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Administration of feed ingredient to improve attractiveness, growth
and disease resistance of juvenile rockfish Sebastes schlegeli

Hilgendorf 1880

Hee Sung Kim

Department of Convergence Study on the Ocean Science and Technology,

Korea Maritime and Ocean University

Abstract

Rockfish (Sebastes schlegeli, Hilgendorf 1880) has been one of the most
commercially important marine aquaculture fish species in Korea, Japan and
China since over two decades ago due to its fast growth and high resistance
against disease. Application of antibiotics has been widespread to reduce
mortality during year-round fish culture. As oral administration of synthetic
antibiotic in aquafeed, however, is prohibited in some countries due to high
possibility of contamination of environment and culturing fish used for
human consumption. Most rockfish aquaculture production in Korea has
occurred by feeding moist pellet (MP). Formulated feed (FF) is still difficult
rockfish farmers to adopt due to their biased perception of the superior

production and feed consumption of fish fed MP over FF. A lower feed

- Xiv -
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consumption of fish fed on FF compared to MP could result from a
deficiency or lower amount of feeding attractants and/or stimulants in the
former. Determining the attractability of aquatic animals based on either
omission tests or monitoring the physiological and electro(neuro)physiological
responses of the components in the synthetic extracts of prey is a very
complicate process. No study has examined whether the addition of a
selected feed ingredient affects fish performance based on its attractability.
This application is simple, highly desirable and recommendable in
formulating practical diets to improve the production of fish. In this study,
therefore, we investigated the effect of dietary inclusion of natural sources
of feed additives on growth, body composition and challenge test of juvenile
rockfish against gram-positive and -negative pathogenic. Also, the
attractability of the selected feed ingredient among the various aquatic
animal- and terrestrial plant-originating sources was evaluated in juvenile
rockfish, and their dietary supplementation effects on the growth
performance, feed utilization and body composition of fish were determined

and compared.

1. Effect of various sources of dietary additive on growth, body composition

and challenge test of juvenile rockfish Sebastes schlegeli

We investigated whether the inclusion of the various sources of
commercially available dietary additives [ginger (GG), cheonggukjang (CJ),

blueberry (BB), persimmon (PM), tomato (TT), broccoli (BC) and yacon

- XV -
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(YC)] has an effect on growth, body composition, and challenge test
survival of juvenile rockfish Sebastes schlegeli. Twenty-four groups of 70
fish (1,680 in total) were each fed one of eight experimental diets: a control
diet (Con) without additives, and diets containing GG, CJ, BB, PM, TT, BC
or YC. Fish were hand-fed to satiation twice daily for 7 weeks. At the end
of this period, 20 fish from each tank were infected with Streptococcus
parauberis and monitored for 10 days. Fish fed the YC diet had greater
weight gain compared with fish fed the other diets. Feed efficiency and
protein efficiency ratio of fish fed the TT and YC diets were higher than of
fish fed other diets. Cumulative mortality of fish fed the GG, BB, and YC
diets was lower than of fish fed the other diets on day 5 post infection. We
conclude that yacon was the best dietary additive for improving rock fish
weight gain, while ginger, blueberry, and yacon effectively lowered mortality

of rockfish infected with S. parauberis.

2. Effects of dietary inclusion of yacon, ginger and blueberry on growth,
body composition and challenge test of juvenile rockfish Sebastes schlegeli

against Edwardsiella tarda

Effects of dietary inclusion of yacon (YC), ginger (GG) and blueberry (BB)
on growth, body composition and challenge test of rockfish against
Edwardsiella tarda compared to ethoxyquin were investigated. Three hundred
sixty fish were randomly distributed into 12 flow-through tanks. Four

experimental diets were prepared; the control diet (Con) with 0.01%

- XVl -
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ethoxyquin, and YC, GG and BB diets. Each diet was assigned to triplicate
tanks of fish and hand-fed for 8 weeks. Externally normal fish after 4™ and
8" week feeding trial were infected with Edwardsiella tarda for challenge
test. Weight gain and specific growth rate (SGR) of fish fed the YC diet
was greater than those of fish fed all other diets. Feed efficiency, protein
efficiency ratio and protein retention of fish fed the YC diet was higher
than those of fish fed all other diets. In the both 4™ and 8" week infection
trial, mortality of fish fed the Con diet was higher than that of fish fed all
other diets. In conclusion, dietary inclusion of YC, GG and BB increased
weight gain and SGR of fish. YC, GG and BB for 4 and 8 weeks lowered

mortality of fish at occurrence of E.tarda.

3. Attractiveness/palatability of various protein sources and their function as
feeding attractant to promote feed consumption, growth performance, feed
utilization and body composition in juvenile rockfish Sebastes schlegeli

through dietary supplementation

The attractability of various sources of feed ingredients was evaluated in
juvenile rockfish, and their dietary supplementation effects on the growth,
feed utilization and body composition of the fish were compared. The
attractability of the top 5 selected feed ingredients showing high feeding
attractant ability in fish was determined from among the 16 feed ingredients
examined in the preliminary test. Three hundred sixty juvenile fish were

distributed in 18 flow-through tanks for the feeding trial. Six experimental

- Xxvil -
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diets were prepared: the control (Con) diet, and 5% jack mackerel meal
(JM), sardine meal (SM), pollack meal (PM), squid meal (SQM) and shrimp
meal (SHM) diets. Each diet was assigned in triplicate and hand-fed to
satiation. The strongest feeding attractability of rockfish was obtained in JM,
followed by SM, SQM, PM and SHM. The weight gain and specific growth
rate (SGR) of fish fed the JM diet were greater than those of fish fed all
other diets, followed by the SM, PM, SQM, SHM and Con diets. The feed
consumption of fish fed the JM diet was higher than that of fish fed all
other diets, followed by the SM, PM, SQM, SHM and Con diets. The
condition factor (CF) of fish fed the JM diet was higher than that of fish
fed all other diets, followed by the SM, PM, SQM, SHM and Con diet. In
conclusion, the greatest feed consumption, weight gain, SGR and CF of fish
were obtained in the JM diet, followed by the SM, PM, SQM, SHM and

Con diets, in order.

- Xviil -
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Chapter 1.
General Introduction

Rockfish Sebastes schlegeli Hilgendorf 1880 has been one of the most
commercially important marine aquaculture fish species in the Eastern Asia,
such as Korea, Japan, and China since over three decades ago due to its
fast growth and high resistance against disease. Its annual aquaculture
production reached 17,996 tons in 2016 in Korea (KOSIS, 2017). Therefore,
a variety of feeding trials has been performed with this species to determine
dietary nutrient requirements (Kim et al., 2001; Lee et al, 2002; Yan et al,
2007), digestibility of various feed ingredients (Lee, 2002), alternative animal
and/or plant protein sources for fish meal in the diet (Lee et al, 1996),
optimum feeding rate depending on temperature (Mizanur et al, 2014),
optimum feeding frequency (Lee et al., 2000), and dietary additives to
improve lysozyme activity and stress recovery (Hwang et al, 2013) and
immune response (Kim et al., 1999).

Application of antibiotics has been widespread to reduce mortality during
year-round fish culture. As oral administration of synthetic antibiotic in
aquafeed, however, is prohibited in some countries (Tang et al, 2001) due
to high possibility of contamination of environment and culturing fish used
for human consumption (Alderman and Hastings, 1998), development of a
new natural source (plant-originated) of dietary additive that has unfavorable

effect on environment and culturing fish to replace synthetic antibiotic keeps
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being needed.

