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ABSTRACT 

A comparative study on the proxi mate, fatty acids and mine ral compos itio n o f Epinephelus 

coioides, E. areolalus, Cephalopholis sonnerali and C. miniQ/a we re ca tTied out. T he 

results revea led the presence of moisture content ranging from 76.33 to 82.60 %, ash 4.84 

to 5. 70 % and to tal o rganic matter 5.64 to 6.62 %. T he composition of the ex tracted o il had 

been ana lysed using the GC-FID. The composition fatty acids sho"C(] that total 

monounsa tura ted fatty ac id (MUFA ; 50.65-5 7.84 %) was the highest fo llowed by saturated 

fatty ac id (SFA; 22.33-29. 19 %) and polyunsaturated fatty acid (PUFA; 19. 14-24.87 %) in 

both m uscle and I iver. Stearic acid and palmati c ac id for SFA, cis -I O-hepladecenoic acid 

and ela idic acid for MUFA and al pha-l inolenic ac id and docosahexaenoic ac id (OH A) fo r 

PUFA have been identi fied as predominant fa tty ac id. T he mineral analys is was done by 

us ing rCP-OES. Minera ls included K (239 1.5-2895 .83 mglkg), Na (507. 17- 1 JU5.5 mglkg), 

Mg (20 1.83 -24 1.1 5 mg/kg) and Ca (177.30-354.10 mglkg) whil e Zn, Pb, Mn, Cu and Cd 

were present in trace amounts. 

Keywords: Proxi mate, Minerals, Fatty acids , MUFA, PUFA 
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ABSTRAK 


Kajian perbandingan proksimal, asid lemak dan kandungan mineral el11pal jenis ikan 

Epinephelus coioides, Epinephelus areolalus, Cephalopholis sonnerali and Cephalopholis 

miniala lelah dUalankan. Kepulusan menunjukkan kehadiran kandungan kelel11bapan 

dianlara 7633-82.60 %. abu 4.84-5.70 % dan JUI111ah bahan organik 5.64-6.62 % 

Komposisi -komposisi pali ikon lelah ini lelah di anolisis menggl.lnakon GC-FJD. 

Komposisi asid lemak menunjukkan bahawa jumlah asid lemak mono tidak lepu (MUFA ; 

50.65-57.84 %) yang paling linggi diikuli oleh asid lemak lepu (SFA; 22.33-29.19 %) dan 

asid lemakpoli lidak lepu (PUFA: 19.14-24.87 %) di dalam kedua-dua 0 10 1 dan hali. Asid 

slearik dan asid palmilik unluk SFA, asid cis - 10 - hepladekanoik dan asid elaidik unluk 

MUFA dan as id aJfa - linolenik dan asid dokosohexaenoik (DHA) unluk PUFA lelah 

dikenalpasli sebagai asid lemak paling Ulama. Analysis mineral lelah dikena1pasti 

menggunakan 1CP-OES Mineral lermasuk K ( 2391.5-2895.83 mglkg), No (507. I 7-1005.5 

mglkg), Mg (20183-24115 mglkg) dan No (177.30-354.10 mglkg) manakala Zn, Pb, Mn, 

Cu dOli Cd dikenalpaSl i dalam jumlah surih. 

Kala kllllci: Proksimal, Mineral, Lemak Asid, MUFA, PUFA 

x 
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CHAPTER 1 


INTRODUCTION 


1.1. Gener al I n trod uction 

Fish is consumed as food all over the world. In emerging countries, fis h is the 

important sources of lipid and nutri ents in di e t of human . Accordin g to Minamy el 01. 

(2014) reported that fish is the one of essential nutrient source for process of human 

surv ival. Fish communiti es change from one area to another because of the several factors 

such as water temperature, water velocity and clarity, alkalinity and available habitat 

(A deni yi e l 01. ,2012). The lipid content and fatt y ac id composition in fi sh are affected by 

va ri ous factors such as th eir e nvironment ; si ze of fish , spec ies; tissues and diet (Hwang el 

01., 2004). Study by Watennan (1980) showed "that the principal components of fish are 

water, protein, lipid and carbohydrate whil e Dana e l 01. (1985) study stated that the 

following minerals are commonly found in fi sh include sodium, pota ss ium, calcium, 

magnes ium , phosphorus, su lphur, iron , c hlorine, s ili con, manga nese, zinc, copper, arsenic 

and iodine. 

