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ABSTRACT

Aims: To document the amino acid content of six wild edible mushrooms - Lentinus squarrosulus
Mont., Auricularia auricular-judae (Bull.) Wettst., Mycetinis copelandii (Desjardin) A.W. Wilson &
Desjardin, Baeospora myosura (Fr.) Singer, Pleurotus ostreatus (Jacq. ex. fr) Kummer and
Volvariella volvacea (Bull. ex. Fr.) Singer - found in southern Cross River State, Nigeria.

Place and duration of study: Department of Plant and Ecological Studies, University of Calabar,
Cross River State, Nigeria, between May 2018 and August 2018.

Methodology: The amino acids content of these mushrooms were quantitatively estimated. The
samples were obtained and analyzed for amino acids on dry weight basis using standard methods.
Results: The amino acid analysis quantitatively estimated the alanine, arginine, aspartic acid,
cystine, glutamic acid, glycine, histidine, Isoleucine, leucine, lysine, methionine, norleucine,
phenylalanine, proline, serine; threonine; tryptophan; tyrosine and valine component of the
mushroom samples. All the mushrooms studied contained nine essential, five conditionally essential
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and four non-essential amino acids with glutamic acid as the most predominant (values ranging from
6.66 to 17.26g/100g protein). Cysteine (0.30-0.48g/100g protein) and methionine (0.64-1-1.7g/100g
protein) were the lowest in concentration. The concentrations of five of these essential amino acids
phenylalanine (3.55 mg/100g protein), valine (3.62 mg/100g protein), threonine (3.39 mg/100g
protein), tryptophan (1.58 mg/100g protein), and lysine (3.23 mg/100g protein) in P. ostreatus were
significantly (P<0.05) higher than found in the other mushrooms. For the nonessential and
conditionally essential amino acids, the concentrations of arginine (6.02 mg/100g protein), aspartic
acid (6.88 mg/100g protein), cysteine (0.48 mg/100g protein), glutamine (17.26 mg/100g protein)
and glycine (2.61 mg/100g protein) in P. ostreatus were significantly higher (P<0.05) than found in

the other mushrooms.

Conclusion: This information reveals that mushrooms are potential sources of quality protein with
substantial proportion of essential amino acids indicating they can play a significant role in the fight

against malnutrition.

Keywords: Amino acids; edible; mushrooms; protein; wild.

1. INTRODUCTION

Malnutrition remains a universal problem with
numerous negative impacts. It affects all
geographies, age groups, people of all social and
economic status and all sexes. Malnutrition is
said to be responsible for more ill health and
higher levels of mortality than any other cause
[1]. The increasing severity of the problems of
malnutrition and the slow progress on tackling all
forms of it has led many to search for and
prioritize nutrition-specific diets for the fight
against malnutrition. Nutrition-specific diets are
described as food that targets the exact nutrient
requirements for the well-being of an individual or
a group [1]. Mushrooms are well-balanced food
reported to contain 30-50% protein on dry weight
basis, which can play a significant role in the fight
against malnutrition [2-8]. In addition to being
tasty, edible mushrooms are nutritious and are
rich in protein, carbohydrates, dietary fiber,
vitamins and minerals but low in calories and fat
[9-13]. Their protein is of a good quality and
contains all dietary essential amino acids
[14,15].

Amino acids are said to be organic compounds
made of nitrogen, carbon, hydrogen and oxygen,
along with a variable side chain group. They are
often referred to as the building blocks of
proteins and they play vital roles in the body.
According to [16] they are needed for vital
processes such as building of protein and
synthesis of hormones, nutrient absorption and
neurotransmitters. Amino acid are also said to be
the main construction material for antibodies to
combat invading bacteria and viruses [2].
Reports indicate that the human body needs 20
different amino acids to grow and function
properly [17,18]. These 20 amino acids are
categorized as essential, conditionally essential
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or non-essential depending on the body’s ability
to synthesize them [19,14]. Histidine, isoleucine,
lencine, lysine, methionine, threonine,
tryptophan, phenylalanine and valine are
categorized as essential because they cannot be
synthesized by the body and must be supplied to
the body in diet [14]. They conditionally essential
amino acids which include arginine, cysteine,
glycine, glutamine, proline and tyrosine are
considered to be essential only under specific
circumstances such as illness or stress
[18,20,19] while alanine, aspartic acid,
asparagine, glutamic acid and serine are said to
be non-essential amino acids because they can
be synthesized in sufficient quantity in the body
[18,16].

