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Protein is an important nutrient for growth and development of humans and its quality depends on the types and
composition of its amino acids. The amino acid profile of dung beetle larva was determined and compared with
those of catfish and crayfish by HPLC using Applied PTH Biosystem amino acid analyzer. The data obtained
were analyzed with inferential statistics of Analysis of Variance (ANOVA) and means separated using Least
Significance Difference (ILSD). The results showed that there were significant differences in the samples for all
the set criteria for amino acid quality: total amino acid (F, ;= 219.9), percentage amino acid (F, ;= 1095.4),
essential amino acid score (F, ;= 2588.4), essential to non-essential amino acid ratio (F, ;= 236.7) and predicted
protein efficiency ratio (F, ;= 1049.4) all at P < 0.05. About 66.7% of the essential amino acids in dung beetle
larva satisfy human nutritional requirement while amino acids like tryptophan, histidine and threonine were
significantly higher in dung beetle. The amino acid score of this insect was higher as it has the potential of over
100% protein synthesis as against 68.2% and 80.9% respectively for catfish and crayfish. Moreover, a
consumption of 46 g of dung beetle larva can effectively satisfy the daily human amino acid requirement. The
study concluded that the protein quality of insects especially dung beetle larva compared favorably with
commonly consumed human protein diets like catfish and crayfish. Therefore entomophagy should be
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encouraged in the face of the present dwindling availability of animal protein food sources.
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INTRODUCTION

Protein is a major component of cell protoplasm
and forms an integral part of tissues in animals
including humans where it is required for repair of
cells, growth and development. The basic units of
all proteins are amino acids. Amino acids play a
central role as the building blocks of proteins and
they form metabolic intermediates as well as
maintenance of health and vitality (Usydus ez /.,
2009). Eighteen amino acids found in human
body are important in nutrition. Nine of these
amino acids could be synthesized in sufficient
amount in human body and are called non-
essential amino acids. They include alanine,
cysteine, glycine, aspartic acid, arginine, glutamic
acid, proline, tyrosine and serine. The remaining
nine, however cannot be synthesized by humans
and hence must be supplied through dietary
intake. They are referred to as essential amino
acids. These include leucine, lysine, isoleucine,
phenylalanine, tryptophan, methionine, histidine,
valine and threonine. Occasionally cysteine and
tyrosine may be referred to as semi essential amino
acids because they are synthesized from
methionine and phenylalanine respectively

(Boisen et al., 2000). Inability of the body to have
sufficient amount of these essential amino acids
could result in the degradation of body muscle
protein (Usydus et al., 2009).

One major effect of protein deficiency in human
nutrition is Protein Energy Malnutrition (PEM).
This is an array of diseases which results in illness
and death of millions of children worldwide due
to absolute or relative deficiency of calories or
protein in the diets (Muller and Krawinkel, 2005).
Protein Energy Malnutrition is responsible for
about 52% death of all under five children in
Nigeria (Oyedeji, 2000) with 24% and 16% of all
under five Nigerian population estimated to have
suffered from moderate to severe malnutrition
respectively (FAO/WHO/UNO, 1985).
Persistence world's population growth coupled
with limiting constraints of land, water and
resources have posed a major challenge to
providing adequate animal based protein
worldwide (Yen, 2009). This has led to continuous
call for the utilization of alternative sources of
animal proteins such as edible insects in order to
alleviate protein energy malnutrition especially in
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developing countries (Nuemann et al., 2002).
However, this proposal has met with prejudices
due to several cultural and sociological
considerations surrounding human food
preferences (Chang et al., 2010; Oriolowo, 2014).
This is because many a time, human food choices
are not made only by nutritional benefits but by
sociological considerations (Vane-Wright, 1991;
van Huis, 2003; Den Hartog et al., 2006).

