=
O
Q
—
=)
Z
=
o
22
-
=
Z
<
o
—
e
=
—
w
Z
o
2]
Z
=
-
o
<
L)
E
-

Transactions on Science and Technology Vol. 6, No. 2-2, 175 - 183, 2019

Minerals, Amino Acids and Fatty Acids Profile
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ABSTRACT The minerals, amino acids (AAs) and fatty acids (FAs) profile of the epidermal mucus of Clarias gariepinus
(African catfish) and Clarias sp. (local catfish) were determined. Minerals were identified by using atomic absorption
spectrophotometer (AAS) and inductive coupled plasma mass spectrometry (ICPMS), amino acids by high liquid
performance chromatography (HPLC) and fatty acids by gas chromatographic with flame ionisation detector (GC-FID). The
levels of macroelements (K, Na, Mg, Ca and P) in the epidermal mucus of Clarias sp. were higher than in the C.gariepinus
while the concentrations of trace elements (Cu, Zn, and Fe) of both catfish species are lower than the toxic levels
described by FAO/WHO. The high level of AAs total content was found in Clarias sp. epidermal mucus (83.72 mg g-1 fresh
weight) mainly essential amino acids (EAA), where the EAA/total AA ratio (50.75 + 0.423 mg g-1 Fresh Weight) were
comparable to FAO/WHO requirements. The epidermal mucus of Clarias sp. contained high amounts of polyunsaturated
fatty acids (PUFAs) as compared to saturated fatty acids (SFAs) and monounsaturated fatty acids (MUFAs) while SFAs
were found higher in C.gariepinus. This study suggested that local catfish, Clarias sp. despite of cultured (African) catfish,
C.gariepinus, could be potentially used as ingredients to improve nutritive value and texture of functional foods for human
consumption.
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INTRODUCTION

One of the most popular freshwater fish for human consumption throughout the world is the
catfish, including our country Malaysia. Clarias gariepinus (African catfish) is a lean and highly
nutritious fish that is rich in vitamins, proteins and minerals, has little or no saturated fat and is low
in carbohydrates (Ersoy et al., 2009). Catfish is also rich in lipids and a good source of unsaturated
fatty acid, including n-3 fatty acid that has a positive impact on human health (Hwang et al., 2004).
The lipid content, fatty acid and other chemical composition in catfish are affected by various factors
such as their environment conditions, size of fish, species, tissue, diet (Hwang et al., 2004), water
temperature, seasons, habitat and water salinity (Thammapat et al., 2010). However, the study was
limited to the fish fillet, and no on other parts of the fish such as the epidermal mucus.

Mucus, on the other hand, is the final protective barrier between fish and the environment. In
most conditions, it is regarded as useless and discarded during fish processing (Mat Jais et al., 1998).
The coating of mucus that makes fish so slippery is produced by epidermal mucous cells and is
believed to serve primarily for protection (Shephard, 1993 & 1994). Two lines of evidence support
this view: (a) removal of mucus renders fish susceptible to attack by bacteria, fungi and parasites
and (b) the mucus coating tends to be thicker on naked or sparsely scaled fishes than on those that
are heavily scaled, although there are exceptions among the more active fishes, such as tunas (Lewis,
1970). The presence of amino acids and lipids in fish mucus has been largely overlooked, although
they are found in mucus from other sources, such as that of the human cervix and submaxillary
gland, canine gastric juice and snail epithelium. In 1970, Lewis reported that epidermal mucus from
a catfish contained 98.07 % of lipid mixture where other hydorocarbons, squalene, sterol and wax
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esters, triglycerides, cholesterol, diglycerides, monoglycerides, free fatty acids and phospholipids
were also identified.

The chemical composition of food materials has an important role in human health in supply of
essential nutrients for maintaining prosperous health (Chalamaiah et al, 2012). Chemical
composition of catfish epidermal mucus is also important in nutritive perspective of human health.
Furthermore, evaluating the functional properties of epidermal mucus of catfish requires a clear idea
on their biochemical composition, which can provide a platform for identification of the molecules
responsible for the different biological activities. Therefore, this study was carried out to determine
the minerals, amino acids and fatty acids profiles of C.gariepinus and Clarias sp. epidermal mucus
that are found in Sabah, Malaysia.

