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ABSTRACT

Vitamin C is a water soluble organic compound that participates in many biological processes. The
objective of the present research is to evaluate the vitamin C contents in different parts of Moringa
oleifera e.g. tender and matured leaves, flowers and pods grown in Bangladesh. Vitamin C content
in fresh samples of six different M. olifera plants were determined by the HPLC method. Vitamin C
content in the tender leaves of six M. olifera was found to be 62.66 to 143.587 mg/100 g, matured
leaves contained 51.226 to 150.157 mg/100 g, flower showed 77.502 to 224.672 mg/100 g
whereas four weeks aged pods were found to contain vitamin C 3.96 to 8.27 mg/100 g. In this
study the vitamin C content in M. oleifera flowers was found to be in highest amount and the pods
contained the lowest amount of vitamin C compared to the other plant parts. On the other hand
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leaves.

sources of the vitamin C.

vitamin C content in matured leaves was observed to be present in higher amount than the tender

Aims: The present study investigates the vitamin C content in different parts of Moringa oleifera
grown in Bangladesh. The main object of this work was to see the level of vitamin C content in
different parts of the study plant like leaves, flowers and pods in different Moringa tree.
Methodology: Vitamin C content was determined quantitatively by HPLC.

Results: Vitamin C content in the six M. oleifera plants was found to be 62.66 to 143.587 mg/100 g
for tender leaves, 51.226 to 150.157 mg/100 g for matured leaves, 77.502 to 224.672 mg/100 g for
flowers and 3.96 to 8.27 mg/100 g for four weeks aged pods.

Conclusion: It can be said that different parts of M. oleifera plants grown in Bangladesh are good

Keywords: Vitamin C; Moringa oleifera; leaves; flower; Pod; HPLC method.

1. INTRODUCTION

Vitamin C (L-ascorbic acid, ascorbate, AA) is a
water soluble organic compound involved in
many biological processes. Its major role in the
organism is to help in synthesis of collagen and
carnitine. AA plays crucial roles in electron
transport, hydroxylation reactions and oxidative
catabolism of aromatic compounds in animal
metabolism [1]. In cells AA reduces hydrogen
peroxide (H,O,) preserving cells against reactive
oxygen species [2-4]. Vitamin C is also required
for synthesis of dopamine, nor adrenaline and
adrenaline in the nervous system or in the
adrenal glands [5] and improves the assimilation
of iron.

Moringa oleifera is a highly nutritive multipurpose
plant grown for fresh vegetable, livestock fodder,
green manure, biogas, medicine, biopesticide,
seed production [6], spice and cosmetic oil [7]. It
is a small or middle-sized tree, which is known as
Drumstick in English and Sajna/Sajina in Bengali.
It is widely distributed throughout the tropical
region of the world [8]. Moringa leaf extract, being
rich in K, Ca, Fe, amino acids, carotenoids,
phenols, ascorbate and growth regulating
hormones, is an ideal plant growth enhancer
[9-11]. Leaves of Moringa are rich in zeatin, which
have plant growth promoting capabilities [12], can
also be used as natural source of cytokinin [6].
Antioxidants such as ascorbic acid and
glutathione, which are found at high
concentrations in moringa chloroplasts and other
cellular compartments, are crucial for plant
defense against oxidative stress [3]. M. oleifera
has anti-inflammatory, antioxidant, antimicrobial,
cardiovascular, antihyperlipidaemic, CNS
depressant, antifertility, anticancer,
antihepatotoxic, antiulcer, etc properties [7]. That's
why it is popularly known as ‘The Miracle Tree’ [6].
The present research was carried out to evaluate

the vitamin C content in different parts of
M. oleifera grown in Bangladesh by HPLC
method.

2. MATERIALS AND METHODS
2.1 Reagents and Chemicals

Metaphosphoric acid (MPA), L-ascorbic acid
(AA), orthophosphoric acid, acetonitrile and
sodium bi-phosphate were all purchased from
Merck, Germany (HPLC-Grade). For
chromatographic analysis, de-ionized water of 18
MOcm™ resistivity purified by a milli-Q system
(Millipore, Bedford, USA) was used. Ascorbic
acid stock standard solution was prepared in
water and stored in a glass-stoppered bottle at
4% in the dark.

