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Cashew nut is one of the most beneficial nuts in the international trade. This study evaluated the
chemical and phytochemical properties of fresh cashew nuts. The determination of proximate,
fatty acid, free fatty acid, trans fat, total sugar, amino acid, phytochemicals, minerals and
vitamin composition of cashew nut was done using GCMS, HPLC and other standard analytical
methods. The result showed carbohydrate (52.30 ± 0.89%), protein (12.60 ± 1.75%) crude fat
(7.14 ± 0.35%), moisture (22.49 ± 0.35%), ash (3.53 ± 0.49%), fibre (1.94 ± 0.29%), free fatty
acid (1.67 ± 0.08%), total sugar (1.67±0.03%). Oleic acid (31.36 ± 0.00%), alpha linoleic acid
(12.43 ± 0.00%), linoleic acid (16.80 ± 0.00), eicosapentanoic acid (1.96 ± 0.00%),
docosatetraenoic (4.89 ± 0.00), docohexanoic acid (1.73 ± 0.00). Saturated fatty acid includes
palmitic acid (16.08 ± 0.00%), Myristic (11.09 ± 0.00), lauric acid (3.63 ± 0.00%) and an
insignificant amount of trans fat. Phytochemical in highest amount was cardiac glycosides
(33.840 ± 0.020%). Essential amino acid, leucine (7.079 ± 0.095 µg/100g) was the highest while
methionine (1.298 ± 0.051 µg/100 g) was the least. Non-essential amino acid, glutamate (7.568
± 0.213 µg/100 g) was the highest, while cysteine (1.079 ± 0.043 µg/100 g) was the least. Most
of these nutritional qualities are in line with the RDA intended to be used as a goal for daily
intake by individuals, therefore, consumption of cashew nuts may serve as a dietary source of
essential elements and should be encouraged.
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Introduction
Nutrition is a key environmental exposure from conception
to death that impacts on wellbeing and the way genes are expressed.1
Nutrients such as minerals, protein, fat, vitamin, carbohydrates are
basic substances the body definitely requires to perform its functions
notably, create vitality, identify and react to natural environment,
move, excrete wastes, breathe, develop and replicate. Mineral, fiber,
and water are sources of nourishment to the body. Nuts are among the
nutritiously and healthfully endowed human foods and are vital edible
source for rural inhabitants and forest settlers. A number of them can
be readily consumed and used by mankind for food, spices, beverages
etc whereas others are not. Nuts are nutrient dense foods that have
complete structure which is high in fatty acids (unsaturated), some
biologically active components, vegetable proteins (high quality),
tocopherols, fiber, minerals, phenolic acids and polysterols.2 Hard
shell of nut provides protection for the main nutritional store house
which is the nut or seed. Nuts are most times consumed raw, unsalted
and on empty stomach to ensure proper absorption of nutrients that are
endowed in them.2 Cashew nuts belong to the Anacardiaceae family3
and were presented in Nigeria within the 15th century by the
Portuguese as a sort of afforestation plot in a bid to control the
enormous rate of erosion in the eastern part of the country.4 In the
international trade, one of the most beneficial nuts is the cashew nut.5

It is all inclusively eaten for their alluring dietary and tangible
properties which are due to its good source of protein, carbohydrates,
fats etc.6 Cashew nuts are attached to a cashew fruit or apple produced
by cashew trees beneath the fruit enclosed in a strong shell.7 It also
contains a permeable honeycomb like structure containing caustic
liquid which is made up of anarcadic acid that serves as protection to
the cashew nut during growth by its poisonous property 7. Cashew
nuts symbolizes a rich source of amino acids, unsaturated fatty acids,
sterols, fiber, vitamins which proposes that their consumption may
play beneficial roles in wellbeing such as providing energy, repairing
worn out tissues and provide the body with needed nutrients.8
In 2010, Nigeria was positioned one of the biggest makers of cashew
within the world besides Philippines, Cote d’Ivore, Tanzania,
Vietnam, Indonesia, Brazil, India, Guinea-Bissau and Benin with an
add up to yield of around 2,757,598 metric tonnes.9Nutritional
composition such as amino acid composition among others has been
documented.10Cashew trees are widely spread across Nigeria and other
tropical regions near to the equator, hence the nutritional properties
may variegate based on source and geographical location. The purpose
of this research was to resolve the nutritional components of raw
cashew (Anarcardium occidantale) nuts sourced from Enugu State,
South Eastern Nigeria.

