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Abstract

The coconut husk is a waste produced from the
coconut industry and is a rich source of phenolic
and antioxidant compounds. In this study, the total
phenolic content (TPC) and antioxidant activity of
the aqueous (TA) and 60% ethanol (TE) extracts
were evaluated. The maximum TPC was found in
the ethanol extract of coconut husk. The highest
DPPH radical scavenging activity of extracts was
observed in ethanolic extracts and the highest ABTS
activity in aqueous extracts. FTIR analysis revealed
the presence of a peak at 1283.84cm-1 in the ethanol
extract and the disappearance of the same peak in
the aqueous extract.  The extracts at different levels
(0.050 (TA-1/TE-1, 0.075 (TA-2/TE-2) and 0.10 (TA-
3/TE-3) % based on protein content) were incorpo-
rated into single wash tilapia surimi and quality of
gels were investigated. The addition of extracts
decreased the pH of the gels. Addition of TA-1, TE-
2 and TE-3 resulted in lower  expressible moisture
content. The pH, hardness  and expressible moisture
content demonstrated that ethanol extracts of
coconut husk can be considered as a potential
alternative to commonly used hen egg white
powder and other animal based additives to
enhance the quality of the freshwater fish surimi.

Keywords: Antioxidant activity, coconut husk ex-
tract, FTIR, total phenol content, tilapia, surimi

Introduction

The total world fisheries and aquaculture produc-
tion in 2020 reached a record 177.8 million tonnes
and food fish production through aquaculture was
87.5 million tons (FAO, 2022). Tilapia (Oreochromis
niloticus) is the most farmed finfish species after
grass carp and silver carp. The world production of
tilapia in 2020 was estimated as 4514.6 thousand
tonnes including inland and coastal aquaculture
(FAO, 2022). Surimi is the wet concentrate of
myofibrillar protein processed from fresh water and
marine fish sources after repeated washing with
cold water. Since the production and availability of
tilapia are higher, it can be utilized in surimi
production. Alkaline saline washed surimi with a
single wash cycle was successfully prepared from
tilapia mince with improved gel strength in
comparison to the conventional washed surimi
(Priyadarshini et al., 2017; Priyadarshini et al., 2018).

The phenolic compounds are secondary metabolites,
chemically structured as a hydroxyl group bonded
to an aromatic ring (Ozdal et al., 2013). These
phenolic compounds exert antioxidant, and anti-
microbial properties and crosslink covalently with
the proteins. The interactions between proteins and
phenols are one of the main long-lasting challenges
behind the valorization of proteins from plants and
agri-industrial by-products (Balasundram et al.,
2006). The protein-phenol interactions involve hy-
drogen bonds, hydrophobic binding and covalent
crosslinking. Coconut husk is the major waste
generated from the coconut industry with a global
estimated production of 23 million tons (FAO, 2009).
This waste is utilized in several ways such as fuel,
mulch, for extraction of coir fiber, coco peat, etc. but
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mostly it is dumped into the environment and is a
major concern of pollution (Swarnam et al., 2016).
The mesocarpic husk waste is a cheap alternative
source of carbohydrate and phenolic compounds
(Dey et al., 2003). In recent times, ethanolic coconut
husk extract has been reported to induce cross-
linking of myofibrils from sardine and increase the
textural properties in a dose-dependent manner
(Buamard & Benjakul, 2015; Buamard et al., 2017;
Buamard & Benjakul, 2018). The texture is the prime
factor that determines the value or price of the
surimi. Since the surimi was single-cycle washed,
additives from natural sources can be added to
improve the quality of the surimi. The incorporation
of phenolic compounds extracted from agro-waste
into freshwater fish surimi has not yet been
reported. Therefore, the objective of the present
investigation was to study the effects of coconut
husk extract on the quality of single-washed alkaline
saline surimi from tilapia.

Materials and Methods

Mesocarp of coconut (Cocos nucifera Linn.) was
collected from the local market in Versova, Mumbai,
India. Tilapia (Oreochromis niloticus), with a standard
length and weight of 25-28 cm/fish and 700-800 g/
fish respectively, were purchased from a fish farm
(West Coast Fisheries, Talegaon, Pune, Maharashtra,
India). The fish were packed in a polyurethane
insulated container (fish/ice ratio of 1:2 (w/w)),
transported to the Department of Post-Harvest
Technology, Central Institute of Fisheries Education,
Mumbai within 4 hours and stored in ice until
processed. Single-washed alkaline-saline surimi was
made using the procedure outlined Priyadarshini et
al. (2017). This involved rinsing fish mince with
alkaline-saline solution (0.15% NaCl and 0.2%
NaHCO

3
; pH: 8.69) at a ratio of 3 parts water to 1

part mince, followed by draining the excess water.
The single-washed alkaline-saline washed surimi
without incorporation of extracts was used as the
control sample.