Nutritional compos iti on of fish are vari es greatly from one species and individual to 

anot her depending on age , feed intake, sex and sexual changes connected w ith spawning, 

the environment and season (S il va and Chamul , 2000). The nutritional ;mportant o f fi s h 

consumption is associated large ly with the fatty acids. Fatty acids are compose of omega-3 

polyunsaturated fatty acids (PUFAs) that highly important for human health (Pourshamsian 

e l 01., 2012). Diets in which unsaturated fatty acids replace the saturated ones are 

associated with low incidence of coronary di sease. Sa rgent (1996) reported that by 

increased consumption of ti sh and fi sh products which are rich in PUFAs of th e omega-3 
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but poor in PUFAs of omega-6 family can reduce the risk of cardiovascular diseases. 

According to Kandemir an d Polat (2007) reported that muscle and li ver are two organs 

invo lved in the lipids s torage inside fi sh. Humans can obtain main parts of these fatt y acids 

through consuming aquatic products. 

[n this research , the Serranidae species was studied. The com mon name of 

Serranidae species iden ti fy as grouper. Groupers species are extremely vulnerable to 

overfishing and man y spec ies are threatened world wide (Hackradt e l al., 2014). Several 

marin e species are seriously threatened by array anthropoge nic actions (Lo tze el a/. , 2006). 

Fishing is the main human ac tivity that effec ting fi sh population abund ance and si ze 

structure toward causin g marine biodiversity loss (Hackl'adt el ai, 2014). 

1.2. Problem Statements 

The fatty acid and mineral composition in fi sh can classify into different types. This 

va ri atio n of the fatty acid and mineral composition are difkring depending on the types of 

fish that been s tudied . The hab ita t, types and die t of fi s h was determine th e amount of fatty 

acid and mineral compos iti on present in that particular fish. This study was focus only on 

the Serran idae species. In Malaysia the information regarding the Serranidae species is 

st ill ra ther scanty and inadeq uate. Few studies and less publications deal with them because 

the fi sh is expensive. According to IUCN Red List criteria, Serranidae species have an 

elevated risk of extinction due to overfishing. 
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1.3. Objectives of the Study 

The objectives of this study are 

a) To carry out the proximate and mineral content analyses in li ver and mu sc le from 

severa l species of Serranidae (Grouper). 

b) To detemline the chemical compos ition of fatty ac ids in li ver and musc le from 

several species of gro uper. 

c) To identi fy the SFA, MUFAs and PUFAs in li ver and muscle from several spec ies of 

gro uper. 

d) To perform chemometri c ana lys is based on fa tty acids content in fi sh oi I of grouper 

fa mil y. 
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CHAPTER 2 

LITERATURE REVIEW 

2. 1. Serranidae 

The grouper was found in several different genera in the subfamil y Epinephelinae 

111 the famil y Serranidae. The definition of a grouper from the Portuguese ' garropa '. 

Groupers is a subfamil y of Epinephelinae which any member of the genera Aelhaloperca, 

Alphesles, Anyperodon, Cephalopholis, Cromileples. Dermalolepis, Epinephelus, 

Goniopleclrus, Gracila, Hyporlhodus, Myleroperca, Paranlhias, Pleclropomlls, Saloplia, 

Triso and Variola. Currentl y, the SUbfamily of Epinephelinae contains 163 species (Crai g 

el 01.,2011) . 

The taxonomy of grouper is in a state of fluctu ation. Accord in g to Craig and 

Hastings (2007) presented a hypothesis of relationships among grouper species and 

proposed a reorgani zati on of genera within the groupers. Groupers usuall y been treated as 

a subfamily of the family Serranidae. As turn of the 21" century, molecular techniques 

become well-establish methods for di scern ing relati onship among animal groups . Ea rl y 

studies using these techniques highlighted novel relationship among groupers and 

sea basses and suggested some genera were in fact di stantl y rel ated percomorph lineages 

and moreover Serranidae no t a monophyletic lineage (Craig el al., 2011 ). Groupers and 

rema ining genera of the traditional Serranidae is thought that they are no t allied groups 

Those genera known as the subfami ly Epinephelil1ae. 
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2. 1.1. Epinephelus coioides (Orange-spo tted gro uper) 

E. coio ides is a we tl-known and common species. However, the population trend o f 

E coioides had shown decreas ing (Craig el 01., 2011). Overfi s hi ng is the major threat to 

thi s species as it is taken not on ly as adults but also in large numbers as juveniles for th e 

grow-out maricu lture industry. Instead , the brackish water, increase in coas tal devel opment 

and hab itat destructi on was also threaten E. caioides . According to Crai g et 01. (201 I) 

reported that E. coioides occupies a wide range of habitats including s hallow reefs and 

lagoons wi th brackish and turbid waters in depths to at leas t 30 m. Juveniles are commonl y 

found in shallow waters of estuaries over sand, mud and grave l and comm on mangroves. 