METHODOLOGY

Mucus Collection

In this study, two types of catfish species (Clarias gariepinus and Clarias sp.) were used. Healthy
and adult (both sexes) African catfish (Clarias gariepinus), was obtained from fish pond in Hatchery
Universiti Malaysia Sabah (UMS), Sabah, Malaysia while the local catfish (Clarias sp.), was obtained
(wild catch) from Bongawan River, Sabah, Malaysia. Both catfish species were identified and
confirmed by Proffessor Dr. Abdul Hamid Ahmad, the expert from Institute For Tropical Biology
and Conversation, Universiti Malaysia Sabah (UMS), Sabah, Malaysia. All fish were allowed to settle
down in two different tanks in the laboratory at least for 3 days before experimentation (Mat Jais ef
al., 1998). Mucus was collected as described by Mat Jais et al., 1998 and Nagashima et al., 2004 with
slight modification. Live whole fish were cleaned by washing them with distilled water to remove
any apparent dirt. Fish were then weighed and place into an enclosed clean plastic bag (12”7 X 18”,
ventral side of the body facing downward), one fish per bag. An estimated amount of distilled water
(v / v fish / distilled water 1 : 1) was added and transferred into a freezer (- 20 © C) for 2 hours to
induce a hypothermic stress condition where stressed fish will naturally secrete copious amounts of
mucus (Mat Jais et al., 1998). The mucus was collected by carefully scrapped from the dorsal body
using a clean plastic spatula. Ventral skin mucus was not collected to avoid blood, urino-genital,
intestinal and sperm contamination (Nagashima et al., 2004; Ebran et al., 1999; Hellio et al., 2002; Su,
2011; Jurado et al., 2015). The mucus was centrifuged at 12, 000 x g for 10 minutes to get the bottom
gel-like layer and the upper watery (supernatant) layer was discarded. The mucus harvest was
immediately frozen at — 20 ©C to prevent any bacterial contamination. The mucus samples obtained
from individual fish of each species were pooled to yield one mucus sample per fish species.

Mineral analysis

To remove carbon, the epidermal mucus of C.gariepinus and Clarias sp. (1 g) was ignited and
incinerated in a muffle furnace at 550°C for 24 hours. The ash was wetted with distilled water, and
dissolved with 1 mL of nitirc acid (HNOs). The mixture was shaken and filtered using filter paper.
The filtrate was used for mineral determination (Yaich et al., 2011). The macro minerals: sodium
(Na), potassium (K), magnesium (Mg), and calcium (Ca) and trace minerals: iron (Fe), zinc (Zn), and
copper (Cu) were determined using a Hitachi Z-5000 atomic absorption spectrophotometer (AAS)
and also an air-acetylene burner was used. Selenium (Se) was determined using a Perkin Elmer
ELAN 9000 inductive coupled plasma mass spectrometry (ICP-MS). The concentrations of the
elements were determined from calibration curves of the standard elements. The results were
expressed in mg 100 g -1 fresh weight (FW) basis and all measurements were performed in triplicate.
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Amino Acid Determination

