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Introduction

Physical and Chemical Characteristics of
Green Algae Halimeda opuntia Calcium
Powder Extracted Using Hydrochloric Acid

Rania S. Nirwasita, Ima Wijayanti’, and Apri D. Anggo

Abstract

Halimeda opuntia is one of the macroalgae species whose utilization is still
slightly known. In the open sea, H. opuntia holds an important role in changing
carbon dioxide (CO,) to calcium carbonate (CaCO,). This led to previous
research analyzing the calcium content of H. opuntia, which showed 30.30%.
However, the information about calcium powder extraction using HCI from H.
opuntia has not been reported. This research aimed to observe the physical
and chemical characteristics of calcium obtained from H. opuntia extracted
using different hydrochloric acid (HCI) concentrations. The method used in
this research was experimental laboratories with a completely randomized
design (CRD) using different HCI concentrations (1N, 2N, and 3N). The
extraction results were analyzed for yield value, moisture, ash, fat, protein,
carbohydrate, calcium, color, Scanning Electron Microscope (SEM), particle
size, and X-Ray Diffraction (XRD). Data were then analyzed using Analysis of
Variance (ANOVA). The use of different HCI concentrations showed significant
effect (p<0.05) on ash content (91.95+0.47%), carbohydrate content
(7.26+0.57%), lightness (L*) (86.21+0.83), yellowness or blueness (b*)
(8.81+0.02), pE (11.33+0.54), and whiteness index (WI) (83.62+0.70%),
where the calcium extracted by 1N HCI| (CH1) showed the best result. The
SEM microstructural analysis showed a non-porous surface and a single
cubical shape in CH1. Diffractogram pattern of calcium extracted from H.
opuntia using different concentrations of HCI done by XRD exhibited the
same pattern as CaCO, for all samples. HCI solvent at 1 N can produce
calcium powder from H. opuntia with high calcium content and better color
characteristics.
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calcium. H. opuntia is one of the high-calcium-
containing green algae that grows perfectly in

Calcium is important for human health, especially
bone and teeth development. Natural calcium can be
obtained from dairy products, including milk, cheese,
yogurt, seeds, nuts, etc. However, dairy products such
as milk as calcium sources have a risk for some people
who are lactose intolerant. Hence, other organic
materials, fishbone, and non-economic macroalgae can
be an alternative source of calcium. Fishbone has been
the most frequently used material for calcium extraction
for a long time because of its high calcium content.
However, using fishbone-based calcium often faces
problems, especially in the odor because of the
sometimes left fat. Some kinds of compounds can
cause a fishy odor in fishbone calcium, such as 2-
methyl-butanal, 3-methyl-butane, pentanal, and hexanal
(Wijayanti et al., 2022). Thus, other natural resources
with less fishy odor due to their low-fat content, such
as Halimeda opuntia, can be the alternative to fishbone

Indonesian water because of its tropical climate, yet
exploration and utilization are still limited. H. opuntia
is non-economic macroalgae. Utilization of this alga as
a low-cost calcium source can increase its value.
However, for sustainability production, the culture of
this algae might be needed. H. opuntia is important in
the ocean, altering carbon dioxide (CO,) to calcium
carbonate (CaCO,). Calcareous algae often mention
H. opuntia because the lime adhered to the segments
due to CO, alteration. The important role of H. opuntia
is altering CO, into CaCO, This indicates that it contains
a high content of calcium. A previous study by Kepel
et al. (2021) showed that H. opuntia contained 30.30%
of calcium. However, information about calcium
extraction from H. opuntia is unavailable.

There are several calcium extraction methods using
solvents such as hydrochloric acid, acetic acid, and
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citric acid (Kim et al., 2017; Rosnah et al., 2012);
sodium hydroxide (Idowu et al., 2020), however
hydrochloric acid (HCI) as the solvent for extraction
is generally easy to do. The goal of extraction is to
purify a compound from unwanted impurities. Mulyani
et al. (2021) mentioned that the use of HCI showed its
ability to remove the organic compound on the raw
material used and impacted in increasing content of
calcium. Agustini et al. (2011) showed that using HCI
in extracting calcium could reduce the yield of calcium,
while Sunardi and Krismawati (2021) showed an
increasing amount of the yield in line with increasing
HClI concentration. From the previous studies regarding
calcium extraction, it can be concluded that the
concentration of HCI used affected both chemical and
physical characteristics.

