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Abstract

Surimi processing industries generated over 60% of fish by-products,
including head, skin, viscera, timming, bone, scale, and fin. Hence, an effort
converting these by-products into valuable compounds and constituents
is necessary for optimizing the resources. In order to implement this, the
information on the chemical composition of the by-products is helpful.
This study aimed to determine the chemical composition, particularly
minerals of lizardfish surimi by-products. The protein, fat, ash, moisture,
and carbohydrate values of by-products differed significantly (p < 0.05).
Protein content was highest in the skin and scale (29.63% and 29.62%,
respectively), and ash content was predominantly found in the scale
(28.43%), fin (26.01%), and bone (23.58%). Calcium, magnesium,
potassium, and sodium content were significantly varied respectively from
0.25% to 6.88%, 0.06% to 0.37%, 0.01% to 0.09%, and 0.01% to 0.32%.
Calcium is highest in scale, whereas zinc, manganese, and iron were most
abundance in all parts of the by-products sample. Zinc is mostly detected
in the fin (76.75 pg/g), bone (48.67 pg/g) and scale (46.01 pg/g) parts.
On the other hand, copper, chromium, selenium, cadmium and lead were
detected at lower concentration (less than 2 ug/g), and complied with the
safety levels set by the Malaysian Food and Regulations. These findings
suggest that, by-products generated from lizardfish surimi processing may
be used as ingredients to enrich nutritional value of other food products.
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Introduction

Production of surimi in the world was around
800,000 tonnes in the year 2014/2015 with Alaska
pollock surimi accounting for 200,000 tonnes or
25% of the total production.” Meanwhile, surimi from
tropical marine species reached around 500,000
tonnes, with other fisheries contributing the rest.!
In Southeast Asian countries, surimi, a mechanically
deboned, washed, bleached, and stabilized fish
flesh,?® is predominantly produced from fish with a
low commercial value fish including, threadfin bream
(Nemipterus spp.), ox-eye scads (Priancanthus spp.),
goatfish (Upenneus spp.), jewfish (Johnius spp.),
lizardfish (Saurida spp.), barracuda (Sphyreana
spp.), and ribbon fish (Trihiuru spp.) as well as mix
fish species.** Lizardfish (Saurida tumbil) has been
widely used in Malaysia as a prime raw material
for surimi production due to its availability and low
price.® Since only the flesh of the fish is used for
surimi production, as a result, other portions of the
fish including head, viscera, skin, bone, scale, and fin
are generated as by-products, which may account for
60-70% of the whole fish weight.” In addition to
that, fish by-product may be taken away from the
processor at a low cost. Due to the large amount of
organic content, this by-product is considered as a
certified (prescribed) waste, which is even costlier
to discard. This practice is coming under increased
investigation due to environmental issues linked
to surimi waste disposal® and is getting a raising
concern and cost burden for the fish processing
industry.

Previously, the abundance of resources and lack of
awareness in utilizing these by-products, have led
to by-products being disposed as waste, resulting
in unused valuable biomaterials and environmental
pollution.® Fortunately, nowadays, the circular
economy concepts whereby production and
consumption move closer to the cyclical processes
in nature with waste from one species broken down
into nutrients, and used by another.

Conversion of fish by-products into valuable
components is an important strategy to reduce
industrial waste and turn it into a useful commodity.
Esteban et al.,"° reported the fish by-products
contained crude protein (57.9%), fat (19.2%),
crude fibre (1.3%), calcium (5.8%), phosphorus
(2.1%), potassium (0.7%), sodium (0.6%), and
magnesium (0.2%) (based on dry basis). In general,

the nutritional profile of different parts of the fish by-
product is somewhat different, as documented by
Pateiro et al.,"" where the bone, gills, and head of
fish by-products showed a higher ash, calcium, and
phosphorous composition, compared to the flesh,
viscera, and skin of the by-products. Meanwhile, the
protein content of flesh and skin by-products was
greater than that of the bone, gills and head. Hence,
there is good opportunity to develop this surimi by-
products into a more valuable products that can be
extensively applied in food products as functional
food ingredients.’? As reported by Nemati et al.,
the fish bone powder could be fortified into bakery
product, resulting in the improvement of calcium
value and customer acceptance. Singh et al.,"*
also reported the debittered fish frame hydrolysate
could increase the nutritional value of fortified
biscuits. Fish skin hydrolysate could also be applied
as functional drink in the soup product.’®