Mushrooms are known to be rich sources of
protein. The protein in mushrooms has been
reported to be good competitor with animal
protein and can be used in meat products to
replace animal protein [14,2]. This makes it
indispensible to incorporate mushroom in
tackling the problem of malnutrition. Mushrooms
have also been reported to contain good quality
amino acids. In a research carried out by
Musieba et al. [21] eight essential amino acids
and other non-essential amino acids were
detected in  Pleurotus citrinopileatus, an
indigenous mushroom in Kenya. [22] reported
that the mushroom, A. brunnescens, contains all
the essential amino acids. Five different species
of the genus Lentinus from Northern India
investigated for amino acid composition by
Sharma et al. [23] were found to contain aspartic
acid, arginine, alanine, proline and tyrosine.
Sanon et al. [24] identified seven essential and
other nonessential amino acids in four species of
Russula. Kayode et al. [25] reported on the
presence of amino acids in Pleurotus sajor-caju
grown on gmelina wood waste in Nigeria. Nine




(9) essential amino acids and other non-essential
amino acid were identified in some inedible
mushrooms in Nigeria by Oni et al. [26].

The present study investigates the Amino acid
composition of six wild edible mushrooms — L.
squarrosulus, A. auricular-judae, M. copelandii,
B. myosura, P. ostreatus and V. volvacea - found
in southern Cross River State, Nigeria.

2. MATERIAL AND METHODS

2.1 Collection of Mushrooms

The fresh sporocarps of L. squarrosulus, A.
auricular-judae, M. copelandii, B. myosura, P.
ostreatus and V. volvacea used for this study
were collected from decaying woods in University
of Calabar Staff Quarters during the months of
June 2018 - July 2018. University of Calabar
Staff Quarters in Latitude 4° 57' 32" North,
Longitude 8° 19' 37" East, is located at Calabar,
Southern Cross River State, Nigeria.
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2.2 Morphological Identification of

Macrofungi

The freshly harvested mushrooms were brought
to the laboratory, taxonomically studied and
identified morphologically. Initial identification
was done based on macroscopic features
according to published descriptions and
manuals. Morphological characters such as
color, size, texture, shape, and margin of the fruit
body, other features such as odor, spore print,
gill attachment, and spacing were considered as
previously used by [27]. The nomenclature was
based on the Index Fungorum and
Mycobank.

After proper identification, the materials were air-
dried under room temperature (27 °C) for ten
days; grind into powder with the aid of an
electronic blender
surface area [26].

in order to increase the

Fig. 1. Map of Cross River State showing Southern Cross River
Source: Okedu et al. [37]
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2.3 Amino Acid Analysis of Mushrooms

The Amino acid profile of the samples was
determined wusing a well-known standard
procedure described by [28] and reported by
[26]. The samples were defatted in chloroform
and methanol solution in the ratio of 2:1 after 4
grams of the sample was placed in soxhlet
extraction thimble and refluxed with gentle
heating for 15 hours [29]. Eactly 0.2 mg of the
defatted sample was weighed into glass
ampoule, 7 mL of 6GNHCL was added and oxygen
was expelled by passing nitrogen into the
ampoule. The glass ampoule was then sealed
with Bunsen burner flame and put in an oven
preset at 1055 °C for 22 hours. The ampoule
was allowed to cool before broken open at the tip
and the content was filtered to remove the
humins. Tryptophan which was destroyed by
6NHCL was recovered using alkaline hydrolysis
method with 4.2 m sodium hydroxide [30]. The
filtrate was then evaporated to dryness using
rotary evaporator. The residue was dissolved
with 5 ml to acetate buffer (pH 8.0) and stored in
plastic specimen bottles kept in the freezer [30].

Sixty (60) micro litre of the hydrolysate was
loaded into the PTH Amino acid analyzer model
120A (USA). This was dispensed into the
cartridge of the analyzer which had been
designed to separate the free acidic, neutral and
basic amino acids of the hydrolysate
concentration of the amino acids to produce a
profile [29]. The results were obtained in g/100
gm.

3. RESULTS AND DISCUSSION

Higher non-essential amino acid content was
detected in the mushrooms (Table 1). The total
amount of amino acid content was highest in P.
ostreatus whereas the least total amount was
found in A. auricular-judae.

