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ABSTRACT
Background: Leafy vegetables are essential for maintaining a balanced diet and are well 
known for their abundant amount of vitamins, minerals and dietary fibers. Leafy vegetables are 
significant dietary source of calcium, among other nutrients. It's important to maintain adequate 
calcium levels in the body for optimal health. A calcium deficiency can lead to conditions 
such as osteoporosis, osteopenia and osteomalacia. Objectives: This study aims to determine 
dietary calcium content among some leafy vegetables that are available in West Bengal using 
Atomic Absorption Spectroscopy (AAS), to provide valuable insights into their nutritional  
value. Materials and Methods: Eight leafy vegetables were selected, viz. bottle gourd leaf, 
onion leaf, mustard greens, pot-biroot leaf, wild celery leaf, garlic leaf, spreading hogweed 
leaf and chickpea leaf. Using Atomic Absorption Spectrometry (AAS), Ca content of the dried 
powdered samples was quantified by wet oxidation as well as by dry ashing method. Results: 
The highest amount of Ca is present in mustard greens that are 704.4±40.18 mg/100 g and 
504.2±361.47 mg/100 g by wet oxidation and dry ashing respectively. Discussion: The best 
three dietary recommendations from selected leafy vegetables are mustard greens>bottle gourd 
leaf˃chickpea leaf. Conclusion: All the selected leafy greens have a significant amount of Ca. 
Further study can be extended to investigate their bioavailability to confirm the most beneficial 
form of Ca for leafy vegetables.
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INTRODUCTION

Leafy vegetables are consumed by the people of worldwide as a 
traditional food in the form of different dishes. They are commonly 
consumed by the people of West Bengal. Leafy vegetables are an 
excellent source of dietary nutrition; they are a packed source 
of essential vitamins and minerals, including vitamin A, C, K 
and folate, as well as calcium, magnesium and potassium. These 
nutrients are essential for maintaining good health and also in the 
prevention of different diseases.[1]

Calcium is a vital mineral for maintaining different physiological 
activities within the human body. It is crucial in bone and 
teeth development, muscle contraction, blood clotting, the 
transmission of nerve impulses, cell signalling, enzyme activation 
and hormone secretion.[2,3]

An adequate amount of calcium is thus essential for maintaining 
the general well-being of the human body and also to prevent Ca 

deficiency-related disorders. The most common functions of the 
Ca are represented in Figure 1.

Calcium provides structural support to bones by forming 
hydroxyapatite crystals, these crystals contribute to the hardness 
and strength of bones.[4,5] In muscle contraction, Ca plays an 
important role. Ca stimulates the actin filament and initiates the 
contraction of the muscle.[6-9] After any injury, blood coagulation 
occurs in three steps which include the activation of clotting 
factors, platelet aggregation and the formation of a stable blood 
clot.[10-12] In the different steps of blood coagulation, Ca is utilized. 
Ca acts as a secondary messenger for cell signalling. Ca helps in 
the release of neurotransmitters and leads to signal transmission. 
In some biochemical reactions enzymes that are present in 
their inactive form are activated by the Ca where Ca is used as a 
cofactor.[13-15]

Ca deficiency is known as hypocalcemia, which leads to various Ca 
deficiency symptoms. The body may experience several illnesses 
and symptoms if there is not sufficient amount of Ca present.[5] 
The common conditions linked to insufficient calcium within the 
body are osteoporosis, rickets, tetany hypoparathyroidism and so 
on (Figure 2).[16-20]
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Epidemiological study on Ca-related bone disorders revealed 
that around the world, approximately 200 million individuals 
experience osteoporosis annually, which is characterized by 
low bone density. The risk of osteoporosis is higher in women 
compared to men and in older adults compared to younger 
individuals. Statistics from World Health Organization (WHO) 
indicate that 30% of postmenopausal women have osteoporosis. 
In India, 61 million people are reported to have osteoporosis 
till now, with 80% of them being women. Statistical reports of 
2021, show that osteoporosis affects one in five adults in India, 
while osteopenia (precursor to osteoporosis) is present in one 
in two adults. In terms of the elderly population, two in five 
older women and one in three older men have osteoporosis. 
Additionally, bone biopsy data revealed the occurrence of 
osteomalacia and osteoporomalacia (combination of osteoporosis 
and osteomalacia). These bone diseases have risen notably and 
are expected to increase further in the coming years and are a 
major public health issue around the world.