Materials and Methods
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Sample collection
Cashew nuts were brought in neat bags from Obukpa in Nsukka,
Enugu state.
Sample identification
The cashew nuts used for this study were collected on 2nd April, 2019.
The cashew nut was identified and authenticated by Professor A.O.
Nwadinigwe, a Botanist at the Botany Department, University of
Nigeria, Nsukka. Voucher number is UNH No: 240c.
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Sample preparation
The cashew nuts were fried using 1 L of vegetable oil for 10 min and
allowed to cool. The pods were broken after cooling using a
mechanical machine. It was then placed in an oven for three days (3)
at 40-70oC. After oven drying, dried cashew nuts were ground using a
clean domestic engine to a semi powdered form and then taken for
analysis.

Filtered cashew residue (1 mL) was dissolved in 50 mL chloroform.
The mixture was transferred to a 100 mL volumetric flask, diluted to
mark and 1 mL of the reagent (20% benzene and 50% methanol)
added. It was heated in 40oC water bath for 30 min. After heating, the
organic sample was extracted with water and hexane. About half of
the top hexane phase was transferred into a small test tube for
injection.

Reagents and chemicals
All thereagents and chemicals used for the following analysis were
obtained from Numex, India and were of analytical grade.

Quantitative phytochemical analysis of cashew nuts
Quantitative phytochemical analysis was carried out using the
methods of Harborne;12 Obadoni and Ochuka;13 Bohm and Kocipai;14
Pearson;15 Okeke and Elekwa;16 Wang and Filled.17

Instruments and equipment
The equipment and instrument were sourced from the laboratory units
of the Springboard Research Laboratories, Awka, Anambra state,
Nigeria. They include: atomic absorption spectrophotometer (South
Africa), agilent atomic absorption spectra standard (USA), Oven
(precision electrothermal model BNP 9052 England), Water bath
(Memmert), Vaccum filter (Whatman 541,Maidstone,England), HP 88
capillary column (100m x 0.25micrometer,film thickness), USA,
Muffle furnace, Gas chromatography-Mass spectrometer and High
performance liquid chromatography.
Proximate content
Proximate content was done to ascertain the level of moisture, ash,
protein, raw fiber, raw fat and carbohydrate in the cashew nut powder
using the Association of Official and Analytical Chemists (AOAC)11
method.
The Carbohydrate content of the cashew nut powder was ascertained
using differential method.
100-(%Protein+ %Moisture+%Ash+% Fibre+%Fat)
Reducing sugar
The sugar content of the cashew nut powder was obtained using
AOAC11 method.
Approximately 2.6 g of cashew nut powder was weighed and
transferred to a 500 mL flask. A volume, 5 mL of standardized
Fehlings solutions A and B were transferred to a 250 mLErlenmeyer
flask containing 7 mL of water and 15 mL of cashew nut solution. The
Erlenmeyer flask was heated and 1 ml of methylene blue (0.2%) was
added. Titration was carried out by adding the diluted cashew nut
solution until the indicator decolorized.
Free fatty acid (FFA) determination
Free fatty acid content of cashew nut powder was determined using
AOAC11method.
A quantity, 25 mLdiethyl ether was added to 25 mL alcohol, 1 mL
phenolphthalein solution (1%) was neutralized with 0.1 M NaOH. A
volume, 10 mL of the oil was dissolved in the mixed neutral solvent
and titrated with aqueous 0.1 M NaOH, shaking constantly until a pink
colour was obtained which persisted for 15 sec.
Determination of trans fat
The trans-fat content of the cashew nut powder was determined using
GC-MS.
Cashew nut powder (500 mg) was added 2 mL water. It was mixed
properly to dissolve and let to stand for 15 minutes at room
temperature. About 5 mL of internal standard (C11:0 FAME+ C13:0
TAG, each at 2 mg/mL in methyl tertbutyl ether) and 5 mL of 5%
(w/v) methanolic sodium methoxide solution were added to the
mixture. The tubes were closed and vortexed for 10 sec. Hexane (2
mL) and 10 mL of neutralization solution (10 % disodium hydrogen
citrate/ 15% sodium chloride) in water were added. The mixture was
centrifuged at 1750 rpm for 5 min. Supernatant (200 uL) was
transferred into 10 mL flask and diluted to the mark.
Fatty acid profile determination
Fatty acid profile of cashew nut powder was determined using Gas
chromatography-Mass spectrometry (GCMS).

