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Abstract

In Thailand, culture and production of a high valteshwater fish, the marble goby, is
dependant upon farm-made feeds using marine astiviisger trash fish as primary
ingredients. However, there is lack of nutritiomasearch regarding the use of such
farm-made feeds and their impacts on the nutritictatus, growth and health of
marble goby. The aims of the present study weev&duate the effects of farm- made
feeds on slaughter indices, fish lipid classes datly acid profiles, nutrient
composition and digestibility. In addition it wastended to improve on-farm feed
quality for both current practical feeds as usedadmners and alternative feeds using
rice bran and tilapia with reference to biochemicaiposition, growth performance

and haematology of marble goby.

Nutritional evaluation of farmed fish compared heit wild counterparts indicated that
fatty acid composition of farmed marble goby waskadly influenced by diet. Marble
goby appeared to utilize MUFA preferentially asearergy source compared to SFA.
Fish muscle was characterised by higher n-6 PUFAchadonic acid (20:4n-6, AA)
and docosapentaenoic acid (22:5n-6, DPA). Eicogapanic acid (20:5n-3, EPA) and
docosahexaenoic acid (22: 6n-3, DHA) comprisedntlagority of n-3 PUFA found in
fish muscle and can potentially be enriched intohigagoby muscle through the diet.
The significantly higher ratios of neutral livepil to polar lipid (NL/PL) indicated the
imbalance of dietary lipid and energy of on-farmeds. Moreover, findings on

slaughter indices and lipid peroxidation of farniisth; higher HSI, VSI, liver TBARS



and the pale lipid-rich liver of farmed fish indied problems with the nutritional

quality of lipid in farm-made feeds.

Experiments aimed to improve farm-made feeds usugplemental vitamin E in the
form of a-tocopherol. These demonstrated that supplementatica-tocopherol to
oxidised diets, both mackerel and tilapia basedindit result in a significant beneficial
effect in reducing mortality, and improving growdind haematology in marble goby.
However, dietarya-tocopherol supplementation helped in reducing fisluscle
peroxidation but was not related to museiocopherol levels. In mackerel based diets
containing lipid peroxidation up to 250-300 pmolsDM g, a-tocopherol

supplementation appeared not to help in reducusy jperoxidation.

The alternative use of tilapia as a feed for maguley resulted in growth and survival
rates similar to those of fish fed mackerel baskedsd Tilapia contained intrinsie-
tocopherol levels that appeared to be sufficientréduce marble goby tissue
peroxidation. The synergic effects on antioxidanotivities betweena- tocopherol
supplement and natural E vitamer contained in bcan helped to reduce tissue
TBARS and improve haematology in fish fed combimtiliets of oxidised tilapia and

rice bran.

The inclusion of rice bran in farm based diets lteslin decreased tissue peroxidation,
an adverse affect on dry matter and protein dig#isgi and lower fish feed intake,
growth and survival rate when 25% of rice bran wadsled into practical mackerel
based diet. Overall, formulated feeds showed prioigigrowth and survival rate in

marble goby but more research on dietary nutrientsenergy balances are required.
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Chapter 1General Introduction

Chapterl General Introduction

The marble gobyOxyeleotris marmoratuss considered to be one of the most
promising finfish for aquaculture in Thailand (SuMaxat et al. 2005) and is also a good
candidate species for research (Leatherland €t980; Jow et al. 1999; Sayer, 2005;
Masaya et al. 2006). Marble goby has several bicéd@dvantages for culture such as
they can live in a wide range of salinities (Suaitd Jenjit, 2000). As it remains
virtually motionless it requires only to be keplitle moist during live transportation,
thus only the minimal use of water and oxygen iguned (Rakbankerd, 2005). In
addition, marble goby appear to be able to detosifgiogenous ammonia to glutamine
in the muscle reducing endogenous ammonia producitd excretion (Jow et al.
1999). Marble goby are nutritionally highly prizég Asian consumers, both at home
and overseas. This because they are lean, boreldgkeir firm, white flesh has no off-
flavour taste (Sompong, 1980). Amongst ethnic Céenmarble goby is widely believed
to be an aphrodisiac, mostly by men, and is seriredexpensive restaurants
(Suraniranat, 1998).

In Asia, marble goby are considered a speciesghf économic value and they
fetch the highest price of any edible freshwatsh fvith a farm gate price of around £7
or £12 per kilogram have been reported in Thailand Taiwan respectively (Ausyfish,
2006). In Thailand marble goby are considered twehgreat international export
potential. The market demand and price profile @afrlsie goby have meant relative
stability in both domestic and export markets.sltparticularly important in terms of
export to countries where there are consumers iainAarigin, especially ethnic Chinese

(Rakbankerd, 2005). The main markets are China,gH¢ong, Taiwan, Singapore,
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Malaysia and Japan (Suraniranat, 1998; Rakbani&@5).The market demand from
such consumers always appears to outstrip suppikb@hkerd, 2005; Phoomthai,
2007).

Marble goby have long been cultured in Thailand atiter South-East Asian
countries particularly Malaysia, Singapore, Taiveawl Vietnam. In 2000, 207 tonnes of
marble goby were produced by aquaculture in MadgySingapore, and Thailand. This
represents about 74% of the total global aquaaukbdirgobioid fishes (282 tonnes) for
2000 (GALE, 2005).

Until recently in Thailand marble goby productioashbeen reported from three
main sources. These are cage culture, semi-inersyculture systems in earthen
ponds where marble goby is raised with other sgesigh as giant freshwater prawn
Macrobrachium rosenbergiiLin et al. 2002) tilapiaDreochromis niloticugSompong,
1980) and sea basstes calcarifer(Seenoo et al. 1994a) and capture-based fisheries.
The cage culture and semi-intensive polycultureeizaen largely responsible for grow-
out production (Edwards et al. 2004) and cage milttas long been a majority
contributor (Varangkana, 1986; Lin and Kaewpaitod@00; Rakbankerd, 2005). The
capture-based fisheries where production is corelidye lower and vyield is
unpredictable (Amornsakun et al. 2002). The totqdogt of 13.2 and 38.7 tonnes in
2005 and 2006 of value of 1,995,956 (£28,514) ah@56,666 Thai Baht (£176,524)
respectively have been reported by DOF (2005), munfiately, there is no data
available for exact source and production.

The supply of marble goby seed is still principalfom capture fisheries.
However, it has been successfully propagated throigluced spawning using
hormonal injections (Tay and Seow, 1971), and s#wechnical improvements to the

basic procedure have been reported (Tan and La@g; Manop, 1984; Seenoo et al.
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1994a; Seenoo et al. 1994a; Harmin et al. 1997jsiNg hatchery-based fry at early
stages using live feed has been accomplished (Tatwale 1986; Tavarutmaneegul and
Lin, 1988). However, this approach has receivedy dithited research attention
although there is increasing interest in this akéare recently a number of researchers
have reported attempts to develop culture techsiguel further understanding of the
life-history of marble goby fry at in early developntal stages (Panu et al. 1989;
Seenoo et al. 1994a; Pham, 2001; Amornsakun €20d2; Udompo, 2002; Abol-
Munafi et al. 2005; Van et al. 2005). In additienetic improvement of marble goby to
improve growth, disease resistance and adaptatiditfarming systems have been
investigated by many scientists (FAO, 1995).

Due to its economic value, marble goby is highlyaative to fish farmers who
have always had a keen interest in farming thicispe Unfortunately, attempts to
sustain marble goby using complete artificial diedse not so far been successful since
fish at various stages of development are reludtaaccept pellets and no commercial
feeds exist for this species (Nanthiya, 1989; B4a8&9; Lin and Kaewpaitoon, 2000;
Pham, 2001; Edwards et al. 2004). This has beeonanon problem in the early
nutritional development of feeds for capture-basarhivorous finfish species such as
snakeheadQhana striatd (Jantrarotai and Jantrarothai, 1993) and gro&panephelus
spp. (Kevin and Michael, 2005). Feeds and feedingharble goby has largely been
derived from the knowledge and experience of fasngathered over several decades of
fish culture. There is little or no scientific infoation published on the nutrition of
marble goby. There is also a lack of current redean using farm-made aquafeeds for
marble goby even though grow- out production hag leeen significantly supported by

farm-made aquafeeds (Edwards and Allan, 2004; Stuehal. 2005).
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The benefits of using farm-made aquafeeds for sstalle aquaculture
producers in Asia and the Pacific have long beengeized (Tacon, 1997; Tacon and
Silva, 1997). Asia is by far the leading region fgobal aquaculture production and
Asia accounted for 85%, 89% and 92% of the worldaaglture production in 1991,
2002 and 2004 respectively (FAO, 2004; FAO, 208®out 33% of Asian finfish and
crustacean production has been achieved at ledsdliyausing farm-made aquafeeds
(Kee-Chai, 1993; Francesca et al. 2004). FAO (19fi8casted that in 2004
approximately 2.0-2.3 million metric tonnes (mmt)gtobal production of carnivorous
finfish and approximately 25 mmt of crustacean wpreduced without the use of
commercial feed. Unfortunately, no statistical dats been reported to prove the
forecasting since the last report by FAO in 2008.fdct more than 90% of world
aquaculture production in 2004 was from developghsgan countries with about 74%
originating from China (FAO, 2006) where on-farmeds have historically been
regarded as a majority feed input in their cultsystems (Felicitas, 1996; Lamgsen and
Beiping, 2002; Edwards and Allan, 2004). This peehaould indicate the remaining
importance of the farm-made feed to aquacultuth@fegion.

Farm-made aquafeeds allow farmers to adapt feaddrp their own financial
resources and requirements. They also facilitateuie of locally available agricultural
by-products which would otherwise have limited wgthin the community (ACIAR,
2004). Farm-made aquafeeds are also potentiallgpehefor farmers than commercial
aquafeeds.

Research that develops and improves existing an-tquafeeds together with
identification and utilization of alternative potent feed ingredients is required to
sustain and expand marble goby production. It shbalnoted that a key issue is that so

far seed used for marble goby culture is still ot#d from the wild. Developing a
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successful artificial diet could be a complicatadkt because such feeds are not well
accepted by this species and their nutritional irequents are not fully known.

In addition, nutritional research on the effectseafsting farm-made feeds on
marble goby carcass composition would allow somgetstanding of their nutritional
status. It might also permit some extrapolationctmsideration of their nutrient
requirements that could then be used to developrashd diets to support marble goby
culture in the future.

The aims of the present research are specifitally
1) Evaluate on-farm feeds and feeding strategiesisbnnutrient composition of
marble goby
2) Assess the use of farm based diets on fishthrdeed digestibility, feed intake,
nutrient utilization and chemical composition ofnisla goby.

3) Improve existing practical farm-made feeds teuge nutritional quality in terms
of fish carcass analysis and haematological regsons
4) Investigate the use of alternative feeds on fisbwth performance, fish

nutritional quality and fish health.
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2.1 Biological characteristics

The sand goby, marble goby or marbled sleeper gavgommon names for the
carnivorous fishOxyeleotris marmoratusvhich is a member of the family Eleotridae.
This species is commonly found in freshwater anackishwater bodies throughout
Indo-China (Sompong, 1980). It is one of the larggsby-like fishes in the world and
grows up to 50 cm in total length and reaches ritgtat approximately 7 cm (Tan and
Lam, 1973). The young are free-swimming initiallygdaassume the bottom-dwelling
habits of the adults later on (Seenoo et al. 1994a)

Marble goby differs from true-gobies in that thelvpe fins are separated
whereas in true gobies these are combined to makg-ahaped sucker. In most other
respects they are similar to the true gobies (Ke&nd Peter, 2002). Marble goby are
comparatively dark brown on the dorsal side ane fabwn on the ventral side. The
body has a series of long dark blotches. The fresnathout spines and have black or
dusty bands. Colouration is variable and dependshenenvironment of the habitat
bottom and lighting. The body is elongated and aitha lateral line. The flattened-
upper-side of the head has ocelli. The mouth hdesep cleft directed obliquely upward
(as shown in Figure 1) (Kottlelat et al. 1993). S'Bpecies is sluggish and prefers to
spend most of its time half-buried in the habitabstrate with eyes protruding to

ambush its prey (Kelvin and Peter, 2002).
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2.2 Fish breeding strategies

Tavarutmaneegul and Lin (1988) claimed that madibdy are capable of
multiple spawning and can spawn throughout the yeaer suitable conditions. This
species can acclimatise to, and reproduce in, Ihebhwater and brackishwater
(Masaya et al. 2006). In nature marble goby bres@ssively during the rainy season,
May to August, and less during other months, paldity November and December

when temperatures are lower (Sompong, 1980).

Figure 1 Adult male marble gob@kyeleotris marmorat)f 1.22 kg in body weight

and 32.5 cm. in total length.

Source: Kasimoff (2005)

Natural and artificial spawning have resulted iccassful breeding of marble
goby (Tay and Seow, 1971). In nature, spawningllysoacurs at dawn when females
lay eggs in nests such as wood, stone and amoedefived plants. During spawning

the male sheds its milt and engages in brood cafarining the eggs using its pectoral

fins. The amber-coloured fertilized eggs have adteiof adhesive filaments (Tan and
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Lam, 1973). Eggs hatch in about 28h at optimal &namprres of 25-27 °C (Panu et al.
1989).

Larvae exhibit a typical S-posture and horizontainsming around two days
after hatching. The feeding of fry on zooplankterrecommended on the 3rd day after
hatching when the eyes, the optic vesicle withatalil epithelium, the free neuromasts
on the head and the trunk and the ciliate olfacemighelium are functional (Seenoo et
al. 1994a). The first taste buds appear in theaaaty 6 days after fertilization (Seenoo
et al. 1994b). Marble goby change their habit froetagic to benthic at 35 days after
hatching and show positive phototaxis during théyesiages (Seenoo et al. 1994a).

Marble goby fecundity is considered exceedinglyhhii has been estimated
that mature female marble goby has a mean rellxendity ranging between 130-300
eggs per gram body weight with younger fish prodgcmore eggs per gram body
weight (Pisarn and Wichaen, 1977; CFRDB, 2006). lgyiok (1982) and Ali (1999)
reported that snakeheadSphiocephalus punctatuand Channa striatahad average
fecundity ranging between 2-17 and 11-36 eggs mandpody weight, respectively.

Fish breeding using Human Chorionic Gonadotropf{CG) to induce
maturation and artificial fertilization in marblelgy has been reported to be successful
in Thailand and Malaysia (Kamthorn, 1972; Tan arainl. 1973). Although a high
percentage (90%) of fertilization and hatching \wakieved, newly hatched larvae did
not survive for more than a few days due to stéowuat

Semi-natural breeding using artificial substratesdllect fertilized eggs before
transfer to hatchery aquaria for incubation is oheéhe practical techniques used in
Thailand (Sunit and Jenijit, 2000). The hatchlings lkept in a hatching tank for 3-5
days until the yolk sacs are absorbed. The newlgldped fry are then transferred to

outdoor concrete tanks containing ‘green watere Tty are initially trained to eat the
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exogenous live feeds that are summarized in Tabky2at the age of 30-60 days are
nursed in organically fertilized ponds and fed depgentary feeds (Tavarutmaneegul
and Lin, 1988; Sunit and Jenijit, 2000).

Despite the relatively large fecundity and high chaig rate, fingerling
production is reduced by severe mortality duringydh development and during the
young post-larval stage. The vulnerable stage oeduvhen young post-larvae shifted
from endogenous to exogenous food sources. Therdwar causes of vulnerability
postulated. Firstly, high mortality because rekalvinactive feeding behaviour makes
them poor feeders (Seenoo et al. 1994b) and sBcatdrvation due to a small mouth
size (D.1mm.) that limits the availability of food orgams, since most common
zooplankton species are larger than the mouth ope(®eenoo et al. 1994b). With
improved feeding of first feeding larvae, higheoguction can be anticipated (Pham,

2001; Van et al. 2005).

2.3 Nutritional qualities of marble goby

Rakbankerd (2005) revealed that marble goby conéaihigh proportion of
edible flesh (58%) that is boneless, firm and hamild flavour. It has relatively high
protein and low fat content; higher protein-to-fatio compared to other tropical
economically important carnivorous species (TaBl&His could be influenced by type
of feed consumed (Jauncey, 1982; Ohta and Watai8bé), feeding strategy (Jobling
et al. 1998) and its genetics (De-Santis and D2@@7). However, until recently there

has been little research on nutritional requireamid the nutritional profile of marble

goby.
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2.4 Feeding habits

In nature, marble goby is considered a motionlessnivorous fish. It is a

bottom-feeding fish, preying on small fish, crugtaes, insects and molluscs (Sompong,

1980). Evaluation of feeding habits using stomamttent analysis Pisarn and Wichaen

(1977) found that fingerling and adult of wild merlgoby feed mainly on small fish,

small freshwater prawns and benthos. The propoxiosmall fish found in stomach

increased as fish size increased as well as wihosal availability of prey (Vu et al.

2005).

Table1l Chemical composition (% wet weight of whole fistiy@ature tropical
carnivorous freshwater species

Hybrid catfish

Basa catfish

Striped catfish

Snake head (Clarias (Pangasius (Pangasius Marble goby
(Channa b g 9 O. marmoratus
striata) atrachus$ bocourt hypophthalmus
Constituents (%)
Crude protein 17.1 15.35 11.3 13.1 15.0
Crude Lipids 0.6 6.09 11.6 3.6 0.2
Ash 11 2.02 3.8 4.4 0.6
Moisture 79 74 75 74 79

Sources: Kok, (1982); Erfanullah and Jafri, (1988hg et al (2004); Rakbankerd (2005).

Note: The constituents are given as wet weight.

2.5 Fry nursing, growout feeds and feeding.

A histological study on digestive tract developmehtmarble goby larvae by

Pham (2001) found that the larvae started to deveiestines on day 1 after hatching,

while the stomach developed on days 10-15 aftechird. Micro-algae play an

important role in digestion during the early lareghges of marble goby (Seenoo et al.

1994b). During the post larval stage, marble gabst tonsume phytoplankton then,

commence feeding on micro-zooplankton such astediand rotifers (Seenoo et al.

1C
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1994b).The presence of algae in rearing water néuence the activity of digestive
enzymes in developing marble goby larvae. Thisigpsrted by the work of Van et al
(2005) who reported that the trypsin and chymoirypsvels in 2-6 days after hatching
rate of marble goby larvae fed with rotifeBréichionussp.) and nauplii of copepods
and moina were higher in fry raised in green wttan in those reared in clear water.
First feeding was found at the average body lemftimm with mouth size
openings of 0.008-0.2mm (Tavarutmaneegul and 1988). The recommended feeding
schedules for various feeds used in rearing maytiby fry are summarized in Table 2.
Seenoo et al (1994b) reported that the selectidiveffeeds used is directly related to

the mouth sizes and mobility of fry rather thanelepment of sense organs.

Table 2Schedules for the variety of feed used in rea@ngnarmoratudarvae(an
average individual size of 4 to 25 millimetretatal length)

Day after fertilization

10 20 30 40 50 60

Egg slurry, Artificia
-powdered feed

Rotifers:Brachionusspp.,Pandorinaspp.
| |
I I
Moinasp.,Artemia spnauplii

Ground trash fish

Sources: Tavarutmaneekul and Lin (1988); Seenab(@B94a).

Panu et al (1989) reported that size differennethe larvae of marble goby
were found to be the most important factor affecttannibalism while inadequate and

unsuitable food supply can further increase catisina Cannibalistic behaviour is

11
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recognized as occurring in larvae and continuingl time juvenile stage (Tawee and
Amnaj, 1980; DOF, 2000). It has been reported bysemn and Sujitra (1989) that
mortalities due to cannibalism can be effectivedguced when larvae are raised in
plankton-rich water and an increased water currelawever, thus far no one has
reliably reduced cannibalism-induced mortality taceptable levels. Grading is

necessary in intensive operations to remove thegagrowing cannibals (DOF, 2000).

12
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Table 3Feed and feeding of marble goby fry and fingerlimgdifferent culture systems

Initial , Stocking Culture .
stocking size Rearing system density period Feed types/feeding strategy Growth /Survival rate References
Hapas in cement
tanpk + aeration 1) Fry reached total length of
Fry at 5 days Fed on egg slurry and for first 10 days. Aftet 5 - 2 cm Sompong
- + green water | No report 24 days - . -
after hatching flow thouaht that fish were fed by using rotifers. (1980)
owthoug 2) Survival rate was 80%.
system
1) Final weight of larvae fed
trash fish and Freshwater
Feeding: Trash fish and fresh water shrimghrimp pasted were 0.6 an .
0.35-0.37g Cement tank 600 fish L 3 paste which were mixed of 1% of concentratgs g Yawee and Amnaj
(2x3 m.) months : (1980)
feed in each.
2) Survival rate were 10.7 %
and 5.6%
Combination of natural foods through organic
Earthen pond of fertilization using dried chicken manure and Tawee et al
i . o supplementary feed; trash fish+ rice bran + | 1) Final weightwas 2.4 g
0.04-0.39¢ tmhze size of 800 | 13 fish 30 days mineral & vitamin premix. The hiding 2) Survival rate was 40% (1986)
substances were also provided.
» Feeding rate of 10% of body weight.
To compared the growth and survival rate f) Survival rate of larvae
larvae raised in different salinities; 0, 10, Zraised in 0 10 and 26
_ ppt ppt.were 0%, 97% and 98%, )
0.32 cm Fibre glassof |, o1 | 5o days| Feeding: usingChlorella sp. to maintair| respectively Sz%rggand Jenjit
volume of 250 L population of Rotifers before feeding to fish,y i\ 1anath were 1.94 ard( )
Moina sp. was applied at the 20 days of cultdﬁe)Sz om ir? 10 and '20 A
period until harvesting. réspectiv.ely PRt
. — - - T Ei - .
8.25g Floating cages 285 fish n? | 24 days Fed on supplementary feed; Trash fish (94%) Final weightwas 8.60 g| Tawee and Panida

in Earthen pond

+ rice bran (5%)+ min.&vit. premix (1%)

2) Survival rate was 35%

(1978)
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Table 4.1Feed and feeding of growout marble goby in differdture systems

trash fish: cooked rice was 3:5:2 by weight
» Feeding of 5% body weight, once a day

and T2, respectively

Initial Rearing stocking Culture Feed types/feeding strategy Growth /Survival rate
) ) ] ) References
stocking size. system density period
1. Supplementary feed: 1) Final weight were
Formula 1 (64% trash fish + 18% rice bran + 326, 291 and 3269
15% binder, 2% mineral & vitamin premix +
o . . . . |
132-176g Cages 1% soybean oil) | | i)lzDallyovgghtaggm vi/elrg
of individual 1 5x2x15 Formula 2.(64% trash fish + 9% rice bran + rés ’ective-l : ’A al
weight ( : .5m.) . P 19% binder, 2% mineral & vitamin premix + P y nusorn et al.
(collected in pond 60 fish m 5 months 6% soybean oil) (1988)
f id y 3.) Survival rate were
rom wild) Formula 3(32% trash fish + 32% rice bran + 73%, 71% and 63 %
17% binder, 2% mineral& vitamin remix + in fish fed formula 1, 2 and
3.5% soybean oil) 3 feed, respectivel
Feeding rate was 4% body weight, once a day (P>0.005)
. . . . Field survey at
60-200g Feeding by using supplementary feed; The ratio . .
(collected Earthen pond | 1 fish ™ 10 months | of refused meat: rice bran = 1:1 by weight 1) Final We'ght of 300-800¢ Sam_uth Prakarn
; . : could be obtained Province by Kamthorr
from wild) e Feeding rate of 10% body weight (1972)
(Polyculture) To compared growth of fish raised in different
tilapia = 859 Earthen pona stocking densities: 1) Mean final weight of omoon
marble goby |~ O sizpe ofl No report T1 = Tilapia 0.5 fish/f+ marble goby 0.1 fish ™1 | marble goby was about 22 0(31988) 9
= 70g of P 6 months T2 = Tilapia 1 fish/rh + marble goby 0.1 fish g in both treatments
N 200nt ; A
individual » Feeding by using rice bran and pellet
weight » Feeding rate was 3% body weight
To compare growth of fish fed with different feeds:
80q individual Earthen Pond T1 = Pellet 1) Total production of 140 Somprason
9 of the size of 1 fish n¥ 8 months T2 = Supplementary feed (The ratios of rice brakg and 157kg 200 in T1 b 9
weight 200 I? (1972)
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Table 4.2Feeds and feeding of grow-out marble goby in diif¢iculture systems (cont.)

Initial

stocking size.

Rearing

system

stocking density

Culture period

Feed types/feeding strategy

Growth /Survival rate

Bferences

819 individual
weight

A net fenced-
cove in
reservoir
(5.24 hain
area), in
South
Vietham

Marble goby were stocked at 960

fish ha'. Fingerling of commor
carp (31g), silver carp (14g) and

bighead carp (17g) were stocked 7 months

at 470 fish h3 each, while grass

carp (20g) was stocked at 170 fish

ha’. Giving an overall stocking
density of 2540 fish &

e Fish relied on natural foods
water body (freshwater fis
prawn, small fish, benthos ar
etc.)

e Neither fertilizer nor feed wal
added to the cove

e Gross yield of marble
goby was 251.1 kg Ha
ncr0|o'1, while gross yields

hof silver carp, bighead
garp, common carp and
grass carp were 90.5,
114.3, 84.6 and 35.0 kg
Sha’crop?, respectively.

e Survival rate was
73.7% for marble goby

and 55.1-62.8% for carp

(%)

Vu et al (2005)
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A summary of feed and feeding practices at in el#fdyhistory and grow-out
stages of the marble goby in Thailand with différenlture systems described in the
text is presented in Table 2, Table 3, Table 4d. Eable 4.2

Marble goby fry raised in earthen ponds had shodowasurvival rate (25 -50
%) (Panu et al. 1984; Tawee et al. 1986; Anusorh @unjittra, 1989) in particular,
predators, stress and improper collection were mairses of fry mortality. The marble
goby’s habit of hiding in muddy water makes fryleotion difficult as ponds need to be
drained before harvesting (Rakbankerd, 2005). pireferable that survival rate of fry
can be improved by providing suitable natural foadsthe right time and with
appropriate husbandry. In addition, juveniles séergrow faster when supplementary
feeds consisting of high protein animal sources matlral foods are presented in
sufficient quantity (Anusorn et al. 1988; DOF, 2DOBlowever, there is a lack of
knowledge on the culture requirements of marbleygabno information is available on
the successful nursing of fry up to sub-adult 32650-100g. The sub-adult size is
considered an important stage in supporting proodiiaf the marble goby since it is
the size that is required for growout cage culture.

Culture of fish in pond sizes of 808+h600nf employs stocking rates of
10,000-24,000 fingerlings (Anusorn and Suijittra8329DOF , 2000). A stocking rate of
100-150 fish.rif of 50-100 g in individual weight is preferable fomge culture
(Sompong, 1980). Harvesting is performed periotlicey marketable size selection.
The marketable size is about 400-1,200g and itllystekes 6-10 months for fish to
reach the marketable size (Rakbankerd, 2005).