Most rockfish aquaculture production in Korea has made by feeding
either frozen raw fish (RF), such as sardines and mackerel, or RF-basal
moist pellet (MP). Feeding fish either RF or MP is likely to cause several
problems, such as severe water pollution resulting from a high leaching-out
rate of nutrients in RF and MP, an unstable supply of RF or a depletion of
the RF that are commonly used as fish meal sources in the wild.
Alternatively, formulated feed (FF) should be developed to efficiently
produce rockfish in an eco-friendly and cost-effective manner. Nevertheless,
FF is still difficult rockfish farmers to adopt due to their biased perception
of the superior production and feed consumption of fish fed either RF or
MP over FF. A lower feed consumption of fish fed on FF compared to
either RF or MP could result from a deficiency or lower amount of feeding
attractants and/or stimulants in the former. Therefore, adding feed ingredients
that contain high levels of rockfish attractants to FF is highly desirable for
improving fish production.

The application of feeding attractants and/or stimulants in aquafeed has
received considerable attention for a long time. The main reasons for their
use are to improve the feed consumption of aquatic animals and to
minimize feed wastage and water pollution sources (Tandler et al., 1982;
Ellingsen and Degving, 1986; Takii et al., 1994). Fish detect chemical stimuli
through at least two different chemoreception channels: olfaction (smell) and
gustation (taste) (Hara, 1993). The chemical cues detected by olfactory

receptors are conveyed to the brain through the olfactory nerve. Kohbara et
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al. (2000) showed that thresholds of adsorbate and non-adsorbate in the
olfactory bulb response were approximately 10° and 10® and approximately
10* and 102 of the original concentration of the jack mackerel Trachrus
Jjaponicus extract, and in the gustatory nerve response of young yellowtail
Seriola quinqueradiata, respectively. However, these results were obtained by
studies determining the attractiveness of aquatic animals based on either
omission tests or monitoring the physiological and electro(neuro)physiological
responses of the components in the synthetic extracts of prey is a very
complicate process. In addition, application of these results are very limited
in either aquaculture industry or aquafeed formulation. No study has
examined whether the addition of a selected feed ingredient affects fish
performance based on its attractiveness. This application is simple, highly
desirable and recommendable in formulating practical diets to improve the
production of fish.

Therefore, the effect of dietary inclusion of natural sources of
plant-originated ingredients on growth, body composition, and challenge test
of juvenile rockfish against gram-positive Streptococcus parauberis in the
first study. In the second study, dietary inclusion effect of the selected YC,
GG and BB showing high growth performance and gram-positive disease
resistance based on the first study on growth, body composition and
challenge test of juvenile rockfish against gram-negative Edwardsiella tarda
was investigated and compared to ethoxyquin (EQ). In the third study, the
attractiveness of the selected feed ingredient among the various aquatic

animal- and terrestrial plant-originated protein sources was evaluated by
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juvenile rockfish, and their dietary supplementation effects on growth
performance, feed utilization and body composition of rockfish were

determined.
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Chapter 2.

Effect of various sources of dietary additive on growth, body composition

and challenge test of juvenile rockfish Sebastes schlegeli

1. Introduction

In annual aquaculture production volume, the rockfish Sebastes schlegeli
has been highly ranked in Korea for the last few decades, second only to
the olive flounder Paralichthys olivaceus (MFAFF, 2014). A variety of
feeding trials has been performed with the species to determine dietary
nutrient requirements (Kim et al., 2001; Lee et al., 2002; Yan et al., 2007),
the digestibility of various feed ingredients (Lee, 2002), alternative animal
and/or plant protein sources for fish meal in the diet (Lee et al, 1996),
optimum feeding rate depending on temperature (Mizanur et al, 2014),
optimum feeding frequency (Lee et al, 2000), dietary additives to improve
lysozyme activity and stress recovery (Hwang et al, 2013), and immune
response (Kim et al., 1999).

High fish mortality rates commonly occur in year-round cultures at fish
farms due to annual recurring disease outbreaks. As the dietary
administration of certain synthetic chemicals such as antibiotics to fish
intended for human consumption is prohibited in some countries (Tang et

al.,, 2001), the development of alternative natural sources of dietary antibiotic
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additives that improve growth performance and/or immune response and
lowers fish mortality in the event of disease outbreak remains essential
(Defoirdt et al., 2011; Talpur, 2014). An oral administration of 0.5% aloe
lowered cumulative mortality of rockfish infected by Vibrio alginlyticus (Kim
et al., 1999). Nya and Austin (2009a) showed that dietary inclusion of 0.5%
and 1% garlic effectively lowered mortality of rainbow trout infected with
Aeromonas hydrophila. A combined vaccine containing formalin-inactivated
Edwardsiella tarda, Streptococcus iniae, and S. parauberis successfully
induced humoral and protective immunity in olive flounder (Han et al,
2011).

Ginger Zingiber officinale Roscoe (GG), containing gingerols and
shogaols, is well known to display antioxidant properties (Balestra et al.,
2011) and is widely used for the treatment of several diseases (Ali et al,
2008). Orally administrated GG has been shown to be effective as an
antioxidant in animals (Kota et al, 2008; Lee et al, 2013). Dietary
inclusion of GG effectively improved not only weight gain, but also disease
resistance of rainbow trout Omncorhynchus mykiss and Asian seabass Lates
calcarifer (Nya and Austin, 2009a; Talpur et al, 2013). The traditional
fermented soyfood cheonggukjang (CJ) contains isoflavones and anthocyanin,
which have antioxidant and free radical-scavenging properties (Shon et al,
2007; Kim et al.,, 2009). Antioxidant properties have also been demonstrated
for Southern black blueberry Vaccinium ashei Reade (BB) (anthocyanin;
Jeong et al., 2012), persimmon Diospyros kaki L. (PM) (polyphenols; Hwang

et al, 2011; Kim et al, 2011; Zhang et al, 2011), tomato Solanum
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lycopersicum L. (TT) (lycopene; Kim and Chin, 2011; Goyal et al, 2013),
broccoli Brassica oleracea L. (BC) (glucosinolates; Banerjee et al., 2012)
and yacon Polymnia sonchifolia Poeppig and Endlicher (YC) (polyphenols;
Kim et al, 2010a; Park et al., 2012). The effectiveness of oral application
in animals was shown for all of the sespecies (BB: Dunlap et al., 2006;
Molan et al., 2008; Papandreou et al., 2009; PM: Kim et al., 2003; Chen et
al., 2012; TT: Bobek, 1999; Moreira et al., 2005; BC: Muller et al., 2012;
Tomofuji et al., 2012; YC: Kim, 2013).

In this study, we investigated the effect of dietary inclusion of these
additives on growth, body composition, and challenge test survival of

juvenile rockfish.
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2. Materials and methods

2.1 Fish and experimental conditions

Juvenile rockfish were purchased from a private hatchery and acclimated
to the experimental conditions for 2 weeks. During the acclimation period,
fish were hand-fed a commercial extruded pellet (Suhyup Feed,
Gyeongsangnma-do, Korea) twice a day at a ratio of 2-3% of fish body
weight. A total of 1,680 fish averaging 3.0 g were randomly distributed into
24 fiber-reinforced plastic flow-through tanks with a volume of 200 L,
yielding 70 fish per tank. The water source was sand-filtered natural
seawater. Constant aeration was supplied to each tank. The flow rate of
water into each tank was 4.6 L/min. Water temperature ranged from 15.8 to
23.1°C (mean + SD: 20.5 + 2.64°C) and the photoperiod was left to natural

conditions.

