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ABSTRACT: Moringa oleifera Lam., commonly known as the drumstick or miracle tree, is
recognized for its exceptional nutritional and medicinal potential. In this study, six genotypes
viz., PKMI, PKM?2, Jodhpur Local, Odisse Local, Mandya Local, and PM1 (Punjab Local) were
evaluated under a completely randomized block design with three replications. Leaves were
harvested green, shade dried, milled into powder, and analyzed for proximate composition,
vitamin content, and macro and micronutrients. Dry matter content ranged from 18.20 + 0.92 %
(PKM 2) to 21.00 + 1.61 % (Jodhpur Local), and ash content varied between 11.47 + 0.31 %
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(Jodhpur Local) and 14.47 = 0.31 % (PKM 2). Crude protein content was highest in PKM 1 Igfln?;gg I?S:

(27.71 £ 2.01 %) and lowest in PM 1 (18.75 + 2.72 %), while crude fiber ranged from | N oitional characterization,
13.57 £ 1.47 % (PKM 1) to 16.20 = 0.71 % (Jodhpur Local). The vitamin profile showed | Dry matter content,
considerable variation, with PKM 1 exhibiting the highest values for Vitamin A | Crude protein,

(16.00 + 0.50 mg100 g"), Vitamin B1 (2.62 + 0.02 mg100 g"), Vitamin B2 (21.33 + 0.76 mgl00g | Vitamins, -

') Vitamin B3 (8.47 + 0.31 mg 100 &), Vitamin C (17.63 % 0.67 mg 100 g'), and Vitamin E | Nacromurients

(115.33 £2.52 mg 100 g'). Macronutrient content varied notably across genotypes: calcium was
highest in PKM 1 (26.33 + 1.53 mgl00 g"), phosphorus in PM 1 (3.06 + 0.053 mg 100 g"),
potassium in PM 1 (19.71 +0.63 mg100 g"), magnesium in PM 1 (4.44 £ 0.082 mg100 g, sodium
in Odisse Local (0.75 + 0.029 mg 100 g"), and sulphur in PKM 2 (16.33 + 0.10 mg 100 g").
Micronutrient analysis revealed maximum manganese in PKM 1 (51.81 + 1.89 mg kg-1), zinc in
PM 1 (32.11 £ 1.15 mg kg"), copper in PM 1 (15.15 + 0.76 mg kg"), iron in Jodhpur Local
(395.67 + 11.68 mg kg”), and boron in PKM 1 (52.25 + 0.87 mg kg”). These findings demonstrate
significant genotypic variation in the nutritional composition of Moringa oleifera Lam., with
PKM I, PKM 2, PM 1 (Pumjab local), and Jodhpur Local identified as promising candidates for
nutritional enhancement and health-based applications.

1. INTRODUCTION

Moringa oleifera Lam. (Saijan) is native to the Indian
subcontinent, but with time due to its remarkable
adaptability, it has spread to parts of the world. It is
also known as the drumstick tree or miracle tree, this
fast-growing tree is valued for variety of uses both as
nutritional supplement and medicine (Fahey, 2005). It
is now a global enterprise as it is grown in the
Caribbean, Southeast Asia, parts of South America
and almost every African countries. (Anwar ef al.,
2007). Drumstick grows well under varied climatic
conditions as well as soil types and this has contributed
greatly to its wider distribution. Its proliferation into
varied climatic conditions globally underscores its
importance as a sustainable and versatile crop having
potential for supporting food security and health
benefits (Babbaretal.,2011; Guptaetal.,2012).
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Moringa oleifera Lam (Saijan) has been used in
traditional medicine over the years, and scientific
research has confirmed most of its uses. Among the
various health benefits, its nutritional profile is the
major one. The leaves are known as a powerhouse of
essential vitamins and minerals. They are rich in
vitamins A, C, and E, all of which are important for
immune function and skin health (Babbar ez al.,2011).

Drumstick leaves are also rich source of minerals such
as calcium, iron, and potassium (Anwar ef al., 2007).
The high concentration of nutrients makes this species
a very good dietary supplement, especially in areas
where malnutrition is prevalent in the masses. The
health benefits of drumstick go beyond its nutritional
content as it contains a large amount of antioxidants,
comprising flavonoids, phenolic acids, and ascorbic
acid and these compounds have a important function
in the reduction of oxidative stress and neutralization
of free radicals (Moyo et al., 2012). The oxidative
stress is considered as one of the major causes of
chronic diseases such as cancer and cardiovascular
conditions. These antioxidants help to reduce this risk



by protecting cells against this damage and promoting
their overall health.