Although much work related to nutritional composition
from fish by-products has been done to date, there is
still a lack of exploration on the chemical composition
and mineral content of waste from fish processing
plants. Moreover, prior to conversion into other
diversified products, information on the nutritional
composition of the waste materials is crucial. This
study, therefore, aimed to determine the chemical
composition and mineral content of lizardfish by-
products, particularly skin, scale, remnant flesh,
bone and fin generated from surimi processing
plants. The findings of the present study can give
an important insight about the nutritional potential
of the less-explored fish by-products.

Materials and Methods

Materials

All chemicals used in present study were of analytical
grade. Sulfuric acid (H,SO,) (Merck, Germany)
was used to digest the samples, while Kjeldahl
catalyst selenium tablet (Fisher Chemical, USA)
was applied to determine the crude protein based
on quantifying nitrogen in the samples. Petroleum
ether (Merck, Germany) was used in lipid extraction
in the form of crude lipid. For mineral analysis,
a high-purity nitric acid (Merck, Germany) was
prepared to digest the sample, and water used in
this experiment was ultrapure water (Millipore). The
certified reference materials (CRM) were obtained
from the National Institute of Standard Technology
(NIST) as a validated test method. The by-products
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of Lizardfish (S. tumbil) were provided by the local
surimi processing industry (QL Marine Products Sdn.
Bhd.). The frozen by-product samples were packed
into plastic bag and kept chilled inside an ice cooled
insulated box and then stored in the freezer.

Sample Separation

The samples used in this study were two blocks of
the lizardfish surimi by-product, with each block of
this by-product weighing around 4.29 kg. For sample
separation, the frozen samples were immediately
thawed by immersing the blocks in tap water, followed
by rinsing with the reverse osmosis water to remove
undesirable non-fish by-product components. After
washing, the lizardfish surimi by-product samples
were separated by portions, including flesh, skin,
bone, scale and fins. The separated samples were
individually weighed and recorded as weight of
each part of by-product. The weighed samples were
then homogenized thoroughly and put into plastic
containers. The packed samples were then stored
at -20°C until further use.

Chemical Analysis

The chemical composition of lizardfish surimi by-
products was determined using the method of the
Association of Official Analytical Chemist (AOAC)."®
All analyses were conducted in two different by-
product samples.

Moisture Content

The moisture content of each by-product was
conducted using an air-oven (M720, Binder,
Germany). Moisture content was then calculated
with the formula described by AOAC'®

Moisture (%)= W1-W2 / W2 x 100

where W1 is an initial weight (g) of the by-product
sample, and W2 is a final weight (g) of the fish by-
product sample after drying.

Protein Content

The protein content was determined using a
Kjeltec 2300 Auto Distillation Unit (FOSS Tecator,
Sweden) with Kjeldahl method. Protein content
was determined based on the amount of nitrogen
contained in the sample, and further calculated
applying the following equation reported by AOAC 1

N (%)= (mL HCI-mL blanko) x 14.007xNHCI / W
x 100

where 6.25 is a nitrogen-to-sample conversion factor
applied for the measurement of protein present in
the tested sample.

Fat Content

The fat content was determined using a Soxtec 2050
automated analyzer (FOSS Analytical, Denmark) by
Soxtec method. Petroleum ether was applied during
extraction, while fat content was measured by the
formula presented from AOAC."®

Fat (%)= T2/ T1 x 100

where T1 is the by-product sample weight and T2
is weight of fat.

Ash Content

The ash content was conducted using gravimetric
method. Samples (2 g) were placed into a porcelain
cup, and heated in a furnace (Furnace 62700,
Dubuque, IA, USA) with a temperature of 550 °C
overnight. The treated samples were then put into
a desiccator and the ash value was calculated with
the following equation exhibited by AOAC.®

Ash (%)= W2 / W1 x 100

where W1 is the sample weight, and W2 is the ash
weight.

Carbohydrate Content
The carbohydrate content was measured by
subtracting the sum of moisture, protein, fat, and
ash contents from 100."

