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Abstract: Anemia is one of the most widespread nutritional deficiencies of blood which affect the populations of all
ages throughout the world, children and adolescents being at a significantly higher risk for the condition. Medicinal
plants have been a source of succor in the control of many diseases in developing countries and anemia is no
exception. Treatment of anemia involves an iron-rich diet, iron and vitamin supplements. Iron supplements that are
commercially available, if consumed too much of which can lead to circumstances like Hemochromatosis, Neurogenic
Disorders and sometimes even cancer. In this study, extracts of different plants (Moringa oleifera, Psidinm guajava,
Cymbopogon citratus, and Trigonella foenum-graecum) were examined for their iron content to formulate some natural iron
product to put forth as a solution to iron deficiency. The total iron content in the standard solution and samples of
selected plant were obtained by phenanthroline method modified using analysis by absorption spectrophotometet. The
spectrophotometric studies reveal the amount of iron content and hence the efficiency of the species in combatting
anemia. Since these are natural sources, the food supplements designed from their extracts are expected to provide a
solution to the disease without causing the harmful effects of the commercial iron supplements and also alongside
provide other nutritional benefits to the individual.
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Cymbopogon ciratus, Trigonella foenum-graecum, phenanthroline.

Introduction

Iron plays an important role in the formation of red
blood cells and is a vital component of hemoglobin,
the pigment which carries oxygen to the cells of the
body and carbon dioxide away from them. It is also
involved in the formation of another pigment
myoglobin which stores oxygen in the muscle for
use during exercise.

India stands low on the list of nations dealing
with problems arising out of iron deficiency—it is
170th among 180 countries ranked for anemia
among women, 114th among 132 for stunting in
children under five, and 120th among 130 for
wasting in children under five, according to
the Global Nutrition Report, 2016. In India alone
80% of women are iron deficient, both pregnant
and nonpregnant.?

No of Deaths In India(%)

Iron deficiency most commonly results from
inadequate diet or failure to absorb iron from the
food. Vegetarians are more likely to suffer from
iron deficiency because the high—fibre foods in their
diet such as pulses and whole grains makes
absorption difficult and also iron intake tends to be
less than that of people who eat animal products.
Non-vegetarians are less susceptible to iron
deficiency as the iron in the red meat is readily
accessible and easily absorbed by the body, which is
not the case with some other iron-rich foods.

1 Children Below 5 years
¥ Women 15-49 years
Pregnant women

1 Maternal Deaths

Iron deficiency leads to anemia, which is a symptom
rather than a disease itself, it is indicated by general
tiredness, breathlessness, headaches and dizziness.
Iron deficiency anemia is one of the most
widespread preventable nutritional problems in the

Figure 1. Rate of Deaths in India due to Iron
Deficiency Anemia

Iron deficiency (ID) control programs have not
been successful in reducing the number of iron

world, despite the continuous implementation of
global programs for its control. Globally 50% of
anemia is attributed to iron deficiency and accounts

for approximately 841,000 deaths annually
worldwide!.
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deficient people in developing countries due to
unsuccessful supplementation programs, the low
absorption of some fortification iron compounds,
and to the presence of other complicating health
factors such as vitamin A deficiency. Although
various drugs are available for the treatment of
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anemia, they are not often affordable to resource-
poor people, and not accessible to residents of
remote areas. High quantity of consumption of
these artificially produced commercial iron
supplements can lead to health hazards like some
neurogenic disorders and even cancer®.

Most iron-rich natural and nutritional sources are
animalistic, which includes meat and liver. Usually
the presence and bioavailability of iron from plant
sources is lower. For this reason Vegans and
Vegetarians are at particular risk of anemia. But
studies show high iron content in plant sources like
Drumstick leaves, spinach, lentils, dry fruits such as
apricots and dates, beans and other pulses, guava,
Methi, Lemongrass etc. Recent research is hence
shifting focus towards such natural herbs and other
plant parts or their extracts to produce remedies
against a fast and wide spreading disease like Iron
Deficiency Anemia.