Another important health benefit of drumstick is that it
might help in controlling blood sugar levels.
Numerous studies have indicated that the extracts
from its leaves lower the blood glucose level both in
human and animals. Gupta et al., 2012 reported that
the hypoglycemic effect may be a result of enhanced
insulin sensitivity and reduced absorption of glucose
in the intestines. The blood sugar regulation property
of Moringa oleifera Lam. thus presents a promising
supplementary treatment against diabetes. Drumstick
Anti-inflammatory properties might help in the
management of chronic inflammatory diseases such as
arthritis and asthma. It contain quercetin and
chlorogenic acid, which are known to inhibit
inflammatory pathways and reduce markers of
inflammation (Alia et al., 2022). This anti-
inflammatory action decreases pain and improves the
quality of life of patients suffering from inflammatory
diseases. Saijan has been reported to have
antimicrobial activities, in addition to anti-
inflammatory and antioxidant properties. Few studies
have shown that extracts of Saijan are effective against
a wide variety of pathogenic microorganisms,
including bacteria, fungi, and viruses. (Pareek et al.,
2023). It is thus a potential reservoir of compounds
that can enhance immune function and provide
protection against infections. Another major benefit is
its support for cardiovascular well being. The
polyphenols and antioxidants within drumstick
decrease blood pressure and cholesterol levels, which
reduces the risk of heart diseases. It has been found
that regular consumption improves lipid profiles and
reduces arterial stiffness, hence contributing to
cardiovascular health.

Keeping in view the health benefits of the Moringa
olefera Lam., genotypes from different locations were
evaluated in the submontaneous region of lower
shiwaliks hills of Punjab for their suitability and
nutritional profile. This will help in identification of
nutritionally superior genotype that can be
recommended for the benefit of the people of the
region.

2. MATERIALSAND METHODS

The experiment was conducted at Punjab Agricultural
University. Regional research Station, Ballowal
Saunkhri situated in the lower Shiwalik hills of North-
Western Himalayas. The site is located at 31°05'32"' N,
76°23'07" E with an altitude of 369.71 m amsl. The
average annual rainfall in the area is about 1067 mm
out of which 80% rainfall is received during the
monsoons. The annual maximum and minimum
temperature ranges from 28.5 to 31.0°C and 15.2 to
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17.4°C, respectively (Sharma et al., 2017). The soils
of the experimental field was sandy loam having pH
7.4, low in organic carbon (0.26%) and available
nitrogen (142.4 kg/ha); medium in available
phosphorus (20.25 kg ha") and high in potassium (245
kgha™).

Six genotypes of Moringa viz., PKM1, PKM?2,
Jodhpur Local, Odisse Local, Mandya Local and Pm1
(Punjab Local) were evaluated in a completely
randomized block design (CRBD) having three
replication and there were 5 plants of each genotype
per replication. The leaves were harvested green, air
dried under shade and milled into powder through 1
mm sieve and were stored at room temperature.

Dried powdered Moringa leaves were assessed for dry
matter, crude protein, Ash content, crude fibre,
calcium (Ca), phosphorus (P), potassium (K),
magnesium (Mg),sodium (Na), sulphur (S),
manganese (Mn), , zinc (Zn), copper (Cu), iron (Fe)
and Boron (B) using the Association of Official
Agricultural Chemists’(AOAC, 2005). Vitamin C,
vitamin B1, vitamin B2, vitamin B3, vitamin A and
vitamin E content was estimated as per the method
given by Xiao, 2012. The statistical analysis of the
data generated was done using online software
package OP STAT (Sheoran et al.,1998)

3. RESULTS
Proximate composition

The proximate compositions of Saijan leaves varied
among the different genotypes. The dry matter
contents varied significantly among the cultivars,
ranging from 18.20+£0.92 % to 21.00+1.61 %. The
highest dry matter content was found in Jodhpur local,
whereas the lowest was found in PKM 2. PKM 2
contained the highest ash content (14.47+0.31%)
which was statistically at par with PKM
1(14.10+0.26%), whereas Jodhpur local contained the
lowest content (11.47+0.31%). The crude protein
contents (27.71+2.01%) was found to be highest in
PKM 1 and PKM 2 (24.17+0.72%) and lowest
(18.7542.72%) in PM 1 Punjab local. The crude fiber
content (16.20+1.47%) was highest in Jodhpur local,
whereas the lowest (13.574+0.71%) was found in PKM
1 (Table 1).

