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As a consequence of the alarming rise in antimicrobial resistance, this study aimed at evaluating the bioactive
potential of sea urchin extract, Diadema sp. Two different tissues; shells and gonads were used and two drying
methods were compared; freeze-drying (FD) and non-FD (NFD). Statistically, significant interaction was observed
between the drying methods and solvents used. Compared to the gonadal tissue, NFD methanolic shell extract
reported higher extraction yield, 9.13 ± 0.87%. Phenolic content assessed using the Folin–Ciocalteu method was
higher in NFD gonadal extract, 688.1 mg gallic acid equivalents/g distilled water. Promising antimicrobial activity
was recorded using agar disc diffusion and results confirmed using minimum inhibitory concentration. Among the
bacteria used, Escherichia coli and Staphylococcus aureus were more vulnerable, reporting inhibition zone of 16.3
± 1.37 mm and 17.1 ± 0.23 mm using NFDSM and FDGM extract, respectively. DPPH antioxidant assay showed
NFDSM having better activity than the positive control, half maximal inhibitory concentration of 3.77 µg/ml. No
significant larvicidal activity was recorded. Diadema sp. are a potential source of novel antimicrobial compounds
and suggest its possible use as natural food-grade antioxidant. This study also shows NFD method and methanol as
the recommended solvent for maximal bioactivity.
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1. INTRODUCTION

2. MATERIALS AND METHODS

Sea urchins are constantly surrounded by a microbial population
that can be as high as 106 to 109 ml [1]. Yet, they have survived over
200 years [2], indicating their strong bioactive potential. The aim of
this study was to investigate their bioactive potency and the impacts of
different drying methods on such activities. Secondary metabolites are
largely influenced by the extraction solvents and drying methods used.
It was first hypothesized that the destructive nature of freeze-drying
(FD) process will both conserve the secondary metabolites by limiting
the biological activity and increases the extraction yield. Sea urchins are
intriguing creatures; the strength of their biological potency is reflected
in the color of their spines [3]. Species from Diadema genus, known
to be slightly venomous, were used in this study. The shells and spines
which are normally discarded after consumption contain different kind
of polyhydroxylated naphthoquinones (PHNQs) responsible for the most
biological activities [4]. Since organisms belonging to the same phylum
share-related developmental and evolutionary resemblance, it was
hypothesized that Diadema urchins might also exhibit larvicidal activity.

2.1. Sample Collection and Identification
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Samples were collected in the South East coast of Mauritius Island
by snorkelling. They were morphologically identified as per [5-7],
dissected and stored at −20°C until further analysis.

2.2. Sample Extraction
Gonadal and shell extracts were obtained as described by [8], with
some slight modifications. 20 g of FD gonads were homogenized
using a mortar and pestle on ice and transferred into a conical flask
containing 50 ml of concentrated chloroform in a shaker (135 rpm for
6 days). The mixture was filtered and centrifuged. The supernatant was
filtered and extract concentrated using a rotary evaporator at 40°C,
140 rpm. The same procedure was applied using FD shells, non-FD
(NFD) samples and using a second solvent, methanol.

2.3. Total Phenols
The Folin–Ciocalteu method was used to determine the total
phenolic content (TPC) of the extracts. Extracts were prepared to a
concentration of 100 µg/ml and transferred to a test tube containing
0.5 ml of distilled water (DW) and 0.25 ml of Folin–Ciocalteau
solution. The tubes were vortexed, and after 3 min, 1.25 ml of 20%
sodium carbonate solution was added. The tubes were incubated at
40°C for 40 min and absorbance read at 725 nm. The standard curve
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of gallic acid was used to calculate the TPC of extracts as gallic acid
equivalents (GAE).