The nutritive value of any protein food could be
evaluated by considering its essential and non-
essential amino acids, mutual proportion of
specific essential amino acids; energy supplied
which is essential for protein synthesis, amino acid
score and predicted protein efficiency ratio
(Usydus et al., 2009; Oluwaniyi et al., 2010).
Quality of protein can also be evaluated by
comparing its amino acids with a recognized
standard protein relevant to all populations,
especially on the basis of the limiting essential
amino acids found in the food stuff. Limiting
essential amino acid is the smallest of the amino
acid found in the protein in comparison with
standard protein. This significantly affects the net
protein utilization which is the percentage of
amino acids converted to protein against the
amount amino acids supplied (Usydus et al.,
2009). Moreover, quality of protein can be
determined by assessing to what extent its amino
acids could meet the Recommended Daily Intake
(RDI) of various human age groups. This match
between dietary supply and human protein need is
vital to support the health and wellbeing of
human population (FAO, 2013).

Based on the above criteria, the amino acid
profiles of two conventional animal protein
sources: Catfish (Clarias gariepinus) and Crayfish
(Procambarus clarkii) were compared with a
popular edible insect, dung beetle larva (Aphidius
rufipes) in order to evaluate the nutritional quality
of thelatter.

MATERIALS AND METHODS

Collection and Preparation of Samples

Fresh samples of catfish (Clarias gariepinus)
were purchased from a local fish farmer in
Kontagora, Niger state, Nigeria. The sample was
brought to the laboratory and thoroughly washed
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with clean water. The fish head was discarded and
the remaining part cutinto sizes. The cut sized fish
was boiled in water at 100 °C for 10 minutes
without adding any ingredient until the fish was
well cooked and tender. All the bones were
removed from the flesh and sundried.

Dung beetle larvae (Aphodius rufipes) were
collected from cow dung from a Fulani settlement
close to Kontagora, Nigeria. The larvae were
brought to the laboratory and subsequently
washed with water severally to remove soil
particles and dung stains on them. The larvae
abdominal regions were cut open with razor in
order to remove excrement and undigested plant
materials in them. The cut larvae were thoroughly
washed with clean water once again before being
boiled in hot water at 100 “C for 5 minutes. The
boiled larvae were removed from the hot water
and sundried for five days.

Crayfish (Procambarus clarkii) was purchased
from new market in Kontagora, Nigeria. Dirt
particles were handpicked from it washed and
subsequently sundried. Dried samples of catfish,
dung beetle larvae and crayfish were ground into
fine particles separately using mortar and pestle.
They were separately wrapped in aluminum foil
and kept in separate plastic containers bearing
their respective labels for easy identification
before finally kept in a refrigerator prior to
analysis.

Determination of Amino Acids

Amino acid analysis was done by ion exchange
HPLC chromatography (Benitez, 1989), using the
Applied PTH Amino Acid Analyzer (Model
120A). About 2 g of each of the samples was
defatted using chloroform/methanol (2:1)
(AOAC, 2006) and then hydrolyzed at 110 °C
under nitrogen atmosphere for 22 hrs with 6 M
hydrochloric acid. For tryptophan determination,
2 g of each of the samples was separately
hydrolyzed with 4.2 M sodium hydroxide for 22
hrs and were then neutralized to pH 7.0 with 6 M
of hydrochloric acid. These hydrolysates were
then injected into the amino acid analyzer for
separation and characterization. Quantification
was obtained by using external amino acid
standards and the results were corrected for the
recoveries. All analyses were conducted in
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triplicate for each sample.

Estimation of Quality of the Amino Acids

The total amino acid (TAA), total essential amino
acid (TEAA), total acid amino acid (TAAA), total
sulphur amino acid (TSAA) and total aromatic
amino acid (TA AA) were calculated. Predicted
protein efficiency ratio (P-PER) was determined
using the equation developed by Adeyeye (2009).
P-PER =-0.468 + 0.454 (Leu) -0.105 (Tyr)

The amino acid score for essential amino acid was
calculated according to FAO/WHO (1973)

AL =ARA/AAA,,

Where AAA_ is the amount of limited amino acid
in the sample protein (mg/g) while AAA, is the
amount of the same amino acid in the reference

protein (mg/g).