2.2 Preparation of the experimental diets

Eight experimental diets were prepared; a control diet (Con) with no
additive, and GG, CJ, BB, PM, TT, BC and YC diets (Table 1). One
percent (dry matter) of each additive, which is commercially available in
Korea, was included into the treatment diets at the expense of wheat flour.
The Con diet was prepared to satisfy dietary nutrient requirements for
rockfish (Kim et al., 2001; Kim et al., 2004). Fish meal, dehulled soybean

meal, and casein were used as protein sources in the experimental diets,
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Table 1. Ingredients of the experimental diets (%, DM)

Experimental diets

Con GG' cJ' BB' PM’ TT BC’ YC?
Ingredients
Anchovy meal® 58 58 58 58 58 58 58 58
Dehulled Soybean meal* 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Casein 4 4 4 4 4 4 4 4
Wheat flour 21 20 20 20 20 20 20 20
Additive powder 1 1 1 1 1 1 1
Squid liver oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Soybean oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Carboxymethyl cellulose (CMC) 1 1 1 1 1 1
Vitamin premix’ 1 1 1 1 1 1
Mineral premix® 1 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Nutrients (%, DM)
Dry matter 92.1 92.5 92.0 92.0 91.8 91.8 923 92.2
Crude protein 50.2 50.3 50.6 50.8 50.4 50.6 50.2 50.7
Crude lipid 11.6 11.2 11.4 11.4 11.6 11.3 11.4 11.3
Ash 9.4 9.7 9.6 9.5 93 9.5 9.4 9.3
Carbohydrate 28.8 28.8 28.4 28.3 28.7 28.6 29.0 28.7

Collection @ kmou



'GG (ginger), 'CJ (cheonggukjang) and 'BB (blueberry), and *PM (persimmon), *TT (tomato), “BC (broccoli) and
*YC (yacon) were commercially available products and purchased from Tojongherb Co Ltd. (Dongdaemun-gu, Seoul,
Korea) and Yundoo Co Ltd. (Uiijeongbu-si, Gyeonggi-do, Korea), respectively

*Anchovy meal and ‘Dehulled soybean meal were purchased from Abank Co Ltd. (Seocho-gu, Seoul, Korea).
*Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, 121.2;
DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4;
Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione,
1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003.

Mineral premix contained the following ingredients (g/kg mix): MgSO, 7H,O, 80.0; NaH,PO,-2H,0, 370.0; KCI,
130.0; ferriccitrate, 40.0; ZnSO4 7H,O, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl;-6H,0O, 0.15; KI, 0.15; Na,Se,Os,
0.01; MnSO4-H,0, 2.0; CoCl'6H,0, 1.0.
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wheat flour as carbohydrate source, and squid liver and soybean oils as lipid
sources.

The ingredients of the experimental diets were well mixed with water at a
ratio of 3:1 and pelletized by a lab pellet-extruder (Dongsung Mechanics,
Busan, Korea). Diets were dried at room temperature overnight and stored at
-20°C until used. Each diet was randomly assigned to triplicate tanks of fish
and hand-fed to satiation twice daily (07:00 and 17:00 hours) for 7 days a

week over 7 weeks.

2.3 Analytical Procedures of the Experimental Diets and Fish

Ten fish at the start and seven fish at the termination of the feeding trial
were sampled from each tank and sacrificed for proximate analysis
conducted according to standard AOAC (1990) protocols. Crude protein
content was determined by the Kjeldahl method using an Auto Kjeldahl
System (B-324/435/412: Buchi, Flwail, Switzerland), and crude lipid content
was measured using the ether-extraction method using a Soxtec TM 2043
Fat Extraction System (Tecator, Hoganas, Sweden). Moisture content was
determined by oven drying at 105°C for 24 h, fiber content was determined
using an automatic analyzer (Fibertec: Tecator, Sweden), and ash content

was determined using a muffle furnace at 550°C for 4 h.

2.4 Challenge test
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At the end of 7-week feeding trial, 20 fish of externally normal
appearance shown to be free from bacterial infection were selected from
each tank and stocked into 24 static 200 L tanks. The fish were used for
the Streptococcus parauberis challenge and water was not exchanged. The
pathogenic gram-positive S. parauberis (KCTC11980BP) reference strain
isolated from rockfish was used for the challenge.

The culture suspension of S. parauberis was grown on agar for 24 h,
collected, washed and suspended in sterile 0.85% saline solution, and then
counted. Fish were then artificially infected by intraperitoneal injection with
0.1 mL of pathogenic S. parauberis culture suspension containing 1.2 x 10’
cells/mL. The fish were monitored for ten days post-infection; dead fish
were removed every 6 h for the first four days and every 12 h for the
remainder of the study. Cumulative mortality of fish was calculated as
follow: cumulative mortality (%) = cumulative number of dead fish at each
elapsed time x 100/total number of infected fish. Fish were starved

throughout the 10-day challenge test.

2.5 Statistical analysis

SAS version 9.3 (SAS Institute, Cary, NC, USA) was used to conduct a
one-way ANOVA. Tukey’s honestly significant difference (HSD) test was
used to determine the statistical significance (at a level of P < 0.05) of the
differences among mean response to the dietary treatments. Percentage data

was arcsine-transformed prior to statistical analysis.
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3. Results
3.1 Growth performance of fish

Weight gain and survival of fish supplied with the different experimental
diets are shown in Table 2. The survival of rockfish for the 7-week feeding
trial was over 98% and was not significantly affected by the various sources
of dietary additives. Weight gain (g/fish) for fish fed the YC diet was greater

than that for fish fed the other diets.

3.2 Feed utilization

Feed consumption, feed and protein efficiency ratios and protein retention of
fish supplied with the different experimental diets are shown in Table 3. Feed
consumption of the YC diet was significantly higher compared to all other
diets except for the BB diet. Feed efficiency (FE) and protein efficiency ratio
(PER) of fish fed the TT and YC diets were significantly higher compared to
the other diets. FE and PER of fish fed the Con and GG diets were
significantly higher than those of fish fed the CJ, BB, PM and BC diets.

3.3 Chemical composition of the whole body of fish

Moisture, crude protein and lipid content and ash content of fish supplied
with different experimental diets are shown in Table 4. Moisture content of
fish fed the CJ diet was significantly higher than of fish fed the Con, BB,

PM, TT and BC diets, but not significantly different to fish fed the GG and

- 13 -
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Table 2. Survival (%) and weight gain (g/fish) of juvenile rockfish fed

experimental diets containing the various sources of additives for 7 weeks

Experimental  Initial weight  Final weight Survival Weight gain
diets (g/fish) (g/fish) (%) (g/fish)

Con 3.0 £ 0.00 162 £ 0.15* 100.0 £ 0.00 132 + 0.15"
GG 3.0 £ 000 165+ 0.07° 99.0 + 048  13.5 £ 0.07°
CJ 3.0 £ 0.00 152 + 0.09° 100.0 £ 0.00 12.2 + 0.09
BB 3.0 £ 0.00 163 £ 0.09° 995 + 048 133 + 0.09™
PM 3.0 = 0.01 15.1 £ 0.12 © 100.0 = 0.00 12.1 + 0.12¢
TT 3.0 £0.00 160 £ 0.09° 100.0 = 0.00 13.0 £ 0.10°
BC 3.0 £ 001  13.0 £ 0.17° 99.0 £ 095  10.0 + 0.18°
YC 3.0 £ 001 174+ 027 986 + 143 144 + 028"

Values (means of triplicates + SE) in the same column sharing the same

superscript letter are not significantly different (P > 0.05).