2.4. Antibacterial Bioassay
Four bacterial strains were used in this study: Escherichia coli,
Acinetobacter spp., Staphylococcus aureus, and Enterococcus spp.
Agar disc diffusion was used as preliminary screening and activities
were confirmed employing minimum inhibitory concentration
(MIC) [9]. Sterile discs of Whatman No.1 filter paper were dipped in
10 µl of 100 mg/ml sea urchin extracts. The plates were inverted and
incubated at 37°C for 24 h. Inhibition zone was measured using a ruler
in mm. Tetracycline was used as positive control while the negative
controls used were 70% methanol and chloroform.

2.4.1. MIC and minimum bactericidal concentration (MBC)

Extract showing clear inhibition zone was selected for the
determination of MIC and MBC. 100 µl extracts were two-fold serially
diluted with 100 µl Mueller–Hinton Broth. Methanol and chloroform
were used as negative control and 10 mg/ml of chloramphenicol as a
positive control. Bacterial inoculums were diluted to a concentration
of 106 colony-forming units/ml, and for a clear distinction, 40 µl of
0.2 mg/ml p-iodonitrotetrazolium violet (INT) dye indicator was
added to each well.
MBC consisted of sub-culturing from the well showing no microbial
growth onto a free antibiotic medium, incubated at 37°C. Point MBC
was considered only if no bacterial colony was observed [1].

2.5. Antioxidant Assay
Antioxidant testing was as described by [10]. 2 ml of 0.16 mM
methanolic solution of DPPH was added to a test tube containing
2 ml of an aliquot of extract. The tubes were incubated in the dark,
at room temperature for 30 min. Absorbance was read at 517 nm
and scavenging capability of the extract calculated using the formula
below.

Scavenging effect (% )

Absorbance of sample −
Absorbance of sample blank
=
[1 −
] × 100
Absorbance of control

The control comprised of 2 ml methanol and 2 ml of DPPH methanolic
solution and the blank comprised of sample and methanol only.
Ascorbic acid was used as a positive control.

2.6. Larvicidal Assay
The standard bioassay protocol by [11] was used to assess the
larvicidal activity of the extract. The extracts were diluted to a
concentration ranging from 0.5% to 2% and third instar larvae,
A. aegypti were exposed to the solution. This bioassay was carried
out at room temperature and observation made after 12, 24, 36, and
48 h. Temephos was used as a positive control while water and the
solvents only were used as a negative control. The probit scale analysis
was used to determine the half maximal inhibitory concentration (IC50)
values of the extract.
3. RESULTS AND DISCUSSION

3.1. Sample Identification
By means of its long, black, and slender-like nature of its spines,
Diadema species are easily distinguished from other echinoderms [1].

Most species consist of certain morphological traits that soon become
faint in the air, making identification more confusing [12]. As such,
species were identified underwater itself and compared to [5-7,12].
The absence of an orange ring near the periproctal cone projection, the
presence of blue lines of iridophores, white spots on the interambulacral
areas and documentation from the Mauritius Oceanographic Institute
confirmed the identity of the sample as Diadema savignyi (Fig. 1).

3.2. Sample Extraction
Table 1 shows that methanolic shell extracts gave higher extraction
yield if compared to methanolic gonadal extract. However, if the
drying methods are compared, not using the FD process seems to be
a better option. Secondary metabolites are normally not subjected to
degradation when FD is employed although the contrary was observed
in this study. This conforms to what have been stated by [13] and [14]
that FD has different impacts on different samples. The extreme vacuum
applied during the FD process might have caused the important loss of
volatile and sensitive compounds, hence, explaining the low yield of FD
samples. Most of the bioactive compounds extracted from both shells
and gonads must have had a polarity index close to that of methanol, 5.1.

3.3. Total Phenols
Both volatile bioactives and polyphenols concentrations are known to
vary when samples are freeze-dried [13]. The results from Fig. 2 are
coherent to what has been reported by [13]. Indeed, NFD samples gave
higher phenolic content; 420 mg GAE/g DW and 688.1 mg GAE/g DW
for NFD methanolic shell and gonadal extract, respectively. However,
they are in disagreement to what was hypothesized; FD methanolic
extract would yield higher phenolic content as it restricts biological
activity. The high vacuum system employed during the FD process
might explain the subsequent phenolic compound degradation.
According to [15], the sea urchin diet can affect the gonadal
biochemical composition. This may probably explain why gonadal
extract yielded higher phenolic content.

