.2.4 Crude lipid of extract

0.5 g of the oven-dried sample was accurately
weighed into a thimble. 200 ml of petroleum
ether was poured into a previously weighed
round bottom flask containing weighed anti
bumping granules. A blank deformation was also
done without the 0.5 g sample. The soxhlet
extractor and the thimble with its contents were
filled into the flask and the set up was placed on
a heating mantle. The flask was heated slowly on
the heating mantle until the solvent in the
extraction was complete. The thimble was
removed and air-dried. The extracted lipid in the
flask was concentrated using rotary evaporator
which was further dried in a desiccator and then
weighed. The amount of lipid extracted was
obtained from the difference between the weight
of the flask before and after extraction [18].

.. Weight Extract 100
% L|p|d = e At X—

weight of sample 1
2.2.5 Crude fibre

The procedure involved acid digestion, filtration
and base digestion. Two grams (2 g) of fat free
sample was weighed and quantitatively
transferred into a 400 ml beaker which has a
mark at the 200 ml line. 50ml of 1.25% H,SO,
was added and the mixture made up to 200 ml
mark with distilled water.

The beaker was then boiled for 30 minutes. The
contents of the beaker were filtered through a
funnel with the end of a suction pump. The
residue was washed severally with hot water until
it was acid free.

The residue was then transferred into the 400 ml
beaker and 50 ml of 1.25% sodium hydroxide
(NaOH) solution was added and made up to the
200ml level, with distilled water. The mixture was
brought to boiling for 30mm with stirring. The
contents were filtered through a funnel and
washed severally with hot water until it was free
from NaOH. Finally the residue was washed with
95% ethanol twice and transferred into a
porcelain crucible and dried at 100°C [18].
Weight of dried fibre 100

% Fibre = X—

Weight of fat free sample 1

Mineral contents such as calcium, magnesium,
sodium, potassium, iron, manganese, copper,
zinc and phosphorus were also evaluated using
standard atomic absorption method of
Association of Official Analytical Chemists [19].

Two grams (2 g) of each sample was ash at
550°C for 15 hours in a muffle furnace. The
resulting ash was then acid digested in 15 ml of
concentrated Nitric acid (HNO3). 20 ml of distilled
water was added to the acid digest to dilute the
solution. The solutions were filtered into 100 ml
volumetric flask and made up to the mark with
the distiled water. The samples were then
aspirated on the Atomic Absorption
Spectrophotometers  for the variation of
elements.

2.3 Data Analysis

Proximate composition of the samples was done
using five experimental evaluations. Statistical
analysis and significant difference tested at alpha
level p<0.05 was done using Turkey HSD test for
difference between mean while results were
presented in tables as mean and standard
deviation of five replicates. Mean differences in
mineral composition of the American cockroach
was determined by one way ANOVA (two-factor
with replication). The software used was SPSS
version 20.

3. RESULTS AND DISCUSSION

Table 1 below gives the result for proximate
analysis of the nutrient contents of the American
cockroach which was proven to be high in
carbohydrate, analyzed in two ways: nitrogen
free extract (NFE) (48.73+3.1%) and dry method
(DM) (87.56+4.2%), crude fibre (21.28+2.1%),
crude fat (17.64+1.9%), moisture content
(12.42+1.6%), crude protein (8.72+1.3%)and
crude ash content of (3.52+0.8%).

The results of this study further reveals the
mineral content of P. americana adult as follows:
calcium (468.3319.7 mg/100g), magnesium
(362.00£8.5 mg/100g), iron (274.60+7.4
mg/100g), potassium  (242.54+7.0mg/100g),
phosphorus (128.76+5.1 mg/100g), sodium
(110.68+4.7mg/100g), but showed low contents
for manganese (12.65+1.6 mg/100g), copper
(7.54 1.2 mg/100g) and zinc (4.74+1.0mg/
100g) with the lowest content as presented on
Table 2.

3.1 Discussion

As the practice of entomophagy is gradually
gaining acceptance all over the world by which
people can supplement the meager protein
content of their high carbohydrate diets,
cockroaches have been found to be highly
nutritious amongst insects that possess high



Boate and Suotonye; AFSJ, 15(2): 37-46, 2020; Article no.AFSJ.56507

levels of proteins, fats, and minerals. Like
nutrient composition of other edible insects, the
nutritional values for cockroaches are highly
variable, these variations have been attributed to
the origin of species, insect food substrates as
well as measuring methods employed [20,21].