Dry matter content found in this study were slightly
different in six genotypes but overall content reported
was in agreement with Offor ez al. (2014) and Zheng et
al. (2019) who have reported dry matter between 80 —
85%. The ash content for the genotypes reveals
moderate variation, reflecting the differences in their
mineral content but overall contents were similar as
reported by Afzal et al. (2020) and Qadir et al. (2022)
who reported between 10.36% - 15.90%. The crude



protein contents found in this study were slightly
different among genotypes overall contents were less
as reported by Anwar ef al. (2007) and Oluduro et al.
(2008), who reported the crude protein contents about
31.65% and 27.51%, respectively. However, findings
of this study for crude protein are in agreement with
Jongrungruangchok et al. (2010) and Asaolu et al.
(2011), who found these values 19.15%, 28.80% and
17%, respectively. Similarly Sultana 2020 also
reported protein content, ranging from (22.99-
29.36%). The data for crude protein was in accordance
with reported earlier by Sanchez Machado et al.
(2010), Zheng et al. (2019) and Afzal et al. (2020).
Higher levels of crude protein contents are desired as it
helps in improving the health and prevention of
diseases in humans and livestock (Jongrungruangchok
et al., 2010; Offor et al., 2014). The differences in
crude protein among the genotypes imply that the
Moringa genotypes can have different applications
based on protein needs. Higher crude fiber contents
reported in present study is in line with higher crude
fibre (about 16.30-23.89%) reported in earlier studies
by Jongrungruangchok et al. (2010) and Afzal et al.
(2020).

Vitamin profile

The vitamin profile of Saijan (Moringa oleifera)
leaves varied significantly among the different
genotypes. Vitamin A content ranged from

11.53+£0.70 to 16.00 £ 0.50 mg 100 g", with PKM 1
exhibiting the highest concentration (16.00 + 0.50 mg
100 g"), which was statistically at par with Mandya
Local (15.70 = 1.30 mg 100 g"), followed by PKM 2
(14.07 £ 0.75 mg 100 g") (Table 2). The lowest
vitamin A content was recorded in Jodhpur Local
(11.53 £ 0.70 mg 100 g"). Vitamin B1 (thiamine)
content showed a wide range from 1.20 £ 0.20 mg
100 g't02.62 = 0.02 mg 100 g'. The maximum was
found in PKM 2 (2.62 = 0.02 mg 100 g"), which was
statistically at par with Mandya Local (2.27 £ 0.42 mg
100 g'), whereas Jodhpur Local contained the
minimum amount (1.20 £ 0.20 mg 100 g") (Table 2).
For vitamin B2 (riboflavin), PKM 1 recorded the
highest value (21.33 £ 0.76 mg 100 g"), followed by
PKM 2 (19.83 + 1.23 mg 100 g") and Odisse Local
(18.73 £0.50 mg 100 g"), while Jodhpur Local had the
lowest riboflavin content (17.17 = 0.35 mg 100 g")
(Table 2). The vitamin B3 (niacin) content varied
between 6.73 + 0.50 mg 100 g and 8.47 + 0.31 mg
100 g'. PKM 1 showed the highest value (8.47 £ 0.31
mg 100 g'), which was statistically at par with
Mandya Local (8.23 + 0.25 mg 100 g") and PKM 2
(8.17+£0.21 mg 100 g") (Table 2). The minimum B3
content was found in Jodhpur Local (6.73 + 0.50 mg
100 g"). Vitamin C content ranged from 14.07 + 0.70
t017.63+£0.67 mg 100 g, with PKM 1 containing the
highest amount (17.63 + 0.67 mg 100 g"), followed
by PKM 2 (16.07 + 0.81 mg 100 g"). Jodhpur Local

Table 1: Proximate analysis of different genotypes of Moringa oleifera Lam.

Genotype Dry matter (%) Ash Content (%) | Crude protein (%) Crude fibre (%)
PKM 1 18.50+1.00° 14.10+0.26" 27.71£2.01° 13.57+0.71"
PKM 2 18.20+0.92° 14.47+0.31° 24.17+0.72" 13.87+0.35°
Jodhpur local 21.00+1.61° 11.4740.31° 22.29+1.30" 16.20+1.47°
Odisse Local 19.40+0.85™ 12.43+0.40° 19.38+1.65° 14.33+0.57"
Mandya Local 18.73+0.40° 13.50+0.30° 23.75+2.50® 14.43+0.68"
PM 1 20.37+1.70® 11.80+0.40" 18.7542.72¢ 15.40+1.06™
C.D. NA 0.601 3.915 1.857

Note: Mean+Standard deviation values with the same letter in the same column (a, b, ¢, d, e, f, g, h) for a specific concentration and extract type do

not differ significantly at p<0.05.

Table 2: Vitamin profile (mg 100 gm™) of powdered leaves of different genotypes of Moringa oleifera

Genotype Vitamin A Vitamin B1 | Vitamin B2 | Vitamin B3 | Vitamin C Vitamin E
PKM 1 16.00£0.50° | 2.62+0.02° | 21.33+0.76" | 8.47+0.31° | 17.63+£0.67° | 115.33+2.52°
PKM 2 14.07£0.75° | 2.45£0.05" | 19.83x1.23° | 8.17+0.21" | 16.07+0.81° | 113.00£1.00®
Jodhpur local | 11.53+0.70° 1.20£0.20° | 17.17£0.35° | 6.73£0.50° | 14.07+0.70° | 111.33+0.58"
Odisse Local | 12.80+0.40™ | 1.80+0.20" | 18.73+0.50™ | 7.50+0.26" | 15.83+0.35" | 113.00+1.00"
Mandya Local | 15.70+1.30" | 2.27+0.42" | 18.00+0.20" | 8.23+0.25" | 16.07+0.81" | 112.67+1.15"
PM 1 11.80£0.60° | 1.53+0.31™ | 16.43£0.40° | 6.07£0.23" | 14.40+0.85° | 109.33+1.53°
(Punjab Local)