Until recently, marble goby culture systems do nely on pelleted feeds.

Feeding of this species is still predominantly ttiadal. Their foods are usually marine
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trash fish, rice bran, poultry slaughter house mdpcts or a combination of these

(Edwards and Allan, 2004; Suchart et al. 2005).

2.6 Environmental effects

Marble goby could be regarded as an amphibiousiepelt can survive in
terrestrial conditions for up to 72 hrs without mgy an accessory breathing organ
(David, 2000) and relies on its ability to reducelegenous ammonia production and
detoxify ammonia to glutamine that accumulateshm muscle tissue (Jow et al. 1999).
A study by Ip et al (2004a) found that marble gdwtivates hepatic glutamate
dehydrogenase and glutamine synthetase at levétsesfold and 30-fold, respectively,
when out of water in order to detoxify ammonia katgmine.

Water quality at 3-4 m in Boraphet reservoir, Thad where marble goby seed
were found in abundance was recorded as: dissaxgden, total alkalinity, pH and
temperature were 6.0-7.0 ppm, 70-80 ppm, 6.5 47d224-30°C, respectively (Manop,
1984).

As vyet there is no published information on theetahce limits and

physiological responses of marble goby to accuradlataste metabolites.

2.7 Diseases and parasites

One of the most critical problems in marble gobituwre is the high mortality of
fish caused by disease (Somkiat, 1997; Lin and Kaéaon, 2000; Pham, 2001,
Prasankok et al. 2002). It appears from the litgeatthat Epizootic Ulcerative
Syndrome (EUS) is the most serious of disease iblmgoby. It is a seasonal disease
that usually occurs just after heavy rain and dyrgcooler weather (December-

February). This disease causes ulcerative lesiotkseobody and/or head of the affected
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fish. The primary causative agent is still unknoamd it has been suggested that a
complex of agents is involved in the epizootic (@t 1997; Prasankok et al. 2002).
The major pathogens are viruses: binavirus, iridmsyi Oxyeleotris marmoratus
ranavirus (OMRYV), bacteria;Aeromonas hydrophilaand fungus; Aphanomyces
invadans have so far been found to be associated with Bd&irick et al. 1986;
Saitanu et al. 1986; Somkiat, 1997; Prasankok. &(0fl2; Saitanu et al. 1986; Somkiat,
1997). However, the role of viruses in such a wigeead epizootic is still unclear.
Similarly, the studies of bacterial disease of tharble goby intensively cultured in
wooden cages in the Nan River, Thailand, found tetmajority of bacterial infections
were caused bperomonas hydrophilaThe combination of low dissolved oxygen, an
abrupt change of water temperature and pesticgldue (Dieldrin and Endrin) in water
were considered as predisposing factors to stresséection (Supamataya, 1984). The
marble goby is reported to be one of the most Seadish to stress caused by handling,
transportation and transference between habitatparBataya (1984) and Koolvara
(1985) claimed that intraperitoneal injection widRytetracycline-HCI or tetracycline-
HCI into fish infected withAeromonas hydrophillat a dose of 30 mg Kgof fish body
weight resulted in a 100 percent survival rate. &boer, the parasitddenneguyasp.,
Dactylogyrussp.,Lernaeasp. andergasilussp. were commonly found in specimens of
marble goby (Supranee, 1999; Janejira et al. 2@)Griff, 1982). However, the
presence of these parasites is not normally asepooblem affecting the culture of

marble goby in Thailand.

2.8 Roles of farm-made feeds in aquaculture
The FAO (FAO, 1993) suggested that farm-made féeddefined as feeds in

pellet or other forms, consisting of one or moréfialal and/or natural feedstuffs,
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produced for the exclusive use of a particular fagractivity and not for commercial
sale or profit. The benefit of using farm made feésito promote fish growth, cost
efficiency and reducing dependency on off-farm fegpledients.

It has been estimated that over 1 million tonnefaoh-made feeds have been
produced annually in Asia and that about one-tloifdAsian finfish and crustacean
production has been achieved partially throughrthse (Kee-Chai, 1993; Francesca et
al. 2004). Besides, it was estimated by FAO (1988) by the year 2000, around 2.0-
2.3 million ton (1.9 million tons in 1990) of globproduction of carnivorous finfish,
crustacean, common carp, tilapias and milkfish wWd# produced without the use of
commercial feed. Farm-made aquafeeds are thuslycleaportant for aquaculture
production and development.

A wide range of farm-made aquafeeds in eleven tepdisian aquaculture
countries are from single feeds available on-fatohsas grass or rice bran to farm-
made formulated feeds. These include aquatic anelsteéal plants (duckweeds, azolla,
water hyacinth etc.), aquatic animals (snails, slatt.) and terrestrial-based live feeds
(silkkworm larvae, maggots etc.), plant processidg-giled cakes and meals, beans,
grains and brans). Fresh trash fish, fish mealanhal-processing by-products (blood
and feather meal, bone meal etc.) are the commané@sal proteins used in farm-made
aquafeeds (FAO, 1993).

The traditional feeding method for carnivorous fshusing low value/“trash
fish” remains the method of choice for many farmearésia and is likely to remain so
for some time to come. This is particularly troe those farming presently low-volume
species such as snappkutfanidae spp.), grouperEpinephelusspp.) and many other
marine fish where aquafeed manufacturers find ficdit to develop economically

competitive pelleted feeds as an alternative tehtféish. Even though feeding for high
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volume species where compounded, soft-dry, dryxdruded feeds are available as
alternatives to trash fish is increasingly becomihg preferred source of feed, the
availability of a compounded feed for a particidpecies will not necessarily mean that
farmers will use it. As long as trash fish remalosally available, at a price which
makes profit achievable, it will continue to be dis€or example, even though more
than 120,000 tonnes of compounded feed are cwrbathg fed to cultured yellowtail
in Japan, farmers still prefer raw fish for yellat(FAO , 2005a). A similar trend has
been found in sea badsates calcarifey and grouper (Serranidae) cage culture, which
dominate marine fish culture in Thailand. Total $ee&s and grouper production had
increased significantly between 1985-2004 due ggh kdemand and high farm gate
prices. In 2004, the price of sea bass was abduibabt kg' and grouper was sold at
about 200-250 baht Kg(Pakjuta et al. 2005). It should be emphasise@ Hieat in
Thailand, until recently, feeding of these two spechad largely relied on trash fish
(Boonyaratpalin, 1997; Pakjuta et al. 2005; Supi)5). Besides, throughout the Asia-
Pacific region, feeding carnivorous fish using lréish is likely to remain so for some
time yet (Kevin and Michael, 2005).

In Thailand, since 1990, fish production from aqutge has increased
significantly. Aquaculture continues to play an om@ant role in food security of the
country; providing employment and generating fameimmcome (Somsueb, 1993;
Pakjuta et al. 2005). Thailand wa$ in the top ten of global aquaculture producers in
2004 and produced 1,172,866 tonnes or 2.2 % ofdwaduaculture production of
53,212,177 tonnes (FAO, 2006). In particular, frester fish production has increased
throughout the country and this is currently con@ad in the central and North-
Eastern region. Freshwater fish production in txentry has increased four times from

22,200 tonnes (15% of total finfish production)a©,560 tonnes (20% of total finfish
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production) in 1990 and 2004, respectively. (Piumisoon, 2001; Pakjuta et al. 2005).
The pattern of culture, either monoculture or paolywre, varies according to species
raised. Monoculture in both land and water-baseslesys is commonly practiced for
carnivorous species. In contrast, polyculture isnegally practised for raising
herbivorous species in which pond polyculture systeare the dominant production
systems in the country (WorldFish Center, 2002)oreenically important cultured
freshwater finfish in Thailand are tilapia sp.yveil barb Puntius gonionotys catfish
(Pangasius sutchi snake skin gouramiT(ichogaster pectoral)s walking catfish
(Clarias spp.), striped snakehea€h@anna striata and marble goby Gxyeleotris
marmoratu$. The striped snakehea@lanna striata and marble goby(xyeleotris
marmoratg are the main carnivorous species cultured in INBdst Thailand. The
annual aquaculture production in 2002 of these Wsis 540 and 0.7 metric tonnes,
respectively (DOF, 2004b).

A large number of farmers in Thailand use tradiélomethods for culturing fish
and no additional feed. Many farmers use feed daoablly, some utilize by-products
from raising poultry. Every now and then, fertilize used to generate natural fish feed.
Generally, the common farm-made feeds used rarme fingle ingredient (mainly
trash fish), and simple mixtures (usually of ricél products and fresh trash fish) to
quite complex formulated feeds. Premixed vitamires @ready available in Thailand

(Tacon and Silva, 1997; Edwards and Allan, 2004).

2.9 Using freshwater trash fish for aquaculture
Within Asia, the working definition of “trash fishfs fish that have a low

commercial value by virtue of their low quality, alinsize or low consumer preference.
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They are either used for human consumption or ueeteed livestock/fish, either
directly or through reduction to fish meal/oil (FA@005c; Pakjuta et al. 2005).

Most trash fish in Thailand comes from marine disés. Based on official
statistics, the total marine fish catch from 19812002 was 1.35-2.40 million tonnes
per year. Of this total marine fish catch, trasthfaccounted for 0.69-1.10 million
tonnes or 31-59 % (DOF, 2004a). A significant pdrthis low value/trash fish is made
up of juveniles of commercially important specibattcould produce a more valuable
catch if the juveniles were given time to grow ttukhood (Supis, 2005).

The use of low value trash fish as feeds for higlue species is increasing to
support the expansion of aquaculture, especialgemiral Thailand where the culture of
economically viable freshwater species is depend@on marine trash fish. This is
placing pressure on the long-term sustainabilityhef fisheries in which trash fish are
caught. However, when human food fish speciesaumght and “processing wastes” of
fish are utilized in feeding for aquaculture theise is considered economically
sustainable (FAO, 2005b). For example, the prongssiastes of the Indo-Pacific
mackerel caught in the Gulf of Thailand and tramsmb to processing plants in the
northeast are used in feeding freshwater stripatedread Channa striatq which is a
unique type of striped snakehead pond culture ikhda Rachasima province (Suchart
et al. 2005). Similarly, in Nakhon Phanom, northed$ailand, by-products of
Cirrhinus mrigala and Labeo rohitaimported from Central Thailand to make “Som
Doh” (a type of popular fermented fish recipe)used as feed for cagdthngasius
bocourti culture (Supis, 2005; Suchart et al. 2005; Blake Ritakthepsombut, 2006).
Additionally, fish offal from both freshwater andanne fish processing plants is used
to produce fish hydrolysate (fish silage) widelyedsfor feeding pigs, poultry,

ruminants and fish (Bykowski and Dutkiewicz, 199€&)ffal has been used in
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commercial salmon farming in Denmark and Norway emnexperiments in developing
countries involving warm-water species, namely shake-head in Thailand, and the
carp in Indonesia (Disney and James, 1980; SEP®2§)20

Because of economic factors and problems with fdiehulation, feed storage
and distribution, trash fish is still the mainsta#fya number of cage fish farms (Edwards
and Allan, 2004). While trash fish may seem idetalsuffers from a number of
disadvantages. Many readily available speciesadhtffish, especially members of the
sardine and mackerel family, have fat contents #rat too high for some cultured
species, while others contain high levels of thizase which can lead to thiamine
deficiency if not heat treated (Wilson, 1991; Sitrak 2005). Trash fish also has high
moisture content and is expensive to transpors therefore fresgwater trash fish that
have been used as an alternative for growing sgmeies, particularly in the lower
Mekong basin in Thailand and Lao PDR where farmeslacated near freshwater trash
fish sources. A survey by Suchart et al (2005) diesd small-scale marble goby
(Oxyeleotris marmorat)scage culture on the Songkhram river in NakhonnBha
province, Northeast Thailand, using two small 3xéx3ages. Each cage was stocked
with 300 wild juveniles, 100-200g, collected by taeémer. Caged fish were fed fresh
fish collected from the river by the cage ownereimcday. Pelleted feed and golden
apple snail Pomacea canaliculatflesh were used as a supplement. The quantity of
feed increased from 2 kg dayn the first month to approximately 7 kg dain the
month preceding harvesting. The culture periocethd2 months and resulted in a total
production of 300 kg with a 50-60% survival rate)-1.2 kg in individual weight. This
can be explained by the farm’s small size whicimately meant that the daily amount
of trash fish required for feed was small enoughda@vailable in the environment. This

small scale operator sells live marble goby atewias high as 300 Baht kgin Nam
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Ngum reservoir, Lao PDR, 2.5 % (48 metric tonnds),020 metric tonnes of Pa Keo
(Clupeichthys aesarnen}i®f total caught was used for aquaculture feedsages
(Mattson et al. 2001; Suchart et al. 2005). In TEmal, there is little qualitative and
guantitative information and research on the us&ashwater trash fish as a feeding
strategy.

An FAO survey (Suchart et al. 2005) in early 2006rfd that there were only
farmers in North-East Thailand using freshwatestiréish. The field survey in 2004
conducted in this study found there were many neagolby cage farms that had been
feeding their fish using freshwater trash fish iran€hanaburi province, Central
Thailand and Ubon Rachathani province, Northeasildihd.

The aim of the current research was to evaluateusge of culture-based
freshwater trash fish that already available ingt@wving area, for example tilapia as an
alternative feed for growing marble goby. Tilapiee aonsidered good candidates as
they reproduce rapidly and tend to be overpopufataixed-sex pond culture systems
(Graham et al. 1995). Tilapia can produce fingediall year round and can potentially
provide sufficient supplies to use as feed for neadoby instead of selling at a low
market price. Ecologically an additional benefitulb be a reduction in the use of
marine trash fish in aquaculture.

Using live mixed tilapia as forage fish has beetistctory as a method of
controlling the population of tilapia and at thengatime enhancing predator production
through polyculture with predatory species suclyrasiper Epinephelus malabariciis
sea basslL@tes calcarife), largemouth bassMicropterus salmoidgsand snakehead
(Channa striata (John and Tucker, 1999; William et al. 2001; Yaé 2002).

Even though the use of tilapia as traditional triisih feed has been reported in

silver barramundil(ates calcarifer) in India and groupeEpinephelus malabaricisn
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Vietham (ACIAR, 2004), there is still a lack of arfmation and research regarding the
effects of its use in both single and combined feeith other ingredients, on growth

performance, survival rate, nutrient utilizatiordazarcass quality of cultured species.
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Chapter 3 General Material and Methods

The methodology outlined in this chapter descrithes laboratory techniques
used in chemical analysis of experimental fish,dfeegredients and feeds. The
description for the specific techniques used igiin material and methods of each
chapter. The laboratory analysis was done at ltstibof Aquaculture, the University of
Stirling.

3.1 Chemical analysis
3.1.1 Proximate analysis of feedstuffs and fish saies

A proximate analysis is the determination by préed methods of moisture,
ash, crude protein, crude lipid and nitrogen fregraet. Proximate analysis was
performed by standard methods (AOAC, 1990). Analyrstluded determination of dry
matter, ash, crude protein, crude lipid and nitrodeee extract (as carbohydrate).
Details are summarised below.

Moisture

Moisture content was determined by oven drying1&°C overnight.

Ash content
Ash content was determined by loss on ignitioraimuffle furnace at 550°C

overnight.

Crude protein determination
Crude protein was determined by kjeldahl usingeaafor Kjeldahl Auto 1030

using standard procedures as described by AOAQ))199
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Crudelipid
Crude lipid was determined by the Soxhlet methsithgi petroleum ether as a

solvent (Tecator Soxtec System 1043, manufactudetails).

Crudefibre
Crude fibre was determined using a Tecator Fibeft@20 (manufacturer’s

details) and standard protocols.

Nitrogen free extract (NFE)
Nitrogen Free extract (carbohydrate equivalent} walculated by subtracting
the moisture, crude protein, crude lipid, ash ande fibre from 100%.

NFE (%) = 100 — (Moisture + Crude protein +Cruigédl +Ash +Crude fibre)

3.1.2. Gross energy content of feeds
Gross energy in feed was determined using an aiitalbomb calorimeter

(Gallenkamp) using standard protocols.

3.1.3 Glycogen analysis

Measurement of glycogen in fish muscle and lii&sues was performed using a
modified method described by Teresa et al (Teresa €998). The method consists of
a 2-step process; 1) digestion and extraction ofcaglen from tissue and 2)

guantification.

3.1.4 Measurement of lipid peroxidation
The level of tissue and feed lipid peroxidatiorsvagetermined by assessment of
malondialdehyde (MDA) as total thiobarbituric aiBBARS)-reactive products using a

method adapted from that of Burk et al (Burk etl@B0).
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3.1.5 Lipid analysis

The lipid analysis of fish, the raw material areed samples involved lipid
extraction, lipid class and fatty acid analysisoPto analysis, fish tissue samples were
separated from any blood residuals, skin and bbpeafissection. Precaution was taken
at each stage to minimize the risk of auto-oxidatd polyunsaturated fatty acids or
hydrolysis of lipids. Samples of dried feeds ana raaterials were ground using a food
grinder to provide fine particles and hence homogersamples.
Lipid extraction

Lipid extraction was performed using the Folch &hohne (1957) method.

The lipid extract was then dissolved in Chlorofdvethanol (2:1 v/v)
containing 0.01% BHT to give a standard concertratif 10 mg of lipid m[* solution.
Finally, the solution was transferred to a labeligaks vial that was immediately filled

with nitrogen and stored at -20 °C prior to furthealysis.

Lipid classanalysis
Separation and quantification of lipid classes evgyerformed by high-
performance thin-layer chromatography (HPTLC), daléd by calibrated scanning

densitometry (Bell et al. 1993).

Fatty acid analysis

Fatty acid methyl esters (FAME) from total lipidgere prepared by acid-
catalysed transmethylation for 16 h at 50°C, usiegtadecanoic acid (17:0) as internal
standard (Christie, 2003). Fatty acid methyl est®ese extracted and purified as
described by Tocher and Harvie (Tocher and Hard&88) and were separated in a
Fisons GC8000 gas chromatograph equipped with michéy bonded CP Wax 52CB

fused silica wall coated capillary column (30 m>X0.8m i.d., Chrompack UK Ltd.
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London), on-column injection system and flame iatiazn detection. Hydrogen was
used as the carrier gas with a oven thermal gratiem an initial 50 °C to 150 °C at 40
°C min' and then to a final temperature of 230 °C at 2%€". Individual FAME was
identified by comparison with known standards, dl-aearacterized fish oil and by
reference to published data as described by ToahdrHarvie (Tocher and Harvie,
1988) and quantified using a PC with chromcardvearfé (Thermoquest Italia SPA,
Milan, Italy).
3.1.6 Measurement of vitamin E content

Vitamin E (@-tocopherol) was determined by High PerformanceidLip
Chromatography (HPLC) with fluorescence detectisrd@scribed in Huo et al (Huo et
al. 1996). The method also permits the measurewfedifferent forms of vitamin E;

thus, total vitamin E was measured.

3.2 Apparent dry matter digestibility and apparent nutrient
digestibility (AND)

Diets and faecal samples were analysed for dry emathd crude protein
contents following AOAC (1990); dry matter by ovenyng at 105°C overnight; crude
protein by micro-Kjeldahl.

Feeds and faecal samples were digested in nitid; fllowed by oxidation
with perchloric acid and the quantity of chromiddex (CrOs3) present was determined
using atomic absorption spectrophotometry (Fordi@99).

Apparent Dry matter digestibility and apparentriaut digestibility (AND) were
calculated according to the equation below;

% Cr0Os in feed % nutrient in fae(%s
AND (%) =100- | 05 Cr,O; infaeces * 9% nutrient in feetﬂ
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3.3 Growth performance and slaughter indices

Growth performance and slaughter indices of figrenevaluated according to
the recommendations by Martino et al (Martino et24l05) and Du et al (Du et al.
2005). The following parameters were considered:

1) Weight gain = (final weight —initial weight)

2) Daily weight gain: DWG = fish weight gain (gulture period (days)

3) Feed conversion ratio: FCR = dry feed weighaket(g) /fish wet weight gain (g)

4) Protein efficiency ratio: PER = (final body whkig« final body protein) — (initial
body weight x initial body protein)/total pratentake (g)

5) %Viscerosomatic index: VSI = (viscera weight fiigh body weight (g)) x100

6) %Hepatosomatic index: HSI = (liver weight (g¥if body weight (g)) X100

3.4 Data evaluation

Data for fish lipid class and fatty acid composiBowere from individual fish
and treated as independent samples. The mean \@iteeed from each treatment for
proximate analysis, vitamin E and haematologicallysis were from pooled samples.
Statistical analysis of data was performed usinggSRrersion 13 for Windows

statistical software package.

3.4.1. Statistical data analysis in samples of oa#in survey

A parametric statistical test was used where theptes were normally
distribution and homogeneity of variance was aa@efthe test statistic's significance
was greater than 0.05), one-way analysis of vaeigAdNOVA) with unequal sample
sizes was then tested. The differences between sneane determined using the

Gabiriel post hoc range test and pair-wise mult@mparison. Where the sample was
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normally distributed and heterogeneity of variangas found, the Games-Howell
method was used to determine mean difference(defr999).

A non-parametric statistical test was also usedrnwtenditions for parametric
tests were not met; samples were not normallyidiged and could not be corrected
using data transformation.

The Kruskal-Wallis one way analysis of variancehwited ranks is a non-
parametric method. The test assumes that the sdnmupulations have the same
dispersion and shapes, but is still robust if teatot the case (Jerrold, 1999; Calvin,
1999). After ranking all data from all groups tdget then the Kruksal -Wallis test was

calculated manually as
k

Kruskal-Wallis (K) = 12 /N(N+1E R2i /ni -3(N+1)
i=1

Where k = number of groups

ni = number of observations in group i

N = total number of observations in all k groupsi=1 ni)

Ri = sum of the ranks of the ni observations iougri

If the observed value of K was equal to or higlemta reference critical value
obtained from statistical table of Chi squay®)(with k-1 degree of freedom (for k more
than 5, in our present study k = 8 groups of fishen the hypothesis HO (HO = HA) is
rejected at the level of significance, (p=0.05)r@ld, 1999). The significance of the K
test was done using SPSS statistical package netSi@.

Non-parametric multiple comparisons with unegsaple sizes was applied
when the null hypothesis was rejected and tied mesarks were present. The

significance of individual pairs of data was ob&raccording to conditions below;

Q= Q(a k)
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Q = (RA-RB)/SE
Where, Q = a test statistic based on calculation
Q = Critical values of Q for non-parametric npl# comparison testing
obtained from statistical tables
a = level of significance (0.05)
k = number of groups
RA and RB = a mean rank of group A and group Bpeetively.
SE = square root of (N(N+1)/12Z3t(12(N-1))x (1/nA +1/nB)
Where N = number of cases
Xt = number of groups of tied ranks
n = number of observations in a groupeual sample size)
Non-parametric Turkey —type multiple comparisorasvalso used when equal
sample sizes were applied (in fish proximate contjposand slaughter indices data)

(Jerrold, 1999).

3.4.2 Statistical data analysis in on-station expenents

Data from experiments were analysed statisticaipgia parametric statistical
test when samples were normally distributed and dganeity of variance was
accepted, the one-way analysis of variance (ANOWA) equal sample sizes was then
tested. Any mean differences were confirmed usinkey’s test. Meanwhile, Dunnett's
T3 was applied when samples were normally distribated heterogeneity of variance
was not found (Jerrold, 1999).

The Kruskal-Wallis one way analysis of varianceragks (K) was used when

parametric test was not possible.
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When the K test gave significant differences, Namametric Tukey-type
multiple comparisons with equal sample sizes uiegNemenyi test was done (Jerrold,
1999). The significance of individual pairs of datas obtained using equations below;

a=q v, k)
g =(RA-RB)/SE

Where, q = a test statistic based on calculation
g = “the studentized range” whichdependent upon the significance lewgl (
(For K test the used “studeatl range” was @ « ,K) in statistical table.
a = level of significance (0.05)

v = the error degree of freedom for the analg§igariance
k = number of groups
RA and RB = a mean rank of group A and groupeBpectively.
SE = square root of (n(nk)(nk+1))/12
Where k = number of groups

n = number of observations in a group (equalpdarsize)
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Chapter 4 A Review of Farms Survey on Current Pradte,
Feed Sources and Feeding Strategies in Culturing Mile
Goby in Thailand

4.1 Introduction

The aim of this survey was to evaluate the effeéten-farm feed types and
feeding strategies on fish nutritional status, Ittpéd content, fatty acid and lipid class
composition, fish growth and production

Quantitative and qualitative information was obéainfrom cage and pond
farmers fish seed traders and fish exporters us@gi-structured interviews. In
addition, an expert Dr Tawee Wiputthanumat, at Brepartment of Thai Fisheries,
Bankok and biologists at Nongsua Department of dfiss (DOF) research station,
Pathum Thani were also interviewed regarding celtdechniqgues and related
information on marble goby. Secondary data werkect@d from a database on farmers
at AIT Aquaculture Training & Consultancy Unit (T¢lEnd also annual reports from
Nongsua DOF. Numbers of farms and their detail®vitially obtained from the TCU
database, although, unfortunately, the databasedigrovide sufficient information to
categorise differences in terms of feed type apdifeg management.

Over the last decade there has been a lack ofgmliinformation on use of
farm-made aquafeeds for culturing marble goby irailEimd. Therefore in order to
obtain up to date information and to find more faremploying a range of different
feed types and/or feeding management strategiespatentially informative social
network among farmers was used and as many maoble fgrmers were interviewed

as possible.
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The field visits and interviews were carried oufanms located in provinces of

Central (Suphanburi, Ayuttaya, Samuth prakarn, Kaneburi), Northern (Nakhon

sawan), Eastern (Chanthaburi) and Northeastern rikden, Ubon Rachathani)

Thailand (Figure 2)

7

Thailand

Sites survey %

1 Bangkok ¢
2 Smuth prakarn
3 Ayuttaya

4 Suphanburi

5 Kanchanaburi
g 6 Chanthaburi

7 Nakhon sawan
8 Khonkaen

100 miles
——————

EnchantedLearning.com

Cambodi:

fﬂ Malaysie

“'7

Figure Map of surveyed sites in Thailand.

Source: applied from www.enhantedlearrom
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4.2 Results of the survey

4.2.1 Culture System
4.2.1.1 Water-based system

Cage culture was the most commonly practiced methothe study area,
especially where farmers could have free-accessulinre areas such as rivers and
reservoirs, both in deep static and free flowingeraln rivers, there was a minimum
water depth of 1 m of clear water below the botwithe cage to keep it clear of the
mud and sediment. In reservoirs deeper water (ml1@epth) areas were used for the
setting of cages.