Mineral Analysis

Prior to determining the mineral content through
ICP-MS system (PerkinElmer Elan 9000-USA), the
lizardfish surimi by-product samples were acidically
digested using the closed vessel microwave
digestion system (CEM, MARS, USA). About 2 g of
each fish by-product was individually weighed and
put in a Teflon digestion vessel with the addition
of hydrogen peroxide (H,0,) (1 mL) and ultrapure
nitric acid (NH,) (3 mL). The treated samples
were sealed and put in a microwave and heated
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according to the method of Jarapala et al.,"® with
power (1600 W, 100%), ramp time (15 minutes),
temperature (200°C), hold time (15 minutes), and
cooling time (15 minutes). The digested samples
were cooled and subsequently transferred into
acid cleaned standard volumetric flasks (25 mL)
with adding double ultrapure water. Afterwards, the
calibration standards were prepared under the same
conditions with adding 6% (v/v) HNO,, followed by
a blank digest solution. The ICP-MS, in present
study, was adjusted to nebulizer gas flow 0.96 L/
min, lens voltage 1.6 V, radio frequency (RF) 1600
W, cool gas 13.0 L/min, and auxiliary gas 1.2 L/min.
Twelve elements of interest were selected in this
study, namely Calcium, Magnesium, Potassium,
Sodium, Zinc, Chromium, Manganese, Copper, Iron,
Selenium, Cadmium and Lead.

Statistical Analysis

Data was presented as mean +* standard deviation
(SD) and analysed by one-way Analysis of Variance
(ANOVA). A Tukey test was applied to present a
significant difference in each treatment. All statistical
analyses were performed using the Statistical
Package for Social Science SPSS, version 27 for
Windows (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Lizardfish Surimi By-product Composition

The lizardfish surimi by-products used in this
experiment consisted of skin (25.68 + 2.08 %), fin
(22.28 + 3.24 %), remnant flesh (21.47 + 2.58 %),
bone (17.60 + 2.50 %), and scale (12.97 + 2.61 %),
as depicted in Fig. 1. The skin of lizardfish constituted
the highest percentage of the by-products from the
surimi production, followed by fins and remnant flesh,
whereas the lowest volume of by-products was the
scale. Due to the lack of information regarding the
weight of each portion of the by-product from surimi
processing industry, the weight of portions found
in the present study would be different from other
fish processing and depended also on fish species,
as reported by Stevens et al.,'® Atlantic salmon
by-products comprised 10% of bones (including
frame and fin), 10% of head, 12.5% of viscera,
3.5% of skin, 5% of scale, 2% of blood, and 3.5%
of trimmings. Another study reported by Pateiro
et al.,11 exhibited that the by-products from gilthead
sea bream composed 21.53% of head, 14.57% of
bone, 10.25% of skin, 6.58% of viscera, 2.63% of
gills, 1.75% of fins, and 3.89% of other components.

Whole lizardfish surimi by-product

Skin Fin

25.68£2.08% 22.28+3.24%

Remnant Flesh
21.47 £2.58%

Scale
1297 £2.61%

Bone
17.60 + 2,50 %

Fig.1: Detail portions and weight (%) of the lizardfish surimi by-product

Chemical Composition
Table 1 presents the chemical composition of
lizardfish surimi by-products. In general, different

types of by-products contain different moisture,
protein, fat, ash, and carbohydrate contents.
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Table 1: Chemical compositions of the flesh, skin, scale, bone, and fin from
lizardfish surimi by-product (based on wet matter basis) (%)

Composition

Lizardfish by-product

Flesh Skin Scale Bone Fin
Moisture 76.26+0.52¢ 67.05+0.28° 40.84+0.99° 56.84+0.13> 55.19+1.00°
Fat 1.34£0.07¢ 1.76x0.11¢  0.28+0.15* 0.74%0.04° 0.63+0.02°
Protein 20.82+0.88° 29.63+0.30° 29.62+0.15° 17.96+0.04% 17.31+0.342
Ash 1.02+0.04*  1.16+0.15% 28.43+0.62° 23.58+0.36° 26.01+1.04°
Carbohydrates  0.56+0.38° 0.40+0.45° 0.83+0.48° 0.88+0.14° 0.87+0.60¢

Means in the same row with different superscripts are significantly different (p < 0.05).