3.4. Antibacterial Bioassay
3.4.1. Shell extract

The Kruskal–Wallis H test revealed no significant difference on a
comparison of the drying methods and inhibitory activity (P > 0.05).
The high potency of the shell extract can be explained by the presence
of the PHNQs, more specifically echinochrome A. According to [4],
echinochrome A has an inhibitory effect on both Gram-positive and
Gram-negative bacteria by disturbing the bacterial metabolism.

3.4.2. Gonadal extract

Similar to the shells, the gonads are also made up of echinochrome A
and carotenoids [15]. This may possibly explain its inhibitory effect
on the strains.
Table 1: Average yield (%) for both shells and gonadal extracts.
State

Shells

Gonads

Methanol

Chloroform

Methanol

Chloroform

NFD

9.13±0.87

3.58±0.92

8.23±0.92

2.28±0.76

FD

5.42±0.56

3.08±0.64

7.22±0.46

6.72±0.27

Interaction
Between state
*solvent

P
0.093

FD: Freeze‑drying, NFD: Nonfreeze‑drying

0.003
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In the current study, Gram-negative bacteria E. coli (16.3 ± 1.37 mm)
and Gram-positive bacteria S. aureus (17.1 ± 0.23 mm) proved to be
highly sensitive when NFD methanolic shell extract and FD methanolic
gonadal extract were employed, respectively (Tables 2 & 3). This
implies that FD gonadal extract conserved specific antibacterial
bioactives while using NFD shell extracts conserved freeze-dried
sensitive compounds.

and non-FD methanolic shell extract. This implies that as the
phenolic content increases so does the antibacterial activity. E. coli
and S. aureus were the most vulnerable strains using both the shell
and gonadal extracts, respectively, reporting both an MIC value of
6.25 µg/ml. While Enterococcus spp. and Acinetobacter spp. were
the least sensitive strains with MIC value of 12.5 µg/ml and 25 µg/
ml correspondingly.

Strong positive correlation between the TPC and antibacterial
activity of S. aureus was obtained using both FD gonadal chloroform

Compared to [1] who worked with Diadema setosum, higher MIC
value was obtained for S. aureus suggesting that D. savignyi being
more competitive than D. setosum exerts a potential antimicrobial
effect. MBC was also performed, and the extracts were found to have
a bacteriostatic effect.

3.5. Antioxidant Assay
3.5.1. Shell extract
i

iii

ii

Fig. 1: Comparing the length ratio of the central axis of the Y-shaped structure
to the V-component (i) Diadema sp. (ii) Diadema savignyi (iii) sample [12].

The NFD methanolic shell extract had slightly higher antioxidant
activity compared to the standard, with an IC50 of 3.77 µg/ml. Similar
results were obtained by [16], suggesting that PHNQ pigments are highly
concentrated in the shells. This was confirmed by the orange to the
brown-like color of the extracts. In the current study, a concentration of
30 µg/ml yielded 97.6% (Fig. 3) inhibition exceeding that of the control,
96.1%. This suggests that NFD methanolic shell extract has a strong
antioxidant potential similar to that of the pure compound, ascorbic
acid. A statistically strong significant correlation was obtained for the
NFD methanolic shell extract, explaining that phenolic compounds are
responsible for the scavenging activity. These results are in line to [17],
PHNQ highly resembles the polyphenolic components.