The content of amino acids (AAs) in C.gariepinus and Clarias sp. epidermal mucus were
determined according to Benjama and Masniyom (2011) with some slight modification. The
epidermal mucus of both catfish species (0.20 g) was weighed in screw cap test tubes to which 5 mL
of 6 N hydrochloride acid (HCI) was added. The test tubes were tightly capped and placed in an
oven at 110°C for 24 hours to allow complete hydrolysis. The hydrolysates were then cooled down
to room temperature. The cooled hydrolysates were quantitatively transferred into 100 mL
volumetric flask, with 4 mL of internal standard; 2.5 mM of DL-2-aminobutyric was added. The
solution was then brought to 100 mL with ultrapure water. Approximately 100 mL of the sample
solution was filtered through filter paper before filtering again through syringe filter. Next, 10 pL
filtered solution was collected into a microcentrifuge tube for derivatization process. 100 uL of AccQ
Fluor reagent was added and the volume of 5 pL of samples were injected into the high
performance liquid chromatography (HPLC) (50 pmole of AABA = 5.156 ng AABA). The HPLC
(Waters Corporation €2695, Milford, MA, USA) was equipped with degasser, autosampler, and
fluorescence detector was used to analyse AAs in epidermal mucus of both catfish species. The
mobile phase used was: (A) AccQ Tag Eluent A (100 mL diluted with 1000 mL of ultrapure water)
and (B) HPLC grade acetonitrile (60%). The mobile phase was filtered through 0.45 um cellulose
membrane filters before it was used. All separation was carried out on an AccQ Tag column (3.9 x
150 mm) (Waters Corporation, Milford, MA, USA), with the column temperature set at 36°C, flow
rate 1.0 mL/minute. The fluorescence detector was operated with a 250 nm excitation and a 395 nm
emission wavelength and the run time for the analysis was 50 min. The quantity of each AA was
determined from the peak area of known quantity of AA standard mixture and peak area of
individual AA in sample that contained internal standard. The amount of each AA in epidermal
mucus of both catfish species was expressed in percentage (w/w) basis. All the measurements of
AAs were performed in triplicate.

Fatty Acid Determination

The fatty acids (FAs) of catfish epidermal mucus were determined using gas chromatographic
with flame ionisation detector (GC-FID) for quantification of their methyl esters (FAMEs) (Yaich et
al., 2011). For the extraction of oil from epidermal mucus of C.gariepinus and Clarias sp., 1 g of
samples was extracted with 90 mL of petroleum ether in a Soxtec system to obtain the oil as well as
to determine its fat content. Hexane (1 mL) was added to 0.1 mL of oil samples, and then 1 mL of
sodium methoxide solution was added to the oil solution. The mixture was stirred vigorously using
a vortex mixer for 10 seconds and later was allowed to stand for 10 min to separate the clear solution
of FAMEs from the cloudy aqueous layer. The upper layer of the FAMEs was collected and was
analysed by Hewlett-Packard 5890 series II plus GC-FID fitted with a capillary DB 23 Supelco
column (30 m 0.25 mm 0.25 um, Sigma-Aldrich, St. Louis, MO, USA). The injection volume was 1uL,
the temperature column was programmed from 30 to 250 °C with the increase of 1 °C min?, and the
injection and detector temperatures were set at 250 °C and 260 °C respectively with the split ratio of
1:100, and the carrier gas was hydrogen with a flow rate of 1.3 mL min. Identification and
quantification of FAMEs were accomplished by comparing the retention times of the peaks with
those of pure FAME standard (Sigma, USA) analysed under the same conditions. The results were
expressed as a percentage of individual FAs in the lipid fraction. All measurements were performed
in triplicate.

Statistical analysis

Data collected in this study were analyzed using IBM SPSS version 24.0. One way analysis of
variance (ANOVA) and Tukey post-hoc analysis test was used to compare differences in the means
of the mineral, amino acid contents and fatty acid profile of C.gariepinus and Clarias sp. epidermal
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mucus. A significant difference was considered at the level of p<0.05. All the samples and analysis
were measured in three replicates and presented as mean + standard deviation.

