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Introduction

Abstract

Growing demand for sustainable, nutritious feed in aquaculture has led to the
exploration of carotenoid-rich natural sources. This study examined the total
carotenoid content (TCC) and pigments from three sources: the fruit of palmyrah plant,
the shell of green tiger prawn, and a red seaweed. Using appropriate solvents, the
crude yields were extracted, and carotenoid pigments were characterized through
Liquid Chromatography Mass Spectrometry. Acetone and methanol were the most
effective solvents for fruit of the palmyrah and shell of the prawn, while acetone and
ether were used for a red seaweed. The green tiger prawn shells had the highest TCC
(ug g?) (377.1£27.2), followed by palmyrah fruit (230.97+8.71) and red seaweed
(156.51+22.14). Palmyrah fruit exhibits a high number of pigments, beta-carotene,
phytoene, lutein, violaxanthin, and lycopene, suggesting its potential as a natural
source for dietary supplements. Prawn Shell revealed the presence of astaxanthin, a
potent antioxidant with various health benefits, along with two additional pigments,
lutein and zeaxanthin. Red seaweed showed a diverse range of carotenoids, including
fucoxanthin, zeaxanthin, and lutein, which support its use in functional foods. The
findings emphasize the potential of the three carotenoid sources as valuable colour-
producing pigments for aquaculture.

(Maoka, 2020). Some organisms particularly fish cannot
synthesize carotenoid pigments, so they rely on getting

Carotenoids are a group of natural pigments found
in various sources, including fruits, vegetables, and
microorganisms. These compounds are responsible for
many plants' vibrant colours and are essential for animal
growth, reproduction, and disease resistance (de
Carvalho and Caramujo, 2017). Carotenoids have been
shown to possess antioxidant properties, which help
protect the cells from damage caused by harmful free
radicals. Additionally, these pigments are known to
enhance the immune system of aquatic organisms,
making them more resistant to diseases and infections

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Turkiye.

them from their diet, which can be natural or synthetic.
The aquaculture industry in Sri Lanka has underutilized
the three selected natural sources (Fruit of palmyrah
plant (Borassus flabellifer L.), shell of green tiger prawn
(Penaeus semisulcatus de Haan, 1844), and a red
seaweed (Gracilaria edulis (S.G. Gmelin) P.C. Silva 1952)
for a long time. The Palmyrah tree is abundant in the
North, East, South-East, and North-West of Sri Lanka.
Previous studies on the carotenoid profile of palmyrah
fruits collected from South-East, and North-West of Sri
Lanka show that the fruit consists of a variety of
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carotenoid pigments: a-carotene, B-zeacarotene, -
carotene, lycopene, phytofluene, and phytoene in a
considerable amount (Priyadarshani and Jansz, 2014;
Wijemanne et al., 2006). However, there is still a lack of
research on the carotenoid profile of palmyrah fruits in
other regions of Sri Lanka.

The crustacean processing industries generate
significant solid waste in Sri Lanka. The discarded heads
and exoskeletons comprise around 50 — 70% of the
initial weight. The prawn exoskeleton is one of the
important natural sources of carotenoid (Shahidi et al.,
1998). Prawn exoskeletons are an important natural
source of carotenoids, particularly astaxanthin, a potent
antioxidant. This compound has been linked to various
health benefits, including reducing inflammation and
protecting against oxidative stress. The content and the
types of carotenoid pigments can vary according to the
region. Previous studies on the carotenoid pigments in
Green tiger prawn shells were conducted in other
countries (Maia et al., 2023; Hooshmand et al., 2017).
Currently, there are no research studies in Sri Lanka on
the carotenoid pigments of green tiger prawn shells.

Sri Lankan coastal waters are known to be rich in
red seaweeds (Rhodophyta). Still, there is currently no
clear record of the carotenoid pigments found in red
seaweeds specifically in Sri Lanka.

The three carotenoid sources, palmyrah fruit
(Borassus flabellifer L.), shells of green tiger prawns
(Paeneus semisulcatus), and a red seaweed (Gracilaria
edulis), are underutilized and easily accessible in Sri
Lanka. The present study aims to promote the utilization
of natural, sustainable, and locally available carotenoid
sources for the benefit of both aquaculture and broader
environmental and economic goals.

Material and Methods
Sampling
Ripe fruit of palmyrah plant (Borassus flabellifer L.)

were collected from different locations across the Jaffna
district. After removing the exocarp, the pulp was

extracted by rubbing it on a sieve without adding water.
The extracted pulp was kept in a sterile container and
frozen at -20 2C for further analysis.

Green tiger prawns’ wastes were collected from
household and processing centers. It was kept in a
regifoam box and brought to the laboratory. After
cleaning the wastes, the shells were obtained, it was
dried in an oven at 602C for one hour, and then the
oven’s temperature was gradually increased to 100°C
for six hours. The dried shells were then ground into a
fine powder using a grinder. The resulting powder was
stored in a sterilized container, labelled, and kept in a
refrigerator at 4 oC until further use.

A red seaweed (Gracilaria edulis) (S.G. Gmelin) P.C.
Silva 1952) was collected from the coastal waters of
Point Pedro in the Jaffna peninsula, Sri Lanka. After
cleaning, it was dehydrated in an oven at 100 °C for six
hours. The resulting dried samples were ground into a
fine powder and stored in a sterilized container.