The moisture content of the P. americana was
relatively low (12.42+1.6%) dry weight. This
result is in agreement with that of Abulude et al.
[22]. This is indicative of the fact that the
cockroach meal/feed possesses a longer shelf
life and can be stored for a long period of time
upon preparation without spoilage. According to
Siulapwa et al. [23], low moisture content
reduces microbial activities and deterioration of
food/feed during storage. Feeds with high
moisture content are liable to quick spoilage
especially from fungal contamination. Toxins
produced by the moulds make such feed
unpalatable thus causing illness or even death to
animals [24]. Dry feeds though unpalatable are
usually stable.

Ash content is useful as it contains all the
minerals in the feed. The crude ash value of P.
americana was (3.5240.8%) and is in
comparison with the results obtained by various
authors who worked independently [22,25-27]
using different species of cockroach. The low ash
content is indicative of the absence of
contaminants and that P. americana feed and
food preparations can retard the growth of
microorganisms. This value also falls within the
recommended ash content value for meat and
dairy products.

Crude fibre is the estimation of the indigestible or
slowly digestible fraction of the feed that provide
the bulk necessary for proper peristaltic action in
the intestinal tract. The American cockroach has
the crude fibre content of (21.28+2.1%) which
compares favorably with that of Chulu [25] as
daily fibre requirement for human. Fibre regulate
blood sugar level, bowel function and feed bowel
health, hence their presence in any food/feed is
of utmost importance [28].

Table 1. Proximate analysis of the nutrient contents of P. americana adults

Nutrient Percentage (%) composition of Periplaneta americana
Moisture content 12.42+1.6°

Crude ash 3.520.8°

Crude Protein 8.7241.3°

Crude fat 17.641.9°

Crude fibre 21.282.1°

Carbohydrate (Dry Matter) 87.56+4.2"

Carbohydrate (NFE) 48.73+3.1°

Results are presented as mean percentages of five experimental evaluations. There was significant (p<0.05)
difference recorded among variables, but none (p>0.05) was recorded among replicates in row (p=0.93).
Source: Authors

Table 2. Mineral content of Periplaneta americana adults

Mineral Mineral composition of Periplaneta americana (mg/100g)
Calcium 468.00+9.7°

Magnesium 362.00+8.5"

Sodium 110.68+4.7°

Potassium 242.54+7.0°

Iron 274.60+7.4°

Manganese 12.63+1.6"

Copper 7.54+1.29

Zinc 4.74£1.0"

Phosphorus 128.7645.1'

Results are presented as mean and standard deviation of five experimental evaluations. There was significant
(p<0.05) difference recorded among variable, but none (p>0.05) was recorded among replicates in row (p=0.16).
Source: Authors
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The crude fat of the cockroach P. americana was
relatively high (17.64+1.9%).This is in conformity
with previous results of several authors
[22,26,27] who worked on different species of
cockroach. This is also in line with the
percentage (20-35%) of fat needed daily by the
human body as stated by Ferrierra [28]. Fat is
vital in the structural and biological functioning of
cells. The implication of the insect fat content in
the cockroach is that it decreases the chances of
storage deterioration by lipid oxidation which is
usually on the increase in insects with
excessively high fat content [25]. According to
NRC [31], fat availability in diets play important
role in enhancing the palatability of foods,
functioning of cells and in the transportation of
vitamins.

The mean percentage crude protein (8.72+1.3%)
level of the cockroach specie aligns with that
reported by Abulude et al. [22]. This also falls
within the values of those of cow milk (3.8%),
hen’s egg (12.4%) and beef (18.0%) as stated by
FAO [30], therefore can adequately supplement
for the daily protein requirement of 23.56 % as
stipulated by NRC [31]. This can be substantially
augmented by incorporating processed
cockroach meat powder into children, pregnant
and lactating mother’s diets or even adults who
are malnourished. Also cockroach powder and
processed meat can be adequately incorporated
in the feeds of livestock especially poultry for
faster growth rate. If an adult male of about 70 kg
body weight requires 35 g of protein daily. Only
about 113 g of the cockroach food would be
required to provide an average adult man’s
minimum daily protein need [25]. Bigger sized
insects form hardened cuticle covered with
Nitrogen- Hydrogen bonded chitin layer which
increases the Nitrogen content [32]. High protein
content is suitable for feed production as
reported by Mayer [33]. It is therefore reasonable
and economical to supplement diets with edible
cockroach or be eaten as dessert, delicacy or
appetizer to meet up with the protein demand of
the body.