HCI is an acid with the least dangerous effect
compared to other acids, which is caused by its non-
reactive and non-toxic chloride ions. Furthermore, HCI
can dissolve many kinds of metals and produce chloride
and hydrogen, increasing the solubility of water-
insoluble compounds (Kurkinen et al., 2021). In
calcium extraction, HCI will help to ease the process
by opening the material’s pores (Rosnah et al. 2021).
Kusumawati et al. (2022) and Zainol et al. (2019)
mentioned that using HCI in calcium extraction will
dissolve the calcium and the organic compounds, such
as protein. The existing correlation between the
extraction method and using HCI to extract will benefit
the calcium food enrichment (Asih et al. 2019).

Rosnah et al. (2021) reported that 4% HCI could
be used for calcium extraction in chicken egg cells.
However, the information about calcium powder
extraction using HCI from seaweed, especially H.
opuntia, has not been reported. Thus, it is important
to conduct research in extracting and analyzing its
characteristics to compare between calcium powder
obtained from H. opuntia in this study with the well-
known hydroxyapatite calcium from fishbone, which
has been studied by other researchers (Wijayanti et al.
2020; ldowu et al., 2020; Benjakul et al., 2017). The
exploration of H. opuntia calcium will also increase
scientific information in particular. This study aimed
to elucidate the impact of concentrations of HCI on
the characteristics of calcium powder from seaweed
H. opuntia.

Material and Methods

Material

Fresh Halimeda opuntia was collected and dried
for three days by local fishermen in Rembang Central
Java, Indonesia, with a moisture content of 33.5%.
Other materials used in calcium extraction were

technical-grade hydrochloric acid (HCI), sodium
hydroxide (NaOH), and distilled water.

Methods

Calcium Extraction

H. opuntia calcium extraction was done by
following the method used by Habte et al. (2019) and
Sunardi et al. (2020) with several modifications on the
hydrochloric acid (HCI) and sodium hydroxide (NaOH)
concentration used, as well as the calcination that was
not done in this experiment. Dried H. opuntia was
cleaned first from dirt and then ground into crude
powder using a chopper (Han River HRIJRJ-S2BK,
China). Different concentrations of HCI were prepared
by making 1N, 2N, and 3N solutions, which were then
added to H. opuntia crude powder with a ratio of 1:20
(w/v). Extraction was done for 2 hours and at a
temperature of 90°C using Waterbath (WiseBath WB-
6, Daihan, Korea). The next step was filtration to get
the filtrate and precipitate using 3N NaOH with a ratio
of 1:1 (v/v). A white precipitate was formed at this
stage, and the pH was still 13. Thus, decreasing the
pH to 7 by changing the water was consequently done
to ensure that the NaOH leftovers were removed. The
neutralized sample was then dried using an oven
(Memmert UN110, Germany) for 48 hours at a
temperature of 110°C. The dried residue was then
grounded using a high-speed grinder (Fomac FCT-
Z200, Indonesia) for a minute and sieved with a 100
mesh-sized sieve. Samples were then named CH1,
CH2, and CH3 for calcium extracted by 1N, 2N, and
3N HCI.

Yield Value

Calcium yield value was determined by calculating
with the written formula below:

Yield value (%) =

Dried extracted calcium

9 » 100%

H. opuntia crude powder (g)
Calcium content

Calcium content was determined by an Atomic
Absorption Spectrophotometer (AAS) (Perkin Elmer
Pinaacle 900T, USA) following the method of AOAC
(1988). Samples were initially destructed and diluted.
Known standard solvent concentrations and samples
were read in the AAS subsequently.

Proximate Analysis

Proximate analysis for moisture, ash, fat, and
protein was done by following the method of AOAC
(2005). Carbohydrate content was calculated using the
difference method by adding the total protein, fat,
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moisture, and ash content; then, the total amount will
be subtracted by 100.

Color

Color measurement was performed by CIELAB
color space using the following equation:

" o2 2 e,
AE=J(AL) +(Aa) +(Ab)

Where pL* stands for the difference between the
sample and the standard’s lightness, pa* for the
difference between the sample and the standard’s
redness (+) or greenness (-), and pb* is for the sample
and standard’s blueness (-) or yellowness (+). The
white standard followed the values Wijayanti et al.
(2021) mentioned: 93.63 for L*, -0.94 for a*, and 0.40
for b*,

Calcium’s whiteness index was also calculated by
Zareian et al. (2019) below:

x 2 . =2
WI{%)=100—J(100—L)+(a +b )

L* is for the sample’s lightness, a* is for the
sample’s redness or greenness, and b* is for the
sample’s blueness or yellowness.

