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Introduction

Present Status of Marine Fish Culture in Japan with Special Reference to Fish Feed

Japan is an island couniry surrounded by the sea, and the fisheries indusiry has been developed as a
provider of food, especially animal protein, to the people. Aquaculture began with the culture of "nori" seaweed
in the 16" century, and commercial fish culture started in the 18" century with common carp (Cyprinus carpio)
and rainbow trout (Salmo gairdneri, Oncorhynchus mykiss). Later, commercial culture of marine species was
initiated with yellowtail (Seriola quinqueradiata) in the 1920's. Annual production of aquaculture in Japan,
including both marine and inland culture, has steadily increased since the end of World WarIl, and was 1,349
thousand metric tons (TMT) and valued at 659 billion yen in 1996. Although aquaculture represents only 18.2%
ol the country's total fishery production, its value accounts for 30.0%, showing that these products are high value
and important for fisheries industry.

Nowadays, fish culture, both marine and fresh water, has become one of the most important food production
indusiry providing the high value fish in Japan. There seems to be an increasing number of different fish species
for culture especially in mariculture, and now about 30 species of marine fish are cultured in net pen in coastal
areas. The total production of cultured marine fish was 256 TMT and valued at 266 billion yen, and it accounts
for 20.1 and 47.0% of the total production volume and value of mariculture in 1996, respectively. In marine fish
culture, yellowtail is a major species accounting for 60% of the total fish production in 1996. Yellowtail culture
experienced rapid growth in the seventies, from 43 TMT in 1970 to 149 TMT in 1980, due to the fish's high
market price and advancements in culfure techniques. Since 1980, however, the annual production has remained
around 150 TMT. In recent years, production of cultured red sea bream (Pagrus major)and striped jack (Caranx
delicatissimus), Japanese [lounder (Paralichthys olivaceus), and tiger pulfer (Takifugu rubripes) is on the rise,
Many researchers have conducted the f(rials with these fish fo obtain the information of adequate culture
techniques.

Nursery and growoul diets for marine fish culiure are divided into three categories: fresh raw fish, moist
pellets (MP), and dry pellets (DP). Fish farmer has traditionally used inexpensive fresh fish such as sardines,
anchovy, mackerel, and sand lance, which are caught in large amounts in offshore and/or coastal areas. This
practice has resirained the demand for formulated feeds. However, there are some problems associated with using
these raw fish as feed from a nuirilional point of view: viz, 1) nufrient contents vary depend on the place of
catch, season, and fish size, 2) fal oxidizes easily, 3) contents of some vitamins are very low. The Ileed
performance, fish health, and flesh quality will deteriorate if f{ish are reared with only raw fish feed. Therefore,
usually raw fish feed is frozen and thawed before feeding. When feeding, farmers musi add euirophic medicine
or multi vitamin mixture to meet the fish's dielary requirements. Moreover, feeding raw fish, especially in the
minced or chopped form, for iniensive culture has resulted in the pollution of sea waler and culture grounds,
aptly termed "self pollution', due to feed loss. This frequently led to occurrence of red tide al many farming sites
in Japan, and was though! to be one of the factors of disease oulbreaks. Thus the raw fish had reach iis limit of
use as feed for marine fish culture.

On the other hand, trials to develop a formula feed for marine fish were started in the 1960's, but success
was not readily achieved. In the early 1980's, moist type formulated feed composed of minced fresh fish and
formulated mash were developed through intensive studies promoted by the Fisheries Agency. The MP was
effective in reducing self pollution due to the feeding, and to conirol dietary energy level by addition of fish oil
However, MP was not widely accepted by the industry, because of some drawbacks like: 1) growth rate of
cultured fish was slightly inferior to those fed a raw fish, 2) fluctuations in nutrient contents depending on the

raw fish, 3) vitamin contents falling below the requirement level of marine fish, 4) the need f{or the costly
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pelleting machine and the labor to produce it. With regard to dry type feed, il was found thal almosi all of
cultured fish species accep! DP prepared using pellel mill, and grow normally, vellowiail being an exception. The
reason why vyellowtail dislike DP was thought to be because of the hardness and laste of the diel. The (rial
product was tested on yellowlail in the mid 1980's, but there were some problems still o be solved for practical
use because it was costly and low in nuiritional quality. Since then, Walanabe et al. (1991) have succeeded in
developing a new type of dry pellet for vellowlail, socalled "soft dry pellet (SDP)" prepared using a (win screw
exiruder. The SDP was a high calorie pellet thal satisfies the nuiritional requirement level of yellowtail, and was
highly palatable and acceptable o this species. Ii{ has been proved that SDP is excellenl in terms of growth rate,
feed efficiency, and fish health for vellowtail, apart from lowering feeding related pollution, compared to MP used
before (Watanabe et al. 1991). Another related development was the high calorie DP (steam pellet and/or
extruded pellet) for red sea bream (Sakamoto 1994). It has been reported that growth performance of red sea
bream fed the high energy diets was higher than those of fish on an ordinary DP and MP. Af preseni, many
kinds of commercial DP are manufactured for several fish species. Thus the formulated DP diet is recommended
as an adequate feed form for sustainable development of marine fish culture.

However, the irony is that aquaculture feed for marine fish still depends greatly on the raw fish, which are
locally caught and economically attractive. In 1997, total consumption volume of formulated feed (mash plus
pellet) for yellowtail and red sea bream accounted for only about 10 and 30% (presumed values, data by Japan
Fish Feeds Association) of total feed amount (wet value) for each fish, respectively.

The recent trend in the production of formulated

diet for marine fish is shown in Fig. 1. Annual (ton)
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increase of formulated feed consumption. Thus the use 8 % % %7 (Yean
of formulated feeds will become more and more Fig. 1. Recent trends in the production of formulated

extensively for marine fish culture in future. diets for yellowiail and red sea bream.

Background and the present trends in the quest of alternative protein sources

Fish have a much higher dietary protein requirement than land animal. Therefore, fish feeds need large
amount of proteinrich ingredients. At present, fish meal is used as the main ingredient for dietary protein
source; commercial marine fish feed in Japan generally approximately 55% of it. Other sources of protein
ingredients are of plant origin such as defatted soybean meal (SBM) and corn gluten meal (CGM), both

contributing only as little as 10% to the feeds. The reason for these choices is due to high nutritive value in
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terms of prolein conlen! and essential amino acid composition in relation to the necessary requiremenis of several
fish, and palatability. The recent rapid rise in formula feed production has accelerated the demand for fish meal
However, fish meal production has also been affected by the rapid reduction in caich of sardines which are used
as raw malerial. The domestic production of fish meal largely decline with the decrease of the wild meal grade
fish catch since 1989 (Fig. 2). In 1995, while about 590 TMT of fish meal was imported from Chile, Peru and
other couniries, domestic fish meal production was only 10 TMT, for feed ingredients of farm animal and fish,
and manure. High grade fish meal produced from jack mackerel having an excellent qualily of {reshness imported
from Chile is mainly used for aquaculture. Thus, al presenl Japanese feed companies depends entirely on the
imports {rom foreign couniries as the main source of fish meal This situation will lead fo instability in farm
managemen! practices because of the undue influence of

the fluctuations in fish meal market price. To cope with

I Fish meal —O—Sardine

this crisis, the need is to reduce the reliance on fish

120 500
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from that of reduction of the feed cost. Therefore, it is % 20 100 §
now necessary (o explore the alternative protein i 0 0
ingredients for fish meal 87 50 95 96 (Year)

The potential alternate protein sources in aquaculture
feeds has lo salisfy several criteria for praclical incorporation, ~ Fig. 2. Recent trends of fish meal production and
viz.,, 1) inexpensive and available in large amounts, 2) sardine catch fn fapan
have constant nuirient composition, 3) be of no harm
to fish and humans, 4) contain a certain level of protein, 5) good amino acid composition to satisfy fish, 6) the
digeslibility of the protein should be high for fish, and 7) contain no antinuiritional factor (Akiyama 1994). The
alternative prolein ingredients that are already known can be generally classified as animal by products, single cell
proteins, oil seeds, grain legumes and cereal grains (Tacon 1994). As concrete examples, meat meal (MM),
meal and bone meal (MBM), blood meal (BM), pouliry feather meal (PFM), efc. are animal products that have
been (ried. The potential plant prolein sources are SBM, CGM, collonseed meal, canola meal, peanul meal
rapeseed meal, sunflower seed meal, leucaena leucocephala leaf meal, and malt protein flour (MPF). The crude
protein conlent in animal proteins is high compared with most plan! ingredients, bul both have poorer balance of
essential amino acid (EAA) than fish meal, suggesting the inferiority in nutritional quality. From an economical
point of view, plant protein is generally cheaper than animal source. Moreover, in evaluating the availability of
plant ingredients, the adverse effects of antinuiritional factor should be considered. It was slaled thal enzyme
inhibitors, anti vitamins, saponins, polyphenols, lectins, tannins, phytic acid, and gossypol are the most important
antinutrients that causes negative effects on the physiological condition of an animal, and have also been found to
bring to similar adverse effect in many fish (Kaushik 1989, Krogdahl 1989, Vohra and Kratzer 1991, Elstner 1996).
However, almost all of antinuiritional factors can be fortunately desiroyed through thermal treatmeni. Therefore,
extrusion cooking is effective for inactivaling several of the anti nuiritional factors.

Among the alternative protein sources, defatted SBM is considered to be one of the most favored source that
can practically be used in fish feeds, due to nulritional qualily, greater availability, and lower costs. The world
production of SBM is 99.7 million metric tons (MMT), and this material is the major protein meal from oilseed

(1997 data). In contrast the production of fish meal and CGM is 6.1 and 13.7 MMT, respectively. It is available
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in the world marke! al a price usually much below thal of the fish meal. The crude protein contenl of SBM is
aboul 45%, and SBM has a favorable EAA profile as compared fo other plani protein sources, though it is
deficienl in cerlain amino acid like methionine. Moreover, SBM is palatable (o many species of fish and shrimp,
and digestibility of this ingredient protein is also high (Akiyama 1998, Watanabe et al. 1996). Therefore, SBM has
received more altention than other plant proteins, and its potential use in fish feed has been iried out inlensively.

Many researchers have allempied partial or complele reduclion of fish meal by incorporation of cheaper
animal and/or plant protein sources in feeds for several fish. Especially, many studies have been conducted for
the fresh water fish because formulated feeds were developed earlier for them (Akiyama 1988, Kaushik 1989, Lim
and Dominy 1991, Lovell 1991, Tacon 1993, 1994, Pongmaneerat 1994, Watanabe et al. 1996). The recent
development of exiruded pellets for marine fish has opened the possibility of using substilutive proteins for
mariculture in Japan.

So far, among fresh water fish, utilization of SBM has been studied with the rainbow troul, chinook salmon
(Oncorhynchus tshawytscha), coho salmon (O. kistch), common carp (Cyprinus carpio), tilapia (Oreochromis
mossambics, O. aureus, O. niloticusX O. aureus), milk [ish (Chanos chanos), and channel catfish (etalurus
punctatus) (Pongmaneerat 1994). Most of the alternate protein studies have been carried out with the rainbow
trout. Consequently, these and other results have demonsirated that approximately 2040% SBM can be used tfo
replace fish meal in aquaculture feed for several species. Also, other plant proteins like CGM, cottonseed meal,
and rapeseed meal, and animal proteins like MM, MBM, and pouliry by products have been successfully used as
a partial protein source in diets for these species (Akiyama 1988, Watanabe et al. 1996, Pongmaneerat 1994).

On the other hand, availability of alternate protein sources for marine fish was studied with yellowtail, red sea
bream, Japanese flounder, siriped jack, and tiger puffer in Japan. The utilization of SBM combined with or without
other ingredients in exiruded pellet has been studied with yellowtail by the Laboratory of Fish Nuirition of the
Tokyo Universily of Fisheries. In the first trial, Watanabe et al. (1992) evaluated the availability of SBM in a
newly developed SDP {o juvenile and adull yellowtail by feeding SDP containing 030% SBM. They observed that
palatability and acceptability of fish were not affecied by inclusion of SBM. They reported that SBM can be
included up to 30% (substituting about 55% lish meal) as a fish meal replacer, although elevation of a prolein
and energy level will be needed to obtain feed performances comparable to a fish meal diet. In the second drial
with juvenile and young yellowtail fed the SDP containing 050% SBM, Viyakarn et al. (1992) also found that
palatabilily and acceptabilily were not influenced even when SBM in SDP was up to 50%. Growth and feed
performances decreased corresponding to the elevation of SBM level, probably due fo the reduced level of protein
and energy in the SBM diels. They also confirmed thal there was no apparen! impairment of the performance
parameiers and health condition of yellowtail for dielary SBM levels up to 30%, as observed in the first (rial
They also reported that a diel with 256% SBM and 15% CGM showed belter performances than the 40% SBM,
suggesting the potential of CGM as a protein source in combination with SBM. The availability of a highly
purificated SBM product —the soy protein concentrate (SPC) — which has a protein content of about 70%, less
carbohydrate and betler EAA profile than SBM, was also evaluated in SDP, included at 50% with 5% fish meal
for juvenile and young vyellowtail (Watanabe et al. 1995). Growth and feed performances of young fish were
reduced after two months {rom the initiation of feeding, and the reason remained obscure. It was suggesied that
SPC cannot be used as a fish meal replacer at high proportions in SDP for yellowtail. Subsequently, Walanabe
and co researchers examined the combinational use of alternate ingredients to yellowtail. The resulis from their
experiments have shown that SBM in combination with CGM in some proportion can substitute more than 46%
of fish meal in SDP for juvenile and young vellowtail (Watanabe et al. 1994). In another trial, they proved that
fish meal can be replaced up to 62% by combinations of SBM, CGM, and MM in SDP for juvenile and young

yellowtail without any adverse effect (Watanabe et al. 1995). Thus the recent investigation has shown that
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combination of SBM with other protein sources was more effeciive compared to SBM alone as replacer of fish
meal. This might be due to the elevation of dielary protein levels and inier balancing of deficieni EAA by the
different ingredients, thereby improving the feed protein ulilization.

Researchers of Laboratory of Fish Nulrition of the Kouchi Universily have conducted feeding experimen( of
yellowtail to examine the availability of alternate proteins in single moist pellet (SMP). Shimeno et al. (1992a)
reported thal growth and feed efficiency were not adversely affected by including the SBM up to 30% in SMP for
young vellowtail; further, SPC contained at 14% (equivalent to 20% SBM) was found to be a betler protein
source. Moreover, they observed an excellent growth rate for fingerling yellowtail too, when fed a SMP with 20%
SBM (Shimeno et al. 1992b). Later, Shimeno et al. (1993a) investigated the availability of CGM, rapeseed meal,
MM, and MBM as partial replacement (1030%) for lish meal in SMP for young yellowtail. Better growth and
feed performances were noled in fish on diets with a 10% replacement involving all the above mentioned protein
sources in comparison to the control fish meal diet. The performances further increased only in the case of MM,
even up (o the maximum replacement of 30%. The (rend in performance was just the opposite when plant
protein sources were included at 30%. The MPF, which comes from brewer's spent grain, was also evaluated for
its potential as an alternate ingredient (040%) in SMP to fingerling yellowtail (Shimeno et al 1994). It was
reporied that this ingredient is useful as an alternative protein source, and can be substituted for fish meal even
up to 20% in the diets. Shimeno and co researchers also investigaled on the combinational use of alternate
proteins in SMP for yellowtail. They reporied that juvenile yellowtail fed SMP containing 30% SBM with 1020%
CGM or krill meal hardly reduced the growth and feed performances, indicating that adequate combination of
protein sources can spare considerable amounts of fish meal with no problem (Shimeno et al. 1993b).
Furthermore, Shimeno et al. (1993c) concluded that juvenile yellowtail fed SMP containing 20% SBM combined
with up to 20% MM or CGM showed comparable growth performance to fish meal diel, suggesiing thal these
combinations can be effectively used to replace large amount of fish meal in yellowtail diets. So far, the above
authors suggested that a combination of alternative proteins can be incorporated up to around 40% (substituting
aboul 60% fish meal) in both SDP and SMP for yellowlail without significant difference in growth and feed
performances, taking care thal their EAA profile are balanced and protein and energy conlen! elevaled to a level
comparable to the fish meal diet.

In other marine fish, Ukawa et al. (1994) reported that it is possible to incorporate 25% SBM in SMP for
young red sea bream. Yamamoto et al. (1996) also noted that MPF can substitute 30% of white fish meal
protein in DP for fingerling red sea bream. With Japanese flounder, a series of studies have been conducied al
Ceniral Research Institute of Electric Power Indusiry. Kikuchi et al. (1993, 1994, 1997) conducted feeding
experiment with Japanese flounder to examine the utilization of feather meal, SBM, MBM, and MM (Sato and
Kikuchi 1997) as substitutional protein sources for fish meal in extruded pellets, and reported that 20 40, about 50,
20, and 60% of fish meal protein can be replaced by the respective ingredient. Yamamoto et al. (1995)
demonstrated that 20% replacement of white fish meal by MPF in fingerling Japanese {lounder diet (DP) resulted
in equivalen! weight gain and feed efficiency to those of the conirol diel, and thal use in combination with SBM
would improve the performances of the fish fed MPF diets. Furthermore, Ukawa et al. (1996a, 1997) showed
that fingerling tiger puffer can utilize SBM as a partial substitute for fish meal al a maximum level of 2030% in
SMP. They also found MBM as an effective fish meal replacer in SMP for this species (Ukawa et al. 1996b).

Thus, these recent investigations on the replacement of fish meal component with alternative protein sources
in marine fish feeds have been successful. In marine fish and {reshwater fish, however, replacing fish meal either
partially or completely with alternative ingredients have varying degrees of success. [i seems that the ability of
fish to utilize alternate animal or plant meal differs among species. Therefore, the various alternative protein

sources should be employed at a pre determined adequate inclusion level according to fish species, genetic
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variation, size of fish, culture condition, and water quality.

The future prospects

Aquaculiure is expecled to play an increasingly important role in fishery production, and demand of available
dietary protein ingredients will increase with the increase of formulated feed in the future. A large amoun! of
plant prolein feedstuffs has been used in domestic animal feeds, and fish meal inclusion was only 1.2% of the
total amount of feed ingredients (1996 data). This suggests the possibility of entirely eliminaling
the fish meal component from feeds for domestic animals. The final goal for the effective ulilization of alternate
protein sources for fish is to develop feeds without fish meal, ie, nonfish meal diels. Until dale, the high
inclusion of allernale proteins in fish feeds have generally resulied in reduced growth and feed performances.
The reason for poor utilization of such diets might be due to: 1) improper balance of essential amino acids, 2)
adverse effect of antinutritional factors, 3) presence of high proportions of undigestible fiber and carbohydrate,
and 4) decrease of palatability. This necessitates an adequate supplementation of synthetic amino acids in the non
fish meal diets to compensate for the EAA deficiency of the selected ingredients, thereby improving the EAA
profile of the diets. Moreover, some alternate ingredients should be selectively incorporated in the non fish meal
diets to elevate the levels of dietary protein and energy comparable to the ordinary fish meal based diets.

To enhance the utilization of alternate protein sources, supplementation of crystalline amino acids to diets has
been attempted for some fish species. The resulis obtained from several researchers, however, do not show the
agreement in the efficacy of supplementing fish feeds with EAA. It has been reported that nuiritional quality of
diets containing alternate proteins for fish meal could be improved by supplementing EAA mixture for carp (Viola
et al. 1982, Murai et al. 1986, 1989b, Pongmaneerat et al. 1993) and rainbow trout (Dabrowska and Wojno
1997). In conirast, Rumsey and Ketola (1975) found no benefil in supplementing SBM with individual EAA for
rainbow trout. With vyellowtail, Takii et al. (1989) demonsirated that supplement of EAA mixture to 20% SPC
diet (SMP form) improved growth rate and feed efficiency. However, Shimeno et al. (1992a) observed that 20%
SBM diet supplemented with methionine and lysine did nol enhance performances for this species. Thus, more
information on the absorption of individual supplemental EAAs and the effects of such supplements on growth and
feed performances is needed for developing non fish meal diets for marine fish.

The situalion looks more given from another angle, the decline in capiure of meal grade fish has brought
aboul the shortage of not only fish meal bul also fish oil which has been used as dietary lipid source. Dielary
lipids play an important role as energy and essential fatty acid (EFA) sources. At present, supply of fish oil
depends largely on the imporls, and the reduction of fish oil component by using allernale lipid sources is
necessary for the stable supply of fish feeds. Therefore, effective ulilization of alternale lipid source should also be
on the priorily agenda when re designing the marine fish feeds. The potenlial of several animal and plani oil as
energy source were examined in some fresh water fish (Yu et al. 1997a, 1997b, Takeuchi et al. 1978, 1979,
1981). 1t was demonsirated that availability of oil to fish was largely affected by the melting point (mp) which
was related with digestibility, but was slightly aifected by water temperature (Takeuchi et al 1979). It was
reported that animal fat—beef tallow of mp. 38°C —could be eifectively utilized as energy source in diets for carp
and rainbow trout (Takeuchi et al. 1978). Other plant oils like soybean oil and linseed oil also showed high
apparent digestibility for rainbow trout. These few pieces of information indicate the possibility of animal and plant
oils having a low mp, to serve as a partial fish oil replacer in marine fish feeds, if the dietary EFA level satisfied

the requirement of marine fish.

From these viewpoints, the objective of the present study is to obtain basic information to develop a low or

perhaps even non fish meal diets for yellowtail and red sea bream. The sirategies of the study were:
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1) To confirm the effectiveness of alternative proleins in SDP for yellowlail by rearing them on a practical
scale for a long period (Chapter 1).

2) To evaluale the availability of allernative prolein sources in a newly developed high energy DP for red
sea bream (Chapter 1).

3) To investigate the use of alternate protein and lipid sources in practical feeds for yellowtail (Chapter 2).

4) To investigate the effect of fish meal reduction on growth and feed performances in diets for yellowtail
and red sea bream (Chapter 3).

5) To evaluate the utilization of nonfish meal diets having dilferent ingredient compositions for yellowtail
and red sea bream (Chapter 3).

6) To examine the effect of EAA supplementation on the utilization of nonfish meal diets for yellowtail,
and (o evaluale the availability of supplemental EAA in ferms of plasma free amino acid concenirations
(Chapter 4).

This work will provide valuable information on the practical ulilization of alternative protein and lipid sources
in diets for yellowtail or red sea bream. The knowledge obtained from this study is intended to coniribute
significantly to the development of practical least cosi, nuiritionally balanced formulated diets, circumventing the
critical supply of fish meal. Moreover, i may also serve as a guide for the feed manufacture, providing the basal

information on utilization of non fish meal diets for marine fish.
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General Methodology

Growth and Feed Performances
Growth rate (GR), feed gain ratio (FGR, feed conversion ratio), daily feed consumption (DFC), and protein

efficiency ratio (PER) were calculated by the equation given below:

- Growth rate (%) = (Final body wi (g) — Initial body wt. (g)) Initial body wt X100

- Feed gain ratio = Weight gain (g) ~Feed intake (g) in dry matter

- Daily feed consumption (%) = Feed intake (g)_  ((Initial body wt. (g) 2+ Final body wt. (g) 2+ Sample
and dead body wt. (g) /2) XFeeding day) X100

- Protein efficiency ratio = Weight gain (g) /Protein intake (g)

Nutrient Composition Analysis

Proximate composition and gross energy content of diets and fish carcass were determined by the following
methods “equipments: Crude protein: Kijelchecker (KC 42 Yamato Anritsu, Japan); Crude lipid: extraction by
chloroform methyl alcohol (2:1) solution (method of Folch); Crude starch: method of Somogyi Nelson; Crude ash:
incineration in a mulfle furnace (FA 21, Yamato Co., Japan) at 550°C; Moisture: desiccation at 105°C to constant
weight; Gross energy content: auto calculating bomb calorimeter (CA 4P Shimadzu Co., Kyoto, Japan).

Falty acid composilion was analyzed by gas chromatograph (GC 14A, Shimadzu Co., Kyolo, Japan) with a
hydrogen flame ionization detector. Amino acid analysis was done by Japan Food Research Laboratories or Central
Research Institute of Nippon Formula Feed Co. Ltd. (Amino acid automatic analyzer or high performance liquid

chromatograph methods).

Hematological Characteristics and Hemochemical Constituents

Fish were starved for 2448 hours prior (o blood drawing. The hematocrit value was delermined by
microhematocril within 2 hours after the blood samples were collected. A part of blood was cenirifuged al 3,000
rpm for 10 15 min to oblain plasma samples. The hemochemical consliluenls and enzyme aclivilies were analyzed
by methods as follows: aspartate aminotransferase (GOT, UK kinetic method of Karmen), alanine aminotransferase
(GPT, UV kinetic method of WroblewskiLa Du in fresh condition within 24 hours), alkaline phosphatase (ALP, p
nitrophenil phosphate method), glucose (GLU, mutarotase glucose oxide method), (riglyceride (TG, glycerol3
phosphate oxidase DAOS method), phospholipid (PL, choline oxidase DAOS method), total cholesterol (TCHO,
cholesterol oxidase DAOS method), free cholesterol (FCHO, cholesterol MEHA method), urea nitrogen (BUN,
urease GIDH method), total protein (TP, biuret method). All of the items were analyzed by the automatic
biochemical analyzer (CL 7100 Shimadzu Co., Kyoto, Japan) using commercial clinical examination kits (Wako

Pure Chemical Co., Japan).
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Chapter 1: Use of Alternate Protein Sources
1.1 Yellowtail - Long-Term Feeding in Practical Scale Net Cages

Numerous researches have evaluated the potential of various less expensive animal or plant proteins as
substitute for fish meal component in fish feeds with varying resulls. These aliempis have been made to deal
with the shortage of fish meal, used as a main protein source in formula feeds, due fo the quick decline in the meal
grade fish in Japan. Our series of firials on the availability of alternale proteins for yellowtail have already
demonsirated that SBM, CGM, and MM can be used as excellen{ protein ingredients in the exiruded dry pellet
produced by a large twin screw exiruder (SDP). We have reported that juvenile and adult yellowtail could use
the SBM alone as substitute for fish meal at 30% (substitution of about 55% fish meal) in the SDP (Watanabe
et al. 1992, Viyakarn et al. 1992). Subsequently, we also found that the combination of SBM, CGM, and MM at
levels of 4247% could successfully replace 54 62% fish meal in the SDP for vellowtail (Watanabe et al. 1995).
The information from these f{rials will be important for effective formulation of alternate proteins in practical fish
feeds. However, these studies were conducted with fish retained in the small size nef cages or in the tanks. For
development of practical feeds for marine fish, it is necessary to obtain growth and feed performance data in
commercial rearing conditions.

In this study, therefore, a longterm feeding experiment (until fish grow up to a marketable size) was
performed with yellowtail using commercial scale net cages, in order to prove the availability of alternate protein

ingredients in practical diets.

Materials and Methods

Experimental Diets

The ingredient composition of the experimental diets and their nuirient contents determined are presenied in
Table 11. A commercial yellowtail SDP with 65% fish meal as a main protein source was used as a conirol (diet
1). Compositions of alternate protein ingredients of fish meal replaced diets (no. 24) were the same as those
examined in the earlier study (Walanabe et al. 1995). These test diels were designed to contain 2025% SBM, 5
15% CGM, and 12% MM (4247% in lotal), to replace 5462% of fish meal in the control diel. The diet

preparation methods and extrusion conditions using a . )
Table 1-1. Composition of the experimental soft dry

large size twin screw exiruder by Sakamoto Fish Feed pellet (SDP) with alternative proteins for yellowtail
Co. were almost the same as described previously Dict no.

(Watanabe et al. 1991, Sakamoto et al. 1997). Wheat Ingredient(6) L 2 3 4

: ' . ' Local sardine meal 30 30 25

o . : : ; Soy protein concentrate - 0 0 0

flour (8%) was used as binder, and vitamin and mineral Defatted soybean meal ke 95 20 20

mixtures (2 and 3%, respectively) were supplemented Corn gluten meal = 5 10 15

Meat meal g 12 12 12

to satisfy the requirements of yellowtail (Takeda 1985). Wheat flour g 8 8 8

) ) o Mineral mixture g 3 3 3

A commercial feed oil was added as lipid source at Vitamin mixture S 2 2 2

, L Feed oil 15 15 15

15% to elevate the dietary energy levels similar to the L?Eys?;e 8 0 0.22

control diet. Diet 4 was supplemented with 0.25%  Analytical composition (%)*

Crude protein 46.0 46.9 475 47.4

crystalline lysine to compensate the deficiency due to Crude lipid 21.5 21.4 21.7 22.1

. ) Crude ash 9.8 8.3 8.0 7.2

the incorporation of 15% CGM. Moisture 7.7 6.7 6.9 6.3

, . Gross energy (kcal/100g) 530 520 535 550

The levels of crude protein and lipid of the GE/CP (keal/kg/%CP) 115 109 110 111

experimental diets ranged 46.047.5 and 21.4221%, * Average of 10 determinations. Each test diet was freshly pre-

) ) ) ) pared 10 times according to fish growth during the feeding
respectively, and there was no big difference in each period of 17 months.
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parameler among (he treaimenis. The gross energy Table 1-2. Composition of essential amino acids of

content was slightly higher in diet 4 The amino acid the experimental SDP with alternative proteins

, , , ) sources for yellowtail
profile of the experimental diets determined by Japan verowtal

Food Research Laboratories is presented in Table 12 Amino acid Diet no.
, - , (g/100g diet) 1 2 3 4
Although the contents of lysine and methionine of fish Arginine 558 267 264 570
; ; Lysine 3.23 2.90 2.87 2.99
meal replaced diets were slightly lower than those of Histidine 129 120 120 125
the conirol diel, all the experimental diets contained Phenylalanine 187 188 199 214
Tyrosine 1.40 1.37 1.45 1.56
sufficient amounts of amino acids to satisfy the Leucine 3.49 3.51 3.81 4.23
. ey . Isoleucine 1.85 1.75 178 1.87
requirements for vyellowtail*®, The analytical methods Methionine 1.18 1.06 1.03 1.08
i , - i di d bed i Cystine 0.48 0.51 0.54 0.56
or proximate composition of diets were described in Valine 995 215 219 998
. Threonine 1.91 1.78 1.79 1.85
the previous paper (Watanabe and Pongmaneerat 1991). Tryptophan 0.49 047 0.45 0.48
Each test diets were prepared 10 times according to Total 1944 2125 2174 2299

fish growth during the feeding period of 17 months,

and all of diets were stored at —20°C until use.

Feeding Conditions

The feeding trial was conducted using juvenile yellowtail (Seriola quinqueradiata) with an initial body
weight of about 170 g at the Seibu Iohjima Sea Ranch. Seventeen thousand fish were acclimated with the
commercial SDP for 1 month, and then they weredivided into 4 groups of 3,400 fish each in net cages (10X10X
8 m). They were reared for 17 months, from Aug.'92 to Dec.'93, and were fed the respective diets once a day, 6
times per week, each time to near satiation. Water temperature ranged from 14 to 28°C. Average body weight of
30 fish randomly collecied from each lol was delermined every month, and that of 100 fish was recorded on
termination of the experimenl. Moreover, 5 fish were randomly sampled at 2 (Ocl.'92), 4 (Dec.'92), 7 (Mar.'93),
and 11 (Jul'93) months after the initialion of feeding for delermination of moisture, protein, lipid, and ash
contents of dorsal muscle by the same analytical methods described in a previous report (Watanabe and

Pongmaneerat 1991).

Hemochemical Assessment

Al the end of irial, 5 fish from each group were faken for analysis of hemochemical constituenls in blood
plasma {o evaluale the fish health conditlion. Fish of all groups were starved for 2 days before bloodsampling,
and analytical procedures for each item examined were those described in the earlier paper (Watanabe et al.
1992). Data from assessment were stalistically treated by analysis of variance (ANOVA) and Duncan's multiple
range test (p<<0.05).

Results and Discussion

Feed Performances

The growth and feed performance data are presenied in Table 13. Palalability and acceptability of the
experimental diets were not influenced by inclusion of the alternate proteins during the long feeding period. The
initial body weight of 170 g grew up to about 1.0 kg for all the experimental lots after 4 months (Dec.'92), and
there was no marked difference in growth between the conirol and test diet groups. In May (8 months) next
vear, the growth of fish fed the alternate protein diets was slightly inferior to that of fish on the control diet (the

control group: 1.8 kg, the test groups: 1.6 kg). Thereafter, from June to July, the growth of test group fish

*2 T 'Watanabe et al. : Abst. Metg, Japan. Soc. Fisheries Sci, April, 1995, p. 33 (in Japanese).
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retarded because of the shortage of feed supply due to Table 1-3. Growth and feed gain ratio ol yellowtail

delayed schedule of feed preparation. When the diets fed the experimental SDP with alternative protein

sources
were supplied, their growth speed recovered at levels
) ) Avbody wt.  Growth  Feed

comparable to the control. At the end of feeding, fish Diet no. ® rate gain  Mortality
ted th irol di h d the high bod Initial  Final (%) ratio® (%)
ed the control diet showe e highest average body i 1705 4690 2651 175 T E

‘ . . 2 170.5 8780 2117 2.40 52.9
weight and growth rate. Fish on the conirol diet grew 3 1705 3967 9997 598 337
up to 4.7kg on average, while those on the test diels 4 1705 3926 2203 2.18 30.1

g feed / g weight gain.

ranged 3.84.0 kg. Growth of fish fed the fish meal

replaced diets was around 80 85% of thal of fish on the

conirol diel. Feed gain ratio varied from 1.75 to 2.40, and the best value was also observed in {ish of the conirol
group. Thus, growth and feed utilization in fish fed the fish meal replaced diets were inferior to those of the
control. As mentioned above the lower growth of fish on the test diets could be atiributed to the lack of feed
supply during the summer season. In faci, after test feeds were supplied normally, growth of these test fish
returned to normal since August. Therefore, it was assumed that if the test fish groups were fed the normal
amount of feeds, their growth and feed performances would be comparable to those of the conirol. The mortality
of fish during the experimental period was mainly caused by bacterial infections such as pseudotuberculosis and
sireptococcal diseases. The cumulative mortality was 47.5% for the conirol group and 30.152.9% for the test
groups, and was higher in fish on diet 2. These results indicated that dietary inclusion of alternate proteins did
not exert ill effect on the experimental fish.

Previously we reared young yellowtail with test diets having the same ingredient formulation as those used in
the present study in small net cages for 146 days, and found that the fest diets gave growth and feed
performances comparable to the conirol fish meal diet (Watanabe et al. 1995). Also in this experimen{, no
marked difference was observed in growth performance betiween the test and conirol groups during the period of
aboult 10 months, although the growth and feed gain ratio in the test diet groups were inferior to those of the
conirol al the end of feeding due fo shorlage of diels during the summer season when yellowlail generally show
rapid growth.  Therefore, il may be concluded thal the combination of SBM, CGM, and MM in adequale
proportion can be used as substitute of around 50% fish meal in the practical feeds for yellowtail

Among the aliernate protein diets, the lowest growth and feed performance were noted for fish fed diel 2
(25%SBM + 5% CGM + 12%MM). This resull was similar {o that obtained in our previous work (Walanabe et
al. 1995), suggesting that this formulation was nol suitable to obtain excellent fish growth. The lower feed
performances of diet 2 might be due to the lower digestible energy level and/or inadequate amino acid balance in
the diel. Therefore, it was suggesied thal utilizalion efficiency of diets with alternale proteins could be improved

by elevation of dietary energy or supplementation of deficient amino acids.

Proximate Composition of Dorsal Muscle

Resulls of proximate analysis of dorsal muscle from the experimental fish are presenied in Table 14. The
muscle protein content did not differ largely between the treatments and between the initial (22.9%) and other
sampling points (22.223.9%). Also the ash content was not greatly affected by dietary inclusion of alternative
ingredients. The crude lipid content tended to increase with growth for all the experimental lots until Mar.'93,
but there was no remarkable difference among the treatments. However, the lipid value on Jul'93 was higher in
fish fed the control diet (12.9%) than those fed diets containing alternate proteins (6.2 9.4%). Again, this might

have resulied from the shortage of feed supply during June and July for the test groups as mentioned above.
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Hemochemical Characteristics Table 1-4. Proximate composition (%) of the dorsal muscle
, . of yellowtail fed the experimental SDP in practical scale
The analytical results of hemochemical nel cages*!
ges
constituents for the experimental fish are
‘ Moisture Crude Crude Crude
presented in Table 15  The values of all the Diet no. protein lipid ash
o , . . Initial (Aug. '92)  73.7 22.9 (87.1)** 3.1(11.8) 1.5 5.7
examination items were estimated to be within Oct. '92 (2-month)*
the normal ranges. ALP (Alkaline phosphatase) 1 70.6 22.4(76.2) 6.2(@21.1) 1.9 (6.5)
2 70.8 23.1(79.1) 5.6 (19.2) 1.8 (6.2)
activity was higher in the diet 2 group than 3 70.8 23.5 (80.5) 5.7 (19.5) 1.8 (6.2)
. i 4 70.2 23.8 (79.9) 5.6 (18.8) 1.7 (5.7)
others. There was no marked difference in Dec. 92 (4-month)
1 65.5 23.1(67.0 9.5 (27.5 1.9 5.5
glucose value beiween the (reatments. The 2 65.4 22.6E6é.3§ 11.823352 17 24'9;
, , . , 3 67.2 23.0 (70.1) 8.6 (26.2) 1.7 (5.2)
triglyceride level of fish fed diets 2 and 4 was 4 69.7 29.8 (75.2) 8.2(27.1) L7 (5.6)

slightly higher than the rest.  Other lipid Mar. ‘93 (7-month)

1 64.0 23.1 (64.2) 12.5 (34.7) 2.0 (5.6)

metabolism parameters such as phospholipid, total 2 65.0 23.5(67.1) 111317 1.9 (5.4)
_ _ 3 65.0 23.9 (68.3)  10.6(30.3) 2.1 (6.0)

cholesterol, an dfree cholesterol were higher in 4 64.3 22.5(63.0)  11.9(33.3) 1.8 (5.0)

Jul 93 (11- th

fish on the conirol and diet 4 than those on “ 1 (t1-mon )64.2 22.2 (62.0) 12.9 (36.0) 1.9 (5.3)
, , o 2 70.2 23.3 (78.2) 6.2 (20.8) 2.0 (6.7)
diets 2 and 3. This may indicate that the 3 674 221 (67.8) 9.4 (28.8) 18 (5.5)
physiological status in fish fed diet 4 was 4 68.2 230(72.3) 69@L7) 19 (6.0)

*! Samples from 5 fish were pooled for analysis.
*? Figures in parentheses are values on dry matter basis.

those in fish on other fish meal replaced diets. ** The month of sampling and body weight determination, and feeding
period (within parentheses).

comparable to the conirol, and was superior to

The blood urea nitrogen, creatinine, and total

protein  were mnot significantly different Table 1-5. Resulls of hemochemical assessmen! for yellowtail

among the groups, suggesting thal {he fed the experimental SDP with alternative protein sources

protein metabolism was normal for all the Diet no.
1 2 3 4

experimental lots, Judging f{rom these ALP au /D 98+13 113+12 103+32 10134

. GLU (mg / 100ml) 8914 82+2 8246 857

results, it appeared that there was no g (mg / 100ml) 70423 157+44 88472 128469
marked difference n physiological PL (mg / 100ml) 802+117 753464 683£54 803+116
TCHO (mg / 100ml) 344+32° 29323 265+17" 311247

conditions between the test and control FCHO (mg / 100ml) 132428 125+7 11343 134424
, EC (mg / 100mI) 212+9* 167+17" 153+18" 178+29"

groups, and that health status of fish were  mgter ratio (%)  62.0449  57.1£17  57.4#32  57.13.8
. . BUN (mg / 100ml) 9.04£2.1 11.0+2.4 10.31.1 11.842.0

not affected by inclusion of alternate CRE (mg / 100m1) 1903 13504 10201 Lox0.4
proteins in the nutritionally balanced diets. TP (g / 100ml) 3.5+0.2 3.40.2 3.440.2 3.34+0.2
. * Mean + standard deviation (n=5). Figures in a row with different superscripts are

From the results of long term feeding significantly different from each other (p< 0.05) when analyzed using Duncan's

, . o , Itip] test.
together with hemochemical examination, it muiliple range tes

may be concluded that dietary fish meal
could be partially replaced by the combination of SBM, CGM, and MM at the substitution level of around 50%
without marked impairment of growth and feed performance, and health of yellowtail, and that the nutritional

quality of alternate protein diets was almost comparable to commercial fish meal diet.