As per United States Department of Agriculture
(USDA) Food Composition Database Moringa olifera
can provide up to 28mg of iron per 100 gms of the
leaves. It has also been reported that the iron
content in  Moringa is much higher than
spinach?. There is a paucity of literature regarding
the beneficial effects of Moringa oleifera and jaggery
in treating iron deficiency anaemia®.

Iron content
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Figure 2. Iron content in Different parts of Moringa
oleifera Lam#k. plant (Data Source: Moringa oleifera: A
review on nutritive importance and its medicinal
application Lakshmipriya Gopalakrishnan® Kruthi
Doriya* Devarai Santhosh Kumar)

From the above graph it is very well observed that
leaves of M. oleifera are the most powerful supplier
of iron in every form. Thus in the current studies
focus has been shifted to use the leaf extracts of this
natural herb to design some solution towards iron
deficiency anemia. M. olezfera is also rich in several
phytochemicals like flavonoids, saponins, alkaloids
and phenolic compounds in every part of the plant?
which are essential for iron take up and absorption
by human body hence it can serve as a complete
package of nutrition as well along with treatment
against anemia.

The herb has been a useful source to treat fatigue,
headaches, brain fag syndrome, breathing trouble
etc. A combination of Moringa with jaggery has
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already been tried out as a solution to anemia and it
has yielded positive results as well®. Now tests ate to
be conducted to use its leaf extracts solely as a
natural iron supplement.

Trigonella  foenum-graecurn  commonly known as
Fenugreek of the pea family (Fabaceae) and also
known as Greek hay, is another rich source of iron
and as per United States Department of Agriculture
(USDA) Food Composition Database provides 33.5
mg iron per 100gms of its leaves. Fenugreek leaves
are great sources of iron and folic acid and work as
effective foods for anaemia, to cure this condition.
Spinach, fenugreek and dark green leafy vegetables
are iron rich, help in red blood cell formation and
increase the production of haemoglobin. Cooked,
eaten raw or consumed as a health drink from the
stock left behind once these leaves are boiled are
excellent sources of iron for the body.

Amount per teaspoon in %DV
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Copper

Manganese

Iron

0 5 10 15 20

Figure 3. Different Mineral content in different
parts of Trigonella foenum-graecum (Data Source: Dr
Axe Food is medicine)

From the graph above it is predominant that
Fenugreek has much more iron content than any
other mineral or vitamin. Hence Fenugreek leaf
extracts are also been tried upon as an aid to anemia
in recent studies along with its already existing
applications in treating digestive  problems,
inflammation, Libido, cholesterol level, promoting
milk flow in breast feeding etc.

Another very common and easily available herb is
Lemon Grass, (Botanical name-Cymbaopogon citratus),
from poaceae family. Though it is found commonly
in tropical regions of Asia, it is native to India.
Lemon grass has high medicinal value.

As per United States Department of Agriculture
(USDA) Food Composition Database its iron
content is as high as 8.2mg per 100 grams of its
leaves and hence it helps in purification of blood
and to increase the level of hemoglobin.
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Figure 4. Iron content of various herbs when
measured in percentage (Source: Daily Iron on your
dinner plate)

As per the graph it is very clearly noted that when
measured in percentage and compared with the best
natural iron resources, lemongrass ranks second
after Morel Mushrooms (68%) in iron content
(45%). It is also rich in, flavonoids and phenolic
compounds suitable for iron uptake by body.
Although the herb has found its medicinal
applications in treating various problems like
headache, digestive tract, rheumatism, stimulating
uterus and menstrual flow. Main components of the
plant lemonal and citral have found their
applications as anti-fungal and anti-microbial agents,
has been used as flavoring agents in soaps and other
cosmetic products and oil extracted from lemon
grass has been used in aromatherapy for all pains;
but this herb has not been focused on too much
towards its contribution to treating iron deficiency
Anemia. The literature shows clear view of its
possibility towards the same and hence recent
studies are been conducted to use it as a natural
remedy to Anemia.

