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ABSTRACT

The production of calcium oxide was investigated from waste oyster shells as a value-added application in
inhibiting bacteria. Oyster shell powder was prepared in 4 forms: natural oyster shell powder (NOSP) and
calcined in a programmable furnace for 2 hours at 700°C (OSP700), 800°C (OSP800) and 900°C (OSP900). All
forms were analyzed for physical properties using thermogravimetric analysis, X-ray diffraction and Fourier-
transformed infrared spectrometry. The results indicated that the calcium carbonate of NOSP, OSP700 and
OSP800 had a rhombohedral structure of calcite. On the other hand, the calcium carbonate structure of OSP900

changed to calcium oxide (CaO) and calcium hydroxide (Ca(OH)2). The findings were consistent with the
Fourier-transformed infrared spectrometry results as they showed the peak of C–O stretching, indicating a
calcite structure, whereas the characteristics of the Ca=O group and O–H stretching of the functional group
indicated the structures of CaO and Ca(OH)2. OSP900 showed qualitative antibacterial activity by its inhibition
zone on NA medium. Quantitatively, OSP900 had the highest antibacterial activity against Escherichia coli
and Staphylococcus aureus at concentrations of 0.5% and 1.0% w/v, respectively, with significant differences
for an exposure time of 30 minutes. In addition, OSP900 gave the best inhibition of E. coli in contaminated
vegetables at a concentration of 0.5% w/v. The results of this study revealed the usefulness of OSP900 for
further antibacterial applications in contaminated vegetables.
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Introduction

Thailand has a highly developed fisheries industry,
including cultivation, transportation, and process-
ing of seafood. In particular, the cultivation of
Saccostrea cucullata along the coast of eastern Thai-
land is well developed. A 2017 survey of the oyster
culture reported that Chonburi province alone pro-
duced 5,452,000 kg, increasing 98% from 2015.
Saccostrea cucullata is a nutritious seafood, so it is
very popular among consumers (Fisheries Statistics
of Thailand, 2017), resulting in increasingly large

quantities of waste as shells along the coastline that
are left to decompose naturally but this is consid-
ered unhygienic disposal. Recycling of the waste
oyster shells is possible since oyster shell contains
about 96% calcium carbonate (CaCO3) (Yoon et al.,
2003). When the oyster shell is heated at 700°C or
above, the calcium carbonate structure changes to
calcium oxide (CaO) (Alidoust et al., 2015). When
dissolved or exposed to moisture further changes to
calcium hydroxide (Ca(OH)2) (Miller et al., 2012), it
is a bacterial inhibitor (Oikawa et al., 2000).

Since vegetables are an agricultural product, they
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are often contaminated with bacteria during plant-
ing, harvesting, and transportation operations. In
addition, Thailand has hot and humid weather that
is suitable for the growth and easy spread of bacte-
ria in the environment. Bacterial contamination in
vegetables is often the major cause of gastrointesti-
nal disease in public health (Nataro et al., 2011) such
as from Staphylococcus aureus (S. aureus), a Gram-
positive bacterium causing acute food poisoning,
diarrhea and dermatitis (Tapaneeyakul and
Kongsuk, 2015). In addition, Escherichia coli (E. coli),
a Gram-negative bacterium causing food poisoning,
diarrhea and gastrointestinal disease. Based on such
data, researchers have been interested in turning
large quantities of waste oyster shells into more
valuable substances that can replace synthetic
chemicals and antiseptics. At present, only a few
reports on the use of waste oyster shells are avail-
able, especially regarding public health, hygiene
and the removal of bacterial contamination in veg-
etables.

The current study aimed to add value to waste
oyster shells of Saccostrea cucullata, by producing
calcium oxide for application in inhibiting the
Gram-positive bacterium S. aureus ATCC 25922 and
the Gram-negative bacterium E. coli ATCC 25923. In
addition, CaO from Saccostrea cucullata was applied
as a natural vegetable leaching material to reduce
contamination of E. coli in fresh vegetables before
consumption.