GG, CJ, BB, PM, TT, BC, and YC: refer to the footnotes of Table 1.

Coll
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Table 3. Feed consumption (g/fish), feed efficiency (FE), protein efficiency
ratio (PER) and protein retention (PR) of juvenile rockfish fed experimental

diets containing the various sources of additives for 7 weeks

) Feed
Experimental i 5 3 4
) consumption FE PER PR
diets |
(g/fish)
Con 124 + 0.16° 1.06 + 0.002° 2.11 + 0.005° 33.3 + 0.47*
GG 12.7 + 0.07°° 1.07 + 0.006° 2.11 + 0.010° 39.1 + 0.84°
CJ 11.7 + 0.06° 1.04 + 0.003° 2.04 + 0.006° 31.9 + 0.52°
BB 12.8 + 0.05%® 1.04 + 0.009° 2.05 + 0.016¢ 37.6 + 0.81°
PM 11.7 £ 0.06° 1.03 £ 0.005° 2.04 & 0.009° 32.7 + 0.31°
TT 11.9 £ 0.04° 1.09 + 0.005* 2.16 = 0.010° 34.9 + 0.29°
BC 10.5 + 0.16° 0.95 + 0.004® 1.90 £ 0.005° 29.5 + 0.57¢
YC 13.2 + 0.27*  1.09 + 0.005*° 2.15 + 0.011* 38.8 + 0.34°

Values (means of triplicates = SE) in the same column sharing the same

superscript letter are not significantly different (P > 0.05).

'Feed consumption = Dry total feed consumption/number of fish.

’Feed efficiency (FE) = Weight gain of fish/feed consumed.

*Protein efficiency ratio (PER) = Weight gain of fish/protein consumed.

*Protein retention (PR) = Protein gainx100/protein consumed.

GG, CJ, BB, PM, TT, BC, and YC: refer to the footnotes of Table 1.
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Table 4. Proximate analysis for composition (%) of the whole body of
juvenile rockfish fed the experimental diets containing the various sources of

additives for 7 weeks

Experimental ) ) o

dict Moisture Crude protein  Crude lipid Ash
1€tS

Con 69.7 + 0.67° 15.6 + 0.15° 7.8 + 0.03* 4.5 + 0.07°
GG 71.8 £ 0.09®° 17.8 + 026° 7.2 + 0.09° 3.8 £ 0.03%
CJ 723 + 0.52° 154 + 0.22° 7.9 £ 0.03® 3.8 + 0.06°
BB 704 + 0.66%4 17.7 £ 021 7.2 £ 0.03¢9 4.0 £ 0.06°
PM 70.0 + 023 158 + 0.07° 7.7 +£ 0.12° 4.0 + 0.03*
TT 68.9 + 0.32¢ 159 + 0.12° 7.7 £ 0.03° 3.8 + 0.03%
BC 69.9 + 0.66° 153 + 026> 7.6 + 0.06° 4.3 + 0.06°
YC 70.9 + 027 175 £ 0.20* 8.1 + 0.09° 42 + 0.03°

Values (means of triplicates = SE) in the same column sharing the same
superscript letter are not significantly different (P > 0.05).

GG, CJ, BB, PM, TT, BC, and YC: refer to the footnotes of Table 1.

- 16 -

Collection @ kmou



YC diets. Crude protein content of fish fed the GG, BB and YC diets were
significantly higher compared to fish fed the Con, CJ, PM, TT and BC diets.
Crude lipid content of fish fed the YC diet was significantly higher than of
fish fed the Con, GG, BB, PM, TT and BC diets, but not significant to fish
fed the CJ diet. The ash content of fish fed the Con diet was significantly

higher than of fish fed the other diets, followed by the BC and YC diets.

3.4 Cumulative mortality of fish

Cumulative mortality of fish supplied with different experimental diets is
shown in Fig. 1. Cumulative mortality of fish fed the Con diet was
significantly higher than of other fish at 36 h post infection. Cumulative
morality of fish fed the GG and BB diets was significantly lower than of fish
fed the BC diet at 60 h post infection, but not significantly different to fish
fed the CJ, PM, TT and YC diets. Cumulative mortality of fish fed the GG,
BB and YC diets was significantly lower compared to fish fed the other diets
at day 5 post infection, but did not differ significantly from each other. At
day 10 the lowest cumulative mortality was observed in fish fed the GG diet,

followed by the BB, YC, CJ, BC, PM, TT and Con diets.
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Fig. 1. Cumulative mortality (%) of juvenile rockfish fed the experimental
diets containing the various sources of additives for 7 weeks, and then
infected by Streptococcus parauberis for 10 days (means of triplicates =+
SE). GG, CJ, BB, PM, TT, BC, and YC are explained in the footnotes of
Table 1.
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4. Discussion

Weight gain (g/fish) for fish fed the YC diet was greater than that for
fish fed the other diets. This is in contrast to Kim et al. (2010b) who
reported that dietary supplementation of 5 and 10% YC effectively lowered
the weight gain of rats fed a high fat-high cholesterol diet. The GG, BB
and Con diets also increased weight gain but to a lesser degree. The GG
result is consistent with previous reports showing that the weight gain of
rainbow trout and Asian seabass improved proportionally when GG was
included in the diet (Nya and Austin, 2009b; Talpur et al., 2013).

In this study, the weight gain of fish fed the CJ, PM and BC diets was
significantly lower compared to fish fed the Con diet. The poorest weight
gain was observed in fish fed the BC diet. It was previously shown that
dietary inclusion of BC extract did not affect weight gain of broilers
chickens compared to a control diet (Mueller et al., 2012). There was also
no effect on weight gain in rats fed a high cholesterol diet with an oral
supplementation of BC (Tomofuji et al.,, 2012). The effect of CJ and PM on
weight gain in the present study is consistent with previous studies, as the
oral administration of 19.7% CJ lowered weight gain of rats fed high
cholesterol diet (Kim et al., 2009). The addition of 0.2% PM Ileaf extract to
this type of rat diet did not result in any change in weight gain although it
has been suggested that supplementation of PM leaf extract promoted the
excretion of fecal sterols and led to decreased absorption of dietary

cholesterol (Kim et al, 2003). Hypo- and hyper- energetic diets
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supplemented with 0.5% TT did not affect weight gain in rats (Moreira et
al., 2005). Additional dietary additives, such as garlic Allium sativum, neem
Azadirachta indica and peppermint Mentha piperita have been reported to
effectively improve weight gain in fish (Talpur and Ikhwanuddin, 2012,
2013; Talpur, 2014).

Feed consumption of the YC diet was significantly higher compared to
all other diets except for the BB diet. Feed consumption of the Con, GG
and BB diets was significantly higher than that the CJ, PM, TT and BC
diets. The lowest feed consumption was observed with the BC diet.
Similarly, dietary inclusion of CJ was reported to lower feed consumption
by rats (Kim et al, 2009). The oral administration of TT lowered food
intake of rats of both hypo- and hyper- energetic diets (Moreira et al,
2005). Supplementation of YC into the high fat-high cholesterol diet lowered
rat feed consumption (Kim et al., 2010b). However, dietary inclusion of BC
did not affect feed intake of broiler chickens and rats (Muller et al., 2012;
Tomofuji et al., 2012).