2.2 Plant Materials

Moringa oleifera samples (tender leaves,
matured leaves, flowers and pods) were
collected from the six different plants of BCSIR
Dhaka campus, during January-May 2014. The
collected M. oleifera samples were cleaned to
remove dirt and other impurities. Six trees were
designated as T-1, T-2, T-3, T-4, T-5 and T-6.

2.3 Instrumentation

A gradient HPLC (Shimadzu HPLC-20A series)
with two LC-20A pumps (Shimadzu), variable
wave length programmable photo diode array
detector SPD-M20A (Shimadzu), column oven
CTO 20A (Shimadzu), system controller CBM-
20A (Shimadzu), and reverse phase column
Luna 5u Cig (2) Phenomenex (250 mm x 4.6
mm) was used. The HPLC system was equipped
with LC-solution software (Shimadzu).



2.4 Extraction of Ascorbic Acid

This procedure is a modification of the method
done by Bozan and co-workers [13]. About 10g
of M. Oleifera fresh samples (tender leaves,
matured leaves, flowers or four weeks aged
pods) were separately weighed before extraction.
After weighting of different samples, extraction
was done with 25 mL of extracting solution,
containing 5% meta-phosphoric acid (MPA), at
10C in the dark. Extraction process was
performed using a shaker for 4 hours with
continuous shaking. All extractions were carried
out in triplicate and obtained solutions were then
filtered and stored at 4C before analysis. The
injection of each extract into HPLC system was
performed twice.

2.5 Standard Solutions

Calibration curve for AA was obtained by plotting
the AA peak area against the AA concentration
at 6 levels (Fig. 1). The response of AA over a
concentration range of 12.5-100 mg/L was linear
(y = 1.0024x - 0.0391) with a regression
coefficient (r?) of 0.998. The limit of quantitation
(LOQ) and detection (LOD) were 0.20 and
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0.05 mg/L, respectively, which was taken as the
amount of ascorbic acid giving a signal-to-noise
ratio greater than 3. The RSD values for
repeatability and intraday reproducibility (n ¥4 6)
for a standard solution containing 25 mg/L of AA
were 1.24% and 7.20%, respectively. For study
of intra-day reproducibility the standard solution
was kept at 4C and in the dark.

2.6 HPLC Analysis

The liquid chromatographic method used for the
determination of L-ascorbic acid (AA) consisted
of an isocratic elution procedure with UV-Visible
detection at 245 nm. Separations were carried
out on a reverse phase column Luna Cig (2)
(Phenomenex, USA). The mobile phase
employed was a mixture of 0.5% NaH,PO, and
acetonitrile (93:7). Flow rate of the mobile phase
was 1.2 mL/min and an injection volume of 20 yL
was used in quantitative analysis. The
temperature of analytical column was kept
constant at 25C. The calibration curve and
guantitative evaluations were accomplished at
245 nm. Standard solutions and extracts were
filtered through a prefilter and then a 0.45 mm
Millipore  membrane before the injection.
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Fig. 1. Calibration curve of standard ascorbic
acid

Fig. 2. HPLC Chromatogram of standard
ascorbic acid (250 ppm)
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Fig. 3. HPLC chromatogram for ascorbic acid analysis of M. oleifera flower, tree-6



To prevent the loss of AA, standard solutions and
extracted samples were protected from light
using amber flasks. Quantitation was performed
by comparing the chromatographic peak area
with that of the external standard (Figs. 2 and 3).
The calibration curve was plotted in the
concentration range of 12.5-100 mg/L and based
on a 6-point calibration (equation of the standard
curve and r* value).

3. RESULTS
3.1 Quantification of AA in Samples

Table 1 shows ascorbic acid (AA) content in
tender leaves, matured leaves, flowers and four
week aged pods of M. oleifera. The range of AA
content in the investigated six plants parts were
found to be 62.66 to 143.587 mg/100 g for tender
leaves, 51.226 to 150.157 mg/100 g for matured
leaves, 77.502 to 224.672 mg/100 g for flowers
and 3.96 to 8.27 mg/100g for four week aged
pods by HPLC method.