1.2 Red Sea Bream

1.2.1 Utilization of Defatted Soybean Meal

To cope with the shortage of fish meal due to the decline in capture of feed grade fish, many feeding studies
have been conducted to evaluate substitutive protein sources for fish meal which is the main protein source in
formulated fish feed. SBM has been used as a partial replacement protein source for fish meal in many fish feeds,

because it is relatively abundant and nutritionally adequate. In the previous studies, we had reported that SBM
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alone could be included at aboul 30% (subslituting about 55% fish meal), and SBM combined with CGM and
MM could replace up to aboul 60% of fish meal without any adverse effect in SDP for both juvenile and adult
vellowtail (Walanabe et al. 1992, 1995, Viyakarn et al. 1992).

Red sea bream is one of the mosi important cultured fish species in Japan, and the annual production was
72,478 t in 1993. Recently, high energy dry pellets (extrusion pellets and/or steam dry pellets) produced by a
twin screw exiruder or a pellel mill connected with an expander has been newly developed for the red sea
bream. [t has been reporled that growth performance of red sea bream was improved by f{eeding the high
energy pellet in comparison with an ordinary type pellet (Sakamoto 1994). The high energy type pellet may
eveniually become a preferred culture feed for red sea bream. The present study examined the utilizalion of a
protein source, alternative to fish meal, in the newly developed high energy dry pellets for the fish. Two feeding
experimenis were conducted to investigale the availability of SBM with or withou! exlrusion processing al a level
of 30% in steam dry pellets (DP) and for comparing it with extruded SDP containing 30% SBM (Aoki et al.

1996).

Materials and Methods

Experimental Diets Table 1-6. Composition of the experimental diets for red

The formulations and proximate compositions sea bream
of the experimental diets are shown in Table 16. Diet no.*
} ) 1 2 3 4
The diets were prepared as DP (diets 13) and Ingredient(%) Protein-energy level

HP-HE MP-HE MP-HE MP-HE

extruded SDP (diet 4) by Sakamoto Fish Feed

Local sardine meal 54 21 21 25
Co., Japan. Local sardine meal (fish meal) and Defatted soybean meal 0 30 0 30
Extruded soybean meal 0 0 30 0
krill meal were used as protein sources for the Krill meal 10 10 10 10
. . i i Wheat flour 19 19 19 7
control diet (diet1). Diets 2 and 3 contained Potato starch 0 0 0 3
) Wheat gluten 0 0 0 3
SBM and exiruded SBM respectively, at a level of Vitamin mixture 9 9 9 9
o _— o . Mineral mixture 2 2 2 2
30% (substitution of about 60% fish meal). Diet Feed of 1 i1 14 18
4 also contained 30% SBM but was prepared as Binder 2 2 2 0
© prep Nutrient contents determined (% as is basis)

SDP by a large size twin screw extruder (Buhler Expt. T
Crude protein 47.5 40.5 40.5 42.2
Co.) (Watanabe et al. 1991). Wheat flour was Crude lipid 18.4 17.5 17.7 20.7
) ) Crude starch 15.7 19.7 20.6 15.2
used as binder and dietary carbohydrate source, Crude ash 11.1 8.6 8.5 8.5
. , - Moist 6.2 . . )
and a commercial feed oil as the lipid source. EXP(ES;R 70 b6 T
. . . : Crude protein 47.2 40.3 40.2 425
Vitamin and mineral mixtures were supplemented Crude lipid 209 205 19.7 994
equally to all the experimental diets (Watanabe et Crude starch 15.7 19.7 20.6 15.2
Crude ash 10.8 8.4 8.4 85
al. 1991). The diets were kept in the freezer (—20 Moisture 6.7 6.2 6.2 6.7

°C) until use.

* Diet 4 was prepared as soft-dry pellet (SDP), and others were all

ordinary dry pellets.
The crude protein level was about 47% for

the control diet (high protein high energy level: HP HE) and about 40% for the SBM diets (medium protein high
energy level; MP HE). The crude lipid level was 1721% (Expt. 1) and 1923% (Expt. II). Thus the experimental
diets were mnol isonilrogenous, isoenergy diels. Faity acid compositions of total lipid exiracted from the
experimental diets are shown in Table 17 The proportion of n3 highly unsaturated fatty acids (n3 HUFA) which
are essential for red sea bream ranged from 22.4 to 24.3%, and there was no marked difference in contenl among
the diets. The analytical methods for proximate composition and fatty acids were described in a previous paper

(Watanabe and Pongmaneerat 1991),
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Feeding Conditions

Two feeding experiments were conducted with juvenile red Table 1-7. Faily acids composition of lipid

sea bream (Pagrus major). Expt. I was carried oul at the in the experimental diets

Fisheries Research Institute of Mie in floating net cages set in Taty aod TS
creeks, and Expt. I at the Nagasaki Prefectural Institute of (% area) 1 2 3 4
14:0 5.0 5.1 4.9 5.4
Fisheries, in aquariums. 14:1 0.1 0.1 0.1 0.1
. . 15:0 0.3 0.3 0.3 0.3
Expt. I: Juvenile red sea bream reared up to about 9 g with 16:0 164 157 157 160
i i i 16:1n-7 7.1 7.6 7.4 7.7
a commercial diet were used for the experiment. They were 17:0 0.6 0.6 0.6 0.6
L , . . . 16:3n-6 0.4 0.4 0.4 0.5
divided into four dietary groups of 960 fish each in 3X3X3 m 16-3n-3 0.2 0.2 0.2 0.2
net cages provided with a net cover and fed the different diets 18:0 28 25 25 23
18:1n-9 13.6 141 145 135
for 147 days (from Aug.3 to Dec.27, 107 days [eeding). The 18:1n-7 4.5 4.6 44 4.6
. . 18:1n-5 0.2 0.2 0.2 0.2
water temperature ranged from 182 to 28.3°C (average 24.0°C). 18:2n-6 4.2 5.6 6.1 3.8
_ : } 18:3n-6 0.2 0.2 0.2 0.2
The experimental diets were hand fed, once a day in the 18:30-3 0.9 1.1 1.2 1.1
, . . 18:4n-3 1.6 1.7 1.7 2.0
morning, 5 or 6 days per week. During the experiment, average 18-dn-1 02 02 02 02
. . 20:0 0.2 0.1 0.2 0.2

m h

body weight of 20 fish that were randomly sampled from eac 90-1n.11 31 18 39 10
group was recorded every 1523 feeding days. At the end of 20:1n-9 21 22 22 20
. o . . 20:1n-7 0.2 0.2 0.2 0.2
experiment, all the fish in net cages were weighed and 10 fish 20:2n-9 0.1 0.1 0.2 0.2
. . . 20:2n-6 0.2 . . .
were randomly collected for analysis of proximate composition of 20:3n-6 0.1 0.1 0.1 0.1
, . . 20:4n-6 0.8 0.7 0.7 0.2
dorsal muscle and liver. Analytical techniques followed were as 20:3n-3 01 01 01 01
, , 20:4n-3 0.5 0.5 0.5 0.5
in a previous paper (Watanabe and Pongmaneerat 1991), 20:50-3 130 132 129 134
Expt. II: Juvenile red sea bream weighing 6 g on average, 22:1n-13 42 42 40 41
+22:1n-11 - ) ’ :
kept on a commercial diet, were used for the experiment. They 29:1n-9 0.7 0.4 0.3 0.4
. . . , . 22:1n-7 0.1 0.1 0.1 1
were divided into four groups of 25 fish each in 100 [ aquariums. 22:4246 01 ir. tr. 8.1
, . . . , . 22:5n-6 0.1 0.1 1.2 0.1
The fish were fed different experimental diets three times (08:00, 22:5n-3 13 12 12 13
11:30 and 16:00) a day, to satiation (from Aug. 28 to Oct.8, 42 22:6n-3 94 80 78 82
> Monoene 36.3 375 37.3 369
days feeding). During the experiment, the aquariums were >n-6 6.0 7.2 7.6 4.9
. ‘ . ‘ =n-3 270 260 254 269
continuously supplied with filtered sea water at an exchange rate > n-3 HUFA 24.3 230 224 236

of 45 times per day, and water temperature ranged from 23.0 to
29.0°C.

Results

Expt. I

The results of the feed performance in Expt. I are shown in Table 18 and Fig. 11 Palalability and
acceptabilily in fish were nol influenced by inclusion of SBM in both DP and SDP as in the case of yellowtail fed
SDP (Watanabe et al. 1992, 1995 Viyakarn et al. 1992). Growth rate and feed gain ratio of the fish fed diets
containing SBM at the 30% level (diets 24) were slightly inferior to fish on the control diet without SBM. This
might be due to the reduction in dietary protein content in the SBM diets, as shown in Table 16. There was no
marked difference in both growth rate and feed gain ratio among the dietary groups fed diels containing the
different types of SBM. Therefore, the exirusion processing of SBM did not affect feed performance. Protein
efficiency ratio ranged from 1.83 to 1.87 and was similarly uninfluenced by the diet treaiment. The death of
experimental fish on diet 4 during the period Nov.6 Dec.9 was accidentally caused by typhoon.

The crude protein and crude lipid contents and moisture of liver and dorsal muscle taken from the

experimental fish are shown in Table 19. In the fish fed diet 4, the protein content in muscle was slightly lower
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Table 1-8. Growth of juvenile red sea bream fed diets containing various types of soybean

meal (SBM) in net cages

Avbody wt.**  Growth  Feed Daily  Protein
Diet no.*! No. of & rate gain feed efficiency Mortality
fish Initial _ Final (%) ratio  intake*® ratio** (%)
Aug.3 ~Aug.20 (15 days feeding)
1 0% SBM 960 8.9 24.6 176.4 0.57 3.55 3.70 0.0
2 30% Un-SBM 960 8.9 23.0 158.4 0.63 3.73 3.96 0.1
3 30% Ex-SBM 960 8.9 22.8 156.2 0.64 3.75 3.85 0.0
4 30% SBM in SDP 960 8.9 23.2 160.7 0.62 3.70 3.80 0.0
Aug.21 ~Sep.13 (21 days feeding)
1 0% SBM 940 24.6 39.5 60.6 1.09 2.43 1.92 0.2
2 30% Un-SBM 939 23.0 36.4 58.3 1.22 2.62 2.03 0.0
3 30% Ex-SBM 940 22.8 35.0 53.5 1.34 2.69 1.84 0.4
4 30%SBMinSDP 940 23.2 34.7 49.1 1.38 2.60 171 0.2
Sep. 14 ~ Oct. 10 (16 days feeding)
1 0%SBM 918 39.5 48.9 23.8 1.60 2.10 1.32 0.3
2 30% Un-SBM 919 36.4 45.9 26.1 1.56 2.26 1.58 0.5
3 30% Ex-SBM 916 35.0 47.2 34.9 1.25 2.27 1.98 3.6
4 30%SBMinSDP 918 34.6 42.5 22.8 1.83 2.31 1.30 6.6
Oct. 11 ~ Nov.5 (19 days feeding)
1 0% SBM 894 48.9 69.3 41.7 1.10 1.99 1.92 0.3
2 30% Un-SBM 894 45.9 61.1 33.1 1.51 2.25 1.63 0.0
3 30% Ex-SBM 863 47.2 57.7 22.2 2.04 2.15 1.21 0.6
4 30%SBMinSDP 837 425 65.8 54.8 0.88 1.98 2.70 1.7
Nov.6 ~ Dec.9 (23 days feeding)*’°
1 0%SBM 871 69.3 101.7 46.8 1.03 1.70 2.04 2.0
2 30% Un-SBM 874 61.1 91.0 48.9 1.19 2.03 2.08 6.4
3 30% Ex-SBM 837 57.7 84.3 46.1 1.26 2.06 1.96 7.9
4 30%SBMinSDP 803 65.8 85.4 29.8 1.39 1.68 1.71 22.0
The entire culture period (Aug.3 ~ Dec.27 : 107 days feeding)
1 0%SBM 960 8.9 121.1 1261 1.13 1.78 1.86 2.9
2 30% Un-SBM 960 8.9 103.4 1062 1.32 2.04 1.87 6.9
3 30% Ex-SBM 960 8.9 101.1 1036 1.33 2.03 1.85 12.7
4  30%SBMinSDP 960 8.9 101.5 1040 1.29 1.94 1.83 27.4
*! Un: untreated, Ex: extruded.
*2 Average of 20 fish.
3 g/ 100g body wt.
*! & gain / g protein intake.
#5 The mortality during this period was mainly caused by typhoon.
than the other groups, although that in liver did not differ markedly
140
from the others. The lipid contents in muscle were highest in fish
fed the diet 4 The same tendency was observed for liver lipid too, 120 b
probably due to the higher amount of dietary lipid. —_
2 100 t
c
o
(]
Expt. I 2 80t
>
The results of Expt. I are shown in Table 110. Growth rate E
' 60 |
was highest in fish fed the control diet, and was slightly lower when Z
SBM was included (diets 24). The same tendency was observed for 20 |
feed gain ratio. However, average body weight at the end of the
, 20
experiment in fish fed diets containing 30% unireated SBM (diet 2)
was not significantly different (p<0.05) from that infish fed the 0
, D Aug.3 Sep.14 Nov.6 Dec.27
conirol dief. Moreover, the feed performance was not significantly o _°V e
Culture—period
different among the groups fed diets containingthe three types of
, . ) ) Fig. 1-1. Growth curves of juvenile red
SBM (diets 24). In addition, there was no marked difference in 9

protein efficiency ratio among all the dietary groups. The differences

in feed performance beiween the conirol and test diets might be due

sea bream fed diets containing various
types of SBM in nel cages. [I:Diet 1,

W.diet 2, A:diet 3, A:diet 4
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to the reduced protein content of SBM diets, as Table 1-9. Proximate composition(%)ol the dorsal muscle
and liver from red sea bream fed diets containing

observed in Expl. I. various types ol SBM in net cages™'

Moisture Crude Crude
Diet no. protein lipid
Dorsal muscle
1 0% SBM 73.8 20.4 (77.9%% 3.9 (14.9)
2 30% Un-SBM 73.4 19.9 (74.8) 4.9 (18.4)
3 30% Ex-SBM 74.0 19.1 (73.5) 4.6 (17.7)
4 30% SBM in SDP 74.3 17.6 (68.5) 6.0 (23.3)
Liver
1 0% SBM G5.8 20.8 (60.8) 15.0 (43.9)
2 30% Un-SBM 67.9 20.5 (63.9) 13.4 (41.7)
3 30% Ex-SBM 68.1 19.6 (61.4) 13.5 (42.3)

4 30% SBM in SDP 66.4 20.7 (61.6) 15.6 (46.4)

*! Samples from 10 fish were pooled for analysis.
*? Figures in parentheses are values on dry matter basis.

Table 1-10. Growth of juvenile red sea bream fed diets containing various types of
SBM in 100 1 tanks

Av.body wt.* Growth  Feed Daily  Protein

Diet no. No. of (® rate gain feed efficiency Mortality
fish Initial Final (%) ratio intake ratio (fish)
1 0% SBM 25 6.0+0.4 36.7+5.1" 512 0.98 3.43 2.17 0
2 30% Un-SBM 25 6.0£0.3 35.0+4.2" 483 1.10 3.69 2.25 2
3 30% Ex-SBM 25 6.0£0.3 33.5£5.2" 458 1.10 3.69 2.25 1
4 30% SBM in SDP 25 6.0£0.3 33.6£5.3" 460 1.01 3.44 2.33 0

* Mean + standard deviation. Figures with different superscripts arc significantly different from each
other (p <0.05) which wewe analyzed using Duncan's multiple range test.

Discussion

There have been many siudies on the ufilization of SBM as a partial replacement for fish meal in diels of
freshwater and marine fish. With regard to the juvenile red sea bream, Ukawa et al. (1994) reported that SBM
could be included in single moist pellets at a level of 25%. In the present study, nol much differences were
observed in the feeding activily and feed performances beiween fish fed the diels containing 30% SBM and the
conirol diet without SBM, excepi for the slightly reduced growth rate and feed gain ratio, probably induced by
the lower protein conlents of the diets. Thus these resulls suggest thal the inclusion of 30% SBM in diels did
not lead to any adverse effect on palatability of diets and growth in red sea bream.

However, we did nol notice any improvemen! in availability of SBM by exlrusion processing for both DP and
SDP in the {wo experiments. The resulis indicated that there was no marked difference in nulritional quality of
SBM as protein source for the three dietary groups (diets 24). It has been reported that availability of
carbohydrate ingredients in diels was found (o be improved by exirusion processing, for rainbow frout and carp,
due to the elevation of gelatinized ratio (Takeuchi et al. 1990). In addition, Jeong et al. (1991) found that
exirusion processing enhanced growth of juvenile red sea bream by improving nuiritional quality of carbohydrate
ingredient in fish meal diets. These studies clearly indicated that the nutritional value of fish diets could be
improved by extrusion processing at suitable conditions. On the other hand, Pongmaneerat and Watanabe (1993)
reported that nutritional quality of SBM diets (30% level) for rainbow trout was not markedly enhanced by
extrusion processing, although the digestibility of starch was elevated. Furthermore, Akimoto (1994) has reported
that growth performance in juvenile red sea bream fed dry type diets containing 30% unireated SBM was superior
to fish on diets containing extruded SBM prepared at various conditions (screw speed, water injection, material

temperature, material press, etc.). A similar result was also observed in vellowtail (Akimoto 1994). Therefore,
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detailed experimenis are necessary with red sea bream (o investigale the effect of exirusion processing on the
availability of SBM, al various inclusion levels, for different size of fish.

In conclusion, the resulls obtained in the presenl study have suggesied thal SBM, bolth processed and
unprocessed, can be used as a substilutive protein source at a level of 30% for fish meal, in high energy DP as
well as SDP for red sea bream withoul any adverse effect. However, the protein content and the amino acid
balance have (o be considered al higher inclusion levels of SBM in diets. If has already been demonsirated that
nuiritional qualily of diel conlaining an allernale proltein source for fish meal could be improved by supplementing
essential amino acids mixture (Dabrowska and Wojno 1977, Murai et al. 1986, 1989, Takii et al. 1989). In
another related study we have adopied this approach so as achieve the goal of employing SBM as the sole

protein source in fish diets.

1.2.2 Combine Use of Protein Sources

1.2.2-1) Use of Alternative Protein Sources as Substitutes for Fish Meal in Red Sea Bream Diets

A previous study examined the availability to juvenile red sea bream of sole SBM in high energy dry pelleis
at the level of 30% (Chapter 1.2.1). There were no marked differences in growth performances and feeding
activity between fish fed diets containing various types of SBM and those on a conirol diet without SBM. These
results indicated that inclusion of 30% SBM fo diet may not adversely affect palatability of diets and growth of
red sea bream.

On the other hand, recent investigations on the availability of alternative protein sources for fish meal in diefs
have shown that combinational use of protein ingredients is superior to the use of a single component, providing
better feed performance (Pongmaneerat and Watanabe 1992, Viyakarn et al. 1992, Watanabe and Pongmaneerat
1993, Shimeno et al. 1993). We have already reported that juvenile yellowtail fed the SDP containing 25% SBM
and 15% CGM showed better feed performances than the 40% SBM diets (Vivakarn et al. 1992). Furthermore,
the combination of SBM, CGM, and MM could replace aboul 60% of the fish meal in SDP for aduli and juvenile
vellowtail without any ill effect (Watanabe et al. 1995). There was no difference in growth performance and
physiological condition of fish beiween the test groups and conirol This might be due fo the elevation of dietary
protein levels and inter balancing of the deficient EAA (essential amino acid) by the different ingredients, thereby
enhancing the nuiritional value and improving feed ulilization. Therefore, this suggesis thal there would be no
difference in nuiritional quality beiween the diets with or withoul alternative protein sources, provided the
proportion of prolein ingredienis are approprialely incorporated.

From these viewpoints, this study was conducled (o examine the availability of combination of SBM, CGM,

and MM as partial replacement for fish meal in high energy dry pellets for red sea bream (Aoki et al. 1997).

Materials and Methods

Experimental Diets

The ingredient composition and proximate composition of the experimental diels are shown in Table 111. Diet
1 was the control diet containing 65% local sardine meal (fish meal) as protein source and was produced by
Sakamoto Fish Feed Co. using pellet mill (Watanabe et al. 1991). In diets 2 5, 46 62 % of the fish meal was
substituted with a combination of SBM, CGM, and MM at levels of 2030, 520 and 3 6%, respectively (total 36
46%). All of the test diets were pelleted to 6mm in diameter for adult fish by a large twin screw extruder (Expt.

I1). These ellets were also crushed to crumble for juvenile fish (Expt.II). Wheat {lour and starch were added
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to each of the diets as the binder and feed oil as Table 1-11. Composition of the experimental DP with

the lipid source. The supplemental feed oil level alternative protein sources for red sea bream

was 10% for the control diet and 13 15% for the

Diet no.*

test diets in order to elevate the dietary energy Ingredient(%) 1 2 3 4 5
Fish meal 65 35 35 30 25
levels. Mineral mixture and vitamin mixture were Defatted soybean meal 0 30 20 20 20
i ‘ Corn gluten meal 0 5 10 15 20
supplemented to diet 1 and diets 25 at levels of Meat meal 0 3 6 6 6
) i Wheat flour 19 4.7 6.7 5.7 4.7
4 and 5.3% (total), respectively. The crude protein Starch 2 4 4 4 41
. o . : Vitamin mixture 2 3.3 3.3 3.3 3.3
content of diet 1 (47.6%) was slightly higher than Mineral mixture 9 9 9 5 9
that of the other diels(43.544.8%). The crude lipid Feed oil _10 13 13 14 15

Nutricnt contents determined (% as is basis)
level was proportional to the amount of feed oil Crude protein 47.6 43.5 44.8 44.5 44.5
Crude lipid 16.3 17.4 17.9 18.6 19.2

included in the diet and was highest in diet 5. * Diet 1: Steam pellet; Diets 2-5: Extruded pellets. All the diets

Thus the experimental diets in this study were not contained 2 mg ethoxyquin (50%) and 3 mg astaxanthin.

formulated iso nitrogenously. During the experimental

period, all the diets were kept in the {reezer (—20°C) until use.

Feeding Conditions

The feeding experimenis were conducted at the Owase Branch of the Fisheries Research Institute of Mie in
floating net cages held within inlets of the bay area (Expt. I) and at the Fishery Research Laboratory of the
Kyushu University in aquariums (Expt.II). Red sea bream (Pagrus major) of different body sizes were used for
experiments to observe the difference in availability of alternative proteins in diets between fish sizes.

Expt. T: Adult red sea bream (oneyearold) weighing 565 g on average were used. Before starting the
experimen!, they were fed a commercial diel. They were divided into five groups of 300 fish each in nel cages
(3X3X3 m) provided with a net cover and reared on the experimental diets for 85 days (from Sep.25 to Dec.18,
65 days feeding). The water temperature ranged from 17.4 to 25.9°C (average 22.8°C). Fish were hand fed 5 or
6 days a week, once a day in the morning lo saliation. All the fish in cages were weighed al the sltarl and
finish of the experimen! (o determine the average body weighl. Al the end of experiment, 10 fish were randomly
taken from each group for analysis of proximale composition of dorsal muscle and liver, and to calculate the
relative weights of internal organs. Analytical methods were described in a previous paper (Watanabe and
Pongmaneerat 1991).

Expi. II . Juvenile red sea bream weighing 35 g were used for the experimeni. They were divided into five
groups of 25 fish in 150 [ aquariums and reared for 56 days (from Oct.16 to Dec.10, 44 days feeding) at waler
temperature of 23 24°C. Filtered sea waler was continuously supplied (540 760 ml/min) to each aquarium with
airation. During the experimeni, fish were fed the experimental diets fo satialion {wice a day. All the fish in the

aquarium were weighed every 2 weeks and the average body weight was determined.

Examination of Hemochemical Characteristics

In order to evaluate the physiological condition of experimental fish, the level of hemochemical constituents
and aclivities of plasma enzymes were determined at the end of both the experiments.

Expt. I: Five fish were taken from each nel cage by a hand neif, alfter fasting them for 48 hours. Whole
blood was collected individually from caudal vein or artery with heparinized syringes immediately upon removal
from water. The hematocrit value was determined by microhematocrit within 2 hours after the blood samples
were collected. Plasma samples were obtained by cenirifugation of whole blood at 3,000 rpm for 15 min at the
Owase Branch of the Research Institute and then the frozen plasma samples were sent to Tokyo University of

Fisheries for analysis. Analytical methods for hemochemical constituents and enzyme activities were described in



Development of New Fish Feed for Marine Fish with Special Reference to Alternate Ingredients

the previous paper (Walanabe et al. 1992).

Expt. I: Twenly fish were sampled from each group and examined. Fish were anesthetized in 100 ppm
{ricaine methane sulfonate (MS 222) sea water solution for sampling. Whole blood was collected from cuvierian
duct with heparinized syringes. The hematocrii and hemoglobin values were determined within 2 hours affer
sampling (n=10). The data were compared and their significance was analyzed statistically by T test. The blood
samples were also cenirifuged at 3,000 rpm for 15 min (o oblain plasma. Twenty plasma samples were pooled for
analysis of the GOT (aspartate aminotransferase), GPT (alanine aminotransferase), ALP, and total cholesterol
levels by the same methods as in Expt. I using commercial clinical examination kits (Chugai Co.). The total
protein level was measured with the hand protein refractometer (Atago Co.). In addition, the phosphorus, calcium,

and magnesium contents of plasma were analyzed at Kyushu University (Yoshimatsu et al. 1992).

Results

Feed Performances
Table 1-12. Growth and feed gain ratio of adult red sea

Expt. I: The resulls of feed performance in bream fed the experimental dry pellets (DP) with
Expl. I are shown in Table 112, In all dietary alternative protein sources in net cages
groups, fish actively fed the respective Avbody wt.  Growth  Feed Daily
) ) o o Diet no. (g rate gain feed  Mortality
experimental diet containing a combination of Tnitial  Final (%) ratio intake (%)
, , , , , Sep.25 ~ Dec. 18 (65 days feeding)
the alternative protein ingredients. The final 1 561 7592 34.0 181 0.59 97
. 2 561 744 32.6 1.72 0.56 2.3
average body weight ranged from 744 to 776 g, 3 580 776 338 170 0.58 0.0
the differences among the dietary groups being 4 565 745 3L.9 1.65 0.54 1.0
5 570 744 30.5 175 0.53 2.3

little.  Growth rates of the fish fed diels
containing 20 %SBM + 10%CGM + 6 %MM
(diet 3) and 30%SBM + 5%CGM + 3%MM (diet 2) were almost at the same level as compared with fish on
the conirol diel, whereas il slightly decreased in fish fed diets 4 and 5. Feed gain ralio values were similar
among all the groups, ranging beiween 1.651.81. Diary feed consumplion was the highest in fish fed the conirol
diel, and tended to decrease as the proportion of CGM in diel increased. Losses of fish during the experimental
period were mainly caused by iridovirus infection, and were unrelated to diels

Expt. . The resulls of feed performance in Expl. I are shown in Table 113 and Fig. 12. In juvenile fish,
acceptability of diet 5 (20%SBM + 20%CGM + 6%MM) was slightly inferior to other diets, resulling in the
lowest feed consumption. Fish fed the conirol diet showed the highest final body weight and growth rate.
However, there was no marked difference among fish fed the diets 2, 3 and conirol for these parameters. The
lowest growth was observed for fish fed the diet 5 when the proportion of fish meal was the lowesl. Feed
gain ratio was high for all the groups considering thal the experiments were conducted in aquaria, and it
ranged from 1.9 to 3.1, and the highest value was found in fish fed on diel 5. In Expl. I, therefore, feed
performance lended o decrease as proportion of CGM in diet increased. Thus the feeding resulls obtained in

Expt. II differ from those in Expt I.
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Table 1-13. Growth and feed gain ratio of juvenile red sea bream 65
fed the experimental DP with alternative protein sources in
aquariums 6o L
Av.body wt.* Growth Feed Daily .
Diet no. (g) rate (%) gain feed  Mortality %" 55 +
Initial  Final Total Daily ratio intake (mumber) %
Oct.16 ~ Oct.29 (11 days feeding) ‘D
1 35.77 38.74 8.31 0.73 2.86 2.07 0 3 50 ¢
2 35.89 38.62 7.60 0.67 3.17 2.11 0 3
3 35.73 40.05 12.09 1.04 2.03 2.10 0 8 s
4 35.76 39.45 10.34 0.89 2.34 2.09 0 >
5 35.78 38.06 6.38 0.56 3.74 2.10 1 <
Oct. 30 ~ Nov.12 (11 days feeding) 40t
1 38.74 45.24 16.76 1.41 1.80 2.53 0
2 38.62 46.31 19.93 1.65 1.53 2.52 0
3 40.05 44.85 12.00 1.03 2.26 2.33 0 35 |
4 39.45 45.48 15.29 1.29 1.85 2.39 0
5 38.06 43.50 14.30 1.21 2.07 2.51 0
Nov.13 ~ Npv.26 (11 days feeding) 30 o
1 45.24 52.82 16.77 1.41 1.75 2.46 0 ct16 Oct.30 Nov.13 Nov.27 Dec.10
2 46.31 53.36 15.20 1.28 1.90 2.44 0 Culture—period
3 44.85 50.14 11.78 1.01 2.38 2.41 0
4 45.48  49.94 9.79 085 2.94 2.49 0 Fig. 1-2. Growth curves of juvenile red
N 2;) o 43.50 d47.6;’> » 947 082 3.24 2.66 i sea bream fed the experimental DP
ov: 17 egi‘;g” %’;5456 ing) with alternative protein sources in
2. 47 16.37 1.38 1.85 2.54 0 . . )
2 53.35  60.20 1284 110 218 2.39 0 aquariums., [:Diet 1, M:diet 2,
3 50.14  57.91 1551 131 1.77 2.32 0 Acdiet 3, A:diet 4, O:diet 5.
4 49.94 54.35 8.84 0.77 3.09 2.38 0
5 47.63 49.93 4.85 0.43 4.80 2.06 0
Entire duration (44 days feeding)
1 35.77 61.47 71.84 1.20 1.92 2.31 0
2 35.89 60.20 67.74 1.15 2.00 2.30 0
3 35.73 57.91 62.09 1.08 2.07 2.23 0
4 35.76 54.35 52.00 0.94 2.50 2.35 0
5 35.78 49.93 39.56 0.75 3.08 2.32 2

* Average body weight of fish (n=25).

Proximate Composition and Relative Weights of Internal Organs

The protein,

(Expt. I ) are shown in Table 114

lipid, and moisture contents of

the

The protein content of

liver and dorsal
the

muscle

liver did not

from fish reared

in net

differ greatly among all

cages

groups, but was slightly lower in the fish fed the diets 3 and 5 The protein content of the dorsal muscle ranged
from 22.1 to 22.9% and the levels were similar for all the groups. The lipid content in liver was slightly higher
in the conirol group, bul in the case of muscle, the values were slightly above the rest for fish fed diels 3 and 5.
On the whole there were no marked differences in protein and lipid conlents of both liver and muscle beiween
fish fed the dief conlaining alternative proteins and conirol.
Table 1-14. Proximate composition (%) ol dorsal
muscle and liver from red sea bream fed the

experimental DP with alternative protein sources
in net cages™'

Table 1-15. Relative of internal organs (%) to body
weighes in red sea bream fed the experimental
DP with alternative protein sources in net cages™'

Moisture

Crude

Crude

) ! Tnid Viscera Liver Digestive
Dlo)lfssln;;usde Brosen b Diet no. organs”*
| 736 92,2 B4 $1 (1L8) Initial : Sep.24 9.08+0.55 1.32+0.11 1.16£0.15
i{o. . . . . Final: Dec.20
2 73.0 22.5 (83‘3) 3.4 (12.6) 1 8.53+0.88 1.38+0.35 1.32+0.13
3 22.4 22.5 BL7) 3.9 (14.2) 2 9.14+1.07 1.30£0.22 1.46+0.12
4 72.8 22.1 (81.4) 3.4 (12.6) 3 8.87+1.21 1.49£0.27  1.28+0.17
) 5 72.3 229 (82.6) 3.9 (14.0) 4 9.00+1.07 1.43+0.26 1.26+0.33
LIVEIi 616 122 (GL8) 185 (48.9) 5 10.33+1.17 1.63+0.14 1.23£0.16
9 67:1 13:1 (39:9) 14:1 (42:9) *~' Mean =+ standard deviation (n=>5).
3 65.7 11.5 (33.5) 14.7 (43.0) *? Include stomach, pyloric caeca, and intestine.
4 64.4 12.3 (34.5) 16.4 (46.2)
5 63.9 11.8 (32.8) 16.1 (44.6)

*1 Ten samples were pooled for analysis.
*2 Figures in parentheses are values on dry matter basis.
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The relative weights of viscera, liver, and digestive organs (stomach, pyloric caeca, and inlestine) from fish in
Expl. I are shown in Table 115. Visceral weight was lower in fish fed the conirol diet than those on the test
diets (diets 25). Liver weight value was the highest in fish fed diet 5, and generally, those on test diets had a
tendency for values higher than the conirol. Also il was found that the weighls of the digestive organs were
higher in fish fed the test diets compared with the conirol. These weight differences belween the tesi and conirol

groups was not great, suggesting that all the fish maintained normal health.

Hemochemical Characteristics

Expt. I: The resulis of the hemochemical examination in Expt. I are shown in Table 116. There was no
marked difference in the hematocrit level for fish fed the diels confaining fish meal and allernalive proleins,
although it was slightly lower for fish fed diet 3. The values obtained for GOT, GPT, and ALP activities of fish
for all the groups did not indicate any abnormality. This may indicate that all the fish maintained good liver
function and physiological condition. In addition, there were no marked differences in the total protein, urea
nitfrogen, and glucose levels among the groups, suggesting that the fish had normal protein and glucose
metabolism. The phospholipid, total cholesterol, and free cholesterol levels in the control fish were slightly higher
than those of test groups, and the ester ratio for the conirol was not abnormal. This may indicate that a greater
furn over of lipid metabolites in the conirol fish, compared to the test groups. There was no distinction in the
lipid metabolism among the test group fish which were fed with alternative proteins in some proportion.
Summarizing the hemochemical record, it seems that the physiological conditions of adult fish were not influenced

largely by feeding the diets containing 36 46% alternative proteins for fish meal

Table 1-16. Resulis of hemochemical examination in the adult red sea bream fed the
experimental DP with alternative protein sources in net cages*

Diet no.
1 2 3 4 5

Ht (%) 30.6+4.7 32.1+2.0 27.944.4 30.7+2.6 33.0+3.4
ALP au /1 4949 29+6 48+28 79451 3623
GOT au /1 8+4 944 17+£12 15+10 20+10
GPT au/n 2+1 3+1 3+1 3+1 441
CPK au/n 4214226 482+269 740£724 708+618 7184531
GLU (mg / 100ml) 55+14 5242 51+3 47+2 51+5
TG (mg / 100ml) 864+300 348+256 196£120 385+378 294+134
PL (mg / 100ml) T41+44 636427 595104 648+176 641+60
TCHO (mg / 100ml) 279423 198+11 216+29 213+69 210£15
FCHO (mg / 100ml) 127+17 89+11 85+19 101+40 93+12
Ester ratio (%) 54.1+8.6 55.0+4.4 61.0+5.1 53.6+3.1 55.5+4.5
BUN (mg / 100ml) 1.94+0.4 2.7+1.1 2.4+1.1 2.2+0.5 3.2+1.8
CRE (mg / 100ml) 0.8+0.1 1.1+0.1 0.7+0.0 0.7+0.1 0.7+0.0
TP (g / 100ml) 3.440.1 3.7£0.1 3.540.1 3.6+0.4 3.6+0.3
Condition factor 21.8+1.4 22.5+1.4 20.9+1.1 22.7+0.9 22.4+0.5

* Mean % standard deviation (n=>5).

Expt. II: The resulls from Expt. I are shown in Table 117. Hemalocrit levels of fish fed the diels 4 and 5
were significantly lower than those of the conirol. So also were the values of hemoglobin level for f{ish on diels
4, 5, and 2. The GOT, GPT, and ALP activities were not markedly different among the groups. The total protein
levels of fish on diets 4 and 5 were significantly lower than the rest. Both (riglyceride and total cholesterol levels
were the highest in fish fed the conirol dief, and the lowest in fish fed diet 5. This resull indicates that there
maybe some aberration in the lipid metabolism of fish fed the test diets compared to the conirol.  The
phosphorus, calcium, and magnesium levels of fish fed the conirol diet were also higher than other test groups.
From these results, the physiological condition of fish fed the conirol diet was evaluated superior compared to
those fed diets containing alternative proteins. Comparing the test groups, fish on diets 2 and 3 were

physiologically better compared to those on diets 4 and 5.
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Table 1-17. Results of hemochemical examination in the juvenile red sea bream fed
the experimental DP with alternative protein sources in tanks™'

Diet no.

1 2 3 4 5
Ht (%) 36.8+2.8 34.2+3.4 36.7£2.3 33.9+2.9° 33.9+2.4°
Hb (g / 100ml) 8.5+0.4 7.8+0.7% 8.5+0.4 7.940.7° 7.6+0.6"
ALP*2 46 4 3.6 2.9 3.9
GoT* 52 36 32 70 34
GPT*3 19 9 13 18 12
TG (mg/ 100ml) 739 507 377 702 240
TCHO (mg / 100ml) 410 292 290 280 240
TP (2/100ml) 5.9+0.4 5.6+0.5 5.6£0.5 5.1£0.7" 5.0+0.7"
P (mg/ 100ml) 14.5 12.5 10.4 10.7 10.3
Ca (mg / 100ml) 19.7 17.3 14.7 16.0 15.4
Mg (mg / 100ml) 2.45 1.59 2.31 1.46 2.43
Condition factor 37.3+1.5 37.243.5 37.6+2.8 35.0£2.2° 34.3+2.1°
Hepatosomatic index (%) 1.2840.24 1.20£0.21 1.4420.23 1.26£0.17 1.17+0.38

*! Mean + standard deviation (n=10). Superscripts a & b indicate significant difference from the control
(a: p<0.05, b: p<0.01).