Table 2 shows that all the mushroom samples
analyzed contained nine essential (histidine,
isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan, valine), five
conditionally essential (arginine, cystine, glycine,
proline and tyrosine) and four non-essential
(alanine, aspartic acid, glutamic acid and serine)
amino acids. The concentrations of five of these
essential amino acids phenylalanine (3.55g/100g
protein), valine (3.62g/100g protein), threonine
(3.39g/100g protein), tryptophan (1.58g/100g
protein), and lysine (3.23g/100g protein) in P.
ostreatus were significantly (P<0.05) higher when
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compared to their values in the other
mushrooms. Of the remaining four essential
amino acids (methionine, leucine, isoleucine and
histidine) the concentrations of methionine
(1.17g/100g protein) and histidine (1.34g/100g
protein) in V. volvacea were significantly higher
(P<0.05) than was recorded in other mushrooms,
followed by their concentrations in P. ostreatus
with  values of 1.06g/100g protein and
1.28g/100g protein respectively. The amount of
Leucine (6.01g/100g protein) and isoleucine
(3.14g/100g protein) in B. myosura were
significantly (P<0.05) higher than was found in
the other mushrooms, next to this record is their
amount in P. ostreatus (5.31g /100g protein and
3.08g/100g protein respectively).

For the nonessential and conditionally essential
amino acids, the concentrations of arginine
(6.02g/100g protein), aspartic acid (6.88g/100g
protein), cysteine (0.48g/100g protein), glutamic
acid (17.26g/100g protein) and glycine
(2.619/100g protein) in P. ostreatus were
significantly higher (P<0.05) than their values
found in the other mushrooms. Next to these
were the concentrations of arginine (5.85g/100g
protein) and glutamic acid (16.65g/100g protein)
in B. myosura as well as the concentrations of
aspartic acid (5.959/100g protein) and cysteine
(0.36g/100g protein) in V. volvacea. The values
of serine (3.02g/100g protein) and tyrosine
(2.92g/100g protein) in V. volvacea were
significantly higher (P<0.05) than their values
obtained in the other mushrooms. The highest
value of proline (3.25g/100g protein) was found
in M. copelandii, followed by P. ostreatus
(3.05g/100g protein) whereas the highest value
of alanine was detected in B. myosura
(4.329/100g protein). Norleucine was not
detected in all the mushroom species analysed.

3.1 Discussion

All the mushrooms studied contained essential
amino acids, conditionally essential and non-
essential amino acids. Glutamic acid, a non-
essential amino acid, was the most predominant
(values ranging from 8.33g/100g protein to
17.269/100g protein). Cysteine, a conditionally

essential  (0.30-0.48g/100g  protein)  and
methionine, an essiential amino acid (0.69-
1.79/100g protein) were the Ilowest in

concentration. Similar results have been reported
by other researchers [24,21]. It was suggested
that the high concentration of glutamic acid may
be because of their use as precursors for the
synthesis of other amino acids. Glutamic acid is
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Table 1. Total amino acid content of the different mushroom species

Amino acid type The amino acid content of different species (g/100g of protein)
A. auricular-judae B. myosura M. copelandii P. ostreatus L. squarrosulus V. volvacea
The total amino acid content 38.48 67.71 62.78 7113 43.85 58.69
Total essential amino acids 13.82 25.44 22.19 25.42 15.08 21.42
Total conditionally essential amino acids 8.19 13.55 13.12 14.4 9.24 12.57
Total non-essential amino acids 16.47 28.72 27.47 31.31 19.53 24.69

Table 2. Concentration of amino acids in 6 selected mushrooms in Calabar, Southern Cross River State

Mushroom species Amino acids (g /100g protein)

ALA ARG ASP CYs GLU GLY HIS* ILU* LEU* LYS* MET* NLU PHE* PRO SER THR* TRP* TYR VAL*

A. auricular-judae 250+  3.61+  3.91+ 0.48t 8.33% 128+ 0.89+ 137+ 3.03+ 143t 0.8+ 0.00+ 2.3+ 162+ 1.73 200+ 0.89% 1.2+ 111+
0.11° 00.03" 006" 0.01% 0.09° 0.02" 001" 0.02° 004" 0.04° 0.04%  0.00 001¢ 0.03" 007° 003" 0.03° 0.03°  0.03'