FE and PER of fish fed the Con and GG diets were significantly higher
than those of fish fed the CJ, BB, PM and BC diets. Previous studies
similarly found that dietary inclusion of GG effectively improved FE and
PER of fish (Nya and Austin, 2009b; Talpur et al., 2013). The poorest FE
and PER were observed in fish fed the BC diet. Protein retention (PR) of
fish fed the GG, BB and YC diets was significantly higher than of fish fed
the other diets. PR of fish fed the TT diet was significantly higher than of
fish fed the CJ, PM and BC diets, but not of fish fed the Con diet. Again,
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the poorest PR was obtained in fish fed the BC diet. Oral administration of
fermented soybean did not affect growth and feed utilization of olive
flounder, but increased antioxidant activity in diet and non specific immune
response of fish (Kim et al., 2010c).

The increased feed consumption and improved FE and PER of fish fed
the YC diet suggested that YC could have potential as a growth-promoting
agent for rockfish. However, the weight gain of rats fed a high fat-high
cholesterol diet supplemented with 10% YC was lower than of rats
consuming an equal amount of control diet (Kim et al, 2010b) and there
was no effect on weight gain, feed intake and FE of broiler chickens fed
with the dietary inclusion of 0.5, 1 and 2% YC byproduct in a 5-week
feeding trial (Kim, 2013). However, in the Ilatter study the level of
thiobarbituric acid reactive substance (TBARS) in chicken thigh meat
decreased, and DPPH (1, I-diphenyl-2-picrylhydrazyl) radical-scavenging
activity increased in a dose-dependent manner. In rockfish, dietary inclusion
of green tea extract lowered weight gain and FE, but improved lipid
utilization, lysozyme activity and stress recovery (Hwang et al., 2013).

Moisture content of fish fed the CJ diet was significantly higher than of
fish fed the Con, BB, PM, TT and BC diets, but not significantly different
to fish fed the GG and YC diets. The lowest moisture content was obtained
from fish fed the TT diet. Crude protein content of fish fed the GG, BB
and YC diets were significantly higher compared to fish fed the Con, ClJ,
PM, TT and BC diets. Crude lipid content of fish fed the YC diet was
significantly higher than of fish fed the Con, GG, BB, PM, TT and BC
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diets, but not significant to fish fed the CJ diet. In contrast, Kim et al.
(2010b) reported that the dietary inclusion of YC could potentially reduce
lipid storage of rats fed a high cholesterol diet as the YC supplement might
improve serum, liver and adipose tissue lipid metabolism. Administration of
green tea extract has been shown to lower total lipid content in rockfish
(Hwang et al, 2013). The ash content of fish fed the Con diet was
significantly higher than of fish fed the other diets, followed by the BC and
YC diets. The ash content of fish fed the BB diet was significantly higher
than of fish fed the GG and TT diets, but not significantly different to fish
fed the PM diet. The lowest ash content was obtained from fish fed the CJ
diet.

Cumulative mortality of fish fed the Con diet was significantly higher
than of other fish at 36 h post infection. This indicates that all dietary
additives used in this study were effective in lowering the mortality of
rockfish infected with S. parauberis. The dead fish exhibited typical
symptoms similar to those of olive flounder infected with S. parauberis,
such as exophthalmic eyes, hemorrhages on the operculum and gills,
darkening of the skin and distended abdomen (Baeck et al., 2006).
Cumulative morality of fish fed the GG and BB diets was significantly
lower than of fish fed the BC diet at 60 h post infection, but not
significantly different to fish fed the CJ, PM, TT and YC diets. Cumulative
mortality of fish fed the GG, BB and YC diets was significantly lower
compared to fish fed the other diets at day 5 post infection, but did not

differ significantly from each other. At day 10 the lowest cumulative
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mortality was observed in fish fed the GG diet, followed by the BB, YC,
CJ, BC, PM, TT and Con diets. This lower mortality indicates that
including GG, BB and YC diets as a feed additive could have -related
mortality in rockfish. A previous study reported similar results, finding 64%
mortality in control rainbow trout infected with A. hydrophila compared with
16%, 4% and 0% mortality in fish receiving 1, 0.05 and 0.5% GG,
respectively, when fed supplemented commercial diet for two weeks prior to
infection (Nya and Austin, 2009b). Ohara et al. (2008) reported that the
ginger family Zingiberaceae contains the most abundant and stable
antibacterial components against S. mutans among 81 tested edible plants.
Cumulative mortality of fish fed the CJ diet was also significantly lower
than of fish fed the Con, PM, TT and BC diets 5 days post infection. The
dietary additives garlic, neem and peppermint have been reported
successfully replace antibiotics in aquafeed and to lower the mortality of
Asian seabass infected with Vibrio harveyi (Talpur and Ikhwanuddin, 2012,
2013; Talpur, 2014).

The dietary inclusion of 1 and 2% Broussonetia kazinoki was shown to
effectively improve immune responses against S. parauberis infection in
olive flounder (Kim et al, 2012). Dietary supplementation of 0.5-2% YC
byproduct lowered mortality of chickens in a 5-week feeding trial and
effectively decreased the level of thiobarbituric acid reactive substances, but
increased the total phenol content and DPPH (1, 1-diphenyl-2-picrylhydrazyl)
radical scavenging activity in the thigh meat (Kim, 2013). Dogs fed a diet

containing 2% BB in the form of lowbush blueberry V. angustifolium may
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be better protected against exercise-induced oxidative damage (Dunlap et al.,
2006). Molan et al. (2008) reported that water-soluble BB extract may be a
good satiety inducer and weight management modulator, and that a reduction
in food intake and a decrease in body weight in rats may therefore not
have been merely a consequence of antioxidant mechanisms.

In conclusion, of the tested dietary supplements, YC showed the best
results in improving weight gain in rockfish, and YC and TT were effective
in improving feed efficiency and protein efficiency ratio. GG, BB and YC
were effective in lowering the cumulative mortality of rockfish infected with

S. parauberis.
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Chapter 3.

Effects of dietary inclusion of yacon, ginger and blueberry on growth, body
composition and challenge test of juvenile rockfish Sebastes schlegeli against

Edwardsiella tarda

1. Introduction

Rockfish, Sebastes schlegeli Hilgendorf 1880, has been one of the most
commercially important marine aquaculture fish species in Korea, Japan and
China over two decades ago due to its fast growth and high resistance
against disease. Its annual aquaculture production reached 18,774 tons in
2015 in Korea (MFAFF, 2016). Therefore, many feeding trials to determine
dietary nutrient requirements (Kim et al., 2001; Lee et al, 2002; Yan et al,
2007), optimum dietary protein to lipid ratio (Lee and Kim, 2009),
digestibility of various feed ingredients (Lee, 2002), alternative animal and/or
plant protein sources for fish meal in the diet (Lee et al., 1996), optimum
feeding rate (Mizanur et al, 2014) and frequency (Lee et al., 2000), and
dietary additives to improve lysozyme activity and stress recovery (Hwang et
al., 2013) and immune response against Vibrio alginolyticus infection (Kim
et al,, 1999) for rockfish have been performed.

Since mortality of fish occurs during year-round culture due to outbreak

of disease, fish farmers can not avoid the economical loss. They commonly
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use antibiotics in feed to minimize it. However, as oral administration of the
synthetic chemicals such as antibiotics in aquafeed is prohibited in some
countries (Tang et al, 2001), development of the new natural source of
dietary additive to replace antibiotics keeps being needed.