*2 King armstrong unit.

** Karmen unit.

Discussion

In the present study, feeding results were different between adult (Expt I) and juvenile fish (Expt. II). The
results in Expt. I showed that there was no marked differences in growth performance and physiological condition
between fish fed the diefs containing alternative proteins and the control, irrespective of the proportion of protein
ingredients in fest diets. As for hemochemical constituents and enzyme activities, there were no significant
differences between fish fed the test and conirol diets, and the experimental fish were evaluated as physiologically
normal. These results indicated that the adult fish could use the combination of SBM, CGM, and MM as partial
substitute for 46 62% of fish meal in diets withou! any problem. This mighl be because the levels of protein and
lipid in the diets were not greatly different beiween the conlrol fish meal diet and experimental diels. In juvenile
fish, however, lower growth rate and feed gain ratio were found in fish fed the diets 4 and 5 thal contained 15 or
20% CGM, although feed performances in fish of diel 2 and 3 groups were approximately equal to those of the
conirol.  Furthermore, judging from the resulls of hemochemical examinalion, il appeared (hal physiological
condition of fish fed the diets 4 and 5 were inferior to other groups. These resulls suggested thal nuiritive value
of protein in diets confaining high levels of CGM was poor for juvenile fish.

It has been stated that EAA composition of CGM was inferior to SBM, compared (o fish meal although the
protein content was high (Pongmaneerat and Watanabe 1991, Shimeno et al. 1993). A drop in feed performance
due to inclusion of CGM as protein ingredieni to diels has been shown in some feeding experimenis previously.
Pongmaneerat and Watanabe (1991) reported that nufritive value of diets containing CGM to carp in terms of
protein quality was the lowest among four feed ingredients (white fish meal, meat meal, meal and bone meal, and
corn gluten meal), due to the poor EAA composition. Likewise, Shimeno et al. (1993) found that feed
performances tended to decrease in juvenile yellowtail fed the diet containing CGM. These previous investigations
clearly suggested that the nuiritional value of CGM was poor at higher inclusion in diets for carp and yellowtail
Evaluating the present result on the basis of information from other species, the indication is that juvenile red sea
bream could not use the CGM as dietary protein source largely, due to the low protein quality in terms of EAA
composition. Perhaps there are certain differences in utilizalion of CGM as protein source in diet for red sea
bream based on fish size. This might be due to the difference in protein utilization in terms of EAA requirement

linked to fish size. Apart from this, reduction in feed performance observed in Expt. I may be also related to
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the palalability of the diel, but a definite reason could not be found. A similar size dependent difference in
utilization of another protein source —SBM— was previously reported for rainbow trout (Murai et al. 1989) and
yellowtail (Takii et al. 1989).

In conclusion, the results obtained from this study have confirmed thal the combination of SBM, CGM, and
MM in some proportions al 36 46% of the diet could help replace about 46 62% of fish meal in diets for adult
red sea bream, taking care that the CGM level does nol exceed 10% for juvenile. Furthermore, it was also
found thal the elevalion of prolein and lipid level in diets conlaining alternative proteins improved the feed

performances of adult fish in agreement with former experiments on yellowtail (Watanabe et al. 1995).

1.2.2-2) Feed Protein Ingredients for Red Sea Bream

The quality of an aquaculture diet depends primarily on the protein source and it accounts for two thirds of
the feed cost. Fish meal still remains to be the major protein source ranging belween 2060% of the fish feed.
The reason for the choice is the premium match of the essential amino acids in relation to the requirements of
several fish. Alternative protein sources should preferably contain more than 35% protein and be ideally less
expensive and readily available as substitutes for the expensive fish meal component in practical diets. Recent
investigations on the use of alternative protein sources in Japanese mariculiure have clearly shown that combined
use of both plant and animal protein sources, especially the combination of SBM, CGM, and MM, can successfully
replace fish meal at levels more than 50% in the formulation (Watanabe et al. 1995, Chapter 1.2.21). In red sea
bream it was also found thal inclusion of 30% SBM with or withoul exirusion processing in ordinary steam
pellets and extruded pellets could give feed performances almost comparable to the fish meal diet (Chapter 1.2.1).
Whatever drop in feed value of SBM compared to fish meal could be atiributed to the undigestible portion of
carbohydrate confained in the SBM. Purification of SBM fo SPC, which has a high protein content of about 70%
on dry matter basis, less carbohydrate and better EAA profile than SBM, may improve the dietary value of the
original ingredient.

Based on this background, this study was conducied to investigate the availabilily of SPC as a protein source
and confirm the benefils of several combinations of SBM, CGM, and MM at different levels as fish meal

substitute in diets for red sea bream (Aoki et al. 1998).

Materials and Methods

FExperimental Diets

The composition of the experimental diels and results of proximale analysis are shown in Table 118 A
commercial high energy steam dry pellet (Sakamoto Fish Feed Co.) containing 65% fish meal as a sole protein
source was used as the control diet (diet 1). Diet 2 contained 50% SPC (Danpro A, Aarthus Olie Co.) having
aboul 70% crude protein on dry basis, as a main protein source, thereby reducing the fish meal level to 10% in
the diet. Diets 35 were formulated to incorporate 2025% SBM, 515% CGM, and 11% MM (a total inclusion of 41
46%), respectively, to substitute 5462% of the fish meal content in the control diet. Diet 2 was prepared using
a large size of twin screw exiruder by Sakamoto Fish Feed Co. Diets 35 were prepared using a small size of
twin screw exiruder by Nippon Formula Feed Co. The exiruding conditions in both cases were adjusted close to
those reported previously**, Wheal flour or potalo starch was contained al levels of 89 % as binder. A
commercial feed oil was added as the lipid source at 199% for diet 2 and 15 % for diets 35. Diet 5 was

supplemented with 1.5% lysine to compensate the deficiency of this amino acid due to the inclusion of 15%

*3 Gyorui Youshoku Taisaku Chousa Gijyou Houkokusho, Suisancho, 1997, p. 16 ( in Japanese).
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CGM. The mineral and vitamin mixtures were Table 1-18. Composition of the experimental diets

supplemented to diet 2 at levels of 3 and 2% containing different types and levels of alternative
' protein sources for red sea bream
and to diets 35 at 2 and 3%, respectively to

) ) , Diet no.
satisly the requirements of yellowtail (Watanabe Ingredient (%)

-
[
w
IS
=4

et al. 1991). Brown fish meal 65 10 30 30 25
Soy protein concentrate 0 50 0 0 0
The experimental diets were formulated to be Defatted soybean meal 0 0 25 20 20
. Corn gluten meal 0 6 5 10 15
close to the control commercial red sea bream Meat meal 0 2 11 11 11
. ) . . ) . Wheat flour 11 8 0 0 0
diet in proximate composition, but diet 2 with Potato starch 2 0 9 9 8.5
. . , Lysine 0 0 0 0 0.5
SPC was high in both crude protein (CP) and Mineral mixture ) 3 9 9 9
crude lipid contents, resulting in the highest Vitamin mixture 2 3 3 3
. Feed oil 16 19 15 15 15

gross energy (GE) content. This was caused by Analytical composition (%)
i . ) o Crude protein 46.7 50.7 44.9 45.8 44.6
miscalculation of proximate composition of the Crude lipid 22.0 249 215 207 216
, Crude starch 9.1 12.0 148 129 138
SPC. The GE CP ratio ranged between 109 to Crude ash 10.4 6.7 8.7 83 77
, . oo Moisture 7.8 3.5 9.8 9.5 10.6
113. The experimental diets were kept at —20°C Gross energy (keal/100g) 530 570 595 530 520
during the period of feeding, GE/CP (kcal/kg/%CP)* 113 113 109 110 111

* Gross energy / crude protein.

Feeding Conditions

Feeding experiments were conducted with juvenile red sea bream (Pagrus major) at the Fisheries Research
Institute of Mie (Expt. 1) and the Fishery Research Laboratory of Kyushu University (Expt II).

Expt. I: Juvenile fish weighing about 36 g on average, which had been fed a commercial red sea bream diet
(diet 1) during a preliminary feeding, were divided into 5 lots of 960 fish each, stocked into covered net cages of
3X3X3 m in the sea, and fed the experimental diets for 122 days (Aug.27 Dec.16, 83 days feeding). They were
fed 6 days a week, once in the morning to satiation. Water temperature ranged from 16.7 to 27.6°C, the mean
being 23.1°C. At the end of the feeding experiment, 10 fish were randomly sampled from each group for
determinalion of proximate composition of dorsal muscle and liver. The pooled samples were analyzed for protein,
lipid, ash, and moisture contents by the same methods described previously (Watanabe and Pongmaneerat 1991).

Expt. II: Juvenile fish having a mean body weight of about 27 g which had preliminarily been fed diet 1,
were divided into 5 lots of 30 fish each, and kept in 150 [ glass aquariums. They were fed the experimenial
diets twice a day, each time to satiation, for 57 days (Ocl.6 Dec.1, 44 days feeding) at water temperature of 2425
°C. Fish body weight of each group was recorded every two weeks during the experiment On termination, 10

fish were taken from each group and dorsal muscle and liver were pooled for proximate analysis.

Determination of Hemochemical Characteristics

Five fish from Expt. I and 10 fish from Expt. II were randomly sampled at the end of the experiment for
determining the blood biochemical parametlers {o evaluate the physiological condilion. The analytical procedures
for blood parameters were the same as those described in previous papers (Chapter 1.2.21 Watanabe et al.
1992).
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Results and Discussion

Feed Performances

Feed performances in terms of growth and
feed gain ratio in Expis. I and II are presenied
in Tables 119 and 120, respectively.

Expt. I . Palatability and acceptability of the
experimenial diets were not affected by inclusion
of allernale protein sources, except for dief 2
with  SPC. Inclusion of 50% SPC slightly
reduced its palatability as observed in yellowtail
(Watanabe et al. 1995). This might be due to
the hardness of the diet caused by including the
finely powdered ingredient. The best feed
performances were obtained for the conirol fish
meal diet (diet 1), but the linal body weight and
feed gain ratio were not markedly different
between the freatments, the former ranged f{rom
112.6 g for diet 2 group to 126.6 g for diet 1
group, and the latter between 1.18 for diet 1
group and 1.28 for diet 34 groups. Thus, these
results have suggested thal inclusion of 4146%
alternate protein sources in different combinations
of SBM, CGM, and MM could reduce fish meal
levels (o 2530% in diel withoul marked
reduction of feed performances. The use of 50%
SPC as a protein source helped to reduce the
fish meal level {o nearly 10% in dief, indicaling
that dietary value of SBM was improved by
upgrading the ingredient to SPC. In a former
experimen!, both juvenile and adult yellowiail fed
a similar SPC diet showed betler growth
performances than the control fish meal diet for
the initial two months, bul thereafler their growth

speed and feed gain ratio graduallyreduced, by the

end of the four month feeding (Watanabe et al. 1995).

Table 1-19. Growth and feed gain ratio of red sea bream
fed the experimental diets containing different types and
levels of alternative protein sources in net cages

Av.body wt.  Growth Feed Daily
Diet no. (g) rate gain feed  Mortality
Initial  Final (%) ratio intake (%)
Aug. 27 ~Sep.23 (22 days feeding)
i 35.9 61.8 71.4 0.96 2.29 1.4
2 35.9 61.3 70.2 0.98 2.30 1.0
3 35.9 63.3 76.0 0.90 2.26 0.8
4 35.9 62.7 74.3 0.92 2.27 0.3
5 35.9 60.7 68.5 1.00 2.32 1.7
Sep.24 ~ Oct. 18 (19 days feeding)
1 61.8 79.8 29.0 1.42 1.90 0.8
2 61.3 77.5 26.8 1.53 1.90 0.6
3 63.3 78.6 24.4 1.65 1.88 1.0
4 62.7 81.7 30.7 1.30 1.82 0.9
5 60.7 79.2 30.4 1.37 1.90 0.4
Oct.19 ~ Nov.15 (20 days feeding)
1 79.8 109.8 37.4 0.92 1.46 0.8
2 77.5 100.2 29.1 1.07 1.35 0.3
3 78.8 102.7 30.3 1.15 1.51 0.3
4 81.7 105.3 28.8 1.16 1.46 0.1
5 79.2 104.4 31.7 1.10 1.50 0.6
Nov.16 ~ Dec. 16 (22 days feeding)
1 109.8 126.6 15.1 1.73 1.10 0.2
2 100.2 112.6 12.1 1.86 0.96 1.2
3 102.7 118.7 15.2 1.76 1.13 0.5
4 105.3 116.0 10.0 2.44 1.06 0.2
5 104.4 117.9 12.6 2.03 1.10 0.8
Whole period (83 days feeding)
1 35.9 126.6  246.6 1.18 1.57 3.1
2 35.9 1126 2104 1.26 1.56 3.1
3 35.9 118.7  226.6 1.28 1.63 2.6
4 35.9 116.0 221.4 1.28 1.62 1.6
5 35.9 117.9 223.1 1.28 1.62 3.4

Table 1-20. Growth and feed gain ratio of red sea bream
fed the experimental diets containing different types and
levels of alternative protein sources in aquariums

Av.body wt. Growth  Feed Daily
Diet no. ¢ rate gain feed  Mortality
Initial Final (%) ratio intake (fish)
Oct.6 ~ Dec.1 (44 days feeding)
1 27.4 61.2 123.0 1.99 3.48 2
2 27.3 53.5 96.0 2.43 3.57 0
3 27.4 49.0 78.8 2.88 3.72 1
4 27.4 53.3 94.5 2.15 3.10 1
5 27.3 51.3 87.9 2.67 3.69 0

results suggested that SPC can not replace fish meal at a high proportion in diets for both the species.

the inclusion of SPC in fish feed is not practical at present because of its high commercial price in Japan.

Although cause of growth reduction was unknown, the

Moreover,
Further,

on comparing the difference in growth and feed gain ratio between fish fed diets 24 and diet 5, there was no

distinct supplemental effect of lysine, Nevertheless, it should be noted that diet 5 contained a low amount of fish

meal and a relatively high proportion of CGM, and this could have caused a drop in performance which has been

averted by the lysine supplementation.

Expt. I The feed performances in this experiment resembled those in Expt. I, although differences between
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the conirol group and the experimenial groups were grealer than in Expl. I. The final body weight was 61.2 g for
the conirol and 49.0 53.5 g for the experimental groups, lowest being recorded for the fish fed diet 3. In Expt I

{ 3 had produced growth maiching that of diets 4 and 5. Unlike in Expt. I, the lysine supplemented diet could
not resemble diel 4 in performance.

In a previous experiment in which extruded dry pellets containing SBM (2030%), CGM (520%), and MM (3
67%) in combination (replacing 42 62% of fish meal) were fed to both adult and juvenile red sea bream, adult fish
fed all the combinations showed the same growth rate and feed gain ratio as the control (Chapter 1.2.21). In the
case of juveniles, however, fish fed the diels containing 1520% CGM showed inferior performance and
hemochemical characteristics. Similar resulis were also obtained in the present study. The same diet with lysine
supplement produced growth performances superior to the conirol fish meal diel in both juvenile and adull
vellowtail in a former study (Watanabe et al. 1995), suggesting a slight difference in the elfect of this amino acid
beiween red sea bream and yellowtail. The supplemental effect of EAA to diets with alternate proteins has been
reporied by many researchers and the results hitherto oblained indicate fluctuation largely beiween EAA, fish
species, type of diets, and ingredients (Dabrowska and Wojno 1977, Murai et al 1982a, 1986, 1989a, 1989b, Takii et
al. 1989, Shimeno 1994, Shimeno et al. 1992, Pongmaneerat et al. 1993). Further detailed experiments would be
necessary {o clarify the supplemental effect of EAA to improve protein utilization. However, supplementation of EAA
is not cost effective from the practical viewpoint. Combination of various protein ingredients should be iried out to

compensate for EAA deficiencies when aiming at least cost formulations.

Proximate Composition of Dorsal Muscle and Liver
Results of proximate analysis for dorsal
muscle and liver from fish in Expts. I and II are
shown in Tables 121 and 122, respectively. Table 1-21. Proximate composition (%) of dorsal muscle
Expt. I : There were no marked differences and liver from red sea bream fed the experimental diets

containing different types and levels of alternative protein

between the (reatments in proximate composition sources in nel cages*'

of dorsal muscle, although the Ilipid content

Moisture Crude Crude Crude
increased from the initial value of 1.5% (6.0% Diet no. protein lipid ash
. Dorsal muscle
on dry basis) before feeding to the linal value of Initial : Aug. 26 759 202839 15(60) 19(18)
2.43.0% (9.411.8%) al the end of feeding. The Final : Dec. 18
1 74.5 21.7 (85.0) 2.4( 9.4) 1.8 (7.0)
increased lipid levels reflected the slightly 2 74.3 21.9 (85.4) 2.6 (10.0) 1.8 (7.0)
i L 3 73.9 20.7 (79.4) 3.0(11.6) 2.1(8.0)
reduced moisture contents. A trend similar tfo 4 74.3 20.8 (80.9) 3.0 (11.8) 1.7 (6.5)
that in muscle was also observed in the liver. Liver 5 5 21.4 (84.0) 27004 18(1.0)
The lipid content increased markedly at the end g,‘itiiﬂ 66.1 126(37.2) 104306 1338
mna
of feeding in all the groups, especially in the fish 1 66.1 12.4 (36.6) 14.1 (41.7) 1.4 (4.0)
) 2 62.6 10.4 (27.7 20.2 (64.0 1.1 (3.0
fed the SPC diet, from 10.4% (30.6% on dry 3 64.4 11.3§31‘7§ 16.8873; 1.424.0;
. o o . 4 66.6 10.9 (32.7) 15.4 (46.1) 1.7 (5.0)
basis) to 20.2% (54.0%), reflecting a marked 5 65.8 11.0 (32.3) 14.6 (42.7) 1.7 (5.0)
reduction in moisture content. The higher *! Samples from 10 fish were pooled for analysis.
contents of protein and energy in the diel might ** Values in parentheses are on a dry matter basis.

be responsible for this.

Expt. II: The dorsal muscle of the fish in the
conitrol fish meal group had a slightly higher
lipid content, linked to the decrease in moisture
content. In the liver, the lipid content in fish fed

the alternate protein diets were higher than that
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of the control group, reflecting the decrease of

moisture and protein contents. These differences
in the proximate composition could be associated
the

between the control and test groups in terms of

to differences in growth performances
utilization efficiency of dietary alternate protein

sources.

Hemochemical Characteristics
Blood biochemical parameters including plasma
enzyme activities in fish from Expts. I and II are

presented in Table 1 23.

Table 1-22. Proximate composition (%) of dorsal muscle
and liver from red sea bream fed the experimental
diets containing different types and levels of alternative
protein sources in aquariums

Moisture Crude Crude Crude
Diet no. protein lipid ash
Dorsal muscle
1 73.9 22.5 (86.2)* 2.2 ( 8.4) 1.7 (6.5)
2 74.5 22.4 (87.8) 1.7( 6.7) 1.7 (6.7)
3 75.0 22.3 (89.2) 1.6 ( 6.4) 1.8 (7.2)
4 74.8 22.3 (88.5) 1.4 ( 5.6) 1.8 (7.1)
5 74.6 22.2 (87.4) 20079 1.7 (6.7)
Liver
1 63.2 11.7 (31.8) 10.6 (28.8) 1.1 (3.0)
2 59.0 10.6 (25.9) 16.0 (39.0) 1.4 (3.4)
3 62.3 10.7 (28.4) 14.1 (37.4) 1.5 (4.0)
4 59.9 9.4 (23.4) 15.3 (38.2) 1.4 (3.5)
5 59.1 9.9 (24.2) 15.6 (38.1) 1.6 3.9

* See the footnote of Table 1-21.

Expt. I: There was no marked difference between the treatments in the hematocrit values which ranged from

26 to 30%. The lipid metabolites — triglyceride,

phospholipid,

total cholesterol,

and

free cholesterol

were all

within the normal ranges, but significantly higher in fish fed diets 24 than those on the conirol diet, suggesting

that the former fish were maintaining a physiologically stable status.

ALP activity, Both creatinine and

although the levels were different beiween the conirol and test groups.

total protein levels were also evaluated to be normal for all

Table 1-23. Results of hemochemical assessments in red sea bream fed the experimental
diets containing different types and levels of alternative protein sources

Diet no.
1 2 3 4 5
Expt. 1 **
Ht %) 27.943.4 26.9+1.4 30.0£3.5 28.143.4 26.6£3.2
ALP au /1 87.4+77.3"  119.6+78.1"  219.4+166.0° 115.8461.9%  78.6+46.4°
GLU (mg/ 100ml) 46.849.7% 46.0+2.9" 50.0+5.5" 46.6+1.7" 42,242 27
TG (mg / 100ml) 162.2437.4°  448.6+180.8" 336.0491.1° 385.4+253.6° 158.4+41.8°
PL (mg / 100m1) 718.6£89.2"  799.0£71.8"™ 953.2£79.9'  907.6+127.0°' 638.6+83.1°
TCHO (mg / 100ml) 246.6425.7°  261.8£18.3%° 302.4227.7°  288.0:27.3°"  208.8+26.7°
FCHO  (mg/100ml) 102.8+18.0"  111.0+28.6" 157.6+21.7° 156.2¢27.7°  100.0+16.2°
Ester ratio (%) 58.37+5.42  58.07+8.50  48.02:2.95  45.95:7.36  52.21£3.00
BUN (mg / 100ml) 5.62+1.28 5.16+1.45 4.98:1.15 4.40+1.00 4.86x1.35
CRE (mg / 100ml) 0.84£0.05°  0.68+0.08%  0.74%0.09"  0.74+0.05"  0.68+0.04
TP (g / 100mb) 2.78+0.16"  3.3240.18° 3.16£0.18°  3.02+0.37  2.68+0.22°
Expt. T **

Ht %) 39.843.1 39.3+4.2 37.144.3 38.0+2.3 37.0+2.1°
Hb (g / 100ml) 8.9+1.2 8.9+0.9 8.140.8 9.440.6 9.240.8
ALP au /1 29.8 54.0 28.4 27.7 28.4
GoT+* 39 70 27 21 22
GPT*? 12 33 8 16 12
TG (mg / 100ml) 744 748 670 885 481
TCHO (mg / 100ml) 366 388 288 302 278
TP (g/100ml) 6.620.6 5.9+0.8" 5.4%0.7" 5.8+0.7° 5.6x0.7"

*! Mean + standard deviation (n=>5). Figures in a row with different superscripts are significantly diffe-
rent from each other (p< 0.05) when analyzed using Duncan's multiple range test.
** Mean + standard deviation (n=10). Superscripts a & b indicate significant difference from the control
(a: p<0.05, b: p<0.01) when analyzed using £-test.

** Karmen unit.

The same tendency was observed for the

the groups,
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Expl. I: Hematocrit and hemoglobin levels were not much differen! beliween the groups and were within
the normal ranges. Both GOT and GPT activities were the highest in the fish fed the SPC diel, although not in
abnormal levels, il suggesied thai the fish were nol in a perfect state of health. As for the paramelers relaled (o
lipid melabolism, the iriglyceride level was the highest in fish fed diet 4, and the lowest in those on diet 5. The
total cholesterol of fish fed diets 1 and 2 was higher than the rest, though they were within the normal levels.
The tfolal protein level was higher for the conirol than the tesi groups, suggesiing superior protein metabolism in
the former fish.

The general (rend observed in the hemochemical examination revealed that there was no significant difference
in the physiological conditions between fish fed the fish meal diet and those on the alternate proteins.

The resulls obtained in the presenl and previous studies indicate thal the combination of SBM, CGM, and
MM at dietary levels of 3646% was effective in replacing fish meal in red sea bream diets, when their EAA
profiles are balanced and protein and energy contents are elevated to a level comparable to the fish meal diet.
The combination seems (o be particularly beneficial as a fish meal substitute for adult red sea bream. With
regard to SPC, further experiments would be needed {o clarify a suitable inclusion level for not only red sea

bream but also yellowtail in terms of protein quality and cost efficacy.
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Chapter 2: Use of Alternate Protein and Lipid Sources for Yellowtail
Use of Alternate Protein and Lipid Sources in Practical Feeds for Yellowtail

Development of a new type of dry pellet (SDP) for yellowtail and high protein high energy diets for red sea
bream has markedly increased the consumption of fish oil in Japan. However, decrease of sardine caich greaily
affected not only fish meal but also fish oil production. Both the products are now heavily dependent on the
imports.

Therefore, timely efforts are needed to identify substitule sources; thereby reducing the inordinate dependence
n fish oil. Combination of fish oil and other lipids would be useful in reducing the dietary unsaturation levels
and prolonging the stability of lipids during feed storage and lowering the in vivo peroxidation. Lipids play an
important role as an energy source and have a protein sparing action in many fish
species, but lipids rich in highly unsaturated fatty acids (HUFA) are susceptible to autooxidation or rancidity.
Animal fat like lard and tallow or plant oils are suitable in this respect as energy sources in fish feeds because of
their better resistance than fish oil to auto oxidation. They are mainly constituted by saturated and monoethylenic
fatty acids, although grease contains a relatively high amount of linoleic acid (18:2n 6).

Their availability to fish as energy source is completely dependent upon their digestibility which is affected by
the melting point (mp). Hydrogenated oils with mp. of 53°C were poorly digested in both carp and rainbow
trout, but beef tallow of mp. 3840°C was effectively utilized, digestibility being more than 70% regardless of fish
size (Takeuchi et al 1978, 1979). These results indicate that these animal fats are available to fish as dietary
energy source when they are used with appropriate amounts of marine lipids which can provide the necessary
levels of EFA (essential falty acid) without any adverse effect on fish. In facl, juvenile rainbow trout were
cultured with diels containing 79% beef tallow for {wo years until they grew up to broodstock, which produced
quality egg (Takeuchi et al. 1981).

Recenl results on the use of plant oil in SDP for yellowlail have shown that fish oil could be replaced up to 50

*t Against this back ground, and on the basis of recent data that the

60% by palm oil without any ill effects
proportion of fish meal can be reduced to 3040% by using a combination of SBM, CGM, and MM in extruded
dry pellets (EP) for vyellowtail (Watanabe et al. 1995), this experiment was conducted to evaluate nutritional

quality for vellowtail of EP formulated to contain both alternative protein and lipids.

Materials and Methods

FExperimental Diets

The ingredient composition and their proximate values are shown in Table 21. Diets 16 were test diefs and
diet 7 was a conirol diel which was a commercial yellowtail SDP containing 65% fish meal and 15% fish oil
(sardine oil), as main protein and lipid sources (Sakamoto Fish Feed Co.). Test diets were formulated to contain
SBM, CGM, MM, and BM in different proportions as alternate proteins at total levels of 28 33%, reducing fish
meal levels to 4030% (substitute 3854% of lish meal content in the control diet). Diets 14 had the same
formulation, containing 8% SBM, 10% CGM, and 10% MM, to investigatethe availabilily of alternate lipid sources.
Diet 1 contained 20% fish oil (pollack liver oil) as a main lipid ingredient. Fish oil in diet 1 was diluted by
50% with palm oil in diet 2 and beef tallow (mp. 3941°C) in diet 3 or a mixture of both lipids in diet 4,
respectively. In diets 5 and 6 fish meal component was further decreased to 35 and 30% by inclusion of BM in
addition to SBM, CGM, and MM respectively, and fish oil was diluted by 50% with a combination of three oil

*4 T 'Watanabe et al. : Abst. Metg, Japan. Soc. Fisheries Sci, September, 1997, p. 44 (in Japanese).
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ingredients as diet 4. All of the test diets

were incorporated with 7.4% gelatinized

Table 2-1. Composition of the experimental diets with alternate
protein and lipid sources for yellowtail

starch (alpha starch) as the binder. The

Diet no.
, ) . . Ingredient(%) 1 2 3 4 5 6
vitamin and mineral mixiures were b moal 10 70 20 10 35 30
supplemented to satisfy therequirement of Soybean meal 8 8 8 8 8 8 5
bp v a Corn gluten meal 0 10 10 w0 18 15 %
yellowtail (Takeda 1985). These test diets Meat meal 10 10 10 10 10 10 3
Blood meal 0 0 0 0 2 5 <
were all prepared to pellets of 6 and 8 Pollack Tiver oil 20 10 10 10 10 10 2
_ . ' , Palm oil 0 10 0 5 5 5 -
mm diameter using a small size of twin Beef tallow 0 0 10 5 5 5 £
. Gelatinized starch 7.4 7.4 7.4 7.4 7.4 7.4 g
screw extruder (Buhler Co.) by Nippon Vitamin mixture 9 5 9 9 9 9 g
Mineral mixture 2.6 2.6 2.6 2.6 2.6 2.6
Formula Feed Co, and the conirol SDP Nutrientcontents determined (% asis basis)
was produced by a large size twin screw Crude protein 474 475 481 480 490 484 462
_ Crude lipid 253 268 272 260 277 282 225
extruder (Buhler Co.). The diets were Crude ash 9.0 9.2 8.9 9.0 8.4 8.2 9.5
) . ) Moisture 4.3 3.5 3.1 3.1 3.0 3.3 6.1
kept in a freezer (—20°C) during the Digestible protein 42.7 4277 439 438 441 434 416
, ) Digestible energy 4.8 4.8 4.8 4.8 4.9 4.8 4.6
experimental period. (keal / g diet)

The crude protein content was 47.4 * Fish meal content : 65%

49.0% for the test diets and 46.2% for

the control. The crude lipid level was also lower in
the conirol diet, resulting in the lowest dietary gross
energy content. The dietary amino acid contents
calculated based on those of each feedstuff are shown in
Table 22. In all diets, the dietary EAA levels exceeded
the requirement of yellowtail determined by Watanabeet
al.** The fatty acid composition of experimental diets
analyzed by the same method described previously is
shown in Table 23 (Izquierdo et al. 1989). The
percentage of n3 HUFA, the EFA for vellowlail, in diet

1 and the control diet was 4.2 and 5.4%, respectively,

Table 2-3. Certain fatty acids in the experimental diets with alternate

Table 2-2. Amino acid composition of the experimental

diets with alternate protein and lipid sources for

vellowtail (% of protein ingredients) *

Amino acid Diet no.
1 2 3 4 5 6
Arginine 3.6 3.6 3.6 3.6 3.5 3.5
Lysine 4.2 4.2 4.2 4.2 4.1 4.0
Histidine 1.7 1.7 1.7 1.7 1.8 1.9
Phenylalanine 2.8 2.8 2.8 2.8 3.0 3.2
Tyrosine 2.1 2.1 2.1 2.1 2.2 2.2
Leucine 5.6 5.6 5.6 5.6 6.0 6.3
Isoleucine 2.6 2.6 2.6 2.6 2.5 2.5
Methionine 1.5 1.5 1.5 1.5 15 14
Cystine 0.7 0.7 0.7 0.7 0.7 0.7
Valine 3.2 3.2 3.2 3.2 3.3 3.3
Threonine 2.5 2.5 2.5 2.5 2.5 2.5
Tryptophan 0.6 0.6 0.6 0.6 0.6 0.6
Total 31.1 311 311 311 317 321

* Calculated based on the EAA composition of each ingredient.

protein and lipid sources for yellowtail

Fatty acid Diet no
(% area) 1 2 3 4 5 6 7
14:0 6.2 3.2 4.1 3.8 3.9 3.7 74
16:0 16.5 23.3 20.0 22.8 23.4 23.1 18.0
16:1 8.7 4.3 5.7 5.1 5.2 5.1 8.2
18:0 3.2 3.9 9.1 6.4 6.4 6.3 2.2
18:1 22.4 32.9 31.2 32.4 33.4 334 10.9
18:2n-6 3.6 7.8 3.6 6.7 6.7 6.9 3.3
20:1 7.1 4.3 4.2 4.2 3.9 3.7 5.9
20:5n-3 9.1 5.2 5.1 4.8 4.6 4.6 11.1
22:1 4.8 3.0 3.0 2.3 2.7 2.5 7.7
22:6n-3 6.0 4.6 4.1 3.8 3.0 3.6 10.5
= Saturated 279 31.8 35.3 34.7 34.4 33.8 28.4
> Monoene 43.0 44.5 441 44.0 45.2 44.7 32.7
=n-6 4.8 8.6 4.5 7.5 7.5 7.7 4.3
>n-3 19.2 12.2 11.6 11.0 9.8 10.4 29.2
>n-3 HUFA 16.6 10.8 10.1 9.5 8.3 8.9 23.1
>n-3HUFA in diet (%) 4.2 2.9 2.7 2.5 2.3 2.5 5.2
PI*! 127.5 89.6 80.4 79.1 71.7 71.5 191.9
ur+? 174.9 141.9 128.4 130.0 123.8 129.3 229.8

*! Peroxidizability index = (% of monoenex(.025) + (% of dienex1) + (% of trienex2) +
(% of tetraenex4) + (% of pentaenex6) + (% of hexaenex8).

*% Unsaturation index = (% of monoenex1) + (% of dienex2) + (% of trienex3) +

(% of tetraenexd) + (% of pentaenex6) + (% of hexaenex8).
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being higher than the rests (2.32.9%) where the fish oil was replaced with alternale lipids. Diets 2 (palm oil)
and 3 (beef t{allow) were high in 18:2n6 and 18:0, respectively, reflected by the fatty acids from the
corresponding sources. Moreover, dilution of fish oil resulted in reduction of peroxidizabilily index (PI) and
unsaturated index (UI) of diets. The PI of 127.5 in diet 1 was reduced to 71.7 89.6 in the test diel, and similarly
the Ul of 1749 in diet 1 was reduced to 123.8141.9 in the test diets. The difference of PI and UI values
between diet 1 and the control diet was due the difference of n3 HUFA content between feed oil (pollack) and
sardine oil. The dielary n3 HUFA level salisfies the requirement of yellowtail for all the experimental diefs
(Deshimaru et al. 1982).

Feeding Condition

Two feeding experiments were conducted with yellowtail (Seriola quinqueradiata) at the Owase Branch,
Fisheries Research Institute of Mie (Expt I) and at the Oita Institute of Marine and Fisheries Science (Expt. II).

Expt. I : Young yellowtail weighing about 172 g on average, which had been preliminarily cultured with
commercial exiruded pellet for aboul two months, were divided into seven groups of 350 fish each, maintained in
net cages (3X3X3 m) set in an inlet, and reared on the experimental diets for 97 days, from Aug.22 to Nov.26
(67 days feeding). The fish were handfed once per day in the morning to near satiation level.  Water
temperature ranged from 184 to 27.5°C with an average of 23.2°C (2 m in depth) throughout the rearing period.

Expt. II: Young yellowtail with an initial body weight of about 142 145 g, which had been fed a commercial
dry pellet for about two months, were stocked in four net cages (3X3X3 m), 300 fish each. They were reared
on diets 14 for 93 days from Sep.4 to Dec.b (73 days feeding). Diets were fed to fish once a day in the
morning to near satiation. The water temperature ranged from 17.9 to 25.5°C (average 22.6°C).

In both experiments, all fish in each cage were counted and weighed to determine the average body weight
almost every month. Al the end of feeding 10 fish were randomly collecied from each group for delermination
of proximate composition and fatty acid composition of dorsal muscle and liver by the same methods described in
the previous papers (Izquierdo et al. 1989, Watanabe and Pongmaneerat 1991). In Expt II, the contents of
viltamins A and E in dorsal muscle and liver were also analyzed by the {echniques described previously
(Verakunpiriva et al. 1996).

Examination of Hemochemical Characteristics

In both experiments, 5 fish were faken f{rom each lol on lermination of the experiment lo delermine the
hemochemical constituents for evalualion of health status of fish.  Blood biochemical parameters were all
determined by the same methods described in the previous paper (Watanabe et al. 1992). The ANOVA was
conducted {o determine the significance of (realmen! effects, and the difference belween means were evaluated by

Duncan’s multiple range test (p<<0.05).

Results and Discussion

Feed performances

Expt. I: Results of the feeding experiment are shown in Table 24. Palatability and acceplability of diets were
not influenced by inclusion of both alternate proteins and lipids, and fish in all of the frealments showed good
feeding activity as observed in the former experiment*!, Daily feed consumption was not different between diets
and ranged from 2.45 to 2.60% for all the treatments. The final body weight was 596 g for the control and 563
607 g for the test groups. The best growth rate was observed in fish fed diet 3 (40%fish meal + 10%fish oil +

10%beel tallow), but there was no marked difference in growth parameters between the fish fed the EP with



Hideo AoKI

40% fish meal irrespective of the dietary Table 2-4. Growth and feed performances of yellowtail fed the
lipid sources, and those on the control experimental diets with alternate protein and lipid sources

diet. On the other hand, growth rate, feed Avbody wt. Growth Feed Daily  Protein
. ) ) o o Diet no. (g) rate gain feed efficiency Mortality
gain ratio, and protein efficiency ratio in Initial _ Final (%) ratio  intake  ratio (%)

lish led the EP with 35 and 30% fish  “ V&2~ 5ep23 (25 days feeding)

1 171 339 98 1.15 3.00 1.83 0.9

. . . 2 171 337 97 1.15 3.02 1.83 0.9

meal were slightly inferior to those of the 3 71 396 90 Lo5 308 166 14

control. The decrease of growth and feed 4 171 334 93 1.20 3.04 L74 2.3

5 171 334 94 1.19 3.04 1.71 0.9

performances of fish fed the low fish meal 6 171 326 90 1.24 3.09 1.67 0.0

_ . 7 172 322 87 1.27 3.07 1.70 1.1
diets might be due to the lower content of Sep.24 ~ Oct.27 (24 ~ 26 days feeding)

o ' i i 1 339 491 42 1.77 2.55 1.19 0.3

methionine resulting from the inclusion of 9 337 479 39 1.90 2.59 L1l 0.0

, , 3 326 489 47 1.69 2.66 1.23 0.9

BM. The mortality of fish was generally 1 234 484 P 185 2.67 113 19

low for all the treatments, suggesting that 5 334 463 36 2.10 2.67 0.97 L5

6 326 467 41 1.91 2.68 1.08 1.4

all fish were in good health condition 7 322 459 40 1.99 2.75 1.09 1.5

) ) ) Oct.28 ~ Nov.26 (18 days feeding)

during the experimental period. 1 491 602 20 1.96 1.95 1.08 0.0

) , 2 479 591 19 2.04 1.99 1.03 0.3

Expt. II: Feeding results are shown in 3 489 607 21 1.86 1.94 1.12 0.0

. 4 484 588 19 2.10 2.03 0.99 0.0

Table 25  As observed in Expt. I, the 5 463 563 18 231 211 0.88 0.0

O o . 6 467 568 18 2.24 2.06 0.92 0.3

palatability and acceptability to fish were ; 159 296 25 190 236 114 0.0

not affected by inclusion of alternate lipid Whole period (67 ~ 69 days feeding)

1 171 602 227 1.54 2.45 1.37 1.1

sources. There was no marked difference 2 171 591 220 1.60 2.50 1.32 1.1

. 3 171 607 226 1.55 2.46 1.34 2.3

in growth performance among the groups 4 171 588 216 1.62 2.51 1.29 3.4

L . 5 171 563 204 1.72 2.59 1.19 2.3

fOr the lnltlal mOH[h. The flnal bOdy 6 171 568 209 1.69 2.57 1.22 1.7

7 172 596 216 1.68 2.60 1.29 2.6

weight and growth rate for fish fed diets 2

(10% palm oil) and 3 (10% beel tallow)

were slightly lower than those on diets 1 Table 2-5. Growth and feed performances of yellowtail fed the
) ) ) experimental diets with alternate protein and lipid sources
(20% fish oil) and 4 (5%palm oil +

5%bee! lallow). Feed gain ralio ranged ) Av.body wt. Growth  Feed Daily  Protein ]
Diet no. (®) rate gain feed efficiency Mortality
from 1.54 for the diet 4 group to 1.63 for Initial _ Final (%) ratio intake ratio (%)
Sep.4 ~ Dec.5 (73 days feeding)
the diet 2 group, and was also slightly 1 142 704 396 1.56 3.95 1.39 1.5
2 7 . . . .
reduced in fish fed diets 2 and 3. The 3 }j‘;’ géé ggg }g? i_gg }g; ?g
4 144 715 397 1.54 3.91 1.43 1.0

similar tendency was observed for prolein
efficiency ratio value.