There were two common types of cages. Firstly theae a wooden cage made
of soft wood as whole parts of cage and a bluemgletting cage bag of mesh size of 2-
2.5 mm. with bamboo poles serving as its frame fioat. These two materials, wood
and bamboo, have long been recognised as a pdgpkiof cage and have been used
since over the last decade for marble goby culfd@F , 2000; Lin and Kaewpaitoon,
2000). The common cage size was 3 x 1.5 x1.5 m.chs¢s of construction were
2,000-3,000 (£30-43) and 4,500-5,000 Thai Baht {E5Pfor the bamboo and wooden
cages respectively. Also cages had an averagealifge of between 1-2 and 3-5 years
respectively. The payback period could be achiemeithe first year of culturing. The
second type was a polyethylene netting bag of nsezhof 2.0-2.5 cm hanging on a
frame made of galvanised steel and plastic maseral oil drum served as a float. The
cage size of 3.0 x 3.0 x 2.0 m costs 9,500-11,008 Baht (E135 -157). The cage
frame can have a life span of 10 years with propee and the cage bag may last for 3-

4 years which an occasional maintenance is required
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4.2.1.2 Land-based system

Ponds were prepared by applying lime (Ca (£ the drained pond at the rate
of 25 kg per 0.04 ha (0.25 rai /408)nand the pond was then left to dry under sunlight
at least 2-3 days till rain comes. The pond was #iowed to fill with rainwater to a
depth of 1.5-2.0m. Subsequently the pond was ifextil using chicken manure
purchased from nearby chicken farms at the radfg per 0.04 ha (0.25 rai /408m
The fertilizer was applied to increase the productf phytoplankton such as chlorella
sp. and to enhance natural foods growth; benthas asBellamya filosaGastropoda),
small freshwater craBsanthelphusapp. (Decapoda) and small freshwater prawns such
as freshwater prawNlacrobrachium lanchesterso more food would be available for
marble goby. The pond size was dependant on almikiea, labour and available
capital. The pond sizes generally ranged from @@L16 ha. In one small scale farm in
Chantaburi province, the house-wife was the keysqrerlooking after fish. She
preferred to have 2 small grow-out ponds (20 x 2@00nf) and kept a larger pond for
water storage. This made it easier to manage fegoamtion, (chopping trash fish),
feeding fish and also disease treatment. Larged izes of 1,200 and 1,800 mvere
found in Khonkaen province, where the farm was atgel on a large piece of land and

hired outside labour.

4.2.1.3 Seed supply

The supply of marble goby seed for both cage amdl gulture mainly depends
on the seasonal availability of wild seed. Mostdseere collected from natural water
bodies using scoop-nets (‘Ai-ngo’ in Thai) duritgtrainy season. However, some fish
collectors claimed that the seed was also availabteof season, but demand was poor

since most farmers avoided risking the high mdstakxperienced during lower
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temperatures in November - February. Farmers pegfendividual seed weights of 80-
100g. The quantity of seed collected was unpreblietehe collectors normally take a
while to complete the order. It took 1-2 month tomplete 10,000 seed weight of 50-
100g collected by a catching team (5 collector®unirum province for instance.

Generally after fish seed was collected, fish waoaditioned in cement tanks
and given live small freshwater prawhlacrobrachium lanchesteras feed before
grading by size and transporting to farmers. Mamyngrs in the Central region ordered
seed from collectors in the Northeast, while fasnier the Eastern region purchased
from catching teams within the region. Seed wad bglthe kilogram. Individual seed
sizes of 50-100g cost 100-250 Baht (£1.4—3.6}. kQage farmers claimed the bigger
fish at stocking to maximize fish survival rate. tims case, quality of seed varied
depending on the skill of collectors in collectimgnditioning and transporting the seed.
The collecting process required the proper typésbing gear otherwise fish could be
injured by bruising, and loss of scales. Conditignof feeding fry is important to
ensure fish are healthier and readytfansportation. Unhealthy fish detected during the
conditioning process can obviously be eliminatednditioning required at least 1-2
weeks before transportation. However, a longerogedf conditioning is preferred by
grow-out farmers as mortality is then absorbed bg tollector. In contrast, the
collectors preferred to keep fish for only up tatweeks due to the high cost of live
feed, especially the freshwater praMiacrobrachium lanchesteand fish mortality (up
to 30%). The collectors claimed that fish mortaktyas due to stress as a result of
shifting the culture environment from a natural itetito a cement tank.

There were two means of transportation. Some doliedept fish in plastic
bags containing aerated water. Transportation \&ased out during the night through

public transport and fish were transferred to aeottontracted mobile trader in the
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early morning of the following day. Fish were thdglivered to farmers using pick-ups
in the late morning before stocking into the poflis type of seed transportation was
commonly used when a small number of fish was edleMeanwhile some collectors
carried fish in containers containing aerated wé#tet were kept aerated throughout
transportation. In the latter case, the qualityisii seed would be higher and hence the
price of seed would normally be higher. On oneipaldr farm in Ayuthaya province,
the seed was supplied by different local fisherraenlifferent times. In this case fish
farmers normally paid a lower price for the seedwéver, the quality of fish was
uncertain, supply was unpredictable and size likelybe heterogeneous. Moreover,
cage farmers in Wachiralongkorn reservoir, Kancharnigrovince, collected their own

wild seed as they were also capture fishermen too.

4.2.1.4 Fish stocking density

Stocking density in cage monoculture was on ave@@d00 fish nf with
initial individual weight of 100-200g. The cultuperiod was about 5-8 months.

In cage polyculture systems marble goby were stbokéh yellow mystus
(Mystus nemurogsand four other species (x); striped catfiBarfgasius sutchi giant
snakeheadGhanna micropeltgs striped snakeheadChanna striaty Siamese giant
carp Catlocarpio siamens)s The stocking ratio was 1.5:2:1 of marble gobijoye
mystus:x. The stocking density was 30 fisi m which the stocking size of all species
was on average 100-300 g. The culture period whk3 Bonths.

In pond monoculture systems, fish at an averagedis0-100g were stocked at
the rate of 1-4 fish i In the semi-intensive pond polyculture systemrhigagoby was
cultured as supplementary production with othercigsesuch as sex-reversed tilapia

thus stocking density was lower compared to otpstesns; 50-100 fish per 1200m
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4.2.2 Fish Feed, Feeding and Production
4.2.2.1 Marinetrash fish

Previously, a marine yellow stripe trevall$dlaroides leptolepjshad widely
been used for feeding marble goby. However, dwedecrease in supply, farmers have
therefore been using Indian mackerel and jack matkestead, especially in Ayuthaya
and Suphanburi Provinces in the Central regiono Adsthe Chantaburi province in the
Eastern region where marine trash fish were catbétom the Gulf of Thailand, Indian
and jack mackerel were locally available from pofts Ayuthaya, marine trash fish
were delivered to cage farmers by local middlenfeash fish were purchased from the
cold storage room before delivery to farmers. Atnfs, trash fish were kept in a
container topped-up with ice. The price of traghfivas 7-10 Baht (£0.1-0.14) kg
However, farmers were unable to purchase trashifidbulk due to the lack of cold
storage facilities on farms. In the Central regitash fish were already found to be
spoiled and quality had deteriorated on their atrat farms. This could potentially lead
to nutritional deficiency in farmed fish (Quinyuahal. 2001; Chinabut, 2002). Similar
survey results on trash fish utilization in Thadawas reported by Supis (2005) who
reported the low quality of by-catch product, irihg trash fish due to improper
handling, insufficient ice and a lack of or a pgamaintained cold room. Whereas, in
the Eastern region where marine trash fish werallp@vailable and fish could be
transported daily from the port to farms, theirsfreess and hence nutritional quality
was more certain.

Trash fish were freshly prepared by either chopjoimg pieces or ground using

a hand operated-mincer. Feeds were given to fithajiier preparation by placing them

4C



Chapter 4 A review of farms survey

into feeding trays. An estimated feeding rate gPb-of fish body weight and a feeding
frequency of once a day in the morning were comprawtices by farmers.
4.2.2.2 Freshwater trash fish

The use of freshwater trash fish for feeding magadby was commonly found
in cage farms situated in Wachiralongkorn and &haan reservoirs in the Central
region and in Sirinthorn reservoir in the North-teas region. Cage culture relied on
small fish caught in reservoirs such as a clupthid, Thai river spratClupeichthys
aesarnensidVongratana (‘Pla sew kaew’ in ThaBasbaraspp. andPuntiusspp. The
Thai river sprat was found to be the main specsesidor feeding caged fish.

Fishing for the Thai river sprat to feed marble yeas done during the night.
Fish were attracted to the light from a kerosemeplawhich was hung over the water
surface at the centre of a trapping lift net. Fegdvas done once a day in the morning.
Whole trash fish were thrown directly into fish eag Some cage farmers ground the
fish before feeding using a hand operated-grinderestimated feeding rate was about
5-7% of fish body wet weight.

The Thai river sprat has so far been sufficientigilable to meet cage culture
demands due to its ability to reproduce all yeantband it being a planktonic feeder
(Jutagate et al. 2003). However, fishing due td ldgmand for this species might lead

to over exploitation in the near future.

4.2.2.3 Chicken slaughter-house by products

Chicken offal has long been regarded as one ofahemonest fresh by-product
feeds for growing carnivorous fish in Thailand (FAT®93; Chinabut, 2002; Edwards
and Allan, 2004). However, this was rarely usedr@rble goby farms since getting a

contract with a slaughter-house to receive regalad sufficient supplies needed a
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prohibitively large amount of initial capital. lhis survey, only one commercial farmer
in Khonkaen Province, North-Eastern region was gugihicken offal to feed marble

goby. Chicken offal was ground before feeding te tish at the rate of 10-15 kg per
pond size of 300 Mstocked with 8000-9000 fish. Feeding was doneyefedays. The

farm owner claimed there was sufficient feed sifisk also fed on small freshwater
prawns and benthic fauna in the pond. Howeverai tis first crop of marble goby and
his strategy was to produce broodstocks to begirséimi-natural fish breeding program

in his farm.

4.2.2.4 On-farm formulated feed

The simple formula of moist farm-made feed for ntardpoby in one cage farm
in Ayuthaya, Central region was composed of Indrackerel trash fish, rice bran, salt
and vitamins premixed in the ratio of 10:1:1:0.%pectively. Feeding rate was 4-5%
body weight every 2 days. The farmer's strategy teasise rice bran to make feed
economically since it could reduce amount of trisi. Farmers claimed that vitamins
and salt helped to build up healthy fish and it Wwakeved to be essential in preventing
disease.

In the pond polyculture system, marble goby wasksd with tilapia. Where
tilapia was the main production species farmersewmore concerned with feeding
tilapia than marble goby. Fish in the pond werdiraly fed on rice bran manufactured
feeds were also used occasionally to supplemeht fistrition, especially while

fattening before harvesting.

4.2.3 Fish Harvesting, Growth and Production
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Two general harvesting methods were used: pdréialest when only a portion
of fish was harvested at one time and completedsamwhere all fish were harvested.

The partial harvesting was usually found in bothgecasystems. Fish of
individual weights of >400g were graded to sellidgrthe culture period to prevent
production lost caused by cannibalism.

Complete harvesting was common in pond culture heater was totally
drained from the ponds. Partial harvesting usinigeseets was not practiced by farmers
since the marble goby is sensitive to handlingsstrgpossibly resulting in higher
mortality of the remaining fish.

The contractors, which in many cases were exportessld normally contract
fish farmers who were ready to harvest in advaBeeng marble goby collector/middle
man/contractor requires specialized skills, esfigcia handling and collecting live
fish. Fish must be handled properly to be ableggotiate with exporters for a better
price. To ensure that fish would remain healthy &wvel after harvesting, contractors
normally preferred to come to farms to manage fiahvesting themselves. Moreover,
most fish collectors operated on a cash basis gimgpdish.

The farm-gate price of live fish of 400-700g was0@®0 Baht kg (£5-9)
depending on fish size. The growth pattern of fisds reported to be similar in all
culture systems. Fish at average stocking siz&deéf@®g could easily reach marketable

size (400-500g) within 5-8 months. Survival ratesed between 40-70%.

4.2.4 Marketing
The marble goby was always sold live since theepoicchilled dead fish fell to
only 30-50% of live fish prices. The marble gobyrket channel has been found to

operate both internationally and domestically.Ha international market, live fish was
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preferred by the main importing countries. In tleengstic market, both live and chilled
fish have been distributed to wealthy urban andisbvestaurants. Markets have shown
attractively stable and steady growth. Price negjot for live fish depends on the size
of fish; the bigger size of 1000g live fish coulel $old individually for 1,000 Baht (£15)
as compared to 350-500 Baht (£5-9) for sizes of3@@y. Dead fish of the same size
depreciated to 100 Baht kKg£1.5) no matter how fresh. Interestingly, cultdifish
were preferred by exporters to wild fish as farrfisd were considerably healthier; had
a higher tolerance to handling stress and a highvali rate after transportation.

The main current international markets for live biargoby have already been
established in Taiwan (preferably a fish size d#-8009) followed by Malaysia (600 -
1,000g), Hong Kong and Singapore&00g). However, the quantities of fish produced
by farmers have been very unpredictable which hadenrmarketing plans for collectors

difficult.

4.2.5 Constraints

4.2.5.1 Disease

The number of cage farmers has obviously been dsioig due to fish mass
mortality. Farmers lack specific knowledge of tiipdas and causes of disease that affect
their stock (Thompson and Crumlish, 2000). Monatiften arises as a result of stress
and nutritional imbalance (Jantrarotai and Jantinaip 1993). Many fish died just
before reaching 300-400g, especially in cage fezhdn trash fish that had a relatively
large and pale liver (Figure 3). Presumably, thitlyee received prolonged feeding on

oily trash fish or rancid feeds as a result of iogar storage of trash fish and rice bran.
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Figure 3 A fatty liver of fish fed trash fish (@pd a normal liver of wild fish (b)
Source: Bundit, J. ( Farm Survey, 2004)

4.2.5.2 Seed supply

The quality and quantity of supplies of wild seeerg/unreliable and seasonal.
The quantity was directed by the natural breedydecof the fish. Although successful
artificial breeding and rearing of fry and fingeds have been reported, technology is
limited and confined to the Department of Fishe([20F). Other problems include the
dwindling supply and increasing cost of wild se€dere is also growing concern over
damage to the environment and resource from osbairg and destructive collection of

seed and adults from the wild.

4.253Feed
As long as marble goby culture has relied on fsbdf from capture fisheries,
the future supply of feed is questionable. Feedisiy with by-catch could potentially

cause ecological and environmental impact and anstainable culturing technique.
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4.2.6 Conclusion

Culture of marble goby is not new in Thailand lmutstill underdeveloped in
terms of feed and feeding practices compared terottonomic important species,
catfishClarias spp. for instance. In fact, marble goby presenggigprofit margins per
unit production, a short payback period and alse peeat market potential both
domestically and internationally.

The sourcing of seed from wild fisheries increagsesssure on fisheries and is
unsustainable in the long term. Consideration shbelgiven to developing sustainable
seed from hatcheries.

With respect to the feeds used, marble goby ekt relies mainly on marine
and freshwater trash fish either as a single feedombined with other ingredients.
Although the cost of trash fish is rising, farmenl continue to use it as long as the
selling price of marble goby is well above feedausts. It is also the prevailing belief
among farmers that trash fish is good for growinarlofe goby and that they are not
well adapted to compound feed. In addition, smedlles cage farmers normally do not
have access to the financial resources necessanydst in purchase of pellet diets or
infrastructure such as refrigeration for feed sgjerdn fact, it is easier to collect trash
fish/by-catch themselves, or in small amounts ad when financial or trash fish
resources are available. Therefore, using fresmtraeh fish /by- catch will continue to
be a major feed source for marble goby culturdtierforeseeable future.

Although, making moist farm-made feeds is pratt@ad cost-effective for
certain farms, it may not be so for others since taw materials used are
unconventional. Since marble goby rearing presed#pends on wild freshwater
capture fisheries, it will thus be difficult to irease the overall production, since

farming is unlikely to be possible where captushdries are not available. Meanwhile
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where farming exists, restriction rules and regoiain controlling over-fishing of by-
catch will soon be applied. This will certainly saulimitations in food supplies for
marble goby and fish production can not be exparde@sult.

Farming practices and culture techniques have baasferred among farmers

themselves. There is still lack of research andegawent involvement.

4.2.7 Further need

To sustain the culture and ensure consistent gualiti quantity of seed, the
government should pay attention to decentralisatbrknowledge, techniques and
practices of breeding and rearing of fry to locaticdheries.

Since fish disease has been affecting total prasluctf grow-out farms, support
in disease diagnosis will be needed by farmersor&ffshould be made to organize
diagnostic support to identify and treat diseased eelated conditions. Moreover,
according to our farms survey, the nutritional pétlical signs; the swollen pale fatty
liver and an excessive visceral fat were obserwvefish fed an oxidised dietary lipid
particular the trash fish based diets. It shouldnb&ed that practical feeds prepared
under tropical conditions is susceptible to lipicidation. Therefore, nutritional
research on improvement using oxidised dietary lgdipractical diets is required.

Until recently, culture of marble goby still reliechainly on farm-made
aquafeeds. Therefore, research to provide infoonaidf marble goby nutritional status
fed existing farm-made aquafeeds would be a usgfide for future development of
nutritional research.

Most farmers have widely used freshwater trash fiishfeeding marble goby,
further research is therefore required to evaltiateeffects of its use on fish nutrient

composition and growth performance. Moreover, taluce the dependency on
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overexploited freshwater capture fisheries and tstontinue expanding the culturing
of marble goby, development and improvement ofriadteve low-value freshwater
farm-fish that are already available in the growarga as feeds for marble goby should

potentially be investigated.
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Chapter 5 Slaughter Indices and Fish Lipid Composibn of
Wild and Cultured Marble Goby (O. marmoratus) Fed
Different Farm-made Feeds

5.1 Introduction

Dietary lipids are a major source of energy infigh, especially for carnivorous
species which have a limited ability to utilize tdigy carbohydrate for energy (Pei et al.
2004; Gallagher, 1997). Lipids also assist in thsoaption of fat-soluble vitamins
(SRAC, 1998). Dietary lipid has been reported toeha protein sparing effect,
replacing protein which may otherwise be used tvigle energy (Watanabe, 1982;
Tacon, 1997). Dietary lipids also serve as the @wf essential fatty acids which are
needed for normal growth and development, includiegroductive development
(Wilson, 1995; Sargent et al. 1999; Sargent €2G02).

Fatty acids that cannot be synthesised by an &nlbut are required are
generally referred to as the essential fatty a(i#sA) and these maintain cell integrity
and immune function (Sargent et al. 1999). In commath other vertebrates fish do
not have the capability to synthesize either lirwo(@8:2n-6) or linolenic (18:3n-3) fatty
acid de novo Hence one or both of these fatty acids must lpplsd preformed in the
diet, depending on the essential fatty acid requimgts of any particular species
(Wilson, 1995). It must be borne in mind, howevltat the ‘requirement’ in this
context refers to dietary fatty acids in relatian growth under the conditions of a
particular experiment. It is likely that all fiskate a requirement for both n-3 and n-6
fatty acids but that these may be for trace legalssfied by body reserves and not

detected in conventional feeding trials. Unlike marfish almost all freshwater fish
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have an innate ability to desaturate and elongatarg 18:2n-6 to 20:4n-6 (arachidonic
acid, AA) and 22:5n6, (docosapentaenoic acid, DRAgp 18:3n-3 polyunsaturated
fatty acids to 20:5n-3 (eicosapentaenoic acid, EP#)d ultimately 22:6n-3
(docosahexaenoic acid, DHA) desatuarates (Stefied®/). In general freshwater fish
require dietary linoleic and/or linolenic acid ooth. Early studies of essential fatty
acids requirements in common cafyprinus carpio grass carpgCtenopharyngodon
idella and EelAnguilla japonicademonstrated that these fish require a combination
dietary 18:2n-6 and 18:3n-3 (Takeuchi and WatandB&,7a; Takeuchi et al. 1980;
Takeuchi et al. 1991). Tilap@reochromis zillij Oreochromis niloticaand hybrid<O.
nilticusx O. aureushave been shown to require n-6 and but not n-8& fatids
(Takeuchi et al. 1983; Kanazawa, 1985; Huang e1288). Channel catfislctalurus
punctatusin contrast, require n-3 but not n-6 (Satoh et1&89a).

It has been well documented that the fatty acishmusitions of tissue lipids in
fish usually reflect the fatty acid profile of daey lipid inputs (Satoh et al. 1989a;
Almansa et al. 1999; Cejas et al. 2003; Rodriguez.2004). The examination of lipid
contents and the fatty acid profiles of wild fishirig in natural ecosystems and under
natural feeding, which contributes to basic knowkeof lipid metabolism and provides
useful information on fish fatty acids requiremerttave been reported (Harrell and
Woods, 1995; Bo-young et al. 2000; Morehead et2801; Palacios et al. 2007).
Comparisons of lipid compositions from tissues dfdwiish with their cultivated
counterparts has provided a good estimation ofsth&bility of the diet to their lipid
nutrition (Castell et al. 1994; Melika et al. 199%odriguez et al. 2004; Cejas et al.
2004). Besides, examining the concentrations ofdifferent lipid classes allows us to

understand how a fish allocates its energy ressy@argent et al. 2002).
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Thus, a comparison of lipid contents, slaughterciesi and the fatty acid profiles
and lipid classes of wild and captive fish can ¢iealuable information that may help
to elucidate their essential fatty acid requireraeihis is also practically important as a
reference point for correct diet formulation inpest to the lipid used. No studies are
available today which analyse the lipids of juveniharble goby @. marmoratus
Therefore the present study is a first attempt ravide information about the lipid
requirements of juvenile marble goby through corigoer of tissue lipid contents, fatty
acid compositions and lipid classes in wild fistdaultured fish fed different farm-
made diets.

The specific objectives of this study were to

1) Determine the effects of on-farm feeds on fish itiotral composition and
slaughter indices of cultured marble goby

2) Evaluate the effects of different on-farm feedsfaity acid profiles and lipid
classes of cultured marble goby

3) Compare the fatty acid profiles and lipid classesmMeen wild and cultured

marble goby.
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5.2 Material and methods

5.2.1 Fish sampling

The owners or managers of twelve farms were intgrgd. Fish sampling was
performed in only eight grow out farms due to thi#allty of sampling, especially in
earthen pond farms. In addition the duration ofifieg did not meet the requirements of
the study; feeding period was less than 3 monthsn&iance. The survey was carried
out during September — October 2003. Informatiorouabculture systems and
management practices for each farm is summarizédlite 5.1

In order to establish the effects of feeding praadion fish quality only farms
where fish had been fed for a minimum of 3 montbaséd on farmer data) were
sampled. Cultured fish were collected at an avesage of 300-400 gram. Wild fish
were collected by local fisherman using scoop fletsally referred to as ‘Ai-ngo’).
Fish were transferred live using plastic contaimgth sufficient water and aeration was
supplied. Fish were transported to the laboratémhe DOF provincial fisheries station
nearest the collecting sites and transportatioe tivas 30-60 minutes. Fish were then
acclimatized to a larger cement tank system fort#s3 Fish were then anesthetized
using ice. Biometric data were collected; an indlidl length and weight were
measured before fish were sacrificed for dorsalaleutissue and liver samples. The
fish muscle and liver samples were then presemathy ice purchased from local ice-
cream factories. Subsequently, samples were tramespdo the Asian Institute of
Technology (AIT) and samples finally were keptimuid nitrogen. Fish samples were
then preserved in dry ice and transported to thigdusity of Stirling for the proximate

composition and fatty acid analysis.
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Table 5.1 A summary of feeds and feeding practfices selected farms

Rearing system

Farmer name
and location

Initial stocking
size

Stocking density

Culture period

Feed types/feeding strategy

Growth / Survival
rate/Production

Cage-Monoculture
(FARM A)

Floating wooden cage in
river (Noi river, turbid
water)

= Cage size of
3x15x15m.

= There were 4 cages

Mr. Samraeng
Pansuwan, 75
years old,

Phakhai
Ayuthaya
province.

district

Fish at size of
100-300g, but
preferred size of
200g

200 fish per cage
(100 Baht(£1.4)
kg, bought from
farmers in village)

6-8 months
(Feb./March —
Oct./Aug.)

e Feeding by using supplementg
feed; marine trash fish (Indig
mackerel) +rice bran + salt (Nad
+mineral&Vit. premix; the ratio o
10:1:1:0.10 kg, using feeding tray
e Marine trash fish were purchas
from local fish frozen manufacturin
- Feeding once in every two days,
4% body weight

] 400-600g at
%arvesting size.

N Yield of 100-110
)(g cagé

S,

LS grading for sale
“every 2-3 months,
) emaining smaller
fish were restocked
again.

Cage-Monoculture
(FARM B)

= Floating cage,
Polyethylene cage bag

Srinakarin Reservoir|,
Srinakarin dam.
Kanchana Buri,

=Clear water

= Cage size of 2 x1.5 x
1.5m.
= 2 Cages

nm, 27 years old,

Mr Amnart Sarn-

Ban Plai na
suankao, Nasuar
Sub-district,
Srisawat district,
Kanchana Buri
province

100-200g fish
were caught
from reservoir

400 fish cagé

7- 8 months

e Feeding by using freshwater fish
mainly was “Pla sew kaew”; Thai
river sprat Clupeichthys
aesarnensisvhich were collected
from the reservoir

e 5kg day'cage’, once a day
(morning)

e 400 — 800g
e 60% survival rate
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Table 5.2 A summary of feeds and feeding praciiceglected farms (cont.)

Rearing svstem Farmer name and Initial stocking size Stocking Culture _ Growth / Survival
9sy location 9 density period | Feed types/feeding strategy rate/Production
Cage-Monoculture e Feeding by using freshwater
fish mainly was “Pla sew kaew];
(FARM C) . : Thai river sprat Clupeichthys No report due to i
Mr Piboon Chaikaew, p i )
aesarnensjsand “Hang Daengl was the first crog
. o 38 years old, 100-200g caught from , ; 7-10 : . )
= Floating cage, Sirinthon N . 200 fish cagé (Puntius sp growing during the
L reservoir using gill net. months : . .
Dam, Ubon Rachatani, NE . . which were collected from theinterview
: Pong Dindum village, .
Thailand. reservoir
. Chongmek sub-
= Cagesizeof2x2x2m.| 7. . -
district, Sirinthon . i :
= 3 Cages o e feed twice a day; morning and
district, Ubon
X afternoon
Rachtani prov.
ge-Poly ) , - . :
Cage-Polyculture Mr Prasert Majchukit, EOOMablﬁshgoggedlo(\:vere. Mable goby e Feeding by using freshwater
(FARM D) 49 years old 9, . 150 fish cage fish  mainly was “pla sey
caught from reservoir kaew’: Thai river spra
) Floatlng,' polyethylgne Moo4. Ban Huay e Yellow mystus (Clupeichthys aesarnenyis
cage bag in reservoir, e Yellow Mystus 200 fish cagé 8-12 hich I d f h
Wachilalongkorn Dam Kayeng, (Mystus nemurogs months | WiCh Were co ected from the
' Thongphapoom reservoir

Khanchana Buri province

= cage size of
3.5x45x1.5m.

= There were 2 cages in tot

district, Khanchana
Buri prov.