RESULTS

Table 1 shows the amino acids composition of
catfish, dung beetle larva and crayfish. In all, 55%
of the total amino acids in three samples satisfied
the requited FAO/WHO standard. Essential
amino acids: lysine, isoleucine, valine and
threonine satisfied the FAO recommended daily
allowance. Considering the criteria for comparing
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the amino acids in the samples, there were
significant differences in total amino acids (F, ; =
219.9, ANOVA, LSD, P<0.05), percentage
essential amino acids (F, , = 1095.4, ANOVA,
LSD, P < 0.05), essential amino acid score (F, ; =
2588.4, ANOVA, LSD, P<0.05), essential to non-
essential amino acid ratio (F, ; = 236.7, ANOVA,
LSD, P<0.05) and predicted protein efficiency
ratio (I, , = 1049.4, ANOVA, LSD, P<0.05). The
essential amino acid scores were 68.2% in catfish,
200% in dung beetle larva and 80.9% in crayfish.
Values which translated to the degree of protein
being synthesized from the amino acid profiles of
the samples. 66.7% of the essential amino acids in
dung beetle larva satisfied FAO/WHO daily
requirement for human. This is similar to the
percentage recorded in crayfish, though this was
lower than 77.7% recorded in catfish. Amino
acids: tryptophan, histidine and threonine in dung
beetle satisfied the FAO/WHO daily presctiption
as well as significantly higher than the wvalues
obtained for catfish and crayfish. Tryptophan was
the limited essential amino acid in all the three
samples; however its content in dung beetle
satisfies the daily recommended allowance for
humans.
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Table1: Amino acid Profile of Catfish, Dung beetle larva and Crayfish (g/100g protein

Amino acid Catfish Dung beetle Crayfish *FAO/WHO
Standard
(RDA)
Leucine 7.39 + 0.05 5.95 + 0.02 7.19 + 0.05 6.60
Lysine 8.46 = 0.04 5.93 £ 0.02 6.98 = 0.04 5.80
Isoleucine 419 £0.04 3.08 + 0.03 4.25 1 0.04 2.80
Phenylalanine 3.99 £0.02 3.72 + 0.02 4.26 £0.03 6.30
Tryptophan 0.75 £ 0.03 2.20 £ 0.01 0.89 £0.03 1.10
Valine 5.04 = 0.03 4.53 £0.02 4.51 £0.02 3.50
Methionine 2.76 £0.03 2.23 £0.02 2.83 £0.02 2.50
Proline 4.86 £ 0.03 4.68 £ 0.01 3.35+ 0.03 9.13
Arginine 6.62 + 0.02 5.16 + 0.02 7.75 = 0.03 8.00
Tyrosine 3.26 £0.03 5.33 + 0.02 3.45 + 0.03 6.30
Histidine 2.17 £0.02 2.36 £ 0.01 1.79 £ 0.02 1.90
Cysteine 0.85 £ 0.03 0.48 £ 0.04 1.25 + 0.03 2.50
Alanine 6.12 £ 0.11 4.85 £ 0.02 4.09 £0.03 3.11
Glutamic acid 14.27 £ 0.03 12.19 £ 0.01 13.17 £ 0.01 5.60
Glycine 8.01 + 0.03 8.36 = 0.03 7.54 + 0.03 7.12
Threonine 4.38 £ 0.02 6.16 + 0.05 4.39 £ 0.02 3.40
Serine 4.58 £ 0.04 4.75 £ 0.02 0.99 £0.03 9.93
Aspartic acid 9.66 £ 0.02 6.29 £ 0.02 9.61 £ 0.04 5.30
2 TAA 97.34° 88.29" 88.30" 90.89
%TEAA 39.14 (40.21%)" 36.16 (41.0%)" 37.09 (42.01%)°
%TAAA 23.93 (24.58%) 18.14(20.93%) 22.78 (25.80%)
%TSAA 3.61 (3.71%) 2.71 (3.07%) 4.08 (4.62%)
%TAAA 8.00 (8.22%) 11.25 (12.74%) 8.60 (9.74%)
2TEAA/YTNEAA 0.67* 0.69" 0.72°
P-PER 2.55° 1.67° 2.43°
A Ascore 0.68" 2.00° 0.81°¢