The result of the study also showed that the
cockroach had high content of carbohydrate
whether by dry matter (87.56+4.2%) or Nitrogen
free extraction (48.76+£3.1%). This result also
confirmed those reported by authors [22,34,28].
Carbohydrates are important nutritive elements
in the human body. They are the main energy
source, can reduce consumption of protein and
help in detoxification.
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Minerals are known to play important metabolic
and physiological roles in living system. The
levels of minerals present in the American
cockroach were very high and indicated that the
insect is proven as good source of both macro
and micro minerals for humans (young, pregnant
and lactating mothers) and animals (livestock).
Calcium is a major mineral nutrient required in
the diet of humans. The calcium content of the
cockroach P. americana was (468.00+9.7
mg/100g) which quadruples the daily intake
requirement of 100-120mg of human adult. The
mineral calcium is essential for the building of
bones and teeth, helps in muscle contraction and
relaxation, nerve function, blood pressure
regulation, immune system health and as a
messenger in cell signaling. It is extremely
important to avoid loss of bone [35].

Magnesium is also a macro nutrient required
daily in high amount in human diet (400-420 for
men and 310-320 for women). It was revealed by
the study to be present in the cockroach dry
weight as (362.00+8.5 mg/100g). This value can
also supplement for the daily requirement value
needed by humans especially women and
expectant mothers, since magnesium is essential
in making protein, muscle construction, nerve
transmission, immune system health, metabolic
processes and energy production synthesis of
biomolecules [35]. It is also a structural
component of cell membrane and chromosomes
and is used in ion transport and cell migration.

Sodium as a macro nutrient is needed for proper
fluid balance, nerve transmission and muscle
contraction [17] with the recommended daily
intake given as 1.5- 3.8 g of sodium chloride per
day. The quantity found present in the dry weight
of the cockroach (110.68+4.7mg/100g) also
aligns with that of Abulude et al. [22] and far
exceed the above recommended daily
requirement by humans and thus can
adequately supplement the sodium chloride daily
intake.

Potassium is another major mineral required in
large quantity by humans for proper fluid
balance, nerve transmission and muscle
contraction [35]. It also acts as electrolyte in the
body and functions as a cofactor for a number of
enzymes. Its deficiency leads to fatigue, muscle
cramps and abdominal pains [17]. It was found to
be high in the cockroach (242.54+7.0mg/100g)
far exceeding the recommended daily
requirement of 4.7 g as reported by [36].



Boate and Suotonye; AFSJ, 15(2): 37-46, 2020; Article no.AFSJ.56507

Iron and zinc deficiency are wide spread in
developing countries, especially in children and
women of reproductive age. According to Shaffer
[36], iron is a critical component of many
metabolic proteins and enzymes. The iron
content of the cockroach (274.60+7.4mg/100g)
exceeds the recommended daily requirement of
men: 8mg/100g, women: 18mg/100g and
pregnant women: 27mg/100g in United States of
America as reported by Shaffer [36]. Iron
contains the molecules haemoglobin found in red
blood cells and myoglobin which carry oxygen in
the body of animals to the tissues and also
function as cofactor of various enzymes
[37,35,17]. Iron deficiency leads to anemia,
reduced physical activity and increased maternal
morbidity and mortality.

Zinc is the micro mineral functioning as essential
component of many enzymes which catalyze
activation, cell division and immune system
health action [34,36]. lts presence is needed for
making protein and genetic material. It also
functions in taste perception, wound healing,
normal fetal development, sperm production,
growth, development and sexual maturation,
reproduction and neurological function [35]. It
functions in cellular metabolic processes as
structural part of cell membrane and transcription
factor [36]. Zinc deficiency causes impaired
growth and contributes considerably to the high
infectious disease burden. From the result, zinc
content was (4.74+1.0mg/100g) which can be
complementary to infant feeds that could receive
a boost with the addition of processed cockroach
foods to the diets given that the recommended
daily intake is 11 and 8 mg/100g respectively for
men and women [35]. This composition also
agrees with that reported by Chulu [25] for zinc.
Iron, zinc, copper and manganese strengthen the
immune system as antioxidant enzyme cofactors.
Likewise, magnesium and zinc prevent
cardiomyopathy, muscle degeneration, growth

retardation, impaired spermatogenesis,
immunological  dysfunction and  bleeding
disorders.