CD(0.05) 1.38 0.43 1.20 0.56 1.29 2.58

Note: Mean +Standard deviation values with the same letter in the same column (a, b, ¢, d, e, f, g, h) for a specific concentration and extract type do

not differ significantly at p<0.05.
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recorded the lowest value (14.07 = 0.70 mg 100 g").
The highest vitamin E content was observed in PKM 1
(115.33 £ 2.52 mg 100 g"), whereas the lowest was
found in PM 1 (Punjab Local) (109.33 + 1.53 mg
100 g") (Table 2).

The vitamin profile of Moringa oleifera Lam. leaves
exhibited significant variability across the studied
genotypes, particularly in the concentration of
essential vitamins. Among all, the genotype PKM 1
demonstrated the highest levels of several key
vitamins, including Vitamin A, B1, B2, B3, C, and E.
This suggests its superior nutritional value,
particularly in relation to antioxidant activity (Vitamin
E), immune function enhancement (Vitamin C), and
energy metabolism (B-complex vitamins). Although
other genotypes also contained appreciable levels of
these vitamins, the observed differences can largely be
attributed to genetic diversity, environmental
influences, and cultivation conditions. Previous
studies have documented that M. oleifera is a rich
source of both fat soluble vitamins such as Vitamin A
(in the form of B-carotene), D, and E and water-soluble
B-complex vitamins, including folic acid, pyridoxine,
and nicotinic acid, along with Vitamin C (Mbikay,
2012). Similarly, Moringa leaf powder has been
reported to contain substantial quantities of B-
carotene, thiamine, riboflavin, niacin, pyridoxine,
biotin, ascorbic acid, cholecalciferol, tocopherol, and

Vitamin K (Broin, 2006). The vitamin concentrations
obtained in the present study align with findings
reported by Fuglie (2005), Olagbemide and Alikwe
(2014), Gopalakrishnan et al. (2016), and Islam et al.
(2021). In line with these results, Fuglie (2001)
reported Vitamin C levels of 113 mg 100 g'in dried
Moringa leaves. Additionally, Phullakhandam and
Failla (2007) documented lutein and [-carotene
contents of 418 and 272 mg kg in fresh leaves, and
472 and 166 mg kg', respectively, in dried leaf
powder. These findings reinforce the high vitamin
content and nutritional potential of M. oleiferaleaves.

Macronutrient composition

Significant variation was observed among the
genotypes for all measured macronutrient contents.
The highest calcium content was recorded in PKM 1
(26.33 +£1.53 mg 100 g"), whereas the minimum was
found in Jodhpur local (16.00 +1.73 mg 100 g"). For
phosphorus, PM 1 exhibited the maximum value
(3.06£0.053 mg 100 g), which was statistically at par
with Jodhpur local (2.99 mg 100 g'); the lowest
phosphorus content was observed in PKM 1 (2.19
+0.031 mg 100 g") and Mandya Local (2.22 £0.009
mg 100 g"), both being statistically similar. Potassium
content was highestin PM 1 (19.71 £0.63 mg 100 g),
while the minimum value was recorded in PKM 1
(13.33+0.14 mg 100 g"). In the case of magnesium,
PM 1 recorded the highest concentration (4.44 £0.082

Table 3: Macronutrients (gm kg') composition of different genotypes of Moringa oleifera Lam.

Genotype Calcium (Ca) | Phosporous (P) | Potassium (K) |Magnesium (Mg)| Sodium (Na) Sulphur (S)
PKM 1 26.33+1.53" 2.19+0.021° 13.33+0.14° 2.31£0.022' 0.18£0.009° 13.62+0.18°
PKM 2 21.33+3.06" 2.72+0.003° 15.76+0.18° 2.52+0.001° 0.17+0.003° 16.33+0.10"
Jodhpur local 16.00+1.73" 2.99+0.031° 14.70+0.10° 3.90+0.017° 0.70+£0.014° 10.96+0.12°
Odisse Local 18.67+0.58™ 2.53+0.013* 16.03+0.49° 3.31+0.022° 0.75+0.029° 10.15+0.11°
Mandya Local | 20.67+3.06% 2.22+0.009° 16.90+0.30° 3.40£0.009° 0.20+0.006° 15.52+0.24"
PM 1 16.67+2.31° 3.06+0.053° 19.71+0.63" 4.44+0.082" 0.32+0.025° 11.15+0.03¢
CD (0.05) 4.00 0.058 0.653 0.065 0.030 0.262

Note: Mean+tStandard deviation values with the same letter in the same column (a, b, ¢, d, ¢, f, g, h) for a specific concentration and extract type do

not differ significantly at p<0.05.