Yacon Polymnia sonchifolia Poeppig and Endlicher (YC) containing the
polyphenols had an antioxidant activity (Kim et al., 2010a; Park et al,
2012) and its oral supplementation increased the antioxidant effect on
animals (Kim, 2013). In addition, its leaves showed the antibacterial activity
against Staphylococcus aureus (Choi et al., 2010). In Kim et al. (2016)’s
study, yacon was the most effective additive to improve weight gain and
feed utilization among the several feed additives, and YC, ginger (GG) and
blueberry (BB) were equally effective to lower mortality of juvenile rockfish
artificially infected by Streptococcus parauberis after 7-week feeding.

GG Zingiber officinale Roscoe (GG) containing gingerols and shogaols
is known to have antibiotics effect (Sebiomo et al, 2011), antibacterial
effect (Ekwenye and Elegalam, 2005), antimicrobial activity (Akintobi et
al.,, 2013) and antioxidant activity (Balestra et al., 2011), and widely used
for the treatments of several diseases (Ali et al., 2008). Later, Akintobi et
al. (2013) reported that water and ethanol extracts of GG showed the
highest inhibition against Salmonella typhi and Proteus mirabilis,
respectively and concluded that the extracts of GG possessed antimicrobial
compounds, which could be used as substitutes for the antibiotics. Dietary
inclusion of GG effectively improved not only weight gain, but also

disease resistance of rainbow trout Omncorhynchus mykiss, Asian seabass

- 26 -
Collection @ kmou



Lates calcarifer and Nile tilapia Oreochromis niloticus (Nya and Austin,
2009; Talpur et al., 2013; Hassanin et al., 2014).

Blueberry Vaccinium ashei Reade (BB) containing anthocyanin had an
antioxidant activity (Jeong et al., 2012; Vizzotto et al, 2013; Deng et al.,
2014) and showed antioxidant effect on animals (Dunlap et al, 2006;
Molan et al., 2008; Papandreou et al., 2009).

Therefore, these natural sources of plant-originated ingredients have high
potential as feed additive to replace antioxidant/antibiotics in aquafeed.
Ethoxyquin (6-ethoxy-2, 2, 4-trimethyl-1, 2-dihydroquinoline, EQ) is the
most widely used feed additive in fish feed to prevent rancidity (Weil et
al.,, 1968; FAO, 1970; Thorisson et al., 1992; Drewhurst, 1998). Blaszczyk
et al. (2013) demonstrated that EQ cannot be used in any food for human
consumption (except for spices, e.g., chili), but it can pass from feed to
farmed fish, poultry, and eggs, so human beings can be exposed to this
antioxidant. Recently, Wang et al. (2015) estimated optimal EQ
concentration of 13.78 mg/kg diet for maximum growth of juvenile
Japanese seabass Lateolabrax japonicus.

We hypothesized that oral administration of YC, GG and BB has
desirable effect on growth performance of rockfish and lowering mortality
at occurrence of disease. Since administration of dietary additive for
desirable purpose costs more money to fish farmers, feeding fish on it
shorter period of time, but inducing desirable effect on fish is more
beneficial. In this study, therefore, the effects of dietary inclusion of

various additives (YC, GG and BB) on growth, body composition and
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challenge test of juvenile rockfish against Edwardsiella tarda compared to
EQ were investigated. In addition, cumulative mortality of rockfish fed the
diets containing various additives for 4 and 8 weeks, and then infected E.

tarda were compared.
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2. Materials and methods

2.1 Fish and the experimental conditions

Juvenile rockfish were purchased from a private hatchery (Tongyeong
City, Gyeongsangnam-do, Korea) and acclimated to the experimental
conditions for 2 week before an initiation of the feeding trial. During the
acclimation period, fish were hand-fed a commercial extruded pellet (Suhyup
Feed Co. LTD, Gyeongsangnma-do, Korea) twice a day at a ratio of 2-3%
body weight of fish. Three hundred sixty juvenile (an initial body weight of
16.1 g) fish were randomly chosen and distributed into 12 of 50-L
flow-through tanks (water volume: 40 L) (thirty fish per tank). The flow
rate of water into each tank was 1.42 L/min/tank. The water source was
sand-filtered natural sea water and aeration was supplied into each tank.
Water temperature monitored daily from 13.4 to 18.6°C (mean + SD: 15.6 +

1.65°C) and photoperiod followed natural conditions.

2.2. Preparation of the experimental diets

Four experimental diets were prepared; the control diet (Con) with 0.01%
EQ, and YC, GG and BB diets (Table 5). 1% each additive, which is a
commercially available product in Korea was included into the experimental
diets at the expense of wheat flour. The Con diet was prepared to satisfy
dietary nutrient requirements for rockfish (Kim et al., 2001, 2004). Fish and
fermented soybean meals were wused as the protein source in the

experimental diets. Wheat flour, and squid liver and soybean oils were used
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Table 5. Ingredients of the experimental diets containing the various sources

of additives (DM basis, %)

Experimental diets

Con YC!' GG' BB'
Ingredients (%)
Anchovy meal® 63.5 63.5 63.5 63.5
Fermented soybean meal’ 7.0 7.0 7.0 7.0
Wheat flour 22.99 22.0 22.0 22.0
Ethoxyquin* 0.01
Additive powder 1 1 1
Squid liver oil 2.0 2.0 2.0 2.0
Soybean oil 2.0 2.0 2.0 2.0
Vitamin premix’ 1.0 1.0 1.0 1.0
Mineral premix® 1.0 1.0 1.0 1.0
Choline 0.5 0.5 0.5 0.5
Nutrients (%)
Dry matter 90.9 90.8 90.8 90.4
Crude protein0 50.9 51.2 51.1 51.0
Crude lipid 10.3 10.1 10.1 10.1
Ash 11.0 11.2 10.9 10.9

'YC (yacon), 'GG (ginger) and 'BB (blueberry) were purchased from
Tojongherb Co Ltd. (Dongdaemun-gu, Seoul, Korea).

*Anchovy meal was purchased from Abank Co Ltd. (Seocho-gu, Seoul,
Korea).
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*Fermented soybean meal was supplied by CJ Cheilledang Corp. (Jung-gu,
Seoul, Korea).

*Ethoxyquin was supplied from Chunhajeil feed Co Ltd. (Daedeok-gu,
Daejeon, Korea).

Vitamin premix contained the following amount which were diluted in
cellulose (g/kg mix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27;
folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate,
0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003.

SMineral ~premix contained the following ingredients (g/kg mix):
MgSO4-7H,0, 80.0; NaH,PO4-2H,0, 370.0; KCI, 130.0; ferric citrate, 40.0;
ZnSO4 7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl;-6H,O, 0.15; KI, 0.15;
Na,Se,0;, 0.01; MnSO4-H,0, 2.0; CoCl,:6H,0, 1.0.

- 31 -
Collection @ kmou



as the carbohydrate and lipid sources in the experimental diets,
respectively.

The ingredients of the experimental diets were well mixed with water at
a ratio of 3:1 and pelletized by Ilaboratory pellet extruder (Dongsung
mechanics, Busan, Korea). The experimental diets were dried at room
temperature over night and stored in -20°C until used. Each diet was
randomly assigned to triplicate tanks of fish and hand-fed to satiation

twice daily (09:00 and 17:00 h) for 7 day a week for 8 weeks.

2.3 Analytical procedures of the experimental diets and fish

Ten fish at the start and five fish from each tank at the termination of
the feeding trial were sampled and sacrificed for proximate analysis. Crude
protein was determined by the Kjeldahl method (Kjeltec 2100 Distillation
Unit, Foss Tecator, Hoganas, Sweden), crude lipid was determined using an
ether-extraction method (Soxtec TM 2043 Fat Extraction System, Foss
Tecator, Sweden), moisture was determined by oven drying at 105°C for 24
h, fiber was determined using an automatic analyzer (Fibertec, Tecator,
Sweden) and ash was determined using a muffle furnace at 550°C for 4 h.

