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Abstract

Background/Objectives: Moringa (Moringa oleifera) is a multi-purpose tree
with valuable nutritional density found in the leaves and pods. Both seasonal
and year-round cultivars are available and consumed in Bangladesh. This
study evaluated the qualitative and quantitative morphological characteristics
and nutritional content in leaves and pods of moringa cultivars from two
major ecological locations in Bangladesh. Methodology: The selected local
varieties used were seasonal production (SP: V1) and year-round production
(YP: V2) cultivars from the two ecological regions Chapai Nawabganj (L;)
and Pabna (L,). Findings: Flowering and fruiting occurred once per year in
seasonal cultivar (SP) and three times per year in year-round cultivar (YP).
Flowers are zygomorphic; and tripinnate and pinnately compound leaves in
both cultivars. The average yield of pods over two years of production for
V1 was 45-62 kg/year/plant and 27-38 kg/plant/year for V2. Leaves contained
more than two times higher protein (29-36%) compared to pods (11-15%).
Similarly, nutrients including calcium and iron were significantly higher in
leaves (2314-3487 ppm and 276-418 ppm, respectively) than pods (2017-2032
ppm and 61-68 ppm, respectively). There were no significant differences in
potassium content of both cultivars in both location, but pod contained more
than four times higher phosphorus (1.5- 1.7%) than leaves (0.34-0.38%). The
highest amounts of magnesium (1768-1861 ppm) and sodium (496-535 ppm)
were found in pods. Applications: Cultivar and plant part (e.g leaves) can be
considered when promoting and utilizing moringa micronutrient for nutritional
security. It demands for policies and development actions for production and
intensification of moringa in dry parts of the country.
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1 Introduction

Moringa (Moringa oleifera) is a multipurpose tree with horticultural, medicinal, nutritional, and industrial uses 2. It is one
of thirteen species in the monogenic family Moringaceae. It is also called drumstick, Benzolive, Horseradish, Kelor, Marango,
Mulangay, Sajan among several other local and regional names ">, Emongor et al. ) reported that height of moringa can be up
to 9-15 meter. Different parts of the moringa plant are commonly recommended for the treatment of skin diseases, respiratory
illnesses, ear and dental infections, hypertension, diabetes, cancer and cardiovascular disease >>®). While emerging in vitro
and in vivo data has supported many of the potential health effects along with a few small clinical studies and more rigorous
clinical trial are needed to evaluate the efficacy in humans”). In many developing countries, the leaves are used to combat
malnutrition and the seeds for water purification ®>%%. Leaves have been used to for infants and nursing mothers to increase
milk production and weight gain in nursing infants >'9), Overall, Moringa has a great potentiality regarding nutrition and
should be further explored for its use in health and disease management. The oil from the seeds can be used as cooking oil,
biodiesel and for making soaps and cosmetics!!~18). Overall, the moringa tree has great potential to improve nutrition, boost
food security and foster rural development 19,

The ability of moringa to address nutritional deficiencies is based on the abundance of vitamins, minerals and protein found
in the leaves and pods. These include vital nutrients such as beta-carotene, iron, zinc, vitamin C and all essential amino acids ??.
The plant also contains other bioactive and anti-inflammatory compounds like phenolics and isothiocyanates, while being
relatively low in antinutrients ®'->>), A high degree of interest has grown on utilizing the nutritional properties of moringa
in several countries where it is not native !>?), Nutrient fortification in food through supplementation of moringa leaves
powder in bread increased the nutrient content like calcium, magnesium and beta-carotene ?”). School children that consumed
moringa- snack foods fortified with 3g of moringa exhibited increased hemoglobin (an indicator for reduced anemia), vitamin
A and folic acid levels *®). Some information has been published on the nutritional profile of moringa leaves, flowers, and pods
from different varieties and locations !2-31) However, there is limited data on such characteristics of moringa cultivars from
Bangladesh.