Crude Extraction

Crude extraction was carried out according to
Bitwell et al. (2023). Various polar and non-polar
solvents, including acetone, hexane, ether, ethanol,
methanol, water, and their mixture (Table 1), were
selected to determine the most suitable solvent for
extracting carotenoids from different sources. The
preferred solvents were mixed in various ratios. Dried
shells of P. semisulcatus and G. edulis were ground into
a powder and mixed well. A sample of one gram of
powdered shells of P. semisulcatus, G. edulis, and fruit
of B. flabellifer was dissolved using a vortex mixer with
aten mL solvent/solvent mixture. If needed, the amount
of chemical used was increased based on the crude
extraction efficiency. The solution was then filtered into
labelled vials using manifold vacuum filtration (47mm
diameter). After filtration, the solution evaporated in a
fume hood, and the final weight of the crude was
measured. Each experiment was done in triplicate, and
the chemical used to extract the crude without a sample
was treated as a control experiment.

Table 1. Retention factor (mean+SD) for crude of fruit of B. flabellifer, P. semisulcatus, and G. edulis using different solvent systems

RF

Solvent system Fruit of B. flabellifer P. semisulcatus G. edulis

A 0.992 0.942+0.07 0.642+0.02
B 0.85°+0.01 0.45+0.02 0.469+0.02
C 0.42¢40.03 0.77°+0.03 0.692+£0.03
D 0.5992+0.16 0.8+0.01 0.469+0.02
E 0.87¢+0.02 0.48+0.02 0.382+0.01
F 0.689+0.01 0.47¢ 0.57°+0.01
G 0.534+0.01 0.77°+0.01 0.545+0.1
H 0.769+0.03 0.72°+0.05 0.632+£0.04
| 0.669+0.02 0.53¢+0.03 0.42¢

J 0.95b 0.74b 0.5¢£0.01

K 0.91¢+0.05 0.68+0.01 0.682+0.01
L 0.85°+0.02 0.49°+0.03 0.46+0.02

Different superscripts in the column represent statistical differences (P<0.05). A- Acetone, B- Acetone: Ethanol (1:1), C- Acetone: Petroleum Ether
(1:1), D — Acetone: Hexane (1:1), E — Acetone: Methanol (1:1), F — Ethanol, G — Petroleum Ether, H- Hexane, |- Hexane: Methanol (1:1), J-

Methanol, K-Methanol: Petroleum Ether (1:1), L-Distilled water.
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Thin Layer Chromatography Experiment

It was carried out according to Sherma (2003). A
beaker with a watch glass was used as a Thin Layer
Chromatography (TLC) chamber. ATLC plate (3 cm width
x 15 cm height) was obtained, and a straight line was
drawn roughly 1cm from the bottom using a pencil. A
solvent or mixture of solvents (Ten mL) was added to the
beaker and covered with a watch glass. A small amount
of crude sample was spotted on the line, about one-
inch-wide, using a capillary spotter. The TLC plate was
carefully placed in the beaker using forceps, allowing the
spot to dip into the solvent/ mixture. The level of the
solvent/ mixture in the beaker was checked below the
pencil line where the crude sample was spotted. The
TLC was allowed to develop in the solvent/mixture until
the solvent level reached halfway from the top of the
plate. The TLC plate was then removed with forceps, and
the solvent line was immediately marked with a pencil
to enable retention factor (Rf) calculation, as the solvent
often evaporates quickly. The following equation
calculated Rf.

_ Distance travelled by the component

Distance travelled by the solvent

The appropriate solvent for separating compounds
was determined after the TLC plate analysis.

Determination of Total Carotenoid Content

The TCC of the carotenoid sources was carried out
by the methods of Torrissen and Naevdal (1988). One
gram of powdered sample was weighed and transferred
into a labelled sample bottle, then wrapped in
aluminium foil. Ten mL of acetone was added to it. The
sample bottle was tightly closed with a screw cap. The
sample tubes were then placed in a vortex mixer and
mixed at a speed of 2000 rpm for two hours. After
mixing, the mixture was refrigerated at 4 2C for 24 h.
After one day, the samples were filtered using folded
filter paper into centrifuge tubes wrapped with
aluminium foil. The sample residue was again dissolved
with ten ml of the acetone and filtered into the same
centrifuge tube. This process was repeated until the
filtrate became colourless. The centrifuge tubes
containing the filtrates were centrifuged at 3500 rpm for
3 minutes. The upper layer of the solution was
transferred into a cleaned cuvette. The absorbance of
the sample was then measured using a UV-Vis
spectrophotometer at 476 nm. A zero setting (blank)
was performed with the utilized chemicals. The total
carotenoid content (pg/g) was calculated using the
following equation;
= [Absorption X dilution factor] / [Aff’m X Sample weight (g)]

Where, A% = Extinction coefficient (0.25)

A= Absorbance

Characterization of Carotenoid Pigments

Two grams of homogenized sample were weighed,
and 20 mL of selected solvent/solvent mixture was
added. The mixture was continuously stirred using a
vortex at 2500 rpm for 30 minutes. The remaining
suspension was centrifuged, and the resulting
supernatant liquid was collected. The extraction
procedure was repeated twice. The solvent was
evaporated inside the fume hood until the lipid fraction
was obtained. The lipid fraction was then sent to Sri
Lanka Institute of Nanotechnology (Pvt) Ltd,
Nanotechnology &  Science  Park, Mahenwatta,
Pitipana, Homagama. Sri Lanka for further analysis.

The carotenoid pigment of the three sources was
characterized using Liquid Chromatography Mass
Spectrometry (LC/MS) according to the following
method of Cortés-Herrera et al. (2019).