The moisture contents are significantly higher
(p < 0.05) in the remnant flesh, followed by skin,
bone, fin and lowest in the scale. This observation
is in line with previous studies documented in
croaker (Pseudotolithus typus and Pseudotolithus
elongatus)17 and gilthead sea bream (Sparus
aurata)."" Moisture content is the main constituent
of fish varied from 70% and 80%, especially in the
flesh as edible portion of fish.'® For protein content,
the highest value was exhibited in the skin (29.63%)
and scale (29.62%) of the by-products. This might
be due to the lower level of moisture content in both
skin and scale than in the remnant flesh sample, as
suggested by Setijawati et al.,?° when the moisture
content in the fish sample was high, resulting in the
low level of protein, or vice versa. Moreover, fish skin
contains extracellular matrix such a fibrous protein
or known as collagen, whilst the scale is composed
of various components, particularly collagen fibres.
Masood et al.,?" revealed that each fish scale
contained 41 to 81% organic proteins on dry matter
basis. However, the fin and bone recorded lowest
level of protein. In the present study, the protein
values from surimi (lizardfish) by-products ranged
from 17.31% - 29.63%, higher than the protein
contents of the by-products from gilthead sea bream
(S. aurata) with values between 10.11% - 21.05% .11

The fat content of the scale was significantly lower
(0.28%) compared to skin (1.76%). It was observed
that the scale, bone and fin by-products contained
less than 1% fat. As a result, the composition of ash
obtained from those portions exhibited significantly
higher values (ranging between 23.58% and
28.43%) than those obtained from remnant flesh
and skin portions. This result is in agreement with

the report on two croaker fish species (P. typus
and P. elongatus)."® Meanwhile, the calculated
levels of carbohydrate were low (0.40% - 0.88%)
in all samples. These values were similar to those
species documented by Njinkoue et al.,'” Overall, the
chemical composition, observed in this present study
on lizardfish by-products and other published studies
highly varies from one species and/or portions within
this species to another relying on feeding, sex,
habitat and season.?

With the chemical composition determined in
this study, the by-products from lizardfish surimi
processing could be potentially developed into
valuable products, such as fish protein hydrolysate,
collagen, gelatine, bio-calcium and fortified food
products.'22314

Mineral Content

The mineral contents of different portions of lizardfish
surimi by-product are divided into two categories
consisting of macro- and micro-elements. For macro-
elements, representing Calcium (Ca), Potassium (K),
Magnesium (Mg), and Sodium (Na), while Zinc (Zn),
Manganese (Mn), Chromium (Cr), Iron (Fe), Copper
(Cu), Selenium (Se), Cadmium (Cd) and Lead (Pb)
are represented as micro-elements, both element
values are tabulated in Table 2 & 3.

Macro-elements

The macro-element values in the different parts
of surimi by-products were significantly varied
(p < 0.05) from 0.25% to 6.88%, 0.06% to 0.37%,
0.01% to 0.09%, and 0.01% to 0.32% for calcium,
magnesium, potassium, and sodium, respectively
(Table 2). The fish by-products obtained from this
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study and other literatures have different levels
of macro-mineral due to several factors such as
feeding behaviour of the fish, seasonal and biological
differences, and environmental conditions.?* Calcium
is the highest macro-element detected in the
different types of by-products compared to other
elements. The scale, bone and fin in particular,
showed significantly higher (p < 0.05) calcium
readings than those observed in the remnant flesh
and skin with the highest value in the scale sample,
according to Masood et al.,?! calcium is one of the

57

main components of fish scale in the form of calcium
salt crystals. For magnesium, higher concentrations
were recorded in fin (0.37%), scale (0.33%), and
bone (0.31%) of the fish by-products compared to
the remnant flesh and skin. Meanwhile, the remnant
flesh recorded the highest potassium level (0.09%)
than other types of lizardfish by-products. On the
other hand, the skin part contained the lowest
sodium concentration (0.01%) among the different
portions of by-product samples.