Materials and Methods

Preparation of oyster shell powder

The waste oyster shells used in this study were col-
lected at seaside Ang Sila, Chonburi province, Thai-
land. The shells were cleaned by brushes after dis-
carding the fresh remnant attached to them first.
Then, they were washed with deionized water, air-
dried at 60°C overnight, ground by a stone mortar
and passed through  250 micrometers nylon sieves
to provide natural oyster shell powder (NOSP)
(Tsou et al., 2018).

Study on properties of oyster shell powder

The prepared oyster shell powder was calcined at
700°C (OSP700), 800°C (OSP800) and 900°C (OSP900) in
a high temperature furnace (Chawatchot L9/12P,
Thailand) for 2 hours. Then, samples of NOSP,
OSP700, OSP800 and OSP900 were analyzed for physi-

cal characteristic changes and acidity (pH). The
change in percent weight loss was calculated using
equation (1) (Dangkanid, 1995):

(initial weight – final weight)
Weight loss (%) = × 100 (1)

initial weight

Then the powder samples were analyzed for
thermal characteristics using a thermogravimetric
analysis (TGA; Pyris Diamond, Perkin Elmer, USA),
for crystalline structure using an X-ray diffraction
(XRD; D8 Advance, Bruker AXS, Germany), and for
chemical functional groups using Fourier-trans-
formed infrared spectrometry (FTIR; FTIR-4100,
JASCO, Spain).

Preparation of bacteria

The bacteria used in the laboratory experiment were
prepared using Escherichia coli ATCC 25922 and Sta-
phylococcus aureus ATCC 25923 from the Depart-
ment of Medical Science, Ministry of Public Health,
Thailand (DMSC). Each species of the bacteria was
suspended in nutrient broth (NB) at 37°C for 24
hours. Bacterial samples were then transferred into
0.85% normal saline solution, and adjusted a den-
sity to about 1x108 CFU/mL with McFarland stan-
dard No. 0.5 (Roy et al., 2013).

Testing antibacterial activity

Qualitative antibacterial activity was tested against
E. coli and S. aureus using the halo test with 0.1 mL
of a cell suspension described above was spread
thoroughly on nutrient agar (NA). The NOSP,
OSP700, OSP800 and OSP900 solutions were prepared
by dissolving in aseptic distilled water to concentra-
tions of 1, 2, 3, 4 and 5% w/v. Each paper disc was
soaked in one of the different concentrations and
then exposed to bacteria cultured with NA, fol-
lowed by incubation at 37°C for 24 hours. Each test
was replicated 4 times. The inhibition zone around
the paper disc was measured and calculated accord-
ing to equation (2) (Kositchaiyong et al., 2010):

Dc – DsRa = In this equation, .. (2)
2

In this equation Ra is the inhibition zone (mm), Dc

is the transparent diameter (mm) and Ds is the diam-
eter of the paper disc (mm).

Quantitative antibacterial activity was tested
against E. coli and S. aureus using the plate count
technique on plate count agar (PCA) adapted from
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the ASTM E2149-01 standard by dissolving OSP900

in NB at concentrations of 0, 0.025, 0.05, 0.1, 0.5, 0.75
and 1.0% w/v. Then, samples (1 mL) of the pre-
pared E. coli, and S. aureus were added and shaken
at 170 rpm and 37°C for 5 and 30 minutes. Subse-
quently, ten-fold serial dilutions (0.1 mL) were
pipetted and spread thoroughly on the PCA surface,
followed by incubation at 37°C for 24 hours. The
procedure was repeated 4 times. The numbers of
colonies were counted and represented in colony
forming units per milliliter (CFU/mL) according to
equation (3) by (Chammanee et al., 2009) and used
to calculate the percentage ability to inhibit bacteria
according to equation (4):

A
CFU/mL = .. (3)

10n × B

In this equation A is the average of bacterial
group, n is the number of dilution times and B is the
volume of bacterial solution (0.1 mL).

C – D
Antibacterial activity (%)= × 100 .. (4)

C

In this equation, C is the number of bacteria sur-
viving after testing (no oyster shell powder added),
and D is the number of bacteria surviving after test-
ing (oyster shell powder added).

Statistical analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA) to compare the anti-
bacterial activity against E.coli and S. aureus for
OSP900 at different concentrations based on the SPSS
17.0 software package to differentiate the antibacte-
rial activity. The significance level was at p = 0.05
level.