Scanning Electron Microscope (SEM)

Analysis regarding the morphology of calcium was
done using SEM (Hitachi FlexSEM 1000, Japan)
following per method of Wijayanti et al. (2020). Samples
prepared and coated with gold were then analyzed for
grayscale visualization. The magnification used was
10000 x with 20 kV of accelerating voltage.

Particle Size

Calcium particle size analysis was done using a laser
particle size analyzer (Labtron LLPA-C10, UK)

following Wijayanti et al. (2021). Samples were initially
dispersed using water and then read with the size
measuring range of 0.01 pm until 2000 pm.

X-Ray Diffraction (XRD)

X-Ray Diffraction (Bruker D2 Phaser, USA) was
used to analyze calcium obtained from H. opuntia
following Kusumawati et al. (2022) with slight
modification on the angle used. The samples were
analyzed at the angle of 2¢ 10° to 90°. The wavelength
used was 1,54060 A using the radiation of Cu Ka at
step size 0.02°.

Statistical Analysis

Parametric data were analyzed by One-way analysis
of variance (ANOVA) after triplication in the
experiment. Tukey post-hoc test was performed for
sample means comparisons at p<0.05.

Results and Discussion

Yield, calcium, proximate content, color
characteristics and particle size of H. opuntia extracted
using different HCI concentrations are presented in
Table 1. Different concentrations of HCI had different
impacts on ash, carbohydrate content, L*, b*, pE-
value and Whiteness index (P<0.05). However, no
difference in yield, calcium, moisture, fat, protein
content, a*-value and particle size (P>0.05) were
observed among treatments.

Yield Value

The yield value of H. opuntia-extracted calcium is
presented in Table 1. No significant difference among
samples was observed when different HCI
concentrations were used (p>0.05) since the extraction
had been undergone optimally. After passing the optimal

Table 1. Yield, calcium, proximate content, color characteristics and particle size of H. opuntia Extracted

using different HCI concentrations

Parameters =diiplos
RM CH1 CH2 CH3
Yield value (%) - 28.32+0.38° 29.37+0.80° 27.76+0.76°
Calcium (%)* 27.17£0.87 34.97+0.35° 33.80£0.78° 33.90£0.77°
Moisture (%) 2.29+0.29 2.95+0.05° 3.19+0.34% 3.44+0.34%
Ash (%)* 87.17+0.80 91.95+0.47° 91.54+0.17° 90.20+0.242
Fat (%)* 0.27+0.05 0.17+0.06% 0.27+0.05% 0.24+0.05%
Protein (%)* 3.11+0.01 0.61+0.08% 0.52+0.01% 0.53+0.01%
Carbohydrate (%)* 9.44%0.76 7.2620.572 7.6520.18° 9.02+0.27"
L* - 86.21+0.83" 86.0920.60° 82.36+0.65°
a* - 0.6520.03% 0.66+0.11% 0.69+0.02*
b - 8.81+0.022 9.59+0.04° 12.06+0.08°
AE - 11.33+0.54° 12.00+0.34? 16.30+0.51°
Wi (%) - 83.62+0.70° 83.0920.47° 78.62+0.58°
Particle size (um) - 20.90+0.69° 21.39+0.522 21.70+0.95°
Notes:  Valuesresult from triplicate means = SD (n=3). Different superscripts in the same row represent significant

differences (p<0.05). (RM) raw material, (CH1) calcium extracted using 1N HCI, (CH2) calcium extracted
using 2N HCI, (CH3) calcium extracted using 3N HCI. *Dry weight basis. (-) No analysis was done.
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point, the yield value usually experiences a decrease.
This statement is in line with Yao et al. (2022), who
got a higher yield value after increasing the
concentration of acid used in calcium extraction. Still,
after passing the optimal point, the yield value would
decline. The declining yield value could happen because
of the compounds lost during extraction. The too-high
acid concentration is the other cause of decreasing
yield value after optimal concentration. Mulyani et al.
(2021) reported that high-concentrated HCI’s ability
to extract a compound from a material will be stronger.
Therefore, the reaction between compounds and
solvent will be balanced, resulting in the higher
dissolved compounds. The yield value of calcium in
this research was higher than the tilapia (Oreochromis
niloticus) fishbone extracted repeatedly by Lekahena
et al. (2014), which showed a value of 4.41%. Roshah
et al. (2021) reported higher chicken eggshell calcium
than this research. However, Herlina et al. (2021)
showed lower blood cockle (Anadara sp.) calcium
yield due to calcination. The calcium yield values were
80% and 1.4%, respectively.