All methods were according to standard AOAC (1990) practices.

2.4 Challenge test
Ten and fifteen externally normal fish after the 4™ and 8" week feeding

trial, respectively, shown to be free from bacterial infection were selected
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from each tank and stocked into 12, static 50-1 tanks. Ten fish used for
challenge test on 4™ week of the feeding trial was counted as the live fish
at the end of the 8-week feeding trail. Fish was used for the E. tarda
challenge and water was static. The bacteria used for the challenge were
reference pathogenic strain of gram negative-E. tarda (ET-1) isolated from
rockfish.

The culture suspension of E. farda were grown on agar for 24 h,
collected, washed and suspended in sterile 8.5% saline solution and counted.
Then, fish were artificially infected by intraperitoneal injection with 0.1 mL
of culture suspension of pathogenic E. tarda containing 1.2 x 10° cfu/mL.
Fish were monitored for the following 10 days after E. tarda infection and
dead fish were removed every 6 h for the first 4 days and 12 h for the

rest of the study. Fish was starved throughout the 10-day challenge test.

2.6 Calculation and statistical analysis

The following variables were calculated: specific growth rate (SGR,
%/day)=(Ln final weight of fish - Ln initial weight of fish)x100 /days of
feeding trial, feed efficiency (FE) = (final total weight of fish + total
weight of 10 fish sacrificed for challenge test at 4™ week - initial total
weight of fish)/total feed consumed, protein efficiency ratio (PER) =
weight gain of fish/protein consumed and protein retention (PR) =
protein gainx100/protein consumed. Relative percent survival (RPS) of
rockfish was calculated by formula (Amend, 1981): RPS = [1 - (%

mortality of experimental fish/% mortality of the control fish)] %100.
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SAS version 9.3 (SAS Institute, Cary, NC, USA) was used to conduct
a one-way ANOVA. Tukey’s honestly significant difference (HSD) test
was used to determine the significance (P < 0.05) of the differences
among the means responses to dietary treatments. Percentage data was

arcsine-transformed prior to statistical analysis.
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3. Results

3.1 Growth performance of fish

All the fish remained alive at the end of the 8-week feeding trial. Weight
gain and specific growth rate (SGR) of fish fed the YC diet was
significantly (P < 0.05) greater than those of fish fed all other diets (Table
6). Weight gain and SGR of fish fed the GG and BB diets was also

significantly (P < 0.05) greater than those of fish fed the Con diet.

3.2 Feed utilization

Feed consumption (g/fish) of fish fed the GG and BB diets was
significantly (P < 0.05) higher than that of fish fed the Con and YC diets
at the end of the 8-week feeding trial (Table 7). FE, PER and PR of fish
fed the YC diet was significantly (P < 0.05) higher than those of fish fed
all other diets. PER of fish fed the Con diet was significantly (P < 0.05)
higher than that of fish fed the BB diet, but not significantly (P < 0.05)
different from that of fish fed the GG diet. PR of fish fed the GG diet was
significantly (P < 0.05) higher than that of fish fed the BB diet, but not
significantly (P > 0.05) different from that of fish fed the Con diet.

3.3 Chemical composition of the whole body of fish
Moisture content of the whole body of fish fed the BB diet was
significantly (P < 0.05) higher than that of fish fed all other diets (Table

8). Moisture content of the whole body of fish fed the Con and YC diets
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Table 6. Survival (%), weight gain (g/fish) and specific growth rate (SGR)
of rockfish fed the experimental diets containing the various sources of

additives for 8 weeks

Experimental Initial weight Final weight = Weight gain SGR'
diets (g/fish) (g/fish) (g/fish) (%/day)
Con 16.1 + 0.04 482 + 0.17* 32.0 £ 0.15 1.95 + 0.005¢
YC 16.1 + 0.01 519 £ 0.11* 358 + 0.10° 2.09 + 0.003*
GG 16.1 £ 0.01 50.8 + 0.10°> 34.7 + 0.08° 2.05 + 0.002°
BB 162 +0.02 50.0 £ 0.12° 33.8 + 0.13° 2.01 + 0.005°

Values (means of triplicate + SE) in the same column sharing the same
superscript letter are not significantly different (P > 0.05).

'SGR (%/day) = (Ln final weight of fish - Ln initial weight of
fish)x100/days of feeding trial
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Table 7. Feed consumption (g/fish), feed efficiency (FE), protein efficiency

ratio (PER) and protein retention (PR) of rockfish fed the experimental diets

containing the various sources of additives for 8 weeks

Experimental Feed
. consumption FE' PER? PR’
diets (g/fish)
Con 322 + 0.13°  1.07 = 0.012° 1.95 + 0.016° 34.9 + 0.34"
YC 33.4 + 0.15°  1.17 + 0.008* 2.09 + 0.009*° 38.1 + 0.14°
GG 35.0 = 0.30°  1.07 + 0.013° 1.94 + 0.021* 352 + 0.46"
BB 35.1 £ 0.28°  1.04 + 0.011° 1.89 + 0.008° 33.8 + 0.22¢
Values (means of triplicate = SE) in the same column sharing the same

superscript letter are not significantly different (P > 0.05).

'Feed efficiency (FE) = Weight gain of fish/feed consumed.

*Protein efficiency ratio (PER) = Weight gain of fish/protein consumed.

*Protein retention (PR) = Protein gainx100/protein consumed.

Collectiol
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Table 8. Proximate composition (%) of the whole body of rockfish fed the

experimental diets containing the various sources of additives for 8 weeks

Experimental

Moisture Crude protein  Crude lipid Ash
diets
Con 68.6 + 0.03° 17.8 + 0.03° 88 + 0.03° 4.5 + 0.03°
YC 68.7 + 0.03° 18.1 £ 0.07*° 9.3 + 0.03* 4.1 + 0.03°
GG 69.2 + 0.06° 18.0 + 0.03* 9.1 + 0.06® 4.4 + 0.03°
BB 69.2 + 0.03* 17.9 + 0.03°> 87 + 0.03° 4.4 + 0.03°

Values (means of triplicate + SE) in the same column sharing the same

superscript letter are not significantly different (P > 0.05).

Collection @ kmou
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was also significantly (P < 0.05) higher than that of fish fed the GG diet.
Crude protein content of the whole body of fish fed the YC and GG diets
was significantly (P < 0.05) higher that of fish fed the Con and BB diets.
Crude lipid content of the whole body of fish fed the YC diet was
significantly (P < 0.05) higher that of fish fed all other diets. Crude lipid
content of the whole body of fish fed the GG diet was also significantly (P
< 0.05) higher that of fish fed the Con and BB diets. Ash content of the
whole body of fish fed the Con, GG and BB diets was significantly (P <
0.05) higher that of fish fed the YC diet.

3.4 Challenge test

Cumulative mortality of rockfish fed the experimental diets containing
various sources of additive for 4 and 8 weeks, and then infected with E.
tarda for 10 days observation is depicted in Figs. 2 and 3, respectively.

In the 4™ week infection trial, mortality of fish fed the Con and YC
diets started to appear at 90 h after infection. Mortality of fish fed the
Con diet was significantly (P < 0.05) higher than that of fish fed the all
other (YC, GG and BB) diets at 90 h and reached 80% at 10 day after
infection. However, no significant difference in mortality was found in fish
fed the YC, GG and BB diets throughout the 10-day observation.