According to Matthews and Samuel (1991 ) stated that E coioides can reaches a maxim um 

age of 22 years. According to Craig el 01. (20 11 ) reported that E coio ides often m istaken 

from E. rnalabarius and E. laLivina. The colour patterns of a ll 3 spec ies are sim ilar but 

consists differe nt of spots in their bod y. Acco~ding to IUCN red li s t status (2004) E. 

caiaides are considered near threa tened. 

2.1 .2. EpinepheiLis area/alLis (Areolate grouper) 

E area/alLis is w ide-spread and reasonabl y common througho ut its range. Yet, the 

populati on trend of E. area/alLis is unkn own (Cra ig et 01., 2011). Fishin g pressure is the 

major threat to this species which is taken both as adul ts and as juveniles also for grow-out 

mari culture. Habitat and eco logy of E area/alus is fo und in seagrass beds or on silty sand 

bottoms around iso lated sma ll rock outcrops, dead coral or so ft cora l in dep ths of 2-200 m. 

Juvenil es are common at water depths to 80 m (Kailola et 01., 1993). The max imum 

reported age for E areolalus is 15 years (Cra ig el aI. , 2011) . Acco rdin g to IUCN red list 

s tatus (2008) the E. areo /a tus is least concem. 
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2.1 .3. Cephalopholis sonnerali (Tomato hind) 

C. sonnerali is considered to be a common spec ies throughout its range. T he 

population trend o f C. sonnerali is stable. Overfishing is the major threat in C. sonnerali. 

Accord ing to Craig el 01. (2011) reported th at the habitat of C sonnerali usua ll y in deep 

lagoon reefs and steep outer reef slopes in depths of up to 100111 and the ju ve nil es are often 

fo und near sponges or co ral heads. Accord ing to IUCN red li st statu s (2008) the C. 

sonnerali is least concem . 

2.1.4 . Cephalopholis minia/a (Coral hind) 

C. minia/a is common in most coral-ri ch areas within its range. According to Cra ig 

el af. (20 11 ) reported that the population trend of C miniala was decreas ing due to 

ove rfi sbing. The habitat of C. miniala in clears water of co ral ree fs and more often found 

in exposed rather th an protected reef areas (Fischer e l 01., 1990). C. miniala is eas il y 

confu sed wi th C. hemisliklOS and C. sexmaculala . These species differ in co lour pattem. 

Acco rd ing to IUCN red li st status (2008) th e C. miniata is least concern . 

2.2. Fatty Acids in Fish 

Human have utilized fi shes as food materia l since seve ral centuries ago due 

of several nutrients such as protein, fat, vitam in and minerals (Minamy e l 01., 20 14) . 

The constituent of fatt y acid namely saturated fatty acid (SFA) and unsaturated fatty 

acid contained monounsa turated [ally ac ids (MUFAs) and polyunsaturated fatty 

ac ids (PUFAs) known as omega-3, omega -6 and omega-9 (S imopoulos, 2002; 

Kolanowski , 2005). PUFAs such as omega-3 was the fa t contained in fi sh that can 

strength tbe bra in (S imopou los, 2002 ; Steffens, 2006 ; Fawo le el 01., 2007). 
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Fish oil generally contai ned omega-3 such as eicopenthanoic ac id and 

docohexanoic acid , omega-6 such as linoleic acid and arachodoneic ac id and omega ­

9 such as oleic acid which believed have a hea lthy beneficial (Calder, 1996; Massaro 

e! 01. , 1999; Cleland e! ai., 2003; Ruxton et ai., 2004). According to Lin et 01. (2007) 

reported that fany acid content of fish in li ve r and muscle generally refl ects the fatty 

acid composition of the di et. The fatty ac id composi tion in grouper musc le and li ver 

were strongly influenced by the compositi on in dietary fa tty acids (Wu e! ai. , 2002). 

Relative li ver weights did no t differ among dietary groups indica ted this 

vari able was not affected by the dietary lipid composition (Wu et 01. , 2002). Die ta ry 

li pid sources did not affect whole body composition and lipid depos ition in either 

liver or muscle among grouper fed with various diet (Mart ino et ai, 2002). In 

Epinephe/us coioides, the optimal dietary protein and lipid levels in juveni le fi sh 

were 48% (Luo e! ai, 2004) and 10% (Luo e! 01:2005). 