RESULT AND DISCUSSION

Table 1 gives the mineral content (macro and trace elements) in the epidermal mucus of
C.gariepinus and Clarias sp.. Statistical analyses of results by ANOVA showed significant differences
among the levels of K, Na, Mg, Ca, P and Fe and there were no significant differences among the
levels of Zn and Cu in the epidermal mucus of the catfish studied. The levels of macroelements K,
Na, Mg, Ca and P in the epidermal mucus of Clarias sp. were higher than in the C.gariepinus
epidermal mucus. Among the main elements, the highest level was potassium (C.gariepinus: 0.276 +
0.002; Clarias sp.: 0.470 + 0.005), respectively. Low concentrations of Na and high of K were observed
and makes epidermal mucus of both catfish species a good meal for human health, especially in the
case of cardiovascular disease prevention, the Na/K ratio in food should be less than 1 (Njinkoue et
al., 2016) as shown in Table 1. Both Ca/P ratio for both catfish species epidermal mucus gave similar
values and it was less than 1. The Ca/P ratio in food should be about 1 (Njinkoue et al., 2016). Mg, Ca
and P were also the major minerals found in crude catfish viscera oil (Sathivel et al., 2003). The
concentrations of Cu, Zn, and Fe (trace elements) in epidermal mucus of both catfish species are
lower than the toxic levels described by FAO/WHO (2001). The microelements are not only toxic but
also essential for human nutrition (Francisca et al., 2013).

Table 1. The mineral content in the epidermal mucus of Clarias gariepinus and Clarias sp.

Mineral (mg 100 g) C.gariepinus Clarias sp.

K 0.276 + 0.002 0.470 + 0.005*

Na 0.156 + 0.001s 0.249 + 0.004"

Mg 0.024 + 0.000¢ 0.038 + 0.000f

Ca 0.018 + 0.000¢ 0.028 + 0.000¢

Zn 0.001 + 0.0002 0.002 + 0.0007

Fe 0.002 + 0.000° 0.010 + 0.000°

Cu 0.001 + 0.0002 0.002 + 0.0007

P 0.272 + 0.002! 0.386 + 0.004/
Na/K (ratio) 0.565 + 0.500 0.529 + 0.800
Ca/P (ratio) 0.066 = 0.000 0.072 + 0.000

* All values are mean + standard deviation of triplicate experiments.
* aDifferent superscripts indicate significant (P < 0.05) differences between samples.

The amino acid (AA) content of C.gariepinus and Clarias sp. epidermal mucus is presented in
Table 2. The total content of AAs in C.gariepinus epidermal mucus was 3.711 + 0.079 % w/w (37.11
mg g Fresh Weight) while Clarias .sp. epidermal mucus was 8.372 + 0.085 % w/w (83.72 mg g Fresh
Weight) . This value was comparable to its corresponding crude protein content (C.gariepinus: 6.34 +
1.69 %; Clarias sp.: 7.92+ 0.63 %), indicating that the amount of non-protein nitrogenous materials in
this catfish epidermal mucus was insignificant. Nine essential amino acids (EAAs) including
threonine, arginine, tyrosine, valine, methionine, lysine, isoleucine, leucine, phenylalanine and seven
non-EAAs (NEAAs) including aspartic acid, serine, glutamic acid, glycine, histidine, alanine, and
proline were present in epidermal mucus of C.gariepinus and Clarias sp., except for tryptophan and
cysteine which were eliminated after acid hydrolysis of the protein samples (not shown in the
result). The EAAs of C.gariepinus epidermal mucus ranged from 0.107 + 0.004 to 0.317 + 0.009 % w/w,
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while Clarias sp. epidermal mucus ranged from 0.054 + 0.002 to 0.749 + 0.004 % w/w. The EAA/total
AA ratio suggests that more than 50 % of the AAs were EAAs. The result also indicates a good ratio
of EAAs to NEAAs (C.gariepinus :1.114 + 0.013; Clarias sp.: 1.030 £ 0.007).

Table 2. The amino acids content in the epidermal mucus of Clarias gariepinus and Clarias sp.