People of Bangladesh are used to consuming both leaves and pods depending on their regional and habitual practices.
However, many are unaware of the nutritional and potential health benefits of moringa and differences of these among the
different edible parts. In Bangladesh, major moringa growing areas are Chapai Nawabganj, Rajshahi, Pabna, Jashore, Kushtia,
Rangpur, Natore, Bogra and other districts profusely growing in the homestead and roadside areas. It grows widely in the climate
vulnerable areas like drought and saline belt areas as well but does not do well in areas with water-logged soils. Diversified
cultivars of moringa are available in Bangladesh and locally known as sajna, lajna, aikhonjon etc. Flowering and fruiting times
are noticeable among the year round and seasonal cultivars. There has been recent interest to organize standardized cultivation
for monitoring, standardizing for improving the nutritional security and processing industry of leaves.

Moringa is very rich nutrient crops considered as minor in Bangladesh and still no comparison yield and nutritional
data available of different consumable parts of moringa in Bangladesh. This study has given the clear picture of rich sources
of different micronutrient from either leaves or pods. Seasonal and year-round cultivars from two major growing moringa
locations have been examined for their qualitative and quantitative morphological traits and the nutritional profile of the pods
and leaves, the parts most commonly consumed by Bangladeshi people.

2 Materials and methods

2.1 Study area and design of the experiment

The study was conducted from January 2016 through December 2017. Two major moringa growing regions in Bangladesh
were selected namely, Chapai Nawabganj (Sadar Upazila: L) and Pabna (Iswardi upazila: Ly). Both locations are located in the
North-Western parts belongs to Rajshahi divisions of Bangladesh ( Figure 1 ). Chapai Nawabganj is situated between the latitude
24°22 to 24’57 and longitude 87°23 to 88°23. Iswardi, in the Pabna district, is located at 24’22 and 89’14. Chapai Nawabganj and
Pabna are close to the large city Rajshahi and the climate of both districts is very close which represent High Ganges River
Floodplain (AEZ11) and Low Ganges River Floodplain (AEZ 12), respectively. Two cultivars namely, V: seasonal production
(SP) and V;: year-round production (YP) were selected for each location; and each cultivar consists of four plants from each
region. Each plant considered as one replication. Total numbers of plants were 16 (2x2x4).
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Fig 1. Study areas (circled red color-Iswardi upazilla under Pabna and Sadar upazilla under Chapai Nawabganj districts) indicated in the map
(partly) of Bangladesh (left side). Two districts are given in the right side where Pourosova /sadar upazilla are indicated.

Plant morphology and yield data of the two cultivars were collected in both regions. Leaves and pods were collected from the
selected areas and their nutrition quality were analyzed in the laboratory of Horticulture Department and Humboldt Soil Science
Laboratory of Bangladesh Agricultural University (BAU), Mymensingh, Bangladesh. Both locations marked with monsoon,
high temperature, considerable humidity and moderate rainfall. Details of average temperature, rainfall and relative humidity
are shown in Figure 2.

2.2 Morphological study

Moringa farmers were interviewed to know the morphological characteristics of leaves and pods including leaves arrangement,
number of secondary leaves, and flowers and pods characteristics were recorded. Pod length (cm) including the fresh weight of
pod (g), diameter of pod (cm) were measured. Subsequently, pods were splitted and documented the number of seeds per pod
and 100 seed weight (g).

2.3 Nutritional composition analysis

Nutritional analysis was conducted at the Humboldt Soil Science Laboratory, BAU. Leaves and pods were oven dried at 65°C
until a constant mass was reached and calculated the moisture percentage and dry matter percentage. Nutrients content like
protein, phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg), sodium (Na) and iron (Fe) were determined and
their details protocol mentioned below.

Nitrogen content of leaves and pods was determined following the Kjeldahl method ®?). The total protein content was
calculated by multiplying the nitrogen content with a conversion factor (6.25).

Leaves and pods were digested using di-acid mixture (conc. HNO3: HCIO,4= 2:1) as described by Singh et al.®3). In this
method, 2 g of finely grinded samples were taken and digested. The solution was used for the determination of mineral contents
(Ca, Mg, and Fe) compared to a standard curve for each element using atomic absorption spectrometer (AAS) 969 UNICAM.
Sample blank was run in all the analysis %),

P content in the digest was determined by developing phosphomolybdate blue complex with stannous chloride
(SnCl,.2H,0) and measuring the absorbance of color with the help of a spectrophotometer (Model- T60, PG Instruments,
UK) at 660 nm wavelength against standard .