Sample Saponification

A small portion of the fat fraction (0.3 g) was
weighed and transferred to a conical centrifuge tube. A
solution of KOH in ethanol (1 mmol mL?) containing
pyrogallol (0.1 g 100g™') was added (10 mL) to the tube.
The mixture was saponified for 1 h at 802C in a heat
bath. After cooling to room temperature, the mixture
was transferred to a separatory funnel. The
ethanol/aqueous layer was then extracted twice using
hexane. The entire organic solvent layer was collected
and filtered through sodium sulfate (used as a drying
agent). After evaporating the solution to dryness under
a nitrogen flow, it was reconstituted with Metil tert-bitil
eter (MTBE) (1 mL) and 2-propanol (1 mL) used at the
start of the chromatographic separation and transferred
to an HPLC vial.

Stationary Phase and Selection of Chromatographic
Conditions

In the present study, Methanol (MeoH) was used
as a mobile phase while water was used as the
stationary phase. However, the resolution was found to
be insufficient. Therefore, a C18 column was selected,
and only flow was adjusted (1 mL min, Eclipse Plus C18,
4.6 mm ID x 150 mm, 3 um). Subsequently, the column
was replaced with a C30, and a less polar solvent in
acetonitrile and 2-propanol was used instead of water.
The solvent flow rate was reduced to 0.5 mL min,
Finally, acetonitrile and isopropanol were used instead
of MTBE to retain a similar proportion of MeOH.

Chromatographic Conditions

All experiments were conducted using the LC/MS
system. The gradient elution method was utilized to
separate all the compounds. To optimize the solvent
gradient, MeOH and MTBE were acidified with formic
acid (0.1 mL/100 mL). A constant flow rate of 0.6 mL/min
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was maintained, while the injection volume was held at
10 pL. The column compartment was kept at a
temperature of 102C+0.8.

MS Detection System Conditions

To evaluate the sensitivity of compounds, the
fragmentor was initially cycled through different
voltages (ranging from 20 to 300 V) while ignoring
column interaction. Total ion chromatographs (TIC)
were then used to obtain the MS spectra for each
compound. The molecular ion signal was identified from
each TIC. For positive ion mode electrospray ionization
(ESI+), drying gas, nebulizer pressure, drying gas
temperature, and capillary voltage were set to 12.0 L
min, 50 psi, 350°C, and 4000 V. To improve sensitivity
and remove interferences, selected ion monitoring was
used to corroborate each compound identity.

The chromatographic peak's centroid collected
retention times and mass spectra. Peak areas in the
samples were compared with those of standard
solutions to measure the amount of compounds
present. LC-ESI+-MS was used to analyze and identify
targeted compounds, and the processed MS data sets
were analyzed using Open Lab Chemstation C.01.07.
Their retention times were measured with an accepted
deviation of £0.2 min to confirm the target analytes and
the molecular ion was measured within a specific
timeframe.

Statistical Analysis
Data for all measured parameters were analysed
using Minitab statistical software 2021. Differences

among groups were determined by one-way ANOVA or

20

non-parametric statistics (Kruskal Wallis). Tukey
significant means test was employed to identify groups
that were significantly different. Statistical differences
were considered when P<0.05.

Results
Crude Yield

The fruit of B. flabellifer source yielded more crude
than the shells of P. semisulcatus and G. edulis sources.
However, the solvent systems G (Petroleum Ether) and
H (Hexane) only yielded a minimal quantity of crude for
fruit of B. flabellifer. Significant results were obtained
with fruit of B. flabellifer (17.55% +0.11) when dissolved
in a mixture of acetone and methanol (1:1) (Figure 1).

The highest crude yield of 11.60% %0.31 was
obtained from shells of P. semisulcatus when the dried
prawn shell powder was dissolved in a mixture of
acetone and ethanol (1:1). This yield was statistically
significant (P<0.05) when compared to other solvents.
Conversely, the lowest crude yield of 2.32 %+0.01 was
extracted with petroleum ether.

When dissolved in a mixture of acetone and
ethanol (1:1), G. edulis yielded a relatively low 3.93%.
Among the systems studied, ether, water, and hexane
yielded the lowest crude yields for fruit of B. flabellifer,
shells of P. semisulcatus, and G. edulis, respectively.

Retention Factor (Rf)

The results showed that the Rf of carotenoid crude
varied depending on the solvent used. The crude from
fruit of B. flabellifer and shells of P. semisulcatus had a
higher retention factor than G. edulis (Table 1). Among

@ Fruit of B. flabellifer
B G. edulis

3 B Shells of P semisulcatus

16

14

i

Crude (%)
|

o=

7 %
7 *
E

Solvent

Figure 1. The mean crude yield of three carotenoid sources using different solvent systems. A- Acetone, B- Acetone: Ethanol (1:1),
C- Acetone: Petroleum Ether (1:1), D — Acetone: Hexane (1:1), E — Acetone: Methanol (1:1), F — Ethanol, G — Petroleum Ether, H-
Hexane, |- Hexane: Methanol (1:1), J- Methanol, K-Methanol: Petroleum Ether (1:1), L-Distilled water. Same symbols or letters not
significantly (P<0.05) different. The lack of symbols or letters indicates no significant differences.
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all the solvents tested, acetone had the highest polarity
for the carotenoid sources, leading to stronger
interactions between the crude and stationary phases.
The highest Rf value (0.99) was obtained in the fruit of
B. flabellifer crude, dissolved with acetone, whereas the
lowest Rf value was recorded in the crude of G. edulis
dissolved with solvent E (Acetone: Methanol =1:1).