2

Giant snake head
(Channa micropeltgs
Striped Snake head
(Channa stiaty Sauvage
(Probarbus jullien)

e Others sp. 10
fish cagé'

- multiple
stocking

e 3kg day', once a day
(morning)

54



Table 5.3A summary of feeds and feeding practices in sedefetens(cont.)

Chapter 5 Slaughter indices and lipid composition

Rearing svstem Farmer name | Initial Stocking | Culture . Growth / Survival
9sy and location | stocking size | density period Feed types/feeding strategy rate/Production
e Feeding by using chopped yellow stripe trevally
i (Selaroides leptolepisand indian mackerel purchased
Pond -Monocuiture from a local fishing pier nearby; 5kg pohdf feeding
(FARM E) rate.
] e Using feeding tray
'22. Earthen ponpls, 400 Mrs Preeda . . e Fish were fed once a day in morning; e 400-800g of harvested
min area, 2 m. in Udomyat Fish sizes of size
depth. 50-100g were : X 0 .
-ponds were covered by 45/1 Moo. 6, Ban | bought from | 400 fish | 8-9 ° Po_nds were d(a|ned out once a year after harges®n70-80 % survival rate
; ; 1 and filled up again by rain e Gross income of
aquatic submerged Bore, Bore sub- | fish collector | pond months 50.000 60.000 Baht
weeds. district, Klung at Klung e Applied 10kg of commercial EM (Effective o;ndlcro 1
e small numbers of district, district. bp 9 P P

some unwanted fish
were also found in the
pond during harvesting;
Three spot gourami,
Tilapia, Anabas

Chantaburi
province

Microbial-organism) and 20 kg of salt (NaCl) inteet
pond whenever fish had shown disease signs (abg
3 times a crop)

e Fish normally were infected by external parasie
Lerneabut never found secondary serious infection
other diseases.

ut 2

by
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Table 5.4 A summary of feeds and feeding praciiceglected farms (cont.)

Farmer name Initial stocking | Stocking Cult iod Growth / Survival
Rearing system and location size density UIUTE PENod | Feed types/feeding strategy rate/Production
Pond-Monoculture e Feeding by using chicken by products
(FARM F) Mr Somboon 50 -100g from | e 8,000- Fish have (heads and internal organs) from chick eonltwas the first cron and
Taweewiwathana | fish collectors in| 9,000 fish already been slaughter house which is located in lh& | ) p"
(38 years old) Sakon Nakhon | pond® (1,800 | raising for 4 province. quaculture is ﬁ_tota y new
= 2 ponds of size of province. m?) months and will | ¢ Feeding by using live common carp an((ajxperlence for him.
1’foo ua 208 Moo 13, Ban . continued until | gjyer pharh “fries was initially applied.e The main purpose of
= 1 pond of size of | Nong Ya Prak, e 4,500 fish | reaching brood Unfortunately manv fish were appeare . .
1200 nf Donhan sub- pond* (1,200 | stock size ; ; Y y ; PP dulturing this crop was for
district, Muang ) ' intestinal injury and died ultimately.peing fish
district’ Khonkaen Presumably (that what farmer assume@}ood stocks.
Y because of dorsal spines and bones from
province. eaten live fries. Afterwards, feed used hasviajor income has been
been completely shifted to be the chickeffom selling noodles
by products. produced by
e He also attempted to produce the fry| fois own factory and from
support his grow-out system by applicatiofrganic vegetable crops
of natural breeding techniquerespectively.
Consequently, semi-natural breeding would
possibly be the next trial for him.
e Feeding by using rice bran anha 2-3 fish kg'
Pond-Polyculture | Heatoo, 50-100g 50-100 fish 5-6 months supplementary feed, Marble goby were
(FARM G) Ladkrabang, /0.16 ha cultured as additional production with Sexe 25-40kg /0.16ha crép
SamutPrakarn (1,200 ) reversal tilapia. The stocking density of the
province. marble goby was 50-100 fish /0.16ha 1
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Table 5.5 A summary of feeds and feeding praciitceglected farms (cont.)

Rearing svstem Farmer name siglctzlliiiln Stocking Culture . Growth / Survival
g sy ; KIng density period Feed types/feeding strategy rate/Production
and location size

Fish were collected by catching teams, fish caught

Wild fish were then sold to fish collector (middle man) aist f Marble goby of 2-10g in
after recuperated for few days, graded small fish ( size were the maior ordere

at Kiritarn Ms Chalor, 10g) were distributed to aquarium fish traderslin J from the a uarim!n fish

reservoir, Kiritarn | Kanchanaburi market, Bangkok and also directly to aquarium fish q

Dam, Chantaburi
province

exporters, and larger size (50g up) were usualty teo
grow-out farmers nearby.

market.
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5.3 Results

5.3.1 Proximate analysis

Proximate analyses and TBARS for feeds used onvHréous farms are
presented in Table 6.

The results of proximate analysis of whole bodysahel and liver tissues of fish
are presented in Table 7. The moisture, ash andecpuotein contents of muscle
appeared to be relatively uninfluenced by feeds @uiture regime. There were only
minor differences between groups in total lipid teeris of muscle which were higher in
groups fed freshwater trash fish (Farm B, C, D &)dPercentage moisture content in
whole body decreased as lipid content increased.

The muscle lipid level of wild fish was higher thahfish fed mackerel trash-
fish diets (Farms A and E) and fish fed chickerabfFarm F) (p<0.05). However, lipid
levels were found to be similar among groups di fisven feeds based on freshwater
trash fish (p>0.05). Whole body lipid content waghiest in fish fed chicken offal
(Farm F). Moreover, liver lipid contents were sfgrantly lower in groups of wild fish,
fish fed marine and rice-bran based diets (Farmsipplementary feed plus natural

foods (Farm G) than remaining groups of fish.

5.3.2 Glycogen content, TBARS, Hepatosomatic indefHSI) and Vicerosomatic
index (VSI)

Deposition of liver glycogen was influenced bylusion of carbohydrate (rice
bran) in feeds. Liver glycogen levels were higherfish fed mackerel plus rice bran

based feed (Farm-A) and supplementary plus naftoads (Farm-G) than in other
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groups of fish (p<0.05) (Table 7). Liver glycogeontents did not vary significantly
among groups fed only freshwater trash fish or neatiash fish.

Lipid oxidation (TBARS) in fish liver were relatilye higher in farmed fish
compared to wild fish, except for the groups ol fiesd supplementary feed plus natural
foods (Farm G) and mackerel trash fish based féadr( A). The greatest degree of
lipid oxidation of fish muscle (0.029 +0.004 um& DA mg*sample) and liver (1.162
+0.042 pmols MDA mgsample) occurred in fish fed single mackerel triasih (Farm
E) (p<0.05).

Viscerosomatic indices (VSI) and hepatosomaticaesli(HSI) were higher in
fish fed single freshwater trash fish (Farm C) whiad VSI and HSI values of 10.55

and 5.38, respectively. HSI were higher in fish tied high liver lipid contents.

Table 6Results of proximate analysis (% dry matter) and\RB measurement

(umols MDA mg" of wet weight sample) of different feeds usedish farms

Feeds
Chemical Yellow . i i
composition Mackerel striped Tiirg%/er Rice brafi C;‘]Jgj? : ?ieSnggjgg S
scad

Crude protein

67.2+0.4 72.9 +0.5 72.1+0.1 17.1 0.9 32.5+0.2 0.38 +0.2

(%)

Crude lipid (%) 13.9+1.3 8.5+1.2 16.2 £0.7 15@% | 20.0 +0.8 5.25+0.0
Ash (%) 14.7 +3.8 16.5 0.1 11.0 £0.1 13.4+0.1 M2 9.3+0.1
Crude fibre (%) na na na 4.6 £0.5 na 5504

TBARS (umols
MDA mgwet 0.32+0.01 | 0.16 £0.00{ 0.12+0.01 0.04 +0.00 0.0®&0| 0.02 +0.00

weight sample)

Values are means of triple samples £SD, na; ndysed.
Yfeed used in farm A and E

’feed used in farm E

%teed used in farm B, C, D

“eed used in farm A and G

Sfeed used in farm F

bfeed used in farm G
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(umols MDA mgwet sample) for whole fish, fish muscle and livamples collected from wild fish and various farms

Chemical composition Farm A Farm B Farm C Farm D rnFge Farm F Farm G Wwild fish
Moisture (%}
muscle 79.8 +0.3° 81.2+0.2 79.6 +1.6° 80.6 +0.8° 78.8 +0.9° 77.2+0.5 80.0 +0.2° 79.1+0.9°
whole fish 78.1 £1.6 75.1 +0.6° 76.9 +1.7°¢ 76.8 +0.2° 78.0 +0.2 74.3+1.8 74.8 +0.7° 78.2 +0.2
Crude protein (%)
muscle 19.23 +0.1% 19.49 +0.09 21.04 +0.01 17.91 +0.08 18.68 +0.14 | 18.91 +0.1% 20.30 +0.08 20.12 +0.08
whole fish 17.00+0.0? 17.07 +0.12 | 16.73+0.18° | 16.41+0.19 15.66 +0.14 17.27 +0.12 18.81 +0.08 16.60 +0.09
Ash (%)
muscle 1.25 +0.06° 1.12 +0.08 1.67 +0.00 1.17 +0.02 1.10 +0.18 1.23 +0.07° 1.22 +0.04° 1.36 +0.0%
whole fish 4.62 +0.08 5.40 +0.08 5.34 +0.20 5.84 +0.30 4.53 +0.14 4.15 +0.08 5.59 +0.48 4.13 +0.16
Crude lipid (%]
muscle 0.58 +0.08 0.90 +0.07 0.76 +0.08° 0.67 +0.0%8° 0.57 +0.07 0.57 +0.02 0.81 +0.16° 0.77 +0.1%°
whole fish 0.84 +0.02 2.92 +0.0% 0.92 +0.02 1.12 +0.0%° 1.83 +0.09 4.35 +0.67 1.31 +0.02° 0.95 +0.02
liver 10.79+0.18 | 38.29+0.98 | 34.91+1.08 | 33.33+0.20 34.71 +3.62 36.42 +1.3% 10.22 +1.77 12.37 +1.82
'(*Hegl‘;‘tg,zc)’ma“c indeX | 934024 3.07 +0.59 5.38+0.89 | 1.81+0.6%° | 255+0.88° | 1274042 | 1424018 | 1.20+0.1¢°
2/\'/58‘1)”(22)2”‘6‘“‘: ndex|  324+108 | 656+1.06 | 1055233 | 457091 | 6.26+1.66" | 594:0.4% | 4.81:0.76° | 4.19+0.58
Glycogen (%)
muscle 0.76 +0.48 0.56 +0.04 0.88+0.13 1.22 +0.08 0.93 +0.08° 0.41 +0.04 0.28 +0.08 0.28 +0.02
liver 11.99 +0.60 8.67 +0.27 7.02 +0.71° 6.79 +1.1%° 7.93 +0.48° 7.05 +1.32° 11.95 +1.08 6.03 +1.18
T-BAR (umols
MDAmg'lvvet samplef
muscle 0.019 +0.08 | 0.026 +0.00% | 0.017+0.003 | 0.017 +0.00% | 0.029 +0.00%4 | 0.015+0.08" | 0.012 +0.003 | 0.015 +0.003
liver 0.169 +0.005 | 0.626 +0.021 | 0.646 +0.009 | 0.315+0.014 | 1.162 +0.042 | 0.847 +0.019 | 0.225+0.013 | 0.195 +0.007

Mean +SD of four and five replications fband® in all farms and of seven and five replications’m farm A, B, C, D, E, F and G, wild fish
In the same row, values that are not followed leyshme superscript letter are significantly dififer p< 0.05.
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5.3.3 Fatty acid profile in fish muscle

Total lipid contents of feeds and fatty acids peoin fish muscle are presented
in Table 9 and Table 8, respectively. Fatty acichpositions in all groups of fish were
significantly different (p<0.05), except for 18:3nand 18:3n-6 (p>0.05). However,
there were no marked differences in fatty acid cositppn of muscle among the groups
fed freshwater trash fish based feeds. Within teeregal patterns of fatty acids, the
higher level of polyunsaturated fatty acids (PURs primarily due to higher levels of
18:2n-6, 18:3n-6, 20:4n-6, 22:4n-6 and 22:5n-6. Ppheminent saturated fatty acids
(SFA) in fish muscles were 16:0, 18:0 and monownasted fatty acids (MUFA)
werel8:1n-9 and 18:1n-7. The proportion of PUFA Wghest (47.6-55.9%) while that
of MUFA was lowest (12.5 -15.5%). SFA showed arerimtediate proportion (30.1-
41.9%) between MUFA and PUFA. Moreover, there weralifferences in proportions
of SFA and MUFA among groups of fish, while PUFAosled significant differences
(p<0.05)

The fatty acid composition of fish reflects, to soraxtent, that of the diet;
higher levels of eicosapentaenoic (20:5n-3, EPAJ) docosahexaenoic (22:6n-3, DHA)
acids, ratios of n-3/n-@_PUFA/YSFA, DHA/EPA were higher in fish fed feed which
was rich in 22:6n-3; marine trash fish (Farm-E)ntha remaining groups of fish
(p<0.05). Feeding high level 16:0 ingredients resulin high levels of 16:0
accumulated in fish muscle in all cultured fishgws. Although, the fatty acid profile
of wild fish was similar to cultured fish, the camtrations of 20:4n-6 and total n-6 fatty

acids were found to be relatively higher in wilshfithan cultured fish groups.
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Table 8Fatty acid composition (% of total fatty acids oatwveight basis) of wild and cultured fish musadected from different farms.

Fatty acid Farm A Farm B Farm C Farm D FarmE FarmF Farm G Wild fish
14:0 1.0 +0.%° 0.9+0.2° 0.9 +0.1°° 0.9 +0.f° 1.2 +0.1 0.6 +0.6 0.8 +0.1° 0.9 +0.1°°
16:0 23.5+1.2 20.8+1.7°  19.2+0.9 18.7 +0.3 19.7 +1.3 21.0+1.6° 204+1.6° 19.6+0.4
16:1* 4.5 +0.% 4.0+0.8 3.6+0.9° 3.0+0.2° 7.6 +1.6° 6.0 +1.2° 3.5+0.2° 2.7 0.6
18:0 125 +1.% 11.4 +0.1° 11.9 +0.5° 11.7 +0.2° 11.8 +1.8 10.7 +0.8 11.7 +0.8° 11.8 +0.5°
18:1* 10.0+0.  10.9+1.3 8.0+1.2° 10.1+0.8° 7.2+0.6 9.0 +1.4° 10.7 +0.4° 10.9 +0.8°
18:2n-6 3.0+02 6.4+1.8° 3.4+0.¢° 3.7 0.8 1.7 +0.3 7.8+1.4 4.9+0.% 4.1+0.9°
18:3n-6 0.4 +0.0 0.4 +0.2 0.3+0.0 0.300. 0.3+0.1 0.2 +0.0 0.340.1 0.4 +0.1
18:3n-3 0.7 +0.1 1.7 +0.1 1.7 +0.1 1.42+0. 0.7 +0.2 0.6 0.1 2.3+0.3 1.4 +0.5
20:1* 0.7+0.3° 0.5+0.6 - 0.1 +0.0 - 0.2+6.1 0.3+0.6° 0.3 +0.0b
20:3n-6 1.1 +04 1.0 +0.8° 0.8+0.3° 0.8 +0.1° 0.4+0.1 0.9+0.% 1.0 +0.% 0.9+0.%3°
20:4n-6 53+1% 15.6 +0.8°% 152 +0.%%® 144 +1.79 7.8 +0.4*° 9.8+0.8 12.8+1.6% 16.7 +2.6
20:4n-3 0.2 +0% 0.5+0.2° 0.4 +0.6 0.3+0.%° 0.2 +0.6 0.2 +0.6 0.4 +0.6 0.3+0.%°
20:5n-3 1.7 +038 2.6 +0.5° 2.9 +0.%° 2.7 +0.1° 3.7 +0.7 0.8 +0.4 3.3+0.6 2.8 +0.5°
22:1%* 0.3+0.4° 0.2 +0.%° 0.2 +0.%° 0.3+0.%° 0.1+0.68 0.2 +0.%° 0.2+0.6 0.3+0.6
22:4n-6 51+1% 4.5 +0.1° 3.9 +0.4° 3.8 0.4« 1.9 +0.6 2.3+0.6° 3.5+0.%° 4.0 +0.5°
22:5n-6 58+1% 4.3+0.1 51+1.6° 5.4 +0.7° 5.4 +0.4° 5.4+0.3 4.2+0.6 45+0.7°
22:5n-3 2.7+038 35+0.% 3.5+0.2 3.2+0.3° 3.5+0.3 2.3+0.3 3.8+0.3 3.0+0.2°
22:6n-3 12.8 +0.1b 9.4+33 14.4+0.8° 13.6 +0.8 26.0 +3.8 18.7 +2.8 11.0+0.8° 11.0+2.5°
YSFA 41.9 +3.7 34.7+1.2 33.5+1.3 33.0+0.6 3BB+ 33.3+0.6 34.3+1.6 33.2+1.5
YMUFA 13.0 +1.8 14.9+1.1 13.2 +0.3 12.5 +3.6 142+ 14.9 +1.3 15.5 +0.9 14.7 +1.6
Y PUFA 47.6 +1.2 50.9+2.8"° 51.1+22° 54.6+3.0 55.9 +6.0 51.8+0.7° 50.2+258° 53318
yn-3 16.1 +0.7 18.3 0.4 20.1+1.8 21241 35440 22.7+38" 216+06  18.0%1.2
yn-6 283+1.2 292+28  287+1.48 289#2.06° 17.7+138 27.1+1.6° 262422 33.0+2.8
(n-3)/(n-6) 0.6 01 0.6 0.1 0.8 +0.1° 0.8 +0.1° 2.0+0.% 0.8 +0.2° 0.8 +0.1° 0.5 0.1
YPUFA/NSFA 1.2 +0.1 1.4 +0.2° 1.6 +0.2° 1.7 +0.%° 1.9 +0.8 1.6 +0.6° 1.5 +0.%° 1.6 +0.2°
DHA/EPA! 3.7+0.8° 3.0+0.8 3.7+0.9° 4.3+0.8° 7.8 0.3 8.00.6 2.9+0.3 3.3+0.8°

Values are means +SD of 3 and 4 replications fom~a,B,C,D,E,F and n=4 for Farm G and wild fishnddfatty acids less than 0.1% are not reported.
Different superscript letters within rows represgighificant differences (p<0.05). *Contains n-3lan7 isomers.
** Contains n-11 and n-9 isomer®2:6n-3/20:5n-3
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Table 9Fatty acid compositions (% of total fatty acidsveet weight basis) of feeds

Fatty acid Rice bran Indian Yellow striped Thser Chicken offal
mackerel scad prat
14:0 0.3+0.1 4.7 +0.1 1.8 0.2 0.4 +0.1 £04
16:0 19.1+0.2 21.5+0.3 2404 25.8£1.0 22
16:1* 0.3+0.0 8.1 +0.3 2.3+0.2 5.1+0.0 14
18:0 2.1+0.1 8.8 +0.0 1.6 £0.1 7.7+0.4 24646
18:1* 44.0 0.6 8.1+0.1 2.6 +0.3 22.7+1.0 a142.1
18:2n-6 31.3+0.9 2.2 +0.6 9.1+1.0 15.1 +0.5 7.91+3.1
18:3n-6 - 0.4 +0.0 0.8 +0.3 0.9 +0.28
18:3n-3 - 0.9+0.1 0.8 +0.0 0.2 +0.0 4 80.1
20:1%* 0.6 +0.0 0.3+0.0 0.3+0.1 0.6 +0.1 .1@0.1
20:3n-6 0.2 £0.0 0.5+0.0 0.3+0.2 0.6 £0.2 -
20:4n-6 0.1 £0.0 4.3 £0.0 0.3+0.0 2.6 +0.1 9.9+2.4
20:4n-3 - 0.4 +0.0 0.3+0.0 0.1+0.1 -
20:5n-3 - 9.8 +0.4 4.0 £+0.4 0.3 0.0 0.6 £0.2
22:1%* 0.1+0.1 0.2+0.1 0.5+0.1 0.1 +0.0 -
22:4n-6 - 0.5 +0.0 0.5+0.1 0.52 +0.1 010
22:5n-6 2.1+0.1 0.5 +0.0 1.4+0.4 -
22:5n-3 0.7 +0.2 2.410.1 1.9+0.3 1.4 £0.2 0.6 +0.2
22:6n-3 0.7 +0.0 18.8 +0.6 27.3+0.7 12.7+0.6 0.7 0.1
>SFA 22.5+0.2 36.6 +0.3 7.9 £0.5 33.9+0.5 4019
>MUFA 44,4 +2.0 17.7+£1.0 5.7 0.9 25.8 £0.7 16.0.32
>PUFA 33.1+1.2 458 1.0 85.6 £1.3 342+1.4 356.4
>n-3 20+04 33.0+£1.0 41.31+0.5 145 +0.8 203
>n-6 31.0 £0.5 10.2 +0.5 12.0 0.2 19.7+0.4 a2 1e5)
(n-3)/(n-6) 0.1 +0.0 3.310.2 3.4+0.3 0.720 0.1 +0.0

Results represent means in triple samples £Sbclude some minor components not shown. Fattysaci
less than 0.1% are not presented.

*Contains n-9 and n-7 isomers.

** Contains n-11 and n-9 isomers
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5.3.4 Lipid class composition

The total lipid (TL) contents and lipid class cawspions of fish muscle and
liver are presented in Table 10 and Table 11, ctingy.

TL of fish muscle (% wet weight) ranged from 0.57840.88% approximately.
Cultured fish fed marine trash fish based feedsnfFA and Farm E) displayed a
smaller amount of total lipid (0.57% and 0.58%)eTroportions of neutral lipid (NL)
in fish muscle were significantly higher in all tuided fish (51.8 -66.4%) than in wild
fish (32.5%) (p<0.05). The profiles of both polguids (PL) and NL in fish muscle for
all fish groups showed a similar pattern. The pranmt NL classes were cholesterol and
triacyglycerols (TAG). The major lipid classes foum PL were phosphatidyl-choline
(PC, 19.4-26.2%) and phosphatidyl-ethanolamine (BB;22.6%). Proportions of
phosphatidyl-inositol  (PIl, 3.0-4.8%), phosphatidgkine (PS, 2.2-4.0%) and
springomyelin (SM, <0.01-5.7%) were considerabhydo. The lowest value for TAG
(3.9%) and highest value for Pl (22.6%) was foundild fish (p<0.05).

The ratio of NL/PL showed less marked differencesomg cultured groups
which had an average NL/PL ratio of 1. The highraib of NL/PL (2.0) was found in
fish that had highest value of TL (Farm B) meanehihe lowest value of 0.5 was
observed in wild fish.

In the liver, the main lipid classes were the sam¢hose found in muscles, but
with relatively high values of TL (15-60 times). @ natios of NL/PL (4.7-51.6) in fish
liver were higher and of greater variability than muscles in which TAG was the

prominent lipid (14.9-62.2%).
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Table 10Total lipid, and lipid class (% of total lipid exgssed as wet weight) of wild and cultured fish neuisamples collected from

various farms.

Farm A Farm B Farm C Farm D Farm E Farm F arnfFG Wild fish

Total lipid (TL) 0.58 #0.05 0.90 +0.07 0.76+0.08 0.67 +0.08° 0.57 +0.0?7  0.57+0.02  0.81 +0.16° 0.77 +0.11°

(9/100g wet sample)

Lipid classes

Total neutral lipids (% of TL) 51.8 +0.5 66.4 +0.5 55.5 1.2 53.2 +0.5 55.4 +2.% 53.5 +1.% 54.7 +3.% 32533
Cholesterol 253+04 17.6+0.3 18.8+1.8°  19.0+0.f  16.9zx0.f 20.8 +0.8 20.3+0.8 12205
Free fatty acids 7.9+8.2 9.6 +0.1 105+1.7°  10.3+1.%° 6.6 +0.8 6.8 +0.3 7.8+2.0 16.4 +3.7
Triacylglycerols 8.7+37 22.3+0.0 21.7 +3.3 23.1+2.06 24.1 +0.6 235+1.3 16.1 +0.8 3.9+1.0
Sterol ester 9.9+6.9 16.9+0.0 4.5+0.7 0.80.% 7.940.6 2.5+0.2 10.5+1.2 nd

Total polar lipids (% of TL) 48.2 +0.8 33.6+0.5 445 +1.2 46.8 0.8 446 +2.% 465 +1.% 453 +3.% 67.5+3.1
Springomyelin 5.7 #1°0 nd 20+28 4.0 +0.78 4.0+0.8° 1.0 +0.6 0.5 0.7 43+0.8
Phosphatidyl-choline 24801 19.4+0.2 231+2.1 21.7+08 242108 23.8+1.9 26.2+1.8  221+13
Phosphatidyl-serine 3.7+0.8 2201 885 4.0 0.3 2.2+0.4 3.2+0.4 28102 2502
Phosphatidyl-inositol 43+01  3.0+0.6 4.5 +0.8>° 4.8 0.1 3.6 +1.5° 4.7 +0.4° 45407 3.7+x05
Phosphatidyl-ethanolamine 9.7#1.7 8.9+0.2 10.0 +1.8 11.4 +0.6 9.4 +0.3 12.3+0.2 10.2 +0.8 22.6 +2.2
Cardiolipine nd nd 1.240.4 1.0 +0.6 1.1 +0.% 1.5+0.0 1.1+0.4 12.2 +0.8

Values are means +SD of three and four replicationfarm A,B,C,D,E,F and wild fish).

