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Assessment of L-Citrulline, L-Arginine and L-Glutamic
Acid Content in Selected Fruits, Vegetables, Seeds, and
Nuts Sold in Markets in Nairobi City County, Kenya
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Abstract — Background: L-citrulline, L-arginine, and L-
glutamic acid are amino acids which are vital in the human body.
L-citrulline boosts immunity, combats sarcopenia, detoxifies the
liver, and enhances male fertility. L-arginine boosts internal
production of nitric oxide, prevents abnormal blood clotting and
accelerates healing of wounds. L-glutamic acid cleanses the
central nervous system and improves overall brain health.
Deficiency of these amino acids can lead to accumulation of
ammonia and impact negatively to the nervous systems of the
human body. This study aimed to identify and determine the
levels of L-citrulline, L-arginine, and L-glutamic acid in selected
fruits, vegetables, nuts, and seeds sold in markets in Nairobi City
County, Kenya wusing Liquid Chromatography- Mass
Spectrometry (LC-MS).

Materials and Methods: Data was collected from 28 selected
samples and data analysis was done using Statistical Analysis
Software (SAS) version 9.4.

Results: LC-MS showed the presence of both L-arginine and
L-citrulline in most fruits, vegetables, and nuts while L-glutamic
acid was present in the seeds. The levels of the amino acids in the
fruits and vegetables were in the following range: L-citrulline
(0.65- 19.41 mg/100g) in the button mushroom, cucumber,
pumpkin, amaranthus, and kales, (3.16-3.79 mg/100g) in the
watermelons and (1.57-10.21 mg/100g) in the nuts. L-arginine
was in the range; 1.73 - 16.48 mg/100g in the amaranthus, kales,
button mushroom, butternut squash, and cucumber, 5.44-6.56
mg/100g in the watermelons and 0.93-10.73 mg/100g in the nuts
and L-glutamic acid (0.013-0.28 mg/100g) in the seeds of
pumpkin, butternut, and watermelons.

Conclusion: The results showed that locally available
vegetables, fruits and nuts are rich in L-citrulline and L-
arginine.

Index Terms — fruits, L-arginine, L-citrulline, LC-MS, L-
glutamic acid, nuts, seeds, and vegetables.

I. INTRODUCTION

Amino acids are building blocks of proteins and play
critical roles in the human body such as; biosynthesis of
hormones and neurotransmitters. Amino acids contain aminal
(-NH2) and carboxyl group (-COOH) as their functional
groups and a side chain (R) which is specific for each amino
acid. The amine group is a strong base that picks up H+ from
the carboxyl group to form a zwitter ion [1]. Amino acids are
classified as essential and non-essential. Essential amino acids
cannot be made by the human body and must be obtained from
diets such as; meat, eggs, fish, and poultry while non-essential
amino acids are synthesized by the body. However, if one is
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stressed, sick or not taking enough proteins and carbohydrates
may not produce enough amino acids. Deficiency of amino
acids can have negative impact to the nervous, reproductive,
digestive, and immune systems of the human body [2]. L-
arginine and L-glutamic acid are among the 20 amino acids
coded by the Deoxyribonucleic acid (DNA) while L-citrulline
is not.

L-citrulline is an efficient anti-oxidant [3] and plays an
important role in the treatment and management of diseases
such as cancer, inflammatory, and cardiovascular diseases [4].
It produces vascular endothelial growth factor (VEGF) which
repairs and improves the function of the blood vessels within
the corpus cavernosum which is a sponge-like region of
erectile tissue that contains most of the blood in the penis
during penile erection [5]. L-citrulline reduces blood pressure
by increasing the dilation of blood vessels, improving blood
flow [6]. Increase in the flow of blood increases the delivery
of nutrients, oxygen, proteins, and other substances which
help the body to function optimally. L-citrulline also helps the
immune system to fight infections, boosts energy, and
enhances both short term and long-term memory [4]. It raises
the plasma L-arginine levels and reduces increased total
number of white blood cells thus improving the condition of
people suffering from the sickle cell disease [7]. L-citrulline
supplementation has been assessed clinically and it gave
positive results in the treatment of sarcopenia [8]. Sarcopenia
is a disease characterized by decrease in muscle mass,
strength, and function which occurs mostly to the elderly
people. The condition is generally caused by low protein
intake or protein metabolism alteration and reduced physical
activity [9]. L-citrulline is mostly involved in the regulation
of protein through activation of muscle protein synthesis and
energy metabolism [10]. In the liver, L-citrulline removes
phosphates and free radicals not needed by the kidneys. The
radicals and phosphates usually make the kidneys work harder
and over time causing damage to it [11].