B. myosura 432+ 585+ 521+ 048+ 16.65+ 252+ 121+ 314+ 6.01+ 3.02+ 0.91+  0.00+ 3.19+ 264+ 254+ 322+  1.47+ 206+ 327+
0.022 0.05° 0.1° 0.01* 1.00° 0.03° 0.02° 0.03® 0.03* 0.03° 0.02°  0.00 0.05° 0.04° 0.04° 0.05° 0.03° 0.02°  0.02°
M. copelandii 3.79+ 482+ 484+ 048+ 1559+ 233+ 115+ 295+ 496+ 297+ 0.96+ 0.00+ 3.01x 325+ 194+ 300+ 1.52+ 224+ 298+
0.01° 0.1° 0.03% 0.00% 0.09° 0.02% 001% 004° 0.02° 002 0.03° 0.00 0.04° 0.01* 002% 001° 0.01%° 0.02° 005°
P. ostreatus 412+ 6.02+ 6.88+ 048+ 1726+ 261+ 128+ 308t 531+ 322+ 1.06+ 0.00+ 355+ 3.05+ 238+ 3.39+ 1.58% 224+  3.62t

0.18°  0.02® 0.09° 0.01° 0.26° 0.01* 0.01° 004® 0.04° 0.01° 0.02°  0.00 0.01*  0.04® 0.04° 0.06° 0.05° 0.07° 0.06°
L. squarrosulus ~ 2.65+  3.78+  4.28+  0.36+  10.3% 142+ 1.02+ 157+ 321+ 159+ 0.69+ 0.00+ 213+ 2.3% 162+ 227+ 1.31% 1.38+  1.29%+

0.01°® 0.01° 0.05° 0.00° 0.06¢ 0.00¢° 0.03° 0.05% 0.02° 0.07° 0.05°  0.00 0.05° 0.03° 005" 002° 0.03° 0.05¢ 0.05°
V. volvacea 288+ 464+ 595+ 036+ 13.63+ 242+ 134+ 223+ 4.2+ 2.92+ 117+  0.00¢ 319+ 223+ 302+ 252 147+ 292+ 244

0.02° 004% 0.05° 001° 0.03° 0.02° 0.01* 0.02° 004 0.02° 0.05% 0.00 0.02° 0.03° 0.03% 0.02° 0.04° 0.01* 0.25°

Values are means of three replicate. Means followed by different letters in each column are significantly different (P<0.05) according to Duncan’s Multiple Range Test (DMRT).
*Essential amino acid
ALA=Alanine; ARG=Arginine; ASP=Aspartic acid; CYS=Cystine GLU=Glutamic acid; GLY=Glycine; HIS=Histidine; ILU=Isoleucine; LEU=Leucine; LYS=Lysine; ME T=Methionine; NLU=Norleucine; PHE=Phenylalanine; PRO=Proline;
SER=Serine; THR=Threonine; TRP=Tryptophan; TYR=Tyrosine; VAL=Valine
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also known to be an active participant in
metabolism and synthesis of nucleotides
[18,20,21,31]. It is also said to play a role in the
proper functioning of the brain, nervous system
and participates in the detoxification of ammonia
in liver muscle and brain [32,21,31]. The high
content of glutamic acid is believed to contribute
to the flavoring of mushrooms [33].Cysteine and
methionine are two amino acids with high sulphur
content which have been reported to be powerful
antioxidant with capability to eliminate or detoxify
harmful agents such as lead and other heavy
metals [16,32]. Methionine is said to prevent
deficiencies of hair cells, skin and nails. It
protects against greasy clusters around the
liver and the arteries that cause obstructions
[32].

Other non-essiential amino acid identified
included alanine, aspartic acid and serine.
Alanine values ranged from 2.50g/100g to
4.32g/100g protein. Alanine has been reported to
influence transfer of nitrogen and glucose in the
body, it is also believed to boost immunity
producing antibodies [33,20,32]. Aspartic acid
values varied from 3.91g/100g protein to
6.889/100g protein (P. ostreatus). Aspartic acid
is reported to be a physiological compound found
in the mammalian pituitary and testis and
regulates the synthesis and release of
testosterone [18,20,32]. The amount of serine
fluctuated between 2.27g/100g protein and
3.02g/100g protein. This amino acid is
said to be necessary for muscle development,

maintenance of the immune system and
formation of RNA and DNA from cells
[20,32].