The coconut mesocarp (fibrous husk) was collected
and dried at 60°C in the accelerated mechanical
dryer (Yarrows Co Ltd, Glasgow, Scotland) for 16h
and then defibred. The defibred husk was milled
using a grinder (Philips food processer, India) and
sieved to a size of < 6 mm (Woven wire sieves,
India). The coarse husk was further blended and
sieved using a stainless-steel sieve of 80 mesh. The
obtained powder was dried in a hot air oven

(Heraeus, beleuchtung, Thermo scientific) at 85°C
overnight and stored in sealed LDPE packets at
room temperature until further use (Buamard &
Benjakul, 2015).

To prepare the aqueous extract, 50g of milled husk
was soaked with 0.725L of distilled water and boiled
for 3h (Esquenazi et al., 2002). The ethanolic extract
was prepared by mixing 50g of husk with 1750mL
(60% ethanol: water) at room temperature (30–32°C)
for 3h by stirring the mixture continuously at low
speed using a magnetic stirrer (Expo Hi-tech,
Mumbai, India). The selection of a 60% extracting
solvent was based on the higher extraction of
phenolic content from coconut husk compared to
alternative solvents (Buamard & Benjakul, 2015).
Both the aqueous and ethanol extracts were filtered
through a Whatman filter paper no.1 (Whatman
International Ltd., Maidstone, UK) and subse-
quently evaporated using a rotary evaporator (Strike
300, Steroglass S.r.l., Perugia), with the aqueous
extract at 58°C and the ethanol extract at 45°C.  The
extracts were freeze dried using a Scanvac Model
Coolsafe 55 freeze dryer (Coolsafe, Lynge, Den-
mark) to obtain the dry extract. The freeze-drying
operation temperature was maintained at -92°C for
drying period of about 16h. Dried extracts were
powdered and stored in an air-tight container
wrapped with aluminium foil at 4°C.

The total phenolic content of coconut husk extracts
was determined using Folin-Ciocalteau Reagent
(FCR) as described by Slinkard & Singleton (1997)
with slight modification. The freeze-dried powder
was reconstituted with respective solvents, water
and ethanol in 1:1(w/v) ratio. Coconut husk extract
(100µL) was mixed with 0.75mL of FCR, which was
prediluted 10-fold with distilled water. After 5
minutes, the mixture was added with 0.75mL of 6%
(v/v) sodium carbonate. The solution was mixed and
allowed to stand for 1h at room temperature. The
absorbance at 760nm was read using a UV
spectrophotometer (µQuant Biotek, Winooski, USA).
Standard solutions of tannic acid (0-600ppm) were
used for standard curve preparation. The phenolic
content was expressed as mg tannic acid equivalents
per g dry weight of coconut husk extract (Rodrigues
& Pinto, 2007).

The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity of coconut husk extracts were
determined according to the method of Dhanabalan
et al. (2017). The stock solution was prepared by
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dissolving 24mg DPPH with 100mL methanol and
then stored at -20°C until further use. The working
solution was obtained by mixing the 10mL stock
solution with 45mL methanol. The extract of 150µL
was combined with 2850µL of DPPH solution for 24h
in the dark. The absorbance of the DPPH solution
with methanol instead of the sample was taken as a
control. Then, the absorbance was taken at 515nm
using a UV-visible spectrophotometer (µQuant Biotek,
Winooski, USA). The inhibition percentage was
calculated using the following formula

DPPH scavenging activity (%) = (A
0
 –A

1
)/A

0 
×100

Where A
0
 is the absorbance of the control, and A

1

is the absorbance of the sample

2-azinobis (3-ethylbenzothiazoline-6-sulphonic acid)
diammonium salt radical scavenging activity of the
coconut husk extract was measured by the method
of Arnao et al. (2001). The stock solutions including
7.4mM ABTS solution and 2.6mM potassium
persulfate solution were mixed in equal quantities
and allowed to react for 12h at room temperature
in the dark to formulate a working solution. The
solution was then diluted by mixing 1mL ABTS
solution with 60mL methanol to obtain an absor-
bance of 1.1±0.02 units at 734nm using the UV-
visible spectrophotometer (µQUANT Biotek). 150µL
of coconut husk solution was allowed to react with
2850µL of the ABTS solution for 2h in a dark
condition while the ABTS solution was prepared for
each assay freshly. Instead of sample, methanol was
used for control. The absorbance was taken at 734nm
using a UV spectrophotometer (µQuant Biotek,
Winooski, USA). The inhibition percentage of ABTS
radical was calculated using the following formula:

ABTS scavenging activity (%) = (A
0
 –A

1
) /A

0
 ×100

Where A
0
 is the absorbance of the control, and A

1

is the absorbance of the sample

The single washed alkaline saline surimi was
chopped at low speed for 2 min in food processor.
A homogenous surimi paste was obtained by
extracting surimi myofibrillar protein with 2.5g/
100g of NaCl and chopping at low speed for 1min.
During chopping, the temperature was maintained
below 10°C. Aqueous and 60% ethanol extracts were
dissolved in cold distilled water and added into
surimi paste at 0.05, 0.075 and 0.1% levels.
Subsequently, the mixture was chopped for 30s,
followed by 10s of a rest interval for a total time of