Deficiency of L- citrulline in the body lead to improper
functioning of the urea cycle which may lead to increase in
ammonia concentrations, followed by coma, and eventually
death [12]. L-arginine multiple health benefits in the human
body including improving the immune function,
detoxification, stimulation of growth hormone, and insulin
that helps in provision of glucose in to the cells for growth and
energy output [13]. Healthy adults can supply their own
requirement for L- arginine but the rapidly growing teenagers,
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sick, and elderly people require it in their diet . L-glutamic
acid cleanses the central nervous system and improves overall
brain health, attitude, and mental performance in the human
body.[15] It reacts with ammonia in the muscles, kidneys, and
brain tissues to form L-glutamine through enzyme glutamine
synthase.[16] L-glutamic acid keeps a balanced acid- base
ratio by separating off the toxic ammonia in the kidneys and
causing it to react with acids and is excreted as urea. This also
saves hicarbonate which is necessary for the neutralization of
acids. It is converted in to glucose in the kidneys without
affecting insulin levels thus combating the storage of fat from
food which is usually helpful when trying to regulate body
and it is an excitatory neurotransmitter in the central nervous
system of mammals. A mixture of L-glutamic acid and
aspartic acid is used as a cancer therapeutic agent because it
induces death of tumor cells.[17] L-citrulline (1) is usually
converted to L-arginine (2) within the body hence it is a
precursor to L-arginine. L-glutamic acid (3) is also
synthesized in the human body by different biosynthesis
processes.
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Consumption of foods rich in L-citrulline and L-arginine
have been linked to benefits such as treatment of sarcopenia
[8], boosts the immune system [2], and treatment of cancer
[18]. There is little or no information on levels of L-citrulline,
L-arginine, and L-glutamic acid in fruits, vegetables, nuts and
seeds sold in Kenyan markets. Hence, this study was aimed at
assessing the levels of the amino acids in selected fruits,
vegetables, nuts, and seeds.

Il. MATERIALS AND METHODS

Purposive sampling method was used in the study for
collecting samples. Three fresh samples of each of the
selected fruits, vegetables, and nuts were collected from
Ngara, Githurai, and Muthurwa markets in Nairobi City
County, Kenya. The samples were transported to Kenyatta
University, Chemistry laboratory for further preparation and
analysis.

A. Study design
Experimental.

B. Study location

Markets in Nairobi County, Kenya geographical
coordinates of study are degrees, longitude, latitude.

C. Study duration
April 2018 to October 2019.
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D. Sample size
28 fruits, vegetables, seeds, and nuts.

E. Sample size calculation

The sample size was estimated on the basis of a single
proportion design. The target fruits, vegetables, seeds, and
nuts were randomly bought from the big markets where most
farmers sell their produce from their farms. We assumed the
confidence interval of 10% and confidence level of 95%.

F. Subjects and selection methods

The study samples were obtained from Muthurwa, Ngara,
and Githurai markets in Nairobi City County, Kenya. This is
because many farmers sell their farm produce in these markets
on whole sale.

G. Procedure methodology

Accurately weighed 10.0 mg of crystalline L-citrulline, L-
arginine, and L-glutamic acid were each dissolved in
deionized water and made up to 10.0 mL in volumetric flask
to give 1000pug/mL standard stock solutions of each. Working
solutions were prepared by serial dilutions of the stock
solutions to obtain appropriate concentrations of lpg/mL -
60ug/mL and were stored at 4°C before use.

The collected individual samples were thoroughly mixed to
form a uniform sample then cleaned to remove any dust
particles. The samples were then extracted according to the
protocol described by Agnes and Penelope [19] with slight
modification. 50 mL of methanol and 6 M aqueous
hydrochloric acid in the ratio of 9:1 was added to 100g of the
prepared samples in 250mL conical flask and extracted in a
flat- water bath shaker at 25 °C for one hour. The samples
were then heated at 70 °C in an oven (WTR binder company,
Germany) for four hours then allowed to cool to room
temperature. The extracts were then filtered under vacuum
and washed twice using 5mL of the extraction solvent
(methanol and 6M aqueous HCl in the ratio 9:1). The filtrates
were then concentrated using a rotary evaporator, transferred
in to vials and stored at -20 ‘C. The procedure was repeated to
all the prepared samples. The extracted samples were
Cleaned-up using reversed phase SPE columns packed with
Cis material, according to the protocol highlighted by Boyd
and his friends [20]. Columns were conditioned with 5mL of
deionized water before loading the sample and washed twice
with 5mL of methanol and 6M aqueous HCI (9:1). The sample
was loaded and eluted using 5mL of methanol and 6M
aqueous HCI (9:1). The resulting eluents were concentrated
for 20 minutes. This procedure was repeated for all the
samples.