Different superscript letters within rows repressignificant differences (p<0.05)

nd; not detected.
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Table 11Total lipid, and lipid classes (% of total lipid) wild and cultured fish liver samples collectedrfr different farms

Farm A Farm B Farm C Farm D Farm E Farm F arnFG Wild fish

Total lipid (TL) 10.79 £0.18 38.29 +0.985 34.91 +1.03 33.33+0.20 34.71+3.62 36.42+1.37 10.22 +1.77 12.37 +1.82
(g /200g wet sample)

Lipid classes
Total neutral lipids (% of TL) 82.3 +1.6 98.1 +0.0 91.8+1.8° 965+1.9° 96.8+0.2 92.5+1.8"° 83.7+1.58 92.145.2

Cholesterol 146+3 8.2+0.F 6.0 0.6 7233 8.7 +1.2 12.3+0.9 11.7 0.6 6.54.2°
Free fatty acids 36.2+15 11.1+0.6 17.1+2.6 12.9 +2.6 11.3+1.2 18.4 +0.6 19.1+2.5 17.9+1.2
Triacylglycerols 14.9+2°3 51.2+0.8° 31308 415+138 51.4+44 37.6 +6.% 3414360 62.2+219
Sterol ester 16.6 +41 27.6+0.6° 37.4+05° 34916.% 25.3 +6.9 243 7.7 189418 19717
Total polar lipids (% of TL)  17.7+1°%  1.9+0.0 10.2+2.* 35#1.9 3.2+0.F 75+1.8° 16.3 +1.8 794572
Springomyelin 1.6 +0°1 nd nd nd nd nd .9 80.3 4.0+2.9
Phosphatidyl-choline 75+0.2 1.9+0.6 2.6 +0.2° 2.9 +1.6° 1.8 0.0 5.9 +1.6 9.6 +0.3 1.4+0.3
Phosphatidyl-serine nd nd nd nd nd nd nd nd
Phosphatidyl-inositol 3.0 +0.0 nd nd nd nd nd 4106 0.8 +0.7
Phosphatidyl-ethanolamine 5.5 #1.3 nd 5.0+15% 0.6 +0.9° nd 1.6 +02 4.0 0.2 1.7 #1.3°
Cardiolipine nd nd nd nd 1.4 00 nd 0.45 +0% nd

Values are means +SD of three and four replicaionfarm A,B,C,D,E,F and wild fish).
Different superscript letters within rows repressgnificant differences (p<0.05)
nd; not detected.
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5.4 Discussion

5.4.1 Fish nutritional composition and slaughter idices
Diet significantly affected lipid and moisture ¢ents whilst crude protein and

ash contents of both muscle and whole fish showedharked differences. Moisture
content in whole fish was inversely related todipontent as in other fishes (Arzel et al.
1994; Alvarez et al. 1998; Peres and Oliva-Tel@89b; Vergara et al. 1999; Alvarez et
al. 1998; Peres and Oliva-Teles, 1999b; Vergasd. d999). Increasing in HSI and VSI
seemed to be associated with an increase in digpétyas seen for groups of cage fish
fed largely on freshwater trash fish; the Thai risprat (Table 5.1-5.4 and Table 7).

Higher liver lipid contents in most of the farmashf fed trash fish, as compared to
wild fish that relied mainly on natural foods suggdifferences in fish energy budgets
(Marshall and James, 1990) and also reflected ifielifferences. (Mnari et al. 2007).
Farmed fish appears to gain in energy intake rétiaar energy expenditure (especially
on searching for foods and escaping from predatbes) leads to deposition of liver
lipid reserves than of wild fish. The similar resulvere reported by Rueda et al (2001),
fat content of muscle, mesenteric and liver in edasharpsnout sea breddiplodus
puntazzowere higher than of wild one. In general, fishttare fed commercial diets do
exhibit a greater body fat content than wild spexis (Shearer, 1994). However, the
liver lipid storage is influenced by factors such season and/or developmental state
(Henderson and Tocher, 1987).

Although marble goby liver lipid contents in thisidy were high, especially in fish
fed with higher dietary lipid levels (freshwateagh fish), muscle lipid content was not
affected by dietary lipid level in all samples. Mover, muscle lipid contents were not

significantly different and remained consistentwl(<1%). This may have been due to
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species specific differences in the adipogenic cipaf different tissues (Henderson
and Tocher, 1987; Shearer, 1994). Marble goby shgveater tendency to deposit lipid
in the liver than in the muscle. Similar patterridipid storage have been reported in
Atlantic codGadus morhugHenderson and Sargent, 1985a), hadddelanogrammus
aeglefinus(Supis, 2005) and Murray cddacculochella peelii peeli{Giorgio et al.
2007). A contrasting situation, however, has begported in cobiaRachycentron
candum(Ji-Teng et al. 2005)where muscle was a primary ai body fat deposition.
However, lipid contents in fish tissues show temapahanges during development,
growth, maturation and spawning season (James andaR 1990; Shirai et al. 2001b;
Sabates et al. 2003).

In terms of fillet quality, the lower levels ofpld contained in marble goby
muscle (both farmed and wild) suggest that thi€iggecan be referred to as a lean fish.
From a nutritional viewpoint, fish are often cldgsl into groups according to their
lipid contents: lean (<2%); low-fat (2-4%); mediuat- (4-8%) and high-fat (>8%)
(Cowey, 1993). Additionally, Huss (1995) categadidésh as lean or fatty species
depending on how they store lipids for energy: léah use the liver as their energy
depot, while fatty species store lipids in fat sdhroughout the body. Moreover, the
lipid contents of fillets from lean fish are lowdstable whereas the lipid contents in
fillets of fatty species vary considerably and thecumulated amount is generally
influenced by level of dietary lipid that the fisbnsume (Jorge et al. 1993).

In farm-A a higher liver glycogen level seemed @rblated to increased levels of
liver glycogen deposition, possibly induced by esscenergy in the diet especially

energy from rice bran in which carbohydrate isrttan constituent (Du et al. 2005).
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5.4.2 Fatty acid composition and lipid class

In these investigations the fatty acid compositiefidipids found in marble
goby tended to be influenced by dietary inputs egorted in other fish species
(Almansa et al. 1999; Turchini et al. 2003; Rodeigwet al. 2004; Nielsen et al. 2005).
The fatty acid profile of lipid in wild fish reflés the availability of fatty acids in the
aquatic food chain (Sargent et al. 2002).

16:0, 18:0, 16:1 and 18:1 are the predominantated fatty acids (SFA) and
monosaturated fatty acids (MUFA) in marble gobyisTébservation was not surprising
as Andrade et al (Andrade et al. 2003) have poimtgdthat these fatty acids are
preferred substrates for mitochondflabxidation and heavily catabolized via the TCA
cycle to generate metabolic energy in fish (Heraleend Sargent, 1985b). The highest
levels of all these fatty acids are consumed dufisj growth and development
(Henderson, 1996).

The SFA and MUFA can be synthesizdd novoby all known organisms,
including fish, which can convert SFA produced de@oto monounsaturated (MUFA).
This action is completed by the action of microsbfatty acidA9 desaturase on 16:0
and 18:0 to yield 16:1n-7 and 18:1n-9, respectiglgnderson, 1996). The ratio of
SFA:MUFA in fish muscle in Farm A was opposite kat of their diet indicating the
fish SFA was distributed partly from the synthesis novo of dietary non-lipid
precursors especially of carbohydrate obtained frimm bran. This claim is supported
by Henderson (1987) who revealed that fatty acrsfish can arise from either
synthesisde novofrom non-lipid precursors, or directly from dietaipid. De novo
fatty acid production increases when diets are lgbarbohydrate and protein, and

protein is the preferred carbon source for energyigion in fish (Sargent et al. 2002).
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Moreover, SFA and MUFA are storage lipids preféedly used as energy
sources (Daniela, 2005). In the present studysdildontained almost identical levels of
SFA (p>0.05) although fish were fed with differefietary levels of SFA (7.9-40 %).
This suggests that the marble goby has a mechathigtncan regulate and maintain
certain levels of body lipid saturation. This olvsdion agrees with that of James and
Randal (1990), who found that the proportionalribstion of SFA in fillets of channel
catfishictalurus punctatuslid not differ over growth periods between groopfish fed
on practical feeds with and without a top-dressih@il. Yu et al (1977) also reported
similar results in their feeding experiment witlinteow troutOnchrhynchus mykided
on feeds containing different levels of herring aid also feed without adding the
herring oil. A similar trend was also reported imfvy codMaccullochella peelii peelii
fillets in which fish were fed on crude oil extradtfrom trout offal (Turchini et al.
2003). The higher level of SFA than of MUFA in glioups fish probably also means
that marble goby may be unable to use SFA as argersource efficiently when
compared to MUFA and as result indicate, SFA temtid more accumulated in their
tissues. This is consistent with several previotiglies that claimed MUFA are
generally good substrates fgioxidation in fish (Henderson and Sargent, 1985tel6
et al. 1995; Stubhaug et al. 2005).

Fish are unable to synthesise PUFA completéty novo from non-lipid
precursors (Henderson, 1996). Freshwater fish alieved to contaim\6, A5 andA4
desaturases (Henderson and Tocher, 1987)but laitk the A12 desaturase enzyme
which can desaturate 18:1n-9 to 18:2n-6 andAhB& desaturase which can convert
18:2n-6 to 18:3n-3.These PUFA must therefore béopred in the diet (Sargent et al.
2002). In this present study, total PUFA in fishgole is the majority group of fatty

acids found in all fish. PUFA represents 48- 56%avél fatty acids and ¢s and Cj,
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PUFA are present in higher proportions thans @UFA. This is an indication that
marble goby has the capability to either producg &nd Cz, PUFA from dietary Gs
PUFA or directly obtain from the final end prod@#t, PUFA from their diets.

The ratio of total n-6 PUFA to n-3 PUFA in fish noles of all groups reflected
those of the diets. A study of wild fish that aikenlg in their natural ecosystems, under
natural feeding and physical regimes, is recognae@n important tool in providing
information about qualitative dietary lipid requiments with respect to fatty acids in
several fish species (Rodriguez et al. 2004; Ruwda. 1997; Bo-young et al. 2000;
Cejas et al. 2004). In the present study, the higbacentration of n-6 PUFA (33%)
compared to n-3 PUFA (18%) in wild fish indicatbe preferential incorporation of n-6
PUFA, supporting the contention that n-6 fatty ace essential for marble goby as a
freshwater fish. According to Ackman (1994), fresier and tropical oceanic fish
commonly contain large percentages of n-6 PUFAgeisjly arachidonic acid (20:4n-
6). This is particularly true for marble goby sirtbe fatty acid compositions of all fish
were characterized by higher proportions of n-6 RJUEspecially arachidonic acid
(20:4n-6, AA), docosapentaenoic acid (22:5n-6, DBAJ linoleic acid (18:2n-6). Both
18:2n-6 and 20:4n-6 have a significant biologicaley especially with respect to
eicosanoids derived from 20:4n-6 that are physiobdty active in fish and are essential
for reproduction and cellular signal transduction fish (Bell and Sargent, 2003).
Elevation of 20:4n-6 can improve growth and surli{@essonart et al. 1999) and
resistance to handling stress (Koven et al. 200hg concentration of 20:4n-6 was
higher in wild fish than in farmed fish, probabkflecting the greater consumption of
aquatic insects by wild fish (Carole et al. 2005yen though species types and fatty
acid composition of natural foods for marble gobsrevexcluded in this study, 18:2n-6

and 18:3n-3 are frequently the major PUFA in maresliwater invertebrate groups
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(Bell et al. 1994). Tropical brine shrimfrtemia sps. contains a high proportion of
18:2n-6 and total n-6 HUFA (Chinavenmeni and Natesz007) and is commonly
deficient in 18:3n-3 (Lian et al. 2003). AdditiolyalChinavenmeni and Natesan (2007)
also reported high concentrations of 18:2n-6 andr26 in a freshwater benthic prey
fairy shrimpStreptocephalus dichotomaoda fish, the fatty acid composition of several
tropical freshwater fish, such as edlonopterus albusbighead carpAristichthys
nobillis, rohu Labeo rohita(Suriah et al. 1995) and Japanese catf&hirus asotus
(Nobuya et al. 2002) collected from their naturabitats, also showed deposition of
higher levels of 18:2n-6 and 20:4n-6 than n-3 PUFA.

The lower levels of arachidonic acid (20:4n-6) armied fish diets and the
higher conversion of linoleic acid (18:2n-6) to tlimger chain polyenoic derivative;
arachidonic acid (20:4n-6) in fish flesh than irithdiets indicates that marble goby
probably has an innate ability to convert 18:2re@0: 4n-6 as almost all freshwater
fish do (Turchini et al. 2006).

Similarly, the profiles of n-3 fatty acids foundl dhrmed fish are generally
similar to those found in their diets. The levei®@osapentaenoic acid (20:5n-3, EPA)
and docosahexaenoic acid (22:6n-3, DHA) in thesdiadre correlated with the levels of
20:5n-3 and 22:6n-3 accumulated by marble farméxy.go

The 22:6n-3 level was highest in farmed fish fedmarine trash fish (Farm-E)
causing a significantly higher ratio of total n-BPA to n-6 PUFA. This result indicates
that the percentage of 22:6n-3 in the muscle ofbieagoby is influenced by dietary
22:6n-3. In a similar feeding trial with freshwatsitver carp Hypophthalmichthys
molitrix and bighead carfrristichthys nobillisby Steffens et al (1993), a diet containing
10% mackerel oil led to high levels of EPA and DHiAthe fish muscle. However,

most freshwater fish do not require long chain HUB# often require 18:3n-3 to
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manufacture the highly biologically active 20:5naBd 22:6n-3 (Henderson, 1996;
Sargent et al. 2002). With the exception of thevabgeneral ability, in those species
that are unable to synthesize 22:6n-3 from itsymsar linolenic acid (18:3n-3), it must
be supplied in the diet i.e., it is a dietary esis¢riatty acid (Bell et al. 2001). Some
adults of freshwater carnivorous fish species sigcbhannel catfisketalurus punctatus
(Satoh et al. 1989a) and pikesox lucius(Henderson et al. 1995) have very limited
abilities to convert 18:2n-6 to 20:4n-6, and 183me EPA and DHA as result of
adaptation to a diet naturally rich in n-3 and RHBFA (Sargent et al. 2002). A similar
result was also found in rainbow trout by Bell £(2001) where the amount of 22:6n-3
synthesized from 18:3n-3 was only about 5% of ttained directly from the fishmeal
in the diet.

The ability of marble goby to bioconvert linoleracid (18:3n-3) to 20:5n-3 and
22:6n-3 is still in question and needs more reseatt of the feeds contained minimal
amounts of linolenic acid (18:3n-3) and also fishseles contained less of this fatty
acid. In addition, the apparent conversion rati®&3n-3/22:6n-3) varied among farmed
fish groups and most of them showed much lower edion rates than of their diets,
especially in groups of fish fed on freshwaterhrfish (including wild fish).

From a field observation, reported by a farmershbuld be noted that the
significantly better survival rate of fish fed miimn marine trash fish could perhaps, at
least point to the positive effect of n-3 HUFA, tpeularly 22:6n-3, on the health of this
species. It would therefore be interesting to cmhdurther research to investigate the
capacity of marble goby to bioconvert 18:3n-3 tc6R23.

Knowledge of the significance of long-chain EPA d@idA to human health has
increased considerably in the last four decadesufida E. Stanby et al. 1990). EPA

and DHA found in fish possess extremely benefipiaperties for the prevention of
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human artherosclerosis, heart attack and depreéSiomopoulos, 1989; Sargent, 1997;
Logan, 2003). They are particularly effective ireyenting obesity-related disease
(Browning, 2003), reducing inflammation (Simopoulo2002) andthe risk of
developing breast and prostate cancer (Greenw@ldil)2 They are also essential for
early retina and brain development (Uauy et al.120&nd in the maintenance of
cognitive function in the elderly (Scott, 2003; Rux et al. 2005). Therefore, when fish
are suggested as a means of improving health fmahsg, both the fat content and the
HUFA distribution must be considered.

Since both farmed and wild marble goby contain fassn their fresh muscle
and appear to have the ability to deposit dietaB/HhUFA, especially DHA, into their
muscle consumption of either wild or cultured margbby will contribute to dietary n-
3 PUFA intake, with benefits to human health. Amdially, the ratios of n-6/n-3 found
in this study were less than the value (4.0 maxijnuetommended by the UK
department of health. A value higher than the maxmvalue is considered harmful to
health and may promote cardiovascular diseases ((iMS94).

It should be noted that beneficial effects of gilearp oil (containing 2.8% and
8.4% of AA and DHA respectively) on blood pressuserum lipids and platelet
function are more pronounced than the effects ofkeeel oil (containing 0.2% and
16.0% of AA and DHA respectively) (Steffens, 199These results suggest that a
decrease in dietary AA is not necessary for lovgeblood pressure and that a balanced
n-6/n-3 PUFA supply provided by a freshwater figét anight be clinically even more

efficient than isolated n-3 supplementation.

74



Chapter 5 Slaughter indices and lipid composition

5.4.3 Lipid class composition

Total lipid content is a common measure of enatgyage in fish (Tocher and
Harvie, 1988; Bo-young et al. 2000; Cejas et al£®o-young et al. 2000; Cejas et al.
2004). However, information on lipid class compiasitcould give more precise and
detailed information on fish energy status (Finstacal. 2004b; Naesje et al. 2006;
Naesje et al. 2006).

Distribution of lipid within the muscle and liven imarble goby showed the
same trend; the higher proportion of neutral lipiger polar lipids in both organs was
due to an increase mainly in triacylglycerol (TA@holesterol and sterol ester. This is
not surprising because TAG is the most abundamiesilipid class in fish lipid and
plays an important role as an energy storage sibs{€ejas et al. 2004). Additionally,
TAG is primarily metabolized during fish starvatigdenderson and Sargent, 1985a).
High liver TAG in marble goby is in agreement witacquot (1961) and Osman et al
(2001) who stated that the lean fish stores 50-80R4its fat in the form of
triacylglycerol in liver (Jacquot, 1961). Excess@mnulation of liver lipid in cultured
fish has been a concern to nutritionists as ih@ight to reflect excess energy in diets,
which are not efficiently utilized for productiotherefore, the high levels of neutral
liver lipid in cultured fish are reflected in a cparatively higher dietary energy intake.
Moreover, the neutral liver lipid in wild fish wadso high, while muscle neutral lipid
was lower compared to cultured groups, This suppibe earlier statement that marble
goby has a limited ability to transport the largecaint of deposited fat out of the liver
to the muscle for storage. In other words the hepaptake of lipids exceeds the
oxidation and secretion of lipid by liver. Additialty, the higher ratios of neutral lipids

to polar lipids (NL/PL) in liver than in muscle ioultured fish also support this
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observation. This pattern of lipid deposition, hoee perhaps limits feeding this fish
with high-energy, lipid-rich diets - a point nutonists should take into account.

Sterols are essential components of the membranals @ukaryotic organisms
(Phillips et al. 2002)and also play an importarie rm controlling membrane fluidity
and permeability (Piironen et al. 2000). It is wietlown that cholesterol is the main
sterol in animal cell membranes including fish (ki®et al. 1982; Graeme et al. 1996;
Copeman and Parrish, 2004; Graeme et al. 1996;@ampend Parrish, 2004). This is
also apparently true in marble goby because musakesterol was the dominant sterol
in the present study. This result is consistenthwituscle cholesterol compositions
obtained from mud skippeBoleophthalmus boddaer{iDipankar et al. 1997), eel
Anguilla anguilla (Nikolaus et al. 1994) and tilapieDreochromis niloticus
(Karapanagiotidis, 2004). Furthermore, as suggestgdBanerjee et al (1997) in
response to increase in water temperature fish atrradjust their cell membranes by
increasing the cholesterol content in relation ke tenvironmental temperature.
Therefore, the high level of cholesterol in thisgant study was perhaps consistent this
statement since sampled fish were collected durigly water temperatures (25-32 °C).

The lower muscle and liver cholesterol levels itdviish than in cultured fish in
the present study are in agreement with the limer muscle cholesterol patterns found
in cultured and wild counterparts of black sea breSpondyliosoma cantharus
(Rodriguez et al. 2004) and tilap@reochromis niloticugKarapanagiotidis, 2004). A
contrasting result was, however, reported in mustlagesterol contents of wild fish
that were higher than of farmed sea bBssentrarchus labrax(Orban et al. 2003).
Addition, Coz et al (2002) reported the occurrentefatty liver” (fatty infiltration
and degeneration) in cultured sea dagentrarchus labraxX.. that was associated with

higher levels of TAG and cholesterol compared ®Hhbkalthy wild sea bass. Therefore,

7€



Chapter 5 Slaughter indices and lipid composition

based on field observation of fatty liver in cuédrmarble goby together with lower
levels of TAG and cholesterol in wild fish thanrfad fish in this study, this supports
the healthier status of wild fish. It would thenefde of interest to investigate effects of
these two neutral lipids on health status of magoley in further studies because high
mortality caused by diseases has been one of tf@r o@nstraints in farming this fish
(Somkiat, 1997; Lin and Kaewpaitoon, 2000; Praskrétal. 2002).

The high concentrations of free fatty acids obsgrie fish indicate that the
TAG levels may be underestimated. Free fatty aaids the products of enzymatic
hydrolysis of phospholipids and TAG, and free fattyds tend to accumulate in frozen
samples (Refsgaard et al. 1998). Increases irfdtgeacid levels are usually attributed
to the hydrolysis of phospholipids (Hardy et al739Kaneniwa et al. 2000; Ron et al.
2004; Kaneniwa et al. 2000; Ron et al. 2004), sstigg that present study estimates of
TAG are less likely to be influenced by hydrolypatithan phospholipids. In the present
study the total phospholipid fraction was not safweth separately and only the most
abundant types of naturally occurring phosphogigesr (PC, PI, PE, PS and
cardiolipin) and sphingomyelins are available. tdition, estimates of total lipid are
unaffected by hydrolyzation, and variation in TARof et al. 2004). However, all
samples were kept in the same condition until agly

Of total muscle lipid, a relatively high propomi¢44% on average for cultured
fish) was polar lipid in relatively stable amountis implies that differences in total
muscle lipid are likely to be influenced by neutiipid content. Even though the fatty
acid compositions of neutral and polar lipids wea available in the present study in
general, polar lipid contains considerably moreyposaturated fatty acids than neutral

lipid (Sargent et al. 2002).
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Generally, long chain gz+C:» PUFA to CigPUFA ratio is 4.3-9.8, greater in polar
than in neutral lipids (Ackman, 1994; Kozlova andatimchenko, 2000; Kozlova and
Khotimchenko, 2000). Therefore, the higher con@iun of polar lipids in wild fish
are likely to reflect their ability to convert;£PUFA in their natural foods to £&:+C:;
PUFA which were then deposited in the phosphogigesr (Ghioni et al. 1996).
Besides, with respect to their natural feeding h#ey consume largely freshwater
zooplankton that comprises mainly polar lipids wikv levels of neutral storage lipids
(Wainman et al. 1993). In addition, a contributai61% - 90% of phospholipids to the
total lipid content was reported in freshwater oleerans (Macedo and Pinto-Corlho,
2001).

The dominant phospholipids in muscle and liver athbcultured and wild marble
goby were PC and PE. This finding is similar togudipids analysed in muscle and
liver of 27 fish species by Takama et al (1999)isTis also in accordance with the
common opinion that PC and PE are important fomta@ming normal functioning of
cell membranes. PC and PE have been frequentlgsssas the main phospholipids
classes in fish (Henderson and Tocher, 1987; Dipaekal. 1997). Moreover, PC is the
most abundant of phospholipids, comprising apprexéty 50% of total phospholipids
in fish tissue (Lie et al. 1992; Medina et al. 1998edina et al. 1995). The
phospholipids of white muscle of freshwater spediase a noteworthy nutritional
value, supplying substantial amounts of PUFA (Isabieal. 1995). Additionally,
C:20tCi2 PUFA are generally found to be abundant in polpid$ and in major
membrane phosphoglycerides, PC and PE in parti¢Glaioni et al. 1996). Therefore,
a characteristic property of phospholipids foundthis present study showed some
general similarities to those revealed in othesHweater species (Henderson and

Tocher, 1987; Erickson, 1993; Kozlova and Khotinmdtee 2000; Nobuya et al. 2002).
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5.5 Conclusion

1.) The compositions of lipid found in the culturésh were closely related to their
diets. The significantly higher EPA and DHA levelsre found in fish fed marine trash
fish than other groups of cultured fish and alstiish. This suggests that cultivation
of marble goby on a diet containing large amounEBA and DHA could remarkably
benefit in increasing the content of these fattgsdn the fish muscle. However, the
ability of marble goby to bioconvert linolenic adqitiB:3n-3) to EPA and DHA is still in

guestion and needs more research. However, detaineffects such as the higher liver
lipid deposition, higher HSI and VSI and also highattios of liver NL/PL in cultured

fish may be indicative that the diet fed to thetundd fish might not be ideal for optimal

performance thus balance of dietary lipid and enesgeds to be improved.

2.) Distribution of fatty acids in total lipid antipid class did not show marked
differences between wild and cultured fish fed fiveater trash fish based diets. This
suggest that the lipid composition of feed suppledhe cultured fish did not differ
greatly from that of the diets consumed by the frslthe wild, which hypothetically

contains the desirable composition for the lipidrition of this species.

3.) Even though fish fed feed of marine origin laaldigher nutritional value for humans
in terms of n-3 supply than wild fish, a differereasts between the two groups of fish
in the patterns of eicosanoid produced; AA whiclsi@und to be higher in wild fish. It
has been documented that AA is the major eicosgm@dursor in fish cells and these
components are important in the control of manly fiysiological functions (Bell and
Sargent, 2003). Thus, dietary ratios of AA/EPA aado DHA/EPA should be
considered important factors to the requirementshed species in promoting their

growth and maintaining their health.
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Chapter 6 A Comparison of Combinations of Rice Branand
Trash Fish in Rearing of Marble Goby ©. marmoratus) With

Reference to Digestibility, Feed Intake and Growth

6.1 Introduction

Feeding fish with compound feeds has the most ddgas in culture practice in
the context of environmental and balanced nutrdi@pproaches. However, adaptation
to artificial feeds by farmers is often not straigiorward due to feed cost and
availability constraints. Use of on-farm feeds kase advantages over commercially
produced feed, in particular they can be more ewoced and efficiently utilize locally
available raw materials (FAO, 1993).

Thailand has the potential to expand aquacultuedymtion for both local
consumption and export (FAO , 2005a). The coun&y & net surplus of high quality
feedstuffs after domestic demands are met, exagjitesin (FAO, 1979; Edwards and
Allan, 2004). Within the SE Asian region, Thailams considered the most self-
sufficient country in terms of feed ingredient sliggp with minimal importation of fish
meal which is destined mainly for the shrimp feaduistry (Supis, 2005). About 90-
95% of raw materials used in animal feeds are abksl locally (Nanthiya, 1989).
Although, there are reports on potential use of esdeed ingredients in preparing
complete diets for certain economic freshwater iggefJantrarotai and Jantrarothai,
1993; Somsueb, 1993; Suraniranat, 1998), untilmdceThailand has however been
confronted with a lack of nutritional research abon-farm feed use and its effects on

fish nutritional composition.
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A consistently high price and large demand fordhmivorous marble gobyo(
marmoratu$ makes it one of the most attractive candidatesfmaculture in Thailand
(Ausyfish, 2006). Until recently feeding of marlgeby still predominantly relied upon
the traditional method of using trash fish from baharine and freshwater sources.
However, the rapid deterioration in quality accompd by loss of nutrients that occurs
with time in unfrozen trash fish is a common proble using trash fish (Supis, 2005).
Raw chopped or minced trash fish is highly unstalilewater causing rapid
deterioration of water quality in surrounding arégsiwards et al. 2004). In addition
overfeeding can lead to excessive lipid accumulatierfanullah and A. K. Jafri, 1998).
Additionally, prolonged feeding using a single fedfdthiaminase-containing raw trash
fish causes thiamin deficiency in fish (Royes Bi-8mne and Chapman, 2003).