3min to avoid heat generation. The paste was stuffed
into polyvinylidene casings (diameter: 2.5cm, length:
17.5cm) by using stainless steel sausage stuffer
(Kitchener, 5 lb, China) and casings were tightened
from both sides. Surimi pastes were cooked in a
temperature-controlled water bath (Steroglass strike
300, Perugia, Italy) at 40°C for 30min and followed
by heating at 90°C for 20min. The gels were then
cooled in iced water and stored overnight at 4°C
prior to analysis.

The proximate composition of the sample was
determined using standard methods (AOAC, 2005).
The moisture content of the surimi gels of single-
washed tilapia surimi was determined by heating
the sample initially at 100°C and later at a
temperature of 170°C using an automatic moisture
analyzer (Citizen, Model MB 54, Citizen Scale India
Private Limited, India). Nitrogen content was
analyzed using a Kjeldahl nitrogen analyzer (Kelplus-
KES12L VAI, Pelican, India). Crude protein content
was calculated by multiplying the nitrogen value
with the conversion factor (N x 6.25). Total lipid in
a sample was determined by Soxhlet extraction, and
ash content was estimated by charring pre-dried
sample in a crucible at 600°C until white ash was
formed in a muffle furnace (Expo Hi Tech I therm,
AL-7941, Mumbai, Maharashtra) up to 6h. The
results were expressed as g/100g (wet weight basis).

The expressible moisture (EM) was estimated, as the
quantity of liquid squeezed from surimi gels upon
an applied force (Ng, 1978). A gel sample of 0.5 cm
in thickness was weighed (X, g) and positioned
between two layers at the top and three layers of
Whatman filter paper No. 1 (Whatman International
Ltd., Maidstone, England) at the bottom. The gels
and papers were pressed and maintained for 2min
under applied force with a 5kg weight. The samples
were then removed and weighed again (Y, g).
Expressible moisture content was calculated and
expressed as the percentage of sample weight as
follows:

Expressible moisture content (%) = [(X-Y) / X] x 100

The pH of the surimi gels was measured using a pH
meter (Lanier, 1992). The sample was weighed for
5g, added with 45mL of distilled water and then
homogenized by using a homogenizer (Polytron
2100, KINEMATICA AG, Switzerland) for 30s at
7000 rpm. The pH of the homogenate was measured
using a digital pH meter (HI 2211 pH/ ORP Meter,
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Hanna instruments, Romania, Europe) and the
probe was calibrated at pH 4 and 7.

Textural profile analysis (TPA) of surimi gel was
performed using a texture analyzer (Texan touch,
Lamy Rheology, France) equipped with a stainless-
steel cylindrical probe of 50mm diameter. The gels
were cut into a cylinder (diameter of 25mm, height
of 25mm), then compressed at a compression degree
of 40% with a down speed 1mm/s, force to start: 0.5N,
distance: 10mm; delay: 5s and up speed: 1mm/ s.

The data obtained from this study were subjected
to one-way analysis of variance (ANOVA) using the
Duncan’s multiple range test (DMRT). The statistical
analyses of data were performed using SPSS (SPSS
20.0 for Windows, IBM, SPSS Inc., Chicago, IL,
USA). The data are reported as mean values ±
standard deviation (SD). All the experiments were
conducted in triplicate (n = 3).

Results and Discussion

Phenolic compounds are a large group of
phytochemicals, subsisting ubiquitously in different
parts of plants as secondary metabolites (Tian et al.,
2017). Phenolic compounds are classified as phe-
nolic acids (hydroxybenzoic and hydroxycinnamic
acids and their derivatives), flavonoids, lignans,
stilbenes, and condensed as well as hydrolyzable
tannins (Amarowicz & Shahidi, 2017). In the present
study, the extracts of coconut husk exhibited

differences in the total phenolic contents due to the
polarities of the solvents. The concentrated 60%
ethanol extract of coconut husk had a total phenolic
content of 710mg tannic equivalent (TAE)/g of
extract, which was higher in comparison with the
concentrated aqueous extracts (639mg tannic equiva-
lent (TAE)/g extract). The values of ethanolic extract
were higher than the reported values of Buamard
& Benjakul (2015), where the highest total phenolic
content was observed in E60 of 464mg TAE/g of the
sample. In the present study, it was observed that
as the concentration of coconut husk powder
increased, the total phenolic content increased and
ranged from 99.60 to 522.30mg TAE/g of sample in
aqueous and 395.83 to 1092.00mg TAE/g in ethanol
extracts respectively (Fig. 1). These distinctive
changes may be due to various factors such as the