H. Statistical analysis

Data analyzed using SAS version 9.4. Student’s t-test was
used to determine the significant differences between mean
values of two continuous variables and one-way analysis of
variance (ANOVA), p<0.005) at 95% confidence level.

I11. RESULTS AND DISCUSSION

A. Calibration curves

Calibration curves shown in Fig. 1-3 were obtained by
plotting peak areas (mm?) against the concentrations of the
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standards (pg/mL). The concentrations of the standards
ranged as follows: L-citrulline, 1.00-45.00 pg/mL, L-
arginine, 1.00-60.00 pg/mL, and L-glutamic acid, 0.01-1.00
pg/mL. The calibration curves of the standards were used to
determine the levels of amino acids from sample extracts.
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Fig 1. Calibration curve for L-citrulline standard.
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Fig 2. Calibration curve for L-arginine standard.
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Fig 3. Calibration curve of L-glutamic acid standard.
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The R? values ranged between 0.9898 and 0.9909 which
indicated that the calibration curves were linear over the
concentration range of the standards.

B. Mean Levels of the amino acids in Selected Fruits,
Vegetables, Nuts and Seeds

Liquid Chromatography - Mass Spectrometry (LC-MS)

(Agilent-Germany, micromass ZQ waters 2000-UK) was
used to obtain mean levels of L-citrulline, L-arginine and L-
glutamic acid in selected fruits and vegetables.

Table 1 and 2 shows the levels for L-arginine, L-citrulline
and L-glutamic acid in fruits and vegetables on fresh and dry
weight basis.

TABLE I: MEAN LEVELS OF THE AMINO ACIDS IN FRUITS AND VEGETABLES
(FRESH WEIGHT)

Variety L-citrulline L-arginine L-g;létizmlc
Button mushroom 4.05+0.08% 1.02+0.008¢ nd
Cucumber 3.64+0.02° 1.44+0.05¢ nd
Amaranthus 1.40+0.005°¢ 4.45+0.08° nd
Charleston gray 1.16£0.02¢  4.51£0.12° nd
watermelon
Sugar baby 0.7740.03¢  2.93£0.07° nd
watermelon
Horned melon nd nd nd
Kales 0.49+0.02 5.40+0.282 nd
Pumpkin 0.26+0.003F  0.3120.003" 0.04+0.032
Butternut squash 0.46+0.02 4.87£0.17° nd

i.  Means in the table on the same column with the same small letters,
superscripted shows the values are not significantly different at 95%
confidence level.

ii. Means in a column followed by a different letter are significantly
different (Tukey’s test P< 0.05).

iii.  Nd- Not detected.

TABLE Il: SHOWS THE CONTENTS OF THE AMINO ACIDS (MG/ 100G) IN
FRUITS AND VEGETABLES BASED ON DRY WEIGHT

Variety L-citrulline L-arginine L-glutamic acid
Cucumber 19.41+0.192 1.73+0.02¢ 0.01+0.0004°
Button mushroom 14.7340.16° 6.85+0.11°¢ 0.08+0.001°
Pumpkin 10.75+0.10°¢ 12.78+0.27° 0.28+0.005°
Charleston gray 3.7940.12¢ 6.56+0.1° nd
watermelon
Sugar baby R d
watermelon 3.16+0.12 5.44+0.1 nd
Horned melon nd nd nd
Amaranthus 1.78+0.01° 5.82+0.11¢ 0.0012:0.00¢
Kales 1.20+0.019 12.59+0.05° nd
Butternut squash 0.65+0.01" 16.48+0.03% nd

i. Means on the same column with the small letters superscripted
indicates the values were not significantly different at 95% confidence level.
ii. Means in a column followed by a different letter are significantly
different (Tukey’s test P< 0.05).
iii.  Nd- Not detected.

The concentrations of L-citrulline in the samples on fresh
and dry weight basis were as follows: cucumber (3.64+0.02,
19.41+0.19 mg/100 g), button mushroom (4.05+0.08,
14.73+0.16 mg/100 g), Charleston Gray watermelon
(1.16+0.02, 3.79+0.12 mg/100 g), Sugar-Baby watermelon
(0.77+0.03, 3.16+0.12 mg/100 g), and pumpkin (0.26+0.003,
10.75+0.10 mg/100 g). The values were significantly higher
(P<0.05) than those contained in amaranthus (1.40+0.005,
1.78+0.01 mg/100 g), kales (0.49+0.02, 1.20+0.01 mg/100 g),
and butternut squash (0.46+0.02, 0.65+0.01 mg/100 g).