However, when they are available trash fish aratikadly less expensive for
aquaculture than fish meal (FAO, 2005c). The proislef water quality deterioration,
nutrient deficiency and health may, however, betiglyr overcome by careful
management of feeding strategies (Suchart et 8b)2®Proper processing of feedstuffs
by mixing trash fish with dry components such ae toran and compound feed in the
correct proportions can make feed more econompralide adequate nutrition and
water stability (Yakupitiyage, 1993). In particulaice bran is recognised as one of the
most widely available feed ingredient and has pgakrfor use by fish farmers
throughout the country (Edwards and Allan, 20048siBes being an excellent source of
nutrients, especially vitamins B and E, rice branalso an effective feed binder
(Joachim and Felicitas, 2000). An adequate suppiemivitamins combined with a
protein source, such as fish meal and trash fisterpially makes rice bran an excellent
feed stuff for the aquaculture of many species (Natkyage, 1993; Jantrarotai and

Jantrarothai, 1993) including marble goby (Survesuit this study). The use of rice
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bran for aquaculture feed in the tropical rice-grayvcountries of the region would
therefore have a comparative advantage in producii®oth feeds and fish.

Despite the recognised and successful rearingasfyneconomically attractive
carnivorous species, including marble goby, usiaditional on-farm aquafeeds (Supis,
2005), there is little available information to eatoncerning effects of those diets on

nutrient digestibility, feed intake and growth merhance of marble goby.

The objectives of the present experiments were:
1) To determine the effects of diets on feed intaks) §rowth performance and
survival rate of marble goby
2) To determine the effects of various diets on figkrient composition, glycogen
content and hepatosomatic index

3) To compare apparent protein and dry matter digéstiim fish fed various diets

6.2 Material and methods

6.2.1 Experiment to evaluation the use of differenfeed types on fish
digestibility

6.2.1.1 Experimental system and design

The digestibility trial was carried out in an ir@aquarium tank system (Figure
4). The trial was set up under ambient conditionthe hatchery of the Asian Institute
of Technology (AIT), Pathum Thani, Central Thailafitie experimental period was 60
days; 24" January — 28 March 2004. A Completely Randomized Design (CRBthw
four replicates was employed. Six different dietrevassigned as treatments (see also

Table 12 and 13):
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Treatment 1 (T-1) = Mackerel trash fish

Treatment 2 (T-2) = Complete diet

Treatment 3 (T- 3) = Mackerel trash fish + Ricerbra
Treatment 4 (T -4) = Mackerel trash fish + Complaitet

Treatment 5 (T -5) = Mackerel trash fish + RicerbraComplete diet

Table 12 Formulation (g Kbair dry) of experimental diets

Diet
Ingredient
T-1 T-2 T-3 T-4 T-5

Mackerel 334 - 164 16 50

Rice bran - - 54 - 12
Complete feed - 111 - 102 80
Vitamin premix” 2 - 2 2 2
Mineral premix® 1 - 1 1 1

@ Juvenile catfish feed is composted of fish meaybsan meal, broken rice, rice bran, maize, coconedl,
mineral & vitamin premix and feed preservative.

P At 20 g kg' feed inclusion level, provided in 1 kg of finaktti retinol; 192 mgg-tocopherol actetate (50%); 272
mg, thiamine; 30 mg, riboflavin (96%); 60 mg, pyidne (98%); 20 mg, cobalamin (1%); 12 mg, menaglion
(98%); 8 mg, ascorbic acid (96%); 160 mg, D-calcipamtothenate (98%); 100 mg, niacin (99%); 80 radicF
acid (80%); 4 mg, biotin (2%); 20 mg, inositol (9%,9200 mg, choline choride (50%); 1.12 g, Yeas§ .
ethoxyquin (20%); 12 mg, alpha starch ; 36.11 mg

° At 10 g kg" inclusion level, provided in 1 kg of final dietaC3.25 g; P, 1.0 g; Fe, 60 mg; Mn, 40 mg; |,
0.75 mg; Cu, 3 mg; and Zn, 37.5 mg

Note: Vitamin premixed® and mineral premixed)(were purchased from the White crane company,
Bangkok, Thailand. Products detdilnd® above were attached along with the products.
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Table 13 Chemical compositions of experimental $egud feed ingredients

Gross P:GE

Experimental | Moisture Crude | Crude lipid Ash Crude energy | ratio
feeds (%) protein (%dm.) (%dm.) fibre (GE) (mg

(%dm.) (%dm.) | (kJ g'diet) protein

kcal®)

Diet 1 (T-1) | 76.90.7 |69.4+0.2| 15.74+1.3 | 13.89+0.4/ 0.27 0|1 20.92 138.8
Diet2(T-2) | 31.2+#0.2 | 39.7+0.1 4.76+0.1 15223 | 1.14 #0.1 18.25 91.0
Diet3(T-3) | 30.1+0.6 | 39.4+0.1 9.26+0.2 148 | 2.49+0.1 20.28 81.3
Diet4 (T-4) | 30.9+0.6 | 39.5+0.1 5.11+0.1 15.6r2+ | 1.07 £0.1 17.81 92.8
Diet5(T-5) | 28.3+0.6 | 39.5+0.1 5.58+0.2 15984 | 1.26 £0.2 18.45 89.6
Feed ingredients
Mackerel 71.0+4.9 67.2+0.4 13.86+1.3 14.74+3.8.27@0.1 20.49
Rice bran 9.0 £0.0 17.1+0.0 15.02+0/1 3.39+0.1 .5740.5 17.73
Complete diet| 9.7 0.0 40.4+1)1 6.310.1 11.20+0 2.15 +0.4| 1,785.0

Note: dm: dry matter, Mean +SD of triplicates

6.2.1.2 Experimental feeds

The spoiled Indian mackerel (unpreferable for hunm@msumption) was
purchased from ‘Talad Thai’ fish wholesale markdtickh was located nearby the
experimental site (1.5 km distance). Whole fishevpassed twice through a mincer to
ensure all fish bones were finely crushed. A puseldajuvenile catfish diet from a
private feed company; Charaen Pokhaporn (CP) LahgRok, Thailand was used as
the complete feed. Chromic oxide §Og) was included as a digestibility marker at an
inclusion rate of 1g /100g. In all feed formulaggept in T-1) chromic oxide was first
mixed with dried ingredients for 15- 20 minutes aatlow speed in a food mixer
(Kenwood KM336, 4.6L capacity) to prevent dust. @awas then added to the mixture
to bring 30% moisture to the feed and was mixedrafya another 20 minutes. Feeds
were pelleted by extruding the semi-moist mixtudeugh) twice through a 3-mm
diameter die plate fitted to a screw mincer attdcieemincer (Hobart 4146). Extruded

feeds in form of ‘spaghetti’ of 3-mm diameter wexie-flow dried in a drying oven
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(Heraeus, TU 60/60) at 60 °C for 5-6 hours and ceduo pellets size of approximately
3 mm by manual cutting, which were stored at -2@i@ transferred to 4°C a day

before they were used for the test fish.

6.2.1.3 Experimental fish and culture conditions

Wild juvenile marble goby at an average size of 2%twere acclimatised to
circular cement tanks (1.20 m diameter, 0.5lwater volume) at a temperature of 23-
25 °C for 30 days. During this acclimatization pérfish were fed twice a day at about
0830 and 1600h using the prescribed diets. Commlater exchange was performed
every 3-4 days. Subsequently, seven experimersialwere selected according to size
uniformity and absence of physical defects andk&tdénto individual rectangular glass
aquaria (45 x60 x45 cm) supplied with 24 hour diffuaeration. A thermostatically
controled submersible heater was inserted into agolarium when water temperatures
were below 25 °C. Aquarium glass was covered udargened plastic sheet to reduce
fish stress by limiting fish visual contact withtside disturbances (Figure 4). During
the experimental period in the aquarium systenh ¥Yiere fed their prescribed diets
twice a day to satiety at 0830 and 1600 hours.idawvater exchange was performed
every 3-4 days. Uneaten feed in the system wassgthout 2 hours after feeding.
Water temperature (to ensure the heater thermestated properly) and pH were

monitored weekly.

6.2.1.4 Fish faeces collection and digestibility measurement
Fish faeces were collected 2 hours after feedingijplyoning the bottom of the
tank. The separation between an eaten and unksgdrwas done at the same time by

gravity filtering; the siphoned faeces was filtetbadough a fine plankton mesh screen
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and hand sorting. Faeces were then pooled andisibre20°C. After termination of the
collection period, frozen faecal sample were dréetdl thoroughly mixed, and kept

frozen at —20°C until analysed.

Figure 4 The experimental digestibility set up &t Andoor culture unit.

6.2.2 Experiment to evaluation the use of differenfeed types on fish

nutrient composition and feed intake

6.2.2.1 Experimental design
The fish feed intake experiment was carried o@rninndoor cement tank system
at the Asian Institute of Technology, Pathum Thamailand (AIT). The experiment

was conducted for 74 days; "2@December 2003 to"7 March 2004. A complete
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randomized design (CRD) was employed with six ogpés and an individual fish was
presented as a replicate. The experimental feeel$ asd design treatments were the
same as in the fish digestibility experiment (skse dable 12 and Table 13) but without
the addition of chromic oxide.
6.2.2.2 Experimental fish and culture system

Six juvenile fish at an average size of 25+2 g wstiecked individually into
each cement compartment (25 x 60 x 45 cm) whichseasip in a rectangular cement
tank (1.2 x4.0x0.50 m). Each compartment was stghfzy a wooden frame stretched
with a polyethylene net to allow water to flow fmmntally throughout the whole tank
(Figure 5). Diffuse aeration was supplied to easimgartment to maintain a dissolved
oxygen level above 4 mg™L Submersible heaters were switched on when the
temperature dropped below 25°C. Experimental fiskrewfed the prescribed
experimental feeds for 4 weeks in conditioning taakd 2 weeks in the culture system
before starting the experiment. During the expenitaleperiod fish were hand-fed to
satiation twice a day at 0900 and 1600 h respdgtive

Fish faeces and uneaten feeds were removed bgrsighevery 2 days after the
second daily feeding. Water was replaced to theesamlume as the water lost due to
siphoning. The experimental tank was covered usimplyethylene net and a plastic
sheet to prevent the fish escaping and limitingh fissual contact with outside

disturbances.

6.2.2.3 Fish feed intake evaluation
At the end of experiment, after 45 minutes of fegdfish were anaesthetized
using a concentration of 4%benzocaine (4g of bemnec powder in 100 ml of

methanol) (Davies, 2000). As anaesthesia progredssd weight and length were
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recorded. Subsequently, before recovery from ahesist, fish were killed and the
digestive system was removed for the amount of tmetsumed determined following
the method of Malcolm et al (2004), an abdominalsion was made from the buccal
cavity to the anus. Ingested food was collectedhftbe fish mouth, oesophagus and
stomach. Collected feed was then weighed beforeafted drying in an oven at 70°C
overnight.

Feed intake as % of biomass was calculated acgptdithe equation below;

% feed intake = ((amount of feed consumed (g} fisdy weight (g wet weight)) x 100

Figure 5 The experimental unit used for feed intakeeriment.
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6.3 Results

6.3.1 Fish growth performance, feed and fish chenmat composition

The formulation of experimental diets, chemical positions of diets and feed
ingredients used are shown in Table 12 and TableesBectively.

Final weights were significantly (P<0.05) highastish fed single trash fish (T-
1) (p<0.05) with no marked differences betweendtteer diets (Table 14). A similar
trend was also observed in fish daily weight g&hwVG). The Feed Conversion Ratio
(FCR) for fish fed single trash fish (T-1) was sfgrantly higher than for T-4 and T-5
(p<0.05) but, not for T-2 and T-3. The survivaleratas 100% in fish fed single trash
fish (T-1) followed by T-2 (83%) and T-3, T-4 and5Twith the same percentage
(67%). Similarly, values obtained for feed intakeres highest for T-1 followed by T-2,
T-3, T-4 and T-5 respectively.

Final proximate body composition showed that theras no significant
difference in whole fish moisture content (p>0.09)here were no significant
differences in the ash content between treatmdwasgh T-1 was slightly higher. In
terms of protein content, fish fed T-2 had a highetein content than for other groups
of fish, whilst the lowest value was observed shffed only trash fish, T-1 (p<0.05).
Lipid content in whole fish and liver were high&sfish fed trash fish (p<0.05), whilst
there was no marked difference in lipid contenfigihh muscle between fish fed the

different diets (Table 15).

6.3.2 Fish glycogen content, hepatosomatic index $ and viscerosomatic index
(VSI)
Glycogen levels in fish muscle differed little ben treatments. However, the

glycogen level of fish muscle for T-3 was higheariithat of T-5 (p<0.05). A similar
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trend was found in glycogen content of fish livemese T-1 showed the highest value.
The value of liver glycogen observed in T-1 wasragjpnately 3 times higher than of
T-3 (p<0.05) (Table 15).

Viscerosomatic index (VSI) and hepatosomatic iesligHSI) showed the same
trends; significantly higher VSI and HSI were obsefin T-1 (p<0.05). However, there
was no statistical difference in VSI and HSI betwé®e other groups of fish (p>0.05).

The apparent dry matter digestibility coefficiedf&DCqyn) and the apparent
protein digestibility coefficients (ADg&) of formulated diets used are shown in Table
16. ADGim and ADGC, showed the same trends across treatments, thatlhdiet was
significantly higher for both ADg, and ADGC, than T-2, T-3, T-4 and T-5,

respectively.

Table 14 Feed intake and growth performance of leaybby fed different
experimental diets for 74 days

T-1 T-2 T-3 T-4 T-5
Initial weight (g) 25.2 +3.9 24840 27.2@842. 26.5+2.0 22.942.2
Final weight 64.1+8% 428+7.8 448159 42.9 +3.8 38.7+7.2
DWG (g fish'day")' 0.53 +0.11 0.24 +0.16 0.24 +0.08 0.22+0.08  0.21+0.160
FCR 4.99 +1.10 2.07 +0.98 2.100.78° 0.94+0.22  0.99 +0.50
PER 0.320.07 1.51+0.6% 2.77+098 312072 3.17+1.48
Survival rate (%) 100 83 67 67 67
Feed intake (gday)' 2.54 +0.33 0.43+0.0% 0.23+0.02 0.19+0.0f  0.18 +0.0%
(max-min) (2.20-2.86) (0.40-0.46) 4®0.48) (0.18-0.20)  (0.16-0.18)
Feed intake(§dayf 5.49+1.00 0.31 +0.0% 0.33 +0.08" 0.14+0.02' 0.12 +0.02
(max-min) (9.56-12.4) (0.58-0.68) (0BJ0)  (0.24-0.30) (0.18-0.26)

Values (Mean +SD of triplicates) are in the sam& not sharing a common superscript are signifigantl
different (p<0.05). Fish feed intake data were giremedian

'as dry weight of feed  2as wet weight of feed

DWG = daily weight gain = fish weight gain/cultyperiod (day)

FCR = dry feed weight intake (g)/fish wet weigh}.(g

PER = (final body weight x final body protein) -ifial body weight x initial body protein)/total gein
intake (g)
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Table 15 Chemical composition (% wet weight), visténdices and glycogen

contents of marble goby

T-1 T-2 T-3 T-4 T-5
Moisture (%)  77.9+2.0  76.7+1.2 77.5+1.0 78154 78.2 +0.1
Crude protein  15.93 +0.3917.93 +0.05 16.98 +0.02 17.17 +0.07 16.07 +0.07
Ash (%) 543 +0.1L 4.93+0.16 4.66+0.18 4.76+0.18 4.77 +0.20
Crude lipid

- whole fish 0.75+0.P3 0.62+0.1%® 0.44+0.08 0.56+0.02 0.73+0.04

- muscle 0.33+0.64 0.34+0.3% 0.42+0.18 0.35+0.02 0.6310.01

- liver 21.90 +2.27 8.03+0.33 6.96+1.28 7.01+0.98 2.90+0.52
Glycogen (%)

- Muscle 0.91+0.11L 0.66+0.1% 0.70+0.12 0.75+0.22° 0.54+0.08

- Liver 14.15 +2.29 5.37 +0.88  4.93+05% 3.75+1.0f8 3.47 +0.18
VSI (%) 13.06 +1.25 4.95+1.08 4.88+1.12 2.82+3.3% 3.22+1.1%
HSI (%) 3.47 +0.59 1.35 +0.58  0.95+0.08 0.89 +0.58 0.74 +0.07

Values (Mean +SD of triplicates) in rows followed Hifferent superscripts are significantly diffeten
(p<0.05). Moisture, crude protein and ash are fndmole fish samples

%Viscerosomatic index (VSI) = (internal organs wetght (g)/fish body weight (g)) x100
%Hepatosomatic index (HSI) = (liver wet weight/figh body weight (g)) x100

Table 16 Apparent digestibility coefficients (%) fdry mater (ADGm) and crude
protein (ADGC,) of the diets used.

Treatment ADgn ADG,

Trash fish (T-1) 72.6 +1.1 86.8 +0.%
Compound feed (T-2) 54.4 +2.9 75.9+1.5%
Trash fish +rice bran (T-3) 30.4+#0.4 60.0 +0.2
Trash fish +compound feed (T-4) 24.6 #0.1 51.5 +0.0
Trash fish +rice bran +compound feed (T-5) 23.5+0.6 49.4 +0.9

Values (Mean =SD of triplicates) in columns folloavby different superscripts are significantly diffat
(p<0.05)
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6.4 Discussion

Marble goby fed the compound and combination fdeats lower final weight,
daily weight gain (DWG) and survival rate than filgd raw mackerel in the present
study. This is possibly because the protein coatenthe compound and combination
feeds were suboptimal for this species. The quavie dietary protein levels
recommended for carnivorous fingerlings (0.5-10g guvenile fish (10-50qg) are 49%
and 47% respectively (FAO, 1987). However, the itsogenous diets (approximately
40% protein level) in the present study were ititidormulated according to the
recommended protein requirement for carnivorousisgein Thailand (Van Weerd,
1995; Geoff et al. 2000). In addition a dietargtpin level of 40% has been claimed to
be optimal for satisfactory growth of tropical cawrous species raised in ‘clear water’
systems such as snakehe&hanna striata fingerlings (12g individual size)
(Samantaray and Mohanty, 1997), African catiidharias gariepinus(Ng et al. 2001)
and Asian catfishClarias macrocephalusfingerlings (Evangelista et al. 2005).
However, protein requirements within the same g®eatan vary with culture
environment, fish size, dietary amino acids andgineenergy profiles (Jauncey, 1982;
Wilson, 2002).

Even though fish fed on mackerel trash fish (THiweed significantly higher
growth and survival rate, they also had higher fexake, hepatosomatic index (HSI)
and viscerosomatic index (VSI). This suggests thatble goby may deposit lipid in
viscera and liver as a result of higher dietaryrgmeonsumption in the mackerel trash
fish. Body protein concentration generally appdarde stable, even when there are
fluctuations in protein intake the highest beindisih fed T-1. As opposed to lipid, body

protein content is less influenced by dietary protevels. In accordance with this view
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Kim et al (1991) failed to observe any correlatimtween whole body protein content
in rainbow trout and dietary protein concentratiolms catfishMystus nemurysbody
protein increased with dietary protein level upd@#6. Beyond 42% no body protein
gain was observed also, protein efficiency rati6RIPdecreased with increasing protein
level (Khan et al. 1993). Moreover, Rasmussen (R@04o revealed that salmonid
carcass protein variations are caused mainly bygdm in proportions of water and
lipid rather than actual differences in body protebntent.

However, prolonged feeding with mackerel trash fistty lead marble goby to
develop fatty liver and thiamin deficiency as repdrin other fish (Royes B. Juli-Anne
and Chapman, 2003; Santosh and Dominic, 2003).

It is evident from better fish growth, feed intaded survival data in the present
study that mackerel trash fish (T-1) is more effety utilised by marble goby than the
artificial diet. This phenomenon is perhaps duehi® presence of feeding-stimulants
contained in the mackerel which contribute a feg@inhancing effect accounted for in
palatability to marble goby. Studies by Kohbaraalke{2000) claimed that inosiné-5
monophosphate (IMP) and amino acids plus nuclestidere major stimulants in
mackerel muscle extract. The supplementation afetlgtimulants into diets resulted in
improving feed intake, growth performance and protégestion in yellowtailSeriola
quinqueradiata(Hidaka et al. 2000; Patricia et al. 2006).

The poor acceptability of artificial diets by marbboby has commonly been
reported by farmers (personal communication duthmg field survey in 2003). High
fish mortality associated with feeding on artificdiet was reported by Pham (2001)
who claimed this was because of its poor attrantgs to marble goby. The promising
survival rate (83%) of marble goby given an ari#fiaiet in the present study indicates

to some extent the level of acceptability by fishfact, the artificial diet used in the
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present study was re-extruded and water was addémm a 30% moisture diet. It is
believed typical semi-moist feeds are more palatét marble goby similar to other
carnivorous species in Thailand (Thanom, 1989; hgaf 1989; Jantrarotai and
Jantrarothai, 1993; Boonyaratpalin, 1997). Howedhés claim needs more support by
further experiments where proper comparisons agema

The lower protein and dry matter digestibility, pagrowth and survival rate
associated with rice bran based feeds indicatethieaprotein was not well digested by
marble goby. Similar results were found in humpbagctuperCromileptes altivelis
(Laining et al. 2003), red drur&ciaenops ocellatu¢Bruce and Robert, 1996)and
bullfrog Rana catesbeiangSecco et al. 2005). Opposite results, howevere \neported
for silver barbPuntius gonionotugMohanta et al. 2006)and Indian major cagbeo
rohita (Usmani and Jafri, 2002). Besides, the low fe¢akia of fish fed T-3 diet may be
because the diet contained a supra-optimal amdumnteobran that limited palatability
(Joachim and Felicitas, 2000).

In terms of dietary fibre content, in our casesitpossible that the high fibre
content of the rice bran used in the diet T-3 dbated to a reduction in protein
digestibility. This is in agreement with an earlgndy by Bruce and Robert (1996) who
reported that protein digestibility in red drum waghest for feeds with less than 2%
fibre, but beyond this level reduced protein didpiitty was observed. Additionally,
Tacon (1987) suggested that for carnivorous figh déllulose cell wall within plant
protein sources may render the protein presentiwitte cell inaccessible to digestive
enzymes. Under such conditions much of the prateig be unavailable for digestion.

Furthermore, the differences in fibre content lestw T-3 and the other diets
tested (2.49 vs. 0.27-1.26 %) were not large. Uinikikely, therefore, that differences in

fibre content were the primary reason for the ole@rdifferences in digestibility.
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Particularly, reduced protein and dry matter didpdgly in fish fed trash fish based
diets appeared to be associated with reduced levetssh fish in diets. This perhaps
reflected the imbalanced ratio of animal proteiplemt protein or in these diets. Studies
have shown that carnivorous fish tend to utilize thhy matter and energy in animal
products better than that in plant products (Wils@f891; Reigh and Ellis, 1992,
Sullivan and Reigh, 1995; Boonyaratpalin, 1997).

Moreover, the poor growth of fish fed rice brandmhsliets may be attributed to
deficiency of some essential amino acids as maattyilased diets are linked to an
amino acid imbalance (Wilson, 2002). Unfortunataipne of the diets used in this
study were subjected to amino acid analysis. Maeabhe phytic acid content in rice
bran may limit utilisation of rice bran by marblelyy. According to Samli et al (2006)
the phytic acid concentration in rice bran is maarly high, typically 9.5% to 14.5%.
Phytic acid in diets markedly reduced biologicahitability and impaired utilization of
dietary minerals such as phosphorus, calcium, iramg, copper and cobalt (Usmani
and Jafri, 2002). Phytic acid also had a negatifeceon protein digestibility and
growth as well as other essential body functionsn@ticks, 2002; Francis et al. 2001;
Francis et al. 2001). Additionally, since rice bi@ntains a relatively high proportion
of unsaturated fatty acids, this promotes the dgmént of rancidity substances,
particularly endogenous lipase and peroxidase eegythat were released rapidly
during the milling process (Lam and Proctor, 200@)erefore, endogenous rancidity
occurring in rice bran in the present study mayehasulted in poor acceptability; low
feed intake and growth depression in marble goby.

Overall, a more promising growth and survival ratampared to a previous
study by Tawee and Panida (Tawee and Panida, 193%) be due to individual

stocking of experimental fish in the present studliich prevented cannibalism.
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Cannibalistic behaviour is recognised as commomarble goby from larvae and

continuing until the juvenile stage (Anusorn angit8a, 1989).

In conclusion based on the results of the presadys

1)

2)

3)

4)

Prepared diets are possible for growing of marbddyg However, further
research to establish precise nutritional requirgseof marble goby are
required. Moreover, more studies on suitable texamd forms of diets need to
be carried out.

The incorporation of rice bran should not excee®& 2&% diet. The previous
study by Anusorn and Suijittra (1989), also founat timclusion of 32% of rice
bran in marine trash fish based diet for adult neagwby affected growth and
survival of fish.

There is a need to conduct long-term studies irrota evaluate the effects of
body lipid deposition on health and growth of margbby.

In terms of using trash fish, information is neednutritional composition, cost
and seasonal availability of each of the specied.u3his will allow more
efficient use of such fish in compound diets antd peérmit adjustment of dry
components to compensate for any significant nomdt differences in
particular species of trash fish used. Howeveshdtuld be emphasised here that
the use of fresh/wet feeds can result in deterimyatvater quality. Therefore,
aspects of on-farm management (feed applicatiomadeand feeding regime in
particular) need to be optimised to maximise feidiency and minimise feed

wastage.

It should also be stated here that as the demandnéoine fishery products for

aquaculture increases, while their availability rdases, the cost is expected to rise. A
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dependable supply of cost-effective, non-marinerahtive sources of protein must be

provided for the marble goby farming to be sustali@a
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Chapter 7 Experiments to Evaluate The Effects of famin E
Supplementation of Oxidised Trash Fish Based Diet®n
Growth  Performance, Biochemical Composition and

Haematology of Marble Goby O©. marmoratus)

7.1 Introduction

One concern with respect to using feedstuffs mcRWFA is that they are highly
prone to auto-oxidation on exposure to atmosphexggen (Stephan et al. 1995;
Sargent et al. 2002). During the process of lipitbeoxidation chemical degradation
products are formed, including free radicals, petes, hydroperoxides, aldehydes and
ketones, which in turn react with other dietaryredients (vitamins, protein and other
lipids) reducing their biological value and availap (Tacon, 1992). The free radicals
and peroxides that are produced from lipid oxidatian also lead to the development
of undesirable rancidity (Freeman and Hearnsber@®84) and potentially toxic
reaction products (Shuze et al. 2001). Dietarydlipkidation can cause oxidative
damage to biological membranes and organelles &bhbin 2002). Moreover, there
have been reports of adverse health effects alt tdstonsumption of oxidised dietary
lipid in trout (Cowey et al. 1984; Sage et al. 208age et al. 2003), sea bass (Stephan
et al. 1993) African catfish (Baker and Davies9@) and hybrid catfish (Chinabut,
2002). Dietary oxidation also depletes antioxidamtsoth diets and fish tissues (Tacon,
1992; Gatta et al. 2000; Gatta et al. 2000). Theeate of suitable antioxidant
protection in feedstuffs rich in PUFA can resultaiccelerating oxidation rate (Stephan

et al. 1993; Chen-Hei and Sue-Lan, 2004).
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Vitamin E, in the form ofa-tocopherol acetate, is widely used as a natural
alternative to the synthetic antioxidants such wyléited hydroxytoluen (BHT) and
butylated hydroxyanisole (BHA). It is an importa@intioxidant in protecting
biomembranes. Its main function is to protect wnsdéd lipids in living tissues against
free-radical mediated oxidation. It has beneficeffects in preventing growth
depression, reduced peroxidation stress (Toched.e2002) and enhancing immune
responses of farmed fish (Pearce et al. 2003). ISoygmtation of oxidised diets with
DL-a-tocopherol has been shown to reduce liver lip@deaheration (Smith, 1979)and
prevent the occurrence of pathological effectsaflised lipids in fish (Tocher et al.
2002).