4. DISCUSSION

For maintaining a good and sound health and for
prevention from common cold, human body
should be kept saturated with vitamin C.
Numerous analysis have shown that an
adequate intake of vitamin C is effective in
lowering the risk of developing cancers of the
breast, cervix, colon, rectum, lung, mouth,
prostate and stomach [14,15,16]. A wide variety
of food exists that contains vitamin C. Fruits,
vegetables, and organ meats are generally the
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best sources of ascorbic acid; muscle, meats and
most seeds do not contain significant amounts of
ascorbic acid [17]. Primates and several other
mammals including human are not able to
biosynthesize ascorbic acid via glucuronic acid
because of the mutation in pseudogene coding
for enzyme (L-gulonolactone oxidase) required
for this very pathway. Hence, humans and other
primates have lost their ability to synthesize
vitamin C [18]. Thus, vitamin C should be
obtained through diet. Vitamin C is heat and light
liable and generally non-toxic.

M. oleifera is quite capable of meeting the RDAs
of vitamin C for all age groups (Table 2). The
present study reveals that only 15-25 g of fresh
leaves are sufficient to meet demand of daily
vitamin C requirement for children. On other
hand 50-75 g of fresh leaves will be needed for
the teens and adults. Thus vitamin C can be
obtained very easily form M. oleifera.

It is hypothesized that the leaf extract from
M. oleifera having numerous mineral nutrients
and vitamins in a naturally balanced composition,
may be an attractive source of antioxidant
compounds.

The differences in ascorbic acid contents might
result from the variations in species, variety,
ecological factors, and harvest time [20]. It is well
known that ascorbic acid is a sensitive and
thermo-labile compound, so its extraction with
high yield and without any decomposition has
been a matter of difficulty and labor-intensive for
the analysts.

Variation of AA content among

B different trees and plant parts of
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Fig. 4. Comparison of AA contents in different parts of six different M. oleifera plants
MOTL= M. oleifera tender leaves, MOML= M. oleifera matured leaves, MOF = M. oleifera flowers and MOP = M.
oleifera Pods. T1-Te= Plants 1-6
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Table 1. Content of ascorbic acid (AA) in different parts of M. oleifera (mg/100 g) samples

No. MOTL MOML MOF MOP 4 weeks
T-1 65.105 51.226 77.502 3.960

T-2 105.967 115.729 192.842 7.261

T-3 62.660 74.909 156.368 7.792

T-4 94.281 102.867 176.828 7.923

T-5 102.079 104.225 174.933 8.05

T-6 143.587 150.157 224.672 8.27

MOTL= M. oleifera tender leaves, MOML= M. oleifera matured leaves, MOF = M. oleifera flower, MOP = M.
oleifera Pod

Table 2. Recommended Dietary Allowances (RDAs) for vitamin C [19]

Life Stage Age Male Female Pregnancy Lactation
Birth 0-6 months 40 mg 40 mg - -
Infants 7-12 months 50 mg 50 mg - -
Children 1-3 years 15 mg 15 mg - -

4-8 years 25 mg 25 mg - -

9-13 years 45 mg 45 mg - -
Teens 14-18 years 75 mg 65 mg 80 mg 115 mg
Adults 19+ years 90 mg 75 mg 85 mg 120 mg

5. CONCLUSION

Vitamin C is important to human health and a
necessary dietary source. However, it is very
delicate and easily destroyed by many factors,
particularly heat and light. Fresh M. oleifera
samples showed vitamin C content 62.66 to
143.587 mg/100 g for tender leaves, 51.226 to
150.157 mg/100 g for matured leaves, 77.502 to
224.672 mg/100 g for flower and 3.96 to 8.27
mg/100g for four week pods. It can be concluded
that vitamin C content is higher in flower
compared to other plant parts. It has been
observed that different Moringa plants of the
same species contain different amounts of
vitamin C. So standardization of different
Moringa plants and its different parts is
necessary.

COMPETING INTERESTS

Authors have declared that
interests exist.

no competing

REFERENCES

1. Velisek J, Cejpek K. Biosynthesis of food
constituents: Vitamins. 2. Water-soluble
vitamins: Part 1 - a review. Czech. J. Food
Sci. 2007;25:49-64.