Psidinm guajava populatly known as guava is a tree
which is native to South America and is very
popular in the Indian subcontinent as well. It has
been used as a medicinal plant from past several
years. Different parts of the tree have different
pharmacological effects.

The leaves are rich in phenolic compounds,
carotenoids, flavanoids, Gallic acid, catechin, the
skin and bark contains glycoside, carotenoids and
phenolic compounds. It is a rich source of vitamins,
tannins, flavonoids, essential oils etc. The phenolic
and alkaloid compounds present can be used to
treat anemia. As per United States Department of
Agriculture (USDA) Food Composition Database it
provides 0.26mg iron for 100g of leaves!! 1213, 14,
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Figure 5. Different mineral content in guava [Data
Source USDA]

The fruits can help in increasing the platelet cells in
the patient suffering from dengue fever. Fruits and
leaves have also shown a positive effect on the level
of hemoglobin in anemic patients. The juice of
guava leaves is taken as a medicine to treat anemia.
In the studies carried out at the University of
Calabar has proved that the leaves help in the
formation of blood cells, increase in hemoglobin
and is free of side effects!®. Traditionally hence it is
used as a potent drug to treat anemia and has been
ranked first in its iron content and potency followed
by Sweet potato leaves, Goat grass leaves and
pumpkin leaves.

To be precise the most common plants available in
the subcontinent showing a considerable amount of
iron content has been neglected while finding a
natural solution to anemia. Hence recent research
needs to be focused on vatious parts of these plants
that will surely reveal some great treatments to iron
deficiency in the mere future.

Materials and Methods

Requirements for extract preparation:

a.  Plant species: Moringa oleifera, Psidinm gnajava 1.,
Trigonella foenum-graecum, Cymbopogon citratus

b. Chemicals: Conc. Hydrochloric Acid (HCI),
Distilled water (H20)

c. Instrumentation: Muffle
crucible, Weighing balance

d. Glasswares: Measuring Cylinder, Beakers, Filter
paper. Glass Rod.

Furnace, Porcelain

Requirements for quantitative estimation of
iron content of the respective plant species by
phenanthroline method

a. Extracts of the respective plant species
prepared in experiment 1.

b. Chemicals: Hydrochlorate  Hydroxylamine
(HONH,.HC(I), Sodium Acetate

(CH3COONa), Acetic Acid (CH;COOH), O-
Phenanthroline (CssH2sFeNgt?) and Distilled
water (H2O).

c. Instrumentation: Spectrophotometer, Weighing
Balance

d. Glasswares: Beakers, Measuring
Pipettes, Test tubes, Glass Rod.

cylinder,
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Chemical Preparation:

a. Hydrochlorate Hydroxylamine: 10 grams of
Hydrochlorate Hydroxylamine was dissolved in
50 ml of distilled water.

b. Sodium Acetate Buffer: 8.5 grams of Sodium
Acetate and 12 ml of acetic acid were added to
88 ml distilled water.

c. O- Phenanthroline: 0.1 grams of O-
Phenanthroline was dissolved in 80ml Distilled
water at 80 degrees.

Protocol for Extract Preparation

I. 3 grams of plant species
accurately using a weighing balance

II. The weighed sample was subjected to a dry

wash in a Porcelain crucible at a temperature of

450 degrees in a muffle furnace for approx. 24

hours

The burnt plant samples were collected from

the furnace and 0.3 grams of each species

sample was dissolved in 5ml of concentrated

HCI which precipitates all the impurities at the

bottom of the crucible.

The volume is made up to 50ml for each

sample separately using distilled water.

V. The solution was filtered using filter paper

twice.

Thus the plant extracts were obtained for

further studies

was

weighed

II1.

1v.

VI.

Protocol for quantitative estimation of iron
content of the respective plant species by
phenanthroline method
I. 1ml of each plant extract is measured and taken
in a test tube
II.  1ml of Hydrochlorate Hydroxylamine is added
to the extracts.