The fruit of B. flabellifer crude showed the
strongest interaction with most of the solvent systems.
An Rf value greater than 0.85 was observed when the
fruit of B. flabellifer crude was dissolved in solvent
systems A (Acetone), B (Acetone: Ethanol = 1:1), E
(Acetone: Methanol = 1:1), J (Methanol), K (Methanol
and Petroleum ether), and L (Distilled water). On the
other hand, the solvent system C (Acetone: Petroleum
Ether= 1:1) had the weakest affinity (0.42) for the fruit
of B. flabellifer crude. The Rf values of the crude extract
of shells of P. semisulcatus varied from 0.94 to 0.45 in
solvent systems A (Acetone) and B (Acetone: Ethanol =
1:1) respectively. The G. edulis crude had a weaker
interaction with all the solvent systems than other
sources’ crude. When dissolved in all the solvent
systems, it showed an Rf value below 0.69, ranging from
0.38 in solvent E to 0.69 in solvent C.

Total Carotenoid

The results showed that the mean (+ Standard
Deviation) total carotenoid content in shells of P.
semisulcatus, fruit of B. flabellifer, and G. edulis were
recorded as 377.1+27.2 pg/g, 230.97+8.71 pg/g, and
156.51+22.14 pug/g respectively. The mean total
carotenoid content in shells of P. semisulcatus was the
highest, followed by fruit of B. flabellifer, then that of G.
edulis. There was a significant variation in the total
carotenoid content (P<0.05) among the three sources.

Carotenoid Profile

When using positive ion LCMS, four types of
carotenoid pigments were observed. On the other hand,
lycopene was detected as the base peak in the negative
ion LCMS of the fruit of B. flabellifer.

In the ion product of 3Cio B-carotene, the base
peak was detected at mz! 543.16 through positive ion
LCMS. During the LCMS analysis with positive ion mode,
a protonated molecule of phytoene was detected with a
high abundance at mz?! 544.9. Water loss from the
protonated molecule, characteristic of lutein, was
observed at mz?! 551.22, with high abundance. These
observations suggest the presence of lutein in the
sample. The LCMS analysis of violaxanthin's positive ion
showed the most abundant fragment ions at mz?
600.87, which resulted from adding mz* 100.

The LCMS negative ion of lycopene detected the
most abundant fragment ion at m/z 215.01, eliminating
a terminal group (54) from the cleavage molecular ion.

The positive ion LCMS identified three types of
carotenoids, while the negative ion LCMS revealed
canthaxanthin as the base peak.

In the positive ion LCMS of lutein, an ion with 100%
abundance was observed at mz! 551.45, corresponding
to removing water from the protonated molecule. The
removal of water [MH-H20]" led to the formation of
fragment ions with a lower abundance observed at mz™!
579.58 in the chromatogram of astaxanthin.

Similarly, to astaxanthin, the positive ion LCMS
chromatogram of zeaxanthin showed a base peak of mz’
1551.4, corresponding to the loss of water. Additionally,
a negative ion LCMS chromatogram of canthaxanthin
revealed the presence of another ion at mz 564.8.

Although the abundance of Fucoxanthin was low,
its fragmentation was detected in the positive ion LCMS
chromatogram at mz?! 701.65, which corresponds to
[M+42].

Despite being present in low abundance, a
zeaxanthin ion with mz?! 551.55 was formed by
removing water. Lutein is structurally similar to
zeaxanthin, differing only by the position of a carbon-
carbon double bond in one of the rings. Alloxanthin was
detected at mz?! 152.72 in the LCMS chromatogram,
with a 40% abundance of negative ions.

Discussion

Crude Yield and Rf

The acetone and methanol (1:1) mixture was the
most effective among the different solvent systems
used in the crude extraction from the fruit of B.
flabellifer. These findings are consistent with previous
studies presented in Table 2. The previous studies
(Priyadarshani et al., 2009a, Uluwaduge et al., 2009,
Wijemanne et al., 2006) have commonly used acetone,
methanol, and petroleum ether to extract the crude
from the fruit of B. flabellifer. In contrast, hexane was
rarely used to extract the crude as reported by
Samarasinghe and Jansz (2001). Therefore, acetone and
methanol are the best solvent systems for extracting the
crude from the fruit of B. flabellifer.

The Rf value of the crude fruit of B. flabellifer
obtained in the present study was from 0.42 to 0.99
using the solvent systems of acetone and acetone +
ether (1:1) mixture, respectively (Table 1), which agrees
with the findings reported by Priyadarshani et al.
(2009a) (Table 2).

On the other hand, other researchers have
reported different solvent systems for extracting crude
from prawn shells of Peneaus species (Table 3). Acetone,
hexane, and isopropanol were used to extract crude
from the shells of the Penaeus sp (Hooshmand, et al.,
2017, Mezzomo et al.,, 2011, Su et al.,, 2018). In the
present study, conversely, the solvent systems were
acetone and methanol (1:1). It might be the reason for
the different sampling locations.
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The TLC plate of carotenoid extracts from the shells
of P. semisulcatus yielded different bands, ranging from
0.45%+0.02 to 0.94+0.07 for the solvent systems of
acetone + ethanol (1:1) and acetone respectively (Table
1). In this study, an Rf of 0.78 was obtained in the
present study when it was subjected to the solvents of
acetone + ether (1:1). This Rf value represented the
carotenoid pigment of astaxanthin diester and was

consistent with the results reported by Sindhu and
Sherief (2011) and Sanchez-Camargo et al. (2011) for the
Arabian red shrimp Aristeus alcocki and Red-spotted
shrimp waste (Farfantepenaeus pailensis). Additionally,
the Rf value of 0.53 (+0.03) was recorded in the present
study for the solvent system of the Hexane and
Methanol mixture corresponded to the astaxanthin
monoester (Sanchez-Camargo et al. 2011). The present

Table 2. Studies on carotenoids and used solvent systems in fruit of B. flabellifer