In an earlier study*!, growth and feed performances of juvenile yellowtail fed the same test diets with 40%
fish meal (diets 24) were approximately equal to those of fish on the contirol 20% fish oil diet, though a 15%
beel tallow diet (substitution of 75% fish oil) resulted in slight reduction of these parameters, probably due to
deficiency of EFA conlent in the diel. The performance paramelers of fish fed the alternate protein and lipid
diets in the present experiment showed almost similar trends as shown in the former experiment*', Thus, it was
confirmed that palm oil and beef tallow alone or a combination of both oils in 1:1 can be used as dietary energy
source at a level of 10%, replacing 50% of fish oil, in the EP formulated with alternate proteins up to 28% (40%
fish meal level) for young yellowtail without ill effects.

Lipid plays an important role as EFA and energy sources in fish feeds. As mentioned above, lipids of
any kind, having high digestibility, can be used as dietary energy source, provided they are used along with
marine lipids which coniribute the necessary level of EFA; n3 HUFA in the present case. It has been found
that some animal and plant lipids combined with marine lipids can be utilized as energy source in diefs for

rainbow trout (Takeuchi et al. 1978, 1981, Yu et al. 1977a, 1977b), carp (Takeuchi et al. 1978), and channel
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catfish (Murray et al. 1977) without reduction of growth and feed performances. The present study has also

shown that beel tallow with mp. of 39 41°C could effectively be utilized as energy source in diet for yellowtail

Proximate Composition
The protein, lipid, ash, moisture, and

energy contents and the vitamins A and
Table 2-6. Proximate composition (%) of dorsal muscle and liver

E conlents in dorsal muscle and liver of vellowtail fed the experimental diets with alternate protein
are shown in Tables 26 and 27, and lipid sources™
respectively. _ Moisture Crude Crude Crude Gross energy
Expt. I : The crude protein content Diet no. protein lipid ash (keal / )
o Expt. I
in both dorsal muscle and liver did not Dorsal muscle _
i o ) Initial : Aug. 22 73.6 23.3 (88.3)*2 1.5( 5.7) 1.7 (6.4) 1.4
differ largely between the initial and final Final : Nov.26
i , ) 1 68.2 23.6 (74.2) 4.6 (14.5) 1.8 (5.7) 2.1
fish. There was no marked difference in 9 68.9 24.1 (77.5) 5.0 (16.1) 1.9 6.1) 1.9
, . 3 68.5 24.3 (77.1) 5.4 (17.1) 1.8 (5.7) 1.9
the protein and ash contents in both 4 68.6 23.8 (75.8) 6.6 (21.0) 1.96.1) 1.9
tissues among the dietary groups. The 5 70.4 23.9 (80.7) 5.3 (17.9) 1.8 (6.1) 1.8
6 69.2 24.0 (77.9) 5.7 (18.5) 1.9(6.2) 1.8
final values for the crude lipid content in 7 68.5 23.7 (75.2) 7.1(225) 2167 2.0
Liver
the tissues recorded a significani rise Initial 72.8 13.8 (50.7) 4.8 (17.6) 1.4 (5.1) 1.5
o Final
from the initial values and ranged from 1 48.6 10.7(20.8)  33.9 (66.0) 1.0 (L9 3.5
o o 2 55.4 11.6 (26.0) 27.6 (61.9) 1.0 (2.2) 4.3
4.6 1o 6.6% and from 27.6 to 34.4% in 3 540  112(243) 29.2(635) 1022 38
muscle and liver, respectively, and 4 51.7 10.7(22.2) 344 (71.2)  0.9(L9) 4.0
5 56.5 12.1 (27.8) 30.2 (69.9) 1.0 2.3) 3.5
showed no definite relationship linked to 6 54.1 10.8 (23.5)  28.9(63.0) 0.9 (2.0) 3.8
) ) 7 53.5 10.7 (23.0) 29.9 (64.3) 0.9 (1.9) 3.7
dietary (reatments. The moisture conient Expt. I
. ) Dorsal muscle
in muscle was not markedly different 1 70.1 24.0 (80.3) 4.4 (14.7) 2.6 (8.7) o
P 2 70.0 25.2 (84.0) 4.6(15.3)  2.3(7.7) -
among the treatments, but that in liver 3 69.8 25.3 (83.8) 46 (15.2) 2.6 (8.6) B
appeared to be inversely related to lipid L 4 69.4  25.0@8L7)  52(17.0) 2.2(7.2) -
dver
levels. 1 40.6 9.9(16.7) 45.3(76.3)  0.5(0.8) —
2 44.2 11.2(20.1)  39.9(71.5)  0.5(0.9) -
Expt. T : There were no marked 3 44.6 10.8 (19.5)  39.0(70.4) 0.8 (1.4)
4 40.9 10.9 (18.49)  40.8 (69.0) 0.8 (1.4) —

differences in the moisture, protein, lipid,
1 Samples from 10 fish were pooled for analysis.

*2 Pigures in parentheses are values on dry matter basis.
and liver from each lot. The lipid content ** Not determined.

and ash contents of both dorsal muscle

in liver ranged from 39.0 to 45.3%, being
generally higher than that obtained in Expt. I. This

difference might be due to the difference of fish size Table 2-7. Proximate composition (%) of dorsal muscle
and rearing conditions in terms of feeding rate and apd liver of yellow{?” fed ”.le. experlmegtal diels
with alternate protein and lipid sources

water temperature. The vitamin A content in both

. , , , , Diet no.
dorsal muscle and liver was slightly high in the fish 1 ) 3 1
. . o . . . Dorsal muscle
fed diet 1 with 20% fish oil. This might be due to Vitamin A (U/ @) 0.54 0.43 0.42 0.39
a higher vitamin A content in fish oil compared L‘VltammE(“g/g) 178 2.51 2.79 3.04
iver
to alternate lipids. However, the vitamin E content in Vitamin A (IU / g) 1181 945.8 1077 1003

VitaminE (pg/g)  26.07 34.07 85.03 19.42

* Samples from 10 fish were pooled for analysis.

both the tissues was higher for the fish fed alternate
lipid diets, except the liver of fish on diet 4  The
higher vitamin E contents in fish fed diets with lower
levels ol unsaturation suggested reduced degrees of in

vivo peroxidation, as already observed in the former
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study™*, Table 2-8. Fatty acids composition of total lipids in the muscle and
liver from yellowtail fed the experimental diets with alternate
protein and lipid sources™'

Fatty Acid Composition

, o Fatty acid Tnitial Diet no. (Final
Some fatty acids of total lipids in (.;o ;;s;; mha 1 3 3 < nz (Fina )5 5 =
dorsal muscle and liver from fish in E Doﬁ?ém““]e 6.0 46 30 34 - 34 34 6.6
xpts. I and I are shown in Tables 2 16:0 23.8 162 217 179 198 204 204 196
16:1 8.1 7.8 4.7 6.1 5.4 5.3 5.3 9.0
8 and 29, respectively. 18:0 4.2 3.2 3.6 6.2 5.1 5.2 5.1 2.9
i i 18:1 12.8 254 365 362 363 362 365 138
Expt. I: In both the tissues their 18:2n-6 5.2 3.4 8.4 4.0 6.7 7.0 7.2 4.0
, . 20:1 5.9 9.1 2.0 4.7 4.6 45 45 7.1
fatty acid compositions were clearly 20:5n-3 5.9 73 3.7 43 40 3.6 35 73
. o . . 24 7 i
reflected by dietary lipids, fish oil and géjén_s 12% gg g? gz g? gé i'? ég
alternate oils. Dilution of fish oil with gf/latumted FA gfg igg ig? Zg-; Zg-g 4213'(75 ig'(li 292
onoene . . . . X . . 7.
palm oil or beef tallow increased the Zn-6 6.4 4.8 9.1 5.3 7.7 8.0 8.3 5.4
=n-3 234 180 11.3 134 118 113 100 228
percentage of 18:1 and 18:2n6, and =n-3 HUFA 20.0 158 10.0 121 105  10.0 87 179
%2 - - e

decreased n3 HUFA such as 20:5n3 P 6712 87 %9 89 87 15l
UI* 205 177 141 154 145 142 133 194

and 22:6n3. These fatly acids profiles Liver
i 14:0 5.0 2.8 1.8 1.8 2.2 2.2 2.2 3.8
affected the PI and UI values in the 16:0 23.1 171 176 147 175 168 174 189
, 16:1 7.5 6.7 4.0 4.1 4.7 4.0 46 8.1
muscle and liver. Both PI and Ul 18:0 3.9 40 52 55 58 58 61 37
were reduced in the (wo tissues igfén_ﬁ 12,? 32? 42‘2 42"21 42'(75 4‘;"? 4;"2 2§'§
compared (o the initial data. This gg‘; 5 gi i-? ‘91‘5; oa 2‘; ‘i-g 251)
ion- . . L. . . . . .
might be due to a higher unsaturation 22:1 3.3 3.4 16 1.6 1.4 17 15 3.3
. . 22:6n-3 11.2 4.4 2.5 2.8 2.3 2.5 1.9 7.9
level of the diet used in the > Saturated FA 329 245 250 225 261 253 262 269
o ) = Monoene 33.9 539 563 539 543 563 566 433
preliminary feeding. The PI and UI >n-6 71 4.4 9.5 4.7 78 8.3 8.4 4.9
values in the conirol fish fed fish oil IhHURA e S dro s1m4 T4 84 208
were highest in both muscle and liver, PI*% 156 94 59 62 57 58 51 140
Ur=? 196 151 122 119 120 121 114 188

and was lowered by dilution of fish oil
*1 Samples from 10 fish were pooled for analysis.

with palm oil or beef {allow. *2 See the footnote of Table 2-3.

Expt. I : Incorporation of dietary
fatty acids into the muscle was almost
the same as that observed in Expl. I. Reduction of dietary unsaturalion levels by dilution of fish oil with palm
oil or beef lallow resulied inlower levels of Pl and Ul in the muscle. However, no remarkable difference was
found in faily acid composition in liver lipids among the (reaiments, although the reason for the difference
between Expis. I and II was unknown.

In both Expls. I and I, the values for Pl and Ul were higher for the muscles than liver due (o a higher

accumulation of n3 HUFA in the former tissue.

Hemochemical Characteristics

Results of hemochemical examination in Expts. I and I are shown in Table 210. In Expt. I, there was no
significant difference in all the blood biochemical parameters together with condition factor and hepatosomatic
index beiween the (reaiments, suggesting that all the fish were in almost the same physiological conditions.
Moreover, no abnormal level was observed in blood characteristics in fish of all the groups. Also, in Expt. II, the
blood parameters wereallwithin the normal ranges, although the levels of lipid metabolites (phospholipid, total
cholesterol, and free cholesterol) from fish fed diets 3 and 4 were higher than those of fish on diets 1 and 2
suggesting that the former fish were probably in a better health condition. From these results, it appeared that

fish fed diets with both fish oil and alternate lipid sources were maintaining a good physiological condition. Thus,
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feeding the diels conlaining both alternate protein and lipid
sources did not influence the health conditions of yellowtail

In conclusion, the resulls of this study clearly confirmed
that efficient EP diels for yellowiail may include combinations of
SBM, CGM, MM, and BM as diefary protein source up to 38%
(substitution of about 54% fish meal), and palm oil and beef
tallow alone or in a I1:1 ratio as lipid source (replacing about
50% of lish oil). In general, the results obtained in the present
and earlier experiments have clearly shown thal adequate
alternate prolein and lipid sources can successfully replace
around 50% of both fish meal and fish oil in the yellowtail EP.

Table 2-9. Falty acids composition of total
lipids in the muscle and liver from
yellowtail fed the experimental diets with

alternate protein and lipid sources™'

Fatty acid Diet no.
(% area) 1 2 3 4
Dorsal muscle
18:0 4.1 4.5 6.9 5.6
18:1 23.3 36.0 35.5 36.4
18:2n-6 3.0 7.9 3.9 6.1
20:1 13.0 6.6 6.4 6.3
20:5n-3 5.6 3.2 3.6 3.7
22:5n-3 1.6 1.1 1.2 1.2
22:6n-3 8.6 5.9 6.6 6.3
> Saturated FA  22.3 26.1 26.9 26.3
Z Monoene 52.4 51.2 51.5 51.1
Zn-6 4.5 9.0 5.6 7.5
Zn-3 17.9 11.5 129 12.5
>n-3 HUFA 16.4 10.6 11.8 11.5
PI** 130 91 98 97
UT+? 161 134 136 136
Liver
18:0 6.3 54 6.3 5.9
18:1 46.5 45.5 46.7 46.5
18:2n-6 4.1 8.7 4.1 6.2
20:1 6.9 6.4 6.9 6.0
20:5n-3 2.4 2.5 24 2.6
22:5n-3 2.4 2.1 2.5 2.3
22:6n-3 3.3 34 34 3.7
> Saturated FA  21.1 21.5 213 22.2
Z Monoene 60.9 58.0 60.3 58.0
>n-6 6.0 10.1 6.0 7.8
>n-3 9.5 9.3 9.8 10.1
*n-3 HUFA 8.8 8.7 9.0 9.3
PI** 72 74 73 77
Ur+* 126 132 126 129

*! Samples from 10 fish were pooled for analysis.
*2 Gee the footnote of Table 2-3.

Table 2-10. Results of hemochemical examination in yellowtail fed the experimental diets

with alternate protein and lipid sources™

Diet no.
1 2 3 1 5 6 7
Expt. I
Ht (%)  50.122.3 48442  50.3t15 50.1£24 51.8+1.9 51.9+2.1  50.6+2.8
ALP aqU /1) 13418 100£10 10817 121435 142421 125423 131423
GLU (mg / 100m1) 107+17 102+8 108+4 11046 11348 110£13 112£12
TG (mg/100ml)  247+40 299:34 224465 265£68  225+27 2644100 227107
PL (mg/100ml)  828+105 76665 795479 778107  762+19 812495  901x128
TCHO (mg/100ml) 30345 271430 312422 291441 28127  296+23 329457
FCHO (mg / 100ml) 120+17 116210 120411 11515 113+11 115£10 138+13
BUN (mg/100ml)  14.6£1.8  10.3:0.6  11.8+2.2  13.3%29  12.2+2.0 14.4+24  13.0:2.8
CRE (mg / 100ml) 1.0+0.1 1.0£0.1 1.040.2 0.940.1 0.9+0.1 1.0£0.1 1.0£0.1
TP (g / 100ml) 3.7£0.4 3.4+0.3 3.740.2 3.6+0.3 3.7+0.3 3.740.1  4.0£0.2
Condition factor 16.840.4  17.0¢1.0 16.4+0.8  16.1x0.4 16.9+1.1 17.240.7 17.3%0.6
Hepatosomatic index (%)  1.8520.17 1.60£0.15 1.62+0.35 1.70+0.25 1.54+0.21 1.83+0.28 1.89+0.05
Diet no.
1 2 3 1

Expt. IT
ALP au /1 139427 154411 137£14 151423
GLU (mg/ 100ml) 11045 11646 11145 121421
TG (mg / 100m1) 105+30° 82+18° 98+44%  176+52°
PL (mg/100ml) 80226 789454 813+22 86389
TCHO (mg / 100ml) 318£10°  328+15°  352+8" 344421
FCHO (mg / 100ml) 11648 1219 12427 14120
BUN (mg/100mD)  16.1x2.4° 12.1+2.0° 10.3+2.2% 12.4+1.2°%
CRE (mg / 100ml) 1.0£0.1 1.1£0.2 1.0£0.1 1.120.1
TP (g / 100ml) 3.440.1°  3.6£0.2" 3.540.2°  3.8+0.1"

* Data are shown as mean + standard deviation (n=5). Figures in a row with different superscripts are significantly
different from each other (p< 0.05) when analyzed using Duncan's multiple range test.

— 51—



Hideo AoKI

Chapter 3: Trial to Culture Yellowtail and Red Sea Bream
with Non-Fish Meal Diets

3.1 Effect of Dietary Fish Meal Levels on Growth Performances

Over the last several years, there has been a slump in the domestic production of fish meal for fish feeds
because of the quick drop in the caich of sardine, and the soaring cost for feed production. In this conlex,
many studies are being conducted to investigale the availability of alternate protein sources as substitute for fish
meal in order to maintain a constant feed supply. Our atlempis (o replace fish meal component have proved that
SBM can be included up to 30% in combination with fish meal in dry pellets for yellowtail (Watanabe et al.
1992, Vivakarn et al. 1992) and red sea bream (Chapter 1.2.1). Moreover, it was also demonstrated that a
combination of SBM with CGM and MM can replace around 60% of fish meal in diets for both two species
(Watanabe et al. 1995 Chapter 1.2.2 1,2). These results showed that SBM, CGM, and MM have the potential of
becoming excellent feed protein ingredients for marine fish. The knowledge oblained from these studies would
contribute to develop practical feeds formulated with alternate ingredients.

On the other hand, the availability of several animal by products, such as MBM, BM, and PFM as fish meal
replacer have also been examined in fish feeds. The protein content of these materials is generally high (around
5085%), but their amino acid profiles are inferior to fish meal in terms of quality and quantity of EAA.
Therefore, it was reported that nufritive value of MBM was lower than that of fish meal for rainbow f(rout
(Watanabe and Pongmaneerat 1991) and common carp (Pongmaneerat and Watanabe 1991). However, some
studies indicated that the proportion of fish meal in the diets could be partially replaced by MBM and/or PFM
without marked decrease of growth and feed performances in yellowtail (Terada 1994) and Japanese flounder
(Kikuchi et al. 1994, 1997).

Thus, serious efforts are being made to reduce fish meal component in practical diets using other animal and
plant protein sources. The final goal is (o enlirely eliminate fish meal from fish feeds and develop non fish meal
diets as in the case of animal feeds. In the presenl study, therefore, three feeding experiments were conducied
{o obtain basic information on the availability to yellowtail and red sea bream of low or nonfish meal diefs

formulated with SBM, CGM, and MM including some animal by products.
Materials and Methods

FExperimental Diets

The ingredient composition and proximate analysis of the experimental diets are shown in Table 3 1. The
experimental diets were prepared as exiruded pellets (6 and 8 mm in diameter) using a large size of twin screw
exiruder by Sakamolo Fish Feed Co. Diet 1 was the conirol diel confaining 65% fish meal as a main protein
source. In diet 2, the combination of 8% SBM, 10% CGM, and 10% MM was used to replace 31% of fish meal
in the control diet (fish meal 40%). Besides these three alternate materials, 10% MBM was added to diet 3 to
substitute 54% of fish meal in the control diet (fish meal 30%). Diets 4 and 5 contained the combination of
these four materials (each 10%) together with PFM (4 and 8%) and BM (5 and 8%) to replace 69 and 85% of
fish meal in the control diet, respectively (fish meal 20 and 10%). Diet 6 was a nonfish meal diet prepared by
replacing 10% fish meal in diet 5 with 10% krill meal. Control and test diets were supplemented with vitamin
and mineral mixtures, at 24 and 5%, respectively, to satisfy the requirements of yellowtail (Watanabe et al. 1991).
Fish oil was added at 16 20% to diets to adjust the lipid level to approximately 20%. The diets were kept in

freezer (—20°C) until use.
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The crude protein content was about Table 3-1. Composition of the experimental low or non lish
47% for all the diets, except a slightly lower meal diets for yellowtail and red sea bream
value of 45% for diet 6. The crude lipid Ingredient%) Diet no.
ngredient(% 1 2 3 4 5 6
level of the control diet was 23.7%, and was Fish meal 65 40 30 20 10 0
) . o Krill meal 0 0 0 0 0 10
higher than that of test diets (18.420.5%). Defatted soybean meal 5 8 9 10 10 10
, C Tut, 1
Gross energy content of the control diet (5.6 Mf;?n‘;;nmea g ig }g 18 }g }g
. : Meat and bone meal 0 0 10 8 10 9
kcal/g) was slightly higher than that of test Poultry feather moal 0 0 0 1 5 5
diets  (5.05.2 kcal/g).  The crude ash Blood meal 0 0 0 5 8 8
Wheat flour 10 9 8 8 8 8
content of conirol diet was slightly lower Mineral mixture 5 5 5 5 5 5
i ) Vitamin mixture 4 2 2 2 2 2
than that of the rest The amino acid Feed oil 11 16 16 18 19 20
tent ! th , tal diet lvzed Nutrient contents determined : As is basis(%)
conlenis o ¢ experimenial diels analyze Crude protein 472 474 479 468 46.7 451
by Japan Food Research Laboratories are gxgggﬁd 23'(7) ﬁg ﬁ’g 1?'3 }?"11 ?8“7’
given in Table 32 Among the EAA for lish, lélomure (keal /9 gé g-g 70 70 55 65
ross energy (kcal/ g . . 5.1 5.1 5.1 5.2
the content of lysine, methionine, threonine, Dry matter basis(%)
. ' . . Crude protein 497 516 515 50.3 494 482
and isoleucine decreased linearly with Crude lipid 250 212 213 205 195 219
, ) ) Crude ash 95 123 1265 11.8 11.7 114
decrease in dietary level of fish meal
Especially the lysine and methionine contents
in diets 5 and 6 were only about 6070% of Table 3-2. Amino acid composition of the experimental low or
the confrol diet. In conirast the leucine and non fish meal diets for yellowtail and red sea bream
phenylalanine conients increased as fish meal Amino acid Diet no.
) , (g/100g diet) 1 2 3 4 5 6
decreased in the diets. Other EAA contents Arginine 261 242 2.42 2.41 2.42 2.38
0 tesl diel iy | than (h Lysine 3.42 2.74 2.55 2.53 2.36 2.37
In lest diels were generally lower than (hose Histidine 1.43 1.14 1.06 1.21 1.36 1.25
of the conirol The folal amoun! of EAA %‘fgféanme i'ig }'Zg }‘ié }'Zg ﬁg ?(25(13
was highest in the control diet. Thus, the %exllcing ;gé igg ?{.gg ?(75(7; z;.g(l) 31’2;
soieucine . . . . . .
EAA levels of test diets were lower than the Methionine 1.32 1.10 1.05 0.92 0.78 0.75
Valine 2.30 2.18 2.12 2.30 2.49 2.45
control diet, but EAA were not supplemented Alanine 2.64 2.84 2.77 2.79 2.83 2.65
. . ) Glycine 2.59 2.92 3.07 3.00 3.01 2.73
to the test diets to ﬁd]USt their EAA levels to Prf),line 2.20 2.58 2.77 2.85 3.10 2.94
be equivalent as the control diet, in order to g;‘r‘fsémcamd ?‘gg ?gi ?‘g? g?g g’ig gég
observe the effect ol EAA deficiency on feed theox;ine " i-?g ;;Z ;gg ;Zg ;% ;-23
spartic acu . . . N . X
performance in yellowtail and red sea bream. Tryptophan 0.51 0.43 0.42 0.43 0.43 0.43
Cystine 0.48 0.51 0.54 0.61 0.70 0.69
Total 42.88 4171 41.14 4178 4290 41.77
Total EAA* 2272 2111 2048 2096 2154 21.35

Feeding Conditions * Total essential amino acids (including tyrosine and cystine).

In this study, two experiments were
conducted with yellowtail (Seriola quinqueradiata) (Expts. I and II) and one with red sea bream (Pagrus
major) (Expt.II). Yellowtail experiments were performed at Fisheries Research Institute of Mie (Expt I) and
Oita Institute of Marine and Fisheries Science (Expt II). Expt Il was carried out at Fishery Research Laboratory
of Kyushu University.

Expt. I: Young yellowtail with an average body weight of about 140 g which were fed a commercial dry
pellet for about one and a half months before starting the experimeni, were divided into six groups of 350 fish
each in net cages (3X3X3 m) located in Owase Bay. They were cultured with each experimental diet for 101
days, from Aug. 10 to Nov.18. During this time span they were fed for 67 days, once a day in the morning to
near satiation. The water temperature ranged from 22.4 to 285°C (average 24.5°C). All fish in each net cage
were weighed at the start, after 24 and 58 days, and at the end of the experiment. On termination of the

feeding experiment, 5 fish were collected from each lot to analyze the proximate composition of dorsal muscle and
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liver.

Expt. . Young yellowlail weighing 102 107 g on average were used. They were divided into six groups of
300 fish each, stocked in net cages (3X3X3 m), and reared for 97 days from Aug 22 to Nov. 26, at waler
temperature of 19.726.5°C (average 23.3°C). During the period of experiment, fish were fed respective diets to
near saliation, once a day in the morning, for 77 days. The average body weighl of each group was determined
every month by weighing all the fish in the nel cages. Al the end of feeding, 10 fish were taken from each lot
for proximate analysis of dorsal muscle and liver. Analysis of proximale composition in both Expls. I andII was
conducted at Tokyo Universily of Fisheries, and analytical methods were all described in a previous paper
(Watanabe and Pongmaneerat 1991).

Expt. II: Thirty juvenile red sea bream having a mean body weighl of aboui 30 g were selecled and stocked
in each of six rectangular aquariums (150 [ capacity). Fish were reared for 70 days (10 weeks), {rom Sep.19 to
Nov.28, in aquaria supplied with sand filtered sea water at a temperature of 21.5255°C. FEach experimental diet
was given (wice daily, each {ime to satiation for 60 days. During the rearing period, all fish in each lot were
weighed every (wo weeks in order to record the mean body weight. Af the end of experiment, 10 fish were

collected from each aquarium for analyzing the composition of dorsal muscle and liver at Kyushu University.

Determination of Hematological Characteristics

At the final of both yellowtail experiments, 5 fish were taken from each lot for determination of hemochemical
constituents and plasma enzyme activities by the same methods described previously (Watanabe et al. 1992,
Chapter 1.2.21), to evaluate the health condition of the fish. The hematocrit, hemoglobin and plasma protein
concentrations of red sea bream (n=10) were measured at the Kyushu University (Chapter 1.2.21). The data
were slatistically analyzed by ANOVA and Duncan's muliiple range tesl, or Fisher's PLSD tlest, at a significance
level of p<C0.05.

Determination of Postprandial Concentration of Free Amino Acid in Blood Plasma

To evaluale the feed protein utilization efficiency, postfeeding changes of free amino acid (FAA) concentration
in plasma of fish from each group was determined in Expl. I. Fish were fed on each diet to satiation, al a
feeding rate of 587.1% (on dry malter basis), after they were starved for 72 hours. Then five fish were
collected from each nef cage al prefeeding and al 3, 6, 12, 18 24, 30, and 48 hours posi feeding, o draw whole
blood. Plasma was oblained by cenirifugation of whole blood al 3,000 rpm for 15 min, and five plasma samples
from each lot were pooled for analysis. Sampling was conducted after 39 days after iniliation of feeding. Waler
temperature ranged from 24.525.8°C during the examination. Analytical methods of FAA concentration were the

same as described in an earlier paper (Watanabe et al. 1998).

Results

1. Yellowtail Experiments
Feed Performances

The results of growth and feed performances from Expts. I and II are shown in Table 33, and the growth
curves are presented in Figs. 31 and 3 2.

Expt. I: Palatability and acceptability of the experimental diels were good for all groups, not alffected by
inclusion of alternate proteins and dietary fish meal levels and daily feeding rate was 2.7% for the control and 3.0
3.3% lor the test groups. Final body weight and growth rate were highest in fish fed the conirol fish meal diet

(599 g, 319%), and tended to decrease with decrease of fish meal component in alternate diets.
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(355 547 g, 150 283%). The feed gain ratio and protein efficiency ratio were also best in fish fed the conirol diet
and (ended to decrease as fish meal substitution levels increased. The lowest growth and feed performance were
oted for fish fed diets 5 (fish meal 10%) and 6 (fish meal 0%). However, there were no marked differences in
these paramelers between fish fed the conirol diet and those on diets 2 and 3 (fish meal 40 and 30%). In the
anatomical test al the end of the experimen(, the socalled green liver symptom was observed for fish on diels 5
and 6 al the occurrence rate of 20 and 70%, respectively. The mortality mainly caused by baclerial disease
(pseudotuberculosis and streptococcal bacterial disease) and/or parasitic disease (gill disease) ranged from 2.3 to
10.3% for all trealmen(s, and the rates for fish on diets 2 and 3 were lower than others.

Expt. II: Growth and feed performances showed almost the same (endency as those observed in Expt I.
Fish fed the control diet had the maximum final body weight and growth rate (622 g 509%), and these
parameters decreased in lish fed the test diets with decreasing levels of lish meal component (336590 g 226

453%). A similar trend was observed

for feed gain ratio and protein Table 3-3. Growth and feed performances of yellowtail fed the
experimental low or nonfish meal diets
efficiency ratio, as shown in Expt. I.

Av.body wt. Growth  Feed Daily Protein

However, these parameters of fish Diet no. [(5) rate gain feed efficiency Mortality
. . Initial Final (%) ratio intake ratio (%)
0,
on diets 2 and 3 (40 and 30% fish Tpt T (i prefecture)
; ; 1 FM diet 142.9 598.6 318.9 1.59 2.71 1.33 8.0
meal, respectively) were approximately 2 40% FM 1429 5468 2826 1.81 2.98 1.17 2.3
equal lo those of the conirol. On 3 30%FM 1414  513.2 2629 194 3.06 1.08 4.0
4 20% FM 142.6 464.0 225.4 2.20 3.23 0.97 8.0
screening for the state of liver al 5 10% FM 1420  355.0  150.0 2.72 3.27 0.79 7.7
6 0%FM 141.4 402.6 184.7 2.34 3.09 0.95 10.3
the end, the occurrence of green Expt. II (Oita prefecture)
. . 1 FM diet 102.0 621.6 509.4 1.64 2.36 1.29 6.0
liver was found at a high rate (50 2 40%FM 1065 5891 4531 207 260 1.02 5.4
o ; : f : 3 30% FM 107.0 590.2 451.6 1.95 2.69 1.07 16.7
90%) for fish fed the diels with fish 4 20% FM 106.6 527.9 395.2 2.21 2.90 0.97 20.7
meal at levels below 20%. The 5 10% FM 1049 3426 2266  3.10 3.17 0.69 66.0
6 0% FM 103.2  336.3 2259 3.49 3.42 0.64 79.3
cumulative mortality was high for
700 700
600 |
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C; R
i" 500 f}
E $ 400}
>n >
T 400 | g
2 < 300 b
> >
< 00 | <
200
200 1 100 |
100 0
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Culture—period Culture—period
Fig. 3-1. Growth curves of young vellowlail fed the Fig. 3-2. Growth curves of young vellowlail fed the
low or non fish meal experimental diets. I:Diet 1, low or nonfish meal experimental diets. I:Diet 1,
W:diet 2, A:diet 3, A:diet 4, O:diet 5, @:diet 6. W:diet 2, A:diet 3, A:diet 4 O:diet 5, @:diet 6.
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fish on diets 5 and 6, and was mainly due to parasitic disease (skin fluke disease) in the final phase of
experiment (Oct.25 Nov.26). Moreover, the anatomical examination showed that most of dead fish had the green

liver symptom (Maita et al. 1997), suggesting the abnormal health condition for fish fed diets 5 and 6.

Proximate Composition
The proximate compositions of the
dorsal muscle and liver from the Table 3-4. Proximate composition (%) of dorsal muscle and liver of

. . , ellowtail fed the experimental low or nonfish meal diets*'
experimental fish in Expts. I and II are v b

shown in Table 34. In Expt. I, no . Moisture Crud_e C_rude Crude Energy
Diet no. protein lipid ash (kcal/g)
great difference was found between the Expt. I' (Mie prefecturc)
. ) Dorsal muscle
freatments in the protein content of the Initial 73.6 9237 (89.8)* 2.6 ( 9.8) 1.8 (6.8) 15
) Final
dorsal muscle (around 24%). Also, the 1 FM diet 69.4  234(765)  6.5@2L2) 2.0 (6.5 1.9
protein content in liver did not differ 2 40% FM 715 246(86.3)  40(140) 1932 1.6
. 3 30% FM 72.2 24.5 (88.1) 4.3 (15.5) 1.7(6.1) 1.7
among the groups. The lipid and 4 20% FM 72.4 24.2 (87.7) 3.8(13.8) 1.8 (6.5) 1.6
i . 5 10% FM 72.7 23.4 (85.7) 3.1(11.4) 1.7 (6.2) 1.4
energy contents were highest in both 6 0%FM 745  227(89.0)  23(90) 16(6.3) 14
, , Liver
muscle and liver of fish fed the contirol Initial 69.4 15.9 (52.0) 11.4 (37.3) 1.4 (4.6) 2.1
, Final
diet, and the values lended fo reduce 1 FM diet 60.3  135(34.0) 21.9(55.2) 1.2 (3.0) 3.0
with decreased dietary fish meal levels, 2 40% FM 652 13.6(@39.1) 166477 1132 2.5
3 30% FM 64.6 13.9(39.3)  16.5 (46.6) 1.3(3.7) 2.6
although the lipid level was approximately 4 20% FM 66.6 13.3(39.8)  14.5(43.4) 1.2 (3.6) 2.5
. . 5 10% FM 70.9 13.2 (45.4)  11.6 (39.9) 1.2 (4.1) 2.0
same for all experimental diets except 6 0%FM 74.3 13.8 (53.7) 8.2 (31.9) 1.24.7 1.7
Expt. I (01t efect
for the conirol. In Expt I, the resulis ’g”w,sa,fm’,;]ﬁ” seture)
of proximale composition i dorsal 5w s  seeh 55183 2300 L3
muscle and liver were similar to those 3 30% FM 70.3 24835 50068  21(71) L7
4 20% FM 71.9 25.3 (90.0) 3.1(11.0) 2.0 (7.1) 1.5
in Expt. I. The protein content was 5 10% FM 73.8 24.0 (91.6) 2.0 ( 7.6) 1.6 (6.1) 14
. ' . 6 0%FM 74.7 23.2 91.7) 1.6 ( 6.3) 1.5 (5.9) 1.3
slightly lower in muscle of fish fed the Liver
i o 1 FM diet 56.7 12.5 (28.9)  26.8 (61.9) 1.2 (2.8) 3.4
control diet. ~ The lipid and energy 2 40% FM 59.2  14.3(35.0) 225(G5.1D  1.3(3.2) 3.1
. 3 30% FM 61.8 15.4 (40.3)  19.9 (52.5) 1.4 (3.7) 2.8
contents of muscle and liver decreased 4 20% FM 63.4 15.1(41.3)  19.0 (51.9) 1.3 (3.6) o7
; ; : ; 5 10% FM 72.7 16.5 (60.4) 9.5 (34.8) 1.5 (5.5) 1.8
as the proportion of fish meal in diet 6 0%FM 763 16.9(7L3)  51(2L5)  15(6.3) 14
decreased. *! Samples from 10 fish were pooled for analysis.

PR . .
** Figures in parentheses are values on dry matter basis.

Hemochemical Characteristics

The resulls of hemochemical examination in Expis. I and I are shown in Table 35 In Expt I, the
hematocrit value of fish fed diets 5 and 6 was significantly lower than thai of others, being aboul 33%, indicaling
an anemic state. There were no significan! differences in the phospholipid, total cholesterol and [ree cholesterol
levels belween fish on the conirol diel and those on diets 2 and 3. However, these lipid melabolites of fish {rom
diets 46 groups were significantly lower than those of fish on diets 13. Thus, plasma levels of the lipid
melabolites tended to decrease with reduction of fish meal component in the diets. There were no marked
differences in the protein and glucose melabolites among (reaiments. Moreover, the condition factor was highest
for fish fed the control dief, and tended to decline as the fish meal content in diets decreased. There was no
significant difference in hepatosomatic index among the (reatments. In Expt II, the values for blood parameters
generally showed the same tendency as those obtained in Expt. I. The common observations for the two
experiments were 1) the anemic state of fish on diets 5 and 6, 2) significantly lower lipid metabolites in fish on
diets 4 6.
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Table 3-5. Results of hemochemical examination in yellowtail fed the experimental low
or non fish meal diets*

Diet no.
1 2 3 4 5 6
Expt. T
Ht (%) 41.0+4.9°  40.1:x1.6°  44.432.8"  39.1x25"  32.7x4.4"  33.7x4.8"
ALP au /1 153+22" 137£12° 172615%  162+36" 212+37" 143+19°
GLU (mg / 100ml) 120£5 116£12 123419 117+14 126£26 117423
TG (g / 100m]) 196+54 126£26 182424 146+26 167457 150£19
PL (mg / 100ml) 847+45 751423" 859+34° 69564  621£81° 575+91°
TCHO (mg / 100ml) 2924227 28546 308+11° 251+24" 202+23° 202+32°
FCHO (mg / 100ml) 123+6™ 111x4" 127+3% 10110 92+147° 85+11°
Ester ratio (%) 57.7£3.0" 6124217  58.9£1.0% 59.840.9" 54.6:2.1"  57.4£2.3"
BUN (mg / 100ml) 18.242.0"  20.9+3.1°  20.4¢1.8"  19.9:28"% 16.2:26"  12.2¢4.2"
CRE (mg / 100ml) 1.3£0.3%  1.1£0.1"  1.0:0.1" 1.340.3" 1.0£0.1° 0.90.1"
TP (g / 100ml) 3.540.2 3.620.1 3.840.1 3.5£0.3 3.60.4 3.3+0.4
Condition factor 16.9+1.3"  16.240.4"  16.120.6°  15.320.5"  13.9£0.3°  13.7+0.6°
Hepatosomatic index (%) 1.4840.24  1.39%0.07  1.41+0.15  1.48+0.15  1.39+0.22  1.42+0.22
Expt. I

Ht (%)  41.9+1.8°  42.342.0"  41.4£1.9%  39.9x25°  30.1#5.8"°  24.045.2°
ALP au /1 152424 153 +26 134 £23 144425 141£16 141£36
GLU (mg / 100ml) 875" 88 4" 9946 92:+8" 102+10° 975"
TG (mg / 100ml) 200+36" 18462  139458"°  138+35"  111#31° 11121°
PL (mg / 100ml) 769+64” 713:51%"  711260"  6312102" 50277 513+83°
TCHO (mg/ 100ml) 301+25° 271420 30674 202+41° 171£19° 165+15°
FCHO (mg / 100ml) 124177 106£9” 112£11% 98424 75+10° 81+5°
Ester ratio %)  59.1£2.2"  61.042.4°  61.449.2"  55.9+3.7" 56.2+1.7"  50.8+2.1"
BUN (mg / 100ml) 11.6£1.8"  13.3¢0.7°  15.4:2.8"  16.1£2.3"  155+1.9"  16.2+16"
CRE (mg / 100ml) 1.240.47 0.8:0.1° 0.8+0.0" 0.940.1"  0.80.0" 0.9£0.1"
TP {g / 100m]) 3.120.1°  3.340.1° 3.240.2° 3.340.3"  3.120.2° 2.8+0.1"

* Mean + standard deviation (n=5). Figures in a row with different superscripts are significantly different
from each other (p<0.05) when analyzed using Duncan's multiple range test.