Determination of vitamin A, B2, B1, B6, B3, B12, E, C
This was carried out using Kirk and Sawyer18 method.
Determination of vitamin D
Vitamin D was carried out using Brockman et al.19 method.
Determination of vitamin K and beta carotene
This was carried out using Zakariaet al.20 method.
Determination of minerals
This was done by the wet digestion method using the atomic
absorption spectrophotometer.
Amino acids analysis
This was done by Elkin and Griffith 21 method using the high
performance liquid chromatography (HPLC).
Statistical analysis
The result gotten was studied using Statistical Products for Service
Solutions version 23. Results were exhibited as mean ± standard
deviation of all parameters determined in tables.

Results and Discussion
This research work focused on some dietary component of fresh raw
cashew (Anarcadium occidentale) nuts from Enugu state, Nigeria.
Table 1 presents the proximate composition of cashew nuts: ash
(3.53%), moisture (22.49%), fat (7.14 %,), fibre (1.94%), protein
(12.60%) and carbohydrate (52.30%).

Table 1: Proximate composition of cashew nut
Proximate components

Concentration (%)

Ash

3.53 ± 0.49

Moisture content

22.49 ± 0.35

Fat

7.14 ± 2.08

Fibre

1.94 ± 0.29

Protein

12.60 ± 1.75

Carbohydrate

52.30 ± 0.89

Data are mean ± standard deviation of triplicate determination.
In this study, moisture and carbohydrate content are higher than values
documented by Griffin and Dean.7 However, fat and protein content in
this study is lower than those reported by Griffin and Dean.7 These
differences may be attributed to environmental factors, location and
method of analysis.
Fatty acid composition as seen in Table 2 shows the following
average % : Oleic acid (31.36%), palmitic acid (16.08%), linoleic acid
(16.80%), alpha linoleic acid (12.43%), lauric acid( 3.63%), myristic
acid (11.09%), eicosapentanoic acid (1.86%), docohexanoic acid
(1.73%).This result differed with work done by Ogungbenle and
Afolayan22 who reported myristic acid (0.07%), palmitic acid
(12.1%), palmitoleic acid (0.29%), Stearic acid (9.05%), Oleic acid
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(58.7%), linoleic acid (18.9%), arachidic acid (0.28%), Lignoceric
acid (0.40%) and Behenic acid (0.14%). These differences could be
attributed to geographical location of the sample, soil type and
methods used. The total saturated fatty acids are lower than
unsaturated fatty acid in cashew nut oil in this study.
The trans-fat content was not detected during the analysis and this
observation is consistent with findings by Griffin and Dean 7;
Ogungbenle and Afolayan.22 Trans fats are made by hydrogenating
liquid fat to solid to make it more stable, increase its shelf life and also
increase the quality of the oil. Trans fats are bad for the heart, causes
plaque in the artery and this leads to arterioscerosis. Increased dietary
intake of trans fat is bad for the health and is not recommended.
The total sugar content present in Anacardium occidentale below is
1.67%. This is lower than 6.02% for raw cashew nut, 6.3% for dry roasted cashew nut and 5.9% for wrapped Cashew nut reported by
Griffin and Dean.7 Increased intake of sugar leads tooth decay,
increased body weight, insulin resistance. The recommended dietary
intake should not be more than 5 calories in a day.
Table 3 below shows the quantitative phytochemical analysis of
cashew nut. The result shows that it contains flavonoids (2.980 ±
0.560 %), alkaloids (0.440 ± 0.080 %), phenol (26.513 ± 1.996
mg/kg), terpenoids (5.220 ± 0.319 mg/kg), steroids (0.670 ± 0.051
mg/kg), cardiac glycosides (33.840 ± 0.020 %), saponins (1.540 ±
0.360 %), tannins (0.765 ± 0.000 %). From Table 3 below, cashew nut
contains cardiac glycosides in highest concentration while alkaloid has