Values are mean of triplicate measurements

Mean carrying the same superscript are not significantly different (ANOVA, LSD, P<0.05)

*FAO/WHO (1991)

Table 2 compared the essential amino acids in
catfish, dung beetle larva and crayfish with
recommended daily intake of adult human. The
values in brackets indicate the amount in grams to
be consumed daily in order to meet the daily
human need. The three samples showed excellent
amino acid compositions which could readily

satisfy the daily amino acid requirement of adult
humans. For instance a daily consumption of
about 38 g,46 gand 41 gof catfish, dung beetle
larva and crayfish respectively will adequately
satisfy the daily amino acid requirement of an
adulthuman.
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Table 2: Daily Recommended intake of Protein Samples which satisfy the body Amino acids

Requirements
*Recommended Daily Intake g/100g of protein
Amino acid Mg/Kg g/70kg Catfish Dung beetle Crayfish
body weight body weight larva
Leucine 39.0 2.70 7.39 (36.53) 5.95 (45.38) 7.19 (37.55)
Lysine 30.0 2.10 8.46 (24.82) 5.93 (35.41) 6.98 (30.09)
Isoleucine 20.0 1.40 4.19 (33.42) 3.08 (45.45) 4.25 (32.94)
Phe + Tyr 25.0 1.75 7.27 (24.07) 9.05 (19.34) 7.71 (22.70)
Theonine 15.0 1.05 4.38 (23.97) 6.16 (17.05) 4.39 (23.92)
Met + Cys 15.0 1.05 3.60 (29.16) 2.73 (38.406) 4.08 (25.73)
Valine 26.0 1.82 5.04 (36.16) 4.53 (40.18) 4.51 (40.36)
Tryptophan 4.0 0.28 0.75 (37.33) 2.20 (12.72) 0.89 (31.36)
Histidine 10.0 0.70 2.17 (32.26) 2.36 (29.66) 1.79 (39.11)
> Essential 184.0 12.58
*RDI Standard WHO (2007)

Values in bold represent minimum recommended daily intake in grams of samples for adult humans

DISCUSSION

The percentage essential amino acid of catfish in
this study was 40.2%. This was similar to 42.5%
reported for catfish by Osibona et al. (2009), while
the ratio of essential to non-essential amino acids
of the catfish was 0.67. This was also lower than
0.74 reported by Osibona et al. (2009). The
percentage essential amino acids in dung beetle
larva in this study was 41% while essential to non-
essential amino acids ratio was 0.69. These were
lower than 44.4% and 0.84 respectively reported
for dung beetle larva (Paiko e al., 2012). The
percentage essential amino acids obtained for
crayfish was 42% while essential to non-essential
amino acid ratio was 0.72. These were also lower
than 45% and 0.82 respectively reported by
Ahmad et al. (2013) or 45.6% and 0.84
respectively reported by Nahid and Fayza (2009).
This showed that dung beetle larva as well as the
other two samples studied has excellent amino
acid composition which satisfied the dietary
recommendations of 39% for infants, 26% for
children and 11% for adult humans
(WHO/UNO, 1985). Moreover they also satisfy
the recommended value of 0.6 of essential to non-
essential amino acids for human diet

(FAO/WHO, 1973).