K and Na contents in the digest were determined using flame emission spectrophotometer. The intensity of light emitted
by potassium and sodium at 767 and 589 nm, respectively was directly proportional to the concentration of K and Na present
in the sanzpl)e. The percent emission for the elements was recorded and the K and Na concentration was determined against
standards %),
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Fig 2. Meteorological data of the year 2016 and 2017 for the study areas, Chapai Nawabganj and Pabna districts. Source: Bangladesh
Meteorological Department.

2.4 Statistical analysis

Data on different parameters were analyzed using Minitab version 17 (Minitab Inc., State College, PA, USA) by analysis of
variance (General Linear Model procedure) and Tukey’s pair wise comparison test (p < 0.05).

3 Results and discussion

Two cultivars from two major growing regions of moringa were analyzed for morphological characteristics, yield comparisons
of two subsequent years of harvest; and nutritional analysis (protein, P, Ca, Na, Mg and Fe) of both leaves and pods.

3.1 Qualitative and quantitative morphological study of moringa cultivars

Botanical observation was studied of two cultivars of moringa (V: seasonal production-SP and V: year-round production-YP)
from two locations under the district of Chapai Nawabganj (Sadar upazila: L;) and Pabna (Iswardi upazila: L,) districts.

The leaves are alternate and commonly pinnate compound leaves (imparipinnate) which are found tri-pinnate in both
cultivars ( Figure 3). Average length of main rachis was significantly higher and the range between 53-59 cm in the seasonal
compared to year-round cultivar (18-26 cm) ( Table 1 ). Rachis length was found to be similar among cultivar and was not
influenced by different location. The number of secondary rachis per main rachis were significantly influenced by both cultivars
and ecological difference. A higher number of secondary rachis in the main rachis (12-15) were observed in SP cultivar
compared to YP (7-8) cultivar ( Table 1). Ultimately, this difference has the influence on biomass production of leaves and
the fruit yield of moringa. In both cultivars, the leaflets are dark green or light green; and most of the cases dark green in the
upper surface and light green in the lower surface, apex is rounded short-pointed as well as oblique sided as base.

In both cultivars the zygomorphic flowers had a white to cream color ( Figure 3). The flower contained sepals (5), petals (10),
and slender stamens (5 with anthers and 5 without anthers). Petals were longer and unequal ( Figure 3). Flowering, as well as
fruiting, occurs once in the seasonal cultivar and three times in the year-round cultivar where flowers or fruits are available the
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whole year except January and February. On the other hand, the seasonal cultivar production period is from the end of January
until April. Details of further differentiation between the two cultivars are discussed in Table 2.

Table 1. Interaction effect of diameter of plant and yield per plant of two moringa varieties of two different locations

location Cultivar Leaf length(cm) No of secondary rachis  Fruit length(cm) Number of seeds/pod
. SP 59.29 £ 3.00a 11.762 =+ 0.40ab 49.08 £ 0.36a 17.17 £ 0.68 a
ChapaiNawabgang (L1)
YP 25.89 £ 1.97b 8.28 £ 0.12bc 31.98 £ 0.94b 13.65 £ 0.62b
SP 53.37 £ 0.81a 14.59 £ 2.22a 47.78 £ 2.08a 16.99 £ 0.68a
Pabna (L2)
YP 17.82 £ 1.13b 6.500 £ 0.39¢ 37.98 +2.83b 14.30 £ 0.87ab

Mean = SE (standard error) followed by non-similar letters are significantly different at p<0.05 according to Tukey’s test. Here, SP: seasonal production cultivar

and YP: Year-round production cultivar.

Flowers of Moringa

Petals of Moringa flowers

Tertiary Rachis

Secondary Rachis
Primary Rachis

Different stages of inflorescence

Pod disesection and seeds of Moringa

Stamen 10

i | =

Ovary

Stamens (5 with anther and 5 without
anther) and ovary of Moringa

Fig 3. Different parts of moringa plants
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Table 2. Comparative information on seasonal and year-round cultivars at a glimpse.