Copper is a cofactor of many enzymes involved
in energy production, connective tissue formation
and iron metabolism [36]. It is a component of
oxidizing enzymes which contribute to oxidation-
reduction reaction [35]. It was found in
reasonable amounts in the cockroach under
study (7.54+1.2 mg/100g).

The mineral manganese is present in
appreciable amount in the cockroach (12.63+1.6
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mg/100g) which is above the stipulated
recommended value for men (2.3 mg/100g) and
women (1.8mg/100g) as stated by Shaffer [36].
Manganese functions as part of many enzymes
which contribute to activate antioxidant activity in
the mitochondria and assist enzymes in
metabolism, bone development and wound
healing [38]. Its deficiency leads to osteoporosis,
diabetes and epilepsy [17].

Phosphorus is a minor mineral also found in the
cockroach (128.76+5.1 mg/100g) which is in
agreement with that stated by Abulude et al.
[22]. This is also in congruence of earlier
reports by Chulu [25] which gave 84 mg/100g as
the requirement for human. It is
reportedly essential for healthy bones
and teeth. It also maintains acid-base balance,
used as cell membrane component and
functions as part of the energy molecules
Adenosine Triphosphate (ATP) and Adenosine
Diphosphate (ADP) which contain phosphate
[35,17].

Finally, just like the nutrient composition of other
edible insects, the nutritional values for the
American cockroach P. americana are highly
variable which is attributed to the origin of
species, different ecotypes and age of
cockroach, insect food substrates as well as the
measuring methods employed [39,40,27,20,21].
Observations by the following authors [41-44],
revealed that species type, environmental
condition, geographical location, feeding habits
and developmental stages of the insects play
important role in the variability of nutrient level of
edible insects. According to Feng et al. [45], food
safety evaluation of cockroach confirmed it as
not poisonous to animals and humans. A
cockroach farmer named ‘Li Bingcaia’ in Yibin,
Southwestern Sichuan province of China in his
statement, reported “cockroaches are gold, they
have high protein content and are highly
nutritional’ [9].

4. CONCLUSION

This study revealed that the American cockroach
(P. americana) has high nutritional qualities.
Proximate nutrient composition indicated that
cockroach has high shelf-life and can be
preserved in good quality long after preparation.
The result of this study confirmed the fact that
cockroaches are indeed a good source of
basically fat, protein and other micro- and
macronutrients which were readily present and
should therefore be recommended as both food
and feed for humans and animals.
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5. RECOMMENDATION

The consumption of cockroach following the
proper preparation methods should be
encouraged regarding its medicinal and nutrient
properties both as food for man and feed for
animals basically livestock. Periplaneta
americana provide high quality proteins, fats and
supplement (minerals) even when dried. Hence,
should be farmed and cultivated with modern
techniques in order to increase their commercial
value and availability.

CONSENT
It is not applicable.
ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENTS
The authors are grateful to Dr. Ukoroije,
Rosemary Boate for designing the study,

collection and identification of the cockroach
specie and the compilation of this work. Dr. Mrs.
Bawo, Dorcas Dauta Suotonye for review of
literature and vetting of the research. The Chief
Technologist, Mr. Spiff, Sotonye Talent for the
laboratory analysis of the samples and Mr.
Otayoor, Richard Abalis for the statistical
analysis of the generated data, all of the Faculty
of Science, Niger Delta University Wilberforce
Island, Bayelsa State. God bless you richly. The
authors clearly state that we did not receive any
form of financial support from any organization.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Behre E, Henkels B, Meyayo AM,

Verschuur X. Insect as livestock feed.
Policy brief commission by the UN policy
Analysis Branch, Division for Sustainable
Development. Wageningen University and
Research. 2020;14:(1-7).

2. Akullo J, Algea JG, Obaa BB, Okwee-Acai
J, Nakimbugwe, D. Nutrient composition of
commonly consumed edible insects in the
Lango sub-region of Northern Uganda.
International Food Research Journal.
2018;25(1):159-161.