the lowest concentration.
The flavonoid, tannin, saponin and alkaloid concentrations (2.98 ±
0.56%, 0.765 ± 0.0%, 1.54 ± 0.36% and 0.44 ± 0.08%), respectively
of the cashew nut powder were in conformity with values published
by Onuh et al.23 Flavonoid lowers oxidative stress and also act as antiallergen, ‘nature’s biological modifiers, anti-inflammatory, and
motivates phase two enzymes which eradicates carcinogens and
mutagens 24. Tannins play essential roles such as forming complexes
with alkaloids, carbohydrates, proteins, gelatin and due to presence of
the phenolic group, function as antiseptic. Saponins play biological
roles notably activity against cough and enhancing respiratory system.
Saponins possess anti-inflammatory and anti-protozoaproperties
whereby they act by combining withcholesterol in cell membranes
(protozoal)leading to cell lysis.24 Alkaloids are important because they
are known to posses’ anti-arrhythmic effects, anti-hypertensive
effects, anticancer and anti-malarial including anti-diabetic activities.25
Phenols observed in this analysis were slightly higher than the work
reported by Akujiobi et al.26 The derivatives of phenols notably ferulic
acid is reported to possess a wide range of pharmacological role
against neurodegenerative, diabetes, cardiovascular, cancer and
inflammatory diseases.27 Terpenoids as seen in Table 3 (5.220 ± 0.319
mg/kg); enhance the skin tone and replenish inflammed tissues by
increasing supply of blood.28 Steroids as seen in Table 3 (0.670 ±
0.051 mg/kg) promote nitrogen retention in osteoporosis.29
Table 4 below shows that cashew nuts contains Vitamin A (8.621 ±
0.524 mg/kg), Vitamin D (128.160 ± 11.040 mg/kg), Vitamin C
(15.664 ± 0.528 mg/100g), Vitamin B1 (1.366 ± 0.008 mg/kg),
Vitamin B3 (0.561 ± 0.037 mg/kg), Vitamin B2 (1.484 ± 0.112
mg/kg),Vitamin B12 (0.725 ± 0.125 mg/kg), Vitamin E (35.233 ±
3.869 mg/kg), Vitamin B6 (100.000 ± 17.500 mg/kg), Beta Carotene
(15.216 ± 0.432 mg/100g), Vitamin K (4.530 ± 0.524 mg/kg),
Ascorbic acid (20.323 ± 4.947 mg/100g). From Table 4 below,
Vitamin D has the highest concentration while Vitamin B 3 has the
lowest concentration in cashew nut.
The high content of vitamin E, 35.233 ± 3.869 mg/kg is in line with
the values obtained in the analysis of cashew nut varieties by Akujiobi
et al.26 and relatively higher than the RDA values for vitamin E, 15
mg/dL.30 The RDA (Recommended Dietary Allowance) is supposed to
be utilized as an objective for day to day intake by persons, as its
value estimates an intake level that is adequate to meet the
requirement of 97 to 98% of sound persons. Alpha tocopherol is
recognized as the primary active form of vitamin E in humans.
Vitamin E is an important antioxidant which acts as a radical
scavenger to protect other components of cell membranes, PUFAs and
low-density lipoprotein (LDL) free radicals leading to oxidation.31
Vitamin C is vital for bone remodeling due to the availability of
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collagen within the natural framework of bones and its deficiency
causes scurvy.32 Beta carotene is a form of carotenoids which assist in
photosynthetic processes in plants.33 They reduce the risk for diseases
such as cardiovascular diseases and cancer by scavenging free radicals
and protecting LDL cholesterol from oxidation.34 Vitamin D is needed
to preserve typical blood levels of calcium and phosphate, which are
in turn required for typical mineralization of bone, nerve conduction,
muscle contraction, and general cellular processes in cells of the body
32
. Vitamin K plays a basic part in arrangement and control of blood
clotting proteins and enhances the function of calcium in bone/teeth
development.35 Ascorbic acid which is also a form of vitamin C