According Louly et 01. (20 II ) rep0l1ed on study of muscle lipid and fa tty 

acids of th ree largely consumed seawater species of Serronidae which were 

Epinephe/lls aeneus, Cepha/opholis !aeniops and Serramls scriba. From the research 

reported that the lipid contents was relatively poor, ranging from 0.8% to 2.3% 

show ing a significa nt seasonal dependency. Amongst the 35 fatty acid was 

iden tifi ed, 35-51 % were SFA, 2 1-33% MUFAs and 18-34% P FAs. Palmitic acid 

was found to be the main SFA and seasonal dependent with a mean va lue of 30. 5% 

fo r E aeneus, 27. 9% for C. taeniaps and 20.9% for S. scriba. Amongs t MUFA, oleic 

acid with I 1-16% was the main acid in a ll three species. The omega-6 PUFA level 

was low in particu lar for C. !aeniops (1 .3 -1 .6%) and a Iitlle higher for S. scriba (3. 6­

4. 2%). The three species was characterised by high amounts ofomega-3 PUFA. 
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2.3. Mineral composition in fish 

According to Shahidi el af. (1999) stated that the mineral composition which 

comprise the major element such as calcium, magnesium, sodium, potassium and trace 

element such zinc and iron was determined inside fi sh musc le. Potassium was observed to 

dominate other minerals in all fish sa mples (Adeni yi el a/., 20 12). The variations record ed 

in the concentration of the different nutriti onal components in the fish examined could 

have been as result of the rate in which these components are available in the water body 

(Yeannes and Almandos, 2003). The ability of the fish to absorb and convert the essential 

nutrients from tbe diet and the water bodies where the live affect the nutritional 

components in fish (Adeniyi, el af. 2012). 

Most of micro element were equally important in trace amounts but they tend 

become hannful when their concentration in the tissues exceed the metabolic demands 

(Ako and Salihu , 2004). Calc ium was good for growth and maintenance of bones, teeth , 

and muscles (Turan el a/. , 2003). Nonnal extra ce llular calcium concentrations were 

necessary for blood coagulation, integrity and intracellular cement substances (Okaka and 

Okaka, 2001). Sodium was an activator of transport A TP-ases in anima ls and possibly also 

in plants (Adeyeye, 2005). There were also direct relationship~ of sodium intake with 

hypertension on human (Da hl , 1972). Iron was important constituent of haemoglob in 

(Onwordi el al., 2009). The presence of zinc in the fi shes cou ld mean that the fishes can 

play va luable roles in the management of di abetes which result from the insulin 

malfunction (Okaka and Okaka, 200 I). 

The composition of a p31iicular fish species often appears to vary from one fishing 

ground to another, and from season to season, but the basic causes of change in 

composition were usually variation in the amount and quality of food that the fish eats and 
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the amo unt of movement it makes. For example, fish us uall y stop feed ing before they 

spawn and draw on their reserves of fat and p rotein. When fi sh were overcrowded there 

may no t enough food to go round as we ll as intake w ill be low and composi tion w ill 

change accordingly. 

2.4. Analytical Method of GC for Analysis of Fatty Acids 

GC analysis of fatt y acids was first reported by James and Martin (I952). This 

technique has been extensively used for the compositiona l determination of fatty acids 

(Manku, 1983; Sandra and Vanreo lenbosch, 198 1). Some lipids such as short chain free 

fatty acids can analysed by gas chromatography without deri va ti zation. However, most of 

them must be derivatives before ana lys is because of their low volatility or poor thermal 

stability (CoJrro el al.. 2005). Standard methodol~gy for the derivatiza ti on of fatty ac ids is 

detailed by the Internationa l Union of Pu re and Applied Chem istry (IUPAC) (Lee el ai. , 

1998). Accordi ng to Coltro e l 01. (2005) reported that the methodol ogy involves the 

alkal ine saponification of ex tracted fat to break down tileir glyce rides and for the 

subsequent esterification of the liberated fatty acids in the presence of methano l and boron 

trifluoride. The formed fatty acid meth yl esters (FA MEs) are th en ex tracted with organic 

so lvents and anal ysed by GC with flame ion ization detector (FID). 
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CHAPTER 3 


MATERIALS AND METHODS 


3. \. Sample Collection & Preparation 

Fresh sample o f Serranidae species was co llected from the coasta l area of Sarawak. 

The sample was kept in a co ld iced box and transported to Ihe laboralory. On arrival al the 

laboratory, Ihe fresh fi sh was washed immediate ly. Fresh fish was Ihen placed in se parated 

plastics bag, sea led , labelled and kept in freezer at -20oe before they been analysed. 

Figures 3. 1 to 3 .4 show the sample of Serranidae species Ihat had been sllldied . 

Figure 3.1 : E coioides species 
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Figure 3.2: E. area/allis species 

Figure 3.3: C. Sonnerali species 
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