3. Allotey J, Mpuchane S. Utilization of useful
insect as food source. Africa Journal of

44

10.

11.

12.

Food, Agriculture and Nutritional
Development. 2003;3:1-6.

Sikkema A. Insects make animal feed
sustainable. Resource for everyone at
Wegeningen University Research;
2015.

(Accessed Jan. 2015)
Available:http://www.resource. wur.-

nl/en/show/

Lam PY, Nurul SAL, Kumara T, Paspuleti
VR, Wan ZWM. Nutrient composition of
Blaptica dubia (Order: Blattodea) as an
alternative protein source. Journal of
Tropical Resources and sustainable
Science. 2018;6:88-92.

Solavan A, Paulmurugam R, Wilsanand V.
Effect of subterranean termites used in the
South Indian folk medicine. Indian Journal
of Traditional Knowledge. 2006;5(3):576-
579

Demick B. Cockroach farms multiplying in
China. Los Angeles Times; 2013.
(Accessed 22 April, 2018)
Available:https://www.latimes.com/la-fg-c1-
china-cockroach-20131015-
dto=htmlstory.html

Malcolm M. Not for taste but medicinal
value; 2013.
Available:www.telegraph.co.uk

Papa Cockroach is healthy food for
humans: Chinese farmer breeds bugs for
the table.Gulfnews.

(Accessed 16" April 2019)
Available:https://www.gulfnews.com/world/
ana/

Tousignant L. Cockroach milk is super
food and what the world is been waiting
for. New York Post; 2016,

(Accessed 12 May, 2018)
Available:https://nypost.com/2016/07/26
Bowler J. Scientist think Cockroach milk
could be the next superfood and we wish
we were kidding. IUCrT Journal of
International Union of Crystallography;
2018.

Accessed July 2016
Available:https://www.sciencealert.com/am
p/

Kupferschmidt, K. Feature: Why insects
could be the ideal animal feed. 2010;1(9).
Available:http://www.sciencemag.orgs
DOI: 10.1126/science.aad4709

Pappas S. here’'s why cockroaches can
survive just about anything.

(Accessed 5" may 2018)
Available:https://www.livescience.com/620
93.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Boate and Suotonye; AFSJ, 15(2): 37-46, 2020; Article no.AFSJ.56507

Gardner, A. Cockroaches by the millions
give Chinese farmers a healthy profit. The
National; 2018.

(Accessed 22" April, 201 8)
Available:https://www.thenational.ae/world/
Jozefiak D, Engberg RM. Insects as
poultry feed. 20" European symposium on
poultry nutrition. ESPN Prague, Czech
Republic. Research Gate. 2015;24-27.
Jozefiak D, Engberg RM, Jozefiak JA,
Kieroazyk B, Rawski M, Swiatkiewicz S,
Dlugosz J, Engberg RM. Insects - A
natural nutrient source for poultry- arview.
Annual Animal Science. 2016;16:297-313.
Soon-Kyung K, Connie MW, Mi-kyeong C.
Proximate composition and  mineral
content of five edible insects consumed in
Korea. CyTA-Journal of Food. 2016;15(1):
143-146.

AOAC. Official method of analysis of the
Association of Official Analytical Chemists
International (15" edition by Sidney
Williams ed.). Washington D. C., U.S.A.
AOAC Inc.; 1990.

AOAC. Official methods of analysis of the
Association of Official Analytical Chemists
International. (18"  edition).  Official
methods. 930.15. Guithersburg, Maryland:
AOAC International. 2005;1-45.

Rumpold BA, Schulter OK. Nutritional
composition and safety aspects of edible
insects. Molecular Nutrition and Food
Research. 2013;57(3):802-823.

Van Huis H. Potential of insects as food
and feed in assuring food security. Annual
Review of Entomology. 2013;58(24):563-
583.

Abulude FO, Folorunsho OR, Akujaguala
YS, Ashafa SL, Babalola JO. Proximate
composition, mineral levels and phytate
contents of some alternative protein
sources of Cockroach  Periplaneta
americana, soldier ants Oecophylla specie
and earthworm Lumbricus terrestris for use
in animal feed formulation, Asian Journal
of Animal and Veterinary Advances. 2017;
2(1):43-45.

Siulapwa NJ, Nwambungu A, Lungu E,
Sichilima W. Nutritional value of four
common edible insects in Zambia.
International Journal of Science and
Research. 2014;3(6):4.