Fig. 1. Total phenolic content of coconut husk extracts at
different concentrations (TA, Aqueous extract; TE,
60% ethanol extract). Bars represent the standard
deviation (n = 3)

Table 1. Effect of coconut husk extracts on the proximate composition of tilapia surimi gel

Treatments Parameters (g /100g, wet weight basis)

Moisture Protein Fat Ash

C 79.70±0.29d 15.29±0.31a 1.92±0.09d 2.65±0.26ab

TA-1 79.37±0.17bc 15.37±0.05a 1.66±0.10bc 2.82±0.11bc

TA-2 78.61±0.07a 15.86±0.05b 1.40±0.11a 3.42±0.04d

TA-3 78.49±0.01a 15.29±0.02a 1.82±0.10cd 3.48±0.06d

TE-1 78.74±0.12a 15.36±0.05a 1.76±0.20bcd  2.67 ±0.04ab

TE-2 79.65±0.03d 15.47±0.06a 1.74±0.02bcd 2.70±0.01ab

TE-3 79.16±0.14b 15.37±0.07a 1.70±0.07bc 2.91±0.04c

Mean ± Standard deviation (n = 3). Means within a column followed by different letters are significantly different (p
< 0.05)

C: alkaline saline washed surimi without extract; TA-1: surimi added with 0.05% aqueous extract; TA-2: surimi added
with 0.075% aqueous extract; TA-3: surimi added with 0.1% aqueous extract; TE-1: surimi added with 0.05% of 60%
ethanolic extract; TE-2: surimi added with 0.075% of 60% ethanolic extract; TE-3: surimi added with 0.1% of 60% ethanolic
extract
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nature of the sample matrix and the chemical
properties of the phenolics, including molecular
structure, polarity, concentration, number of aro-
matic rings, hydroxyl groups (Khoddami et al.,
2013) and agronomic factors (Tomás Barberán and
Espín, 2001). The low phenolic content in aqueous
extract in the present investigation may be due to
the existence of cell-wall bound phenolic com-
pounds and a non-soluble form (Dey et al., 2003).

FTIR spectra were used to study the functional
groups of the aqueous and 60% ethanolic extracts
(Fig. 2) and the assignments of bands are discussed
as follows. The presence of peaks in the range of
3200-3400cm-1 is for the O-H stretch of a phenol
group, and 800-600cm-1 regions (for C-H out of
plane bend) represent aromatic phenols (Rao &
Paria, 2013).  The characteristic peaks observed in
both the extracts between 1650–1450cm-1 and 1420–
1330cm-1 correspond to phenolic compounds, which
is due to the aromatic ring stretching vibration and
the O-H in-plane deformation but the intensity of

peaks is higher in the ethanolic extract (Vázquez et
al., 2008). The presence of a peak at 1283.84cm-1 in
the ethanolic extract is a characteristic feature of the
flavonoid-based tannins (Falcão & Araújo, 2013) and
the disappearance of the same peak in the aqueous
extract was observed. The absorption region be-
tween 1300–1200cm-1 is due to C-O stretching
related to phenols (Ma et al., 2016). Therefore, from
the observations, it can be concluded that coconut
husk extracts are a rich source of different phenolic
compounds.

Utilizing antioxidants derived from plants as poten-
tial substitutes for synthetic ones has garnered
considerable attention. Different methods have been
developed to determine the antioxidant activity of
plant extracts. The appropriate method of measur-
ing the antioxidant activity of a plant extract is by
using a combination of two or more complementary
test systems together (Ozer et al., 2018). A wide

Fig. 2. FTIR spectra of aqueous and 60% ethanolic extracts
of coconut husk

Fig. 3(a). DPPH radical scavenging activity of coconut
husk extracts. Bars represent the standard devia-
tion (n = 3)

Fig. 3(b). IC
50

 concentration value for DPPH radical
scavenging activity of coconut husk extracts
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range of spectrophotometric assays have been
embraced to measure the antioxidant capacity of
foods where the most common being ABTS and
DPPH assay (Floegel et al., 2011).

an analysis of the DPPH activity of the methanolic
extract derived from Cocos nucifera L. mesocarp
revealed that aged and mature mesocarp exhibited
a reduced percentage of scavenging when compared
to young mesocarp (Chakraborty & Mitra, 2008).

ABTS assay is based on the measurement of the
ability of antioxidants towards scavenging the stable
ABTS radical (Fig.4 (a)). In the present study, the
ABTS activity was found in the range of 47.35% to
81.60% (aqueous) and 45.58% to 83.51% (ethanol)
respectively. The IC

50
 concentration for ABTS radical

scavenging activity in aqueous and ethanolic ex-
tracts was found to be 1.536 and 1.430 mg/ml
(Fig.4(b)). The variation in DPPH and ABTS values
can be due to the stereoselectivity of the radicals or
the different capacity of extracts to react and quench
different radicals (Almoulah et al., 2017). The
variations in the results of the present study may
be because DPPH radical reacts with polyphenols
(catechins, proanthocyanidins), but not with phe-
nolic acids and sugars (Kaneda et al., 1995), whereas
ABTS radical has its high reactivity, and thus likely
the ability to react with a broader range of
antioxidants (Stratil et al., 2007). The DPPH and
ABTS in foods, might differ depending on which
solvent is used, the growing season, geographical
origin, and agricultural practices (Klunklin &
Savage, 2017).