Table 4: Micronutrients (mg kg') composition of powdered leaves of different genotypes of Moringa oleifera Lam.

Genotype Manganese (Mn) Zinc (Zn) Copper (Cu) Iron (Fe) Boron (B)
PKM 1 51.81+1.89" 31.45+0.29 9.81+0.58° 313.33+6.43" 52.25+0.87"
PKM 2 51.31+1.26" 29.45+2.08" 10.65+0.29" 256.67+8.08" 43.2540.50¢
Jodhpur local 39.98+1.32° 29.95+0.29" 14.3140.29° 395.67+11.68" 38.75+0.50"
Odisse Local 48.31+1.53 31.78+1.32° 11.15+0.29" 295.00+9.17° 35.25+0.87°
Mandya Local 49.65+0.29™ 22.45+0.58° 7.48+1.00° 198.67+9.02° 43.58+0.29°
PM 1 43.65+2.02° 32.11£1.15° 15.15+0.76" 309.67+9.02" 48.58+1.04"
CD (0.05) 2.69 2.07 0.79 16.25 131

Note: Mean+tStandard deviation values with the same letter in the same column (a, b, ¢, d, e, f, g, h) for a specific concentration and extract type do

not differ significantly at p<0.05.

90



(3.90£0.017 mg 100 g"); the lowest was observed in
PKM 1(2.31+0.022 mg 100 g"). Sodium was found to
be highest in Odisse Local (0.75+0.029 mg 100 g),
statistically similar to Jodhpur local (0.70 £0.014 mg
100 g "), whereas the lowest sodium content was noted
in PKM 2 (0.17+0.003 mg 100 g"). Sulphur content
reached its peak in PKM 2 (16.33 £0.10 mg 100 g),
which was statistically at par with Mandya Local
(15.52 £0.24 mg 100 g'); the minimum sulphur
content was found in Odisse Local (10.15 £0.11 mg
100 g").

The mineral profiling of different genotypes in the
present study confirms the plant’s considerable
nutritional significance. Minerals such as calcium,
potassium, copper, and magnesium were abundantly
present in M. oleifera leaves (Selahvarzi et al. 2021).
The macronutrient composition findings are consistent
with earlier observations by Mikore and Mulugeta
(2017), who reported significant nutrient levels in M.
oleifera leaves. Similarly, Aslam et al. (2005) noted that
leaves and pods collected from different regions of
Punjab Province (Pakistan) contained high levels of Fe,
Cu, Na, Zn, P, Mn, K, Mg, and Ca, underscoring the
plant’s diverse mineral content. These findings align
with previously reported calcium content in moringa
leaf powder, which ranged from 2.47 mg to 2003 mg
(Offoretal.,2014; Thapaetal.,2019; Afzal et al., 2020).
Several studies have reported Ca content in M. oleifera
leaves ranging between 1.91-3.65% and 2.47-2003 mg
(Anjorin ef al., 2010; Olugbemi ef al., 2010; Ogbe and
Affiku 2011; Asante et al., 2014; Offor et al., 2014). In
the current study, phosphorus levels ranged from 2.20 g
kg to 3.06 g kg'. These values are in agreement with
reports by Sultana (2020) and Afzal et al., (2020), which
confirm similar phosphorus levels in Drumstick leaves.
Phosphorus is vital for cellular energy transfer and
structural integrity of nucleic acids and cell membranes.
Potassium is another crucial element, responsible for
fluid balance, nerve signal transmission, and muscle
contractions. PM 1 (Punjab Local) exhibited the highest
potassium content, positioning it as a strong candidate
for addressing potassium-related nutritional needs.
These findings are consistent with potassium levels
reported by Sultana (2020), which ranged from 1.317 to
2.025g100 g in dry moringa leaf samples. Magnesium
(Mg), essential for skeletal structure, muscle function,
and ATP synthesis, was found to range between 2.31 g
kg' (PKM 1) and 4.44 g kg' (PM 1). These values are
similar to those reported by Asante et al., (2014), Offor
et al., (2014), and Afzal et al., (2020). Mg plays an
integral role in energy metabolism and structural
development (Oluduro 2012; Offor ef al. 2014), and the
values observed in this study align with previous reports
(Anjorin ef al., 2010; Olugbemi ef al., 2010; Ogbe and
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Affiku 2011; Asante et al., 2014; Offor et al., 2014),
confirming M. oleifera as a potent dietary source of
magnesium. Sodium (Na) content was low across all
genotypes, ranging from 0.17 gkg'in PKM 20 0.75 g
kg'in Odisse Local. This aligns with findings by Afzal e
al., (2020) and Ogbe and Affiku (2011)*, which also
reported lower sodium levels in Moringa leaf extracts.
Earlier studies have also reported lower sulphur
concentrations than those observed in the current study
(Moyo et al.,2011; Thapa et al., 2019). Sulphur, though
less frequently studied in moringa, remains essential for
amino acid synthesis and enzyme function. Overall, the
mineral composition observed in this study confirms
that M. oleifera genotypes such as PKM 1, PM 1, and
PKM 2 are nutritionally superior and well-suited for
addressing mineral deficiencies. These findings are
consistent with previous reports emphasizing the
richness of Moringa leaves in key minerals including
potassium, zinc, magnesium, iron, and copper (Kasolo
et al., 2010). The variation in nutrient accumulation
among genotypes also highlights the potential for
targeted cultivar selection for specific nutritional and
therapeutic applications.