Ca deficiency leads to various complications and disorders, which 
are at present treated with some medications, however these are 
found to have different side effects.[21] Ca rich foods must be 
included in the daily diet to prevent Ca deficiency disorders. 
Leafy vegetables are one of the most available and affordable 
sources of Ca.[22] Ca content analysis has not been established for 
some of the leafy vegetables till date. This study aims to carry out 
the quantitative assessment of dietary calcium present in such 
eight leafy vegetables of West Bengal using an atomic absorption 
spectrometer, for whom calcium content is not yet determined by 
the AOAC (Association of Official Analytical Chemists) method 
of analysis.

MATERIALS AND METHODS

Collection of Plant samples: Following eight leafy vegetables 
that commonly consumed by the people of West Bengal were 
collected from sodepur area of West Bengal in august 2023 (Table 
1).

Processing of the samples
The collected plant samples were shade dried and ground into 
fine powder. For Ca content analysis, powdered samples were 
then treated by wet oxidation and dry ashing methods as follows:

Wet oxidation
0.5 g of each powder sample was weighed and transferred to a 
100 mL beaker, 10 mL of 65% v/v Nitric acid (HNO3) was added 
to them and the mixtures were digested on a hot plate for 30 min 
at 55-70ºC. After digestion, the mixtures were cooled at room 
temperature and 70-75% v/v 5 mL perchloric acid (HClO4), was 
added. The mixtures were digested again on a hot plate until 
clear solutions were obtained. Following this, the mixtures were 
cooled and diluted with distilled water. The mixtures were then 
filtered using Whatman filter papers and the filtrates were then 
transferred to the respective 100 mL volumetric flasks and the 
volume of the samples were made up using distilled water.[23-28]

Dry ashing
5 g of each powder sample was weighed and transferred to the 
respective crucibles. The crucibles were then placed in a muffle 
furnace where they were subjected to a temperature of 500ºC for 
1 hr. The ashes of the powders were then digested with a mixture 
of hydrochloric acid (37% v/v) and nitric acid (65% v/v) in a 1:3 
ratio for 30 min on a hot plate. Then the digested samples were 
diluted with distilled water. Following this, the samples were 
filtered and the filtrates were collected in the respective 50 mL 

Figure 1:  The most common functions of the calcium.
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volumetric flask and the volume of the samples was made up 
using distilled water.[29-35]

Calibration of atomic absorption spectrometer

2% v/v HNO3 was prepared and used as a blank and the calibration 
standards of 0.062, 3 and 5 mg/L Ca solutions were prepared using 
the stock solution of Ca (1.012 g/mL). After that by considering 
some factors like the wavelength of light: 422.67 nm, slit width: 

0.7 nm, oxidant: Air, oxidant flow: 10 L/min and acetylene flow: 
2.7 L/min, the calibration curve was prepared.[23-35]

Analysis for Ca

Each sample was analysed for Ca using the atomic absorption 
spectrometer Perkin (Elmer pinAAcle 500) using 2% v/v HNO3 
as a blank. The concentration of Ca was presented in mg/100 g 
(mean±SD) for the selected leafy vegetables.

Sl. No. Common Name Scientific Name Family name Pictures
1 Bottle gourd leaf (Lau 

shak)
Lagenaria siceraria Cucurbitaceae

2 Onion leaf (Peyaj pata) Allium cepa Amaryllidaceae

3 Mustard green (Sorse 
shak)

Brassica juncea Brassicaceae

4 Pot-biroot
Leaf (Gima Shak)

Glinus oppositifolius Molluginaceae

5 Wild celery leaf (Radhuni 
pata)

Trachyspermum 
roxburghianum

Apiaceae

6 Garlic leaf (Rosun pata) Allium sativum Amaryllidaceae

7 Spreading hogweed leaf 
(Punarnava shak)

Boerhavia diffusa Nyctaginaceae

8 Chickpea leaf (Chhola 
shak)

Cicer arietinum Fabaceae

Table 1:  Eight selected leafy vegetables of West Bengal.
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RESULTS

Calibration curve of AAS

After calibration, the calibration curve for Ca that is absorbance 
versus concentration was obtained (Figure 3).