III.  2ml of Sodium acetate buffer followed by 2ml
of O- phenanthroline was also added to it.
IV. The test tubes were incubated at room

temperature for approx. 30 mins. Orange red
complex is expected.
V. The absorbance was measured at 510nm using
spectrophotometer.
This test was carried out in triplicates and the
arithmetic mean of the readings of absorbance
of each of the triplicate was calculated.
The concentration of the iron content of each
sample was calculated graphically using a
standard curve by plotting the concentration of
extract against the corresponding iron content.

VI

VIL

Calculation

The final iron content is calculated for the extracts
of all the concerned species and noted. The
calibration curve is used for the calculation.

Iron content (mg/100 g) = (CxDFx10x100)/P
[C: Iron concentration of the sample, obtained from
the calibration cutve g/g) DF: Dilution Factor, P:
Mass of ash (g)]
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Results

Studies on the iron content of 30different plant
species by the above protocol helped design 30
medical remedies for anemia for which no side
effects were complained by individuals. Mostly the
following plant parts produced the remedies: stem
bark (32%), leaves and stems (24%), followed by
the leaves (21%), roots (13%) and whole plants
(10%).

Percentage

Percentage

/

0

Stembark  Whole stem Leaves Roots Whole plant

Figure 6. Parts of different plants useful in
combating Iron Deficiency Anemia in studies

The most common plants studied for their iron
content as a solution to the disease are noted below:

Plant species Organ Used Content (mg/100 g)
Amaranthus spinosus Whole Plant 2306.6
Cajanus cajan Leaves and stems 140
Hoslundia opposita Leaves and stems 100
Imperata cylindrica Whole Plant 170
Justicia secunda Leaves and stems 26.6
Khaya senegalensis Stem Bark 333
Milicia excelsa Stem Bark 143.3
Ricinus communis Leaves and stems 70
Stylosanthes erecta Leaves and stems 206.6
Tectona grandis Leaves 266.6
Thalia geniculata Whole Plant 13.3

Table 1. Iron contents of studied plant species
(Ref: Ethnomedical Study and Iron Content of
Some Medicinal Herbs Used in TraditionalMedicine
in Cote D'Ivoire for the Treatment of Anaemia; W
Mamidou Koné, A G Koffi, E L. Bomisso, and F H
Tra Bi)

The four-species mentioned in these studies have
shown considerable amount of iron content in their
leaves. The iron content of all of them matches or is
nearly similar to any one or more of the plant
species studied above. Hence it is expected that
conducting the same protocol on the extracts of
these species will yield positive results and will
produce excellent natural remedies for iron
deficiency anemia.

Discussion and Conclusion

Anemia is very common in India as well as globally
and its incidence is expected to increase in the mere
future, there is need to prevent it or seek for more
cost-effective and better treatment strategies for the
same. Not much has been studied till date that can
pinpoint natural and harmless remedy against the
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disease. The present study shows that the
hemoglobin levels of the women in reproductive
age group showed a significant improvement post
intervention with Moringa oleifera and jaggery. This
may be promoted in the community as a
prophylactic and dietary supplementation in anemic
women. The present study also concludes that
Moringa oleifera effectively corrected hemoglobin
levels in moderately anemic and included in the
daily diet as a preventive and maintenance strategy
for women. It should be given due consideration.
Similar remedies can be designed with the other
mentioned species also. It is necessary to formulate
a complete natural remedy to fight against iron
deficiency using these four-ignored species in mere
future.

Future prospects

Iron plays a significant role in the hematopoiesis.
However, the therapeutic potential of the herbs
cannot be established on the basis of available iron
content alone as other factors play a role in the
absorption of iron in the body. Such factors are
alkaloids, flavonoids, saponins, tannins, calcium,
zinc, vitamins C and K. Studies need to be
conducted in mere future to design supplements
that are not only high in iron content but also in
alkaloids, flavonoids, saponins, tannins etc. so that
body can include these also to fight anemia. Thus,
we plan to design a complete solution to the disease
using our plant extracts and supplementing them
with the necessary phytochemicals so that this
natural product can be made available to common
masses to consume without any harmful side effects
to them.
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