Micronutrient composition

The genotypes showed significant differences in the
micronutrient content of moringa leaves. The
maximum manganese content was recorded in PKM 1
(51.81 £ 1.89 mg kg"), which was statistically at par
with PKM 2 (51.31 + 1.26 mg kg'), while the
minimum was observed in Jodhpur local
(39.98 + 1.32 mg kg'). Zinc concentration was
highestin PM 1 (32.11 £ 1.15 mgkg"), statistically at
par with Odisse Local (31.78 + 1.32 mg kg") and
PKM 1 (31.45 £ 0.29 mg kg'); the minimum zinc
content was found in Mandya Local (22.45 + 0.58 mg
kg™"). The highest copper content was noted in PM 1
(15.15+0.76 mgkg"), which was statistically similar
to Jodhpur local (14.31 + 0.29 mg kg"); the lowest
copper value was observed in Mandya Local
(7.48 £ 1.00 mg kg"'). Iron concentration was
significantly highest in Jodhpur local (395.67 + 11.68
mg kg), with no genotype at par, while the minimum
iron content was reported in Mandya Local
(198.67 £9.02 mgkg"). Boron content was found to
be maximum in PKM 1 (52.25 + 0.87 mg kg"),
followed by PM 1 (Punjab Local) (48.58 + 1.04 mg
kg"); the lowest boron concentration occurred in
Odisse Local (35.25 £ 0.87 mgkg™).

The present study revealed considerable genotypic
variation in the micronutrient composition of Moringa
oleifera Lam. leaves. Among the genotypes, PKM 1
exhibited the highest concentrations of manganese,
boron and iron, highlighting its potential as a superior
source of essential micronutrients with wide ranging



health benefits. Similarly, PM 1 (Punjab Local)
recorded the highest levels of copper and underscoring
its likely role in supporting immune function,
enzymatic activity, and erythropoiesis. In contrast,
genotypes such as Odisse Local and Mandya Local
showed comparatively lower boron and iron content,
which may limit their effectiveness as dietary sources
of these key elements. The micronutrient values
observed in this study corroborate earlier reports by
Moyo et al., (2011), Castillo-Lopez et al., (2017),
Thapaetal.,(2019), and Qadir et al., (2022), affirming
the nutritional richness of M. oleifera foliage. Zinc
concentrations in this study (up to 32.113 mg kg")
were notably higher than those reported by Barminas
et al., (1998), who recorded 25.5 mg kg'in dried
Moringa leaves. As an essential trace element, zinc
plays a pivotal role in nucleic acid synthesis, insulin
function, and the structural integrity of numerous
enzymes (Brisibe et al., 2009). Furthermore, zinc is
vital for cellular replication and growth, particularly in
reproductive cells, and is recognized for its anti-viral,
anti-bacterial, anti-fungal, and anti-carcinogenic
properties. Copper, also present in substantial
quantities, is associated with enhanced immune
response (Anwar et al.,2007).

4. CONCLUSION

This study underscores the considerable genotypic
variation in the nutritional composition of Moringa
oleifera Lam., affirming its status as a highly valuable
multipurpose tree with wide-ranging applications in
human and animal nutrition. The findings reveal that
nutrient content in leaves particularly proteins,
vitamins, and essential macro and micronutrients
varies not only across genotypes but also in response
to ecological and geographical conditions. PKM 1
emerged as a superior genotype for protein and
vitamin content, while Jodhpur Local demonstrated
potential for iron enrichment and high fiber
applications. PM 1 (Pumjab Local) and PKM 2
showed specific strengths in mineral profiles such as
potassium, magnesium, calcium, sulphur, and trace
elements. These variations highlight the importance of
genotype selection tailored to specific nutritional
objectives or environmental conditions. Further
research is warranted to explore nutrient dynamics at
different phenological stages and under controlled
agronomic inputs, which may open new avenues for
optimizing drumstick nutritional potential through
genotype environment management interactions.

ACKNOWLEDGEMENT
The authors are grateful to the Punjab Agricultural

University, India for providing the facilities
throughout the experimental work.