The moisture content, crude protein, total fat, and
ash content of surimi gels with the addition of
coconut husk extract were determined and are
shown in Table.1. The moisture content of the surimi
gels incorporated with the extracts (both aqueous
and ethanol) shown decreased values in comparison
with the control gels. This can be explained by the
excessive aggregation of proteins that might have
released the water and thus reduced the moisture
content of the surimi gels. The protein content
exhibited a significant increase in TA-2-treated gels
and decreased values in other treatments. The
aqueous-treated surimi gels showed a decreasing
trend in fat content up to a concentration of 0.075%
and further increased. Whereas ethanol extract-
treated gels exhibited a decreasing trend (p>0.05) in
comparison to control surimi gels. The fluctuations
observed in aqueous-treated surimi gels may be due
to the reflection of changes in moisture content. The
surimi gels have shown an increase in ash content
irrespective of the extract used as their concentration
increased. This increase can be due to the addition
of NaCl to the surimi paste. Higher ash content in

Fig. 4(a). ABTS radical scavenging activity of coconut
husk extract. Bars represent the standard devia-
tion (n = 3)

Fig. 4(b). IC
50

 concentration value for ABTS radical
scavenging activity of coconut husk extract

In this study, the DPPH scavenging activity of
ethanol and aqueous extracts were found to be in
the range of 30.29% to 50.41% and 30.29% to 48.96%,
respectively. The ethanol extracts revealed more
DPPH scavenging activity than aqueous extracts,
which was in concomitant with the total phenolic
content (Fig. 3(a)). This might be due to the presence
of active components such as phenols and polyphe-
nols (Siddhuraju et al., 2002). The phenolic com-
pounds may contribute to antioxidant activity due
to the presence of hydroxyl groups, which can act
as hydrogen donors (Dreosti, 2000). The IC

50

concentration for DPPH radical scavenging activity
(Fig. 3(b)) in aqueous and ethanolic extracts were
found to be 6.558 and 6.196 mg/ml. A higher
concentration of polyphenolics was identified in
coconut flower hydrosol, leading to enhanced
antioxidant activity (Shen et al., 2017). Furthermore,
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aqueous extracts treated  surimi (TA-2 and TA-3)
gels might be influenced by coconut husk extracts
which are regarded to have high mineral content
(Konduru et al., 1999).

The pH of the surimi gels added with aqueous and
ethanol extracts of coconut husk at different levels
is shown in Table 2. The highest pH was observed
in the control surimi gel, which is due to washing
with alkaline saline solution (Priyadarshini et al.,
2018). The reduced pH of the gels is due to phenolic
acids such as chlorogenic acid, alpha amino
diphenyl acetic acid, 4- methoxy cinnamic acid and
salicin; their presence in extracts is confirmed by
HRLC-MS (data not shown). In the present study,
TA-1 (Surimi added with 0.05% aqueous extract),
TE-1 (Surimi added with 0.05% of 60% ethanolic
extract) and TE-2 (Surimi added with 0.075% of 60%
ethanolic extract) gels exhibited pH within the range
of 6.5–7.5, which is optimum for gelation (Park et
al., 2013).

The expressible moisture content of gel from tilapia
surimi added with aqueous and ethanol coconut
husk extracts at different levels is depicted in Table
2. The TA-1 surimi gels showed lowest expressible
moisture content compared to C surimi gel. The
ethanol extract treated surimi gels showed lower
expressible moisture content. The reduced values of
expressible moisture content can be due to the
formation of cross-links, resulting in the formation
of a porous protein matrix with a high capacity to
soak up water and retain it (Gaspar & de Góes-
Favoni, 2015). Buamard et al. (2017) reported that

phenolics in ECHE could enhance the cross-linking
of proteins via a hydrogen bond and hydrophobic
interaction which leads to more retention of water
in a gel matrix (Buamard et al., 2017). At higher
concentration, the values of expressible moisture
content increased (TE-3) in surimi gels. A similar
result was observed by Balange & Benjakul (2009)
when a high concentration of the extracts or
phenolic were incorporated to surimi. From the
results it can be noticed that the addition of ethanol
coconut husk, specifically at a level of 0.075%, was
able to reduce the water holding capacity thereby
increasing water holding capacity of surimi gels.