functions as an antioxidant; shields cells from damage and
subsequently may diminish the danger of some cancers and
cardiovascular disease.35 Vitamin B6functions as coenzyme, plays a
role in the metabolism of sphingoid bases, amino acids and
glycogen.32
Table 4 below also shows that cashew nut contains zinc (6.707 ±
0.248ppm), iron (33.983 ± 3.914 ppm), selenium (0.204 ± 0.008 ppm),
potassium (8.563 ± 0.998 ppm), magnesium (21.257 ± 3.637 ppm),
sodium (117.922 ± 7.233 ppm), phosphorus (90.696 ± 0.380 mg/kg)
and calcium (18.312 ± 1.528 ppm).
Among these minerals, sodium is the most abundant mineral with
concentration of (117.922 ± 7.233 ppm). This was in reverse with the
data documented by Akujiobi et al.26; Ricardet al.;8 Ogungbenle and
Afolayan.22 The quantity of sodium in a diet affects the wellbeing of
the persons. Despite the fact that sodium is vital to enhance stability in
physical fluid systems by assisting in the absorption of glucose and
also needed for the functioning of muscles and nerves, it is also
associated with a number of health issues ranging from damage of the
kidneys and increment within the conceivable outcomes of
hypertension when present in high amounts.36 The concentration of
phosphorus (90.696 ± 0.380 mg/kg) and iron (33.983 ± 3.914 ppm)
were higher than that reported by Emelike et al.37 Phosphorous is
important to health as it performs basic structural needs such as in
bones and teeth formation , phospholipids, plays active role in acidbase balance and protein activation through phosphorylation.26 Iron
on the other hand is a trace mineral necessary for diminishing the
incidence of anemia and maintain good health and well-being.38
Magnesium and zinc with (21.257 ± 3.637 ppm) and (6.707 ±
0.248ppm) respectively agree with mineral composition of cashew
nuts documented by Akujiobi et al.26 Dietary Mg allowance of 300
mg/day for women and 350 mg/day for men is recommended by the
Food and Nutrition Board and a daily reference value of 15 mg for Zn
by FDA. Magnesium is important as it plays a role in skeleton, soft
tissues and muscle such as, a co-factor of many enzymes involved in
protein synthesis, energy metabolism, DNA and RNA synthesis, and
maintenance of the electrical potential of cell membranes and nerve
tissues.36 Zinc plays an essential role as metalloenzymes, zinc fingers
during transcription and as cofactor of so many enzymes.39 Values
obtained in this study as seen in Table 4 are calcium (18.312 ± 1.528
ppm) and potassium (8.563 ± 0.998 ppm) are slightly lower than the
values reported by Ricardet al.8 Calcium ion is known to be included
in and controls the porousness and electrical functions of biological
membranes. It plays basic parts in numerous enzyme-assisted
processes, neuromuscular work, providing strength to the skeleton
through phosphate salts and blood clotting,while potassium functions
as an electrolyte for stabilizing normal fluid balance in cells and a
balance of this element helps to maintain normal cardiac rhythm and
prevent an increase in blood pressure.40 Selenium is the least abundant
in this study with a value of 0.204 ± 0.008 ppm. Selenium acts as an
antioxidant thus reducing carcinogenicity.41 These differences
observed in mineral composition could be as a result of variations in
mineral composition of the soil to which the cashew grew on and
method of analysis.
The result observed in salt content is 2.146 ± 0.131ppt. The WHO
recommended levels of 2 g of sodium to be equivalent to 5 g of salt.
Therefore, the amount of salt in cashew nut is moderate and should be
consumed by various age ranges.
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Table 4b: Micronutrient concentration of cashew nut powder
Concentration