In Charleston Gray watermelon (1.16+0.02 fresh weight,
3.79+0.12 dry weight) L-citrulline content was significantly
higher (P<0.05) than in Sugar Baby watermelon (0.77+0.03
fresh weight, 3.16+0.12 dry weight). The significant
difference in concentrations of L-citrulline in the vegetables
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and fruits could be attributed to differences in the varieties,
chemical, and environmental conditions [21]. The mean
concentrations of L-citrulline in the selected fruits and
vegetables are below the daily recommended intake (3 g/kg
body weight) for athletes [22] but within RNI (0.18 g/kg body
weight) for healthy people [23].

The following were the mean levels of L-arginine in the
samples on fresh and dry weight basis: butternut squash
(4.87+0.17, 16.48+0.03 mg/100 g), pumpkin (0.31%0.003,
12.78+0.27 mg/100 g) and kales  (5.40+0.28,
12.59+0.05 mg/100 g). The difference in the concentrations
of L-arginine in the vegetables could have been due to
weather, geographical conditions, and varieties of
vegetables.[19] The mean concentrations of L-arginine in the
Kenyan fruits and vegetables are below the daily
recommended nutrition intake (RNI) (3 g/kg body weight) in
healthy persons [24].

The mean levels of L-glutamic acid in the vegetables on
fresh and dry weight basis were as follows: pumpkin recorded
significantly ~ higher ~ (P<0.05)  values  (0.04+0.03,
0.28+0.005 mg/100 @) than button mushroom (nd,
0.08+0.001mg/100 g), cucumber (nd, 0.01+£0.0004mg/100g),
and amaranthus (nd, 0.0012+0.00 mg/100 g). L-glutamic acid
was not detected in kales, watermelons, butternut squash, and
horned melon. However, these levels were relatively lower
than those reported in earlier studies. The difference in the
concentrations of L-glutamic acid could be as a result of
climatic, geographical, chemical, and variety factors [25]. The
levels of L-glutamic acid in the vegetables are below the
recommended nutrition intake (500-3000 mg/kg body
weight)[26].

The overall mean concentration of the three amino acids in
the dry fruit and vegetable samples were significantly higher
(P<0.05) than in the fresh fruit and vegetable samples. This
difference can be attributed to the high water content in the
fresh samples while the dry samples did not contain water.
The three amino acids were not detected in horned melon, a
common fruit in our local markets with claims of medicinal
value for body vitality [27].

The mean levels of the amino acids in the seeds are shown
in Table 111

TABLE Ill: MEAN LEVELS OF THE AMINO ACIDS IN SEEDS

Variety L-citrulline L-arginine  L-glutamic acid
Pumpkin seeds nd nd 0.15+0.003%
Butternut seeds nd nd 0.06+0.001°
Sugar Baby water nd nd 0.014+0.0003¢
melon seeds
Charleston Gray nd nd nd
water melon seeds
Horned melon nd nd nd

seeds

i.  Means in a column followed by a different small letter superscripted
are significantly different (Tukey’s test P< 0.05).
ii.  Nd- Not detected.

L- arginine and L- citrulline could not be detected in all the
samples (Table I1). L- glutamic acid was detected in pumpkin
seeds (0.1540.003), Butternut (0.06+0.001) seeds, and Sugar
Baby watermelon seeds (0.014+0.0003). L-glutamic acid
could not be detected in Charleston Gray watermelon seeds
and horned melon seeds. This can be attributed to levels being
lower than the limit of detection of L-arginine (0.008 pg/mL),
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L-citrulline (0.005 pg/mL) and L-glutamic acid (0.0002
pg/mL) of the LC-MS machine used.

The concentrations of the amino acids in cashew nuts,
peanuts and macadamia nuts are shown in Table IV.

TABLE IV: MEAN CONCENTRATIONS OF THE AMINO ACIDS (MG/100G) IN
CASHEW NUTS, PEANUTS AND MACADAMIA NUTS

Nuts L-citrulline L-arginine L-glutamic acid
Cashew nuts (dry  3.07+0.04° 4.22+0.06¢ nd

weight)

Cashew nuts  2.19+0.03¢ 8.94+0.452 nd

(fresh weight)

Peanuts (dry  3.81+0.06° 2.86+0.27¢ nd

weight)

Peanuts (fresh  1.57+0.02° 6.57+0.09° 0.092+0.001°
weight)

Macadamia nuts 6.93+£2.9° 4.59+5 .4¢ 0.24+0.004°

i.  Means in a column followed by different small letters superscripted
are significantly different (Tukey’s test P< 0.05)
ii.  Nd- Not detected.