Amino Acids (% w/w) C.gariepinus Clarias sp.
Aspartic acid (Asp) 0.325 + 0.003" 0.751 £ 0.007~
Serine (Ser) 0.236 + 0.003f 0.600 + 0.014™
Glutamic acid (Glu) 0.535 + 0.003! 1.225 + 0.006°
Glycine (Gly) 0.231 £ 0.006f 0.609 + 0.007™
Histidine (His) 0.058 + 0.007° 0.156 + 0.0034e
Alanine (Ala) 0.231 £ 0.002f 0.496 + 0.008!
Proline (Pro) 0.136 £ 0.007¢de 0.286 + 0.004g"
Thereonine (Thr) 0.224 + 0.011f 0.525 + 0.003!
Arginine (Arg) 0.317 £ 0.009" 0.748 £+ 0.004"
Thyrosine (Tyr) 0.107 + 0.004¢ 0.283 + 0.002g"h
Valine (Val) 0.174 £ 0.003¢ 0.430 + 0.005%
Methionine (Met) 0.261 + 0.003fs 0.054 £ 0.002>
Lysine (Lys) 0.306 + 0.008" 0.749 £ 0.004"
Isoleucine (Ile) 0.159 + 0.005% 0.357 + 0.0037
Leucine (Leu) 0.286 + 0.0028n 0.732 + 0.009~
Phenylalanine (Phe) 0.122 + 0.001< 0.371 + 0.004i
Total AAs 3.711 +£0.079 8.372 +0.085
Total EAAs 1.956 + 0.046 4.249 + 0.036
Total non-EAAs 1.755 + 0.033 4.123 +0.049
EAAs/Total AAs 0.527 +0.058 0.507 + 0.042
EAAs/Non-EAAs 1.114 £ 0.013 1.030 + 0.007

* All values are mean + standard deviation of triplicate experiments.
* acDifferent superscripts indicate significant (P < 0.05) differences between samples.
* % w/w : percentage weight per weight

It was discovered that, lysine, arginine, leucine were found to be the highest EAA in epidermal
mucus of Clarias sp. representing 17.62, 17.45, 17.22 % of total EAAs, respectively. Arginine was the
highest EAA found in epidermal mucus of C.gariepinus, representing 16.20 % of total EAAs.
Arginine is also termed as ‘conditionally EAA” that can usually be synthesized by the human body
under normal condition. This EAA found in epidermal mucus of catfish where the highest was
found in Clarias sp., will be important to certain conditions such as during growth, illness, and
metabolic stress, as well as during the first month of a new born (Saini et al., 2013; Chan et al., 2014).
The second highest EAA presence in epidermal mucus of C.gariepinus was lysine (15.64 % of total
EAAs) while in epidermal mucus of Clarias sp. was thereonine (12.35 % of total EAAs). The third
highest EAA presence in epidermal mucus of C.gariepinus and Clarias sp.. were: leucine > methionine
> thereonine > valine > isoleucine > phenylalanine > thyrosine; and valine > phenylalanine >
isoleusine > thyrosine > methionine, respectively. For non-EAAs, epidermal mucus of Clarias sp.
showed high amount of glutamic acid (14.63 % of the total AAs, ) and followed by epidermal mucus
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of C.gariepinus (14.41 % of the total AAs). The next highest non-EAAs in epidermal mucus of
C.gariepinus and Clarias sp. were: aspartic acid > serine > glycine and alanine > proline > histidine
and aspartic acid > glycine > serine > alanine > proline > histidine, respectively.

