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Background: Calcium is an essential mineral which supports bone health as well as serves as a major
therapeutic intervention that can prevent and delay the incidence of osteoporosis. Multicellular aquatic
plants like Lithothamnion calcareum are a rich source of plant based calcium.
Aims/Objective: To characterize Plant based calcium and Synthetic calcium sources using sophisticated
analytical techniques.
Material and Methods: Plant based Calcium and Synthetic Calcium sources were subjected to
instrumental analysis such as SEM, ICP-OES and XRD, and comparisons were done followed by
interpretation.
Results and Discussion: In this study, three different instrument techniques like SEM, ICP-OES and XRD
were used for the characterization of plant based calcium and synthetic calcium. The results showed that
plant based calcium were smaller isotropic crystals as compared to synthetic calcium crystals which were
larger and anisotropic. Further, in case of XRD results, plant based calcium is shown to possess two 2θ
values, whereas in case of synthetic calcium, it showed a single 2θ value. Further, Magnesium and Boron
content were higher in case of plant based calcium as compared to synthetic calcium.
Conclusion: Both Plant based and Synthetic Calcium can be distinguished using SEM, ICP-OES and XRD
techniques. Outcomes of this study enlightens the probable reasons for enhanced bioavailability in case of
plant based calcium sources as compared to synthetic calcium sources.
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Calcium ions play a vital role in the physiological
and biochemical processes of organisms and cells: in
signal transduction pathways where they act as second
messengers; in release of neurotransmitter from neurons;
in contraction of all muscle cells; as cofactors in many
enzymes as well as in fertilization. The Ca2+ ion acts as
an electrolyte and is vital to the health of the muscular,
circulatory, and digestive systems; is indispensable to the
building of bone; and supports synthesis and function of
blood cells. For example, it regulates muscle contraction,
nerve conduction, and blood clotting. As a result,
intracellular and extracellular calcium levels are tightly
regulated by the body. Calcium can play this role because
the Ca2+ ion forms stable coordination complexes with

1. Introduction
Calcium is the most abundant mineral and the fifth-most
abundant element in the human body. Calcium is an
essential mineral to support bone health and serves as a
major therapeutic intervention to prevent calcium deficiency
disorder. 1 It is an important micronutrient widely believed
to affect bone health and human metabolism. Calcium
enters the circulation through food or calcium supplements,
and a dynamic balance is maintained between blood and
bone calcium. Calcium deficiency can cause conditions like
osteoporosis, rickets, epilepsy, and anemia. 2,3
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many organic compounds, especially proteins. More than
99% of calcium in the body resides as hydroxyapatite, a
calcium phosphate molecule in the skeleton. 4
A well-balanced, carefully planned, plant based diet
can provide adequate calcium to the body. Not consuming
plant based foods containing high amounts of calcium may
increase the risk for impaired bone mineralization and bone
fractures in people. Adequate calcium intake is the key to
bone health, which appears to be irrespective of dietary
preferences. 5 Some plant-based calcium sources include
tofu, mustard and turnip greens, bok choy, and kale. Some
other plants contain calcium that is bound to oxalate and
therefore is poorly absorbed. 6 Foods rich in calcium include
dairy products, sardines, salmon, soy products, kale, and
fortified breakfast cereals. 7–9
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Calcium is a common constituent of multivitamin dietary
supplements, but the composition of its complexes in
supplements may affect its bioavailability. This varies by
solubility of the salt involved as calcium citrate, malate,
and lactate are highly bioavailable, whereas the calcium
oxalate is less. Other calcium preparations include calcium
carbonate, calcium citrate malate as well as calcium
gluconate. The intestine absorbs about one-third of calcium
eaten in the form of free ion, and plasma calcium level is
then regulated by the kidneys.
In the present study, we have used different analytical
techniques to identify the source of calcium, whether it was
from a plant based source or whether it was from a synthetic
source.
2. Materials and Methods

1.1. Types of calcium supplement
There are different types of supplements. Elemental calcium
is a pure mineral, but in the natural form, it exists with
other compounds. Supplements contain varied proportions
of calcium compounds. For example:
1.
2.
3.
4.