92

Funding Sources

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Conflict of Interest
The author(s) do not have any conflict of interest.
Author Contributions

Varun Attri: Conceptualization, review, editing &
finalizing.

Vijay Kumar: Writing — original draft, Reviewed the
manuscript

REFERENCES

Afzal, S., Nawaz, M.F., Qadir, 1. et al. 2020. Variability in leaf
mineral composition of Moringa oleifera in irrigated plains
of Pakistan. S. Afi: J. Bot. 129:442-447.

Alia, F., Putri, M., Anggraeni, N. and Syamsunarno, M.R.A.A.
2022. The potency of Moringa oleifera Lam. as protective
agent in cardiac damage and vascular dysfunction. Front.
Pharmacol. 12:724439.

Anjorin, T.S., Ikokoh, P. and Okolo, S. 2010. Mineral composition
of Moringa oleifera leaves, pods and seeds from two regions
inAbuja, Nigeria. Int. J. Agric. Biol. 12:431-434.

Anwar, F., Latif, S., Ashraf, M. and Gilani, A.H. 2007. Moringa
oleifera: A food plant with multiple medicinal uses.
Phytother. Res.21(1):17-25.

AOAC. 2010. Official Methods of Analysis. 18th ed. Washington,
DC:920e5.

Asante, W\.J., Nasare, I.LL., Tom Dery, D. et al. 2014. Nutrient
composition of Moringa oleifera leaves from two
agroecological zones in Ghana. Afi: J. Plant Sci. 8:65-71.

Asaolu, V., Binuomote, R., Akinlade, J. ef al. 2011. Utilization of
Moringa oleifera fodder combinations with Leucaena
leucocephala and Gliricidia sepium fodders by West African
dwarfgoats. Int.J. Agric. Res. 6:607-619.

Aslam, M., Anwar, F., Nadeem, R. ez al. 2005. Mineral composition
of Moringa oleiferaleaves and pods from different regions of
Punjab, Pakistan. AsianJ. Plant Sci. 4:417-421.

Babbar, N., Oberoi, H.S., Uppal, D.S. and Patil, R.T. 2011. Total
phenolic content and antioxidant capacity of extracts obtained
from six important fruitresidues. Food Res. Int. 44:391-396.

Barminas, J.T., Charles, M. and Emmanuel, D. 1998. Mineral
composition of non-conventional vegetables. Plant Food
Hum. Nutr. 53:29-36.

Brisibe, E.A., Umoren, U.E., Brisibe, F. et al. 2009. Nutritional
characterization and antioxidant capacity of different tissues
of Artemisia annua L. Food Chem. 115:1240-1246.

Broin, M. 2006. The nutrient value of Moringa oleifera Lam. leaves:
What can we learn from figure? Moringa
NewsWorkshop.[http://www.moringanews.org/doc/GB?Pos
ters?Broin\_poster.pdf](http://www.moringanews.org/doc/
GB?Posters?Broin_poster.pdf) (Accessed May 18,2010).

Castillo Lopez, R.I., Leon Felix, J., Angulo Escalante, M. et al.
2017. Nutritional and phenolic characterization of Moringa
oleifera leaves grown in Sinaloa, Mexico. Pak. J. Bot.
49:161-168.

Fahey, J.W. 2005. Moringa oleifera: A review of the medical
evidence for its nutritional, therapeutic, and prophylactic
properties. Part 1. Trees LifeJ. 1:1-15.

Fugile, L.J.2005. The Moringa tree: A local solution to malnutrition.
Church World Service in Senegal. 5:75-83.



Fuglie, L.J.2001. Combating malnutrition with Moringa. In: Fuglie,
L.J. (Ed.), The Miracle Tree: The Multiple Attributes of
Moringa. CTA Publication. pp.117-136.

Gopalakrishnan, L., Doriya, K. and Kumar, D.S. 2016. Moringa
oleifera: A review on nutritive importance and its medicinal
application. Food Sci. Hum. Wellness. 5(2):49-56.

Gupta, R., Mathur, M., Bajaj, VK. et al. 2012. Evaluation of
antidiabetic and antioxidant activity of Moringa oleifera in
experimental diabetes. J. Diabetes. 4(2):164-171.

Islam, Z., Islam, SM.R., Hossen, F. ez al. 2021. Moringa oleifera is
a prominent source of nutrients with potential health benefits.
Int.J. Food Sci.2021:6627265.

Jongrungruangchok, S., Bunrathep, S. and Songsak, T. 2010.
Nutrients and minerals content of eleven different samples of
Moringa oleifera cultivated in Thailand. J. Health Res.
24:123-127.

Kasolo, J.N., Bimenya, G.S., Ojok, L. et al. 2010. Phytochemicals
and uses of Moringa oleifera leaves in Ugandan rural
communities. J. Med. Plants Res. 4:753-757.