The fatty acids profile of C.gariepinus and Clarias sp.. epidermal mucus are presented in Table 3.
C.gariepinus epidermal mucus had higher proportions of saturated fatty acids (SFAs) >
polyunsaturated fatty acids PUFAs > monounsaturated fatty acids (MUFAs) while Clarias sp. had
higher proportions of PUFAs > SFAs > MUFAs. This showed that C.gariepinus epidermal mucus has
a high composition of saturated FAs, representing almost 70% of total FAs. The main SFAs present
in C.gariepinus epidermal mucus are arachidic acid (C20:0), and stearic acid (C18:0) and both of
these FAs represent 50 % of the total SFA. Similar findings were reported in other epidermal mucus
of Channa striatus, the sum of C16:0 and C18:0 represent 50 % of total SFA (Mat Jais et al., 1998). The
PUFAs in Clarias sp. epidermal mucus range from 11.27 + 0.015 to 17.17 + 0.029 % with the sum of
PUFAs of 71.64 + 1.97 %. This value suggested that more than half of the total FAs detected were of
PUFAs in epidermal mucus of Clarias sp.. Docosahexaenoic (C22:6w3) (DHA) representing 23.96 %
of the total PUFAs indicates the main PUFA detected is DHA followed by EPA (C20:5w3)
representing 19.58 % of the total PUFAs. As discussed earlier, the wild catfish epidermal mucus
(Clarias sp.) contains high amounts of PUFAs as compared to SFAs and MUFAs. Omega-3 PUFAs
help prevent the growth of atherosclerotic plaque that affects blood clotting, blood pressure and
improves the immune function, while w-6 PUFAs decrease low density lipoprotein cholesterol
(LDL-C) and may also decrease high density lipoprotein cholesterol (HDL-C) which adversely
induces heart disease risk (Chan et al.,, 2017). Therefore, it is important to maintain a balanced
consumption of w-6 and w-3 in diet based on a ratio of w-6/w-3 < 10 recommended by the WHO
(Matanjun et al., 2009). In the current study, the w-3 PUFAs have a higher value of 44 % of the total
PUFAs as compared to w-6 PUFAs having only 35 %. This in turn leads to a low w-6/w-3 ratio which
is within the WHO standard. The low w-6/w-3 ratio in Clarias sp. epidermal mucus might be due to
the presence of a high concentration of DHA. This suggests that epidermal mucus of Clarias sp.
might be a potential food or supplement source to improve the w-3 deficiency, especially DHA as
compared to others epidermal mucus of catfish species. Previous study had shown the beneficial
effects of DHA on immune functions (Tomobe et al., 2000). Hence, epidermal mucus of Clarias sp.
may be used to compliment diet containing sufficient EPA but low in DHA.

The FA compositions of the dietary fats, particularly of some individual FA, are of great
importance in human nutrition and health concern. Low intake of saturated fat and increased
PUFAs to SFAs ratio are associated with a lower risk of human coronary heart diseases (Kumar et al.,
2011). Thus, the PUFA /SFA ratio is one of the parameters used to assess the nutritional quality of
the lipid fraction of foods. In the present study, the PUFA/SFA ratio of Clarias sp. epidermal mucus
was 1.23, which is within the nutritional guidelines that recommended a PUFA/SFA ratio above 0.4
(Kumar et al., 2011), except for C.gariepinus epidermal mucus where the PUFA/SFA ratio was below
0.4. Other than PUFA/SFA ratio, the Al and TI are also related to nutritional factors linked with
coronary diseases, which are also used to assess the FA nutritional quality. The Al indicates the
relationship between the sum of the main saturated FAs and that of the main class of unsaturated
FAs, while TI shows the relationship between the pro-thrombogenic and the anti-thrombogenic of
FAs as thrombosis is a central event in atherosclerosis (Ghaeni et al., 2013). Therefore, lower Al and
TI maintain better nutritional quality of the FAs. The Al and TI epidermal mucus of C.gariepinus and
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Table 3. Fatty acids profiles in the epidermal mucus of Clarias gariepinus and Clarias sp. (in % of total
lipid).

Structure Fatty Acid Methyl Ester  Clarias gariepinus Clarias sp.
C4 Butryic ND ND
(&) Caproic ND ND
C8 Caprylic ND ND
c10 Capric ND ND
cn Undecanoic ND ND
Cc12 Lauric 6.740 + 0.005 ND
Cc13 Tridecanoic ND ND
C14 Myristic 7.730 + 0.015¢ ND
C14:1 Myristoleic ND ND