Calcium carbonate contains 40% elemental calcium,
Calcium lactate contains 13% elemental calcium,
Calcium gluconate contains 9% elemental calcium and
Calcium citrate contains 21% elemental calcium 10

Calcium from plant sources may be better than calcium from
the milk or other animal products, since animal proteins
tend to leach calcium from the bones. Further, vegetables
may also provide vitamins and minerals that exert beneficial
effects on bone. 11
Soybeans are rich in both oxalate and phytate, yet
soya products have relatively high calcium bioavailability.
In contrast, dried beans which are also rich in phytate,
have lower calcium bioavailability. 12 The natural sources
of readily bioavailable calcium are rare. However, the
mineralized remains of certain red algae are rich sources
of bioavailable calcium. 13 Red algae belong to a group
of multicellular aquatic plants that are photoautotrophic
in nature. 14 One such example would be Lithothamnion
calcareum, the skeletal remains of which contain calcium
carbonate (~32% calcium by weight) and 72 other trace
elements. 13,15 This marine algae accumulates calcium
carbonate in its cell walls in the form of crystals.
Red coral algae precipitate calcium by ‘transcalcification’ mechanism. This mechanism is enzymatically
driven, in which HCO3 − present in seawater are converted
to carbon dioxide CO2 by an external enzyme- carbonic
anhydrase. This in turn produces CO3 − which is used
in calcification in the form of CaCO3 . 16 This calcium
carbonate derived from marine red algae is used as a
plant based calcium source in many countries due to its
bioavailability and beneficial anabolic effects on bone
calcification. 17

Plant based Calcium was from Lithothamnion calcareum
which is red algae and manufactured by Marigot Ltd.,
Strand Farm, Currabinny, Co. Cork. Ireland. Synthetic
Calcium carbonate used in the present study was
manufactured by Saurashtra Solid Industries Pvt. Ltd., 12425 Near Dabka Gas Station, Padra Jambusar Road, Gavasad,
Tal-Padra, Dist- Vadodara, Gujarat- 391430.
Samples of Calcium were subjected to instrumental
analysis like SEM, ICP-OES and XRD. Scanning Electron
Microscope (SEM) is a type of Electron Microscope and
the method known as SEM analysis is used very effectively
in microanalysis of solid inorganic materials. It produces
images by scanning the surface with a focused beam of
electrons which interact with atoms in the sample and
produce signals that give information about the surface
topography and composition of the sample. Scanning of
electron beam is done followed by combining its position
with the intensity of the detected signal to generate an
image. In the most common SEM mode, atoms excited by
the electron beam emit electrons which are detected using
a Everhart-Thornley detector. The number of secondary
electrons that can be detected, and thus the signal intensity,
depends on specimen topography. Some SEMs have the
ability to achieve resolutions greater than 1 nanometer
(nm). 18
In the present case, both samples were analysed using
SEM as per below mentioned two different settings:
1. EHT=20.00 kV, Signal A= SE1, WD=7.5 mm,
Mag=8.28 KX, scale=2µm
2. EHT=15.00 kV, Signal A= SE1, WD=8.0 mm,
Mag=2.03 KX, scale=10µm
Inductively
Coupled
Plasma-Optical
Emission
Spectroscopy (ICP-OES) is an analytical technique
that identifies the composition of elements present in
different samples. The key strengths of ICP-OES include
the identification of the types and ratios of elements in
complex samples. The type and relative amount of each
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element present within the complexity of a compound is
detected by the generated signals. ICP-OES is used in the
analysis of complex samples, and in applications such as
analyzing trace elements in the human brain, determining
the chemical composition of electronic cigarettes and
assessing the purity of pharmaceutical compounds. 19
In the present case, 1 g of plant based calcium sample
was digested with conc. HF followed by 10 ml conc.
HNO3. After complete digestion, solution was filtered and
volume made upto 25 ml with 5% HNO3 . Then this sample
was injected in ICP-OES and calcium was measured at
396.84 nm. Similar procedure was carried out for synthetic
calcium.
X-Ray Diffraction Analysis (XRD) studies the
crystalline structure, atomic arrangement, crystallite
size and imperfections in the structure. Compared to
amorphous material, a crystal has well-defined properties
like melting point, solubility and IDR. These parameters
should be known in order to control the final product. The
analysis of XRD works on constructive interference of
monochromatic X-rays. The X-rays produced by a cathode
ray tube are filtered to produce monochromatic radiation.
They are collimated to concentrate and directed toward the
sample. Interaction of the incident rays with the sample
produces constructive interference when the conditions
satisfy Bragg’s Law (nλ=2d sin θ). The relation between the
diffraction angle, wavelength of electromagnetic radiation,
and the lattice spacing in a crystalline sample is given by
this law. 20
In the present case, 1 gm of plant based calcium
sample was subjected to XRD analysis (Range 0 to 80) at
wL=1.54060 and 2θ angle versus Intensity was determined.