Concentration of Plasma FAA

The periodical changes of FAA conlents in blood plasma from fish fed the experimenial diels are shown in
Table 36. Remarkable differences in conceniration of some FAA in plasma were observed among diefary
{reatments with different levels of fish meal. Plasma levels of methionine, lysine, threonine, isoleucine, arginine
and total EAA showed a tendency to decrease with decrease of fish meal and/or EAA content in the diets.
Especially, the lysine and methionine contents of fish fed the diets 5 and 6 (10 and 0% fish meal) were reflected
by lower levels of these EAA in the diets and remarkably lower than those on the control diet (cf. Fig. 33). On
the other hand, these amino acid concentrations in fish on diets 2 and 3 (40 and 30% fish meal) were
approximately in a same level as the conirol. These FAA increased gradually after feed infake, reaching a plaleau
al 1824 hours postfeeding, although there were similar periodical changes in these EAA irrespective of the
dietary (realments. With regard to other EAA, iryplophan and histidine levels for fish fed the allernate protein
diets were lower than those on the conirol, buf no distinct relation belween these EAA levels and diefary fish
meal conienis was observed. Moreover, plasma concenirations of leucine and valine were similar for all the
{realments, and no definite relation was found belween the level of plasma FAA and these EAA contents in the
diets.
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Table 3-6. Periodical changes of free amino acid contents in blood plasma of yellowtail
fed the experimental low or nonfish meal diets (;mol/100ml plasma)

Hours after feeding (h)

Diet no. 0 3 6 12 18 24 30 48

Total EAA**
1 FM diet 1088 1958 1797 2356 2824 2069  166.5 92.4
2 40% FM 1179 1474 1537 2567 2709 2406  180.1 118.6
3 30% FM 148.0  177.4 1777 2481  279.0 186.1 1495 1158
4 20% FM 1536  161.8 1665 2251 2488  209.1  193.7 93.2
5 10% FM 141.3 1435 1633 2027  239.8 1983 1825  104.2
6 0%FM 152.9 1344 1561 2116  250.3  206.2  203.1 1104

Total NEAA*?
1 FM diet 190.6  209.2 1245  129.3  171.9 1836 1784  146.1
2 40% FM 2076 1537 1487 1466  173.8 2257 2059 1827
3 30%FM  250.1 1759  167.7  186.3 1987 1929  199.5  184.1
4 20% FM  227.6 1693  212.8 1880 2248 2346 2462 1506
510% FM  251.1 1681 1785  201.6 2178 2177 212.0 191.2
6 0%FM 2594 1598 1756  207.9  222.6 2198  231.1  190.0

Total FAA**
1 FM diet 299.3 4050 3042 3648 4543 3904  344.8 2385
2 40% FM 3254 3011 3025 4034 4447 4663 3860 3013
3 30% FM  398.1 3534 3454 4343  477.7  379.0 3489  300.0
4 20% FM 3812  331.0 379.2  413.1 473.6 4437  440.0 2438
5 10% FM 3923 3117 341.8 4043 4575 4160 3945 2953
6 0% FM 4123 2942 3318 4195  472.9 49259 4343 3004

*! Total essential amino acids: arginine, lysine, histidine, phenylalanine, tyrosine, leucine, iso-
leucine, methionine, valine, threo nine, tryptophan, and cystine.

2 . . . . . . . . . .
** Total non essential amino acids: alanine, glycine, glutamic acid, serine, taurine, and aspartic
acid.

*% Total free amino acids.

50

Lysine

Methionine

Levels of FAA (1 mol / 100mi plasma)

Hours after feeding

Fig. 3-3. Periodical changes of plasma lysine and methionine levels in
yellowtail after feeding the experimental low or non fish meal diets.
O:Diet 1, Mdiet 2, A:diet 3, A:diet 4, O:diet 5, @:diet 6.
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2. Red Sea Bream FExperiment
Table 3-7. Growth and feed performances of red sea bream fed the

Feed Performances experimental low or non fish meal diets

The results of growth and feed Av.body wt. Growth  Feed Daily  Protein

. , Diet no. () rate gain feed efficiency Mortality

performances in Expt.Il are shown in Initial  Fimal | (%)  ratio  intake  ratio  (numbers)
. - 1 FM diet 29.7 53.2 79.1 1.65 1.56 1.29 2
Table 37 Palatability and acceptability 2 40% FM 29.6 513 733 177 159 121 0
ol diets was not influenced by replacing 3 30%FM 296 55.3 86.8 159 161 L1.35 2
4 20% FM 29.7 51.5 73.4 1.70 1.51 1.27 1
fish meal with alternate protein 5 10% FM 29.6 50.3 69.9 1.79 1.55 1.19 0
) i ) 6 0% FM 29.6 53.4 80.4 1.59 1.563 1.34 0

ingredients. The average body weight

of fish and feed gain ratio at the end
of feeding was not much dilferent between the treatments (5055 g 1.6 1.8), although these values were slightly

higher for fish fed diet 3 (fish meal 30%). A similar trend was also found for the protein efficiency ratio value

(1.19 1.35). These parameters in fish on diet 5 were slightly lower than those of other groups. Diet 6 (non fish
meal diet), which produced the lowest feed performance in yellowtail was comparable to the control diet in
dietary value. The reason for this observation was unknown. Thus, unlike yellowtail, growth and feed

performances in red sea bream were found to be independent of the fish meal content in diets.

Proximate Composition and Hematological Characteristics

The results of proximate analysis are shown in
Table 38,

contents of

and ash
the

In the liver, however, the lipid

The moisture, protein, lipid,

the muscle were almost same
among the groups.
content of fish fed diefs
higher than that of fish on other diets,
the lowest in the diet 6 group. The fish on diets
1 and 2 showed slightly low moisture contents in
the the higher lipid

Hepatosomatic fish on diet

1 and 2 was slightly

and was

liver, reflecting contents.

index value of 9 was
significantly lower than that of the rest.

The resulis of hemalological lesi are presented
in Table 39.

Both hematocrit and hemoglobin

Table 3-8. Proximate composition (%) of dorsal muscle
and liver of red sea bream fed the experimental low
or non fish meal diets™'

Moisture Crude Crude Crude
Diet no. protein lipid ash
Dorsal muscle
1 FM diet 74.2 21.0 81.4)** 2.7 (10.5) 1.7 (6.6)
2 40% FM 73.9 21.1(80.8) 2.7 (10.3) 1.7 (6.5)
3 30% FM 74.5 21.2 (83.1) 2.5(9.8) 1.7 (6.7)
4 20% FM 73.4 21.6 (81.2) 2.8 (10.5) 1.8 (6.8)
5 10% FM 74.1 21.7 (83.8) 2.2 ( 8.5) 1.8 (6.9)
6 0% FM 73.3 21.7 (81.3) 2.5( 94) 1.9(7.1)
Liver
1 FM diet 63.3 12.0 (32.7) 12.9 (35.1) 1.5 (4.1)
2 40% FM 62.0 11.0 (28.9) 14.0 (36.8) 1.3(3.4)
3 30% FM 64.8 10.6 (30.1) 10.4 (29.5) 1.5 (4.3)
4 20% FM 65.6 11.6 (33.7) 9.1 (26.5) 1.5 (4.4)
5 10% FM 65.1 11.5 (33.0) 10.3 (29.5) 1.5 (4.3)
6 0% FM 65.3 11.3 (32.6) 9.0 (25.9) 1.6 (4.6)

*! Samples from 10 fish were pooled for analysis.

were not markedly different among the groups and ** Figures in parentheses are values on dry matter basis.

evaluated to be within the normal range for red sea
bream. The plasma protein varied from 53 7.1 g/100ml, and showed a tendency to decline with decreased fish

meal levels in diets.

Table 3-9. Results of blood characteristics of red sea bream fed the experimental low or
non fish meal diets*

Diet no.
1 2 3 1 5 6
Hematocrit (%) 36.8£2.0°  36.4+£1.7°  37.9¢4.1"  37.5+3.0°  38.7x2.7"  40.8+3.6°
Hemoglobin  (g/100ml)  9.4x0.8" 10.7£0.7" 10.9£1.1°  10.2+¢1.3"  10.1x0.8%°  10.3£1.0"
Plasma protein (g/100m})  7.1:1.2° 6.7£1.7% 6.240.9%  6.2:0.7°  5.3£0.3° 5.940.4"
Hepatosomatic index (%) 1.91+0.36%  2.09+0.34°  1.74+0.27°  1.96+0.47" 1.33+0.16° 1.75+0.33"

* Mean + standard deviation (n=10). Values in the same row bearing different superscripts letters are
significantly different from each other (p< 0.05) when analyzed using Fisher's PLSD test.
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Discussion

In vellowtail, the growth and feed performances were clearly influenced by fish meal levels in the diels. The
performance paramelers of fish tended to reduce with decreasing content of fish meal in the diets. This could be
allributed to the deficiency of some EAA in the diels. Especially the conlenis of methionine and lysine of diets 5
and 6, which produced poor feed performances, seemed to be below the requirement level of yellowtail*’. An
EAA deficiency stale might have resulied and this idea was supporied by the fact thal plasma levels of several
EAA decreased as fish meal contenls in the diel decreased.

Among the diets with allernate proteins, diets 2 and 3 could produce feed performances close to those on the
fish meal conirol diel. Moreover, the health condition of these allernate protein diel groups was evaluated (o be
in a good status, comparable to the conirol. These facis indicaled that the combination of SBM, CGM, MM, and
MBM was nulritionally efficient as fish meal replacer to reduce the fish meal level to 30% in the feeds for
vellowtail. ~ This replaceable level is consistent with the resull obtained in our previous studies on the use of
alternate proteins for yellowtail (Watanabe et al. 1992, 1995 Viyakarn et al. 1992). On the other hand,
decreasing fish meal levels below 20% (diets 46) resulted in marked reduction of growth rate and feed gain
ratio, and high mortality. Besides, the plasma chemical parameters related to lipid metabolism which is a special
indicator of health status for vellowtail (Maita et al. 1998a, 1998b) were significantly lower in fish fed these low
or non fish meal diets than those on the conirol diet, suggesting poor health condition. In addition, occurrence of
green liver symptom and the low lipid content in fish of these groups might indicate the abnormality in liver
function and lipid metabolism. The plasma FAA conceniration of the diefs 5 and 6 groups was especially low
compared to the conirol, suggesting the insufficiency of FAA level in plasma to synthesize the body protein for
normal growth. Thus, these facts suggested that the diets with alternate ingredients at higher inclusion levels
were deficient in some EAA such as lysine and methionine.

Several studies have demonstirated that high inclusion of alternate ingredients as a partial substitution for fish
meal resulted in the reduction of feed ulilization in lerms of growth and feed performances in both marine and
fresh waler fish. As for yellowtail, the reduction of weigh! gain due to replacemeni of fish meal with either SBM,
CGM, MBM, rapeseed meal or malt protein flour at high inclusion levels in extruded dry pellets and/or moist
pellets has been observed (Watanabe et al. 1992, Viyakarn et al. 1992, Shimeno et al. 1992b, 1993a, 1994). This
might be due to the impairment of amino acid balance, decrease of protein and energy contents in diets and/or
influence of antinulritional factors in feedstuffs. The presenl resulls have shown thal the poor growth and feed
performances obtained in fish on diels with aliernale ingredienis al higher inclusion levels might be aliributed to
a deficiency in some EAA judging from the plasma FAA concenlrations. For improvemeni of feed ulilizalion,
supplementation of crystalline amino acids may be effective as observed in rainbow trout (Dabrowska and Wojno
1977), carp (Murai et al. 1986, 1989) and vellowtail (Takii et al 1989). Therefore, further studies will be
necessary {o investigate the effect of EAA supplementation lo allernale protein diels for yellowtail

With regard to red sea bream, no marked difference was observed in growth and feed performances among
dietary treatments. This suggests that the nuiritive value of alternate protein diets was comparable to the fish meal
based diet for red sea bream, unlike yellowtail. ~Moreover, the health condition of fish fed the alternate protein
diets seemed to be in good status judging from the hemalological characteristics. Thus, the availability of
alternate protein ingredients was different between red sea bream and yellowtail, and this might parily be due to
difference in protein utilization and EAA requirement. Juvenile red sea bream can ufilize alternate animal and
plant protein ingredients more efficiently than yellowtail, indicaling that formulation of low or non{ish meal diels is
relatively easy for red sea bream. In fact Takagi et al. (1999) succeeded to culture red sea bream with low or non

fish meal diets with alternative protein ingredients for a long period. Nutritional quality of low or non fish meal
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diets of course depends on combination of alternale ingredients in terms of EAA balance. In our previous
experimen!, inclusion of CGM al levels exceeding 15% in exiruded pellels caused a reduction in growth
performance of juvenile red sea bream (Chapter 1.2.21). In another experiment, we found that the diet
containing SPC at a high level (50%) also led to a decrease in growth rale and feed gain ralio for the juveniles
(Chapter 1.2.22). Accordingly, further work is needed to clarify an adequate combination of some useful
alternative protein sources in diets withou! fish meal component.

In conclusion, the resulis of present study have shown thal fish meal can be replaced partially with several
planl and animal protein ingredients al a substitution level of around 50% in vellowtail diets. However,
improvemen! of feed qualily is necessary when alternate proteins are included to replace fish meal above this
level.  Supplementation of cerfain amino acids would be effective for improvemeni of ulilization efficiency of
alternate ingredients. As for red sea bream, it was found thal fish meal componen! can be complefely substituted

by combination of various protein ingredients without ill effects.

3.2 Growth Performances on Non-Fish Meal Diets

3.2.1 Yellowtail

3.2.1-1) A Trial to Culture Yellowtail with Non-Fish Meal Diets

Though the present fotal production of animal feeds in Japan is estimated to be around 25 million (, the
quanfum of fish meal being employed in formulations stands at a meager 1.2%. In sharp conirast, out of the
500,000 ¢ of fish feed produced during 1996 in Japan, the proportion of fish meal was aboul 56%, a manifold
higher than that of other animal feeds.

A recent rapid decline of the sardine catch in Japan has resulted in a shortage of fish meal supply for the
feed indusiry, prompiing reliance on imporied fish meal. To overcome this shorifall, efforfs are now being
directed to finding alternalive protein sources of good nulritional value as a substitule for the expensive fish meal
component in practical diets. The developmeni of a new type of dry pellet, classified as "SDP" for yellowlail
(Watanabe et al. 1991), has opened up the possibility of utilizing alternative protein sources as substitutes for fish
meal in practical diels for marine finfish. Therefore, availability of various plani and animal protein ingredients as
a protein source has already been lesied using SDP in red sea bream and yvellowtail (Watanabe et al. 1992, 1994,
1995, Viyakarn et al 1992, Chapter 1.2.1, 1.2.21). The results hitherto obtained have shown that SBM can be
included as a protein source up to 30% in place of fish meal without any adverse effects (Watanabe et al. 1992,
Viyakarn et al. 1992), and even up to 50% SBM without influencing palatability and acceptability (Vivakarn et al.
1992). In addition, a diet with 25% SBM and 15% CGM showed better feed performance than the 40% SBM
diet, suggesting the availability of CGM as a prolein source in combination with SBM (Viyakarn et al. 1992).
Later experiments conducted on a practical scale in net cages for {wo years have demonsirated that a combination
of SBM, CGM, and MM at different levels could replace 5060% of fish meal in diets for yellowtail and red sea
bream (Watanabe 1994). Thus, the recent experience in the replacement of fish meal with alternatives in
aquafeeds has been successful, and the expensive fish meal component is still being gradually relieved by
substitution with various protein meals. Further efforts are now needed for aquaculture {o develop a new type of
fish feed formula based on alternative protein sources.

The purpose of this series of studies is to develop a nonfish meal diet for yellowtail by replacing fish meal
with plant and animal protein sources. Thus, nonfish meal diets were formulated using SPC, SBM, CGM, and

MM as protein sources for this trial with yellowtail (Watanabe et al. 1998),
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Materials and Methods

FExperimental Diets

Feeding experiments were conducted with juvenile (Expt. I) and young (Expt. II) yellowtail

The composition of the experimental non-fish meal diets and their proximate values analyzed by the same
methods described previously are shown in Table 3-10 (Watanabe and Pongmaneerat 1991). All the diets were
formulated to have around 45% crude protein (CP) and 21% crude lipid (CL) as those hitherto used in
yellowtail experiments. A commercial yellowtail SDP with 67% fish meal (CP: 68%) as a main protein source
was used as a conirol diet. The fish meal component was entirely eliminated from the experimental non-fish meal
diets and replaced by a combination of alternative protein sources such as SPC (Protao, a product ol Aarhus Olie;
CP: 70%), SBM (CP: 46%), CGM (CP: 65%), and MM (CP: 80%) at dilferent levels. TheSPC was used as a
main protein source, ranging from 40% in diet 2 to 20% in d iets 5 and 6, CGM being correspondingly included
al a level of 3% in diet 2 and 23% in diets 5 and 6. Diets 3 and 4 contained 30 and 25% SPC and 13 and
18% CGM, respectively. All the diets except the conirol diet were incorporated with 2% krill meal in order (o
enhance palatability to juveniles, although its non-inclusion did not impair palatability in a preliminary study with
900 g vyellowtail. The wheat flour as a carbohydrate source, which also served as a binder, was included only at
8%, a provision for elevaiing the protein level. The mineral and vitamin mixtures were prepared to satisfy the
requirements of yellowtail (Watanabe et
al. 1991). A mixture of 1.5% L-lysine,

0.5% Dl-methionine, 0.5% I-threonine, Table 3-10. Composition of the fish meal and non-fish meal diets

and 0.2% L-tryptophan was supplemented for yellowtail
in diets 2-5 to malch the amino acid
. . ) Diet no
profile with that of the conirol fish meal Ingredient(%) 1 2 3 4 5 6
. , , , Soy protein concentrate 40 30 25 20 20
diet. ~ The same amino acid mixture, Defatted soybean meal . 10 10 10 10 10
. ) Corn gluten meal A 3 13 18 23 23
coated with alpha-starch was added to Meat meal @ 19 13 15 14 4
diet 6 which had the same dietary Kirill meal 5 2 2 2 2 2
Wheat flour g 8 8 8 8 8
composition as diet 5, in order to Mineral mixture % 1.35 1.35 1.35 1.35 1.35
o , Calcium phosphate* * > 1 1 1 1 1
compare availability between crystalline Fe (peptide) § 0.1 0.1 0.1 0.1 0.1
. . . \ . Vitamin mixture < 1.5 1.5 1.5 1.5 1.5
amino acids with and without coaling. Choline chloride (50%) E 098 098 098 093 098
The test diets were prepared as dry Vitamin E (50%) S 0.02 0.02 0.02 0.02 0.02
' AMP+? 005 005 005 005 005
pellets by a small twin screw extruder Feed oil 20 19 17 18 18
) , Amino acid mixture
(Suehiro Iron Works Co.), while the Free*’ 4 _ 9.7 97 27 97 _
control fish meal diet was made as SDP coated (AP-7)* - — — - - 5.0
Total 102.7 1027 1027 1027 105.0
using a large twin screw exiruder Nutrient contents determined (% as is basis)
. - Crude protein 47.1 46.5 474 477 477 467
(Buhler Co.); the extruding conditions of Crude lipid 230 239 237 232 235 235
. . Crude ash 9.9 5.7 5.3 5.1 48 4.8
both the machines were adjusted close Moisture 6.5 43 4.2 6.2 5.4 5.5
to those reported previously. The Calcium ND** 057 056 0.58 0.56 0.54
Phosphorus ND 0.89 0.85 0.85 0.82 0.80
prepared diets were Kkept in a cold %' Monobasic.
2
storage room (5°C) during the period of *“ Mg-L-ascorbyl-2-phosphate.
. ** Lysine 1.5, methionine 0.5, threonine 0.5, and tryptophan 0.2.
feeding. *' Lysine 1.5, methionine 0.5, threonine 0.5, tryptophan 0.2, and other 2.3.
The amino acid composition of the *" Not determined.

test diets analyzed by Japan Food
Research Laboratories is shown in Table

3-11. The amino acid composition of all
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test diets was comparable to that of the control Table 3-11. Amino acid composition of the fish meal

, . . ) and non fish meal diets for yellowtail
diet, containing a sufficient amount of EAA to satisfy l l vetowtal

) _ ) Amino acid Diet no.

the requirement of vyellowtail™. The fatty acid (g / 100g diet) 1 2 3 4 5 6
. . . Arginine 2.66 3.03 284 274 263 258
composition of the experimental diets analyzed by Lysine 342 371 352 336 3927 300
the method described previously is shown in Table Histidine Ls2 L1 113 115 113 107
Phenylalanine 1.89 2.18 2.26 2.32 2.42 2.38
312 (Watanabe and Pongmaneerat 1991). The Tyrosine 151 147 158 165 173 171
. i Leucine 3.38 3.54 4.16 4.51 4.92 4.81
percentage of n3 HUFA, the essential fatty acids Isoleucine 1.95 1.89 1.88 1.88 1.91 1.88
. . ' i Methionine 124 106 115 118 126 111
for fish, did not differ between the test diets, but Cystine 049 060 064 066 067 064
, ' , . . , Valine 2.34 215 217 220 222 219
was quite high in the control diet which included Alanine 278 2928 2063 285 305 295
both supplemental fish oil and that derived from Glycine 294 257 261 267 262 258
Proline 219 285 315 330 355 3.55
fish meal The content of n3 HUFA in all diets Glutamicacid ~ 6.13 811 838 858 883 888
o , Serine 1.89 225 231 232 236 232
satisfied the EFA requirement Threonine 195 215 216 217 216  2.07
. 4 Aspartic acid 4.29 459 432 416  4.08  4.00
of yellowtail (Deshimaru et al. 1982, Watanabe et al. Tryptophan 056 072 068 067 064 061
1991) Total 4293 46.34 4757 48.37 4945 48.33
: Total EAA* 22.71 23.69 2417 2449 24.96 24.05

* Total essential amino acids (including tyrosine and cystine).

Table 3-12. Certain fatty acids of the fish meal and non fish
meal diets for yellowtail

Fatty acid Diet no.

(% area) 1 2 3 4 5 6
14:0 6.3 4.8 4.9 4.8 4.6 4.7
16:0 16.9 13.0 13.3 13.5 13.1 13.3
16:1 7.2 8.2 8.1 7.8 7.6 7.6
18:0 2.7 2.8 2.8 3.1 2.9 2.9
18:1 16.2 20.7 20.5 20.7 20.4 20.4
18:2n-6 2.1 3.9 438 5.7 6.0 6.4
18:4n-3 2.5 1.8 1.8 1.8 1.8 1.8
20:1 6.0 12.6 12.2 11.8 12.0 11.7
20:5n-3 13.0 9.0 9.0 8.7 8.9 9.0
22:1 6.0 10.6 10.2 9.8 10.3 9.9
22:5n-3 1.7 0.8 0.8 0.7 0.8 0.8
22:6n-3 10.0 4.5 4.5 4.4 4.7 4.7

= Saturated 27.3 21.5 21.9 22.4 21.6 21.8
= Monoene 35.4 52.1 51.0 50.1 50.3 49.6
Zn-6 3.9 4.9 5.7 6.6 6.9 7.3
Zn-3 29.0 174 17.6 17.0 17.6 17.6
>n-3 HUFA 25.5 14.9 14.9 14.3 14.9 15.0
n-3/n6 7.4 3.6 3.1 2.6 2.6 2.4
DHA /EPA 0.8 0.5 0.5 0.5 0.5 0.5

Feeding Conditions

Expt. I: Juvenile yellowtail (Seriola quinqueradiata) with an average body weight of about 13.1 g were
randomly sampled from stock which had previously been fed a commercial SDP (Sakamoto Fish Feed Co.) for
two weeks. They were divided into six polycarbonate tanks (500 [ capacity, 400 [ water volume), 30 fish in each,
provided a continuous water supply, and aerated at a water temperature of 23.9+2.0°C. Fish were fed the test
diets for 45 days, twice a day (08:00 and 17:00), each time to satiation. At the beginning and end of the
experiment, fish were starved for 24 hours and anesthetized with aminobenzoate (100 ppm) before being weighed
individually (initial and final body weight). The ten fish were collected from each lot at the initial and final
phases for proximate analysis.

Expt. I: Young yellowtail weighing around 130 g were used for the feeding firial. Initially these fish were
collected as wild caught fry, and were fed with a commercial SDP (Sakamoto Fish Feed Co.) for two months.

They were then divided into six groups of 350 fish each, kept in the covered net cages (3X3X3 m), and fed the
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experimental non fish meal diets during the August October period (50 days of feeding). Fish were fed six days
a week, once in the morning to saliation. Corresponding to the growth of the fish, the number of fish per cage
was gauged every month during the delermination of the fotal body weight. The inilial waler temperature of 27.3
°C dropped to 21.8°C in the final phase. At the end of feeding trial, five fish were taken {rom each lot after 24
hour starvation for proximate analysis of muscle and liver. The analylical procedures for proximate composition

were those described previously (Watanabe and Pongmaneerat 1991).

Determination of Hematological Characteristics

Blood was sampled {rom each fish in both Expts. I and II, after fish were starved for 24 hours. Details of
blood collection, (reatments, and methods of delermining each parameter were all as described in a previous paper
(Watanabe et al. 1992).

Periodical Changes of Free Amino Acids in Blood Plasma and Digesta Contents

In order to compare the posifeeding changes in plasma amino acid and digesta content in fish fed the non
fish meal diets containing crystalline amino acids with and without coating (diets 5 and 6, respectively), and the
control diel, the free amino acid conten{ in plasma and digesta conienis in the stomach and infestine were
determined in Expt II. After a three day fasting, five fish were taken from each net cage for colleciing whole
blood to determine the fasting level of plasma amino acid. Plasma sample was obtained by centrifugation of blood
at 3,000 rpm for 15 min. Then the experimental fish were fed the respective diets to satiation. Five fish were
sampled from each group at 3, 6, 12, 18 and 24 hours after feeding, at water temperature of 21.324.5°C. The
average body weight of fish samples was 269 273 g for the nonfish meal diel group and 347 g for the conirol.
After withdrawing blood, the digesta in the stomach and intestine were collected from fish to calculate relative
weights. Analysis of plasma for [ree amino acid constituents was conducted by the Ceniral Research Institute of

Nippon Formula Feed Co. Ltd.

Results and Discussion

Feed Performances

Expt. I : Growth rate and feed gain Table 3-13. Growth and feed gain ratio in juvenile yellowtail fed

ratio in fish fed the non fish meal diets are the fish meal and non fish meal diets in tanks

shown in Table 313 Palatability of the ‘ Av.body wt.* Growth Feed Daily Total feed
Diet no. _ [(3) rate gain feed  consumption
test diets was found to be generally poor Initial Final %) ratio intake (8)
. ' ' 1 12.9+1.4 1583199 1127.1 0.89 3.25 3093.6
among juveniles throughout the feeding 2 13.4£1.4  62.9+8.2 369.4 1.89 4.26 1942.2
. . i i 3 13.5+1.4  78.6+12.8  482.2 1.66 4.86 2601.7
period, unlike vyoung vyellowtail which 4 12.8+1.5  76.2¢13.0  495.3 1.55 4.49 2240.8
. . o . 5 18.3+1.3  69.4+11.1  421.8 1.70 4.71 2239.4
showed active {feeding, indicating a size 6 13.341.6  72.4:10.2  dddd 159 465 2422 1
related difference.  Therefore, growth of * Mean + standard deviation.

fish fed the nonfish meal diets (average

body weight 6278 g) was quite inferior to that of the control fish which grew up to 158 g from 13 g during 45
days of feeding. The same paitern was obtained for feed gain ratio, 0.89 for the control SDP as against 1.55 1.83
for the non fish meal diets. The poor feed performance might be partly due to low palatability and quality of non
fish meal diets. However, anatomical observation at the end of the feeding experiment revealed thal almost all
the fish fed the nonfish meal diets had the socalled "greenliver" status, unlike the control fish. This symptom

was found fo be caused by occlusion of the bile duct due to parasitic mucosporozoa.
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Table 3-14. Growth and feed gain ratio of young yellowtail fed
the fish meal and non fish meal diets in net cages

400 Av.body wt. Growth  Feed Daily
Diet no. (g) rate gain feed  Mortality
Initial Final (%) ratio intake (%)
Aug.4 ~Aug.24 (16 days feeding)
1 131.9 181.8 37.8 0.98 2.11 0.0
& 2 130.9 178.5 36.4 1.02 2,13 0.0
\E/ 300 | 3 133.4 179.0 34.2 1.06 2.11 0.3
ko 4 133.8 179.6 34.2 1.06 2.11 0.0
g 5 132.2 175.9 33.1 1.12 2.14 0.9
> 6 132.2 176.9 33.8 1.09 2.14 1.3
3 Aug.26 ~Sep.19 (15 days feeding)
‘ 1 1818  256.4 41.0 119 2.91 0.9
é 2 178.5 2448 37.1 1.37 3.03 4.1
200 3 179.0 237.4 32.6 1.52 3.06 1.3
4 179.6 236.2 315 1.56 3.06 0.9
5 175.2 232.6 32.2 1.58 3.14 0.9
6 176.9 238.3 34.7 1.49 3.10 44
Sep.20 ~ Oct.17 (17 days feeding)

1 256.4 340.8 32.9 1.89 3.20 1.0
100 2 244.8 272.3 11.2 4.23 2.59 8.4
Augd  Aug25 Sep.20 Oct.17 3 2374 271.2 14.2 3.68 2.80 9.0
Culture-period 4 236.2 259.1 9.7 5.41 2.80 11.9
5 232.6 250.7 7.8 6.60 2.82 10.6
6 238.3 257.6 8.1 5.85 2.47 28.8

Fig. 3-4. Growth curves of young yellowtalll fed Total fooding poriod (50 days Toeding)
the low or non fish meal experimental diets. 1 1319

340.8 158.4 1.41 2.75 1.9

O:Diet 1, M:diet 2, A:diet 3, A:diet 4, 2 130.9 272.3 108.0 1.76 2.67 11.9
O:diet 5, @:diet 6. 3 133.4 271.2 103.3 1.86 2.76 10.3
4 133.8 259.1 93.7 2.02 2.82 12,5

5 132.2 250.7 89.6 2.13 2.87 12.2

6 132.2 257.6 94.9 1.89 2.65 32.2

Expt. II: The results of growth and feed utilization in fish fed the test diets in the net cages are shown in
Table 314 and Fig. 34 The average body weight of fish fed the nonfish meal diets was almosi comparable to
that of the control group until the 46™ day (the initial phase of 31 days of feeding) after the initiation of feeding,
being 233 245 g for the nonfish meal groups and 256 g for the conirol. However, feed gain ratio of the non fish
meal diets (1.37 1.58) were all inferior to those of the control diet (1.19). The daily feed consumption of the test
diets was comparable to that of the control diet until this time (46 days), thereafler feeding activity of these
groups gradually reduced, resulting in retarded growth. Af the end of feeding, fish on the conirol SDP grew up
to 341 g, while those on the nonfish meal diels averaged only beiween 250 and 272 g During the final phase of
19 days of feeding, the conirol fish gained 33% in growlh rate, while it was only 814% for the lest groups. The
average feed gain ratio for the enlire feeding period was 1.41 for the conirol and 1.76 2.13 for the non fish meal
diets. During the final phase of feeding, mortality was [requently observed in the nonfish meal groups (1032%
in total). Dissection of the experimental fish revealed that most of the fish fed the nonfish meal diets were
suffering from green liver, but not so in the case of the control fish, tallying with the earlier observation (Expt. I).
The mortality linked to the greenliver condition might have again resulled {rom inhibition of bile juice (ransport
due to the reason mentioned above. Since both juvenile and young vyellowtail exhibiled the same abnormalily only
in the nonfish meal diet groups, it may be possible to postulate that the growth retardation in fish fed the non
fish meal diels was due to the occurrence of the greenliver condition, although it is too early to classify the
condition as a nulritional pathogenesis. Ii remains unknown whether poor feed performance of the non fish meal
diets was due to the inferior quality of the diets in terms of availability of supplemental crystalline amino acids or

due to the appearance of greenliver., Further experiments are necessary to examine these aspects.
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Proximate Composition of Muscle and Liver Table 3-15. Proximate composition (%) of dorsal

muscle and liver from yellowtail fed the fish meal
and non fish meal diets in tanks and in net cages

Proximate values of dorsal muscle and liver in both

juvenile and young vellowtail are presented in Table 3

15. Moisture  Crude Crude Crude
) . Diet no. protein lipid ash
Expt. I : There was no marked difference in the Expt. I (Juvenile fish, n=10)
. , Dorsal muscle
proximate values of dorsal muscle among the non fish 1 74.3 22,5 87.5)° 3.3 (12.8) 1.7 (6.6)
, . . 2 77.6 21.596.0) 14(63) 1671
meal diet groups which had lower lipid levels and 3 770 220 (957)  15( 6.5) L7 (7.4)
markedly higher moisture than the control group. A 4 771 22.0(96.1) 15(66) 16(7.0)
5 76.5 22.1(94.0) 1.7( 72 187
similar trend was observed in the liver, with the L 6 77.2 22.4(98.2) 1.6( 7.0 1.6 (7.0)
1ver
exception of a slightly high protein content in the 1 71.4 18.3 (64.0) 8.1 (28.3) 1.4 (4.9)
L 2 79.7 17.7 (87.2 3.9(19.2 1.6 (7.9
control. Hepatosomatic index ranged from 1.0 to 1.3% 3 773 17.7E78.0§ 4.6 220.3; 1.727.5;
, , o 4 76.5 17.1(72.8) 5.4(23.0) 1.6(6.8)
in the nonlish meal groups and was the lowest (0.9%) 5 76.0 17.2(71.7) 6.2 (25.8) 1.5 (6.3)
; 6 74.9 17.3(68.9)  5.0(19.9) 1.6 (6.4
inthe control Expt. T (Young fish, n=5)
Expt. I : Proximate composition values of young Dorsal muscle
, o o . 1 74.0 23.1(88.8) 30115  17(.5)
yvellowtail followed the trend similar to those in juvenile 2 76.1 21.4 (89.5) 2.6 (10.9) 1.5 (6.3)
) i ) 3 75.3 21.9(88.7) 2.8(11.3 1.6 6.5
fish. However, slightly higher values were observed for 4 75.5 999 590,6; 2.35 9.4§ 15 26.1;
. . , . . . 5 75.4 21.8(88.6) 28(114) 1.5(6.1)
muscle lipid of young fish and liver protein of juveniles. 6 75.6 217(88.9) 2.4(9.8) 1.6 (6.6)
] Liver
In both Expts. I and II, the nonfish meal groups 1 . 57677 8.3(305) 1.3 (4.8)
revealed the high moisture and low lipid contents which 2 79.7 149 (73.4) 46227 134
. . . 3 79.0 15.4 (73.3)  4.8(229) 1362
are usually observed in fish with retarded growth 4 79.1 15.3(73.2) 4.5 (21.5) 1.3 (6.2)
, ) i 5 77.2 15.3(67.1) 5.7(25.0) 1.3(.7)
caused in part by low quality of diets. 6 76.4 15.8 (66.9) 6.6 (28.0) 1.4 (5.9)

* Figures in parentheses are values on dry matter basis.

Hematological Characteristics
Results of hemalological measurements in both juvenile and young yellowtail are shown in Tables 3 16 and 3
17, respectively.
Expit. I: Blood biochemical parameters could not be determined for the diel 5 group due (o sampling failure.
The hemalocrit value of fish fed the nonfish meal diets ranged from 18.0 to 38.2% on average, and
than that of (42.6%),

activity and the glucose content were higher in the test groups.

ALP

Among the blood lipid metabolites, fish on

was lower the control indicating that the test groups were in an anemic state.

Table 3-16. Results of hemochemical assessments in juvenile yellowtail fed the
fish meal and non fish meal diets in tanks*

Diet no.
1 3 3 4 6

Ht (%) 42.6£3.2"  18.045.5° 27.0£3.7°  21.6£2.4°  38.2:4.6
ALP au /1 103+7" 13728 173+36° 15534% 191377
GLU (mg/ 100ml) 11210 178+20 15119 2164124 177436
TG (mg/ 100ml) 10133 68+25" 6725 88+20" 126+32°
PL (mg / 100ml) 570+84" 281+63° 304:82"  345:54° 438:69"
TCHO  (mg/100ml) 243+34° 104+22° 11623  128+29™ 149+19"
FCHO  (mg/100ml) 95:+10° 45x11° 52+£10° 57+10" 67+8"
Ester ratio (%) 60.7+4.1° 56.9+1.4" 54.6£2.1°  55.4+3.9" 55.0£0.5"
BUN (mg / 100ml) 17.120.8"  32.5+4.0° 33.146.5°  29.5#4.6°  28.24£3.0°
CRE (mg/ 100m1) 1.28+0.13%  0.82+0.04°  0.9240.23" 0.80£0.07°  1.22+0.16"
TP (g/100ml) 2.9440.11°  2.0440.21°  2.36£0.32° 2.20£0.23"  2.88£0.22°

* Mean * standard deviation (n=5). Data from diet 5 group could not be included due to sampling

failure. Figures in a row with different superscripts indicate significant different from each
other (p<0.05) when analyzed using Dancan's multiple range test.
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Table 3-17. Results of hemochemical assessments in young yellowtail fed the fish meal and
non fish meal diets in net cages*

Diet no.

1 2 3 1 5 6
Ht (%)  41.2+43.0° 23.344.5" 22.1+4.1° 18.1£3.9"  20.6+2.6 19.8+3.6"
ALP auv /1y 10510 9112 97+34 99+16 107424 108+16
GLU (mg/ 100ml) 84+7" 106+15" 109+13" 105+17 98+8™ 11748°
TG (mg / 100ml) 9372 172485 124450 113+36 174456 13430
PL (mg/100ml)  641+76° 373+26" 354451" 354+38" 371+69" 395+21°
TCHO (mg/100ml) 246420 12048" 116+9" 113+14° 115+14" 128+7"
FCHO (mg / 100ml) 98+12° 60+5° 565" 59+8" 619" 634"
Ester ratio (%)  60.3+4.0" 49.8+3.8" 51.8+2.0" 47.6£1.1"  47542.4%  50.5£3.6"
BUN (mg/100ml)  15.0+1.5°  14.6+2.2° 13.9+1.1° 1214177 10.8+1.7° 13.6£2.8°
CRE (mg/100ml)  0.86£0.45  0.64%0.17  0.76£0.15  0.82+0.29  0.80+0.30 0.82:+0.39
TP (g/100ml)  2.90£0.16°  2.28+0.08™ 2.46£0.25" 258:0.19" 2.34+0.25"°  2.56x0.27"
Condition factor 18.740.9a  11.940.3" 12.140.4" 12.6+0.7" 12.240.5" 12.540.5"

Hepatosomatic index (%) 1.17+0.05 1.38+0.28 1.260.10 1.18+0.06 1.27+0.07 1.26£0.16

* Mean + standard deviation (n=5). Figures in a row with different superscripts indicate significant different
from each other (p<0.05) when analyzed using Dancan's multiple range test.

the nonfish meal diets had significantly lower phospholipid content, total cholesterol, and free cholesterol levels
and cholesterol ester ratio, suggesting abnormal liver functioning. The urea nitrogen level was higher for the non
fish meal groups, and in the case of the control group it was creatinine.