Solvent system Rf Value Total . Carotenoid pigments References
carotenoid
0.50, Alpha- carotene, 8.1
Hexane, 0.53, zeta-carotene 8.1 .
Dichlorornethane 0.57, o Lycopene 13.3 Samarasinghe and Jansz (2001)
0.64 Beta-zeacarotene 11
Methanol, Ether 0(54832_ 2253 n:g 100g’ - - Ariyasena et al. (2000)
818.62 to
-- - - B-Carotene 2111.59 pg 100g Wijewardana et al. (2016)
1
Violaxanthin
Neoxanthin
Crocetin
3.3-9.3mg Beta-carotene,
Acetone, Ether 100g! (Fresh Zeta-carotene Wijemanne et al. (2006)
weight) Beta-zeacarotene
Phtofluene
Phytoene
Alpha-carotene
7.7 £1.5 mg 100g
Phytoene 1DW
Acetone 0.98 - Phytofluene 3.8+0.9 Priyadarshani et al. (2009a)
Beta-carotene Trace amounts
Alpha Carotene Trace amounts
5.7t010.3 mg
Phytoene
_ 155t035.4mg 100g DW . .
100! DW ohviofluene 2.8104.8mg Priyadarshani et al. (2009b)
Y 100g! DW
Methanol Phytofluene Uluwaduge et al. (2009)

0.0043 +£0.043

gKg?!

— Ariyasena (2000)

(----) Data is not available

Table 3. Studies on carotenoid extractions of prawn / shrimp shells

source Of Solvent system Rf Total . Organic So'Yent for Carotenoid pigments References
carotenoid carotenoid extraction
Green Tiger 61.321 + Acetone, hexane, Hooshmand, et
1 Isopropyl alcohol, . al. (2017)
Prawn (Peneaus Acetone - 2176ugg d | Astaxanthin h - |
semisulcatus) for Acetone and Petroleum Sharayei, etal.
ether (2021)
Indian White Acetone, ) Acetone, Isopropyl Sachindra et al.
prawn (Penaeus Isopropyl alcohol,  ---- 439ugg alcohol,and -
prer (2003)
indicus) and Hexane Hexane
Ace;g:tt;,tgthyl Weeratunge
Shrimp ! - - - Astaxanthin and Perera
Methanol, and
(2016)
Hexane
Giant Tiger Prawn Astaxanthin,
& Acetone and 124.14 + Acetone and Zeaxanthin, Astacene,
(Penaeus - 1 . Su et al. (2018)
hexane 10.77mgg hexane Canthaxanthin, B-
monodon)
carotene
Pink shrimp Acetone, 1 Acetone, Hexane, . Mezzomo et al.
(Peneaus Hexane, and - 252 ugg Astaxanthin
o and Isopropanol (2011)
brasiliensis) Isopropanol

(----) Data is not available



Aquatic Food Studies

AFS285

study predicted that using TLC plate bands, astaxanthin
is one of the carotenoid pigments found in the shells of
P. semisulcatus.

In the present study, acetone and ethanol (1:1)
were the most effective solvent systems for crudely
extracting carotenoids from G. edulis. These findings are
consistent with previous studies (Table 4).

Table 1 shows the Rf values of the crude G. edulis,
ranging from 0.38+0.01 to 0.69+0.03 for the solvent
systems of acetone+ methanol (1:1) and acetone+
petroleum ether (1:1), respectively. The Rf value of 0.63
(£0.04) obtained in the present study agreed with the
study done by Koizumi et al. (2018); however, it was
obtained when crude Pyropia yezoensis was run with the
solvent system petroleum ether and acetone (1:1). This
value (0.42) also observed in the present study, but it
was recorded for the solvent system of acetone and
methanol (1:1). The Rf value of 0.5 (+0.01) was similar to
the previously reported by Pedra et al. (2017) for
Kappaphycus striatum. On the other hand, we recorded
the Rf value as less than 0.69; previous studies reported
higher values for the Gracilaria edulis and Gracilaria
corticata, namely 0.84 and 0.95 (Rosemary et al., 2019).

Total Carotenoid and Carotenoid Profiles

Although the pigment composition in the three
carotenoid sources varied, a few carotenoid pigments
were present in all three sources. Lutein pigment was
identified in fruit of B. flabellifer and G. edulis, whereas
zeaxanthin pigment was found in shells of P.
semisulcatus and G. edulis.

The fruit of B. flabellifer analyzed in the present
study presented distinct values when compared to their
counterparts reported throughout the literature (Table
2), while lower values were found in previous studies
(Ariyasena, 2000; Wijemanne et al., 2006).

In the present study, the carotenoid compounds in
fruit of B. flabellifer are B-carotene, phytoene, lutein,
violaxanthin, and lycopene. The phytoene and pB-
carotene were higher than the other pigments in the
tested palmyrah fruit. This agreed with the study by
Wijewardana et al. (2016) and Priyadarshani et al.
(200943, b). Wijewardana et al. (2016) reported that B-
carotene of palmyrah fruit pulp ranges from 818.62 to
2111.59 pg/100. Priyadarshani et al. (2009a, b) reported
that the phytoene of the palmyrah fruit pulp ranges
from 7.7 to 10.3 mg 100g™* DW.

Findings of the pigment compositions in the fruit of
B. flabellifer show that the fruit is rich in B-carotene and
phytoene pigments, whereas a considerable amount of
lutein, violaxanthin, and lycopene were observed. These
pigments are utilized for various purposes because of
their beneficial characteristics for the animals. B-
carotene is a mixture of trans and cis isomers, which are
preferred by the market of natural products due to their
potential anticancer activity (Chan and Matanjun, 2017).
It is also used as a dietary supplement in salmonid diets
to give the fish their typical pink flesh colour (Papuc et

al.,, 2024). Diets enriched with B-carotene and some
zeaxanthin can be converted into astaxanthin and
absorbed in the crustaceans (Matsuno, 2001).
Therefore, it ensures that using the palmyrah fruitin the
ornamental fish feed will produce skin colouration.