The following were the mean concentrations of L-citrulline
in the nuts on fresh and dry weight basis: cashew nuts
(2.19+0.03, 3.07+0.04), peanuts (1.57+0.02, 3.81+£0.06), and
macadamia nuts (6.93£2.9 mg/100g). This trend is
comparable to that found in fruits and vegetables probably
due to high water activity in the fresh weight unlike in the dry
weight. The mean levels of L-arginine in the nuts on fresh and
dry basis were as follows: cashew nuts (8.94+0.45,
4.22+0.06), peanuts (6.57+0.09, 2.86+0.27), and macadamia
nuts (4.5945.4). The trend is different from that found in fruits
and vegetables. L-arginine being basic dissolves in water and
as the water is being evaporated, it takes away some amount
of the amino acid causing the levels of L-arginine in the nuts
on dry weight basis to be lower than on fresh weight basis. On
fresh  weight basis, L-citrulline levels (1.57+0.02-
2.19+0.03 mg/100 g) are significantly lower (P<0.05) than
the L-arginine levels (6.57+0.09-8.94+0.45 mg/100 g). This
is because L-citrulline is neutral and dissolves in oil. As the
oil is being extracted, it takes away some amount of L-
citrulline which is not the case in L-arginine which is basic
and does not dissolve in oil. The mean concentrations of L-
glutamic acid in the samples were as follows: macadamia nuts
(0.24+0.004 mg/100 g) had significantly higher levels
(P<0.05) than peanuts (0.092+0.001 mg/100 g). L-glutamic
acid was not detected in cashew nuts may be due the levels
being lower than the limit of detection of L-glutamic acid
(0.0002 pg/mL). Levels of L-citrulline, L-arginine, and L-
glutamic acid in the nuts (table 1V) were below the
recommended nutrition intake (RNI). The RNI’s are; L-
citrulline (3-6 g/kg body weight), [23] L-arginine (5-10 g/kg
body weight) [24] and L-glutamic acid (0.5-3 g/kg body
weight)[26]. The levels of the three amino acids are slightly
lower than the levels reported in literature. The difference in
the concentrations could be attributed to method of analysis,
chemotypic, genetic diversity, weather, geographical
conditions, and varieties of vegetables [19]. A study
conducted in U.S.A by Wayne[28] revealed that, vegetables
such as; cucumber, pumpkin, butternut squash, and gourds in
the family of cucurbitaceae are good sources of these amino
acids. In Malaysia, a study done by Ridwan et al [29] reported
that the levels of L-citrulline were in the range of 43.81-
45.02mg/g and L-arginine, 3.39-11.14 mg/g in the
watermelons. Whereas L-citrulline content reported by Laila
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et al [30] of Malaysia was lower (3.9-28.5 mg/g) than the
levels (43.81-45.02 mg/g) reported by Ridwan et al [29].

IV. CONCLUSION

This study analyzed the presence and levels of L-arginine,
L-citrulline and L-glutamic acid in cucumber, pumpkin,
butternut squash, Charleston gray watermelon, sugar baby
watermelon, amaranthus, kales, button mushroom,
macadamia nuts, pea nuts and cashew nuts sold in markets in
Nairobi city County, Kenya. L-citrulline and L-arginine were
present in button mushroom, cucumber, pumpkin,
watermelons, macadamia nuts and cashew nuts at varied
concentrations with the cucurbitaceae family recording
significantly higher (P<0.05) levels of L-citrulline than
amaranthus and kales. The fruits and vegetables on dry weight
basis had significantly higher levels (P<0.05) of the three
amino acids than on fresh weight basis. This could be
attributed to dilution of the amino acids by water in fresh fruits
and vegetables since the amino acids are polar. The levels of
L-arginine and L- citrulline in Charleston gray watermelon
were significantly higher (P<0.05) than in sugar baby
watermelon. Overall, the analyzed fruits, vegetables and nuts
sold in markets in Nairobi city County, Kenya are good
sources of L-citrulline whose levels are within the
recommended nutrition intake levels for persons suffering
from high blood pressure (1.5-6 g/day). Seeds are poor
sources of L-arginine and L-citrulline but good sources of L-
glutamic acid. Though horned melon is a popular fruit in the
local market considered to be of medicinal value, did not
contain any of the three amino acids.
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