Expt. I: The frend similar to those in juvenile fish was observed in young fish, although the protein
metabolites of the control group were slightly higher than all the test groups. The anemic conditions and
abnormal lipid metabolism observed in both the experiments were thought to be direcily linked to the green liver

pathogenesis. All the hematological indicators examined were in favor of the control diet.

Periodical Changes of Free Amino Acids and Digesta

Free amino acid levels in plasma in Expt II: The periodical changes of methionine, lysine, and threonine, and
the total free essential amino acids in the blood plasma of fish from Expt. I are shown in Table 318 and Fig. 3
5. The levels of the three supplemental amino acids for fish fed the nonf{ish meal diels increased immediately
after feeding. The maximum values of these amino acids for the lest groups were exiremely high compared with
those of the conirol.  These resulis suggested thal supplemental crystalline amino acids, both coated and
uncoalted, were effeclively absorbed. These amino acids were fortified in the test diels to give the same levels as
those of the conirol fish meal diet, but all their plasma levels, especially methionine, were markedly higher than
those of the conirol, and migh! resull in amino acid imbalance, which may have caused lower feed performance in
the test groups. Therefore, the supplemental amounts of these amino acids should be reduced (o maintain the
balance of plasma free amino acids after feed inlake. Both lysine and threonine exhibiled peaks at the third
hour, and in the case of methionine overtly high levels were atlained in the early hours after digestion, buf unlike
the former amino acids a distinct reduction was not observed with respect fo the conirol values, even by 24
hours. The supplemental methionine, therefore, seems to have upset the normal physiological levels of the amino
acid in the blood plasma. The combined plasma level of the three supplemented amino acids in fish on the fest
diets peaked at 3 hours post feeding, and yet another peak was observed af 18 hours when the diel contained
coated amino acid mixture. The total essential amino acid levels for fish on the nonfish meal diets also
increased after feeding and peaked at the third hour, regardless of the coating of amino acid mixture. Later, it
gradually decreased to the fasting level after 24 hours, however fish fed the diet with coated amino acids had a
second peak at 18 hours. Conversely, the amino acid level in the control did not show a rapid increase after

feeding, but gradually peaked at 12 hours. Thus, there were remarkable differences in the postprandial pattern of
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250 Table 3-18. Periodical changes of {ree amino acid contents in
blood plasma of yellowtail fed the control SDP and EP with
coated (cAA) or uncoated (ucAA) amino acids (xmol/100ml
150 plasma)

100

200 | Lysine

50

100 —
Methionine
80
60

40 t

100
80

Threonine

60
40

Levels of FAA (u mol / 100ml plasma)

1000

00 | Total EAA

600
400
200

3 6 9 12 18 24
Hours after feeding

Fig. 3-5. Periodical changes of the free amino
acids in blood plasma of yellowtail fed the
control SDP and EP with coated (cAA) or
uncoated (ucAA) amino acids. O:Diet 1
(control SDP), O:diet 5 (EP+ucAA),
@:diet 6 (EP+CcAA).

total free amino acids beiween fish fed the conirol and test diets, and also belween those fed diels containing an
amino acid mixture with or without coaling. However, the effect of coaling the amino acids remained ambiguous
because some of the uncoated amino acids (leucine, phenylalanine, and arginine) also appeared to peak at 18
hours. These varialions could be aliributed to the differences in the evacualion (ime of individual diets in the
stomach and inlestine, based on their physical properties. The nonfish meal diels prepared by the small {win
screw exiruder was digesied much faster than the conirol diel processed by the large (win screw exiruder, the
former diels releasing amino acids info blood plasma fasier than the lailer diels. For effective ulilizalion,
absorption of the supplemental crystalline EAA musi be synchronized with those derived f{rom diefary protein;
therefore, the SDP (ype diel is desirable to enhance EAA utilization efficiency. In this contexi, the coated EAA
seemed more effective than those withoul coating, although the coaling effect was nol clearly observed in this
experiment. Further precise experiments are necessary to obtain information on utilization of supplemental amino
acids.

Digesta content; Changes in the stomach digesta content (wet % of body weight) after feed intake are shown
in Fig. 36. It was higher in the fish on the conirol diet than those on the nonfish meal diets. The stomach
content in fish on the nonfish meal diels decreased to the fasting level within 18 24 hours, although the level for
the control group was 3% at 24 hours after feeding. There was no marked difference in the posiprandial change
of stomach and intestine contents between the nonfish meal diets with or without coating. Thus the digesta of

the nonfish meal diets passed rapidly through the stomach compared to the fish meal diet. This resulted in the
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difference in plasma amino acid patterns between the

two types of diets as mentioned earlier. —~ :2 | Stomach
Results of this frial have shown that the non fish E s |
meal diets formulated with SPC, SBM, CGM, and '§ 6
MM as protein sources could sustain normal growth q'g 4t
of young vellowtail for 46 days afler slarling feeding, ® 2 F
bul thereafler the growth gradually retarded. Most ﬁ 0
fish of these groups revealed the greenliver *§ 25 Intestine
condition, which might be the cause of growth *g’ 20y
relardation and the subsequent high mortality. If not g 15 r
for the greenliver condition, fish could have grown ?ﬂ 10 ¥
normally on the nonfish meal diets. In fact, 8 05 r
subsequeni (rials have shown thal yellowtail could 00
3 6 12 18 24 (h)

grow normally on nonfish meal diets for about two Hours after feeding

months untilthe greenliver appeared in the fish Fig. 3-6. Periodical changes of the stomach and intestine

(Chapter 3.2.12). The greenliver, which was digesta contents of yellowtail fed the control SDP and
) . : . EP with coated (cAA) or uncoated (ucAA) amino acids.

observed only in the fish fed the nonfish meal diets, O:Diet 1 (control SDP),O:diet 5 (EP+ucAA), @:diet

is thought to be induced by the occlusion of bile 6 (EP+cAA). Results are expressed as the mean with

. ) standard deviation (n=5).
duct by parasitic mucosporozoa. The same non fish

meal diefs used in this trial with yellowtail were also

fed to rainbow trout fingerlings of about 10 g for 20 weeks (Watanabe et al. 1997). These diets produced
excellent growth and feed performances for rainbow ftrout without any abnormalities. The fish could also grow
well on the nonfish meal diets without EAA supplement. This has shown that the content of EAA in the non fish
meal diets was sulficient to satisfly the EAA requirement of rainbow trout. Thus, the extruded diets without fish
meal which could nol sustain normal growth of yellowtail and caused the greenliver, seemed not only fo be
harmless to rainbow froul, but also efficienl in growth promotion and performance. The resulls on rainbow (rout
proved thal the diels are not solely responsible for the abnormality. The link belween the greenliver stalus and

dietary components needs to be examined closely in order to effectively develop non fish meal diets for yellowtail

3.2.1-2 Use of Non-Fish Meal Diets for Yellowtail: Second Trial

The first trial to culture juvenile (13 g on average) and young (130 g on average) yellowtail with extruded
dry pellets (EP) formulated without fish meal has shown that the experimental non fish meal diets were of poor
palatability to juvenile fish, bul were actively accepted by young yellowlail and sustained normal growth for the
first 46 days of feeding, bul thereafter resulled in stagnant growth, poor feed gain ratio, and high mortality
irrespective of the dietary treatments (Chapter 3.2.11). Moreover, at the end of the experiments, both juvenile
and young fish fed the nonfish meal diets revealed the green liver symptom and poor blood characteristics,
indicative of the abnormal physiological status.

These non fish meal diets were formulated to include SPC, SBM, CGM, MM as alternale protein sources, and
crystalline amino acid mixfure was supplemented in the diets to match the amino acid profile with that of the
control fish meal diet. Therefore, the reduced growth performances observed in fish fed the nonfish meal diets
might partly be due to the poor ulilization efficiency of supplemental amino acids, and parily be linked with the
appearance of green liver, although its mechanism remains unknown.

Thus, the present study was conducted to confirm the results obtained in the first trial whether the
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appearance of green liver in yellowtail is always closely linked with feeding non-fish meal diets, and to investigate

supplemental effect of crystalline amino acids on feed performances of non-fish meal diets.

Materials and Methods

FExperimental Diets

The composition of the experimenial non-fish meal diels and their proximate values analyzed by the same
methods described previously are shown in Table 3-19 (Watanabe and Pongmaneerat 1991). All the diets were
formulated to have around 45% crude protein and 20% crude lipid those hitherto used in yellowtail experiments.
A commercial yellowtail dry diet containing 65% lish meal (CP:68%) as a main protein source was used as a
control diet (diet 1) and was produced by Sakamoto Fish Feed Co. using large size twin screw extruder. The
fish meal component was entirely eliminated from the experimental non-fish meal diets and replaced by a
combination of alternate protein sources such as SPC (Protao, a product of Aarhus Olie; CP:70%), SBM
(CP:46%), CGM (CP:65%), MM (CP:82%), and PFM (CP:82%) at different levels. The combination and
proportion of these protein ingredients are shown in Table 3-19. All the diels except the conirol diet were
incorporated with 10% krill meal to enhance palatability to juveniles, although ifs non-inclusion diet not impair
palatability to young vellowtail. The wheat flour or starch (only the control diet) as a carbohydrate source and
binder was included at 8 or 5%, respectively. The vitamin and mineral mixtures were added to maich the
requirements of yellowtail (Watanabe et al. 1991). The supplemental feed oil level was 13% for the control and
17% for the test diels to elevale the dietary energy levels. Moreover, diets 3-6 conlained 2.7% amino acid
mixtures (1.5% L-lysine, 0.5% DL-methionine, 0.5% L-threonine, and 0.2% L-tryptophan) to match the amino acid
profile with that of the conirol diet. The experimental diets were prepared to dry pellets using small size twin
screw extruder by Nippon Formula Feed Co. There were no large differences in crude protein and lipid levels

among the experimental diets. The gross energy content of the control diet was slightly lower than that of other

Table 3-19. Composition of the experimental non-fish meal diets for

vellowtail

Dict no.
Ingredient (%) 1 2 3 4 5 6
Local sardine meal 67 0 0 0 0 0
Soy protein concentrate 0 30 30 20 13 10
Defatted soybean meal 0 10 10 10 10 5
Corn gluten meal 0 8 8 10 15 15
Meat meal 0 10 10 15 15 15
Poultry feather meal 0 0 0 3 5 10
Krill meal 0 10 10 10 10 10
Wheat flour 8 8 8 8 8 8
a -Starch 5 0 0 0 0 0
/itamin and mineral mixtures 7 7 7 7 7 7
Feed oil 13 17 17 17 17 17
Amino acid mixture* 0 0 2.7 2.7 2.7 2.7
Total 100 100 102.7 102.7 102.7 102.7

Proximate composition: As is basis (%)

Crude protein 45.0 45.2 43.5 43.8 45.9 44.9
Crude lipid 20.5 20.5 19.5 20.4 20.3 20.7
Crude ash 9.0 8.3 8.0 7.9 7.7 7.1
Moisture 11.5 4.9 7.2 7.5 5.7 6.8

Total phosphorus 1.6-1.9

Dry matter basis (%)

Crude protein 50.9 47.5 46.9 47.4 48.7 48.1
Crude lipid 23.2 215 21.0 22.1 21.6 22.2
Crude ash 10.2 8.7 8.6 8.3 8.2 7.6
Gross energy (keal / g) 4.9 5.4 5.2 5.3 5.4 5.3

* Lysine 1.5, methionine 0.5, threonine 0.5, and tryptophan 0.2.
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diets. The EAA contents of the experimental diets Table 3-20. Amino acid content of the non fish

. meal diets for yellowtail
analyzed by Japan Food Research Laboratories are verowtal

presented in Table 320. The nonfish meal diets except Amino acid Diet no.

(g / 100g diet) 1 z 3 4 5 6
for diet 2 seemed to contain enough EAA to satisiy the Arginine 279 3.02 2.82 271 268 261
, o ) ) Lysine 3.58 2.75 3.82 359 341 3.27
requirement level for vellowtail*>. The experimental diets Histidine 153 1.11 107 100 096 0.89
) 5 . , . Phenylalanine 195 223 214 210 221 214
were kept in freezer (—20°C) during the {eeding period. Tyrosine 146 168 160 157 167 158
Leucine 3.62 399 382 389 432 4.30
Isoleucine 1.99 196 187 179 181 182
Feeding Conditions Methionine .30 085 118 1.15 119 115
Cystine 0.51 061 059 0.66 076 0.92
Two feeding experiments were conducted with yellowtail Valine 2.38 215 2.06 208 217 226
) ) ) . . Threonine 2.04 182 220 216 223 217
(Seriola quinqueradiata) at the Owase Branch, Fisheries Tryptophan 055 049 0.63 059 058 056
Total 23.70 22.66 23.80 23.29 23.99 23.67

Research Institute of Mie in floaling nel cages sel within
the coastal bay area (Expt I) and at the Nagasaki Prefectural
Institute of Fisheries in polycarbonate tanks (Expt II).

Expt. I: Young vellowtail weighing about 210 g on average, fed with the commercial dry pellet (the control
diet) for about two months before starting the experiment, were used. They were divided into six groups of 300
fish each in net cages (3X3X3 m) with a net cover and reared on each diet for 113 days (from Aug.8 to
Nov.28, 70 days feeding). The water temperature ranged from 21.4 to 29.6°C (average 25.3°C). Fish were hand
fed 5 or 6 times per week, once a day in the morning to near satiation. All the fish were counted and weighed
every 26 31 days, to calculate the average body weight. On termination, 5 fish were randomly collecied {rom each
lot for analysis of proximate composition of dorsal muscle and liver, by the same method described in an earlier
paper (Watanabe and Pongmaneerat 1991).

Expt. II: Juvenile vellowtail with an average weight of 8.4 g which had previously been fed a commercial EP
(Sakamoto Fish Feed Co.) for 2 weeks, were used for the experimenl. They were divided into six groups of 30
fish each in 500 [ polycarbonate tanks (400 [ water volume) and reared for 41 days (from Jun.30 to Aug.9, 37
days feeding) al water lemperalure of 23.031.0°C. Filtered seawater was conlinuously supplied (822 [ /min) to
each tank with airation. Fish were fed the respeclive experimental diets lo near satialion twice a day (08:00 and
17:00). All the fish in each tank were weighed at the initial and final of the experiment to determine the mean
body weight after starved for 24 hours and anesthetized with aminobenzoate (100 ppm). At the end of feeding

experiment, proximate analysis of whole body from each lot was conducted (n=10).

Determination of Hematological Characteristics

At the final of the both {wo experimenis, 5 fish were randomly sampled from each (reaimen{ and blood
biochemical characteristics were delermined (o evaluate the physiological stalus. The analytical procedures for
blood parameters and statistical analysis method of data were the same as those described in previous papers
(Watanabe et al. 1992, 1995).

Results and Discussion

Feed Performances

The results of growth and feed performances in Expis. I and II are presented in Tables 321 and 322
respectively. The growth curves of fish in Expt. I are shown in Fig. 37

Expt. I : The experimental nonfish meal diets showed good palatability to the fish. The best final body
weight and growth rate were obtained for fish on the conirol fish meal diet. There was no large difference in

average body weight between fish on the nonfish meal diets and the control diet until the 59" day (Oct.6, 39
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Table 3-21. Growth and feed gain ratio of young yellowtail

fed the nonfish meal diets in net cages 800
= 700
Av.body wt. Growth  Feed Daily
Diet no. (®) rate gain feed Mortality
Initial  Final (%) ratio intake (%) ~ 600
Aug.8 ~ Sep.4 (21 days feeding) N
1 213.0 322.7 50.9 1.33 2.57 0.0 £
2 208.5  300.7 43.8 1.58 2.71 0.0 2 500
3 210.3 317.2 47.5 1.46 2.66 0.0 2
4 203.5 295.6 44.2 1.61 2.78 0.0 %‘
5 207.3 300.0 44.1 1.61 2.76 0.0 _8 400
6 207.3 310.8 49.4 1.45 2.73 0.0 =
Sep.5 ~ Oct.5 (18 days feeding) <
1 322.7 448.5 33.4 1.65 2.62 0.8 300
2 300.7 392.7 26.2 2.25 2.90 4.5
3 317.2 419.7 28.7 1.95 2.72 2.9
4 295.6 390.4 28.7 2.07 2.89 4.1 200
5 300.0 389.3 26.5 2.22 2.88 4.1
6 310.8 402.8 25.7 2.18 2.75 4.5
Oct.6 ~ Oct. 31 (16 days feeding) 100
1 4485  620.1 35.7 1.82 3.15 0.6 Aug8  Sep5  Oct6  Nov.l = Nov28
2 392.7 445.1 12.4 3.58 2.58 3.3 Culture—period
3 419.7 447.0 6.2 5.49 2.32 17.8
g gggé ggg i?l’? 32? ggg 67; Fig. 3-7. Grow[h curves of voung yellow[ail
6 402.8  416.2 31 10.27 212 111 fed the experimental non fish meal diets
Nov.1 ~ Nov.28 (15 days feeding) for yellowtail in net cages. [:Diet 1,
1 620.1  692.1 13.4 3.55 3.00 0.0 W.diet 2, A:diet 3, A:diet 4, O:diet 5,
2 445.1 432.4 - - 2.01 26.2 @:diet 6.
3 447.0 375.0 - - 1.69 48.5
4 446.5 432.7 - - 1.64 47.8
5 436.0 432.8 - - 1.46 47.3
6 416.2 401.6 - - 1.46 43.0

Table 3-22. Growth and feed gain ratio of juvenile yellowtail fed the non fish
meal diets in polycarbonate tanks

Av.body wt.* Growth Feed Daily Protein  Nitrogen
Diet no. (g) rate gain feed  efficiency retention Mortality
Initial Final (%) ratio intake ratio (%) (fish)

Jun.30 ~Aug.9 (37 days feeding)

1 8.4+0.7 124.4+19.8 1080 0.95 4.34 2.5 44.2 2

2 8.3+0.8 43.0£8.6 298 1.89 6.13 1.4 20.0 5

3 8.4+0.8 72.6+£15.9 536 1.16 4.57 2.4 41.7 3

4 8.3+0.8 56.9+11.9 392 1.36 4.85 2.1 35.3 4

5 8.4+0.9 67.2+12.8 539 1.25 4.95 1.9 33.8 1

6 8.5+0.9 51.4+12.3 326 1.40 4.68 2.1 35.1 4

* Mean = standard deviation (n=25 ~29).

days feeding) from the start of feeding (being 390420 g for the nonfish meal diet groups and 450 g for the
control). Bul, thereafter the feeding activilty of nonfish meal diet groups became gradually poor, and growth rate
of these diet groups was exiremely reduced at the end of the experiment withoul regard to diefary components.
The final body weight of fish fed the conirol diet was 692 g, and was remarkably differenl from that of the fish
on the nonfish meal diets (375433 g). Thus the nonfish meal diets used in this study could not sustain normal
growth of yellowtail for more than 2 months. The same tendency was also obtained for feed gain ratio, showing
that this value of nonfish meal diet groups worsened with growth retarded. Both growth rate and feed gain ratio
were not different among the nonfish meal diet groups. On comparing the performance parameters beiween fish
on diets 2 and 3, namely the diets with or without crystalline EAA, there seemed to be no supplemental effect on
improvement of the feed quality.

High mortalities (26 49%) were observed for fish of the nonfish meal diet groups during the final feeding
period of Nov.128, while no mortality in the confrol group. Dissection of dead fish revealed that most of fish

had green liver status as observed in the former trial (Watanabe et al. 1998), indicating the poor health condition
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for fish on the nonfish meal diels irrespective of the dietary componenis. The analomical assessmen! conducted
aboul every 2 weeks from the start of feeding showed that green liver symptom peculiarly appeared in fish on the
non fish meal diet after the end of October (Maita et al. 1997). Thereafter, the occurrence rate of this symptom
increased, and almost all the fish on the nonfish meal diets suffered ai the end of the experimeni. Conlrary,
there were few green liver fish in the conirol groups. The histological examination conducted at the Laboratory
of Fish Physiology, Tokyo University of Fisheries revealed that this symplom was caused by occlusion of bile duct
due to parasitic mucosporozoa, as same in the first trial (Watanabe et al. 1998).

Expt. II: Feeding activity in fish fed the nonfish meal diets was generally poor for all the diel (reatmenis
during the whole feeding period, unlike young fish in Expl. I, suggesiing the difference in palatability to tesi diets
between fish sizes. Growth and feed performances showed almos! the same {endency as those obtained in Expt.
I. The final average body weight and feed gain ratio were 124 g and 0.95 for the conirol and 4373 g and 1.16
1.89 for the test groups, respectively. The best protein efficiency ratio value was also observed for the conirol
diet. Mortality was generally low, ranged between 15 fish (n=30) for all the treatments. But the anatomical
examination al the final of feeding showed that all of fish on the non fish meal diets had green liver status due to
the same reason mentioned earlier. On the other hand, when comparing the performance parameters beiween
fish on diets 2 and 3, growth rate, feed gain ratio, and protein efficiency ratio of fish fed diet 2 (without EAA)
were inferior to fish on diet 3 (with EAA), unlike in the case of Expt. I. This result indicates the effectiveness
of EAA supplementation to the nonfish meal diets to improve to some extent the feed utilization. Therefore,
more defailed study must be carried oul to investigate the availability of supplemental amino acids to diets with
alternate ingredients.

In the first trial on the use of nonfish meal diets to yellowtail (Watanabe et al. 1998), normal growth and
feed performances were obtained until one and a half months after the initiation of the feeding (nel pen
experiment), but thereafler growth gradually retarded and subsequently high mortality was observed. Moreover,
the anatomical examination at the end of the experiment revealed that almost all the fish fed the nonfish meal
diets were suffering from green liver, while few fish on the conirol fish meal diel. These resulls agreed well with
those oblained in the present study. Therefore, although the cause of the reduction of growth and feed
performances was unknown, the resulls from the presen! and former studies suggesied that there was some
nuiritional inadequacies in the nonfish meal diets to yellowlail, regardless of the dietary components. The inferior
feed performances and high mortality observed in fish fed the nonfish meal diels might parily be due to poor
utilization efficiency of supplemental amino acids and partly be related to the appearance of green liver symplom.
The reason for green liver appearance induced by feeding the nonfish meal diets was still unknown. Therefore,

further studies are need to clarify the outbreak mechanism of this phenomenon to develop a non fish meal diet.

Proximate Composition

The results of proximate analysis of the dorsal muscle, liver (Expt. I), and whole body (Expt. II) of lish are
presented in Table 323. In Expl. I, the protein content of the dorsal muscle did not differ largely among the
{realments, bul this value of the liver in fish on the nonfish meal diets slightly higher than that in fish on the
control diet. The lipid content of muscle in fish on the nonfish meal diets ranged from 2.0 to 3.7%, and was
remarkably lower than that on the control diet (8.2%). A similar trend was shown in the liver lipid too, 21.2%
for the control and 6.0 13.0% for the nonfish meal diet groups. The moisiure conitent was inversely lower in
both muscle and liver of fish fed the conirol diet reflected by higher lipid content. In Expt II, the patierns of
proximate composition were similar to Expt. I. The lipid content in the whole body was the highest in fish on
the control diet. The lower lipid levels were reflecied by lower growth of fish of the nonfish meal diet groups.

The results of proximate analysis from this study showed the same tendency as those obtained in the previous
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Table 3-23. Proximate composition (%) of dorsal muscle,

experiment (Watanabe et al. 1993). liver, and whole body from yellowtail fed the non fish

meal diets

Hemochemical Characteristics Mowsture Crude Crude Crude
The results of hemochemical assessments of fish Diet no. . protein lipid ash

Expt. I (n=5)*

in Expts. I and II are presented in Table 324 In E Dorsal muscle ,
i . 1 66.2 23.1 (68.3)** 8.2 (24.3 2.1(6.2

xpt. I, the hematocrit value of fish fed the non fish 3 75.0 21.1 §84.4; 2,028.03 1_6564;
meal diets was significantly lower than that on the g ;i:g gg:g gg:ii g% Elizg; ggggg;
control diet, 40.7% for the control and 15.6 23.8% for ij?z 76.0 206858  20(83) 21(88

the test groups, showing the anemic state in fish of 1 56.7 11.7 (27.0)  21.2 (49.0) 1.0 ( 2.3)
3 69.3 12.8 (41.7)  13.0 (42.3) 1.3 ( 4.2)

the latter groups. Also, fish fed 4 77.8 13.7 (61.7) 6.0 (27.0) 1.8 ( 8.1)
i ) o 5 78.4 11.1 (51.4) 8.7 (40.3) 1.5 ( 6.9)

the non fish meal diets had greatly lower blood lipid 6 69.1 16.8 (54.4) 10.8 (35.0) 2.6 ( 8.4)

Expt, I (n=10)

metabolism items, namely phospholipid, total cholesterol, Whole body
; 1 71.1 17.5 (60.6) 7.1(24.6) 2.6 ( 9.0)
free cholesterol, and cholesterol ester ratio. o g 152 (73.4) 19 ( 9.2) 38 (18.4)
This indicates that an abnormal liver function in the 3 74.7 17.6 (69.6) 4.2 (16.6) 3.0 (11.9)
4 75.6 16.8 (68.9) 4.7 (19.3) 3.0 (12.3)
fish of thetest groups, compared to the control group. 5 74.0 17.4 (66.9) 4.1 (15.8) 2.9 (11.2)
6 75.9 17.3 (71.8) 2.9 (12.0) 3.1(12.9

The total protein and crealinine levels of test groups ) , _ :
*' No data for the diet 2 group due to failure of sample preparation.
were also lower than those of the conirol, suggesting * Pigures in parentheses are values on dry matter basis.

the poor nutrient condition. On the conirary, ALP

activity and glucose content were higher in fish fed the nonfish meal diets. The resulis in Expt. I showed
almost the same irend as those obtained in Expt. I. Fish of the nonfish meal diel groups were in an anemic

state and had significantly lower lipid metabolites, regardless of dietary treatments. From these results, the

Table 3-24. Results of hemochemical examination in yellowtail fed the experimental
non fish meal diets*

Diet no.
1 2 3 4 5 6
Expt. T
Ht (%) 40.7£3.2"  18.0+55"  155+3.0° 201.3+7.9"  23545.3"  23.8:9.8"
ALP au /y 136£36 185450 189455 203+31 208+18 177£19
GLU (mg / 100ml) 85+12" 152£39° 149+47° 166+26% 139£31% 127+21%
TG (mg / 100ml) 261£67° 127+83" 158+82" 16550 257+70° 18849
PL (mg / 100ml) 851+75" 480+122° 517102  558+90" 558+109"  637+189"
TCHO (mg/ 100ml) 297+35° 163+30" 176£20° 188+28" 173+23" 189+16"
FCHO (mg / 100ml) 119+11° 70£12° 78+10" 80+11" 76+12" 777"
EC (mg / 100ml) 178+24° 93+18" 98+11° 108+17" 97+12" 112+10°
Ester ratio (%)  59.9£#1.4"  57.0x1.4"  55.722.0° 57521.3"  56.3+1.7"  59.3+1.9%
BUN (mg / 100m1) 11.31.1 11.4+3.5 9.1£3.0  11.342.3 9.8:0.6  12.742.5
CRE (mg / 100ml) 1.14£0.05  0.94+0.11  0.94£0.05  1.00£0.20  0.90£0.19  0.90+0.07
TP (g/100ml)  3.3430.25  2.62+0.64 2.90+0.35 3.08£0.53  3.00£0.21  3.04+0.25
Condition factor 16.120.3"  13.4x1.5"  12.840.8°  13.520.7°  12.8+0.9"  13.5+1.3"
Hepatosomatic index (%) 1.56£0.09  1.41+0.29  1.560.26  1.2940.19  1.26£0.19  1.25:0.20
Expt. T
Ht (%)  38.4%3.6° 25.9+44"  238+53™ 22.0+3.5" 29.4+30"°  26.7+3.5"
ALP au /1 120421 197£53 226+115 198445 181449 169+45
GLU (mg/ 100ml) 108+12" 163+19" 220+98° 15827 170£42% 16522
TG (mg / 100ml) 156+57" 77+43" 107+33" 112:+40" 14739 134446
PL (mg / 100ml) 485+63" 288+119°  335+114°  292+66" 411£103"  398+100™
TCHO (mg / 100ml) 187+35° 107+33" 125+36" 117+23" 132+47" 129+36"
FCHO (mg / 100ml) 77£10* 49+18" 57+15" 55+9" 62+16™ 63+13"™
EC (mg/ 100ml) 110£27° 59+16" 68+21" 62+15" 70+32" 66+24"
Ester ratio (%)  58.0£5.0  55.6+45 54114  52.7+4.2  50.649.9  50.6+3.5
BUN (mg / 100mD 88+1.6°  15.1£2.3"  15.0£3.9"  12.5:2.6" 14.8+43°  18.4+1.7
TP (g/100ml) 3.1x0.6" 1.8+0.4" 2.0:0.2" 1.940.3" 2.2+0.3" 2.0+0.3"

* Data are shown as mean + standard deviation (n=5). Figures in a row with different superscripts are
significantly different from each other (p< 0.05) when analyzed using Duncan’s multiple range test.
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physiological condition of fish fed the nonf{ish meal diels was evaluated as being quite inferior to those on the
conirol fish meal dief.

In conclusion, the feed performances together with hemochemical examinalion have shown thal the non fish
meal diets could nol produce normal growth and health condilion, and cause green liver symptom for yellowtail,
irrespective of the ingredient composition, as already observed in the previous trial (Watanabe et al. 1998).
Additional works are necessary (o clear the nuiritional defect of the nonf{ish meal diels, especially from the

viewpoint of availability of the supplemental amino acids.

3.2.2 Red Sea Bream

The series of our study has investigaled the availabililty to red sea bream of various plan{ and animal protein
ingredients as partial replacements for fish meal in the feeds, in order to deal with the shortage of fish meal, a
main prolein source, due to the quick decrease in the caich of feedgrade fish. Consequenily, it was
demonsirated that SBM, both processed and unprocessed by exiruder, could be employed as [ish meal replacer at
around 30% in the diets for juvenile fish (Chapter 1.2.1). Further, it was showed that SBM combined with CGM
and MM could substitute about 60% of fish meal component without any ill effects on the growth and feed
parameters in the diets for both juvenile and adult fish (Chapter 1.2.21,2). Thus, these trials on the alternate
proteins to red sea bream have been successful, and new type fish meal replaced diets would be practically
developed in the near future.

On the other hand, at present, marine fish culfure indusiry is expected o play an important role as provider
of high value fish, and the demand of available protein feedstuffs will increase with the increase of formula feed
production in Japan. Accordingly, the further efforts for reduction of fish meal component using effective alternate
proteins are needed to supply the leastcost diets stably. The goal of studying on the employ of alternate proteins
is to develop a diet without fish meal component, namely the nonfish meal diet. In yellowtail and rainbow trout,
availability of the non fish meal diels was already examined, and it was shown thal there was a ceriain difference
in its feed utilization between both the species (Walanabe et al. 1997, Chapter 3.2.11, 2).

The present study was, therefore, conducted with red sea bream (o examine availability of low or nonf{ish
meal diets formulated with SPC, SBM, CGM, MM, and PFM as prolein sources.

Materials and Methods

FExperimental Diets

In this study, two feeding experimenis were performed using different test diels. The ingredienl composition
of the experimental diels and their proximate composition in Expts. I and II are shown in Table 3 25.

Expt. I (low or non fish meal diets): Diet 1 was a commercial diet for red sea bream containing fish meal as
a main protein source, and was used as the conirol. Diet 2 was a nonf{ish meal diel conlaining 30% SPC, 10%
SBM, 8% CGM, and 10% MM as dietary proteins, and was supplemented with a crystalline amino acid mixture
(1.5% Llysine, 0.5% DL methionine, 0.5% L threonine, and 0.2% L tryptophan) to match the EAA profile with that
of the conirol diet for red sea bream. Diels 35 contained 10% fish meal with 20 and 10% SPC, 10% SBM, 8§
and 10% CGM, 10 and 15% MM, and 58% PFM. The proportion of protein ingredients in diets 3 and 4 was
the same, and EAA mixiure was added to diet 4 only to investigate the supplemental effect. There was no
marked difference in dietary protein content among the treatments, while slightly lower in diet 2. The crude lipid
content was high in diet 2, reflecting the amount of feed oil added in the diet.

Expt. I (non fish meal diet): The experimental diets were the same as those used in the previous trial with
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Table 3-25. Composition of the low or non-fish meal diets for red sea bream

Experiment I Experiment II
Ingredient(%) Diet no. Diet no.
1 2 3 4 5 1 2 3 4 5
Fish meal 0 10 10 10 0 0 0 0
Soy protein concentrate 30 20 20 10 40 30 25 20
Defatted soybean meal 10 10 10 10 10 10 10 10
Corn gluten meal £ 8 8 8 10 2 3 13 18 23
Meat meal = 10 10 10 15 = 12 13 15 14
Poultry feather meal 3 0 7 5 8 I 0 0 0 0
Krill meal q% 10 5 5 5 % 2 2 2 2
« -starch g 0 8 10 10 =} 0 0 0 0
Wheat flour g 8 0 0 0 £ 8 8 8 8
Vitamin mixture &) 2 3 3 3 o 2.55 2.65 2.55 2.55
Mineral mixture 5 5 5 5 2.45 2.45 2.45 2.45
Feed oil 17 14 14 14 20 19 17 18
Amino acid mixture*® 2.9 0 2.7 2.7 2.7 2.7 2.7 2.7
Total 102.7 100 1027  102.7 102.7  102.7 1027 1027
Nutrient contents determined (% as is basis)
Crude protein 44.4 42.4 44.6 44.5 45.6 47.1 46.5 474 47.7 47.7
Crude lipid 15.1 21.0 175 16.9 13.3 23.0 23.9 23.7 23.2 23.5
Crude ash 9.4 8.3 8.3 8.2 8.3 9.9 5.7 5.3 5.1 4.8
Moisture 8.3 3.8 7.2 7.4 7.9 6.5 4.3 4.2 6.2 54
Dry matter basis(%)
Crude protein 48.4 44.1 48.1 48.1 49.5 50.4 48.6 49.5 50.9 50.4
Crude lipid 16.5 21.8 18.9 18.3 14.4 24.6 25.0 24.7 24.7 24.8
Crude ash 10.3 8.6 8.9 8.9 9.0 10.6 6.0 5.5 5.4 5.1

* Liysine 1.5, methionine 0.5, threonine 0.5, and tryptophan 0.2.

vellowtail (Chapter 3.2.1-1). Commercial pellets prepared using a twin screw extruder was used as the control
diet (diet 1). In diets 2-5, 20-30% SPC, 10% SBM, 3-23% CGM, and 12-15% MM were incorporated in
combination, and all the diets contained 2.7% EAA mixfure with the same composition as that used in Expt. I. All
of the non-fish meal diets were produced using small

size twin screw extruder (Chapter 1.2.2-2). The crude tap1e 3.26. Amino acid composition of the fish meal

protein and lipid contents were almost the same for all and non-ish meal diels for red sea bream (Expt. II)

the experimental diets. The amino acid composition of Amino acid Diot 1o,
. . (g / 100g diet) 1 2 3 4 5

the experimental diets analyzed by the Japan Food Arginine 566 303 551 A7 563

Research Laboratories is shown in Table 3-26. Each Lysine 342 371 352 336 327

Histidine 1.32 1.19 1.13 1.15 1.13

EAA content of the non-fish meal diets was comparable Phenylalanine 189 218  2.26 232 242

i i o Tyrosine 1.51 1.47 1.58 1.65 1.73

to that of the control fish meal diet, and was satisfying Leucine 3.38 3.54 4.16 4.51 4.92

. xn Isoleucine 1.95 1.89 1.88 1.88 191

the requirement of yellowtail™, Methionine 124 106 115 118  1.26

, . . Cystine 0.49 0.60 0.64 0.66 0.67

The control and test diets in both experiments Valine 934 215 917 2.20 299

. : : : : Alanine 2.78 2.28 2.63 2.85 3.05

were added with the vitamin and mineral mixtures to Glycine 94 257 o1 567 962

satisfy the requirements of yellowtail (Watanabe et al. Proline 219 28 315 330 355

Glutamic acid 6.13 8.11 8.38 8.58 8.83

1991). All the experimental diets were kept at —20°C Serine 1.89 2.25 231 2.32 2.36

) . ) Threonine 1.95 2.15 2.16 2.17 2.16

during the rearing period. Asparticacid 429 459 432 416  4.08

Tryptophan 0.56 0.72 0.68 0.67 0.64

Total 42.93  46.34 47.57 4837 49.45

Total EAA* 2271 2369 2417 2449 2496
* Total essential amino acids (including tyrosine and cystine).

Feeding Conditions
The feeding experimenis were conducted at the
Fishery Research Laboratory of Kyushu University in
aquariums (Expt. I), and at the Owase Branch of Fisheries Research Institute of Mie in net cages (Expt. II).
Expt. I: Juvenile red sea bream (Pagrus major) with a mean body weight of about 27 g were divided into
five groups of 30 fish each in 150 [ rectangular aquariums. They were reared on each experimental diet for 56

days (8 weeks, 50 days feeding), from Jan12 to Mar.10. Fish were fed the respective diets to near satiation
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{wice a day. The aquariums were continuously supplied with fillered sea waler, and waler {emperalure was kept
at 22.0£0.5°C. During the experimental period, all of fish in each lot were weighed every two weeks to
determine the average body weighl. Al the final, 5 fish were taken from each aquarium for proximate analysis of
dorsal muscle and liver al Kyushu Universily.  Analytical techniques were described in a previous paper
(Watanabe and Pongmaneerat 1991).

Expt. II: Adult red sea bream (one year old) weighing 538 579 g on average were used. They were reared on
a commercial dry pellel for about 10 months before the initialion of the experimeni. Then they were divided inlo
five groups of 240 fish each and stocked in net cages (3X3X3 m), and reared for 183 days (from Nov.11 to
May 12 of the next vear, 87 days feeding). The water temperature at farming site (2 m in depth) ranged from
14.520.6°C (average 16.9°C). The respective diets were fed to each flish, once a day in the morning to near
saliation, 34 times per week. Al the sfarl and end of the experimeni, all of fish in nel cages were counied and
weighed, and average body weight of 60 fish, which were randomly collected from each lot, was recorded on
Dec.26 and Feb.13.

Hematological and Hemochemical Assessments

In both the experiments, 5 fish were randomly taken f{rom each loi on (ermination and hematological
characteristics and hemochemical constituents were determined {o evaluate the health condition, by the same
methods described previously (Watanabe et al. 1992, Viyakarn et al. 1992). Statistical analysis of the data was
carried out using ANOVA. Fisher's PLSD test or Duncan's multiple range test was used to compare the

differences of treatment mean value at a significant level of 0.05.