According to the earlier farm survey (Chapter 4ytritional pathologies
associated with lipid oxidation i.e. the swolleneptatty liver and an excessive visceral
fat, were observed in marble goby fed oxidisedahelipid, particular marine trash fish
and rice bran based diets, for prolonged periotig. first indication was that farmers
observed reduced appetite, inactive fish that waeeeptible to stress and subsequently
mortality rate was increased. Moreover, fish tenttedlie just before they got to the
marketable size.

Two experiments were therefore conducted to

1) Investigate the effects of supplementation-¢bcopherol acetate in oxidised

diets on growth performance, biochemical compasiiad haematology of

marble goby ©. marmoratus

2) Evaluate the use of culture-based freshwater tfgsh tilapia, as an
alternative feed both as single ingredient andamlgination for culturing

marble goby.
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7.2 Material and Methods

7.2.1 Experimental stock and facilities

The 2 experiments were carried out in situ in gecgystem. The cages were set
up in a rectangular earthen pond of dimension 180 x1.8m located at the Asian
institute of Technology (AIT), Pathum Thani, Thaith The experiment was carried out
from 15" December — 15May 2005 and total culture period was 5 months.

Wild marble goby juveniles at an average size 6#58 were used as
experimental fish. Before commencing the experinfesit were acclimatised to the
cage system and the prescribed feeds for one wdtd. this 30 fish were randomly
stocked into each square cage (1 x1 x1.2m, 6mm )md&dte cage frame was
constructed from steel painted with an epoxy rasia water resistant substance. Cages
were suspended in water by supporting them on barpbtes. Cages were installed at
50 cm above the pond bottom to allow sufficienwflof water underneath the cage. To
prevent fish escaping and predation by birds aptles, the cage lip was positioned 20
cm above the water surface and each cage was dobgrapplying a net lid. The
installation distance between each cage was 1nui@i§). A rectangular feeding tray
(30 x45 x5¢cm, 2 mm mesh) was provided in the middflleach cage.

The water level of the pond was on average 1.50aeth. Water was added
whenever the water level was lower than 1.50m. ddved was fertilised every 2 weeks
using inorganic fertilizers; triple superphosph@t8P) and urea at a rate of 7 kg P ha
and 28 kg N ha respectively (Yi et al. 2002). Cages were cleamgbrushing every 2
weeks to clear out debris that could potentiallgtoict water movement through the

cage.
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7.2.2 Experimental design
7.2.2.1 Experimental 1
A complete Randomised Design (CRD) which consistiel treatments and 4

replicates of each treatment was applied as follows

Treatment 1 (F-1) = Oxidised mackerel

Treatment 2 (F-2) = Oxidised tilapia

Treatment 3 (F-3) = Un-oxidised tilapia

Treatment 4 (F-4) = Oxidised mackerel + vitamin E
Treatment 5 (F-5) = Oxidised tilapia + vitamin E

7.2.2.2 Experimental 2
A complete Randomised Design (CRD) which consistiel treatments and 4

replicates of each treatment was applied as follows

Treatment 1 (D-1) = Oxidised mackerel + rice bran
Treatment 2 (D-2) = Oxidised tilapia + rice bran
Treatment 3 (D-3) = Oxidised mackerel + rice brartamin E
Treatment 4 (D-4) = Oxidised tilapia + rice bramitamin E
Treatment 5 (D-5) = Complete diet (Juvenile cattigt)

7.2.3 Experimental feeds

Experimental feed formulations, proximate analysed vitamin E contents are
given in Table 17 and Table 20 for experiment 1 exgeriment 2, respectively. “Un-
oxidized tilapia” was described as live tilapiatvindividual sizes between 50-100 g.
Tilapia were raised in phytoplankton rich ponds afedl occasionally using a
commercial catfish feed. Fish were freshly killesing ice. Whole fish were ground

twice using a meat grinder (Hobart 4146) to ensia¢ fish bones were finely crushed.
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Tilapia mince was then packed into a plastic bad) preserved in a freezer at -20 °C
prior to use.

To prepare ‘oxidised tilapia’, pooled dead tilapiare left indoors at ambient
temperatures to allow lipid oxidation to occur utiie TBARS reached 100-150 pmols
MDA g™sample. The progress of lipid oxidation in deadpi& was monitored every
hour until the value reached 100-150 pmols MDAsgmple. This level was recorded
5-7 hrs after leaving fish at ambient temperatueeging between 28-33°C. Fish guts
were removed before grinding. Fish mince was thasked into a plastic bag and stored
in a freezer at -20 °C.

Mackerel were purchased from contracted fish venmddra local market near
AIT. Whole fish were ground and the samples of fisiste were collected for TBARS
analysis before storage in a freezer at —20 °C.d¥ew fish were already prone to lipid
oxidation since purchase. The average TBARs valuenbickerel at purchase was 250-
300 pmols MDA { (Table 17).

Vitamin E, in the form of di-tocopherol acetate purchased from Sigma, was
added to relevant feeds at an inclusion rate of Bg0kg* feed. Sodium selenite (Se)
(0.25 mg Se kdfeed) (Gatlin and Wilson, 1984)was also supplentetdesach vitamin
E based feed. A Hobart4146 food mixer with 5 stsslsteel bowls was used for
mixing the feed ingredients. Mixing was performed dit least 30 minutes to ensure that
all ingredients were thoroughly mixed before thwafifeed was put into a small plastic
bag according to the daily feeding ration in eaabec Food bags were then stored in a
freezer at -40°C. To prevent floating of the givierds they were de-frosted in a 4°C

refrigerator overnight before feeding.
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Figure 6 The layout of experimental cages instalheain ethern pond

located at Asian Institute of Technolo@ailand
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7.2.4 Feeding method, feeding rate and feeding fragncy

Feed was formed into small balls then put intoetlieg tray (30 x45 x5cm, 2
mm mesh) that was attached at the middle of the baggom. Fish were fed manually
to satiation twice a day at 0830 and 1500h. Feédrravas adjusted regularly to
ensure sufficient feed was provided. Any uneatex f@as collected 2 hours after the

evening feeding session.

7.2.5 Water quality measurement

In situ measurement of water temperature and pHdeas at dawn every two
weeks. Water quality parameters; total alkalinNyys, NO,, NO;, total N and total P
were also monitored in a laboratory monthly. Wafeality analyses were carried out

according to APHA (APHA, 1985).

7.2.6 Growth performance, Survival rate, Carcass aaposition

At the beginning of the experiments, 100 fish wemadomly selected for
weight and length measurements. Fish weight sagplias carried out monthly. At
the end of the experiments the total numbers of ifiseach cage were counted and
individual weight and length were measured. Sik fidm each cage/replicate were
sacrificed for muscle and liver tissue samples. $hme fish tissues were pooled
together according to treatment. The biochemicabmpaters were examined as
follows;

1) Proximate composition of whole fish and muscle

2) Degree of lipid oxidation of fish muscle andeif{TBARS)

3) Glycogen content of fish liver and muscle

4) Vitamin E content in fish muscle, liver, blooddaplasma
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Analysis methods for these parameters are giv€&hapter 3
7.2.7 Haematological measurement
7.2.7.1 Fish blood sampling

A total of 8 fish (80-90% of remaining fish aftémking samples for the
analyses above) from each treatment were takerblfmyd sampling except for
treatment D-5 that had low survival rate so aleBaining fish were used. These fish
were transferred live to an AIT laboratory. Subsagly fish were tranquilised using
a concentration of 4% benzocaine (4g of benzocpaveder in 100 ml of methanol)
(Davies, 2000). Before recovery from anaesthessa fvere sacrificed for blood
collection. Blood was collected by puncture of tdadal vein and caudal severance
(Houston, 1990; Svobodova and Vykusova, 1991).

Using the caudal vein method a blood sample wksntat the midline just
posterior to the anal fin by inserting the needt® ithe musculature perpendicular to
the ventral surface until the spine was reachedblood entered the syringe.
Immediately, blood samples were transferred intbral labelled vial containing an
anticoagulant; 0.5M EDTA (186.1 g disodium EDTA rfroSigma to 800 ml of
distilled water, adjusted to pH 8 using NaOH) 4t BiL mL*blood sample (Yale and
Esnouf, 1973; Bouyai, 2004). The sample contairamgi-coagulated blood was
transferred to non-heparinized microhaematocritilleay tubes for haematocrit
analysis. The remaining blood was then preservedushed ice prior to haemoglobin
analysis as described below.

In the event that the caudal vein method faileeintlthe caudal severance
method was used. Following this method, the capeduncle was wrapped in a towel

to absorb epidermal moisture and then the tailaesspletely severed posterior to the
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anal fin. The first few drops of blood were diseddo prevent contamination and the
rest was collected using the same method detdiedea

Immediately after the fish blood sample was mixgth EDTA, the sample
was then centrifuged (centrifuge haematocrit, Sigrib, UK) at 10,000 rpm for 5

minutes (Houston, 1990).

7.2.7.2 Haemoglobin determination

Determination of haemoglobin concentration in theoll can indicate a
disease condition in fish, including anaemia (AN2C06).

Fish haemoglobin was determined using the cyarseetbglobin method.
The cyanmethaemoblobin method is the most widegdysrocedure in determining
haemoglobin concentration in fish (AMC, 2006). Tgréciple of this method is that
when blood is mixed with a solution containing [@siam ferricyanide and potassium
cyanide the potassium ferricyanide oxidizes ironféom methaemoglobin. The
potassium cyanide then combines with methaemoglobio form
cyanmethaemoglobin. The cyanmethaemoglobin is hlestaolour pigment read

photometrically at a wavelength of 540nm (Houstt®90; Salakit, 2004).

7.2.7.3 Haematocrit /Packed Cell Volume (PCV) measurement

Haematocrit is the amount of red blood cells igiveen volume of blood, also
referred to as packed cell volume. The haemataditivary, depending on the health
and physiological conditions of the individual figkMC, 2006). The haemtocrit is an
indicator of stage of disease development in fispeeially, anaemia (Yngvar and

Knutalk, 1992)
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The percentage of red blood cells in the blood watermined using a
modified microhaematocrit method (Houston, 1990aKg 2004). A capillary tube
filled with blood and sealed at one end was cemgefl at high speed in a
microhaematocrit centrifuge. The height of the Hasy column of red blood cells

was measured and calculated as a fraction of tighthef the entire column of blood.
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7.3 Results of experiment 1

The formulation and chemical compositions of expenntal feeds are shown
in Table 17
7.3.1 Fish growth performance

Individual fish final weight and daily weight gai(DWG) revealed no
significant differences between treatments (p>0&&ept that F-5 had the lowest
value (p<0.05) (Table 18). Fish survival rate id Mras significantly higher than that
of F-5 and F-2 (p<0.05). However, there were naificant differences in fish final
weight, DWG and survival rate between treatmenterwéompared within groups of

fish fed the same trash fish.

7.3.2 Visceral index and biochemical composition

Fish fed mackerel (F-1 and F-4) showed higher tospanatic indexes than
groups of fish fed tilapia (F-2, F-3, F5). Lowerlwas for hepatosomatic index (HSI)
were observed in fish fed un-oxidised (F-3) anddzdd feeds suppliegttocopherol
(F-4 and F-5) (p>0.05). Moreover, addiegocopherol to the oxidised feeds resulted
in significantly lower (p<0.05) values of HSI insk fed the oxidised mackerel
supplemented witl-tocopherol than of fish fed withoattocopherol. Similarly, fish
fed the oxidised tilapia witlu-tocopherol gave lower values for HSI, even though
they were not significantly different between treanhts (Table 18).

Lipid contents in fish muscle were not signifidgrdifferent between the five
treatments. The lower lipid content in fish liveasvfound in fish fed the oxidised
tilapia supplemented with-tocopherol (F-4) (p<0.05). However, liver lipid rident
was not significantly different when compared tshfifed un-oxidised tilapia (Table

18). Supplementation ef-tocopherol to the oxidised feeds was shown to cedbe
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level of TBARS of fish muscle in fish fed both oigdd tilapia and mackerel based
feeds (p<0.05). Lower liver TBARS were found inhfited un-oxidised tilapia (F-3)
and oxidised tilapia witkhi-tocopherol (F-5) than in fish fed oxidised tilapighouta-
tocopherol (F-2) (p<0.05). In contrast, TBARS appédato be higher in fish fed
oxidised mackerel withoui-tocopherol (F-4) than in fish fed the same feetvaith

a-tocopherol added.

Table 17Feed formulation and proximate composition of feefdsxperiment 1

Components (g /100 g dry weight) Feed

F-1 F-2 F-3 F-4 F-5
Tilapia trash fish - 97.0 97.0 - 97.0
Indian mackerel 97.0 - - 97.0 -
Rice bran - - - - -
Commercial pellet - - - - -
Mineral premix 1.0 1.0 1.0 1.0 1.0
Vitamin premix 2.0 2.0 2.0 2.0 2.0
Chemical composition (% dry matter)
Crude protein 55.0 50.0 49.9 55.0 51.2
Crude lipids 10.9 22.1 221 9.6 22.6
Ash 221 21.9 219 26.25 20.73
Crude Fibre 0.4 0.30 0.3 0.4 0.4
Moisture o) 69 70 70 69 70
Nitrogen Free Extract (NFE) 11.7 2.60 2.7 8.7 5.0
Gross Energyk{g'diet) 17.6 19.7 19.7 17.6 19.7
Measuredi-tocopherol acetate
(ug g'sample) 43.8 59.9 455 258.9 268.5
Measured total vitamin B¢ g'samplé 65.0 65.3 53.2 270.0 275.5
Thiobarbituric acid reactive substances
(TBARS) (umols MDAmg'wet sampl 269 54 | 256 15 45 +9 256 t53 266 13

Note: Measured-tocopherol acetate and total vitamin E contenticies bran were 91.0 and 174.5 [itsgmple,
respectively. The profiles of vitamin améheral premix used were the same as describrebifish digestibility
experiment (Chapter 6).
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Table 18 Fish growth, hepatosomatic index, biockairdiomposition and haematological results for neagoby in experiment 1

Feed Feed Feed
F-1 F-2 F-3 F-4 F-5 Fl1xF4 F-3 F-2 F-5

Mean initial weight §) 20.9 1.0 23.4 +3.7 21.0 2.0 21.2+2.3 24046.8 ns 21.0+2.0 23.4+3.7 24.0 6.8
Mean final weightg) 90.2 +6.3 729+28° 735+1.68° 78.0+8.4"° 69.9+3.0 ns 735+1.6 729425 69.9 +3.0
Daily weight gaing) 0.5 +0.% 0.4 +0.6° 0.4 +0.6° 0.4 +0.f° 0.3+0.F ns 0.4+0.0 0.4#0.0 0.3+0.1
Survival rate %) 75 +6.3 49 +7 61 +12° 67 +17° 51 +8 ns 61 +12 67 +1.7 51 +8
Hepatosomatic index 3.6 +8.7 1.7 +0.6 1.4 +0.7 2.2 +0.4 1.4+0.2 * 1.4 +0.7 1.7 +0.6 1.4+0.2
(%HSI)
Lipids (% of fresh tissug

Muscle 0.7 0.0 0.6 0.1 0.6 0.0 0.6 0.2 060 ns 0.60.0 0.6%0.1 0.6 0.0

Liver 40.9 +2.3 32528 7.5+0.8 46.8 +1.4 29.5 +3.6° * 275+0.8 325+28 29.5 +3.0
TBARS (umols MDA mg'wet sampl*

Muscle 18.9.#1%3  19.9+1.2 5.0 +07.2 10.8 +2.2 10.2 +2.8 * 5.0+07.2 19.9+1.2 10.2 +2.8

Liver 419.6 +147 667.8+25.83 173.5+22.7 599.9+27.8 240.4 +30.8 * 173.5 +22 667.8 +25.3 240.4b +30.%
Haematocrit %) 15.4 +1.9 18.6 +2.8 15.6 +1.7°  15.0+2.1 18.3+2.3 ns 15.6 +1.7 18.6 +2.8 18.3+2.3
Haemoglobin conc. 5.6 +0.8 4.8 £0.7 5.4 £0.7 5.8+0 5.0 £0.8 ns 54+0.7 4.810.7 5.0 £0.8

(gdr)?

Values are meansSD of4 replicates of pooled sample from 6 fis1l), (and 8 replicates which an individual fish wagresented as a replicaté(
Values in the same line with different superscrigs significantly different (p<0.05)
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Table 19.1o-tocopherol acetate concentrations in liver, muaai@ whole blood from
marble goby fed different feeds of experitken

Feed Liver (ug9 Muscle (ug d) Whole blood (ug rif)
F-1 148.4 553 5.9+1.% 146.9 +0%
F-2 143.4 +493 3.10.8 146.3 +0"8
F-3 689.2 +162 8.0+1.0 182.1 +0%
F-4 565.9 +813 72422 73.5 ¥1%7
F-5 418.5 +58% 3.9+0.8 76.9 02

Values are meansSD of 4 replicates; liver and muscle were pooled fronsb find whole blood was
from individual samples of 4 fish
Values in the same column with different superdsnipere significantly different (p<0.05)

Table 19.2u-tocopherol acetate concentrations in liver, muaci@ whole blood from
marble goby fed different feeds of experitkfcontinued)

Oxidised mackerel feéd Tilapia trash fish feed
F-1x F-4 F-3 F-2 F-5
Liver (ug g * 689.2 +16.2 143.4 +49.3  418.5 +58%4
Muscle (ug &) ns 8.0+1.0 3.1+0.6 3.9+0.8
Whole blood (ug mt) * 182.1+0°6 146.3+0.8 76.9 +02

Values are meansSD of 4 replicates; liver and muscle were pooled fronsb find whole blood was
from individual samples of 4 fish

*Analysis of Independent-samples t-test. * meansetiveere significant different between 2 cases
(p<0.05), and no significant differences was gigsms (p>0.05).

Analysis of variance which values in the same roithwdifferent superscripts were significantly
different (p<0.05)

7.3.3 Haematology andr-tocopherol contents

Overall there were minor differences haematoceitmeen fish fed the five
different feeds. However, there were no significalifferences in haematocrit
between treatments for both the tilapia and oxdliseckerel feeds. Similarly, the
haemoglobin concentrations of fish were not sigaifitly different between

treatments (p>0.05) (Table 18).
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With respect to muscle and liver levelsosfocopherol (Table 19.1 and Table
19.2) in all cases lower levels eftocopherol were associated with feeding oxidised
feeds with no added-tocopherol. However, the group of fish fed un-asad tilapia
appeared to have the highest levelogiocopherol deposited in muscle and liver

(p<0.05).

7.4 Results of experiment 2

Table 20Feed formulation and proximate compositions ofslatexperiment 2

Components (g /100 g dry weight) Diet

D-1 D-2 D-3 D-4 D-5*
Tilapia trash fish - 68.7 - 68.7 -
Indian Mackerel 59.8 - 59.8 - -
Rice bran 37.2 28.3 37.2 28.3 -
Commercial pellet - - - - 100.0
Mineral premix 1.0 1.0 1.0 1.0 -
Vitamin premix 2.0 2.0 2.0 2.0 -
Chemical composition (% dry matter)
Crude protein 40.0 40.0 39.9 40.2 40
Crude lipids 12.6 20.0 12.4 20.2 6.7
Ash 17.3 17.6 15.2 17.3 11.2
Crude Fibre 2.7 2.5 3.0 2.5 2.2
Moisture (%) 47 52 46 52 40
Nitrogen Free Extract (NFE) 27.5 19.8 29.5 19.8 939.
Gross Energy (kJgliet) 17.8 19.2 17.8 19.2 17.9
Measured-tocopherol acetate
(Ug g'sample) 62.4 68.0 266.0 274.5 78.1
Measured total vitamin E (ug'sample) 74.6 82.1 279.7 282.5 86.6
(TTr‘é‘X’ert;'t(trﬁolsﬁ;SA mrg\;av‘;tt“’szmpfgk)’ﬁame%oz £14 | 207436 194+19 200424 60 1

Note: Measured-tocopherol acetate and total vitamin E conten®ige bran were 91.0 and 174.5 jitsample,
respectively. The profiles of vitamin amineral premix used were the same as describeleifigh digestibility
experiment (Chapter 6)
*water was added to make moist diet
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7.4.1 Fish growth performance

The mean final weight and daily weight gain ofhfilDWG) given the
mackerel based-diet; D-1 was significant highentb& D-3 and lowest in fish fed
completed diet; D-5 (p<0.05). Survival rates ohfisere not significantly different

between fish fed the same trash fish based-diets|€¢T21).

7.4.2 Viscerosomatic index and biochemical composin

TBARS of fish muscle were lower in fish fed tilapjp>0.05) and mackerel
(p<0.05) based-diets with-tocopherol added. However, there were no sigmifica
differences in TBARS of fish liver in all treatmaent

In terms of hepatosomatic index (HSI), fish fed thedised mackerel-based
diet with a-tocopherol added had significantly lower HSI tHes without added-
tocopherol (p<0.05). Similarly, fish fed oxidisedapia supplemented withu-
tocopherol gave slightly lower HSI (p>0.05) thashfifed oxidised tilapia without
tocopherol added. Similarly, relatively high valuasfish liver lipid were found in
fish fed the oxidised trash fish, both the tilapiad mackerel-based diets, without
supplemented-tocopherol (p<0.05).

Glycogen contents of fish muscle in fish were gigantly higher (p<0.05) in
fish fed diets supplied witli-tocopherol in both the oxidised mackeral and idap
based diets. In contrast, glycogen contents inlifign were significanly higher in fish

fed diets withouti-tocopherol supplementation (p<0.05).

7.4.3 Haematology andr-tocopherol acetate content
The haematocrit and haemoglobin concentrationse wer different in all

treatments for fish fed the oxidised tilapia baskets. However, feeding fish with
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oxidised mackerel-based diet witttocopherol supplemented resulted in higher
haematocrit and haemoglobin levels than for figh déets without supplementation
(p<0.05).

a-tocopherol concentrations in fish muscle, liverdawhole blood are
presented in Table 22.1 and Table 22.2. Regardirgsame trash fish-based diet,
there were no significant differences artocopherol concentration of fish muscle,
liver and whole blood between treatments.

Even though statistically there were no differentksre were slightly higher
a-tocopherol concentrations in muscle and liver ieh ffed the oxidised mackerel-
based diet witha-tocopherol supplemented. In the group of fish fied oxidised
tilapia-based diet with-tocopherol added there was a slight increasednetel ofa-

tocopherol in fish blood than in fish fed the dsthout a-tocopherol.

7.4.4 Water quality

Results of monthly water quality measurement aremsarised in Table 23. In
general the water quality was within the range mmred acceptable for culturing
warm water species (Boyd, 1979), though low valoédissolved oxygen were

observed during the morning.
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Table 21Growth, hepatosomatic index, biochemical compasitind haematological results of marble goby feféint diets of experiment 2

Diet Diet Diet
D-1 D-2 D-3 D-4 D-5 D-1 x D-3 D-2 x D-4

Mean initial weight §) 20525 21.443.1 209 1.7 21.3 0.8 22.3+0. ns ns
Mean final weight ) 86.9 +6.8 74.2 +4.8 73.3+3.9 67.9 +3.8 48.7 +2.8 * ns
Daily weight gain ¢) 0.5+0.f 0.4 0.7 0.4 +0.0 0.4 +0.0 0.1+0.7 * *
Survival rate %) 84 +13 73 #17F 63 +13° 59 +18° 36 +16 ns ns
Hepatosomatic index (%HSI) 4.65+0°90 1.81+0.31 1.68+0.58 1.39+0.3% 0.7+0.2 * ns
Lipids (% of fresh tissug

Muscle 0.81+0.f0 0.56 +0.08° 0.53+0.02® 0.52+0.08° 0.47 +0.0% * ns

Liver 36.78+1.33 25554322 30.07+1.2%5 17.06+2.69 4.80=+1.1%1 * *
TBARS (umols MDA mg'wet samplg*

Muscle 195+41 157 +1.9 15.4 +3.% 25103 2.2+0.6 * *

Liver 168.6 £19.3 1454 6.1 160.5 +26.1  17423.9 138.813.6 ns ns
Glycogen conten® wet weigh} *

Muscle 0.42+0.04 0.51+0.07 0.50+0.08 0.66+0.12  0.54 +0.08" * *

Liver 484+1.13 3352059 2984030 1.69+0.28 1.72+0.1%1 * *
Haematocrit ¢)? 15.3+2.1 15.6 £5.0 12.7 +1.2 184 +1.6 15.3+2.3 * ns
Haemoglobin concg(d)? 5.4 +0.8 3.5+0.5 3.7+0.8 45+1.2 3.1+0.6 * ns

Values are meansSD of4 replicates of pooled samples from 6 fi§m @nd 8 replicates from 8 individual fisﬁ)(
Values in the same line with different superscnpese significantly different (p<0.05)
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Table 22.1 Concentrations @ftocopherol acetate in liver, muscle and whole 8loo
from marble goby fed different diets of expeent 2

Diets Liver (ug d) Muscle (ug d) Whole blood (g
D-1 83.1 £33 4.1+0.8 196.0 +2°5
D-2 528.9 +4.4 34102 30.7 +0%2
D-3 578.5 +29% 4.9+0.8 90.6 +1%
D-4 305.0 8.1 2.8+0.1 81.7 +1%7
D-5 180.7 +6.% 2.4+0.3 136.5 +1°3

Values are means +SD of 4 replicates; liver andateusere pooled from 6 fish and whole blood
was from individual samples of 4 fish.
Values in the same column with different superdsnigere significantly different (p<0.05)

Table 22.2 Concentrations eftocopherol acetate in liver, muscle and whole 8loo
from marble goby fed different diets of expeent 2 (continued)

Oxidised mackerel-based diet Oxidised tilapia-based diet

D-1 x D-3 D-2 x D-4
Liver (ug g") * *
Muscle (ug &) ns *
Whole blood (ug mt) * *

Values are means +SD of 4 replicates; liver and aleusvere pooled from 6 fish and whole blood wasrfro
individual samples of 4 fish*Analysis of Independent-samples t-test. * meansetheere significant different
between two cases (p<0.05), and no significanerkfices was given as ns (p>0.05).