Table 2: Macro-element contents in the flesh, skin, bone,
scale, and fins of lizardfish surimi by-product (%)

Macro-element

Lizardfish surimi by-product

Flesh Skin Scale Bone Fin
Calcium (Ca) 0.34+0.012  0.25+0.05® 6.88+0.06¢ 5.01+0.07° 6.00+0.05°
Magnesium (Mg) 0.09+0.00> 0.06+0.00*  0.33+0.00° 0.31+0.00° 0.37+0.00¢
Potassium (K) 0.09+0.00¢  0.01+0.00®° 0.01+0.00® 0.06+0.00° 0.03+0.00°
Sodium (Na) 0.10+0.00° 0.01+0.00® 0.21+0.01¢ 0.30+0.00¢ 0.32+0.00¢

Means in the same row with different superscripts are significantly different (p < 0.05).

Table 3: Micro-element contents in the flesh, skin, bone,
scale, and fins of lizardfish surimi by-product (ug/g)

Macro-element

Lizardfish surimi by-product

Flesh Skin Scale Bone Fin
Zinc (Zn) 23.60+0.69° 27.35+0.12°> 46.01+0.57° 48.67+0.96° 76.75+0.20¢
Copper (Cu) 1.89+0.30° 0.91+0.14®  0.22+0.02¢ 0.56+0.012 0.40£0.03?
Manganese (Mn) 2.19+0.132  4.10+0.197 40.89+0.21° 40.65+1.28" 54.01+1.19°
Iron (Fe) 18.56+£1.23* 20.41+£0.02° 6.95+0.912 14.53%£1.34> 14.91+0.78%>
Chromium (Cr)  0.44+0.03® 0.78+0.29* 0.09+0.00® 0.37+0.08%  0.28+0.00%
Selenium (Se) 0.92+0.00¢  0.68+0.01¢  0.25+0.02® 0.37+0.02° 0.10£0.002
Cadmium (Cd)  0.04+0.04°¢  0.04+0.00° 0.02+0.00® 0.03+0.00° 0.03+0.00°
Lead (Pb) 0.07+0.012  0.08+0.00®  0.08+0.00® 0.07+0.002 0.07+0.002

Means in the same row with different superscripts are significantly different (p < 0.05).

Pateiro et al.," reported the macro-elements
observed in the gilthead sea bream and its by-
products which showed high variables in the level
of calcium, magnesium, potassium, and sodium;
however, when compared to the tested fish by-
products in this study, particularly in the level
of calcium, the lizardfish by-products exhibited

three times higher values than in the fish bone of
gilthead sea bream. Njinkoue et al.,"”” documented
the calcium content of by-products of two marine
fish (P. typus and P. elongatus) which was 4 times
higher than the present study. The high calcium
levels obtained in the frame and scale reflecting
these parts of by-product are a good source of this
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element, and being an important mineral for human
health, as well as, can be used as a potential food
supplement. For example, Nemati et al.,' revealed
the bakery fortified with bone powder from fish
by-product could enhance the calcium level and
customer acceptance. Singh et al.," also used the
debittered fish frame into biscuit product, resulting in
the increase of nutritional attribute. From our results,
the by products from lizardfish surimi processing
especially the scale, bones and fins could be turned
into powder and used as supplement or fortification
in food products.

For magnesium, as mentioned earlier, especially
in the bone, scale and fin observed in this study
had the highest levels than other types of by-
products. When compared to the gilthead sea bream
(S. aurata)," croaker fish (P. typus and P.
elongatus),” and meagre (Argyrosomus regius),?
lizardfish by-product exhibited higher magnesium
content than those previously reported. In addition
to this, magnesium has some benefits in human
body, such as regulating a number of essential
functions, being a cofactor for hundreds of enzymes,
contributing in bone development, and related
process.?® Thus, surimi by-products can be fortified
into food products to increase the nutritional value.
Potassium level showed less dominant in the
studied samples as compared to the fish by-products
documented by Pateiro et al.," and Kandyliari
et al.,>> However, sodium scores from lizardfish by-
products, particularly in the form of flesh and bone,
exhibited higher values than those collected from
gilthead sea bream (S. aurata)."