Results and Discussion

Feed Performances

The results of growth and feed performances in Expts. I and II are shown in Tables 327 and 32§
respectively.

Expt. I: Both final average body weight and growth rate were highest in fish fed the conirol fish meal dief,
and significant difference (p<0.05) was found in body weight between the control (71.5 g) and test groups (47.5

64.1 g). Among the low or non fish

meal diets, the average body weight Table 3-27. Growth and feed gain ratio of red sea bream fed the low or

) ) ) non fish meal diets in aquariums
of fish fed diet 2 (nonlfish meal

diet) was significantly higher than Dict A"'b‘(’d)ywt'* Gro":th Feed ?aiéy lfjtf"tein
. . iet no. N _ rate gain ce efficiency Mortality
that of fish on diets 35. The worst T Mlnzltolilwd F;nalj (%) ratio intake ratio (fish)
. an. 12 ~ Mar. ays feeding)

growth performance was obtained 1 27.0£1.6  71.5:7.3" 164.8 113 1.98 2.00 0
for the diel 5 group. The same 2 27.11.7 64.1x11.9" 136.5 1.11 1.56 2.12 2

3 27.1¢1.6 57.4+8.2° 111.8 1.34 1.84 1.67 0
tendency was observed for feed 4 27.0¢16 55.3£92° 1048 124 1.64 1.81 0
performances in terms of feed gain 5 27.0£1.6  47.5=7.7° 75.9 1.68 1.78 1.31 0

* Mean + standard deviation (n=28 ~30). Values in the same row bearing different letters

ratio and protein efficiency  ratio, are significantly different (p < 0.05, Fisher's PLSD test).

though these values were almost

similar between the control and diet 2 groups. Thus, the feed quality of diet 2 seemed to be superior to other
test diets with alternate proteins. The growth performance tended to decrease with reduction of proportion of
SPC in the test diets. We have already examined the availability of SPC {o juvenile red sea bream, and have
shown that SPC could utilize as an alternative protein source for fish meal in the diet. These facts suggest that

the nuiritional value of SPC was superior to other alternate ingredients. However, the lipid content of diet 5 was
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the lowest among the experimenial diets, Table 3-28. Growth and feed gain ratio of red sea bream fed the non-

indicating that poor growth and feed fish meal diets in net cages
performance in fish on this diet were AT rE—— Daly TProwom
due to the insufficiency of energy Diet no. ® rate gain feed  efficiency Mortality
Initial  Final (%) ratio intake ratio (%)
content, Therefore, the distinct cause of Nov.11 ~ Dec.26 '93 (30 days feeding)
, o 1 560 650 16.1 1.60 0.79 1.33 0.0
reduction of growth performances in fish 9 579 657 13.4 1.67 0.70 1.29 0.0
ihe low-lish | dief K 3 551 625 13.5 1.67 0.70 1.26 0.4
on ihe low-ish meal diels was unknown 4 544 615 13.1 1.76 0.72 1.19 0.8
. 5 538 610 13.4 1.67 0.70 1.25 0.0
in the present study. On the other Dec.27~ Feb. 13 '94 (19 days feeding)
hand, on comparing the feeding results 1 650 690 6.2 1.44 0.54 1.48 0.0
2 657 700 6.5 1.39 0.52 1.55 0.0
between fish fed diets 3 and 4, there 3 625 705 12.8 0.77 0.51 2.74 0.4
4 615 637 3.6 2.04 0.51 1.03 0.4
was no clear supplemental effect of the 5 610 618 1.3 3.27 0.52 0.64 0.0
I , , , mil Feb. 14 ~May 12 '94 (38 days feeding)
CrYStal me amino aCld leture, SlIIll al‘ly 1 690 714 3.5 6.73 0.62 0.32 0.6
, . , 2 700 736 5.1 4.70 0.61 0.89 0.6
in a previous study, we did not observe 3 705 675 = - 0.56 © 11
the supplemental effect of crystalline 4 637 655 2.9 8.24 0.63 0.25 0.6
5 618 641 3.7 6.04 0.64 0.35 0.0
lysine to a fish meal replaced diet for Total feeding period (87 days feeding)
' ' 1 560 714 27.5 2.32 0.61 0.92 0.4
juvenile red sea bream (Chapter 1.2.2-2), 2 579 736 27.0 2.27 0.57 0.95 0.4
) 3 551 675 22.6 3.09 0.57 0.68 1.7
although the same diet produced growth 4 544 655 205 3.20 0.59 0.66 17
5 538 641 19.1 3.06 0.58 0.69 0.0

and feed performance  parameters
comparable to the commercial fish meal
diet for yellowlail (Watanabe et al. 1995). Further study should be done to investigale the availability of
supplemental amino acids, to improve the feed protein utilization.

Expt. II: Palatability and acceptability of the experimental diets were not affected by the entire elimination of
fish meal componeni, irrespective of the combination of alternate proteins. The growth rale ranged from 19.1%
for the diet 5 group to 27.5% for the conirol group, and tended to decrease with decrease of SPC content in the
diets, as shown in Expl. I. This value was generally low for all the ireaimenis due to low waler {emperature
during the winter season. The growlh performance of fish fed diet 2 (40%SPC + 10%SBM + 3%CGM +
12%MM) was comparable to thal of the conirol group, and was superior to other test diets, though nutrient
contents were almost in the same levels among the non-fish meal diels. Feed gain ratio values of fish on the
conirol diel and diel 2 were better than those on diets 3-5, 2.32 and 2.27 for the former groups and 3.06-3.20 for
the latter groups. The same tendency was observed for protein efficiency ratio. These resulls indicaled that
there was no difference in nuiritional quality beiween the fish meal die! and the non-fish meal dief confaining
40% SPC. It was also suggested thal SPC had excelleni quality to adull red sea bream as allernate diefary
proteins, compared (o other feed ingredients. The cumulalive mortality of fish during the experimental period was
low for all the {reatments. However, the dissection of the fish at the end of feeding revealed that fish had green
liver status for both the conlrol and test groups. The occurrence rate of this symptom was 60% for the conlrol
group and 60-100% for the test groups (n=5). These results indicated that physiological condition of the

experimental fish was generally poor for both the control and test groups, although the reason remained unknown.

In a previous frial, the same non-fish meal diels were shown fo be efficient to sustain normal growth and
health of young vyellowtail for aboul one and a hall months after initiation of the feeding, but thereafter the
growth retarded and high mortality was observed, irrespective of the dietary composition (Chapter 3.2.1-1).
Moreover, most of fish on the non-fish meal diets developed green liver symptom, which was caused by occlusion
of the bile duct due to parasitic mucosporozoa, for all the treatments. On the conirary, both retardation of the

growth and mass mortality were not found in fish of all groups in this experiment, though the growth
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performance of test groups was inferior to the conirol. Therefore, il was suggesied thal there was difference in
availability of the non-fish meal diets beiween red sea bream and yellowiail. In the presenl experimeni, the good
growlh and feed performances comparable o the conirol fish were oblained in the fish on the non-fish meal diet
formulated with 40% SPC as a main protein source. These findings demonsirated that there would be no
difference in nulritive value belween diets with and without fish meal component for both juvenile and adull red
sea bream when non-fish meal diels are formulaied with allernale protein ingredienis in an adequate balance.
Further researches should be carried out lo clarily suitable ingredient and proximale compositions of the non-ish

meal diets for red sea bream.

Proximate Composition

Table 3-29. Proximate composition (%) of dorsal

Results of proximate analysis for dorsal muscle and ! ) X
muscle and liver from juvenile red sea bream fed

liver from fish in Expt. I are shown in Table 3-29. the low or non-fish meal diets in aquariums*'
The protein content of dorsal muscle was nol greatly Mot Troae ot T
alfected by the dietary compositions. The lipid content Diet no. protein lipid ash
Dorsal muscle
of this tissue in fish fed diets 1-3 was higher than 1 75.3 20.6 (83.4)*> 2.1 ( 8.5) 1.7 (6.9)
, , . . 2 75.2 21.5 (86.7) 2.3 (9.3) 1.6 (6.5)
those of fish fed diets 4 and 5 The lipid value in the 3 745  22.3 (875) 22(86) 1663
. 4 75.9 21.9 (90.9) 1.6 ( 6.6) 1.6 (6.6)
diet 5 group was lowes!i among the {reatments, reflected 5 761 205 (35.8) L6 ( 6.7) 16 (6.7)
by a lower dietary lipid level. There was an inverse Liver
1 61.0 13.1 (33.6)  19.8 (50.8) 2.0 (5.1)
relationship beiween lipid and moisture conifenis, and 2 58.2 13.2 31.6)  21.3 (51.0) 1.3 3.1)
. . . . ) 3 59.7 13.2 (32.8)  20.8 (51.6) 1.8 (4.5)
the highest moisture value was obtained for fish on diet 4 64.5 11.2 (31.5)  16.5 (46.5) 1.7 (4.8)
5 67.2 114 (34.8) 132 (40.2) 1.6 (4.9)

5. The muscle ash content was slightly higher in fish
fed the conirol dief than those fed the ftesi diets,

w1 Samples from 5 fish were pooled for analysis.
* Data in the parentheses are in dry basis.

reflected by the ash conteni in the diel. In the liver,
the protein content in fish fed the control diet was not different from fish fed diets 2 and 3, and was slightly
higher than that in fish on diets 4 and 5. The lipid, ash, and moisture contents of liver showed the same

tendencies with those observed in dorsal muscle.

Hematological and Hemochemical Characteristics

Results of hemalological and hemochemical examinalions in Expts. I and II were shown in Table 3-30.

Expi. I: The hemalocril value varied from 31.4 fo 36.4% and was within the normal range for all the groups.
There was no significant difference in hemoglobin conceniration beiween fish fed the conirol diet and test diels.
The iriglyceride conlent in plasma was the highest for the diet 2 group and lowest for the diet 5 group, probably
reflected by dielary lipid levels. Total plasma protein value indicated the normalily irrespective of the dietary
{reatments, although this level in fish fed diels 4 and 5 were significanlly lower than those on diets 1-3. The
almost similar levels were found in both phosphorus and calcium in plasma, suggesting the normal health stalus
of fish. From these dala, the indication was thal the physiological condition was not markedly different beiween
fish fed the fish meal diet and low or non-fish meal diets, and that all of fish were kept in good health status.

Expt. II: The Ht values were not markedly different among the (reaiments and were within the normal levels
(around 30%). Some of fish in all the groups, however, showed very high ALP activity, suggesting a slightly
poor health status. The glucose level of fish fed the non-fish meal diets was significantly lower than that of the
control diet, though its definite reason was unknown. The items related to lipid metabolism, phospholipid, total
cholesterol, free cholesterol, and cholesterol ester ratio, were not significantly different among the (reatments,
though these levels in fish on the control diet were slightly higher than those on the test diets. These results

indicated better lipid metabolism or liver function in the control group than in the test groups. There were no
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Table 3-30. Results of hemochemical examination in red sea bream fed the low or
non fish meal diets

Diet no.
1 2 3 4 5
Expt, I *?
Ht (%) 32.1+1.6" 34.5£1.7% 36.4+4.7% 31.8+2.9° 31.442.4°
Hb (g / 100ml) 8.1+0.7% 8.4+0.8° 8.4+1.3° 8.4+1.3° 8.1+0.5"
TG (mg / 100ml) 591 699 543 490 339
TP (g / 100ml) 6.6+0.4" 7.9+0.6% 6.8+0.6" 6.1£0.7¢ 6.2£0.4%
P (mg / 100ml) 9.5 10.6 10.5 10.4 9.7
Ca (mg / 100ml) 14.1 15.6 15.5 13.5 14.5
Expt. I *¢
Ht (%) 32.2+3.1 28.2+2.5 28.445.0 30.8+3.6 29.0+£1.9
ALP au /) 64+73 75x71 47423 104+114 97+105
GLU (mg / 100m1) 113+75° 46+14" 44+13 45£5" 5112
TG (mg/ 100ml) 190+135 276+£165 138488 T4+57 184+130
PL (mg / 100ml) 704+197 676195 638+328 623+£124 518+120
TCHO (mg / 100ml) 260+61 217436 175+56 183+61 182+39
FCHO (mg / 100ml) 113434 114423 84+37 99425 81423
Ester ratio (%) 56.7+6.5 47.5+6.0 53.6£8.9 44.249.9 56.1+5.3
BUN (mg / 100ml) 3.7+£0.6 4.9+1.4 3.7+0.8 5.1x1.9 3.8+0.3
TP (g / 100ml) 3.240.4 3.0+£0.5 2.6x0.4 2.8+0.3 2.7+£0.2
Condition factor 21.3¢1.1° 21.9+1.4° 18.7+1.4" 22 842 2° 19.941.7%
Hepatosomatic index (%) 2.25+0.45" 1.85+0.44" 1.26+0.50° 1.80+0.36° 1.65+0.53"
*! Mean + standard deviation (n=5). Values in the same row bearing different letters are significantly
different (p<0.05, Fisher's PLSD test).
*2 Mean * standard deviation (n=5). Figures in a row with different superscripts are significantly diffe-
rent from each other (p<0.05, Duncan's multiple range test).

marked differences in the blood urea nitrogen and total protein levels among the groups, suggesting that all fish
had normal protein metabolism.

Summarizing the hematological and hemochemical examinations in both the experiments, the physiological
condition of fish fed the low or nonfish meal diets was comparable to those fed the control diet. Therefore, it
appears that health status of red sea bream was not alffected largely by rearing them on diets without fish meal

In conclusion, present experiments have shown that feed utilization of low or nonfish meal diets was
somewha! lower than that of the fish meal diel. However, if seemed thal there were not adverse effecls on
growlth and health status of red sea bream due to feeding the low or nonfish meal diets. Therefore, red sea
bream could use the low or nonfish meal diets unlike yellowtail if dietary protein ingredienis were appropriately

incorporated to balance EAA profiles.
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Chapter 4: Improvement of Quality of Non-Fish Meal Diets for

Yellowtail by Amino Acid Supplementation

4.1 Plasma Free Amino Acid Patterns of Yellowtail Fed Different Types of Diets with Supplemental Amino
Acids

Rapid expansion of world aquaculture (9.6% av. compound growth rate per annum since 1984) (Tacon 1998)
and improvemenis in fish cullure techniques have compounded the demand for fish feeds which depend
inordinately on fish meal and fish oil as the major dietary componenis because of their ideal nulritional quality.
However, there has (o be a sea change [rom [eeding fish to fish by finding allernatives lo fish meal and fish oil
since the raw malerials are becoming scarce. Therefore, there is an increasing trend to substitute the fish meal
and fish oil with alternate plant and/or animal protein and lipid components in aquatic feeds. The results from
our studies have shown that SBM, CGM, and MM have excellen! potential as substitute protein sources for fish
meal in diets for rainbow trout (Pongmaneerat and Watanabe 1992, 1993a, 1993b, Watanabe and Pongmaneerat
1993, Watanabe et al. 1993, 1997), vellowtail (Watanabe et al 1992, 1994, 1995, Viyakarn et al. 1992), and red
sea bream (Chapter 1.2.1,2). However, incorporation of large amount of these feedstuffs to diets resulted in
reduced growth and feed performances of fish, which might partly be due to the lack of some EAA such as
methionine and/or lysine in the diets. The nutritional quality of diets with substitutive protein ingredients has
been reported to be improved when such diets are supplemented with deficient EAA for rainbow f(rout
(Dabrowska and Wojno 1977) and carp (Murai et al. 1986, 1989). These reports suggest that supplementation of
EAA may also improve feed utilization in yellowtail. In a previous feeding experiment with yellowtail, we found
remarkable differences in the periodical changes of both feed digesta contents in digestive fracts and plasma FAA
profiles between fish fed a fish meal diet produced by a large twin screw exiruder and a nonfish meal diet
prepared by a small twin screw exiruder (Chapter 3.2.11). Incorporation of supplemental EAA into plasma was
faster in the latter diel suggesiing thal iis ulilization may be affected by physical properties of the diets such as
hardness and elasticilty. Thus the absorption of supplemental EAA along with those derived from dietary protein
could be closely monitored from the plasma levels and the evacuation time of stomach, which in turn depends on
the digestion of the diels based on their physical properties of diets.

The present study was, therefore, conducted fo clarify the effect of physical properties of diels on their
relention time in digestive fracts and plasma FAA paiterns, by feeding yellowiail with exiruded pellets or single
moist pellels, both having a similar ingredien! composition and supplemenied with three crystalline amino acids, to
gather basic dala needed for enhancing the nuiritional value of diets with alternalive proteins through efficient

supplementation of EAA.
Materials and Methods

Experimental Diets

The ingredient composition and proximate composition of experimental diets are shown in Table 41 Diels 1
3 were formulated to be almost similar in ingredient composition. These diets contained 64 65% fish meal (Jack
mackerel), and 15% SBM as dietary protein sources. Diet 1 (abbreviated as SDP) was prepared by Sakamoto
Fish Feed Co. using a large size of twin screw extruder (Watanabe et al 1991). Diet 2 (abbreviated as EP)
was produced by Nippon Formula Feed Co. using a small size of twin screw extruder*’ The operating conditions
for both the extruders were described previously*’. Diet 3 was a single moist pellet (SMP) prepared by mixing

formulated mash with water (6:4) using pelleting machine at the Owase Branch, Fisheries Research Institute of
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Mie. A commercial SDP for yellowtail (Sakamoto Table 4-1. Composition of the experimental diets
Fish Feed Co.) was used as the control (diet 4). Diet no.
, , , 1 2 3 4
L DL
Diets 13 were supplemented with L lysine, Ingredient(%) Dict type*’
methionine, and L tryptophan at levels of 3.3, 1.2 . SDP+AA EP+AA SMP+AA SDP
Fish meal (Jack mackerel) 65 64 64
and 0.5% (total 5.0%), respectively to compare Defatted soybean meal 15 15 15 o,
) ) Potato starch 10 8 0 @
plasma free amino acid patterns between the type a -Potato starch 0 0 8 =
) , ) , , dd Vitamin mixture 3.1 3.1 3.1 é‘»‘
of diets. Vitamin and mineral mixtures were added Mineral mixture 19 19 1.9 g
. o . Guar gum 0 0.5 0.5 ®
to diets 13 at levels of 3.1 and 1.9%, respectively, CMC-Na 0 95 25 %
to satisfy the requirements of vellowtail (Takeda Soy lecithin 0 2 2 g
Feed oil 10 8 8 Sé
1985, Watanabe et al. 1991). These three diels L-Lysine 3.3 3.3 3.3 =
. . DL-Methionine 1.2 1.2 1.2 S
were [ormulated to be isoproteic (50% CP) and Tryptophan 0.5 0.5 0.5
, ) . . , Total 110 110 110 —
isoenergetic (digestible energy: DE, 3.9 kcal/g diet). Calculated proximate composition (%)
Crude protein 49.6 49.3 49.3 46.9
Crude lipid 14.4 14.4 144 22.3
Experimental Procedure Digestible energy® * 3882 3857 3857 4224
(kcal / kg diet)

Feeding experiment was conducted at the .

*° SDP; Soft dry pellet produced by a large size twin screw extruder,

aquaculture facility of the Owase Branch, Fisheries EP; Extruded pellet produced by a small size twin screw extruder,
SMP; Single moist pellet, AA; Amino acid.

** Calculated based on the following numerical values:

quinquemdiata) which had been fed a commercial crude protein; 4.5kcal/g, crude lipid; 8.0kcal/g, crude carbohydrate;
2.8kcal/g.

Research Institute of Mie. Yellowtail  (Seriola

SDP and/or moist pellel (mash:minced sardine=5:5)

for about 10 months, was used for the experiment (about 690 g on average). Three hundred fish were divided
into 4 groups of 75 fish each and stocked in floating net cages (3X3X3 m) set in the Owase bay. Before
initiation of the experiment, fish on diets 1, 2, and 4 were fed the commercial SDP (diet 4), and those on diel 3
the experimental SMP (diet 3), al the daily feeding rate of 1.9 (diets 1, 2, 4) and 2.9% (diet 3) of body weight
for 11 days, respectively. Then the fish of all groups were starved for 48 hours, and fed the respective diets to
near saliation at 09:00. Four fish from each cage were randomly sampled before feeding (only the control group)
and at 3, 6 12, 18 24, 30, and 48 hours after feeding. Waler (emperature at 1 m depth of the cullure site
ranged from 21.4 to 24.0°C. Blood samples were taken from the heart with heparinized syringe for the
determination of free amino acid constituents in blood plasma (Chapter 3.2.11). The whole blood was centrifuged
al 3,000 rpm for 10 min and in all the sampling poinis, four plasma samples from each group were pooled for
analysis. The analytical procedure for plasma free amino acids was described in the previous paper (Chapter 3.2.1
1). After blood sample was taken, the experimental fish of each group were dissected and the feed digesta of

stomach and intestine were sampled to calculate their relative weights to body weight.

Results and Discussion

Periodical Changes of Digesta Contents

Figure 41 shows the periodical changes in the contents of stomach and intestine digesta on dry malier
percentage of body weight for diets 14 groups. The feeding rate (dry matter basis) for diets 14 groups was
estimated to be 4.0, 4.3, 3.3, and 4.4%, respectively, slightly lower in diel 3. Stomach digesta content of fish on
the test SDP (diet 1) was the highest among the groups at all the sampling points, and remained so until 30
hours after feeding. The periodical changes in the mass of stomach digesta from fish on the commercial SDP
(diet 4) was similar to that of the test SDP. On comparing SDP with EP, both of which were extruded, SDP
remained longer in the stomach than EP. On the other hand, when SMP was fed, the stomach digesta content

was the least during the experimental period of 30 hours, almost disappearing from the stomach by about 18
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hours after feeding.

Digesta conlents of inlestine were dependen! on
periodical changes in the stomach. Infesiine digesia
contents of fish on the test SDP, which passed the
stomach al a relatively slow pace, reached a maximum
level at the 24™ hour after feeding. On the other hand,
in the fish on the SMP, the inlestine digesia rapidly
increased and attained the highest level al 612 hours,
and thereafter graduallydecreased until 24 hours. The
fish on either the commercial SDP or the EP altained a
peak beiween 12 18 hours.

Thus, the results from this study clearly show that
there was remarkable difference in the periodical
changes of feed digesta conienis belween the diel
types. Gasiric evacuation time seemed (o be related to
the collapse of diet shape in the stomach. SDP was
able to retain its shape in the stomach until 12 hours
after feeding, while EP and SMP had lost its shape as
early as 3 hours. This characteristic of SDP may have
caused the prolonged stomach digesta emplying time,
indicating that it is probably the physical properties that
affect the collapse of diet. Therefore, it is concluded
that the diet preparation conditions determine the
physical properties like shapeform, hardness, stability
elc; and this in furn is responsible for the influence the

evacuation time of stomach and intestine feed digesta.

Periodical Changes of Plasma Free Amino Acids

The periodical changes of three supplemenial amino
acids, methionine, lysine, and (ryptophan, and the {otal
free amino acids in blood plasma from fish fed diets 14
are shown in Table 42 and Fig. 42.

The levels of the three amino acids for fish fed
diets 13 increased immediately after feeding, and the
maximum values for (he experimental groups were
exiremely high compared with those of the control
These results indicated that crystalline amino acids were
effectively absorbed when supplemented (o diels,
without regard to their types, SDP, EP, and SMP. The
plasma levels of these amino acids, especially
methionine, were markedly higher than those of the
control at all the sampling points, as already observed
in the previous study (Chapter 3.2.11). This high

HSDP ISDP+AA FIEP+AA

CISMP+AA |

Stomach

Digesta contents (as % of body wt.)

Intestine

Hours after feeding

Fig. 4-1. Periodical changes of feed digesta contents
in yellowtail fed the experimental diets. Data are
shown as mean with standard deviation (n=4).
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Fig. 4-2. Periodical changes of free amino acid
contents of yellowtail fed the experimental diets.
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Table 4-2. Periodical changes of free amino acid contents in blood plasma
of yellowtail fed the experimental diets (;£mol/100ml plasma)

Hours after feeding (h)

Diet no. 0 3 6 12 18 24 30 48
Lysine
1 SDP+AA 183 1299 116.3 59.5 78.8 64.0 44.6 55.0
2 EP+AA 183 1063 1054 74.9 717 41.7 434 49.6
3 SMP+AA 18.3 65.5 151.9 68.5 54.7 25.3 54.4 52.2
4 SDP 18.3 23.1 30.3 35.9 35.7 23.7 22.4 19.2
Methionine
1 SDP+AA 7.1 1324 1489 1425 1465 1404 97.3 22.3
2 EP+AA 7.1 96.8 1224 133.1 113.8 80.6 50.6 23.0
3 SMP+AA 7.1 814 132.0 109.9 97.9 46.8 44.4 15.6
4 SDP 7.1 19.3 19.7 16.9 20.6 18.2 12.7 5.7
Tryptophan
1 SDP+AA 0.8 4.2 2.9 2.5 3.0 2.3 1.6 0.7
2 EP+AA 0.8 3.1 3.0 2.4 1.9 1.3 1.0 0.7
3 SMP+AA 0.8 2.7 6.2 2.0 2.2 1.0 0.9 0.7
4 SDP 0.8 1.1 1.3 1.6 1.9 1.1 0.9 0.7
Total EAA*!
1 SDP+AA 156.2 521.8 522.0 4152 5384 520.8 4006 2256
2 EP+AA 156.2 513.0 543.6 456.8 4921 347.7 266.8 226.6
3 SMP+AA 156.2 378.4 5784 4478 4274 2254 2565 191.7
4 SDP 156.2 250.2 275.6 2940 330.8 263.3 2228 1312
Total NEAA*?
1 SDP+AA 148.2 1584 96.0 86.8 153.7 200.1 2083 132.7
2 EP+AA 148.2  127.8 1104 1101 1899 213.2 1760 1439
3 SMP+AA 148.2 1123 130.7 1812 2505 173.6 1649 118.1
4 SDP 148.2 1972 138.1 138.7 211.0 2232 2113 1278
Total FAA*?
1 SDP+AA 3044 680.3 6180 502.0 6920 7209 608.9 358.2
2 EP+AA 3044 640.8 654.0 566.9 682.0 560.9 4428 370.5
3 SMP+AA 304.4 4907 709.1 629.0 6779 399.0 4214 309.8
4 SDP 3044 4474 4136 4327 5418 486.5 434.1 259.1

*" Total essential amino acids: arginine, lysine, histidine, phenylalanine, tyrosine, leucine,
isoleucine, methionine, valine, threo nine, and tryptophan.
** Total non essential amino acids: alanine, glycine, serine, and aspartic acid.
3 . .
*" Total free amino acids.

methionine levels of the fest groups may resull in amino acid imbalance, leading lo lower feed performances.
Therefore, the supplemental amounis of these amino acids should be reduced to maintain the balance of plasma
FAA after feed intake. The supplemental amino acids exhibited peaks at 3 6 hours, except for the 12" hour peak
of methionine in the fish fed diel 3 (SMP); and both lysine and fryptophan showed a distinct reduction at 12
hours with respect to the control values, while the methionine levels remained high until 18 hours (until 24 hours
for the fish fed diet 1). The supplemental methionine therefore seems to have upset the normal physiological
levels of the amino acid in the blood plasma as already observed in the previous experiment (Chapter 3.2.11).
The total FAA levels of all the groups also increased after feeding and peaked al 36 hours, while second any
peaks appeared al 18 24 hours; those of the (est groups being reflecied by supplemental amino acids. The {otal
FAA levels of the test groups were higher than that of the conirol until 18 hours after feeding, and that of fish
fed diet 1 (SDP) even by 48 hours. Thus, there were remarkable differences in the postprandial pattern of total
FAA between fish fed the conirol and test diets, and also slightly beiween those fed different types of diets.
Supplemental amino acids were quickly absorbed without regard to types of diels and methionine level of fish fed
diet 1 was maintained high until 24 hours, even by 30 hours after feeding 70% of the maximum level was
detected. Plasma total FAA together with supplemental EAA, especially methionine, in the fish fed diet 1 (SDP)
were kept high through the experimental period, and showed a paltern similar to that of fish fed the commercial
SDP (diet 4), suggesting that supplemental amino acids absorbed would be in a manner matching those derived
from dietary proteins. Conirol diets without supplemental EAA were not prepared for EP and SMP, therefore it

remained unknown whether EAA supplemented to EP and SMP would be efficiently utilized at rates equivalent to
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those observed in SDP, by combining with those derived from dietary protein sources. The variation in the
plasma FAA pattern could parily be atiributed to the difference in the retention timings of individual diels in the
stomach and infestine, based on their physical properties. For effective ulilization, absorption of the supplemental
crysialline EAA must be synchronized with those derived from dietary protein; therefore the SDP {ype of diel may
be desirable to promote EAA utilization efficiency. Further precise experimenis using various types of diets with
or withoul supplemental EAA are necessary (o obfain more precise informalion on utfilization of supplemental

amino acids.

4.2 Effect of Supplemental Amino Acids in Different Types of Non-Fish Meal Diets on Growth Performances

In a previous experiment growth and feed efficiency in vyellowtail fed nonfish meal diels were inferior to
those of the control fish meal diel, although there were no great differences beiween non fish meal and fish meal
diets in the protein and energy levels, and essential amino acid profiles (Chapter 3.2.11,2). Feed performances of
vellowtail fed the nonfish meal diets were gradually reduced after about one and a hall months {eeding,
corresponding to the occurrence of green liver irrespective of the ingredient composition of nonfish meal diets.
These resulis suggest a relation beiween nulritional quality of the nonfish meal diets and appearance of green
liver.

Our recent work with vyellowtail indicated that postprandial changes of the plasma level of amino acids
supplemented to diets and feed digesta transit time were affected by the physical properties of diet in terms of
stability of diets in digestive ftracts, which in turn was related to the feed manufacturing conditions. In faci,
several researchers have demonstrated that nutritive value to fish of soybean meal was improved to some exfent
by feed extrusion and/or preparation conditions (Sandholm et al. 1976, Smith et al. 1980, Viola et al. 1983, Abel
et al. 1984, Wilson and Poe 1985 Wee and Shu 1989, Shimeno et al. 1992¢). These results suggested that
both nutritive value of the nonfish meal diets containing various protein ingredients and availability of
supplemental crystalline amino acids would be different, depending on feed preparation methods in ferms of
physical properties of diets.

In the present study, therefore, three lypes of nonfish meal diels were prepared by different processing
conditions to clarify the effect of physical properties of diets on the utilization efficiency of nonfish meal diets and

supplemental amino acids in yellowtail.

Materials and Methods

FExperimental Diets

The type of diels and their ingredient composition and proximate compositions are presenied in Table 4 3.
The experimental nonfish meal diels were prepared fo three differenl forms: SDP, EP, and SMP. SDP was
prepared using a large size twin screw extruder (Buhler Co.) by Sakamoto Fish Feed Co. according to the
following extrusion conditions: —material temperature: 96°C; material press:40 kg/cm’; water injection: 330 kg/h;
feed production rate: 2000 kg/h. EP was prepared using a small size of twin screw extruder (Buhler Co.) by
Nippon Formula Feed Co. according to following extrusion conditions: —material temperature: 105°C; material
press: 49 kg/cm’; water injection: 30 kg/h; feed production rate: 120 kg/h. SMP was prepared by mixing
formulated mash and fresh water at the ratio of 6:4 and mechanically pelleting it al the Owase Branch, Fisheries
Research Institute of Mie, every two weeks during the experimental period  Diet 1 was the control diet
containing 67% fish meal as the sole protein source, and was prepared as SDP by Sakamoto Fish Feed Co.
(Watanabe et al. 1991) Nonfish meal diets 27 contained SPC, SBM, CGM, MM, and krill meal as protein
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Table 4-3. Composition of the different types of the experimental non-fish meal diets
with or without supplemental essential amino acids for yellowtail

Type of diet* '
Ingredient(%) SDP EP SMP(Mash)
Diet 1**  Diet 2 Diet3  Diet4  Diet5  Diet6 Diet 7
g
—

Fish meal (Jack mackerel) 67 0

Soy protein concentrate 0 30

Defatted soybean meal 0 10

Corn gluten meal 0 8

Meat meal 0 10

Krill meal 0 10

— — "

Wheat flour 8 8 2 0.5

a -Starch 5 0 8 5.5

Guar gum 0 0 0 2
Carboxymethylcellulose 0 0 0 2
Mineral mixture 5 5 5 5
Vitamin mixture 2 2 2 2

Feed oil 13 17 15 15
Amino acid mixture* ® 0 0 2.7 0 2.7 0 2.7
Total 100 100 102.7 0 102.7 0 102.7

Proximate composition: As 1s basis (%)
Crude protein 41.4 43.0 45.0 41.0 42.3 25.7 26.6
Crude lipid 19.5 19.0 18.3 19.1 18.7 11.9 11.3
Crude ash 9.1 8.9 8.9 7.7 7.8 5.2 4.9
Moisture 13.7 7.3 54 10.6 9.8 45.4 44.5
Dry matter basis (%)

Crude protein 48.0 46.3 47.5 45.8 46.8 47.1 47.9
Crude lipid 22.6 20.5 19.3 21.4 20.7 21.9 20.4
Crude ash 10.6 9.5 9.4 8.6 8.7 9.5 8.8

*! SDP; Soft dry pellet, EP; Extruded pellet, SMP; Single moist pellet.
*2 Control fish meal diet.
* Lysine 1.5, methionine 0.5, threonine 0.5, and tryptophan 0.2.

sources at levels of 30, 10, 8 10, and 10%, respectively, and
were prepared as the three forms mentioned earlier (diets Table 4-4. Amino acid content of the experimental

non-fish meal diets for yellowtail
2 and 3. SDP, diets 4 and 5: EP, diets 6 and 7: SMP).

Amino acid Fish meal Non-fish meal diet

The combination of these protein ingredients as protein (g / 100g diet) diet Tihout BAA*  with BAA™
: . Tl Arginine 2.79 3.02 2.82
source was already evaluated to be high in availability to Lysine 358 975 389
oung vellowtail in a preliminary study (Chapter 3.2.1-2). Histidine 1.53 111 1.07
v gy D v v ( P ) Phenylalanine 1.95 2.23 2.14
Diets 3, 5, and 7 were supplemented with 1.5% L-lysine, Tyrosine 1.46 1.68 1.60
o _ Leucine 3.62 3.99 3.82
0.5% DL-methionine, 0.5% L-threonine, and 0.2% L- Isoleucine 1.99 1.96 1.87
. . . Methionine 1.30 0.85 1.18
tryptophan (total 2.7%) to match the amino acid profile Cystine 0.51 0.61 0.59
, . . Valine 2.38 2.15 2.06
with that of the control fish meal diet (Chapter 3.2.1-1), Threomnine 204 182 290
in order to investigate the supplemental effect on the Tryptophan 0.55 0.49 0.63
Total 23.70 22.66 23.80

dietary value of the respective non-fish meal diets. The * Essential amino acid mixture, See Table 4-3.

amino acid composition of the non-fish meal diets with

and without the four supplemental EAA, and the control diet containing 67% fish meal used in the preliminary
experiment mentioned earlier is presented in Table 4-4 for comparison (Chapter 3.2.1-2). The amino acid
composition of all test diets with supplemental EAA was comparable to that of the conirol dief, conlaining a
sufficient amount of EAA to satisfy the requirement of yellowtail*’, Vitamin and mineral mixtures were added to
meet the levels recommended for yellowtail (Takeda 1985, Watanabe et al. 1991). Wheat flour and alpha-starch
were used as main binder in diets 1-3 and diets 4-7, respectively. Guar gum and carboxymethylcellulose (CMC)
were also used as binder in SMP (diets 6 and 7). On dry matter basis, the crude protein and lipid contents of

the experimental diets were 45.8-48.0% and 19.3-22.6%, respectively. Moisture content of SMP was approximately
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45%, while those of the dry type diets ranged from 54 to 13.7%. All the diets were stored at —20°C during the

experimental period.

Feeding Conditions

In this study, two feeding experiments were conducted with young vyellowtail (Seriola quinqueradiata) in
floating nel cages at the Owase Branch of the Fisheries Research Institute of Mie (Expt. I) and in aquariums at
the Nagasaki Prefectural Institute of Fisheries (Expt. II).

Expt. I: Young vellowtail weighing 134 g on average, which had previously been fed a commercial dry pellet
for one and half months, were divided into 7 groups of 350 fish each in net cages (3X3X3 m). Fish were fed
the respective diets for 93 days (from Aug.8 to Nov.8, 58 days leeding), once a day in the morning to near
satiety, Water temperature ranged from 21.9 to 28.1°C (average 24.6°C, 2 m in depth). All of the fish in each
group were weighed and counted periodically (every 16 28 rearing days). At the end of experiment, sixteen fish
ollected randomly from each group were pooled for analysis of proximate composition of whole body, dorsal
muscle, and liver.

Expt. II: Five groups of 15 young vellowtail having a mean initial weight of 237 g were placed in individual
aquarium (500 [ ) with aeration and reared at a water temperature of 1824.5°C. The aquariums were supplied
with filtered seawater at the rate of 720 [/min. Fish were fed diets 15, twice a day (9:00 and 14:00), each time
to near satiety. The experimental SMP (diets 6 and 7) were not used in Expt. I. The experiment lasted for 44
days (from Sep.27 to Nov.9, 39 days feeding) and fish weights were recorded at the start and end. On
termination, five fish were pooled for analysis of whole body composition. Analytical methods of proximate
composition of fish from Expts. I and I were the same as those described in a previous paper (Watanabe and

Pongmaneerat 1991).

Examination of Hemochemical Characteristics

At the end of Expt I, six fish were randomly collecied from each group for analyzing hemochemical
indicators of the physiological condilion, as well as screening them for green liver pathology. The levels of
hemochemical constituents and activities of enzymes in blood plasma were delermined by the same analytical
procedures described in previous papers (Watanabe et al. 1992, Viyakarn et al. 1992). Diifferences in blood
parameters among the groups were compared slatistically by using Duncan's multiple range test al significance
level of p<C0.05, if ANOVA indicated significant changes.

Results

Feed Performances
The results of feeding in Expls. I and I are presented in Tables 45 and 46, respectively, and the growth
curves in Expt. I are shown in Fig. 43.