Test for antibacterial activity in vegetables

Antibacterial activity was tested against E. coli in

vegetables by counting the colonies of infection on
Eosin-methylene blue agar (EMB) as adapted from
the American Public Health Association Compen-
dium of Methods for the Microbiological Examina-
tion of Foods (2015).  First, 1 g of bean sprouts and
1 g of lettuce were soaked in OSP900  solution at con-
centrations of 0, 0.25, 0.5 and 1% w/v for 5 minutes,
then soaked in 0.85% normal saline solution. Ten-
fold serial dilutions (0.1 mL) were pipetted and
spreading on EMB agar. Each spread plate was in-
cubated at 37°C for 24 hours. The procedure was re-
peated 4 times. Then, the numbers of colonies were
counted and the colony forming units per milliliter
(CFU/mL) were determined according to equation
(3) (Chammanee  et al., 2009) and the percentage of
antibacterial activity was calculated using equation
(4).

Results and Discussion

Physical characteristics of oyster shell powder

The physical characteristics of oyster shell powder
are shown in Figure 1 and Table 1. The outer shell
was a dark grayish color with a hard, thick, and
rough surface (Figure 1A) that turned to dark gray
when crushed and sifted (Figure 1B). After calcina-
tion at 700°C (OSP700) and 800°C (OSP800), the weight
of the shell powder reduced by 3.93% and 21.38%,
respectively, the color changed to light gray and the
sample became brittle (Figure 1C, 1D). Following
calcination at 900°C, the weight lost by 76.10%, and
the color changed to white and the sample became
brittle (Figure 1E). The percentages of weight loss
after the shell powder had been calcined were con-
sistence with Boonyuen et al. (2015). The oyster shell
powder calcined at low temperatures had only a
slight reduction in weight unlike the calcinations at
high temperature. The changes in color and weight
of the shell powder were caused by high tempera-

Fig. 1. Physical characteristics of oyster shell (A), natural oyster shell powder (NOSP) (B), oyster shell powder calcined
at 700°C (OSP700) (C), oyster shell powder calcined at 800°C (OSP800) (D), and oyster shell powder calcined at
900°C (OSP900) (E)

(A) (B) (C) (D) (E)
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ture calcination that induced oxidation reactions
while releasing heat. At the same time, the calcium
carbonate decayed to calcium oxide and carbon di-
oxide as described in the equation (5):

TGA to study the behavior of the oyster shell after
calcination from 40 to 1,000°C with increments of
10°C per minute. The results of the analysis (Figure
2) showed that NOSP went through 2 temperature
ranges. For the temperature range 40.0-635.6°C, the
weight of the oyster shell was 4% lower, as organic
matter in the oyster shell changed to carbon and
then ash at higher temperature. On the other hand,
for the temperature range 635.6-704.8°C, the weight
of the oyster shell decreased by 41.57% by weight as
the structure of the shell changed from calcium car-
bonate to calcium oxide.

The changes in the crystalline structure of the
crushed shell observed using XRD (Figure 3),
showed that NOSP, OSP700 and OSP800 had primarily
a calcium carbonate structure characterized by a
rhombohedral, R-3C (167) pattern. X-ray diffraction
patterns were detected at an angle of 2 equal to
23.0°, 29.4°, 31.5°, 36.0°, 39.4°, 43.2°, 47.4° and
48.5°which were consistent with the JCPDS data-
base no.05-0586. The results were consistent with
the small changes in the percentage weights shown
in Table 1.

Calcination at lower temperatures only removed
the organic compounds; therefore, the crystalline
structure did not change. On the other hand, there
were structural changes for OSP900 (from calcium
carbonate to calcium oxide), with the X-ray diffrac-
tion patterns detected at an angle of 2 equal to
32.2°, 37.5°, 54.0°, 64.2° and 67.5°, which were con-
sistent with the JCPDS database no. 78-0649. With
the subsequent change to calcium hydroxide, the X-
ray diffraction patterns at 2 were 28.6°, 34.1°, 47.1°
and 50.8°, which were consistent with the JCPDS
database no. 76-0570. These findings differed from
Boonyuen et al. (2015) whose experimental results
indicated that the natural shells of mussels, sweet
clams, and cockles had a calcium carbonate struc-
ture of orthorhombic, aragonite crystals. When
heated above 500°C, the calcium carbonate structure
changed its form to rhombohedral calcite crystals.