Screening of carotenoid pigments has been studied
on prawn and shrimp shells of various species (Table 3).
Pure astaxanthin and its esters have been isolated as
primary pigments from Penaeus monodon, Penaeus
semisulcatus, Parapenaeopsis hardwickii, Aristeus
alcocki, Farfantepenaeus pailensis, Peneaus brasiliensis,
Palaemon serratus, and Palaemon varians, constituting
4.25 - 124 mg/g of the total carotenoids in these
animals.

This research discovered that the Shells of P.
semisulcatus contain a total carotenoid content of
377.1427.2 pg/g. Although controversial in the
literature, Hooshmand et al. (2017) recorded the lowest
total carotenoid value (61.321+2.17 ug/g) for the same
species (Table 3).

Several previous studies, summarized in Table 3,
described the colour pigment compositions in the shells
of the different prawns and shrimps. The giant tiger
prawn (Penaeus monodon) had the highest carotenoid
content, with a value of 124.14+10.77 mg/g (Su et al.,
2018), while Lira et al. (2017) obtained the lowest value
for the white shrimp (Litopenaeus schmitti).

Our research on the pigment composition of Green
tiger prawn shells confirms the findings of Hooshmand
et al. (2017) and Sharayei et al. (2021). The study
observed that the primary carotenoid in giant tiger
prawns is astaxanthin, as recorded in Table 3. Our study
identified two additional pigments beyond astaxanthin
and canthaxanthin: lutein and zeaxanthin. Interestingly,
these two pigments were not previously reported in the
literature.

Table 4 compiles data on the carotenoid content of
various red seaweeds. According to this table,
Grateloupia filicina, a red seaweed, has the highest total
carotenoid content of 146.82 ug/g, as recorded by Bhat
et al. (2021). However, the present study found that G.
edulis contained a higher value (156.51+22.14 pg/g) of
total carotenoids. A different study by Rosemary et al.,
(2019) reported the lowest total carotenoid content for
the same G. edulis at 2.99+0.56 pg g*. This variation in
values could possibly attributed to environmental
factors.

Table 4 shows previous studies of seaweed
carotenoid profiles, which revealed a distinct variation
of carotenoid pigments. Among the listed pigments in
Table 4, G. edulis contains 11 different types of
carotenoid pigments such as zeaxanthin, fucoxanthin,
beta-carotene, violaxanthin, antheraxanthin, lutein, and
alloxanthin. However, the present study has only
identified three pigments in the same species:
fucoxanthin, zeaxanthin, and lutein. Various factors
might influence the lowest pigments recorded in the
present study.
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Table 4. Studies on carotenoid extraction in red seaweed
. Total carotenoid -
Red seaweed species Solvent systems Rf content Carotenoid pigments References
Zeaxanthin
. B - carotene .
Gract.lur/'a b/rd/ge, . Methanol:Acetone (1:1, v:v) -—- -—- Alloxanthin Guaratini et al.
Gracilaria domingensis - - (2012)
Violaxanthin
Antheraxanthin
Gracilaria tikvahiae 1 Othman et al.
Fucheuma denticulatum Ethyl acetate, Chloroform - | 25-33 ugg!DW - (2018)
Gracilaria vermiculophylla Zeaxanthin
Grateloupia livida and Methanol, acetone - - Zeaxanthlp Terasaki et
. o Fucoxanthin al.(2012)
Grateloupia asiatica -
Lutein
Gracilaria chanaii Hexane:Acetone:Ethanol (2:1:1, | 74.2240.48 (g g . Chan and
g v/v) DW) Matanjun (2017)
Gracilaria edulis and Methanol 0.84, 2.99+0.56 and . Rosemary et al.
Gracilaria corticata 0.95 | 12.82+0.50 ug g! (2019)
Ceramium sp - 8.77 ug gt Fucoxanthin, Luetin,
Gracilaria corticata Acetone, Hexane, --- 11.10 ug g? Zeaxanthin
Grateloupia sp (Acetonitrile/Methanol/Dichloro | --- 202.91 ygg? Luetin, Zeaxanthin |Bhat et al. (2021)
o methane =3:1:1, v/v/v) 4 Neoxanthin,
Grateloupia filicina 146.82 ug g Violaxanthin

(----) Data is not available
Conclusion

This study discovered significant TCC and pigment
compositions. Although the three carotenoid sources
had different pigment compositions, a few carotenoid
pigments were present in all three sources. Lutein
pigment was found in fruit of B. flabellifer and G. edulis,
while zeaxanthin pigment was present in shells of P.
semisulcatus and G. edulis. However, further research is
needed to determine the effect of feed enriched with
the three carotenoid sources on the aquaculture
industry.

Ethical Statement

The research work was conducted following the
ethical rules and regulations of the society.

Funding Information

This work was supported by the authorities of the
University of Grant Commission, Sri Lanka under Grant
(UGC/VC/DRIC/PG2021/JFN/01), UBL cell, University of
Jaffna  under AHEAD project (AHEAD/RA3/UBL/
JFN/OVAA/23), and the Norwegian Directorate for
Higher Education and Skills, Nor-Lanka Blue - NORPART
Mobility Program (2018/10045) awarded to the UIT The
Arctic University of Norway in collaboration with the
University of Jaffna, University of Ruhuna and NARA.