Calcium content in selected leafy vegetables
Wet oxidation

Among the selected leafy vegetables, in the wet oxidation method 
mustard green showed the highest amount of Ca 704.400±40.18 
mg/100 g, followed by bottle gourd leaf (573.800±36.240 mg/100 
g), chickpea leaf (566.800±58.380 mg/100 g), wild celery leaf 
(351.400±31.300 mg/100 g), garlic leaf (192.280±9.810 mg/100 
g), spreading hogweed leaf (137.340±6.083 mg/100 g), pot biroot 
leaf (81.060±8.768) and onion leaf (32.800±0.26 mg/100 g). 
Onion leaves were found to possess the least amount of Ca. The 
graphical representation is displayed in Figure 4.

Dry ashing
The estimated Ca content in the mustard green by dry ashing 
is 504.2±361.47 mg/100 g which is the highest amount among 
the selected leafy vegetables, followed by bottle gourd leaf 
(112.0±73.65 mg/100 g), chickpea leaf (70.24±0.09 mg/100g), wild 
celery leaf (60.980±23.030 mg/100 g), garlic leaf (46.690±24.800 
mg/100 g), spreading hogweed leaf (9.975±0.680 mg/100 g), pot 
biroot leaf (7.368±0.524 mg/100 g) and onion leaf (1.366±0.046 
mg/100 g). The graphical representation is displayed in Figure 5.

DISCUSSION

Among the wet oxidation and dry ashing, wet oxidation is 
preferred for the estimation of Ca content by the AAS method. 
During the processing of samples by wet oxidation method, acid 
like HNO3 and heat are used to oxidize organic impurities present 
in the sample, resulting in more amount of Ca remaining as Ca++ 
form. On the other hand, in dry ashing only high temperature 

Figure 3:  Calibration curve of calcium.

Figure 2:  Calcium deficiency disorders.
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is used to remove organic impurities and comparatively less 
amount of Ca remains as Ca++ ion. Moreover, in dry ashing high 
temperature is required which is similar to the cooking process. 
However, the sequence for the amount of Ca present in the 
selected leafy greens is similar in both processes.

In both cases, of wet oxidation and dry ashing the estimated 

amount for Ca by AAS are in the sequence which is mustard 

greens˃bottle gourd leaf˃chickpea leaf˃wild celery leaf˃garlic 

leaf˃spreading hogweed leaf˃pot-biroot leaf˃Onion leaf.

Figure 5:  Amount of Ca (mg/100 g) in selected leafy vegetables by dry ashing method.

Figure 4:  Amount of Ca (mg/100 g) in selected leafy vegetables by wet oxidation method.
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CONCLUSION

Ca plays a crucial role in different physiological activities as well 
as in preventing different diseases like osteopania, osteoporosis, 
osteomalacia, irregular heartbeats, muscle cramps and so on. 
Epidemiological studies demonstrate the worldwide increasing 
frequency of Ca deficiency bone disorders especially in women, 
elderly people and adolescents. To combat this situation Ca rich 
food plays a significant role. Leafy vegetables not only have low 
calories, but they also have a significant amount of dietary Ca 
and can be offered as a dietary recommendation to support bone 
health and overall well-being. The results of this study reveal 
the significant amount of calcium content among the selected 
leafy vegetables. This study also highlights the diversity in the 
amount of Ca content among the selected leafy vegetables of West 
Bengal. Certain varieties exhibit notably high levels of calcium, 
representing their potential role in promoting bone health, 
muscle function and overall well-being among the population. 
Depending on the amount of Ca estimated by the AAS method, 
the best three dietary recommendations from the selected leafy 
vegetables are mustard greens followed by bottle gourd leaf and 
chickpea leaf. This study focuses on their nutritional significance 
and potential health benefits.

Future research can be carried out on the effect of climate change, 
soil composition and available nutrients. Ca level among these 
selected leafy greens, as well as the bioavailability of Ca from the 
selected leafy greens considering the effect of anti-nutrients like 
oxalates, tannins, phytate etc on the it. Moreover, the research can 
further focus on the development of genetically modified varieties 
of leafy vegetables with higher calcium content, especially for 
people suffering from Ca deficiency disorders like osteoporosis, 
tetany, rickets and cardiovascular disorders.
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