Additional conditionally essential amino acids
detected in the studied mushroom include
arginine, glycine, proline and tyrosine. The
values of arginine ranged between 3.61g/100g
protein to 6.02g/100g protein. Arginine is said to
exhibit anticancer and immune boosting
properties. It is believed that it detoxifies the liver
by neutralizing ammonia and reducing the
toxicity of alcohol. It is considered to be the
“natural Viagra” that increases blood flow in the
penis and is used in the treatment of infertility in
men [26,34,35]. Glycine varied with contents that
are set between 1.28g/100g protein and
2.61g/100g protein. [32] reported that glycine
retards muscle degeration, improves glycogen
storage and releases glucose to meet energy
needs of the body. Proline varied from
1.62g/100g protein to 3.25g/100g protein.
Reports indicate that proline improves the texture
of skin, is used in curative treatment to avoid the
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problems of cartilage, tendons and muscle of the
heart [20,32].

Histidine, isoleucine, leucine, lysine, threonine,
phenylalanine, tryptophan and valine were other
essential amino acids found in the studied
mushrooms. Histidine was in the range of
0.86g/100g protein to 1.34g/100g protein.
Histidine has been shown to be an effective
component in the therapy against cardiovascular
diseases within physiological antioxidant role on
free radicals [16,32]. Isoleucine values ranged
from 1.37 g/100g of protein to 3.14g/100g of
protein. Isoleucine is reported to be heavily
concentrated in muscle tissue and is involved in
muscle metabolism. It’s also said to be important
for immune function, hemoglobin production and
energy regulation [16]. The amount of luecine
was between 3.03 g/100g of protein and
6.01g/100g protein. Leucine is believed to
interacts with Isoleucine and valine to promote
muscle function, skin and bone [18,20,16,35].
Phenylalanine values varied from 2.30g/100g
protein to 3.55g/100g protein. Phenylalanine has
been shown to be effective in the treatment of
migraine, arthritis, painful menstruation,
depression, obesity, schizophrenia and
parkinson’s disease. It is said to be precursor for
the neurotransmitters  tyrosine, dopamine,
epinephrine and norepinephrine. [18,32]. In
addition, it is recognized that phenylalanine is
used by the brain to produce norephinephine, a
chemical that transmits signals between nerve
cells. It is also believed to promote alertness and
vitality, regulates human mood and reduces
pains [18,20,32]. The result of this study
indicates that the values of Theorine varied from
2.00g/100g protein to 3.399/100g protein.
Theorine is said to play a vital role in the
formation of enamel, the collagen and elastin.
Tryptophan which varied between 0.89g/100g to
1.589/100g protein content is reported to play a
role in reducing depression, boosting mood and
improving sleep [36,35]. For Valine, the values
oscillate between 1.11g/100g protein and
3.62g/100g protein. This amino acid is said to be
effective in the treatment of liver and gall bladder
diseases and to promote intellectual liveliness
[16,[33].

4. CONCLUSION

The result of the amino acids profiling showed
that all the mushroom samples studied contained
essential (histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine,
tryptophan, valine), conditionally essential



(arginine, cysteine, glycine, glutamine, proline
and tyrosine) and nonessential (alanine, aspartic
acid, serine) amino acids. Among the mushroom
samples used for this study, Pleurotus ostreatus
is outstanding in amino acids composition as it
recorded higher values for 10 of the amino acids.
This information shows that mushrooms are
potential sources of quality protein with
substantial proportion of essential amino acids
indicating they can play a significant role in the
fight against malnutrition.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Global Nutrition Report. Accessed 29 July
2020.
Available:https://globalnutritionreport.org/re
port/global-nutrition-report-2018/

2. Al-Hussainy KSJ, Al-fradhly  NKZ.
Comparison between protein and amino
acids of mushroom Agaricus bisporus with
some kinds of meat and meat’s products.
IOP conference series: Earth and
Environmental Science. 2019;388;012059.

3. Adebiyi AO, Tedela PO, Atolagbe TT.
Proimate and mineral composition of an
edible mushroom Termitomyces robustus
(Beeli) Heim in Kwara State, Nigeria.
American Journal of Food and Nutrition.
2016;6(3):65-68.

4. Salami AO, Bankole FA, Olawole Ol.
Effect of different substrates on the growth
and protein content of oyster mushroom
(Pleurotus florida). Int. J. Biol. Chem. Sci.
2016;10(2):475-485.

5. Srikram A, Supapvanich S. Proximate
compositions and bioactive compounds of
edible  mushrooms from  Northeast
Thailand. Agriculture  and Natural
Resources. 2016;50(6):432-436.