Calcium Content

The calcium content extracted using different HCI
concentrations (Table 1) showed no significant
difference (p>0.05). The rising calcium content after
extraction by immersion occurred due to the ability of
HCI to remove protein. Hence, the calcium was
concentrated. Herlina et al. (2021) reported that the
material immersion in HCI could cause a reaction. As a
result, the calcium contained in the material would be
dissolved. Premarathna et al. (2022) compared the
calcium content among some green, brown, and red
algae species and exhibited that green algae had the
highest calcium content. The species which contained
the highest calcium content in the previously mentioned
algae were consecutively H. opuntia, Padina
antillarum, and Gelidiopsis variablis. Their calcium
content was 21.28%, 20.21%, and 18.3%,
respectively. Another research by Lekahena et al. (2014)
showed lower calcium content in tilapia fishbone,
which was 21.48%.

Proximate Analysis

Proximate content, including moisture, ash, fat,
protein, and carbohydrate content, is displayed in Table
1. The different HCI concentrations used in H. opuntia
calcium extraction had no impact (p>0.05) on moisture
content. The increasing moisture content compared
to RM was caused by the reaction between CaCO,
and HCI that produced water. Rosnah et al. (2021)
reported that lower HCI concentrations produced lower
moisture content in calcium extracted from eggshells.

The influence of HCI usage in calcium extraction was
explained by Habte et al. (2019), water is one of the
compounds produced because of the reaction between
HCl and CaCO,. The moisture content obtained in this
research was much lower than that in fresh H. opuntia
analyzed by Premarathna et al. (2022), which was 95%.
The moisture content of Asian sea bass (Lates
calcalifer) obtained by autoclaving and bleaching by
Wijayanti et al. (2020) showed a similar value of 3-
4%.

HCI concentration had a significant effect (p<0.05)
on the ash content of extracted H. opuntia calcium.
However, there was no difference in ash content
between the CH1 and CH2 samples (p>0.05), yet their
value was higher than the CH3 sample (p<0.05).
However, this ash content was not linear with calcium
content (Table 1), which showed no difference among
samples. Even ash content decreased in CH3, but
calcium content was similar. The decrease of ash
content in CH3 might be due to the decrease of non-
calcium-mineral, which was dissolved and removed
during extraction. Soltani et al. (2019) explained that
leaching could dissolve apatite contained in a material
because calcium has high solubility in acid solvents.
Lowering ash content in CH3 was caused by the HCI
concentration that was too strong (Rahayu et al. 2022).
The increasing ash content after extraction (CH1, CH2,
and CH3) was noticed due to the lowering protein
content (Table 1). Kusumawati et al. (2022) explained
that increased ash content after chemical extraction
decreased protein. The ash content in this research is
higher than the ash contained in fresh H. opuntia
reported by Premarathna et al. (2022) was 47.36%.

The fat contained in the calcium extracted from H.
opuntia showed no significant difference (p>0.05)
among all samples (CH1, CH2, and CH3). No difference
in fat content was observed among all samples and
RM, which already had a low-fat content (0.27%).
Based on the analysis, it had been known that the fat
contained in H. opuntia was already shallow. No
change in the fat content of H. opuntia after calcium
extraction showed that HCI in this study couldn’t
remove the fat content of samples. Regarding the
analysis of fats in algae, Afonso et al. (2021) also
reported that algae had a low amount of fats. The fat
in this research was higher than Premarathna et al.
(2022), which reported 0.036% fat contained in fresh
H. opuntia, yet still lower compared to Asian sea bass
bio-calcium fat content, which shows a range value
of 10-12% (Wijayanti et al. 2020).