Minerals

Concentration (ppm)

(%)

Zinc

6.707 ± 0.248

C18:1

31.36 ± 0.00

Iron

33.983 ± 3.914

Selenium

0.204 ± 0.008

Dodecanoic acid (lauric acid)

C12:0

3.63 ± 0.00

Potassium

8.563 ± 0.998

Tetradecanoic acid (myristic

C14:0

11.09 ± 0.00

Magnesium

21.257 ± 3.637

Sodium

117.922 ± 7.233

C16:0

16.08 ± 0.00

Phosphorus

90.696 ± 0.380

Calcium

18.312 ± 1.528

cis-9-octadenoic acid(oleic

Components

acid)

acid)
Hexadenoic acid (palmitic
acid)
Alpha Linoleic acid

C18:3

12.43 ± 0.00

Eicosapentanoic acid

C20:5

1.96 ± 0.00

Docosatetraenoic acid

C22:4

4.89 ± 0.00

Linoleic acid

C18:2

16.80 ± 0.00

Docohexanoic acid(cervonic

C22:6

1.73 ± 0.00

acid)
Data are mean ± standard deviation of triplicate findings

Table 3: Quantitative phytochemical concentration of cashew
nut powder
Phytochemicals

Concentration

Flavonoids (%)

2.980 ± 0.560

Alkaloids (%)

0.440 ± 0.080

Phenols (mg/kg)

26.513 ± 1.996

Terpenoids (mg/kg)

5.220 ± 0.319

Steroids (mg/kg)

0.670 ± 0.051

Cardiac Glycosides (%)

33.840 ± 0.020

Saponins (%)

1.540 ± 0.360

Tannins (%)

0.765 ± 0.000

Values are presented in mean ± standard deviation

Table 4a: Micronutrient concentration of cashew nut powder
Vitamins

Concentration

Vitamin A(mg/kg)

8.621 ± 0.524

Vitamin D (mg/kg)

128.160 ± 11.040

Vitamin C (mg/100 g)

15.664 ± 0.528

Vitamin B1 (mg/kg)

1.366 ± 0.008

Vitamin B2 (mg/kg)

1.484 ± 0.112

Vitamin B3 (mg/kg)

0.561 ± 0.037

Vitamin B6 (mg/kg)

100.000 ± 17.500

Vitamin B12 (mg/kg)

0.725 ± 0.125

Vitamin K (mg/kg)

4.530 ± 0.524

Vitamin E (mg/kg)

35.233 ± 3.869

Beta –Carotene (mg/100 g)

15.216 ± 0.432

Ascorbic acid (mg/100 g)

20.323 ± 4.947

Table 5: Amino acid composition of cashew nut powder
Amino acids

Values (µg/100 g)

Glycine

2.675 ± 0.099

Alanine

2.484 ± 0.038

Serine

3.984 ± 0.230

Proline

4.285 ± 0.249

Valine

5.665 ± 0.667

Threonine

3.691 ± 0.000

Isoleucine

4.136 ± 0.251

Leucine

7.079 ± 0.095

Aspartate

4.568 ± 0.443

Lysine

1.346 ± 0.870

Methionine

1.298 ± 0.051

Glutamate

7.568 ± 0.213

Phenylalanine

3.459 ± 0.577

Histidine

2.319 ± 0.465

Arginine

4.658 ± 0.592

Tyrosine

3.390 ± 0.012

Tryptophan

1.154 ± 0.134

Cysteine

1.079 ± 0.043

Values are presented in mean ± standard deviation

The amino acids analysis yielded results ranging from 1.079 µg/100 g
to 7.568 µg/100 g as seen in Table 5 below. Cashew nut contains the
following essential amino acids; leucine (7.079 ± 0.095 µg/100 g),
valine (5.665 ± 0.667 µg/100 g), threonine (3.691 ± 0.000 µg/100 g),
isoleucine (4.136 ± 0.251 µg/100 g), lysine (1.346 ± 0.870 µg/100 g),
methionine (1.298 ± 0.051 µg/100 g), phenylalanine (3.459 ± 0.577
µg/100 g), histidine (2.319 ± 0.465 µg/100 g), arginine (4.658 ± 0.592
µg/100 g), tryptophan (1.154 ± 0.134 µg/100g), and the following
non-essential amino acids; glycine (2.675 ± 0.099 µg/100 g), alanine
(2.484 ± 0.038 µg/100 g), serine (3.984 ± 0.230 µg/100 g), aspartate
(4.568 ± 0.443 µg/100 g), glutamate (7.568 ± 0.213 µg/100g), proline
(4.285 ± 0.249 µg/100 g), cysteine (1.079 ± 0.043 µg/100 g), tyrosine
(3.390 ± 0.012 µg/100 g). Table 5 below shows that glutamate has the
highest concentration while cysteine has the lowest concentration in
cashew nut.