Texture profile analysis (TPA) is a two-compression
testing method to simulate the mastication process
(Figura & Teixeira, 2007). Five textural parameters
Hardness 1, 2, cohesiveness, adhesiveness and
elasticity of surimi gels added with coconut husk
extracts at different levels were analyzed and
depicted in Table 2. Hardness represents the
maximum force generated by resistance to the first
compression and hardness is directly related to the
fish protein content (Gani & Benjakul, 2018).
Hardness 1, 2 and adhesiveness increased signifi-
cantly (p<0.05) as the additives were incorporated
to control surimi. The highest hardness and cohe-
siveness were observed in TE-2 gels (p<0.05).
Cohesiveness is defined as the extent to which the
sample could be deformed before rupture (Chen &
Opara, 2013). The cohesiveness values of C and TE-
2 gels were close to 1, suggesting that they are
highly cohesive as an almost full recovery was
acquired at the second compression (Moon et al.,

Table 2. Effect of coconut husk extracts on pH, expressible moisture content and texture profile analysis of tilapia surimi gel

Treatment pH Expressible Hardness 1 Hardness 2 Cohesiveness Adhesiveness Elasticity
moisture (N) (N) (mj)

C 7.03±0.12f 3.89±0.44bcd 94.39±14.60a 101.98±9.32a 0.99±0.12b 1.47±2.37a 1.05±0.02a

TA-1 6.56±0.04cd 3.15±0.37abc 112.03±1.50a 119.41±4.16bc 0.90±0.01b 2.67±1.84ab 1.05±0.02a

TA-2 6.42±0.02ab 3.82±0.43bcd 151.29±12.94bc 168.06±20.10cd 0.90±0.08b 3.47±0.92ab 1.06±0.01a

TA-3 6.36±0.01a 4.44±0.34d 144.12±15.76bc 160.84±15.70c 0.93±0.05a 5.13±0.68ab 1.07±0.04a

TE-1 6.63±0.01d 2.25±0.23a 123.30±9.55ab 140.71±7.17bc 0.95±0.09b 2.58±1.50ab 1.07±0.03a

TE-2 6.55±0.03cd 2.95±0.52ab 159.50±18.40c 196.29±41.11d 0.98±0.10b 2.77±1.95ab 1.09±0.03a

TE-3 6.49±0.01bc 3.58±0.46bc 102.52±14.87a 112.87±14.14ab 0.94±0.07b 2.53±2.48ab 1.05±0.03a

Values expressed as Mean ± Standard deviation (n = 3). Means within a column followed by different letter are significantly
different (p<0.05).
C: alkaline saline washed surimi extract; TA-1: surimi added with 0.05% aqueous extract; TA-2: surimi added with 0.075%
aqueous extract; TA-3: surimi added with 0.1% aqueous extract; TE-1: surimi added with 0.05% of 60% ethanolic extract; TE-
2: surimi added with 0.075% of 60% ethanolic extract; TE-3: surimi added with 0.1% of 60% ethanolic extract
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2017). The lower cohesiveness values in other gels
demonstrate that surimi gel tended to detach the gel
network. Elasticity can be correlated with the
deformation of the surimi gels. The treated surimi
gels did not exhibit significant differences in
adhesiveness and elasticity values. The highest
adhesiveness was observed in TA-3 gels revealing
that the surface of surimi gels was sticky and non-
smooth (Liu et al., 2014). The lower adhesiveness
values observed in C gels might be due to a greater
loss of liquid during compression in the TPA test
(Jridi et al., 2015).

Coconut husk extracts are a good source of
antioxidants and phenolic compounds. These phe-
nolic compounds depending on the concentration
can affect proteins. The FTIR analysis of coconut
husk extracts revealed that it’s a rich source of
different phenolic compounds. In the present study,
TE-2 gels resulted in better EM content, indicating
formation of three-dimensional gel structures. This
work exemplifies the utilization and valorization of
the coconut husk waste in improving the quality of
the single washed tilapia surimi gels at dose
dependent manner.

Acknowledgements

The authors would like to thank the Director, ICAR-
Central Institute of Fisheries Education for providing the
facilities to conduct the research.

References

Almoulah, N.F., Voynikov, Y., Gevrenova, R., Schohn, H.,
Tzanova, T., Yagi, S., Thomas, J., Mignard, B., Ahmed,
A.A.A., El Siddig, M.A. and Spina, R. (2017)
Antibacterial, antiproliferative and antioxidant activ-
ity of leaf extracts of selected Solanaceae species. S.
Afr. J. Bot., 112: 368-374

Amarowicz, R. and Shahidi, F. (2017) Antioxidant activity
of broad bean seed extract and its phenolic compo-
sition. J. Funct. Foods, 38: 656-662

AOAC. (2005) Official methods of analysis of association
of official analytical chemists (17th ed.), AOAC
Inc., Arlington, VA

Arnao, M.B., Cano, A., Alcolea, J.F. and Acosta, M. (2001)
Estimation of free radical quenching activity of leaf
pigment extracts. Phytochem. Anal. 12: 138-143