Parameter Seasonal production (SP) cultivar Year-round production (YP) cultivar
Plant height Plants are generally longer in size Plants are generally shorter in size compared to
seasonal production cultivar.
Stem/Base Main stem diameter is comparatively bigger than theyear ~ Main stem diameter is comparatively smaller
round cultivar. than the year round cultivar.
Leaves Leaf length and leaflets of seasonal cultivar are bigger  Leaf length and leaflets are shorter than seasonal
than year-round cultivar production cultivar.
Flower In both cultivars: flowers are white or creamy type. Sepal: 5, Petal: 5, Stamen (10) where 5 with anthers and 5
without anthers.
Flowering and harvest-  Flowering time: Last week of January to March Flowering and fruiting three times per year
ing of fruits/pods Fruiting and harvesting time: March to April 1st -Flowering time: Last week of February to last
week of March

Fruiting and harvesting time: Mid-March to June

2nd - Flowering time: June

Fruiting and harvesting time: Mid July to Septem-
ber

3rd - Flowering time: October

Fruiting and harvesting time: November to
December

Fruit Fruit size is longer compared to year-round cultivar. Fruit size is shorter compared to seasonal cultivar.

Number of seed per pod  Number of seeds per pod higher than year-round Number of seeds per pod lower than seasonal
cultivar. cultivar.

The green pod is beaked (apex pointed and tapering at the base), pendulous, linear and with longitudinal ridges. Both
seasonal and year-round cultivars fruit length and pod yield, seeds per pod were significantly different ( Table 1). The highest
length of pod (49.08 cm) was found in seasonal cultivar and the lowest was 31.98 cm in year-round. In both locations have
the significant variations of fruit length among the cultivars. The range of the fruit/pod length of SP (48-49 cm) was higher
than the range found with YP (32-38 cm) considering the both ecological zones. Pod length of different ecological zones of
Saudi Arabia found variation ®”). Pod length result is consistence with the production of moringa considering locations and
cultivars of this study. It has been observed that pod formation is less time consuming in the year round and a bit more time
need in case of seasonal cultivar. After longitudinal section of green/immature pod, seeds were found inside the pod. Seeds
embedded in pith, parietal placentation, pale green seeds, whereas matured seeds become ivory-white to brownish with whitish
papery and deciduous wings on the angles. It can be noticed that over matured seeds caused unacceptability of pod for human
consumption. The highest number of seeds per pod were found 18 in the seasonal cultivars of Chapai Nawabganj district and the
lowest number of seeds per pod is 14 found in year-round cultivars of Pabna district ( Table 1). Average ranging of seeds per pod
is 14-18 whereas the seeds per pod is higher compared to the study of Osman and Abohassan ®”). In our study, the significant
difference of seeds per pod was found among the cultivars but there is no significant difference was found in same cultivars of
the two locations. Number of seeds per pod and pod length were found in the different accessions of moringa ¥, Overall, the
fruit length and number of seeds per pod was higher in the SP cultivar might be the reason for higher yield compared to YP
cultivar ( Tables 1 and 3).

Table 3. Quantitative morphological features of moringa fruit

location Cultivar ~ fresh wt. /pod average diameter 100 seed weight Moisture (%) of Dry matter (%) of
(gm) pod (cm) (gm) leaves leaves
Chapai SP 18.68 £+ 1.76 ab 0.69 + 0.034ab 2125+ 1.49a 68.82 £ 1.38a 31.18 £ 1.38a
Nawabgang (L1) YP 15.84 + 1.45ab 1.06 £0.17a 18.208 £ 0.91a 71.10 £ 1.11a 28.90 £ 1.11a
Pabna (L2) SP 21.04 £ 1.32a 0.75+ 0.03ab 17.63 £ 0.58a 73.60 £ 3.09a 26.40 + 3.09a
YP 12.83 + 1.11b 0.60 £ 0.06b 8.54 + 0.62b 73.450 = 0.91a 26.550 £ 0.91a

Mean =+ SE (standard error) followed by non-similar letters are significantly different at p<0.05 according to Tukey’s test. Here, SP: seasonal production cultivar
and YP: Year-round production cultivar.
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3.2 Pod yield of moringa