No difference in protein content among all samples
(CH1, CH2, and CH3) was observed (p>0.05). Thus,
it showed that HCI concentration did not affect the
protein content of extracted H. opuntia calcium.

Nirwasita, N.S, E., et al.,

Page 74 of 80



Squalen Bull. Mar. Fish. Postharvest Biotech. (2024) 19(1): 71-80

However, the protein content sharply decreased (in
comparison with RM) after extraction using HCI. The
lowering protein content in CH1, CH2, and CH3
correlated with using HCI as the solvent in extraction.
Based on the pH measurement conducted during the
research, the pH showed 2. An extremely acidic
environment can cause decreased protein, leading to
lower protein content in this research. Zhang and
Ertbjerg (2019) experienced protein denaturation at a
pH lower than 5.2. Applying HCI in chemical extraction
is known to be the best agent to produce a high
deproteinization rate. Hajhosseini et al. (2023) reported
that the use of HCI as the agent for deproteinization
showed the highest number rather than the
deproteinization rate number using trichloroacetic acid
(TCA). Premarathna et al. (2022) reported higher
protein content in fresh H. opuntia compared to this
research, which was 16.72%.

The concentration of HCI during extraction had a
different effect on carbohydrate content (P<0.05). The
highest carbohydrate content was noticed for CH3,
the highest concentration of HCI used in extraction.
However, no significant difference in carbohydrate
content (p>0.05) was found between CH1 and CH2.
The declining value of carbohydrate content in CH1
and CH2 was caused by HCI’s ability to remove
polysaccharide compounds that sorted out
carbohydrates. Huang et al. (2021) explained that the
ability of HCI to reduce polysaccharides in a material
was higher than TCA. The carbohydrates contained
within can impact the appearance of a product, for
instance, color (Sumarto et al., 2021). The
carbohydrate value of extracted H. opuntia calcium
obtained in this research was still higher than that of
Raja et al. (2020), which showed a value of 3.24% in
the dried H. opuntia.

Color

The color characteristics of H. opuntia calcium
powders are shown in Table 1. Different HCI
concentrations used in the H. opuntia calcium
extraction had different effects on lightness (L*),
yellowness/blueness (b*), DE*-value and whiteness
index (WI1) (P<0.05%). However, different
concentrations of HCI had no impact on the redness/
greenness (a*) of calcium extracted from H. opuntia
(P>0.05). The lowest L*-value was noticed for the
CH3 sample (P<0.05). However, no lightness
difference was found between CH1 and CH2 (P<0.05).
The decreasing L*-value in CH3 might be related to
the increasing carbohydrate value in CH3 shown in
Table 1. Lekahena et al. (2014) stated that melamine
formation, which led to the decreasing L*-value, could
be caused by the reaction between the acid used in

extraction and the aldehyde contained in carbohydrates.
The value of L* in this study was lower than the Asian
sea bass bio-calcium’s L*-value obtained by Wijayanti
et al. (2020), which was around 90 due to the bleaching
agent used in that study. Using bleaching agents like
hydrogen peroxide and sodium hypochlorite could rised
the L*-value in Asian sea bass bio-calcium (Wijayanti
et al. 2020).

The use of different HCI concentrations had no
impact on the redness or greenness (a*) value of all
samples (p>0.05). The a*-value in this research
showed positive (+) values as the meaning of the
redness tendency. The same a*-value in this study was
related to carbonate content in calcium powder. A high
carbonate level contained in the sample would result in
a lower a*-value. Sun et al. (2011) mentioned that the
carbonate content in a sample affected its a*-value,
while organic compounds did not have any strong
relation with a*-value. Liang et al. (2023) added that
organic compounds were not related to a*-value since
the color produced tended to be darker and not red.
The value of a* in this study was higher than the a*-
value obtained by Wijayanti et al. (2020) in Asian sea
bass bio-calcium because of the use of hydrogen
peroxide and sodium hypochlorite.

HCI concentrations significantly impacted the b*-
value of calcium extracted from H. opuntia (P<0.05).
The differences in b*-value among all samples (CH1,
CH2 and CH3) were noticed (P<0.05). The highest
b*-value was observed for CH3, while the lowest b*-
value was noticed for CH1 (P<0.05). In the highest
concentrations of HCI, the highest b*-value was
noticed. The positive (+) symbol on b* values means
that CH1, CH2, and CH3 had a yellowness tendency.
The increasing b*-value was caused by the impurity
that had not dissolved during extraction. Kemperl and
Macek (2009) mentioned that the high yellowness
value in CaCO, powder was caused by the undissolved
impurities concentrated in precipitated calcium powder.
Wijayanti et al. (2020) also obtained an increasing Asian
sea bass bio-calcium’s b*-value, ranging from 5 to 10
because of the Maillard reaction. The reaction happened
due to the reaction between free amino acids and
carbonyl due to fat oxidation during bleaching.