Fig. 1: Synthetic calcium SEM Image magnification 8.28KX

Fig. 2: Synthetic calcium SEM image magnification 2.03KX

3. Results and Discussion

3.1. Instrument details
Table 1: Name of Instruments and its make
Sr. No.
1
2
3

Name of Instrument
SEM
ICP-OES
XRD

Make
ZEISS
Agilent
Bruker

Fig. 3: Plant calcium SEM image magnification 8.07KX

3.2. Scanning electron microscopy (SEM)(Figures 1, 2,
3 and 4)
3.3. Inductive coupling plasma- optical emission
spectroscopy (ICP-OES)(Table 2 )
3.4. Powder X-ray diffraction (PXRD)Tables 3
and 4Figures 5 and 6
The ICP-OES study results showed the presence of Boron
and Magnesium along with Calcium in both plant-based as

Fig. 4: Plant calcium SEM image magnification 2.00KX
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Table 2: Elemental analysis
Sr. No.
1
2
3
5
6
7

Method for
Detection

Compound Name

ICP-OES

Plant Based calcium

ICP-OES

Synthetic calcium

Element

Value (%w/w)

Result

Boron
Magnesium
Calcium
Boron
Magnesium
Calcium

0.0015
0.0635
99.93
0.0002
0.0272
99.97

Present
Present
Present
Present
Present
Present

Table 3: Synthetic Calcium XRD
Sr. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

Angle (θ)
23.104
26.560
28.192
29.453
31.491
36.020
39.457
43.207
47.166
47.547
48.551
56.661
57.443
58.136
61.059
63.082
65.671
69.289
70.297
72.987
73.723
76.376
77.219
77.427

σ Value
3.84658 A
3.35333 A
3.16280 A
3.16280 A
3.03021 A
2.83850 A
2.49141 A
2.28193 A
2.09217 A
1.92539 A
1.91084 A
1.87355 A
1.62320 A
1.58547 A
1.51639 A
1.47255 A
1.42062 A
1.35500 A
1.33802 A
1.29520 A
1.28408 A
1.24594 A
1.23444 A
1.23163 A

FWHM
0.125
0.085
0.098
0.125
0.143
0.156
0.169
0.170
0.160
0.185
0.196
0.160
0.222
0.153
0.154
0.186
0.174
0.167
0.199
0.257
0.162
0.126
0.186
0.185

Relative Intensity
1.4%
0.2%
0.3%
100.0%
0.6%
2.0%
2.6%
2.8%
0.7%
5.4%
2.8%
0.2%
0.8%
0.2%
1.4%
0.2%
0.6%
0.1%
0.2%
0.2%
0.1%
0.1%
0.3%
0.1%

FWHM: Full-Width Half-Maximum

Fig. 5: Synthetic calcium XRD

well as synthetic sources of calcium. Inspection of results
from SEM revealed that plant based calcium were smaller,
even sized crystals (isotropic) as compared to synthetic
calcium crystals which were uneven (anisotropic). Further,
XRD results revealed plant based calcium to possess two 2θ
values, whereas in case of synthetic calcium, it showed a

Fig. 6: Plant calcium XRD

Intensity
1640.398
223.124
369.355
116324.600
718.793
2280.352
2977.350
3201.141
817.700
6223.848
3227.408
265.934
976.013
210.236
1636.228
192.210
745.293
94.183
267.184
235.739
78.853
67.535
335.023
170.228
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Table 4: Plant Calcium XRD
Sr. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Angle (θ)
23.324
26.237
27.262
28.546
29.758
31.857
33.140
36.334
37.893
38.595
39.844
42.933
43.632
45.874
47.728
48.115
49.085
50.244
52.436
53.033
57.159
58.045
61.382
63.741
55.386
66.485
71.210
73.859
77.234
78.128

σ Value
3.81083 A
3.39393 A
3.26852 A
3.12442 A
2.99983 A
2.80581 A
2.70106 A
2.47056 A
2.37247 A
2.33091 A
2.26056 A
2.10487 A
2.07278 A
1.97655 A
1.90401 A
1.88959 A
1.85450 A
1.81441 A
1.74361 A
1.72538 A
1.61024 A
1.58773 A
1.50918 A
1.45889 A
1.42612 A
1.40519 A
1.31319 A
1.28205 A
1.23424 A
1.22233 A

FWHM
0.214
0.133
0.143
0.285
0.272
0.307
0.159
0.296
0.165
0.292
0.338
0.160
0.345
0.203
0.160
0.567
0.443
0.185
0.112
0.218
0.160
0.446
0.160
0.476
0.446
0.541
0.486
0.517
0.366
0.364

Relative Intensity
9.1%
3.2%
1.6%
0.5%
100.0%
1.9%
2.4%
10.3%
1.4%
0.7%
14.4%
0.6%
11.5%
1.3%
4.4%
10.8%
11.6%
0.7%
0.8%
0.3%
1.7%
4.0%
2.7%
0.6%
2.4%
0.9%
0.5%
1.0%
0.4%
0.5%