Immature pod weight was found significantly different considering the cultivars and ecological zones. In Pabna, pod weight of
seasonal cultivar (SP) was found higher (21 g) compared to year round (YP) cultivar (13 g) ( Table 3 ). Although, no significant
variations among the cultivars was found in Chapai nawabgang (L;). Average yield of two years’ study in SP cultivar per plant
was 45 kg to 62 kg ( Figure 4). On the other hand, YP cultivar gives fruits three times per year which has been mentioned in the
Table 2, and its total production per plant was 28-38 kg. This yield is consistence with the biomass production performance like
the fruit length and seed numbers per pod in different cultivars ( Table 1). Production was statistically significantly different
between the two cultivars but identical production in the same cultivar of two locations. It indicates that ecological different
did not give any significant difference in the same cultivar. Because, both areas meteorological condition is nearly similar (
Figures 1 and 2 ). Although, a bit higher yield was found in the second-year study (2017) but there are no significant variations
were found in the same cultivar of same location between the two years study. Ndubuaku et al.**) recorded the three years
yield continuously, and they did not get the significant variations of pod yield. Overall, higher amount of production in SP has
shown the coherent reasons: because fruit length, number of seeds per pod including the number of secondary leaves is higher
compared to YP.

m 5P mYP

Yield (kg/plant)
& o & & 8 & 3

=]

ChapaiMawabgan)

Chaoai Nawabgan]

Fig 4. Yield of two varieties moringa under two ecological conditions in Bangladesh for the year 2016 and 2017.
Vertical bars represent the £SE (standard error) . Mean values with the same letters are not significantly different based on ANOVA followed
by a Tukey’s test at p<0.05.

Perception of people have been observed that year-round cultivars are found demanding. Because this cultivar gives flowers
three times per year e.g. last week of February to March, June to July and September to October whereas the harvesting time
of fruit is generally, mid-April to May, August to September and November to December, respectively ( Table 2 ). Ultimately, it
avails the fruit all the year round except January and February, and palatability taste of this cultivar is better than the seasonal
cultivars (personal communication). Other reasons are providing economical support during the off-season and nutrition to
the small household family members for the year round. On the other hand, seasonal cultivar gives flower in the month of last
week of January to March and fruit comes during mid-March to April.

Average moisture content of leaves in both cultivars of two ecological zones ranged from 68 to 74%, whereas no significant
variations were found. ( Table 3). The lowest moisture content of leaves (68.82%) was found in SP grown under Chapai
Nawabganj (L;) and the highest amount moisture (73.60%) content was found in the same cultivar grown in the Pabna district
(Lp). Similarly, dry matter content in both cultivars of two locations were identical. Even though, the lowest dry matter (26.4%)
content was found in SP of the Pabna district (L) and the highest dry matter (31.18%) content was found in SP of the area
Chapai Nawabganj (L;).
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3.3 Protein and other nutrients content in moringa leaves and pod

Protein content in leaves and pods were significantly different. Leaves contained over two-times the amount of protein as
the pods. Leaves contain an average protein content of 29-33% while pods had an average of 13%. This finding is similar to
previously reported by Sanchez-Machado et al. ®V). Jongrungruangchok et al.“? studied the protein content in leaves from 11
agro-ecological zones in Thailand and found a range of 19 to 29% protein. Olson et al. ) also conducted protein on the different
taxa of moringa. They have got the highest amount of protein in M. oleifera compared to others species but the average value of
protein (29.1%) found with wide variation and could not identify the reasons of variation. On the other hand, we know the pulse
contain higher amount protein; and Sotelo and Adsule*? reported that Chickpea, lentil, and dry pea contain approximately
22%, 28.6%, and 23.3% protein which is not higher amount of protein compared to moringa leaves and pods protein content.

Calcium (Ca) levels were found in the leaves to be 2313 to 3487 ppm, and 2017 to 2032 ppm in the pods ( Table 4 ).
Considering human nutrition, milk is the good source of calcium to prevent osteoporosis. Soyeurt et al. *> analysed the cow
milk directly which was 1021 to 1087 ppm. It indicates that moringa leaves and pods contain minimum 2 to 3 times higher
calcium compared to the cow milk. Leaves contain more than 4 times higher amounts of Fe compared to pods. Leaves of SP
and YP contain 277 and 419 ppm, respectively whereas pods of SP and YP contain 68 and 61 ppm, respectively ( Figure 5 ). It
can be mentioned that Ca and Fe is very important elements for the human body and maintain the teeth and bones formation.
This mineral has contribution to normal blood clotting and nervous function as well. Fe helps in oxygen transport in the
human body through binding the oxygen to haemoglobin and myoglobin; and allow electrons in the electron transport chain
for the formation of ATP ¥, Hels et al. #>) conducted an experiment to analysis the different minerals and vitamin content of
commonly used 15 vegetables in Bangladesh. They found the higher amount of Ca and Fe in amaranth leaves 26 and 430 ppm,
respectively. Comparing the Ca and Fe content both in pods of leaves of moringa contain 78 to 134 times higher Ca than other
leafy vegetables indication is the consumption of moringa leaves or pods can ensure the nutrition security which can reduce
the risk of cancer “4°),

M 5P Leaves M 5P Pods YPLeaves ¥P Pods

1294

Fig 5. Contents of protein in different edible parts of moringa of two varieties of moringa. Here, SP: Seasonal production, YP: Year -round
production cultivar.