6. Jonathan SG, Okon CB, Oyelakin AO,
Oluranti OO. Nutritional values of oyster
mushroom (Pleurotus ostreatus) (Jacq.
Fr.) Kumm. cultivated on different
agricultural wastes. Nature and Science.
2012; 10(9):186-191.

7. Manjunathan N, Subbulakshmi R,
Shanmugapriya V, Kaviyarasan. Proximate
and mineral composition of four edible
mushroom species from South India.

30

Oni et al.; AJOB, 12(2): 24-32, 2021; Article no.AJOB.69873

10.

1.

12.

13.

14.

15.

16.

17.

International Journal of Biodiversity and
Conservation. 2011;3(8):386-388.

Oyetayo FL, Akindahunsi AA, Oyetayo
VO. Chemical profile and amino acids
composition of edible = mushrooms
Pleurotus sajor-caju. Nutr
Health. 2007;18(4):383-9.

DOI: 10.1177/026010600701800407.

Agba MO, Markson AA, Oni JO, Bassey
GA. Growth and yield impact of Oyster
mushroom Pleurotus ostreatus (Jacq P.
Kumm) cultivated on different agricultural
wastes. Journal of Bioscience and
Agricultural Research.2021;27(01): 2225-
2233.

Oni JO, Akomaye FA, Markson AA, Egwu
AC. GC-MS Analysis of Bioactive
Compounds in Some  Wild-Edible
Mushrooms from Calabar, Southern
Nigeria. European Journal of Biology and
Biotechnology. 2020;1(6):1-9.

Orole OO0. GC-MS evaluation,
phytochemical and antinutritional
screening of Ganoderma lucidum. Journal
of Advances in Biology & Biotechnology.
2016;5(4):1-10.

Okwulehie IC, Nwosu CP, Okoroafor CJ.
Pharmaceutical and nutritional prospects
of two wild macro-fungi found in Nigeria.
Biotechnology. 2007;6(4):567-572.

Smith JE, Rowan NJ, llivan R. Medicinal
mushrooms: a rapidly developing area of
biotechnology for cancer therapy and other
bioactivities. Biotecnology Letters.
2002;24: 1839-1845.

Yuwa-Amornpitak T, Butkhup L, Yeunyaw
P. Amino acids and antioxidant activities of
extracts from wild edible mushrooms from a
community forest in the Nasrinual District,
Maha Sarakham, Thailand. Food Science
and Technology (Campinas).2020;40:(3).
Kouassi KA, Konan KH, Kouadio EJP, Due
AE, Kouamé LP. Proximate Composition,
Minerals and Amino Acids Profiles of
Selected Wild Edible Russula Species
from Coéte d’lvoire. Turkish Journal of
Agriculture - Food Science and
Technology. 2016;4(10): 882-886.

Kubala J. Essential Amino Acids:
Definition, Benefit and food sources.
Accessed 15 July 2020. Available:
https://www.healthline.com/nutrition/essent
ial-amino-acids. 2018.

Berry J. What to know about amino acids.
Newsletter; MedicalNewsToday. Medicaaly
reviewed by Natalie Olisen.



18.

19.

20.

21.

22.

23.

24.

25.

26.

Medicalnewstoday.com/articles/324229.
2019.

Lopez MJ, Mohiuddin SS. Biochemistry,
Essential Amino Acids. In: StatPearls.
Treasure Island (FL).StatPearls
Publishing. 2021 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK55
7845/.

First, Stehle. What Are the Essential
Elements Needed for the Determination of
Amino Acid Requirements in Humans. The
Journal of Nutrition. 2004;134(6):1558—
1565.

Odia A, Esezobor OZ. Therapeutic uses of
amino acids. In: Amino acid — New insight
and roles in plant and animal. (Ed: Asao,
T. and Asaduzzaman, MD.) June 2017.
DOI:10/5772/intechopen.68932. Available:
https://www.intechopen.com/books/amino-
acid-new-insights-and-roles-in-plant-and-
animal/therapeutic-uses-of-amino-acids.
2017

Musieba F, Okoth S, Mibey RK, Wanijiku S,
Moragk. Proximate composition amino
acids and vitamins profile of Pleurotus
Citrino Pileatus Singer: an indigenous
mushrooms in Kenya. American Journal of
Food Technology. 2013;8:200-206.
Al-Enazi MM, El-Bahrawy AZ, El-Khateeb
MA. In vivo evaluation of the proteins in
the cultivated mushrooms. Journal of
Nutrition and Food Sciences. 2012;
2(10):176-181.