3.5.2. Gonadal extract

Compared to the shell extracts, no gonadal extracts had an antioxidant
capacity as good as the positive control, ascorbic acid. Among the two
solvents, FD methanolic extracts yielded high activity with an IC50 of
6.11 µg/ml close to that of ascorbic acid 5.60 µg/ml (Fig. 4). Gonads
are generally known to contain high antioxidant capacity as they are
made up of both carotenoids and echinochrome A [15]. In addition to
the high solubility of echinochrome A in a polar solvent, the presence

Fig. 2: Total phenolic content of samples.
Table 2: Zone of inhibition (in mm) using the shell extract.
Bacteria

NFD

FD

Control
Positive

Negative

Methanol

Chloroform

Methanol

Chloroform

Tetracycline

Methanol

Chloroform

E. coli

16.3±1.37

11.7±2.19

11.5±1.53

8.89±0.80

23.0±0.58

‑

7.67±0.33

Acinetobacter sp.

11.1±1.29

7.67±0.77

9.0±0.33

7.78±0.29

27.3±0.33

‑

8.67±0.33

Enterococcus sp.

12.6±0.59

10.2±0.23

10.8±0.49

10.0±0.58

20.0±0.58

‑

7.33±0.33

S. aureus

12.0±0.88

8.0±0.33

15.2±1.35

12.2±0.88

32.0±0.58

6.67±0.33

7.0±0.00

E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, FD: Freeze‑drying, NFD: Nonfreeze‑drying

Table 3: Zone of inhibition (in mm) using gonadal extract.
Bacteria

NFD

FD

Control
Positive

Negative

Methanol

Chloroform

Methanol

Chloroform

Tetracycline

Methanol

Chloroform

E. coli

15.9±2.09

10.4±0.36

15.3±1.96

9.78±0.78

23.0±0.58

‑

7.67±0.33

Acinetobacter sp.

9.33±0.51

8.55±0.22

8.98±1.02

7.67±0.19

27.3±0.33

‑

8.67±0.33

Enterococcus sp.

10.0±0.34

9.55±0.48

12.1±0.72

9.55±0.22

20.0±0.58

‑

7.33±0.33

S. aureus

14.1±0.67

10.3±0.20

17.1±0.23

7.99±0.70

32.0±0.58

6.67±0.33

7.0±0.00

E. coli: Escherichia coli, S. aureus: Staphylococcus aureus, FD: Freeze‑drying, NFD: Nonfreeze‑drying
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Fig. 5: Larvicidal activity of the different extracts.
Fig. 3: Scavenging effects of shell tissue and standard ascorbic acid.

yield such a high larvicidal property (IC50: 1.381%). Comparison of the
larvicidal activity of both the shells and gonads suggest that the gonads
contain important larvicidal compounds.
The correlation between the TPC and larvicidal activity yielded
positive correlation for the NFD sample and negative correlation
for the FD sample. This meant that the larvicidal activity is directly
proportional to the NFD sample but inversely proportional to the FD
sample. Other than phenolic compound, the larvicidal activity can be
correlated to other unknown components.
4. CONCLUSION

Fig. 4: Scavenging effects of gonadal tissue and standard ascorbic acid.

of an OH group at the 2nd, 3rd, and 7th positions of the molecule
increases its scavenging capacity [18]. The difference in results can be
a consequence of substitution with other molecules such as methoxy,
methyl acetate, or amino [17].
Low activity was recorded for both the shell and gonadal chloroform
extracts. Non-PHNQ components could be among the many bioactives
extracted explaining these poor results.
Concerning the impact of the drying methods, FD methanolic extract
seems to increase the antioxidant capacity of gonads but using FD
sample appears to be a better option when chloroform is used as a
solvent.

The choice of drying methods and solvents used proved to be a crucial
step as it eventually influenced the bioassay results. Methanol turned
out to be the best solvent to remove the maximum amount of bioactive
components due to its high polarity index of 5.1. The non-FD process
conserved the highest amount of secondary metabolites for both the
shells and gonads, displaying an extraction yield of 9.13% and 7.22%,
respectively. The antimicrobial assay results demonstrate that both the
shell and gonadal extracts are a potential source of novel antimicrobial
drugs. The pigments found in the shells have potential scavenging
ability better than ascorbic acid and could be used as natural foodgrade antioxidant. The larvicidal activity exerted by Diadema urchins
were low compared to known organism exhibiting larvicidal activity
such as the sea cucumbers.
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