The results of the analysis of functional groups
by measuring the absorption based on FTIR from
the different shell powder samples in the 400-4000
cm-1 wavenumber range are shown in Figure 4. The
detected peaks for NOSP, OSP700 and OSP800 had the
same characteristics. The functional groups for the
calcium carbonate in the oyster shell had wave-
numbers at 713 and 875 cm-1 which indicated the
peaks of the C–O function and the stretching oscil-
lation mode of carbonate ion (CO3

2-).  The peak at

Table 2. Acidity of NOSP, OSP700, OSP800 and OSP900 at
different concentrations

Sample pH level
concentration NOSP OSP700 OSP800 OSP900

(% w/v)

0.025 9.36 10.12 11.72 12.07
0.05 9.44 10.77 11.97 12.12
0.10 9.52 11.11 12.17 12.37
0.50 9.63 12.01 12.45 12.51
0.75 9.68 12.16 12.50 12.52
1.0 9.69 12.24 12.51 12.56

Note: NOSP = natural oyster shell powder, OSP700 = oys-
ter shell powder calcined at 700°C, OSP800 = oyster shell
powder calcined at 800°C and OSP900 = oyster shell pow-
der calcined at 900°C.

Table 1. Physical characteristics and weight loss of
NOSP, OSP700, OSP800 and OSP900

Sample Physical characteristic
Color Softness Weight

loss (%)

NOSP Dark gray Hardness -
OSP700 Light gray Brittle 3.93
OSP800 Light gray Brittle 21.38
OSP900 White Brittle 76.10

Note: NOSP = natural oyster shell powder, OSP700 = oys-
ter shell powder calcined at 700°C, OSP800 = oyster shell
powder calcined at 800°C, and OSP900 = oyster shell pow-
der calcined at 900°C.

CaCO3 (s)   CaO (s) + CO2 (g) .. (5)

Table 2 shows that oyster shell powder had an
alkaline condition (pH > 7) both before and after
calcination. The alkalinity increased with increases
in the percentage of concentration and calcination
temperature of NOSP, OSP700, OSP800, and OSP900.
For OSP900 at a concentration of 1.0%, the maximum
alkalinity was 12.56 and was consistent with the re-
sults of Yen and Li (2015). When oyster shell pow-
der was calcined at 900°C, the proportion of miner-
als in the oyster shell powder changed with calcium
carbonate (a mild alkali) changing to calcium oxide
and calcium hydroxide that has higher alkalinity.

NOSP was analyzed for thermal properties using
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713 cm-1 indicated the characteristics of calcite. On
the other hand, the peak at 1419 cm-1 represented the
C=O functional group, the stretching oscillation
mode of CO2 caused by the combustion process of
CO3

2-and CO2 from the environment. In addition,
there was a small peak at 1797 cm-1, which indicated
the C=O functional group, the stretching oscillation
mode of CO3

2-. The peak at 2515 cm-1represented the
C=O functional group with HCO3

- stretching oscil-
lation mode (Chang et al., 2019). The peak at 2870
cm-1 belonged to the functional group of C–H,
stretching oscillation mode of organic matter in the
shell (Areeprasert et al., 2014).  When heated to
900°C, OSP900 decayed from calcium carbonate to
calcium oxide and calcium hydroxide as indicated
by the detection of the oscillation peak of the Ca=O
functional group at approximately 523 cm-1 and the
peak of the O–H functional group, the stretching os-
cillation mode of Ca(OH)2 at approximately 3641
cm-1 (Choudhary et al., 2015; Huh et al., 2016). How-
ever, the peak of the C–H functional group was not
found due to the complete decomposition of organic
matter. These finding were consistent with the