Sharma SK, Atri NS, Joshi R, Gulati A,
Gulati A. Evaluation of wild edible
mushrooms for amino acid composition.
Academic Journal of Plant Sciences.
2012;5(2):56-59.

Sanon E, Ouédraogo JCW, llboudo S,
Guissou MKL, Guissou PI, Sankara P.
Phytochemical screening and amino acids
analysis of mushrooms from Burkina Faso.
African  Journal  of  Biotechnology.
2017;16(24):1338-1344.

Kayode RMO, Olakulehin TF, Adedeji BS,
Ahmed O, Aliyu TH, Badmos AHA.
Evaluation of amino acid and fatty acid
profiles of commercially cultivated oyster
mushroom (Pleurotus Sajor-Caju) grown
on gmelina wood waste. Nigerian Food
Journal. 2015;33(1):18-21.

Oni JO, Akomaye FA, Umana EJ, Damian
AO. Amino Acid Profiles and Bioactive
Compounds of Four Inedible Mushrooms
from Oban Division of Cross River National
Park (CRNP), Nigeria. European Journal

31

Oni et al.; AJOB, 12(2): 24-32, 2021; Article no.AJOB.69873

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

of Biology and Biotechnology. 2021;2(2):1-
8.

Roy DR, Krishnappa M. Mycochemical
profiling of Lentinus squarrosulus Mont., a
wild edible macrofungi using GC-MS.
International Journal of Pharmaceutical
Sciences and Research. 2018;9(10):4349-
4354.

Benitez LV. Amino acid and fatty acid
profiles in aquaculture nutrition studies: In
S.S. De Silvia (ed.) Fish nutrition research
in Asia. Proceedings of the third Asian fish
nutrition network meeting. Asian fish
Society special publication. 1989;4:166.
Kiin-Kabari DB, Thomas CN. Protein
Quality of Edible Larvae of Beetles (Orycte
spp.) from Palms and Compost in Niger
Delta, Nigeria. International Journal of
Food Biosciences. 2018;1(1):56-59.

Maria MY, Justo P, Julio G, Javier V,
Francisco M, et al. Determination of
tryptophan by high-performance liquid
chromatography of alkaline hydrolysates
with spectrophotometric detection. Food
Chemistry. 2004;85:317-320.

Liu G, Wang H, Zhou B, Guo X
Compositional analysis and nutritional
studies of Tricholoma Matsutake collected
from Southwest China. Journal of
Medicinal Plants Research. 2010;4:1222-
1227.

Bouba AA, Ponka R, Augustin G, Yandu
NN, ElI-Sayed MA, Montent D, et al. Amino
acid and Fatty acid profile of twenty wild
plants used as spices in Cameroon.
African Journal of Food Science and
Technology. 2016;4(2):29-37.

Atri, N. L. S. Amino acid profile of a
Basidiomycetous edible mushroom-
Lentinus sajor-caju. International Journal
of Pharmacy and Pharmaceutical
Sciences. 2017;9(9): 252-257.

Ananieva E. Targeting amino acid
metabolism in cancer growth and anti-
tumor immune response. World Journal of
Biological Chemistry. 2015;6(4):281-289.
https://doi.org/10.4331/wjbc.v6.i4.281

Wu G. Amino acids: metabolism, functions,
and nutrition. Amino Acids. 2009
May;37(1):1-17. DOI: 10.1007/s00726-
009-0269-0. Epub 2009 Mar 20. PMID:
19301095. 2009.

Jenkins TA, Nguyen JCD, Polglaze, KE,
Bertrand PP. Influence of tryptophan and
serotonin on mood and cognition with a
possible role of the Gut-Brain axis.
Nutrients. 2016;8(1): 56.



Oni et al.; AJOB, 12(2): 24-32, 2021; Article no.AJOB.69873

DOI:10.3390/nu8010056. Nigeria. Sustainable Energy Technologies

37. Okedu KE, Uhunmwangho R, Odje M. and Assesments. 2020;37.
Harnessing the potential of small hydro DOl:https://doi.org/10.1016/j.seta.2019.10
power in Cross River State of Southern 0617.

© 2021 Oni et al.; 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/69873

32