Author Contribution

Sutharshiny Sathyaruban: Conceptualization, Data
Curation, Formal Analysis, Investigation, Methodology,
Visualization, Funding Acquisition, Project
Administration and Writing -original draft; Shivatharsiny
Yohi: Data Curation, Formal Analysis, Visualization, and

Writing -review and editing; Deepthi Inoka Uluwaduge:
Supervision, Writing -review and editing; and
Sivashanthini Kuganathan: Resources, Supervision, and
Writing - review and editing.

Conflict of Interest

The authors declare that they have no known
competing financial or non-financial, professional, or
personal conflicts that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors would like to thank the technical team
of the Department of Fisheries, University of Jaffna, Sri
Lanka and the Department of Seafood Science at the
Norwegian Fisheries College, UiT, The Arctic University
of Norway.

References

Ariyasena, D. D., Jansz, E. R., Jayesekera, S., & Abeysekara, A.
M. (2000). Inhibitory effect of bitter principle of
palmyrah (Borassus flabellifer L) fruit pulp on the growth
of mice: evidence using bitter and non-bitter fruit pulp.
Journal of the Science of Food and Agriculture, 80(12),
1763-1766. https://doi.org/10.1002/10970010(20000-
915)80:12<1763::AID-JSFA705>3.0.CO;2-T

Bhat, I., Haripriya, G., Jogi, N., & Mamatha, B. S. (2021).
Carotenoid composition of locally found seaweeds of
Dakshina Kannada district in India. Algal Research, 53,
102154. https://doi.org/10.1016/j.algal.2020.102154

Bitwell, C., Indra, S.S., Luke, C., & Kakoma, M.K. (2023). A

review of modern and conventional extraction
techniques and their applications for extracting
phytochemicals from plants. Scientific ~ African, 19,
01585.




Aquatic Food Studies

AFS285

Chan, P. T., & Matanjun, P. (2017). Chemical composition and
physicochemical properties of tropical red seaweed,
Gracilaria changii. Food Chemistry, 221, 302-310.
https://doi.org/10.1016/j.foodchem.2016.10.066

Cortés-Herrera, C., Chacdn, A., Artavia, G., & Granados-
Chinchilla, F. (2019). Simultaneous LC/MS analysis of
carotenoids and fat-soluble vitamins in Costa Rican
avocados (Persea americana Mill.). Molecules, 24(24),
4517.

de Carvalho, C. C., & Caramujo, M. J. (2017). Carotenoids in
aquatic ecosystems and aquaculture: a colorful business
with implications for human health. Frontiers in Marine
Science, 4, 93.
https://doi.org/10.3389/fmars.2017.00093

Guaratini, T., Lopes, N. P., Marinho-Soriano, E., Colepicolo, P.,
& Pinto, E. (2012). Antioxidant activity and chemical
composition of the non polar fraction of Gracilaria
domingensis (Kutzing) Sonder ex Dickie and Gracilaria
birdiae (Plastino & Oliveira). Revista Brasileira de
Farmacognosia, 22, 724-729.
https://doi.org/10.1590/50102-695X2012005000063

Hooshmand, H., Shabanpour, B., Moosavi-Nasab, M., &
Golmakani, M. T. (2017). Optimization of carotenoids
extraction from blue crab (Portunus pelagicus) and
shrimp (Penaeus semisulcatus) wastes using organic
solvents and vegetable oils. Journal of food processing
and preservation, 41(5), e13171.
https://doi.org/10.1111/jfpp.13171

Koizumi, J., Takatani, N., Kobayashi, N., Mikami, K., Miyashita,
K., Yamano, Y., Wada, A., Maoka, T. & Hosokawa, M.
(2018). Carotenoid profiling of a red seaweed Pyropia
yezoensis: insights into biosynthetic pathways in the
order Bangiales. Marine drugs, 16(11), 426.
https://doi.org/10.3390/md16110426

Lira, G. M., Lopez, A. M. Q., Firmino, G. O., Santos, S. D., &
Bezerra, R. D. S. (2017). Total carotenoids and
antioxidant activity of fillets and shells (in natura or
cooked) of “Vila Franca” shrimp (Litopenaeus Schmitti) in
different intervals of storage under freezing. Ciéncia e
Agrotecnologia, 41, 94-103.
https://doi.org/10.1590/1413-70542017411023616

Maia, M.L., Grosso, C., Barroso, M.F., Silva, A., Delerue-Matos,
C., & Domingues, V.F. (2023). Bioactive Compounds of
Shrimp Shell Waste from Palaemon serratus and
Palaemon varians from Portuguese Coast. Antioxidants,
12(2), 435.

Maoka, T. (2020). Carotenoids as natural functional pigments.
Journal of natural medicines, 74(1), 1-16.

Matsuno, T. 2001. Aquatic animal carotenoids. Fisheries
science, 67(5), 771-783.
https://doi.org/10.1007/s11418- 019-01364-x

Mezzomo, N., & Ferreira, S. R. (2016). Carotenoids
functionality, sources, and processing by supercritical
technology: a review. Journal of chemistry, (1), 3164312.
https://doi.org/10.1155/2016/3164312

Othman, R., Amin, N. A, Sani, M. S. A., Fadzillah, N. A,, &
Jamaludin, M. A. (2018). Carotenoid and chlorophyll
profiles in five species of Malaysian seaweed as potential
halal active pharmaceutical ingredient  (API).
International Journal of Advance Science Engineering
Information Technology, 8(4-2), 1610-1616.
https://doi.org/10.18517/ijaseit.8.4-2.7041

Papuc, T., Cocan, D., Constantinescu, R., Raducu, C., Ladosi, D.,
Ladosi, I., Latiu, C., Uiuiu, P., Muntean, G., & Miresan, V.
(2024). Carotenoids in Salmonid Aquafeeds: A Review of

Use and Effects. Scientific Papers. Series D. Animal
Science, 67(1).