Balange, A. and Benjakul, S., 2009. Enhancement of gel
strength of bigeye snapper (Priacanthus tayenus)
surimi using oxidised phenolic compounds. Food
Chem. 113(1): 61-70

Balasundram, N., Sundram, K. and Samman, S. (2006)
Phenolic compounds in plants and agri-industrial by-
products: Antioxidant activity, occurrence and poten-
tial uses. Food Chem. 99(1): 191-203

Buamard, N. and Benjakul, S. (2015) Improvement of gel
properties of sardine (Sardinella albella) surimi using
coconut husk extracts. Food Hydrocoll. 51: 146-155

Buamard, N. and Benjakul, S. (2018) Combination effect
of high-pressure treatment and ethanolic extract from
coconut husk on gel properties of sardine surimi. LWT
- Food Sci. Technol. 91: 361-367

Buamard, N., Benjakul, S. and Konno, K. (2017)
Improvement of gel quality of sardine surimi with low
setting phenomenon by ethanolic coconut husk
extract. J. Texture Stud. 48(1): 47-56

Chakraborty, M. and Mitra, A. (2008) The antioxidant and
antimicrobial properties of the methanolic extract
from Cocos nucifera mesocarp. Food chem. 107(3): 994-
999

Chen, L. and Opara, U.L. (2013) Texture measurement
approaches in fresh and processed foods—A review.
Food Res. Int. 51(2): 823-835

Dey, G., Sachan, A., Ghosh, S. and Mitra, A. (2003)
Detection of major phenolic acids from dried
mesocarpic husk of mature coconut by thin layer
chromatography. Ind. Crops Prod. 18(2): 171-176

Dhanabalan, V., Xavier, M., Kannuchamy, N., Asha, K.K.,
Singh, C.B. and Balange, A. (2017) Effect of processing
conditions on degree of hydrolysis, ACE inhibition,
and antioxidant activities of protein hydrolysate from
Acetes indicus. Environ. Sci. Pollut. Res. 24: 21222-
21232

Dreosti, I.E. (2000) Antioxidant polyphenols in tea, cocoa,
and wine. Nutri. 7(16): 692-694

Esquenazi, D., Wigg, M.D., Miranda, M.M., Rodrigues,
H.M., Tostes, J.B., Rozental, S., da Silva, A.J. and
Alviano, C.S. (2002) Antimicrobial and antiviral
activities of polyphenolics from Cocos nucifera Linn.
(Palmae) husk fiber extract. Res. Microbiol. 153(10):
647-652

Falcão, L. and Araújo, M.E.M. (2013) Tannins character-
ization in historic leathers by complementary analyti-
cal techniques ATR-FTIR, UV-Vis and chemical tests.
J. Cult. Herit. 14: 499-508

FAO. (2009) Commodity Statistics. Food and Agriculture
Organization, United Nations. http://faostat.fao.org/
(Accessed 21 June 2018)

FAO. (2022) The State of World Fisheries and Aquaculture
2022. Towards Blue Transformation. 266 p, Rome, FAO

Figura, L. and Teixeira, A.A. (2007) Food Physics: Physical
Properties-Measurement and Applications, 550 p,
Springer Science and Business Media

© 2024 Society of Fisheries Technologists (India)  Fishery Technology 61 : 36-44

Changes in Proximate Composition and Textural Properties of Tilapia Surimi Gel 43



Floegel, A., Kim, D.O., Chung, S.J., Koo, S.I. and Chun,
O.K. (2011) Comparison of ABTS/DPPH assays to
measure antioxidant capacity in popular antioxidant-
rich US foods. J. Food Compos. Anal. 24(7): 1043-1048

Gani, A. and Benjakul, S. (2018) mpact of virgin coconut
oil nanoemulsion on properties of croaker surimi gel.
Food Hydrocoll. 82: 34-44

Gaspar, A.L.C. and de Góes-Favoni, S.P. (2015) Action of
microbial transglutaminase (MTGase) in the modifi-
cation of food proteins: A review. Food Chem. 171:
315-322

Jridi, M., Abdelhedi, O., Souissi, N., Kammoun, M., Nasri,
M. and Ayadi, M.A. (2015) improvement of the
physicochemical, textural and sensory properties of
meat sausage by edible cuttlefish gelatin addition.
Food Biosci. 12: 67-72

Kaneda, H., Kobayashi, N., Furusho, S., Sahara, H. and
Koshino, S. (1995) Reducing activity and flavor
stability 311 of beer. Tech. Q.- Master Brew. Assoc. Am.
32(2): 90-94

Khoddami, A., Wilkes, M.A. and Roberts, T.H. (2013)
Techniques for analysis of plant phenolic compounds.
Molecules. 18(2): 2328-2375

Klunklin, W. and Savage, G. (2017) Effect on quality
characteristics of tomatoes grown under well-watered
and drought stress conditions. Foods 6(8): p.56