Bhilave MP, Nadaf SB, Deshpande VY.
Proximate Analysis of Formulated Feeds.
2014;1(9).
Available:https://www.allaboutfeeds.net/
Chulu CM. Nutrient composition of the

45

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

termite Macrotermes falciger, collected
from  Lusaka district, a potential agent
against malnutrition. Master of Science
Thesis, University of Zambia, Lusaka;
2015.

Guido B, Sheng Z, Dennis GABO, Wouter
HH. Protein quality of insects as potential
ingredients for dog and cat foods. Journal
of Nutritional Sciences. 2014;3(29)

Kulma M, Plachy V, Kourimska L, Vrabec
V, Bubova T, Adamkova A, Hucko B.
Nutritional value of threeBlattodea species
used as feed foranimals. Journal of Animal
Feed Sciences. 2016;25:354-360.
Ferrierra, M. Six essential nutrients and
why your body needs them; 2018.
Available: http://www.healthline.com
Omotoso OT. Nutritional quality, functional
properties and anti-nutrient composition of
the larva of Cirinaforda (Westwood)
(Lepidoptera: Saturniidae). Journal of
Zhejiang University Science B. 2006;7(1):
51-55.

FAO. Amino acid content of food and
biological data on proteins. Report of Food
and  Agricultural Organization/United
Nation Joint committee, Rome. 1972;116.
NRC. Nutrient Requirement of Laboratory
Animals, 4" Edition. National Academy
Press. Washington, DC (USA); 1995.
Pretorius Q. The evaluation of larva of

Muscadomestica (common housefly)as
protein source for broiler production.
Master of Science, Stellenbosch

University. Matieland, South Africa; 2011.
Mayer J. Nutrition, an issue of veterinary
clinics of North America: Exotic Animal
Practice. Elsevier Health Sciences. 2014;
17(3).

King JC, Shame DM, Woodhouse CR. Zinc
homeostasis in humans. Journal of
Nutrition. 2000;130:1360S-1366S.

Romita K, O’Brien R. Minerals: Their
functions and  sources. Healthwise
Incorporated; 2018.

Shaffer C. Macro minerals and Trace
minerals in the diet; 2019.
Available:medical.net/health/macromineral-
and-Traceminerals-in-the-diet.aspx

Beard J, Han O. Systemic iron status.
Biochimica et Biophysica Acta. 1990;584-
588.

Watts DL The nutritional relationship of
manganese. Journal of Orthomolecular
Medicine, 1990;5:219-222.

Davies RG, Hernandez LM, Eggleton P,
Didham RK, Fagan LL, Winchester NN.



40.

41.

42.

Boate and Suotonye; AFSJ, 15(2): 37-46, 2020; Article no.AFSJ.56507

Environmental and spatial influences upon
species composition of a termite
assemblage across neotropical forest
islands. Journal of Tropical Ecology. 2003;
19(5):509-524.

Jiménez JJ, Decaéns T, Lavelle P. Nutrient
spatial variability in biogenic structures of
Nasutitermes (Termitinae; Isoptera) in a
gallery forest of the Colombian ‘Llanos’.
Soil Biology and Biochemistry. 2006;38:
1132-1138.

DeFoliart GR. Insects as human food.
Gene DeFoliart discusses some nutritional
and economic aspects. Crop Protection.
1992;11:395-399.

Raksakantong P, Meeso N, Kubola J,
Siriamornpun  S.  Fatty acids and

43.

44.

45.

proximate composition of eight Thai
edible terricolous insects. Food Research
International. 2010;43(1):350-355.
Srivastava SK, Babu N, Pandey H.
Traditional insect bioprospecting-As
human food and medicine. Indian Journal
of Traditional Knowledge. 2009;8(4):485—
494.

Verkerk M, Tramper J, Van trijp J,
Martens, D. Insect cells for human food.
Biotechnology Advance. 2007;25(2):198-
202.

Feng Y, Chen XM, Zhao M. the rearing
and utilization of cockroach in Yunnan,
China. Book of Abstracts of Conference on
insects to feed the world. The Netherlands.
2014.

© 2020 Boate and Suotonye; This is an Open Access article distributed under the terms of the Creative Commons Afttribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/56507

46


https://www.researchgate.net/publication/341250717