Micro-Elements

The levels of trace elements in lizardfish surimi by-
products exhibited significant difference (p < 0.05)
in all by-product portions. The fin contained the
highest level of most of the micro elements. The most
abundant microelements were zinc, manganese,
and iron (Table 3). The highest concentration of
zinc was exhibited in the fin samples (76.75 ug/g),
followed by bone (48.67 pg/g) and scale (46.01
pg/g). Similarly the manganese content in fins
(54.01 pg/g) was also the highest compared to
other portions (2.19 - 40.89 pg/g). For iron, skin
(20.41 pg/g) and flesh (18.56 ug/g) recorded higher
level than fin, bone, and scale. This may be due
to unavoidable fragments of blood remaining in
the skin and flesh after portioning the by-product.

On the other hand, the presence of copper,
chromium, selenium, cadmium, and lead were low
(less than 2 pg/g) in all fish by-products studied at
particularly cadmium and lead (respectively, 0.02 -
0.04 pg/g and 0.07 - 0.08 pg/g).

Zinc is an important micro-element for metabolism
activity in organisms. It plays an essential role in
the maintenance of immune system, cell division,
wound healing and so forth. The excess of zinc,
however, is considered to produce detrimental
effect to the organisms. For example, Salvaggio
et al.,?® confirmed that excessive zinc in the zebrafish
(as an alternative vertebrate model) could cause
malformations of the skeletal and serious defects
in growth. Another study documented by Plum
at al.,?” revealed the excessive exposure in human
could cause focal neuronal deficits, respiratory
disorder, epigastric pain, and risk of prostate cancer.
According to the Malaysian Food and Regulations?®
the permissible zinc limit in the food product is
about 100 pg/g, while the Food and Agriculture
Organization and World Health Organisation (FAO/
WHO),? the permissible limit recommended is
around 150 pg/g. The lizardfish by-products sample
showed that the zinc concentrations were lower
than those advocated by the Malaysian Food and
Regulation?® and FAO/WHO.? This suggests that
lizardfish (surimi) by-product is permissible to be
used in the fortified food product. Meanwhile, the
levels of zinc reported by Njinkoue et al.,"” and
Pateiro et al.," using the by-products of Pacific
Ocean perch (Sebastes alutus), croaker fish
(P. typus and P. elongatus), gilthead sea bream
(S. aurata), respectively, and found in the present
study exhibited different concentrations. This might be
due to the several factors, such as the physiological
conditions of the fish (age and size), locality (natural
or anthropogenic sources), and seasonal variation.*
The iron values of these by-product were less
abundance than those documented by Njinkoue
et al.,'"" (18.93 - 36.94 ug/g), but higher than the
values documented by Pateiro et al.,' (6.90 - 10.10
pg/g). Moreover, the higher concentrations of copper
were also observed in in the by-product of Pacific
Ocean perch (Sebastes alutus) and croaker fish
(P. typus and P. elongatus),"” but all documented
the by-products and examined lizardfish by-product
samples had a lower iron level than recommended
by Malaysia and FAO/WHO standards (respectively,
10 and 30 pg/g). Interestingly, the selenium content
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from the by-product portions of lizardfish, especially
in the flesh part, showed higher value than some
of freshwater fish species investigated by Jarapala
et al.,"® As widely known, selenium is an essential
element, especially in preventing oxidative stress
in the human cell.”® In case of chromium, cadmium,
and lead contents, the examined samples were
in line with those studied by Younis et al.,>* and
Jarapala et al.,"® More importantly, the studied
by-products contained lower values of these heavy
metals than the toxic levels stated by Malaysian
Food and FAO/WHO regulations. Thus, some
micro-elements found in this study may be potentially
used to enrich essential element in human diet, as
well as to enhance functional food products through
fortification strategy.

Conclusion

Lizardfish by-products from surimi processing industry
possessed a number of nutritional compositions,
particularly high amounts in protein content observed
in the skin and scale. In addition, the scale, bone,
and fin parts predominantly contained calcium as
a potential macro-mineral source, whilst the zinc,
manganese and iron contents were detected in

higher levels than other micro-element compositions.
In contrast, the levels of copper, chromium, selenium,
cadmium and lead found in the samples were low.
These heavy metals, however, contained in the
lizardfish surimi by-products were considered safe
due to permissible limits according to the standard
of Malaysian Food and Regulation, and FAO/WHO.
Based on the findings demonstrating their nutrient-
rich compositions, the lizardfish by-products can
be applied as potential ingredients in food product.
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