Konduru, S., Evans, M.R. and Stamps, R.H. (1999)
Coconut husk and processing effects on chemical and
physical properties of coconut coir dust. Hort. Sci.
34(1): 88-90

Liu, H., Nie, Y. and Chen, H. (2014) Effect of different
starches on colors and textural properties of surimi-
starch gels. Int. J. Food Prop. 17(7): 1439-1448

Ma, Z., Sun, Q., Ye, J., Yao, Q. and Zhao, C. (2016) Study
on the thermal degradation behaviors and kinetics of
alkali lignin for production of phenolic-rich bio-oil
using TGA–FTIR and Py–GC/MS. J. Anal. Appl.
Pyrolysis. 117: 116-124

Moon, J.H., Yoon, W.B. and Park, J.W. (2017) Assessing
the textural properties of Pacific whiting and Alaska
pollock surimi gels prepared with carrot under
various heating rates. Food Biosci. 20: 12-18

Ng, C.S. (1978) Measurement of free and expressible
drips. Laboratory manual on analytical methods and
procedure for fish and fish products. 1-2

Ozdal, T., Capanoglu, E and Altay, F. (2013) A review on
protein–phenolic interactions and associated changes.
Food Res. Int. 51(2): 954-970

Ozer, M.S., Kirkan, B., Sarikurkcu, C., Cengiz, M., Ceylan,
O., Atýlgan, N. and Tepe, B. (2018) Onosma
heterophyllum: Phenolic composition, enzyme inhibi-
tory and antioxidant activities. Ind. Crops Prod. 111:
179-184

Park, J.W., Graves, D., Draves, R. and Yongsawatdigul, J.
(2013) Manufacture of surimi harvest to frozen block.
In Surimi and Surimi Seafood, 3rd ed. (Park, J.W., Eds)
pp 55-96, Boca Raton, CRC Press

Priyadarshini, B., Xavier, K.M., Nayak, B.B., Dhanapal, K.
and Balange, A.K. (2017) Instrumental quality at-
tributes of single washed surimi gels of tilapia: Effect
of different washing media. LWT - Food Sci. Technol.
86: 385-392

Priyadarshini, B., Xavier, M., Nayak, B.B., Apang, T. and
Balange, A.K. (2018) Quality characteristics of tilapia
surimi: Effect of single washing cycle and different
washing media. J. Aquat. Food Prod. Technol. 27(5):
643-655

Rao, K.J. and Paria, S. (2013) Green synthesis of silver
nanoparticles from aqueous Aegle marmelos leaf
extract. Mater. Res. Bull. 48: 628-634

Rodrigues, S. and Pinto, G.A. (2007) Ultrasound extrac-
tion of phenolic compounds from coconut (Cocos
nucifera) shell powder. J. Food Eng. 80(3): 869-872

Shen, X., Chen, W., Zheng, Y., Lei, X., Tang, M., Wang,
H. and Song, F. (2017) Chemical composition,
antibacterial and antioxidant activities of hydrosols
from different parts of Areca catechu L. and Cocos
nucifera L. Ind. Crops Prod. 96: 110-119

Siddhuraju, P., Mohan, P. and Becker, K. (2002) Studies
on the antioxidant activity of Indian Laburnum (Cassia
fistula L.): a preliminary assessment of crude extracts
from stem bark, leaves, flowers and fruit pulp. Food
chem. 79(1): 61-67

Slinkard, K. and Singleton, V.L. (1997) Total phenolic
analyses: automation and comparison with manual
method. Am. J. Enol. Vitic. 28(1): 49-55

Stratil, P., Klejdus, B. and Kubáò, V. (2007) Determination
of phenolic compounds and their antioxidant activity
in fruits and cereals. Talanta. 71(4): 1741-1751

Swarnam, T.P., Velmurugan, A., Pandey, S.K. and Roy,
S.D. (2016) Enhancing nutrient recovery and compost
maturity of coconut husk by vermicomposting tech-
nology. Bioresour. Technol. 207: 76-84

Tian, Y., Liimatainen, J., Alanne, A.L., Lindstedt, A., Liu,
P., Sinkkonen, J., Kallio, H. and Yang, B. (2017)
Phenolic compounds extracted by acidic aqueous
ethanol from berries and leaves of different berry
plants. Food Chem. 220: 266-281

Tomás Barberán, F.A. and Espín, J.C. (2001) Phenolic
compounds and related enzymes as determinants of
quality in fruits and vegetables. J. Sci. Food Agric.
81(19): 853-876

Vázquez, G., Fontenla, E., Santos, J., Freire, M.S.,
González-Álvarez, J. and Antorrena, G. (2008) Antioxi-
dant activity and phenolic content of chestnut
(Castanea sativa) shell and eucalyptus (Eucalyptus
globulus) bark extracts. Ind. Crops Prod. 28(3): 279-285

© 2024 Society of Fisheries Technologists (India)  Fishery Technology 61 : 36-44

Priyadarshini, Xavier, Nayak and Balange 44



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