Table 23 Results of monthly water quality measurgnreexperimental pond and cages

Duration
Parameter -
January February March  April May June
Temperature°C) 24.8 £0.2 29.0+0.2 31.5+0.1 31.51+0.32.4 +0.0 31.2+0.0
pH 6.9 +0.0 7.6+0.1 7.44+0.06.9+0.0 7.43+0.0 7.19 0.1
DO (mg L'l) 40+0.2 250+0.1 2.40+0.0 630.0 250+0.1 2.00 0.0

Total alkalinity 152.1 £3.3 164.1 +2.3 10840 114.415.0 68.0+2.0 150.1+1.0
(mg L of CaCQ)

TAN (ppm) 1.88 +0.04 1.30+0.07 1.60+0.01 1.200+ 5.12+0.02 5.12+0.02
Nitrite (ppm) 0.04 0.0 0.08 +0.01 0.09 £0.01 0O 0.08 £0.01 0.08 £0.00
Nitrate ppm) 0.78 £0.01 0.86+0.01 1.73+0.02 16202 0.66 £0.02 1.74 +0.04

Values are means +SD of triplicates. Values ofwiager quality parameters between cages and opesr wate not
significantly different (p>0.05).
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F-1 = Oxidised mackerel

F-2 = Oxidised tilapia

F-3 = Un- oxidised tilapia

F-4 = Oxidised mackerel + vit E

Figure 7 Physical characteristics of livers of fist different
feeds for 5 months in experiment 1
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. D-1 = Oxidised mackerel +rice bran

D-2 = Oxidised tilapia +rice bran

D-3 = Oxidised mackerel +rice bran +vit E

D-4 = Oxidised tilapia +rice bran + vit E

D-5 = Complete diet

Figure 8 Physical characteristics of livers of fist different
feeds for 5 months in experiment 2
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7.5 Discussion

7.5.1 Effects ofa-tocopherol supplementation on fish growth performace

Overall, fish in all treatments showed higher gtowhd survival rate than in a
previous study by Tawee and Pannida (1978), whortep an average 35% survival
rate and 0.01 g of DWG obtained from marble goly rigarine trash fish combined
with rice bran for a culture period of 24 days.

In the present study supplementation with vitamiofEoxidised diets did not
give a significant beneficial effect in reducing madity or improving growth in marble
goby. Similar results were claimed by Stephan €1993) who observed no differences
in mortality and fish final weight in sea baBgentrarchus labraxfed either fresh or
oxidised oil diets. In contrast, Tocher et al (200@aimed that vitamin E
supplementation improved survival rate in turd®tophthalmus maximusalibut
Hippoglossus hippoglosswend gilthead sea brea8parus auratafed oxidised diets.
Furthermore, the same authors also inferred thgplementation of vitamin E
improved growth in sea bream fed oxidised oil battin turbot or halibut. However, the
degree of oxidation of diets used in their expeim@BARS of 6.2 pmol mg dry
mass) was far lower than that of the present s(TBARS of 250 and 200 umol ritg
wet weight in experiment 1 and 2 respectively). ldoer, HSI appeared to be
influenced by supplementation with vitamin E. Low#El were observed in fish fed
oxidised diets withu-tocopherol supplemented than in fish fed oxididexts without
addinga-tocopherol in both experiments. This finding wasagreement with previous
results from Baker and Davies (Baker and DavieS6hY and Tocher et al (Tocher et

al. 2002).
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Although actual amount of feed intake was not mesbin the present study,
slightly higher growth in fish fed oxidised mackiemnd higher accumulated liver
TBARS for oxidised feeds with na-tocopherol supplemented in experiment 1 were
observed. Besides, growth was not different betwiestnfed oxidised tilapia and fish
fed un-oxidised tilapia. These results indicatet thaarble goby did not seem to
discriminate against oxidised diets in terms ofifegake. Additionally, over the given
culture period of 74 days juvenile marble goby sed¢mtolerate quite high levels of
oxidation products since the experimental oxididext had a high TBARS content of

approximately 250 pmol my

7.5.2 Effects ofa-tocopherol supplementation on fish liver and musé a-tocopherol

and TBARS levels

Significantly higher accumulation of liven-tocopherol in fish fed diets
supplemented witl-tocopherol was observed in this species. Thisnsla to most
fish species as liver is the main site of depasitid supplemented dietary vitamin E
(Stephan et al. 1995; Hamre and Lie, 1997; Tochat.€002; Hamre and Lie, 1997;
Tocher et al. 2002) and is a sensitive indicatothef antioxidant status in fish (Baker
and Davies, 1996a; Tocher et al. 2003; Tocher. &0413).

Although noa-tocopherol was added to the un-oxidised tilapedféF-3), fish
maintained on this feed appeared to have remarktddylowest muscle and liver
TBARS whereas significantly higher muscle and liwgocopherol concentrations were
also observed. This possibly suggests that theusiah of vitamin E might not be
necessary in a situation where the practicallyhfies-oxidised tilapia is being used for
feeding juvenile marble goby. In other words a ahgii-tocopherol concentration of

45.5 pg ¢ is a safe level to maintain health and growthisti.f This correlates well
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with findings by Hung et al (1981) who observeddsdiciency signs in rainbow trout
fed a practical diet containing fresh herring oitheut supplementation of synthetic
vitamin E. The same author suggested that no wtarki or antioxidants
supplementation was needed to prevent a deficieh@jtamin E in experimental fish.
However, it should be noted that the fresh tilapged in this present study had a
measured TBARS of 45 pmol MDA nig This was presumably caused during feed
preparation. Feed was prepared under tropical tiondi where lipid might become
rapidly oxidized even though it was immediately genered under refrigeration.
However, where a cold room is not available fregtigparing just before feeding to
fish could be an alternative feeding method fomfars.

Interestingly, supplementation af-tocopherol to oxidised diets resulted in
increasing fish muscle and livertocopherol contents for both fish fed mackerel and
tilapia as single feed. However, when rice bran a@sbined supplementation with
tocopherol to the mackerel based diet resultedninnarease in tissue-tocopherol
levels but the tilapia based diet did not. Thisiataon in a-tocopherol response
appeared to be associated with increased diet@r{Pd+A from rice bran (the ratio of
n-6:n-3 of 31:2 of % total lipid) and also fromatilia. Although analysis of fatty acid
profile was excluded in the present study, Karapanilis (2000; 2004) had shown
that cultured tilapia grown in freshwater underqpial systems and conditions in
Thailand had n-6 levels of 45-70 % of total PUFAtléir fillets. These findings are
similar to those in African catfish that the rafarusclea-tocopherol accumulation was
affected by increased dietary n-6 PUFA in parggllacement of dietary cod-liver oil by
palm oil and its by-products (Ng et al. 2003). Jamy, rat liver a-tocopherol
concentration dramatically decreased as the n-@Glae3eased in the diet (Chuantan et

al. 1990). However these studies were done on fipgishin basic form.
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In the present study the reduction of liver and ecfeus-tocopherol in fish fed
combined diet witha-tocopherol supplemented it ifficult to interpret whether
oxidised oil leads to a decreased rate of liver mogclea-tocopherol replenishment or
if oxidation products are rapidly taken into othrdy tissues such as spleen (Baker,
1997), intestinal lumen (Izaki et al. 1984) and rhg€huantan et al. 1990). These
tissues initiate lipid oxidation and thereby indinereased consumption of vitaminr
vivo. In fact blooda-tocopherol showed an opposite trend to tissuesaasdhighest in
fish fed fresh tilapia. This may caused a lesseowarhof a-tocopherol returned to the
liver. More research is required on modulationigguea-tocopherol and mechanisms
responsible for transferring-tocopherol to those tissues of marble goby inaasp to
oxidised oils and vitamin E supplement.

In terms of TBARS, in experiment 1, lower liver TB& appeared to be
influenced by supplementation @f tocopherol. However, in fish fed mackerel with
tocopherol supplement, higher liver TBARS was obsérwhereas their liven-
tocopherol were also high. This indicates the matoir dietary lipid has significant
influence on liver TBARS in marble goby especialyigher quantity n-3 PUFA in the
diet. The higher n-3 PUFA in mackerel diets coulateptially cause higher liver
TBARS fromin vivo lipid peroxidationAccording to Stephan et al (1995) who claimed
that muscle and liver TBARS were significantly linég in turbot fed diets containing
cod liver oil than fish fed diets containing peawoiltwhereas higher muscle TBARS
were not accompanied by lower museldocopherol content. Moreover, higher
TBARS were found in Atlantic salmon fed a diet richn-3 HUFA fish oil than in fish
fed diets formulated with fish oils that were legh in n-3 fatty acids (Menoyo et al.

2002).
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In experiment 2, liver TBARS were consistent fdrtedatments whereas muscle
TBARS were significantly lower in fish fed dietspplemented withu-tocopheral This
was probably due to the fact that rice bran maytrdmrte some biologically active
forms of vitamin E to the diets that induce synstigi effects on potentially reducing
TBARS. Rice bran is a naturally rich in E vitamarsd provides a relatively high level
of tocotrienols (an analog of tocopherol) when caneg with other vegetable oils (Shin
et al. 1997). A study by Kim (2005) showed that Eheitamer fraction ¢-tocopherol,
a-tocotrienol, y-tocopherol andy-tocotrienol) extracted from rice bran was most
effective in inhibiting the autooxidation of cholesl and emulsified linoleic acid
compared to all raa-tocopherol at the same concentrations. Extractailbkéd-rice co-
products showed potential in inhibiting lipid oxita in beef and thus prolonged
storage stability (Shih and Daigle, 2003). In addit the protective ability of
tocotrienols distributed from palm oil was reportedoe significantly higher compared
to a-tocopherol as effective inhibitors of lipid perdation in rat liver microsomes with
y-tocotrienol being the most effective (Kamat et 2897). A similar conclusion was
reached by Ng et al (2004) who claimed that muSiBARS decreased as the
proportion of dietary tocotrienols increased iniédin catfish fed palm oil. Furthermore,
muscle TBARS responded more favourably to dietatgcopherol supplementation
than liver. In addition increased TBARS in respomsefeeding oxidised diets were
generally more pronounced in liver than in fish oles These remarks lead us to
believe that lipid may be more protected from péfation in marble goby muscle than

in liver.
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7.5.3 Effects of a- tocopherol supplementation on fish haematocrit and

haemoglobin

The haematological responses of fish in both erpemis resulted in
haematocrit and haemoglobin values that fell withi& normal ranges for healthy fish
as reported in other species; African snakehm@channa obscur@Kori-Siakpere et
al. 2005), African bony tongue fidHeterotis nitoticus(Fagbenro et al. 2000) artl
niloticus (Nilza et al. 2003). They were, however, lowernthalues recorded in carp
(Svobodova and Vykusova, 1991) and hybrid catfidh Iongifilis x C. gariepinus
(Osuigwe et al. 2005). In fact, the normal rangemdividual species can be varied as
they are influenced by nutritional status, streggson, growth stage, sex and genetic
variation (Clarks et al. 1979; Fagbenro et al. 2QDwad et al. 2004; Kumari et al.
2006).

Haematocrit and haemoglobin values were not sicpmfily influenced by
supplementation witlw- tocopherol in both experiments. This responssnslar to a
study by Leah and Santosh (2007) who reportedghygplementation of vitamin E to
oxidised diets had no significant effect on haemdton Atlantic halibut. However, a
reduction in haematocrit and haemoglobin values ags®ciated with increasing tissue
TBARS. This haematological change may originatenfra@ decrease in the protective
power that vitamin E has against peroxidation dif membrane phospholipids induced
by the presence of oxidised oil in the diets (Sii®79; Hung et al. 1981; Cowey et al.
1984; Messager et al. 1992; Hung et al. 1981; Costeyl. 1984; Messager et al. 1992).
Moreover, it is well documented that the lipid padation can cause oxidative stress in
fish (Leah and Santosh, 2007). Despite the fadt éfxéernal pathological symptoms

were not observed in the present study, decreaseahdtocrit and haemoglobin levels
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suggest a mechanism developed in response to wddstress. This was especially

apparent in fish fed oxidised oil regardless ofatie antioxidant status.

7.6 Conclusion

This study therefore highlights the fact that néiaency signs were observed in
the present study in fish based diets with or withe tocopherol supplements. In
addition there was no significant beneficial effe€tsupplementing with vitamin E on
either fish growth or mortality in the present stugiowever, with prolonged feeding
using oxidised diets, the serious deleterious &ffem health and well-being of fish
would perhaps become evident. According to Tocheal €2002; 2003), duration of
feeding was an important additional factor to cdesiin determining the biochemical
responses of gilthead sea bream to oxidative sthekiditionally, Mourent et al (2002)
claimed that the activities of liver antioxidantfelece enzymes were significantly
affected by time of the exposure to the extremeigised oils whereas the activities of
radical scavenging enzymes were improved by supgiéation with dietary vitamin E
(Tocher et al. 2002).

Based on results from the present study, whenweste fed the fresh diet (fresh
tilapia), the amount af- tocopherol naturally contained in diet (45.5 |19 gppeared to
be sufficient to reduce fish tissue peroxidatiorowdver, when fish were fed the
oxidised diets containing a similar amount of meesdw- tocopherol, fish tissues
showed more susceptibility to peroxidation. Sintjlawhen oxidised diets contained
higher levels of n-3 PUFA, dietany tocopherol supplemented up to the level of 200
mg kg'diet appeared insufficient to prevent increaseEBARS. Therefore, the actual

benefits of supplementing vitamin E to oxidisedtslia terms of fish health needs more
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experimental research. Further study is also redquanin vivo defence mechanisms of
marble goby in response to higher degrees of paatioin.

Moreover, inclusion of rice bran with trash fisthosved reduced tissue
peroxidation, especially of fish muscle. Howeverterms of health, fish fed mackerel
combined with rice bran showed adverse effecthéndontext of fish haematological
changes. Incorporation of vegetable oil may indoaediovascular lesions in salmon
and depression of immune functions in turbot (Bllal. 1991; Stephan et al. 1995;
Stephan et al. 1995). Therefore, substitution efadty n-3 with n-6 fatty acids may lead
to a- tocopherol decrease in certain vital tissuesaagghly evident in the present study.
The latter can potentially cause adverse effectdisin growth and health later on.
Therefore, many additional criteria remain to bealeated on the effects of n-3
replacement with n-6 from vegetable oil on fishwtte, health and also the quality of

the final product for human consumption.
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Chapter 8- Conclusions and Future Perspectives

8.1 Farm-based feeds for marble goby; current pracstes and

constraints

Farmer-to-farmer contracts coupled with experierice® learning by doing have been
the key means of gaining fish culturing skills amgdish farmers in Thailand. Seed
supply is still largely sourced from wild and theaqtity of seed collected has been
unpredictable which has made production plannirfgcdit. At the same time, the

quality of seed varies depending on the skills oflectors in seed collecting,

conditioning and transporting. The number of caaenkrs using marine trash fish has
declined since a heavy disease outbreak in the 2680 (Prasankok et al. 2002;
Edwards et al. 2004) (Edwards et al. 2004)and lsecafl a steady decline in marine
fisheries resources (Pakjuta et al. 2005). Meamwbige culture feeding employing

freshwater by-catch has increased.

Feeds and feeding strategies for marble goby vditiésl across the regions surveyed.
Both marine and freshwater trash fish were majonigyedients in farm based feeds for
marble goby both as a single and combination mfasd with rice bran whilst

commercial feed is not yet available for marbleygdievertheless, the use of trash fish
is species and area-specific. In eastern and ¢ertaland where local trash fish is
available at nearby ports and when delivery ofhirish from cold storage room to
culture site is facilitated, the use of marine hrdgsh still exists. In other areas,
especially where cage culture is practiced, thesitn-bycatch trash fish is used

exclusively. It should be noted here that the dairfan bycatch trash fish may increase



Chapter 8 Conclusions and Future Perspectives

fishing pressure on over-exploited wild stocks atsb restrict future expansion of

marble goby aquaculture.

In terms of nutrition, fish farmers lack knowledga fish nutrition management and
ways of improving the quality of farm-made feedkislack of knowledge resulted in
fish lipid-related nutritional pathology, high mality and limited production. It may
well be possible that the problems farmers facddcbe overcome by making better
nutritional information available to them. Unforately, this is not currently possible
since nutritional information for marble goby isralst completely lacking. In addition,
there has as yet been no alternative feed to coavism@mers to withdraw from using
trash fish. Hence, using trash fish, especiallyabgie, will continue to be a major feed

source for marble goby for the foreseeable future.

To reduce the threat to the fisheries in whichhirish are caught, nutritional research
to develop improved feeds that match the needsasble goby whilst minimising the

use of bycatch, and encouraging more environmgrifradindly practices is imperative.

8.2 Information on lipid nutrition of marble goby gained from analysis

of fish fed different farm—made feeds

1. This study suggests that marble goby is classHied lean fish with less than

2% of lipid contained in fillet found in all grougs fish.

2. The higher HSI, VSI values and liver lipid levelsdicate liver is a primary
storage site for lipid in marble goby. Most of thdtured fish in this study had a

range of total liver lipid contents of 36-38%. Thweer is an important organ
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controlling lipid metabolism in animals includingst (Sargent et al. 2002).
Under normal nutritional and environmental condisiplipid-rich livers are not
common in freshwater fish (Henderson and Toche87)L9Additionally, higher
liver lipid oxidation (TBARS) levels were observadfish fed marine trash fish
that contained higher TBARS. These circumstancey imdicate that the
nutritional lipid quality of farm-based feeds neddsbe improved since these
adverse alterations in liver may increase susdéiptitto stress and infectious

disease which has been one of the primary cultuoiel@gms for marble goby.

. The significantly higher levels of muscle SFA thdJFA (2-3 times) in all fish

groups indicates marble goby are unlikely to usé\ 35 an energy source
efficiently when compared to MUFA. This finding fests further diet
formulation modification to consider using a ligmdurce that has more MUFA

than SFA in order to maintain a better energy ladan marble goby.

. The pattern of lipid deposition; the significantiygher ratios of liver neutral
lipids to polar lipids (NL/PL) (in which triacylglyerol (TAG) is a majority lipid
in NL) than of muscle of cultured fish perhaps tenfeeding this fish with a

high-energy diet- a point nutritionists should taki® account.

. Fatty acid composition of marble goby was influahbg dietary lipid inputs. In
all groups of cultured fish the ratio of n-6/n-3ffh muscle reflected the ratio
of their diets. Marble goby muscle was charactdrtsg higher proportions of n-
6 PUFA, especially arachidonic acid (20:4n-6) armtasapentaenoic acid
(22:5n-6), supporting the contention that n-6 faityds are essential for marble
goby as a freshwater fish. The lower levels of laidanic acid (20:4n-6) in

farmed fish diets and the higher conversion of lén@ acid (18:2n-6) to

12¢



Chapter 8 Conclusions and Future Perspectives

arachidonic acid in fish flesh than in their dietslicate that marble goby
probably has an innate ability to convert 18:2ne620:4n-6 as almost all
freshwater fish do. This ability might give an adtage for future diet
development on the use of oils from vegetable ssuro replace oils from
marine resources. (This would however need morsarek before actual benefit

can be claimed).

6. Even though feeding this fish a diet containinggégaamounts of EPA and DHA
could remarkably benefit in increasing the contesftshese fatty acids in the
fish muscle, there has not been enough evidenpeoie® whether marble goby
has the ability to bioconvert linolenic acid to tlemg chain derivatives; EPA
and DHA. This ability needs more research to expkmd such an exploration
must consider not only nutritional values to thesiomer but also health and

welfare the fish themselves.

However, the present study is considered by tlilkoauo be a first attempt to
provide some useful information on the lipid nubrt of this species under captive
conditions, and therefore additional samples oh fisom different seasons and

developmental states should also be analysed ifutie.

8.3 Fish composition, nutritional status, feed intke and digestibility of
practical diets: a comparison of combinations of ke bran and trash
fish

The results from this study showed that fish feslrgle mackerel trash fish diet gave

significantly higher growth and survival rates thamy combination diets (p<0.05). It

13C



Chapter 8 Conclusions and Future Perspectives

should be noted here that even through feedingvigh single mackerel trash fish
could satisfy fish growth and survival, significgrtigher HSI and VSI (p<0.05) values
were also observed. This causes concern regarigindiéalth since prolonged feeding
with mackerel trash fish may lead to marble gobyetlgping nutritional pathologies; a
pale lipid-rich liver as observed in fish fed trare diet made on-farm as described in

Chapter 4 and Chapter 5.

The lower protein and dry matter digestibility gmabr growth associated with rice bran
based feeds indicate an imbalanced ratio of anpr@kin to plant protein in the diet.
This could contribute to deficiency of essentialironacids in diets (Wilson, 2002).
Moreover, the lower feed intake of fish fed ricaftbased diets could be because the
diet contained a supra-optimal amount of rice bt limited palatability (Joachim

and Felicitas, 2000).

Based on growth and digestibility results the pmesstudy suggests that the
incorporation of rice bran for marble goby shoutnt exceed 25% of a practicdiet.
However, the optimal amount utilized by marble gadyot yet known and requires

further research.

Even the growth of fish fed prepared semi-moistsdveas significantly lower than fish

fed raw trash fish alone, the prepared diet wasted by marble goby to some extent
and gave higher survival rates than in a previdudysreported by Tawee and Panida
(Tawee and Panida, 1978). Moreover, the findingsxpleriments in Chapter 7 suggest
that inclusion of rice bran in trash fish resulted decreased tissue peroxidation,

especially in fish muscle. Thus, feeding a complditet for marble goby could be

131



Chapter 8 Conclusions and Future Perspectives

developed as an opportunity feed for farmers, aalhecwhen it is nutritionally

balanced and feed acceptability by fish is met.

Moreover, inclusion of rice bran in marble gobydegould not only make feed more
economical, but would also be more environmentaigndly compared to feeding raw
trash fish alone. Therefore, strategies to maxirtiseuse of rice bran as feed ingredient
compromised with fish growth and health aspectsighbe beneficial to fish farmers in

tropical rice-growing countries.

8.4 Farm-made feeds and their improvement through sing
supplemental vitamin E its effects on fish growthsurvival and fish

quality

The present study demonstrates that supplementafiertocopherol to all oxidised
diets, both mackerel and tilapia based, did notvshosignificant beneficial effect in
reducing mortality and improving growth in marbleoby. The haematocrit and
haemoglobin values were not significantly influethcey supplementation with-
tocopherol in both experiments with the exceptidrfish fed combination mackerel
based diets. A significant reduction in haemotcanid haemoglobin of fish fed this diet

supplemented with-tocopherol was observed (p<0.05).

Supplementation od- tocopherol in diet did not help in reducing livBBARS of fish
fed either combination mackerel or tilapia basedtdi The supplementation of
tocopherol in both single tilapia and mackerel bdadiets showed a positive effect in

reducing fish liver TBARS.
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In terms of muscle supplementation withtocopherol helped in reducing fish muscle
TBARS in both experiments. However, decreased fishscle TBARS (p<0.05)
appeared not to be related to musglgocopherol levels (p>0.05). In fact, decreased
muscle TBARS ando- tocopherol levels (p<0.05) were observed in figd

combination tilapia with and- tocopherol supplemented diet.

The findings of experiment 1 suggest that in dveith higher quantities of n-3 PUFA
present, dietary- tocopherol supplemented up to the level of 200kgifdiet appeared
insufficient to retard the progress of developnaritissue TBARS. Another meaning is
that when feeding an n-3 rich diet containing liperoxidation up to 250-300 pmols
MDA g, use of vitamin E appeared not to help in redudisgue peroxidation,

especially in lipid-rich tissue.

The results of experiment 2 suggest that rice lonay contribute some biologically
active antioxidant vitamin E isoforms to diets tlmtp in reducing muscle TBARS.
However, the increased n-6 fatty acids in tilapiasdd diet witho-tocopherol

supplement led to the reduction of fish liver andsgie a-tocopherol levels in the

present study.

High dietary lipid peroxidation could depress bgitml functions of synthesized
tocopherol in immunological protection in marblebgo Therefore the use of marine
trash fish in practical diets for marble goby, meting the occurrence of lipid
peroxidation, would be a more worthwhile practideart supplementation oé-

tocopherol into diets when in vivo oxidation hasatly occurred.
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8.5 Using culture-based tilapia as an alternativesied for marble goby

It should be noted here that the tilapia and maskare different in terms of being
marine and freshwater lipid sources. The origirbgidation value of oxidised tilapia
(100-150 pmols MDA g) was also lower than that of mackerel (250-300 |snMDA
g?) at the start of the experiments. Therefore amgparison made in the present study

has taken these differences into account.

Fish fed fresh tilapia contained intrinsic tocopherol appeared to be sufficient to
reduce fish tissues peroxidation. However when figshthe oxidised tilapia contained a
similar amount of measured tocopherol, fish tissues in the latter groupisi fshowed
more susceptibility to peroxidation. These resaliggest an advantage of using fresh
tilapia in practical diets, especially where farmibait tilapia is practiced and a cold
room is not available, freshly preparing just befdeeding to fish could be an

alternative feeding method for farmers.

Supplementation af- tocopherol to tilapia based diets in both experits did not give
statistically different growth or survival rate. fact, positive responses of fish tissue
TBARS to tissuer- tocopherol levels were observed in fish fed srmtidised tilapia.

In combination diets the lower TBARS and higherrhatlogical values appeared to
be the result of synergic effects on antioxidantivdies betweena- tocopherol
supplement and natural E vitamer contained in becan. Thus, the addition of E
vitamer from rice bran in marble goby diet may Ineadternative to replace/reduce the

use of synthetia-tocopherol in which more work is required.

134



Chapter 8 Conclusions and Future Perspectives

The experimental results presented above suggestptitential use of tilapia as
alternative animal ingredient for growing marblebgoHowever, the socio-economic
and environmental costs reflected in using tilapisst also be closely examined before
actual benefits of using tilapia can be claimed.rti®aarly, before any

recommendations has been made to farmers.

8.6 Future perspectives

Several specific areas that require further researe mentioned in each of the chapter
conclusions above. Below are indicated some remgimpoints that should also be

considered for future work:

1. Growth rate of marble goby in all growth expezitts appeared relatively low. One
reason may be due to the genetic variation withénstocking since they were collected
from the wild. Thus, the use of hatchery-based sdwdild be investigated for further
research. Moreover, the longer weaning period taufactured diets and the extent of

the culture period should also be taken into actoun

2. Inclusion of rice bran in marble goby diet wout@rtainly make feed more
economical for fish farmers in rice-growing couesi However, excessive use of rice
bran appeared to cause adverse effects on fishttyr@&esides having high biological
values rice bran also contains anti-nutritionatdes; phytic acid for instance which can
be harmful to fish. Thus, further research on imprg quality and quantity of rice bran

for marble goby is required.
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3. The present study explored some fish nutritidiptl problems as reflected from
consuming practical diets. Further studies mayeggiired to elucidate the interactions
between protein/lipid level and the oil source anrients and fatty acid digestibility

and also the sparing effects on fish growth andtinea

4. To promote the use of on-farm feed by farmerd #mincrease fish production,
further studies on nutrient requirement by marlgbygare needed in which information

can be use in developing and improving of on-fagadfformulation.
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