> c15 Pentadecanoic ND ND

o} C15:1 Cis-10-Pentadecenoic ND 8.720 + 0.068¢

(@) Cl6 Palmitic 8.960 + 0.006¢ 8.970 + 0.009¢

] C16:1 Palmitoleic ND ND

O Cc17 Heptadecanoic ND 9.870 + 0.008¢

z. C17:1 Cis-10-Heptadecanoic ND ND

any C18 Stearic 10.690 + 0.007¢ 10.710 + 0.027¢

- C 18:19 Elaidic (Trans) ND ND

e C 18:1w9c Oleic (Cis) 10.870 + 0.003f 10.900 + 0.021f

b= C 18:2w6 Linolelaidic (Trans) ND ND

a C 18:2w6 Linoleic (Cis) 11.260 + 0.0168 11.270 + 0.0158

4 C 18:3w6 y-Linolenic ND ND

< C 18:3w3 a-Linolenic ND ND

23] Cc20 Arachidic 12.510 + 0.006" 12.530 + 0.012"

(&) C20:1a9 Cis-11-Eicosenoic ND ND

Z C 20:2 Cis-11,14-Eicosadienoic ND ND

= C 20:3w6 Cis-8,11,14-Eicosatrienoic ND 13.600 + 0.015!

G C 20:3w3 Cis-11,14,17-Eicosatrienoic ND ND

(¥ C21:0 Henicosanoic ND ND

Z, C 20:4w6 Arachidonic ND ND

() C 20: 5w3 Cis-5,8,11,14,17- ND 14.030 + 0.012

eicosapentaenoic

C£ c22 Behenic ND ND

o C22:109 Erucic ND ND

o C22:2 Cis-13,16-Docosadienoic ND 15.550 + 0.020%

P C23:0 Tricosanoic ND 16.040 + 0.032!

(=) C 22:63 Cis-4,7,10,13,16,19- ND 17.170 + 0.029™

< Docosahexaenoic

) C24:0 Lignoceric ND ND

Z C24:1 Nervonic ND ND

§ Y.SFAs 46.650 + 1.720 58.140 + 0.580

= YMUFAs 10.870 +0.020 19.620 + 0.900
YPUFAs 11.260 + 0.980 71.640 + 2.500
YPUFAs/YLSFAs 0.240 + 0.001 1.230 + 0.040
w—6/w-3 0 0.790 + 0.008
Al 0.170 + 0.003 0.002 + 0.001
TIN 0.690 + 0.007 0.003 + 0.001

* All values are mean + standard deviation of triplicate experiments.
* abeDifferent superscripts indicate significant (P < 0.05) differences between samples.

« 1 AI: atherogenic index = (C12:0 + C14:0 + C16:0) / (w-3PUFAs + w-6PUFAs + MUFAs)

e thrombogenic index = (C14:0 + C16:0 + C18:0) / (0.5 w- 6PUFAs + 3PUFAs + w- 3PUFAs) / w-6PUFAs)
*Not detected (ND); Omega (w); Carbon (C); Fatty acids (FAs); Saturated fatty acids (SFAs); Monounsaturated
fatty acids (MUFAs); Polyunsaturated fatty acids (PUFAs).
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Clarias sp., in the current study were 0.17 + 0.003 and 0.69 + 0.007; 0.02 +0.001 and 0.003 + 0.001
respectively. In addition, this TI value was also lower than products such as lamb (1.58), bovine
meat (1.08), lean pork (1.37) and milk based products (2.1) (Chan et al., 2017). In view of this, the
addition of epidermal mucus of catfish especially the wild catfish to meat products, may not only be
useful for technological reasons (gel forming) but also could be of a more satisfactory strategy for the
development of healthier lipid formulation (Kumar et al., 2011). For an example, the meat system
with the addition of seaweeds (that had lower Al and TI index : 0.03 to 0.04) (Chan et al., 2017) can
caused an increased in w-3 PUFAs and decrease in the w-6/w-3 PUFAs ratio, as well as the TI index
(Lopez-Lopez et al., 2009).

CONCLUSION

In conclusion, different species of catfish will give different amount of chemical composition.
This study discovered that epidermal mucus of Clarias sp. contained high levels of macroelements
(minerals), amino acids and high amounts of PUFAs as compared to SFAs and MUFAs which can
contribute positively to human nutritional requirements and consumptions. The nutritional
compositions found in both catfish species from this study can be recommended for human
consumption, health and become an important functional ingredient in the food industry.
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