Expt. I: The control diet as well as the different types of nonfish meal diets were found to be palatable to the
fish. Daily feeding rale on dry malter basis did not differ much among the groups, ranging beiween 2.692.91%
The final body weight was 535 g for the conirol and 317 446 g for the nonfish meal diet groups, being lowest for
the fish fed the SMP without supplemental EAA (diet 6). The best growth rate was obtained for fish fed the
control fish meal dief. Similar irend was found in feed gain ratio on dry matter basis, 1.39 for the conirol and 1.70
2.04 for others. Moreover, the highest protein efficiency ratio was obtained for the conirol diel. Among the non
fish meal diet groups, fish fed the SDP supplemented with EAA (diet 3) showed the best growth rate and feed
gain ratio, and fish on the EP supplemented with EAA (diet 5) were the second best. The growth rate of fish
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Table 4-5. Growth and feed performances of yellowtail fed the experimental
non fish meal diets in net cages

Av.body wt. Growth  Feed Daily  Protein

Diet no. (g) rate gain feed efficiency Mortality
Initial Final (%) ratio intake ratio (%)
Aug.8 ~Aug.28 (16 days feeding)
1 Control 134.3 203.2 51.1 1.40 3.57 1.73 0.6
2 SDP 136.6 194.8 42,5 1.55 3.40 1.50 0.3
3 SDP+EAA 134.3 200.9 48.9 1.34 3.29 1.66 1.4
4 EP 130.9 195.1 49.3 1.45 3.59 1.68 0.9
5 EP+EAA 134.9 201.4 49.6 1.41 3.51 1.68 0.9
6 SMP 132.9 179.0 35.3 2.88 5.39 1.35 1.1
7 SMP+EAA 134.3 186.3 37.9 2.59 5.15 1.45 4.0
Aug.29 ~Sep.25 (17 days feeding)
1 Control 203.2 358.1 70.8 1.19 3.68 2.03 0.0
2 SDP 194.8 321.9 59.9 1.35 3.66 1.72 0.6
3 SDP+EAA 200.9 342.8 66.2 1.22 3.58 1.82 0.6
4 EP 195.1 319.0 59.1 1.38 3.70 1.77 0.3
5 EP+EAA 201.4 337.6 62.3 1.27 3.54 1.86 1.7
6 SMP 179.0 261.7 42.2 2.90 5.94 1.34 1.4
7 SMP+EAA 186.3 284.5 47.9 2.54 5.78 1.48 4.8
Sep.26 ~ Oct.23 (17 days feeding)
1 Control 358.1 485.4 34.6 1.96 341 1.23 0.3
2 SDP 321.9 390.7 20.9 2.72 3.03 0.85 14
3 SDP+EAA 342.8 418.2 21.5 2.45 2.79 0.91 3.0
4 EP 319.0 357.3 8.7 5.10 2.49 0.48 38.0
5 EP+EAA 337.6 404.4 19.2 2.83 2.92 0.84 4.0
6 SMP 261.7 309.3 17.7 4.75 4.54 0.82 7.4
7 SMP+EAA 284.5 330.9 16.7 4.96 4.50 0.76 8.6
Oct.24 ~ Nov.8 (5 ~ 8 days feeding)
1 Control 485.4 534.8 10.0 2,46 2.94 0.98 0.0
2 SDp 390.7 415.6 6.2 3.82 2.88 0.61 4.3
3 SDP+EAA 418.2 446.2 6.1 3.66 2.69 0.61 2.1
4 EP 357.3 385.5 6.8 2.29 3.00 1.07 15.3
5 EP+EAA 404.4 422.9 4.1 3.51 2.80 0.67 9.5
6 SMP 309.3 316.5 1.8 18.67 4.78 0.21 31.3
7 SMP+EAA 330.9 351.1 5.5 6.33 481 0.59 16.5
Entire duration (55 ~ 58 days feeding)
1 Control 134.3 534.8 266.2 1.61 3.16 1.50 0.9
2 SDP 136.6 415.6 183.7 1.90 3.14 1.22 5.4
3 SDP+EAA 134.3 446.2 207.7 1.70 2.99 1.31 6.3
4 EP 130.9 385.5 163.3 1.86 3.04 1.31 40.6
5 EP+EAA 134.9 422.9 192.6 1.75 3.12 1.35 13.4
6 SMP 132.9 316.5 124.7 3.74 5.13 1.04 32.9
7 SMP+EAA 134.3 351.1 139.1 3.30 4.84 1.14 27.1

Table 4-6. Growth and feed performances of yellowtail fed the experimental
non fish meal diets in aquariums

Av.body wt. Growth  Feed Daily  Protein
Diet no. (g) rate gain feed efficiency Mortality
Initial Final (%) ratio intake ratio  (numbers)
OCt 6 ~ Dec.1 (39 days feeding)
Control 235.3 584.8 148.5 14 3.4 1.73 0
2 SDP 236.5 340.6 44.0 3.0 1.3 0.78 1
3 SDP+EAA 236.6 437.1 84.7 1.5 2.2 1.48 0
4 EP 241.1 285.3 18.3 2.5 1.1 0.98 2
5 EP+EAA 232.9 390.2 67.5 1.6 1.9 1.48 1

on SDP supplemented with EAA was 207.7%, and was about 80% of the control group (266.2%). Fish on the
SMP were lowest in both growth rate and feed gain ratio. The growth and feed performances were improved by
supplementation of the EAA mixiure irrespective of the types of nonfish meal diets and were in the order of
SDP, EP, and SMP. Nevertheless, losses of fish were observed due to bacterial and/or parasitic diseases during
the experimental period. Cumulative mortality reached 2741% in fish on diets 4 (EP without EAA), 6, and 7
(SMP with and without EAA), whereas the mortality was low in groups fed the control (1%) and nonfish meal
diets produced as SDP (57%). Mass mortalities in the groups 4, 6, and 7 during October seemed to be caused

by skin fluke disease (parasitism of Benedenia seriolae) but interestingly almost all dead fish had the green liver
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abnormality. 600
Expt. II: Growth and feed performances in Expt. I showed the

irend similar to those in Expl. I in general However, palatabilily 500 |

and acceptability of each nonfish meal diet in Expl. I were &

slightly inferior to those in Expt I. Growth rate, feed gain ratio, 3:;,,

and protein efficiency ratio of fish fed the control diet were 03; o

superior to those of fish on the nonfish meal diets as observed in §

Expt. I. Fish fed the SDP supplemented with EAA showed the é 800 1

best growth rale and feed gain ratio, and those fed the EP

without supplementation were the worst among the nonfish meal 200

diet groups. However, growth and feed performances of fish fed

the nonfish meal diets were improved when the EAA mixiure was 100

Aug8  Aug29 Sep.26 Oct.24 Nov.8

supplemented in both SDP and EP diets. .
Culture—period
Fig. 4-3. Growth curves of yellowtail fed the
experimental non fish meal diets and control
fish meal diet in net cages. €:Diet 1,
O:diet 2, M:diet 3, A:diet 4, A:diet 5,
O:diet 6, @:diet 7.

Proximate Composition

The results of proximate analysis for

whole body, dorsal muscle, and liver in fish
from Expts. I and II are presented in Table

47 In Expt I, the final group of fish fed

Table 4-7. Proximate composition (
muscle, and liver of yellowtail fed the experimental non fish

%) ol whole body, dorsal

each diet showed almost the same protein
meal diets
content (19.320.3%) of whole body as
. e , Moist Crud Crud Crud
compared with the initial fish (20.2%), and Diet no. orsture przltlef; hlgde ;:he
levels were similar for all the groups. On Lxpe. 1
s W $ 0 groups. Whole body (n=6)
the other hand, the final lipid conten! in nitial 16 20201DT 560197 350123
whole body of fish fed the control diet 1 Control 674 201617 105@32.2)  27(8.3)
2 SDP 69.8 19.7 (65.2) 8.1(26.8) 2.7( 8.9)
(10.5%) was slightly higher than those fed 3 SDP+EAA 69.9 19.8 (65.8) 8.3 (27.6) 2.8( 9.3)
. . . 4 EP 69.3 19.3 (62.9) 9.5 (30.9) 2.8(9.1)
the non fish meal diets (5.39.5%). Comparing 5 EP+EAA 69.0 19.7 (63.5) 8.8 (28.4) 2.9 ( 9.4)
o _ . 6 SMP 71.8 20.3 (72.0) 5.3 (18.8) 3.5 (12.4)
within the nonfish meal diet groups, the 7 SMP+EAA 71.3 20.0 (69.7) 6.5 (22.6) 2.8( 9.8)
L. , , Dorsal muscle (n=10)
lipid value of fish on diets 6 and 7 (SMP) Initial 74.6 23.3 OL.7) 1.3(5.1) 1.9( 7.5)
. Final
was lower than the rest, although dietary 1 Control 78 24.6 (87.2) 3.5 (12.4) 2.5 ( 8.9)
L 2 SDP 74.3 24.0 (93.4) 1.7( 6.6) 2.0 ( 7.8)
lipid content was almost same for all 3 SDP+EAA 745 24.2 (94.9) 20( 7.8) 20( 7.8)
treatments. Moisture content in whole body 4 EP 741 236(09L1)  26(10.00  L7(66)
5 EP+EAA 73.7 24.8 (94.3) 1.9( 7.2 2.1( 8.0)
of fish fed diet 6 was the highest among the 6 SMP 75.5 23.6 (96.3) 1.5( 6.1) 1.7(6.9)
. . , 7 SMP+EAA 74.5 23.9 (93.7) 1.3( 5.1) 2.0( 7.8)
groups, and there was an inverse relationship Liver (n=10)
. o Initial 74.7 15.7 (62.1) 4.7 (18.6) 1.4 ( 5.5)
between moisture and lipid content. In Tinal
1 Control 62.0 12.4 (32.6) 19.3 (50.8) 0.9( 2.4
dorsal muscle, the same tendency was 2 SDP 743 15.8 (61.5) 9.2 (35.8) 14( 5.4)
, . - , 3 SDP+EAA 71.8 15.5 (55.0) 10.3 (36.5) 1.3( 4.6)
observed in protein, lipid and moisture 4 ED 710 14.2 (49.0) 12.9 (44.5) 12( 41)
contents. The protein conlent in liver of fish 5 EP+EAA 65.7 14111 17.7(51.6) L1(3.2)
6 SMP 76.1 16.0 (66.9) 6.7 (28.0) 1.3( 5.4)
on the control diet was slightly lower than 7 SMP+EAA 75.8 16.3 (67.4) 6.8 (28.1) L3 (5.4
Expt. I (whole body, n=5)
the rest, and lipid content of the conitrol was Initial 68.1 20.3 (63.6) 9.4 (29.5) 2.6 ( 8.2)
Final
the highest among the groups as observed 1 Control 62.6 20.7 (55.3) 15.2 (40.6) 2.4( 6.4)
, . 2 SDP 68.9 20.7 (66.6) 9.3 (29.9) 2.7( 8.7
in whole body and muscle. The low lipid 3 SDP+EAA 66.3 20.2 (59.9)  12.1(35.9) 2.3( 6.8)
. . , 4 EP 68.0 20.2 (63.1) 9.6 (30.0) 2.9(9.1)
and high moisture contents in both muscle 5 EP+EAA 63.9 20.4 (56.5) 13.8 (38.2) 2.7( 7.5)

and liver were also observed in a previous

* Figures in parentheses are values on dry matter basis.
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experiment with vyellowtail fed the non-fish meal diets (Chapter 3.2.1-1, 2). In Expt II, the highest body lipid
content was in the fish fed the control diet, as shown in Expt. I. The lipid content of fish fed the non-fish meal
diets was high when EAA was supplemented in both SDP and EP diets. There was no marked difference in the

protein content of whole body among the groups.

Hemochemical Characteristics

The resulis of hemochemical examination in Expt. I are presenied in Table 4-8. Hemalocrit level of fish fed
diets 6 and 7 (SMP) was under 40%, and was significantly lower than that of the control, indicative of slight
anemia. There were no significant differences in the ALP activily and glucose, urea niirogen, and tfotal protein
levels among the groups, when the dala was slalistically analyzed using ANOVA. In addition, (riglyceride level
was nol significanily different belween the test and conirol groups. With regard (o the lipid metabolites, the
values obtained for phospholipid, total cholesterol, free cholesterol, and ester ratio of fish from the non-fish meal
diet groups were significantly lower than those of the conirol, the exception being (riglyceride. A similar result
was also observed in the previous study with yellowtail fed the experimental non-fish meal diets having various
alternate proteins at different levels (Chapter 3.2.1-1,2). Among the non-fish meal diet groups, the plasma levels
of these lipid metabolites in fish fed the SMP diets were lower than those on SDP and/or EP diets. Moreover,
these lipid values were higher in fish on the diets with supplemental EAA than those on diets without EAA,
irrespective of the type of non-fish meal diet. The creatinine level in the conirol fish was significantly higher than
those of the test groups, while no marked differences were found among the test groups.

The anatomical examination showed that 1-5 out of 6 fish for each non-fish meal diet group, except the diet 7
group (SMP with EAA), had the green liver. The occurrence rate of green liver symptom was the highest for

fish on diet 4, and significantly this symptom was not observed for fish on the control fish meal diet.

Table 4-8. Results of hemochemical examination in yellowtail fed the experimental non-fish
meal diets in net cages™'

Diet no.

1 2 3 4 5 6 7
Ht (%)  48.3:1.4™  49.0:2.9°  45.3+5.8% 42.8+41" 44877 37.442.7° 39.243.3"
ALP dU /1) 14327 140422 149421 156+16 144429 159+17 13748
GLU (mg/100ml)  134+15 141419 158423 15414 154£19 163£18 140+17
TG (mg/100ml)  152+29™  110+31° 16142  160+46™ 185547 117231 99+20"
PL (mg/100ml)  761£59% 632+39" 674+88"  627+95°  651£120°  506+56°  517+35°
TCHO (mg/100mD)  319+16° 239+23"  248+35" 208+25° 218447 176£23° 19827
FCHO (mg/100ml)  11248* 86+3™ 97+11° 81410 95+14° T4ET" 806°
Ester ratio (%) 65.0:2.4%  63.9£2.77  60.4+3.8"  56.2£0.9" 55.2454% 57.5:35% 59.6+2.7
BUN (mg/100ml) 214432  20.2+1.4 19.8+6.1  21.442.8  18.445.2  18.3+2.3  17.142.8
CRE (mg / 100ml) 1.8+0.4° 1.220.0" 1.240.1" 1.1+0.1° 1.240.1° 1L.1+0.2"  1.120.1°
TP (g/100ml)  3.7#0.1 3.6+0.3 3.9+0.2 3.5+0.2 3.7+0.5 3.3+0.2 3.6+0.2
Hepatosomatic index (%) 1.79 1.16 1.15 1.38 1.30 1.28 1.10
Appearance of green liver* > 0/6 1/6 3/6 5/6 1/6 2/6 0/6

*! Mean + standard deviation (n=6). Figures in a row with different superscripts are significantly different from each
other (p<0.05) when analyzed using Duncan's multiple range test.

* Ratio of fish with green liver / total number examined.
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Discussion

In this study, growth and feed performances of nonfish meal diel groups were inferior to the conirol. This
suggests that nulritive value of the nonfish meal diels prepared as differeni diet forms used in this study was
lower than the conirol fish meal diel. Among the three f{ypes of nonfish meal diets, SMP diet produced inferior
growlh in yellowtail compared to SDP and EP diels, though the ingredien! composilion and proximale composilion
were almost similar for all of the diets. Moreover, there was no big difference in the daily feeding rale value
(dry matter basis) among the test diet groups. Nutritional quality of SMP diet was, therefore, considered to be
the lowest among the three types of diel. This might be aliribuled to the low availability of carbohydrate
ingredient (about 20% each on dry matter basis) in diets. [t has been demonsirated that availability of this
component to some fish could be improved by extrusion processing which elevates the gelatinized ratio (Takeuchi
et al. 1990, 1994, Jeong et al. 1991, 1992a, 1992b, Hernadez et al. 1994). With regard to the yellowtail,
Takeuchi et al. (1992). reported that juvenile yellowtail utilize gelatinized starch more effectively than raw starch,
and that gelalinized ratio of diet for yellowtail should be above 50% for optimal growth performances. On the
basis of these observations, we assume that the availability of carbohydrate to yellowtail in both SDP and EP diets
used in this study also seemed {o be elevated by exirusion processing. This may have produced the excellent
feed performances for fish fed the SDP and EP diets compared to those fed the SMP dief, although we cannot
definitely conclude because gelatinized ratio of diets was not determined in this study. Further, feeding resulis in
this study suggested that SDP diet was superior to EP diet in the nulritional quality. This difference could be
attributed to the extrusion conditions maintained during pellet production. The resulis {rom feeding experiments
with rainbow trout, vellowtail, and red sea bream performed by Akimoto (1994) have indicated that nutritional
qualities of diets (containing 30% SBM) were influenced by exirusion conditions, especially the material
temperature. However the present data is insulficient to pinpoint which of the exirusion conditions affected the
feed quality of the nonfish meal diets. Further experiments will be necessary to investigate the effect of
exirusion conditions on the optimum ulilization of non fish meal diets, and to determine the suilable manufacturing
conditions.

The resulls obtained in this study have clearly shown thal EAA supplementation to the nonfish meal diefs
improved growth and feed performances of yellowtail, irrespective of the diel type. This might be due fo the
enhanced feed prolein ulilization, promoted by the compensation for deficieni EAA in diels. Moreover, our
observations indicate thal yellowlail can efficiently ulilize crysialline amino acids supplemented (o the individual non
fish meal diets. However, feed performances of fish fed the nonf{ish meal dief supplemenied with EAA were
inferior to those fed conirol dief, though there were no marked difference in the EAA composition beiween the
test and conirol diets, as shown in Table 44 This suggests thai EAA supplementation (o the nonfish meal diefs
could not produce protein utfilization malching that oblained with the conirol fish meal diel. Therefore, more
information is needed on the availability of EAA supplemented (o diets for yellowlail ~We delermined (he
posiprandial changes in plasma free amino acids of yellowlail after feeding the respective nonf{ish meal diets with
or without supplemental EAA during the experimental period, in order to investigale the absorption of
supplemental EAA and their availability. The resulls of the investigation will be described in a subsequeni paper.

As for physiological condition of fish, the conirol group is considered to have maintained a healthy status
during the experimental period =~ Among the hemochemical constituents, significantly lower levels of lipid
melabolites were observed for fish on the nonfish meal diets, indicating abnormal liver function. The blood
parametlers related to lipid metabolism —total cholesterol, free cholesterol, and phospholipid— are thought to be
special indices of health condition for yellowtail, because it was stated that the fish having low levels of these

lipid items was susceptible to the pathogens (Maita et al. 1998a, 1998b). Accordingly, it appeared that the non
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fish meal diet groups were physiologically inferior to the conirol. Comparing the nonfish meal diel groups, the
lipid metabolites and hematocrit values of fish fed the SMP diets were lower than those of fish on the SDP and/
or EP diels, suggesting poorer stalus of health. Body composition analysis also revealed thal fish on the SMP
diets were malnourished compared to other non fish meal diel groups. Moreover, fish fed diets 6, 7 (SMP), and
4 (EP without EAA) showed a high mortality together with poor growth rate and feed gain ratio. Judging Ifrom
these facts, SMP diets seem (o be nulritionally inadequale both qualily wise as well as health wise, among (he
three diel forms (ested. This also brings to light thal the physiological condition of experimental fish has a close
relation to feed performances, and thal feed quality affects the state of fish health.

the anatomical fest ai the end of experimen!, green liver symptom as a pathological fealure was observed
for fish on the nonfish meal diets. This followed our earlier description in juvenile and young yellowtail (Chapter
3.211,2). The reason why green liver occurs only in fish fed the nonfish meal diets remained unknown.
However, the results from this study have indicated thal outbreak of green liver was conirolled by nutritional
quality of the nonfish meal diets. Perhaps, the appearance of green liver was related to the level of biodefense
and/or physiological function in fish. We are minutely investigating the link between occurrence of green liver
and changes in the physiological condition of yellowtail during experimental rearing in another feeding trial.

In conclusion, the feeding results from this study have proved that quality of the nonfish meal diets was
influenced by diet type (preparation method), and also probably by the conditions during extrusion processing.
Further, it was demonsirated that supplementation of EAA to the nonf{ish meal diets to compensate the deficient
amino acids resulted in the improvement of growth and feed performances for yellowtail, irrespective of diet types.
Consequently, feed quality of the nonf{ish meal diet produced as SDP, supplemented with EAA was evaluated to
be superior to those of other types, with the exception of the conirol diet. More work has to be done to identify
the reasons behind the fall in performances of the nonfish meal diets, so as to establish them as fish meal

alternates

4.3 Comparison of Plasma Free Amino Acid Patterns between Three Types of Non-Fish Meal Diets with

Amino Acid Supplement

In a previous experimen!, in which nonfish meal diets of three different t{ypes—SDP, EP, and SMP— all
having almost same formulation with or withoul supplemental EAA were fed {o young vyellowtail, il was
demonsirated thal the feed performances of nonfish meal diels were improved by supplemenlation of EAA
irrespective of diet types (Chapter 4.2). However, the growth and feed gain ratio of fish fed the nonfish meal
diets with EAA were inferior to those of fish on the conirol fish meal diel, in spile of the fact thai EAA were
fortified in the nonfish meal diels to give the same levels as those of the conirol fish meal diel. This inferior
feed performances may be atiributed to the same observation made in another experiment, thal supplemental EAA
were effectively absorbed and their plasma levels, especially of methionine, were markedly higher than those of
the conirol, bul probably resulling in an amino acid imbalance thal may have caused lower feed performances in
the test groups fed diets with high levels of alternate proteins (Chapter 4.1). For effective utilization, absorption
of supplemental crystalline EAA into plasma must be synchronized with those derived from dietary protein, and
this would be closely related to evacuation (iming of diet from stomach. Thus, the utilization efficiency would
differ between {ypes of diets in terms of their physical properties such as hardness.

This study was, therefore, conducted to compare the supplemental effect of EAA from the viewpoini of the
periodical changes of feed digesta in stomach and intestine, and plasma {ree amino acid patierns between fish fed
different diet types such as SDP, EP or SMP.
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Materials and Methods

FExperimental Diets

The diel type, ingredient composition, and proximate composilion of experimental diets are presented in Table
49. All the experimental diels were the same as those used in the feeding irial with vyellowtail reported
previously (Chapter 4.2). Diet 1 was the control fish meal diet and diets 27 were nonfish meal diets containing
30% SPC as a main protein source. Nonlish meal diets were prepared to three types of diets (SDP, EP, and
SMP), each supplemented with or without EAA mixture. The EAA mixture contained 1.5% Llysine, 0.5% DL
methionine, 0.5% L threonine, and 0.2% L iryplophan. SDP and EP were prepared by the large and small size
twin screw exiruders, respectively. The preparation conditions for the different diets were presented in a former

paper (Chapter 4.2).

Experimental Procedure
The experiment was conducted at the Owase Branch, Fisheries Research Institute of Mie using floating net
cages (3X3X3 m). Young vellowtail (Seriola quinqueradiata) were maintained on each experimental diet for

35 days. The average fish weight was about 280 g for the conirol and 220270 g for the test groups, and fotlal

Table 4-9. Composition of the different types of the experimental non fish meal diets
with or without supplemental essential amino acids for yellowtail

Type of diet* *
Ingredient(%) SDP EP SMP(Mash)
Diet 1**  Diet 2 Diet 3 Diet 4 Diet5  Diet6 Diet 7
N~

Fish meal (Jack mackerel) 67 0

Soy protein concentrate 0 30

Defatted soybean meal 0 10

Corn gluten meal 0 8

Meat meal 0 10

Krill meal 0 10

" S S~

Wheat flour 8 8 2 0.5

o -Starch 5 0 8 5.5

Guar gum 0 0 0 2
Carboxymethylcellulose 0 0 0 2
Mineral mixture 5 5 5 5
Vitamin mixture 2 2 2 2

Feed oil 13 17 15 15
Amino acid mixture* * 0 0 2.7 0 2.7 0 2.7
Total 100 100 102.7 0 102.7 0 102.7

Proximate composition: As 1s basis (%)
Crude protein 41.4 43.0 45.0 41.0 42.3 25.7 26.6
Crude lipid 19.5 19.0 18.3 19.1 18.7 11.9 11.3
Crude ash 9.1 89 8.9 7.7 7.8 5.2 4.9
Moisture 13.7 7.3 5.4 10.6 9.8 45.4 44.5
Dry matter basis (%)

Crude protein 48.0 46.3 47.5 45.8 46.8 47.1 479
Crude lipid 22.6 20.5 19.3 21.4 20.7 21.9 20.4
Crude ash 10.6 9.5 9.4 8.6 8.7 9.5 8.8

*1 SDP; Soft dry pellet, EP; Extruded pellet, SMP; Single moist pellet.
*2 Control fish meal diet.
*3 Lysine 1.5, methionine 0.5, threonine 0.5, and tryptophan 0.2,

fish number of each group was 325341. Five fish were collected from each freatment after fasting them for 2
days, and whole blood was taken from heart with heparinized syringe to determine the pre feeding level of plasma
FAA. Then fish were fed each experimental diel to near satiation at 09:00, and subsequently five fish were
collected from each group to measure the feed digesta in both stomach and intestine for determination of the

relative weights immediately after feeding. Thereafter, whole blood and feed digesta were taken from five fish of
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each group at 3, 6, 9, 12, 18, and 24 hours post feeding. Water temperature ranged from 24.5 to 26.8°C during
the experimental period (2 m in depth). The whole blood was cenirifuged at 3,000 rpm for 10 min to obtain
plasma, and five plasma samples were pooled for FAA analysis of each group. Analytical methods of plasma FAA

were the same as described in a previous paper (Chapter 3.2.11).

Results and Discussion

Plasma Levels of FAA

The resulls of postprandial changes of the four supplemental EAA and other EAA, fogether with total EAA
concen(rations in the plasma for fish fed the nonf{ish meal diets with or withoul supplemental EAA and those on
the control diet are presented in Table 410 and Fig. 44.

Comparing the plasma levels of four supplemental amino acids between fish fed the nonfish meal diets
without EAA supplement and the conirol fish meal dief, lysine, methionine, and threonine except tryplophan were
clearly lower in the former groups than in the conirol group, during the whole experimental period, regardless of
diet types, suggesting a shortage of these EAA in the test diets. The level of tryptophan was not much different
beiween the irealments, suggesting that the test diets were sufficient in this amino acid. In fish fed the test diets
with supplemental EAA, the plasma levels of these EAA increased immediately afterfeeding, and their maximum
values were quite higher than those of the control. These results agreed well with those obtained in the former

experiment that supplemental crystalline amino acids were effectively absorbed irrespective of the diet type

Table 4-10. Periodical changes of free amino acid contents in blood plasma of
yellowtail fed the experimental non fish meal diets (xmol/100ml plasma)

Hours after feeding (h)

Diet no. 0 3 6 9 12 18 24
Total EAA*!
1 Control 182.7 299.4 326.5 4115 387.9 466.9 347.1
2 SDP 193.3 281.0 288.3 362.9 4134 456.1 272.4
3 SDP+EAA 213.5 464.7 492.5 452.8 448.9 496.3 332.4
4 EP 196.0 240.7 273.9 380.8 436.7 494.2 266.1
5 EP+EAA 240.6 404.2 475.9 488.4 562.3 601.0 340.4
6 SMP 210.0 226.1 303.3 356.1 385.3 471.9 311.2
7 SMP+EAA  210.3 374.6 423.1 437.2 488.0 491.1 349.4
Total NEAA*Z
1 Control 300.1 336.5 272.7 261.9 214.4 275.0 337.7
2 SDP 313.9 310.6 302.2 239.4 244.1 305.9 348.5
3 SDP+EAA 325.2 334.1 391.6 267.2 238.5 274.0 311.1
4 EP 303.8 244.7 290.8 241.2 259.3 366.5 362.2
5 EP+EAA 320.7 282.7 355.1 238.8 260.1 303.3 301.5
6 SMP 247.1 195.1 270.1 225.4 259.7 362.4 346.2
7 SMP+EAA 2386 242.8 278.0 253.6 248.6 325.2 333.1
Total FAA*®
1 Control 482.8 635.9 599.2 673.5 602.2 741.9 684.8
2 SDP 507.2 591.5 590.5 602.2 657.5 762.0 620.9
3 SDP+EAA 538.6 798.9 884.1 720.0 187.4 7704 6434
4 EP 499.8 485.4 564.7 622.0 696.0 860.7 628.4
5 EP+EAA 561.3 686.9 831.0 727.2 822.3 904.3 642.0
6 SMP 457.1 421.2 573.4 581.5 645.1 834.3 657.4
7 SMP+EAA  448.9 617.5 701.1 690.8 736.6 816.3 682.4

** Total essential amino acids: arginine, lysine, histidine, phenylalanine, tyrosine, leucine,
isoleucine, methionine, valine, threo nine, tryptophan, and cystine.

** Total non essential amino acids: alanine, glycine, glutamic acid, serine, taurine, and
aspartic acid.

*3 Total freec amino acids.
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Fig. 4-4. Periodical changes of free amino acid levels in plasma of yellowtail
fed the experimental nonfish meal diets with or without supplemental
amino acids, H:Control SDP, [O:SDP, A:EP, (QO:SMP.

(Chapter 4.1). Both lysine and threonine exhibited peaks at the third hour as observed previously and there was
no marked difference belween the freaiments in the pallern of periodical changes. In case ol methionine, {oo
high levels were attained in the early hours after digestion, and continued to be so for 24 hours in fish fed the
test diets with EAA, irrespective of the type of diet. The supplemental methionine seemed {o have upsel the
normal physiological levels of the amino acid in the plasma. Methionine was fortified in the test diets to provide
the same level as that of the conirol fish meal diet, but its plasma level for the test groups was significantly
higher than that of the conirol, resulting an amino acid imbalance thai may have lowered the feed performances
in the test groups. Therefore, the amounts of supplemental amino acids should be adjusted to maintain the
balance of plasma {ree amino acids after feed intake.

A remarkable difference was found in postprandial patterns of plasma lysine, methionine, and threonine
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beiween fish fed the conirol diel and non-fish meal diets with EAA. It was indicated thai these amino acids
derived from supplement were absorbed much earlier than those from feed protein ingredients. In other
experiments with rainbow trout (Yamada et al. 1981, Murai et al. 1987, Schuhmacher et al 1997) and/or carp
(Plakas et al. 1980, Murai et al. 1982b), it has been revealed that the time required for appearance of peak level
of plasma FAA conceniration after feeding was earlier for supplemental amino acids than those derived from the
protein ingredient. For enhancemen! of the availability of supplemental amino acids, plasma FAA levels due (o
supplemental EAA must be synchronized with those derived from diefary protein. Therefore, further experiments
will be necessary to determine suilable supplemental levels of individual crystalline amino acids in feeds based on
the absorption rate of each amino acid. Moreover, Murai et al. (1982c) have reported that coating amino acids
with casein improved plasma amino acid balance due to the alteralion of absorption and relention limes of some
amino acids. A similar (rial using coated amino acids will be useful in improving the dietary value of non-ish
meal diets for yellowtail

With regard to other non-supplemental EAA, there were no marked differences in their posiprandial plasma
concentrations, as well as in the periodical changes beiween fish fed the conirol and fest diets, and also belween
the different types of diets. The plasma levels of the total EAA in fish fed the non-fish meal diets both with and
without supplemental EAA peaked at 18 hours post feeding and quickly decreased thereafter, but in fish of SDP
with supplemental EAA group had another peak at 6 hours post feeding. In the former experiment each
supplemental EAA and their total levels peaked at 3 hours post feeding with non-fish meal diets supplemented
with the same four EAA, the appearance rate being faster than the present experiment (Watanabe et al. 1998).
The reason for this may be the difference in physical properties of the diets in terms of their evacuation (iming

from stomach and intestine.

Feed Digesta Contents

The results of postprandial changes of feed digesta contents (dry % of body weight) for fish fed the non-fish
meal diets with or without EAA and the conirol diel are presenied in Fig.4-5. Feed digesia contenl in stomach
for fish fed the conlrol fish meal diel was slightly higher than those on other non-fish meal diels, irrespective of
EAA supplement during the period of 24 hours. There was no marked difference in decreasing pattern of
stomach conlent among non-fish meal diel groups and the fasting level was altained within 24 hours. With regard
to the shape of feed digesia, all the lypes of non-ish meal diels with or without EAA collapsed in the stomach
even at the 3 hour post feeding, while the conirol fish meal diet keep its shape until 24 hours. Moreover, no
remarkable difference was found in posiprandial paltern of feed digesta conient in inlestine among all the
experimenial groups. The infestine conlents were the maximum either al 6 or 9 hours post feeding.

In our previous study, it was shown thal feed digesia of the fish meal diels prepared as SMP forms passed
rapidly through the stomach compared to those as SDP forms (Chapter 4.1). Therelore, the SMP used in the
preseni experimen! seemed different from those used in the earlier experiment in characteristics such as stabilily
in the digestive fract. The stability of the diel basically would depend on feed ingredienl, the kind of dietary
binder and its content. In addition, present resulis indicated that the non-fish meal diets prepared as SDP
collapsed much earlier than control fish meal SDP during the digestion process, suggesting thai feed ingredients
may also have an influence on this.

In conclusion, the resulis from this study have demonsirated that crystalline lysine, methionine, threonine, and
{ryptophan supplemented to the non-fish meal diets are utilized by yellowtail irrespective of diet forms, and this

may result in improvement of nuiritional quality of non-fish meal diets as reported in feeding trial earlier (Chapter
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Fig. 4-5. Periodical changes of feed digesta contenis in yellowtail fed the experimental
non fish meal diets with or without supplemental amino acids. W:Conitrol SDP,
O:SDP, AEP, (O:SMP.

4.2). However, enhanced utilization could be achieved only if there is a synchronization in the absorption rates,
and in turn on the plasma levels of amino acids derived from the supplemented EAA and from the dietary protein

sources.



Hideo AoKI

Concluding Remarks

The role of fisheries as provider of precious animal protein for humanily has become more important of late.
Aquaculture indusiry is, especially, projecied to produce high value fish, and the recent growth in world
aquaculture indicates this trend. This has led fo an increased demand for aquatic formula feeds thal depend on
fish meal and fish oil as main protein and lipid sources, respectively. In Japan this demand is grealer compared
to other couniries, because of the popular high qualily exiruded dry lype pellet available for marine fish culture.
However, recent rapid decline in the landings of sardine, a prominent raw material for fish meal and fish oil, has
necessitated the exploration of efficien! alternate feed ingredients.

This thesis highlights a series of experimenis conducied fo obtain information on the availability of various
plant and animal ingredients as alternative protein source for fish meal in diets for yellowtail and red sea bream.
Practical inclusion levels of SBM, CGM, MM, and others were (ried out in diets for the two species. The results
from these (rials have clearly confirmed thalt a combination of SBM, CGM, and MM can replace more than 50%
of fish meal in dry pellets for both yellowtail and red sea bream without any adverse effect. Moreover, it was
also demonsirated for yellowtail that fish oil can be substituted up to 50% by beef tallow or palm oil. However,
in some of the experiments, the results were not very encouraging because the nonfish meal diets produced
certain adverse effects on growth and health of yellowtail. The poor growth and feed performances are thought
to be related to the appearance of greenliver. The etiology of this liver condition and preventive measures must
be clarified through future studies. This study also revealed that supplementation of crystalline amino acids was
effective in enhancing availability of the nonf{ish meal diets for yellowtail. Unfortunately, we could not define an
adequate level of amino acid supplementation based on their absorption efficiencies, and this needs to be worked
out. Further research on suitable formulation of alternative protein sources in diets for red sea bream is also
required.

The final goal in these selection frials with alternative protein sources is to totally replace fish meal in aquatic
feeds, namely the development of the nonfish meal dielss The knowledge oblained from this thesis will
coniribute greatly to the feed preparalion (echnologies for developing practical diets containing allernate

ingredients, and meet the challenges of the fish culture industry in the 21% century.
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Summary

Fish meal and fish oil, primarily sourced from sardine which has become a scarce commodily, are major
ingredients for aqualic feed formulation in Japan. The f{ish feed indusiry in Japan is now almosi entirely
dependent on the meal and oil imporied from South America and Europe, because of the quick decline in
domestic calch of feedgrade fish. This siluation will lead lo inslabilily in farm management. Thus, serious
efforls are being made to reduce fish meal and fish oil components in practical diets using other animal and plant
ingredients. The aim is to optimally ulilize alternate ingredients, thereby developing feeds withou! fish meal as
succeeded in the case of some other animal feeds. The present study was, therefore, conducted (o examine
availability of allernale ingredients in diets for yellowtail and red sea bream, in order (o obtain basic information
necessary for the developmen! of low or perhaps even nonfish meal diets for both {wo species. The resulis of
the study are summarized below:

Chapter 1
Feeding experiments were performed to investigate the availability of various plan{ and animal protein sources

as partial replacement for fish meal in diets for yellowtail and red sea bream.

1) Dietary fish meal can be replaced up to 5060% by combining defatted soybean meal (SBM), corn gluten
meal (CGM), and meat meal (MM) in practical extruded pellets (soft dry pellet; SDP) for yellowtail.

2) SBM, both unprocessed and processed by extruder, can be used as sole substitutive protein source at a level
of 30% for fish meal (substitution of 55% fish meal) in high energy steam dry pellet (DP) as well as in
SDP for juvenile red sea bream.

3) The combination of SBM, CGM, and MM in some proportion can replace up to about 60% of fish meal in
the DP for both adult and juvenile red sea bream.

4) Soy prolein concentrate, purified from SBM, has excellent potential as substitulive protein source for fish
meal in diets for yellowtail and red sea bream. However, this ingredient cannot be used at high
proportion in diels because it slightly reduces the palatability for both the species.

Chapter 2
The dietary value of exiruded pellets formulated to contain both alternate protein and lipid sources was
evaluated for yellowtail.

5) The combined use of alternate proteins such as SBM, CGM, MM, and blood meal could coniribute to
dietary protein at around 40%, while palm oil and beef tallow (melting point 3941°C) either individually
or in 1:1 combination could replace 50% of fish oil in the exiruded pellets for yellowtail

Chapter 3
The purpose of feeding trials in this part was lo obfain information on the use of nonfish meal diels for

vellowtail and red sea bream.

6) Growth and feed gain ratio of young yellowtail tend to decrease with reduction of dietary level of fish
meal, probably due to deficiency of essential amino acids such as lysine and methionine in the diets.

7) Feed performances in yellowtail fed the diets containing alternate proteins, substituting over 50% of the
fish meal, are remarkably poor compared to fish fed on the fish meal diel.

8) Young vellowtail actively fed the nonfish meal diets and sustained normal growth for the initial 12
months, but thereafter growth became stagnani, feed gain ratio was poor eventually resuliing in high
mortiality irrespective of the dietary treatments.

9) The green liver symptom is singularly observed for yellowtail fed the nonfish meal diets irrespective of
the ingredient composition.  This symptom is caused by occlusion of the bile duct due to parasitic

mucosporozoa, the parasitism succeeding only when the diets are devoid fish meal
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10) The inferior performance in yellowtail fed the nonfish meal dietsis thought to be related to the appearance
of green liver symptom but its mechanism is still unknown.

11)Fish meal component in diels can be completely replaced by a suitable combination of substitutive protein
sources, for both juvenile and adult red sea bream.

Chapter 4
The availability and effect of crystalline amino acids supplemented to three types of nonfish meal diels were

studied with yellowtail.

12) Gastric evacuation time seemed to be related to the collapse of diet shape in the stomach.

13) Crystalline lysine, methionine, threonine, and (ryptophan supplemented to diets seemed to be absorbed
immedialely after feed inlake into blood plasma irrespective of the dief types.

14) Post feeding change of free amino acid concentrations in blood plasma seemed to be linked to emptying
{ime of stomach digesta.

15) Postprandial plasma methionine concentration of yellowtail fed the diets with supplemental crystalline
methionine is remarkably higher than that of fish on diets without supplementation (324 hours post
feeding). This may imbalance the plasma free amino acid levels, and cause lower feed performances of
fish fed the non fish meal diets with supplemental amino acids compared to the conirol fish meal diel.

16) Supplementation of crystalline amino acids can improve the quality of nonfish meal diets irrespective of
the diet types.

17) Nulritional quality of non fish meal diet is affected by the diet preparation method (exirusion condition).

— 100 —
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