Values are presented in mean ± standard deviation
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The amino acids analysis as seen in table5 shows that leucine and
glutamate were the major abundant amino acids with values of (7.079
± 0.095 µg/100 g) and (7.568 ± 0.213 µg/100 g) respectively. This is
in accordance with findings documented by Ogunwolu et al.10 Leucine
is an essential amino acid which contributes to development and
repairs of bone tissue and muscle, control of blood-sugar levels,
wound healing, growth hormone production, prevents breakdown of
muscle proteins after severe stress or trauma and may be beneficial for
individuals with phenylketonuria. Since leucine is accessible in many
foods, the deficiency is rare.42Non-essential amino acid, glutamate,
helps in synthesis of glutathione and following transamination
reactions is converted to alpha ketoglutaric acid.43 Other essential
amino acids whose values are in accordance with those reported by
Ogunwolu et al;10 Ricardet al.,8 include valine (5.665 ± 0.667
µg/100g), threonine (3.691 ± 0.000 µg/100 g), isoleucine (4.136 ±
0.251 µg/100g), methionine (1.298 ± 0.051 µg/100g), phenylalanine
(3.459 ± 0.577µg/100 g), histidine (2.319 ± 0.465 µg/100 g) and
tryptophan (1.154 ± 0.134 µg/100 g).Arginine 4.65778 ± 0.5919
µg/100 g agree with the value documented by Aremu et al.44 Valine
activates muscle development and regeneration. It participates in
energy production and is involved in the synthesis of substrates for
ketogenesis and gluconeogenesis 45. Threonine is the vital portion of
structural proteins such as elastin and collagen which are significant
components of the connective tissues and skin.45 Methionine plays a
major role in detoxification and metabolism. It is also necessary for
absorption of selenium, zinc and other essential elements and tissue
growth.45 Phenylalanine is needed for the synthesis of the epinephrine,
catecholamine, norepinephrine, dopamine which is chemicals that
transmits signals between the brain and nerve cells.45Trytophan is a
natural relaxant that helps reduces anxiety and depression , alleviate
insomnia by inducing normal sleep, , stimulates the immune system,
helps in the treatment of migraine headaches, reduces the risk of artery
and heart spasms; works with Lysine in reducing cholesterol levels.46
Histidine is the precursor molecule to histamine, the compound that
causes many allergic responses and which may be inhibited by the use
of anti-histamines which has histamine antagonistic properties and
anxiolytic properties that combats health problem.47Arginine acts as a
carrier and storage form of nitrogen in plants and functions in
vasodilation of blood vessels in the human body.48 The values
observed as seen in Table 5 are higher than data recorded by
Ogungbenle and Afolayan.22 This could be as a result of the nature of
the soil and agricultural practices such as fertilizer application,
environmental effects and genetic variation in crops.Cysteine (1.07885
± 0.04343 µg/100 g), the least non-essential amino acid present agrees
with the value documented by Aremu et al.44 Proline is an amino acid
that is hydroxylated to hydroxyproline in presence of vitamin C.43
Tyrosine is a precursor to thyroxin and growth hormone, effective
antidepressant for norepinephrine deficient depressions. It improves
mental clarity, concentration and increases energy.49 Cysteine is
essential for the growth, repair of skin and also a natural
detoxifier.49Serine is generated by the body when inadequate
quantities are consumed. It is metabolized from glycine and ketones,
and retroconversion with glycine moreover happens.50 Glycine is
helpful in formation of bile acids by combining with colic acid to form
glycocholate. It is also a component of glutathione.43Alanine is the
basic amino acid in sugar metabolism and improves immune system
by producing antibodies; also a key component of connective tissue.
The deficiencies in alanine are generally characterized by
hypoglycemia, fatigue and muscle breakdown.49
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