Difference concentrations significantly affected the
AE-value of H. opuntia calcium (P<0.05). The highest
value of AE was found for CH3 (P<0.05), while the
lowest AE-value was noticed for CH1 sample
(P<0.05). The higher AE obtained in a sample referred
to the bigger difference between the sample and the
white standard. The AE-value in all samples (11-16)
showed that they were similar to the white standard.
Yildirim et al. (2020) added that the AE-values are
categorized into <1 for the unseen difference between
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sample and standard, 1-2 for the difference between
sample and standard that is slightly seen after deep
observation, 2-10 for the difference between sample
and standard that is slightly seen without deep
observation, 11-49 for the similar color between sample
and standard, and 100 for completely different sample
and standard. Wijayanti et al. (2020) obtained lower
AE-values in Asian sea bass bio-calcium, which ranged
from 5 to 10 and stated that the lower AE obtained,
the brighter the bio-calcium powder appeared.

Different HCI concentrations used in H. opuntia
calcium extraction had a significant impact on the
whiteness index (WI) (p<0.05). The value of WI in
CH3 was the lowest, meaning that 3N of HCI affected
on sample’s W1 (p<0.05). The value of W1 in this study
was inversely proportional to b*-value (Table 1).Hence,
the sample with the lowest W1 value showed the highest
b*-value.. The high yellowness is resulting in a low
WI. This statement was in line with Varan and Altay
(2022) that yellowness will affect a sample’s
whiteness. The visual appearance among samples was
also different, especially in CH3, which had a more
yellowish color (Figure 1). Kusumawati et al. (2022)
explained that the physical extraction method had lower
bioavailability than chemical extraction, such as acidic
and alkaline. Another factor that could lead to low WI
value is undissolved impurities. Sulistiyono et al. (2018)
exhibited that commercial CaCO, had higher WI than
non-commercial CaCO3 extracted by HCI because of
the non-calcium mineral that did not dissolve during
extraction. Wijayanti et al. (2020) mentioned that using

bleaching agents could affect the WI of the Asian sea
bass bio-calcium. The W1 value in this study was lower
than CaCO, obtained by Erdogan and Eken (2017),
which exhibited a value of 91,28% because of the
calcination using very high temperatures.

Particle Size

No significant difference (p>0.05) was observed
in the particle size of calcium powder obtained from
H. opuntia as affected by varying concentrations of
HCI (Table 1). Thus, using different HCI concentrations
did not influence the size of extracted H. opuntia
calcium (p>0.05). Ray et al. (2021) stated the opposite,
where the particle size experienced a reduction in line
with the increasing concentration of solvent used in
extraction. Wijayanti et al. (2020) proved pre-treatment
before the extraction process, such as applying
pressure heating, to produce finer bio-calcium powder
texture and more uniform particle size. In the other
study, Wijayanti et al. (2021) stated that using ultrasonic
waves through ultrasonication was also proven to
produce four to nine times smaller bio-calcium particle
size.

The particle size distribution curve of calcium
extracted from H. opuntia using different
concentrations of HCI is shown in Figure 1. A
Monomodal (one peak) pattern was observed in all
samples, and a slight difference in the size of the curves
was observed. CH1 showed the narrowest shape, while
CH3 showed the widest. The curve narrowness in CH1

[
Particle slze (pm)

- 4
A

- e L 143 b

Figure 1. Particle Size Distribution of Extracted Calcium from H. opuntia. (CH1) calcium extracted using 1N
HCI, (CH2) calcium extracted using 2N HCI, (CH3) calcium extracted using 3N HCI.

could be referred to as the more homogenous calcium
particle shown in the SEM imaging (Figure 1). The
wideness of the curves implied the homogeneity of
the material’s particle size. The narrower it gets, the

more homogenous the particle size. The amount of
the peak that appeared could also be used as the standard
to determine the homogeneity of the particle size.
Wijayanti et al. (2020) exhibited two different types of
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curves, which were monomodal (one peak) and bimodal
(two peaks), where the monomodal curve implies better
homogeneity of particle size.