The predicted protein efficiency ratio (P-PER)
was lower in dung beetle larva compared to catfish
and crayfish. The value of 1.67 obtained in dung

beetle larva was similar to 1.60 and 1.64
respectively reported for two commonly
consumed fishes in Nigetia, Clupea harengus and
Scomber scombus fried in palm oil. It was however
higher than a value of 1.35 reported for
Tranchurus tranchurus (Oluwaniyi et al., 2010).
Generally any protein diet of P-PER of atleast 1.5
has been described as quality protein source
(Friedman, 1996).

Dietary protein plays important roles in providing
amino acids for biosynthesis of body proteins. Itis
therefore necessary that all the essential amino
acids are supplied in appropriate amount for
optimal protein synthesis (Alam et al., 2016). The
study thus shows that the essential amino acids in
dung beetle larva meet the requirement for
maximum protein production. This is because a
single amino acid deficiency will decrease protein
synthesis and consequently growth to the extent
that the animal will only grow to a point at which
the supply of the deficient amino acid is
exhausted. Such amino acid limiting the growth in
this manner is referred to as limiting amino acid
(Robinson and Li, 2015). In dung beetle larva, the
essential amino acid tryptophan with a value of
2.20g/100g of protein happens to be the least, but
this value was higher than the recommended
1.10g/100g of protein for human diet. This
implied that dung beetle larva diet can enhance
maximal level of protein synthesis unlike catfish
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and crayfish which are restricted to about 68.2%
and 80.9% synthesis respectively.

The essential amino acids: lysine, isoleucine,
tryptophan, valine, histidine and threonine are
abundant in dung beetle larva. Lysine helps in the
synthesis of carnitine, which converts fatty acids
into energy and also plays an important role in the
production of hormones, antibodies and
enzymes. A deficiency in lysine could lead to
niacin deficiency which causes a health condition
called pellagra (Fagbenro et al., 2005). Histidine
helps in the production of histamine, which takes
partin allergic and inflammatory reactions. It plays
a very important role in maintaining the
osmoregulatory process and is related to energy
production or is used in other metabolic pathways
during certain emergencies or harsh conditions
(Abe and Ohmama, 1987). Histidine is a
component of haemoglobin and is important in
prevention of rheumatoid, arthritis, ulcer and
anaemia. A deficiency in histidine may cause
hearing problem.

The amino acid, tryptophan plays an important
role in the brain as a precursor of the
neurotransmitter, serotonin, which has a major
effect on the feeding behavior of animals (Mullen
and Mortin, 1992). It also works as a relaxant,
alleviate insomnia, prevent migraine, reduce
anxiety and promote proper immune function.
Isoleucine is necessary for haemoglobin
formation, stabilizing and regulating blood sugar
and energy (Osibona et al., 2009). Threonine is an
important ingredient in the formation of bones,
cartilages, hairs, teeth and nail. The consumption
of phenylalanine helps to prevent mood swings,
lethargy, sluggishness, feeling of anxiety and low
morale. Leucine helps in physical performance,
because it delays muscular deterioration and pain.
Methionine aids in the production of sulphur,
which is necessary for normal metabolism and it is
also essential for the synthesis of haemoglobin
and glutathione that fights against free radicals
(Parcell, 2002; Akhirevbulu and Okonji, 2013).
Generally, deficiency in any of these essential
amino acids may hinder healing recovery process
(Mat Jais et al., 1994). The fact that dung beetle
larvais rich in lysine and threonine makes it a good
supplement for their deficiency in food such as
rice, maize, wheat and cassava which form
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commonly consumed staple food in developing
countries including Nigeria.

CONCLUSION

The study showed that the amino acid
composition of edible dung beetle larva compare
favourably with those of catfish and crayfish. It
has the potential to perform better as human
source of food in terms of its amino acid score.
This study once again confirms that many edible
insects could be good sources of amino acids
required in human diet. Therefore the prejudice
against insects as human food in some countries
and culture do not emanate from nutritional
standpoint, but probably from some certain
embedded sociological beliefs. Thus it is high time
humans embraced entomophagy in the face of
ever increasing population and dwindling animal
protein sources.
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