Intensity
939.864
327.440
161.273
47.293
10350.770
194.049
249.811
1069.301
140.276
73.296
1485.867
63.610
1192.395
137.595
455.113
1118.290
1202.247
67.307
87.567
31.421
171.596
411.063
274.759
61.576
249.909
97.986
51.260
99.133
38.464
49.791

FWHM: Full-Width Half-Maximum

single 2θ value.
Elble et al., 2011, highlighted the importance of
smaller sized crystals of calcium carbonate stating that
they are better absorbed in the body compared to larger
sized crystals. 21 The different mineral phases of calcium
carbonate - calcite, aragonite, vaterite exhibit a high
solubility which makes these minerals bioavailable and
bioresorbable. 22 This may be one of the defining factors
of plant based calcium being more bioavailable and better
absorbed as compared to synthetic form which exists in a
single crystal structure.
A study carried out in female mice involved the analysis
of the effects of a plant based mineral rich extract from
Lithothamnion calcareum on their bone structure and
function when supplemented with a high fat Western
style diet. Ideally such a high fat diet interferes with the
bioavailability of minerals. The results, however, revealed
that the mice fed with such a diet and supplemented with the
mineral rich extract had better bone structure and function
compared to the ones on a low fat chow diet. 23 Another
study involved the use of the calcium rich, multi-mineral
complex derived from Lithothamnion in ovariectomised

rats suffering from osteoporotic bone loss. The effect of this
complex was studied against the effect of calcium carbonate.
The multi-mineral complex was shown to have a positive
effect on the bone structure, composition and mechanical
properties as compared to calcium carbonate. 24
The above mentioned effects of such multi-mineral
complex from marine algae- Lithothamnion can be
attributed to the presence of calcium, manganese, copper,
zinc and many other minerals present in the supplement that
improve bone health and manage osteoporosis by increasing
the mineralisation of osteoblasts as revealed in the study by
Gormon et al., 2011. 24 Studies have also shown that the
osteogenic potential of this multi-mineral algal complex is
enhanced by additional supplementation of Vitamin D3. 25
The bioavailability of active absorbable algal calcium
against that of calcium carbonate was evaluated with the
use of stable isotopes and measured by dual stable isotope
method. The study carried out in 10 postmenopausal women
revealed the fractional absorption of algal calcium was 1.57
times higher than that of calcium carbonate. 26
OZiva is a leading clean plant based nutrition brand
which develops products that ensure better bioavailability
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and absorption of plant based nutrient components for
health benefits. 27

3.5. Conclusion
1. SEM: On the basis of SEM, Figures 1 and 3 are
of Synthetic Calcium and Plant Calcium respectively.
The Synthetic calcium Crystal is bigger in size than
the Calcium crystal from plant source. It indicates
that the Calcium Crystallization in plants is a slow
process due to which there are a number of small sized
crystal lattice structures. Further the shape of the plant
based Calcium crystal was Isotropic whereas that of the
synthetic Calcium crystal was anisotropic.
2. ICP-OES: Based on the Elemental analysis, it is clear
that both the Plant as well as Synthetic Calcium consist
of the same elements that is- Boron, Magnesium and
Calcium. The amount of Boron was approximately
7 times higher in case of plant based calcium as
compared to synthetic calcium. Further, the amount
of magnesium was approximately 2 times higher than
calcium.
3. XRD: The XRD results clearly showed that both
the Plant and Synthetic calcium are Crystalline in
nature. Plant based Calcium is having one 2θ at 29.75
(which is similar to Vaterite) and another 2θ at 45.9
(which is similar to Aragonite). In case of synthetic
calcium, 2θ was obtained at 29.45 (which is similar to
Vaterite). 28,29
4. Both natural and synthetic Calcium were distinguished
using SEM and XRD techniques
5. Anisotropic materials are more common in nature than
isotropic materials due to the large variation in atomic
orientations. Anisotropic crystals have many refractive
indices whereas isotropic crystals have only one.
6. Thus, better absorption in plant based calcium may be
due to smaller size of crystals in two crystalline forms
(vaterite and aragonite), as compared to synthetic
calcium crystals which are larger in size and in the form
of vaterite crystals.
7. However, further in vitro and in vivo studies will
be required to prove better Pharmacokinetics and
Bioavailability proof of concept of plant based calcium
source as compared to synthetic calcium source.
4. Source of Funding
Zywie Ventures Pvt. Ltd, Marol Industrial Estate, Andheri
(East), Mumbai- 400059. Maharashtra, India.
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