Fig 2. Thermogravimetric curves of natural oyster shell powder

Fig 3. X-ray diffraction patterns of natural oyster shell
powder (NOSP), oyster shell powder calcined at
700°C (OSP700), oyster shell powder calcined at
800°C (OSP800), and oyster shell powder calcined
at 900°C (OSP900)
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analysis of crystalline structural changes (using
XRD) for calcium oxide, which is sensitive to hy-
drolysis, turning to Ca(OH)2, as shown in the equa-
tion below, and having high alkalinity properties
(Mohamed et al., 2012; Oikawa et al., 2000):

CaO (s) + H2O (l)   Ca(OH)2 (s) + 15.2 kcal

Antibacterial activity

The results of the study of antibacterial activity
against E. coli and S. aureus by measuring the inhibi-
tion zone indicated no inhibition zones for NOSP
and OSP700. However, there were inhibition zones
for OSP800 and OSP900 with both E. coli and S. aureus
at all concentration levels. 5% of OSP900 achieved the
highest antibacterial activity against both types of
bacteria, as shown in Figure 5; this was consistent
with the structure of OSP900

 being calcium oxide and

calcium hydroxide with high alkalinity, as well as
the Ca=O functional group being ionized as a super-
oxide anion (O2

-) and the O–H functional group be-
ing ionized as a hydroxyl ion (OH-) with a strong
reaction to the peptidoglycan of the bacterial mem-
brane. This caused damage to the cell membranes of
bacteria or DNA and the subsequent death of bacte-
rial cells (Mohammadi et al., 2012).

The quantitative antibacterial activity against E.
coli and S. aureus at 5 and 30 minutes is shown in
Table 3. OSP900 at 0% w/v concentration had no an-
tibacterial activity against both types of bacteria.
OSP900 at concentrations of 0.025, 0.05 and 0.1 % had
antibacterial activity against E. coli and S. aureus that
was significantly different from the activity of
OSP900 at concentrations of 0.5, 0.75, and 1.0%.
OSP900 at 0.5% w/v concentration entirely inhibited
E. coli (Figure 6A, B and 7A, B). OSP900 at 1.0% w/v
concentration entirely inhibited S. aureus (Figure 6C,
D and 7C, D). The levels of antibacterial activity

Fig. 4. Infrared spectra of natural oyster shell powder
(NOSP), oyster shell powder calcined at 700°C
(OSP700), oyster shell powder calcined at 800°C
(OSP800) and oyster shell powder calcined at
900°C (OSP900)

Fig. 5. Inhibition zone of natural oyster shell powder
(NOSP), oyster shell powder calcined at 700°C
(OSP700), oyster shell powder calcined at 800°C
(OSP800) and oyster shell powder calcined at
900°C (OSP900) on NA medium against: E. coli (A)
and S. aureus (B) after 24-hour incubation at 37°C

(A) (B)

Table 3.  Antibacterial effects of OSP900 against E. coli and S. aureus at 5 and 30 minutes

OSP900 Bacterial count (CFU/mL) Antibacterial activity (%)
concentration E. coli S. aureus E. coli S. aureus E. coli S. aureus E. coli S. aureus
(% w/v) 5 min 5 min 30 min 30 min 5 min 5 min 30 min 30 min

0 3.2×105 9.0×106 1.6×105 2.7×105 0 0 0 0
0.025 3.0×105 7.0×106 3.9×104 2.6×105 57.90a 19.60a 77.50a 12.67a

0.05 2.5×105 6.0×106 3.5×104 2.6×105 63.13a 28.60ab 76.00a 24.83b

0.1 2.2×105 5.0×106 3.0×104 2.4×105 60.17a 40.27b 80.00a 27.27b

0.5 < 30 < 30 < 30 < 30 100.00b 99.20c 100.00b 98.63c

0.75 < 30 < 30 < 30 < 30 100.00b 99.97c 100.00b 98.20c

1.0 < 30 < 30 < 30 < 30 100.00b 100.00c 100.00b 100.00c

Note: Different letters within a column indicate significant differences (p < 0.05)
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against E. coli and S. aureus at 5 minutes of exposure
time were not significantly different. In contrast, at
30 minutes exposure time, the antibacterial activity
against E. coli was significantly higher than that
against S. aureus. This finding was consistent with
the structural characteristics of Gram-positive bacte-
ria having 90% of the cell membrane composed of
peptidoglycans and its teichoic acid linking to
peptidoglycans which increases the strength of the
cell membrane that are thicker than for Gram-nega-
tive bacteria as well as the cells membrane contain-
ing unsaturated fatty acid called Lipopolysaccha-
ride which enables for an easily oxidation  process

by hydroxyl ion (OH-) and superoxide ion
(O2

–) that are formed by Ca=O functional group in
the lipid peroxidation. Consequently, inhibition of
E. coli was easier than that of S. aureus (Peng et al.,
2010).