Pedra, A. G. L. M., Ramlov, F., Maraschin, M., & Hayashi, L.
(2017). Cultivation of the red seaweed Kappaphycus
alvarezii with effluents from shrimp cultivation and
brown seaweed extract: Effects on growth and
secondary metabolism. Aquaculture, 479, 297-303.
https://doi.org/10.1016/j.aquaculture.2017.06.005

Priyadarshani, A.M.B., & Jansz, E.R. (2014). A Critical Review
on Carotenoid Research in Sri Lankan Context and Its
Outcomes. Critical Reviews in Food Science and
Nutrition, 54 (5), 561-571.
https://doi.org/10.1080/10408398.2011.595019.

Priyadarshani, A. B., Jansz, E. R., & Peiris, H. (2009a). The
carotenoids of the fruit pulp of palmyrah (Borassus
flabellifer) from Hambantota. Vidyodaya Journal of
Science, 14(2): 29-34.

Priyadarshani, A. M. B., Jansz, E. R., & Peiris, H. (2009b). A
novel water soluble carotenoid derivative from
palmyrah (Borassus flabellifer L) fruit pulp. Vidyodaya
Journal of Science, 14: 11-16.

Rosemary, T., Arulkumar, A., Paramasivam, S., Mondragon-
Portocarrero, A., & Miranda, J. M. (2019). Biochemical,
micronutrient and physicochemical properties of the
dried red seaweeds Gracilaria edulis and Gracilaria
corticata. Molecules, 24(12), 2225.
https://doi.org/10.3390/molecules24122225

Sachindra, N.M. (2003). Studies on some crustaceans of
tropical waters with special reference to pigments
(Doctoral dissertation, University of Mysore).

Samarasinghe, I., & Jansz, E. R. (2001). Some studies on the
flabelliferins and carotenoids of the fruit pulp of
palmyrah (Borassus flabellifer L). Pathberiya Vidyodaya
Journal of Science, 10: 53 -64.

Sanchez-Camargo, A. P., Meireles, M. A. A,, Lopes, B. L. F., &
Cabral, F. A. (2011). Proximate composition and
extraction of carotenoids and lipids from Brazilian red
spotted shrimp waste (Farfantepenaeus paulensis).
Journal of Food Engineering, 102(1), 87-93.
https://doi.org/10.1016/j.jfoodeng.2010.08.008.

Shahidi, F., Metusalach, & Brown, J.A. (1998). Carotenoid
pigments in seafoods and aquaculture. CRC Critical
Review of Food Sciences, 38,1-67.
https://doi.org/10.1080/10408699891274165.

Sharayei, P., Azarpazhooh, E., Zomorodi, S., Einafshar, S., &
Ramaswamy, H.S. (2021). Optimization of ultrasonic-
assisted extraction of astaxanthin from green tiger
(Penaeus  semisulcatus) shrimp  shell. Ultrasonics
Sonochemistry, 76, 105666.

Sherma, J., 2003. Basic TLC techniques, materials, and
apparatus. In Handbook of thin-layer chromatography.
CRC Press.

Sindhu, S., & Sherief, P.M. (2011). Extraction, characterization,
antioxidant and anti-inflammatory properties of
carotenoids from the shell waste of arabian red shrimp
Aristeus alcocki, ramadan 1938. In The Open Conference
proceedings journal. 2(1).

Su, F., Huang, B., & Liu, J. 2018. The carotenoids of shrimps
(Decapoda: Caridea and Dendrobranchiata) cultured in
China. Journal of Crustacean Biology, 38(5), 523-530.

Terasaki, M., Narayan, B., Kamogawa, H., Nomura, M.,
Stephen, N. M., Kawagoe, C., Hosokawa, M., &
Miyashita, K. (2012). Carotenoid profile of edible
Japanese seaweeds: an improved HPLC method for
separation of major carotenoids. Journal of Aquatic Food



Aquatic Food Studies

AFS285

Product Technology, 21(5), 468-479.
https://doi.org/10.1080/10498850.2011.610025

Torrissen, O. J.,, & Naevdal, G. (1988). Pigmentation of
salmonids—variation in flesh carotenoids of Atlantic
salmon. Aquaculture, 68(4), 305-310.

Uluwaduge, |., Jayaweera, P. M., lleperuma, N., Jansz, E. R., &
Thabrew, M. I. (2009). Aspects of the binding of acyclic
carotenoids to flabelliferins from palmyrah fruit pulp.
Vidyodaya Journal of Science, 14(2):47-57.

Weeratunge, W. K. 0. V., & Perera, B. G. K. (2016). Formulation
of a fish feed for goldfish with natural astaxanthin
extracted from shrimp waste. Chemistry Central Journal,
10, 1-7. https://doi.org/10.1186/s13065-016-0190-z

Wijemanne, P. R., Rajapaksha, R. N. K., Priyadarshani, A. M. B.,

& Jansz, E. R. (2006). Variations in carotenoid profiles of
pulp morphological fruit types of palmyrah from
Kalpitiya. Vidyodaya Journal of Science, 13: 33-39.

Wijewardana, R. M. N. A., Nawarathne, S. B., Wickramasinghe,

l., Gunawardane, C. R.,, Wasala, W. M. C. B, &
Thilakarathne, B. M. K. S. (2016). Retention of
physicochemical and antioxidant properties of
dehydrated bael (Aegle marmelos) and palmyrah
(Borassus flabellifer) fruit powders. Procedia food
science, 6, 170-175.