2. Davey MW, Van Montagu M, Inze D,
Sanmartin M, Kanellis A, Smirnoff N,
Benzie 1JJ, Strain JJ, Favell D, Fletcher J.

6. Fuglie LJ. The miracle tree:

Plant L-ascorbic acid: Chemistry, function,
metabolism, bioavailability and effects of

processing. J. Sci. Food Agric. 2000;
80:825-860.
3. Noctor G, Foyer CH. Ascorbate and

glutathione: Keeping active oxygen under
control. Annu. Rev. Plant Physiol. Plant
Molec. Bio. 1998;49:249-279.

4, Kleszczewska E. L-Ascorbic acid - clinical

use, toxicity, properties, methods of
determination and application in chemical
analysis. Pharmazie. 2000;55:640-644.

5. Linster CL, Van Schaftingen E. Vitamin C -

Biosynthesis, recycling and degradation in
mammals. Febs J. 2007;274:1-22.

Moringa
oleifera: Natural nutrition for the tropics.
Church World Service, Dakar, revised in
2001 and published as The Miracle Tree:
The Multiple Attributes of Moringa.
1999;172:68.

7. Goyal Bhoomika R, Babita Agrawal B,

Ramesh Goyal K, Anita Mehta A. Phyto-
pharmacology of Moringa oleifera Lam -
An overview. Natural Product Radiance.
2007;6(4):347-53

8. Aregheore EM, Intake and digestibility of

Moringa oleifera-batiki grass mixtures by
growing goats. Small Rumin. Res.
2002;46:23-28.

9. Makkar HPS, Becker K. Nutritional value

and antinutritional components of whole
and ethanol extracted Moringa oleifera



10.

11.

12.

13.

leaves.  Anim Feed Sci

1996;63:211-228.

Basra SMA, Zahar M, Rehman H, Yasmin
A, Munir H. Evaluating the response of
sorghum and moringa leaf water extracts
on seedling growth in hybrid maize. In:
Proceedings of the International
Conference on Sustainable Food Grain
Production: Challenges and Opportunities.
University of Agriculture, Faisalabad,
Pakistan. 2009a;22.

Basra SMA, Zahoor R, Rehman H, Afzal I,
Farooq M. Response of root applied
brassica and moringa leaf water extracts
on seedling growth in sunfl ower. In:
Proceedings of the International
Conference on Sustainable Food Grain
Production: Challenges and Opportunities.
University of Agriculture Faisalabad,
Pakistan. 2009b;23.

Foidl N, Makkar HPS, Becker K. The
potential of Moringa oleifera for agricultural
and industrial uses. In: Proceedings of the

Technol,

International Workshop, What
development  potential for  Moringa
products?  Dar-es-Salaam, Tanzania.
2001;47-67.

Bozan B, Sagdullaev BT, Kozar M, Aripov
KHN, Baser KHC. Comparison of ascorbic
and citric acid contents in Rosa canina L.

Ahmed et al.; ACSJ, 11(1): 1-6, 2016; Article no.ACSJ.21119

14.

15.

16.

17.

18.

19.

20.

fruits growing in Central Asian region.
Chem. Nat. Compd. 1998;34:687-689.
Levine, Mark. Vitamin C pharmacokinetics
in healthy volunteers: Evidence for a
recommended dietary allowance.
Proceedings of the National Academy of
Sciences USA. 1996;9:3704-09.

Block G. Epidemiologic evidence regarding
vitamin C and cancer. American Journal of
Clinical Nutrition. 1991;54:1310S-14S.
Block, G. The data support a role for

antioxidants in reducing cancer risk.
Nutrition Reviews. 1992;50(7):207-13.
Combs JR, GF. The Vitamins:

Fundamental Aspects in Nutrition and
Health; Academic Press, San Diego, CA,
1992;4-6:24-5:223-249.

Woodall AA, Ames BN. Diet and oxidative
damage to DNA: the importance of
ascorbate as an antioxidant. In: Packer L,
Fuchs J, eds. Vitamin C in health and
disease. New York: Marcel Dekker Inc.
1997;193-203.

Institute of Medicine. Food and Nutrition
Board. Dietary reference intakes for
Vitamin C, Vitamin E, Selenium, and
Carotenoids. Washington, DC: National
Academy Press; 2000.

Celik F, Kazankaya A, Dogan A, Oguz HlI,
Ekincialp A. In: Proceedings of Il. Berry
Fruits Symposium. Bursa. 2006;313:2000.

© 2016 Ahmed et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 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://sciencedomain.org/review-history/12202