Antibacterial activity against bacteria in vegetables

The antibacterial activity of OSP900 against E. coli in
bean sprouts and lettuce for 5 minutes is shown in
Figure 8 and Table 4. At the 0% w/v concentration
of OSP900 level, the growth of E. coli colonies on solid
EMB agar was observed as many small black dots in
the middle and a metallic sheen. Testing for antibac-

(A) (B) (C) (D)

Fig. 6. Colonies of bacteria on PCA medium with OSP900 at 5 minutes of exposure time: 0.1% w/v OSP900 / E. coli (A),
0.5% w/v OSP900 /E. coli (B), 0.75% w/v OSP900 /S. aureus (C) and 1.0% w/v OSP900 /S. aureus (D)

Fig. 7. Colonies of bacteria on PCA medium with OSP900 for 30 minutes of exposure time: 0.1% w/v OSP900 /E. coli (A),
0.5% w/v OSP900 / E. coli (B) 0.75% w/v OSP900 /S. aureus (C) and 1.0% w/v OSP900 /S. aureus (D)

(A) (B) (C) (D)

Table 4. Escherichia coli counts for bean sprouts and lettuce soaked in solutions of antibacterial agent (OSP900) for 5 min-
utes

OSP900 Bean sprouts Lettuce
concentration Dilution E. coli Antibacterial E. coli Antibacterial
(% w/v) (CFU/g) activity (%) (CFU/g) activity (%)

0 1 x 102 > 300 - > 300 -
0.25 1 x 102 < 30 98.6 < 30 99.2
0.50 1 x 102 < 30 100 < 30 100
1.0 1 x 102 < 30 100 < 30 100
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terial activity against E. coli at concentrations of
OSP900 at 0.25, 0.5 and 1.0% indicated that E. coli was
inhibited in both bean sprouts and lettuce at all con-
centration levels. The 100% inhibition level was
reached at the concentration of OSP900 at 0.5 % w/v,
in line with Oikawa et al. (2000) where calcium ox-
ide produced by wild surf clams had antibacterial
activity against coliform bacteria in vegetables.
Therefore, based on this study, OSP900 produced
from natural materials and used in a small amount
to soak vegetables before consumption for only 5
minutes could effectively inhibit bacterial contami-
nation in fresh vegetables.

Conclusion

This study on calcium oxide from Saccostrea
cucullata shells demonstrated the important role of
the calcination temperature in the structural
changes in calcium carbonate. Natural oyster shell
powder (NOSP) and shell powder calcined at a low
temperatures of 700°C (OSP700) and 800°C (OSP800)
had an original structure of calcium carbonate.
However, when heated to 900°C (OSP900), the struc-
ture changed from calcium carbonate to calcium
oxide and calcium hydroxide and had antibacterial
activity against E. coli and S. aureus. Qualitatively,
the inhibition on E. coli zone was visible in testing.
Quantitatively, 0.5% w/v concentration of OSP900

produced 100% inhibition on E. coli, at 5 minutes of
exposure time. For S. aureus, the same inhibitory ef-
fect was evident at OSP900 for a concentration of 1.0%
w/v at 30 minutes of exposure time. E. coli in bean
sprouts and lettuce was 100% inhibited at a   con-
centration of 0.5% w/v based on a 5 minute infusion
of the fresh vegetables.

Fig. 8.  Colonies of bacteria on EMB agr with OSP900 used to soak bean sprouts and lettuce: 0% w/v OSP900 / been sprout
(A), 0.5% w/v OSP900 /bean sprout (B), 0% w/v OSP900 / lettuce (C) and 0.5% w/v OSP900 lettuce (D)

(A) (B) (C) (D)
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