Scanning Electron Microscope (SEM)

The microstructure of H. opuntia calcium powder
extracted using different HCI concentrations is
displayed in Figure 2. (Figure 2a, 2b, and 2c). Different
microstructures of CH1, CH2 and CH3 samples were
observed. CH1 showed a single cubical shape particle,
which was also non-porous. For the CH2 sample,
agglomeration started occurring in some parts of the
particle and still showed a non-porous surface. The
significant change looked very differently in CH3,
which completely agglomerated and the shape was

more rounded. These statements proved that different
HCI concentrations affected the morphology of calcium
extracted from H. opuntia. This result was in line with
Ray et al. (2021), which showed the CaCO3 particles
were non-porous, and the shape became rounder as
the extraction solvent concentration raised. The cause
of the particle’s agglomeration was because of the
exceeded amount of Ca*" in the solvent that led to the
alteration of ionic charge that became neutral.

X-Ray Diffraction (XRD)

Diffractogram patterns of calcium extracted from
H. opuntia using HCI at different concentrations are
shown in Figure 3. Scanning at an angle of 2& 10° to
90° showed no difference in diffractogram pattern

Figure 2. Microstructure (a, b, ¢) and the powder (1, 2, 3) of Calcium from H. opuntia extracted using 1N HCI
(a, 1); 2N HCI (b, 2) and 3N HCI (c, 3).

ZH1

P B L 1

CH2

Figure 3. H. opuntia Extracted Calcium Diffractogram Pattern. (CH1) calcium extracted using 1N HCI, (CH2)
calcium extracted using 2N HCI, (CH3) calcium extracted using 3N HCI.
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among all samples. Three diffractogram patterns
showed that using different concentrations of HCI
during extraction produced calcium with the same
phase, calcite. The degree of crystallinity for CH1,
CH2, and CH3 was respectively 79.4%, 80.2%, and
78%. Based on the analysis by comparing the diffraction
pattern with the database, it clearly understood that
the calcium extracted from H. opuntia had the same
pattern as CaCO,. This result was connected with the
statement of Swarnam et al. (2021) that H. opuntia
contains a high level of CaCO, within cells. The
diffractogram pattern in this research was also the same
as eggshells and seashells” which were exhibited by
Supriyanto et al. (2019) and Dampang et al. (2019).
However, the pattern of calcium extracted from H.
opuntia differed from that extracted from Asian sea
bass bone carried out by Wijayanti et al. (2020), as the
pattern referred to hydroxyapatite.

The number of peaks that appeared in CH1 was
28, with the highest peak appearance at 29.4°, 39.4°,
43.1°, 47.5° and 48.5°. CH2 showed 25 peaks with
the highest appearance at the angle of 29.4°, 39.4°,
43.1°, 47.5° and 48.4°. 24 peaks appeared in the CH3
diffractogram pattern, with the highest peak appearance
at the angle of 29.4°, 39.4°, 43.2°, 47.5°, and 48.5°.
The number of angles that appeared also strengthened
the proof that different HCI concentrations used did
not affect the pattern of calcium extracted from H.
opuntia. The consistency of peak appearance in this
research was similar to Luo et al. (2020), which
showed similar highest peaks that emerged at the angle
of 29.4°, 36°, 39.4°, 43.2°, 47.5°, and 48.5°.

Conclusion

The use of different hydrochloric acid (HCI)
concentrations gave a significant effect (p<0.05) on
ash content, carbohydrate content, lightness (L*),
yellowness or blueness (b*), AE-value, whiteness
index (W1), but no difference effect on calcium,
moisture, protein, fat content and a*-value were
observed when different HCL’s concentrations were
used. The calcium extracted by HCI 1N (CH1) showed
the best result for color characteristics. The SEM
microstructural analysis showed a non-porous surface
and a single cubical shape in CH1. The diffractogram
pattern of calcium extracted from H. opuntia using
different concentrations by XRD exhibited the same
pattern as CaCO, for all samples. HCI solvent at 1 N
can produce calcium powder from H. opuntia with
high calcium content and better color characteristics.

Supplementary Materials

Supplementary materials is not available for this article
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