Mbikay, M. 2012. Therapeutic potential of Moringa oleifera leaves
in chronic hyperglycemia and dyslipidemia: A review. Front.
Pharmacol. 3:24.

Mikore, D. and Mulugeta, E. 2017. Determination of proximate and
mineral compositions of Moringa oleifera and Moringa
stenopetalaleaves cultivated in Arbaminch Zuria and Konso.
Afi: J. Biotechnol 16(15):808-818.

Moyo, B., Masika, P.J., Hugo, A. and Muchenje, V. 2011.
Nutritional characterization of Moringa oleifera Lam.
leaves. Afi: J. Biotechnol. 10(60):12925-12933.

Moyo, B., Oyedemi, S., Masika, P.J. and Muchenje, V. 2012.
Polyphenolic content and antioxidant properties of Moringa
oleifera leaf extracts and enzymatic activity of liver from
goats supplemented with Moringa oleifera leaves/sunflower
seed cake. Meat Sci. 91(4):441-447.

Offor, I., Ehiri, R. and Njoku, C. 2014. Proximate nutritional
analysis and heavy metal composition of dried Moringa
oleifera leaves from Oshirionicha LGA, Ebonyi State,
Nigeria. /OSR J. Environ. Sci. Toxicol. Food Technol. 8:57-
62.

Ogbe, A. and Affiku, J.P. 2011. Proximate study, mineral and anti-
nutrient composition of Moringa oleifera leaves harvested
from Lafia, Nigeria: Potential benefits in poultry nutrition
and health. J. Microbiol. Biotechnol. Food Sci. 1:296-308.

Olagbemide, P.T. and Alikwe, P.C. 2014. Proximate analysis and
chemical composition of raw and defatted Moringa oleifera
kernel. Adv. Life Sci. Technol.24:92-99.

93

Oluduro, A.O. 2012. Evaluation of antimicrobial properties and
nutritional potentials of Moringa oleifera Lam. leaf in South-
Western Nigeria. Malays. J. Microbiol. 8:59-67.

Olugbemi, T., Mutayoba, S. and Lekule, F. 2010. Effect of Moringa
(Moringa oleifera) inclusion in cassava-based diets fed to
broiler chickens. /nt. J. Poult. Sci. 9:363-367.

Pareek, A., Pant, M., Gupta, M.M. et al. 2023. Moringa oleifera: An
updated comprehensive review of its pharmacological
activities, ethnomedicinal, phytopharmaceutical
formulation, clinical, phytochemical, and toxicological
aspects. Int. J. Mol. Sci. 24(3):2098.

Pullakhandam, R. and Failla, M.L. 2007. Micellarization and
intestinal cell uptake of B-carotene and lutein from drumstick
(Moringa oleifera)leaves. J. Med. Food. 10:252-257.

Qadir, R., Anwar, F., Bashir, K. et al. 2022. Variation in nutritional
and antioxidant attributes of Moringa oleifera leaves at
different maturity stages. Front. Energy Res. 10:888355.

Sanchez-Machado, D.I., Nufiez-Gastélum, J.A., Reyes-Moreno, C.
et al. 2010. Nutritional quality of edible parts of Moringa
oleifera. Food Anal. Methods. 3(3):175-180.

Selahvarzi, A., Ramezan, Y., Sanjabi, M.R. et al. 2021. Investigation
of antimicrobial activity of orange and pomegranate peels
extracts and their use as a natural preservative in a functional
beverage. J. Food Meas. Charact. 15:5683-5694.

Sharma, V., Kumar, V., Sharma, S.C. et al. 2017. Climatic variability
analysis at Ballowal Saunkhri in Submontane Punjab (India).
Clim. Change Environ. Sustain. 5:83-91.

Sheoran, O.P.,, Tonk, D.S., Kaushik, L.S., Hasija, R.C. and Pannu,
R.S. 1998. Statistical software package for agricultural
research workers. Recent Adv. Inf. Theory Stat. Comp. Appl.
139-143.

Sultana, S. 2020. Nutritional and functional properties of Moringa
oleifera. Metab. Open. 8:100061.

Thapa, K., Poudel, M. and Adhikari, P. 2019. Moringa oleifera: A
review article on nutritional properties and its prospect in the
contextof Nepal. Acta Sci. Agric.3(11):47.

Xiao, Z., Lester, G.E., Luo, Y. and Wang, Q. 2012. Assessment of
vitamin and carotenoid concentrations of emerging food
products: edible microgreens. J. Agric. Food Chem.
60(31):7644-7651.

Zheng, Y., Sun, H., Zhang, Y. and Wu, J. 2019. Evaluation of the
adaptability, productivity, and leaf powder quality of eight
Moringa oleifera cultivars introduced to a dry-hot climate of
Southwest China. /nd. Crops Prod. 128:199-205.



	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99