It was found P content was significantly higher in pods (1.46 to 1.68%) compared to leaves (0.34 to 0.38%). These results
support the study of Moyo et al. ?” where P content in leaves of African ecotype Moringa was near to similar percentage of
this study. Phosphorous is also an essential element to function the physiological and chemical process for all living organism
and cannot be replaced by any other elements 47, Potassium content in the leaves and pods was found to be very similar (3.17
to 3.29%) ( Table 4). Moyo et al. ?*) analyzed the K content in moringa leaves in South Africa and reported the content of K
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(1.50%) which is lower compared to the Bangladeshi cultivars. Na and Mg contents were found higher in pods whereas low
amount in leaves ( Figure 6 Table 4). Mg content in leaves were abruptly lower. 4). Although, Moyo et al. ?”) found the higher
amounts of Na and Mg in leaves of moringa compared to the Bangladeshi moringa cultivars.

Variations of protein and micronutrients in different parts of moringa and similar parts from different regions has been
previously reported *®). Jongrungruangchok et al. ) reported wide variations in nutrient such as potassium, Ca, Mg, Fe across
moringa grown in different ecological zones. Variation in the nutritional values in plant species differ for a wide range of reasons,
such as cultivation regions, growing conditions, nature of soil, seasonal changes, genetically difference and storage conditions.
Opverall, variation among the nutritional values of moringa varieties can be attributed to genetic, environmental and cultivation
factors; and it is one of the most prominent industrial crops considering the nutritional and nutraceutical values “>>?, Besides,
it has been documented that moringa consumers are found food and nutritionally secured; and food fortification through
moringa leaves powder is another way to improve the nutritional security status ®>?),

W SP leaves W SP pods = YP leaves H YP pods

600
500

400

ppm

200

100

Na Fe

Fig 6. Sodium and iron contents (ppm) in different edible parts of two cultivars moringa.
Here, SP: seasonal production cultivar and YP:Year-round production cultivar. Vertical bars represent the +SE (standard error). Mean values
with the same letters are not significantly different based on ANOVA followed by a Tukey’s test at p < 0.05.

Table 4. Mineral contents in the edible parts of two moringa cultivars

Cultivar Plant parts P (%) K (%) Ca (ppm) Mg (ppm)

sp Leaves 0.344+0.04b 3254+0.233a 3487.28 £412.0a 90.86 +3.58b
Pods 1.46 £+ 0.15a 3.17 +0.33a 2016.54 +=53.6b 1768.28 4+ 159a

¥P Leaves 0.38 +0.03b 3.20 £+ 0.20a 2313.57 £141.0 b 55.81+ 5.82b
Pods 1.68 +0.20 a 329 +0.18 a 2032.32 4+ 54.3b 1861.56 +104.0a

Mean =+ SE (standard error) followed by non-similar letters are significantly different at p<0.05 according to Tukey’s test. Here, SP: seasonal production cultivar
and YP: Year-round production cultivar.

4 Conclusions

This study demonstrates the importance of moringa leaves and pods as a food source with high nutritional density. The leaves
were found to be a better source of protein, Ca and Fe; while the pods were higher in P, Na and Mg. It indicates that both edible
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parts (leaves and pods) and especially leaves have the potential to be used as micronutrient supplements for food products.
Although, some parts of Bangladeshi people consume both parts (leaves and pods) as vegetables and some parts are used to
consume only pods. To some extent, leaves can be used for fortification to different confectionery product and also can be
processed as feed as well. There is a gap to create awareness among those which areas people are consuming only pods. Overall,
these findings might be a reference point in Bangladesh for the cultivar selection and formulation of moringa-based food
supplement in human nutrition.
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