In the 8" week infection trial, mortality of fish fed the Con and BB
diets started to appear at 90 and 96 h after infection, respectively.
Mortality of fish fed the Con diet was significantly (P < 0.05) higher than
that of fish fed the all other diets at 90 h and reached 93% at 10 day
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Fig. 2. Cumulative mortality (%) of juvenile rockfish fed the experimental
diets containing various sources of additives for 4 weeks, and then infected
by Edwardsiella tarda (means of triplicate = SE). (Con, YC, GG and BB
indicate that the control diet with 0.01% ethoxyquin, and the diets

containing 1% yacon, ginger and blueberry, respectively).
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Fig. 3. Cumulative mortality (%) of juvenile rockfish fed the experimental
diets containing various sources of additives for 8 weeks, and then infected
by E. tarda (means of triplicate = SE). (Con, YC, GG and BB indicate that
the control diet with 0.01% ethoxyquin, and the diets containing 1% yacon,

ginger and blueberry, respectively).
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after infection. Cumulative mortality of fish fed the YC and GG diets was
also significantly (P < 0.05) lower than that of fish fed the Con and BB
diets since 156 h after infection throughout the 10-day observation.

RPS (%) of rockfish fed the experimental diets containing various
sources of additive for 4 and 8 weeks, and then infected with E. tarda
for 10 days observation was given in Table 9. In the 4™ week infection
trial, mortality of fish fed the Con, YC, GG and BB diets at 10-day post
observation were 80.0, 43.3, 46.7 and 43.3%, respectively. In the 8" week
infection trial, mortality of fish fed the Con, YC, GG and BB diets at
10-day post observation were 93.3, 48.9, 51.1 and 60.0%, respectively.
RPS of fish increased by 44.7, 41.0 and 44.7%, and 47.4, 44.9 and 35.5%
in fish fed the YC, GG and BB diets compared to the Con diet for 4

and 8 weeks, respectively, at 10-day post observation.
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Table 9. Relative percent survival (RPS, %) of rockfish fed the experimental
diets for 4 and 8 weeks, and artificially infected with Edwardsiella tarda at

5- and 10-day observation

4 week 8 week
Experimental
Day 5 Day 10 Day 5 Day 10

diets

Con

YC 54.4 44.7 84.9 47.4
GG 73.9 41.0 67.2 44.9
BB 73.9 44.7 36.7 35.5

Relative percent survival (RPS, %) was calculated by the formula: RPS = [1
- (% mortality of the experimental fish/% mortality of the control fish)]
x100.
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4. Discussion

All feed additives used in this study achieved an improved growth
performance (weight gain and SGR) of rockfish compared to the Con diet.
The greatest weight gain and SGR was obtained in rockfish fed the YC diet
agreed with Kim et al. (2016)’s study. Higher feed consumption of rockfish
fed the GG and BB diets, but lower weight gain, SGR, FE, PER and PR
compared to those of fish fed YC diet in this study indicates that YC is the
most effective growth promoter in terms of improved growth performance
and feed utilization.

An improved weight gain and SGR, but no difference in feed utilization
(FE, PER and PR) of rockfish fed the GG diet compared to the Con diet in
this study conflicted with other studies (Nya and Austin, 2009; Talpur et al.,
2013; Hassanin et al., 2014) showing that weight gain and feed utilization
(FE or PER) of rainbow trout, Asian sea bass and Nile tilapia were
effectively improved when 1-10% GG was included into the diet. This could
be resulted from freshness type of GG used. A commercially available GG
was used in this study, but raw GG purchased from farm market was
directly included into the diet with other feed ingredients while feed
manufacturing in their study. However, GG, which is the same GG used in
this study did not affect either weight gain or feed utilization of rockfish
(Kim et al., 2016).

The plant-originated additives were effective to improve not only weight

gain and feed utilization, but also disease resistance in some marine fish (Ji
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et al., 2007; Punitha et al., 2008; Talpur and Ikhwanuddin, 2013; Talpur et
al.,, 2013; Talpur, 2014). When greasy grouper Epinephelus tauvina were fed
on the diets supplemented with methanolic extract of each Indian herb of
Ocimum  sanctum, Withania somnifera or Mpyristica fragrans at the
concentration of 0 (control), 100, 200, 400 and 800 mg/kg diet for 12
weeks, improved weight gain, FE and immune parameters (phagocytic
activity, serum bacterial activity, albumin-globulin ratio and leukocrit) were
observed in fish fed the diets supplemented with 100 and 200 mg/kg O.
sanctum and W. somnifera compared to the control diet (Sivaram et al,
2004). Gabor et al. (2010) reviewed use of phytoadditives, such as garlic
Allium sativum, onion Allium cepa, oregano Origanum vulgare, GG Zingiber
officinale, Echinacea Echinadea purpurea, cinnamon Cinnamomum verum oOr
nettle Urtica dioica in diet on performance of several fish and emphasized
the major advantages in use of phytoadditives is the fact that they are
natural substances and do not pose any threat to fish, man or environment.
The chemical composition of the whole body of rockfish was affected by
dietary additive in this study. Similarly, dietary inclusion of different
additives affected the whole body composition of fish (Bai et al, 2001; Yun
et al., 2016). Dietary inclusion of YC increased the whole body lipid
content of rockfish in this study and this conflicted with Kim et al
(2010b)’s study showing that dietary inclusion of YC could potentially
reduce lipid storage of rats fed a high cholesterol diet as the YC
supplement might improve serum, liver and adipose tissue lipid metabolism.

Administration of green tea extract lowered total lipid content in rockfish
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(Hwang et al., 2013).

The dead rockfish in the 4™ and 8" week infection trials exhibited the
typical symptoms of diseased olive flounder infected with E. tarda, such as
reddish in abdomen and fins, darkening of the skin and swelling of
abdomen with accumulation of ascites reported by Kusuda and Kawai
(1998)’s study. Mortality of fish fed the Con diet was higher than that of
fish fed the all other diets at 90 h throughout 10-day post observation in
this study, but no difference in mortality was observed among fish fed the
YC, GG and BB diets in the 4™ week infection trial. The cumulative
mortality of fish fed the YC and GG diets was lower than that of fish fed
the Con and BB diets at 156 h after infection in the 8" week infection
trial.

There is a quite similar trend toward increased mortality of rockfish over
time, time to show initial mortality of fish receiving the Con diet,
differences between the Con and experimental (YC, GG and BB) diets in
this study. This indicates that 4 weeks of feeding rockfish with the
experimental diets to lower mortality of fish at occurrence of E. farda was
comparable to 8 weeks of feeding fish. Unlike this study, however, Sivaram
et al. (2004) reported that dietary inclusion of extract of 100 and 200 mg/kg
diet O. sanctum and W. somnifera reduced mortality of greasy grouper at
the end of 12 week feeding, but not either after 4- and 8-week feeding or
fish receiving M. fragrans in any period of time when fish were fed on one
of the diets supplemented with O. sanctum, W. somnifera or M. fragrans at

the concentration of 0, 100, 200, 400 and 800 mg/kg diet for 4, 8 and 12
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weeks, and then infected by V. harveyi. Punitha et al. (2008) also reported
that greasy grouper did not effectively lowered mortality of fish after 20- or
40-day feeding, but fish receiving 100, 200, 400 and 800 mg/kg diet did
compared to control diet only after 60-day feeding when fish were fed the
diets containing extracts of herbal medicines (Cynodon dactylon, Piper
longum, Phyllanthus niruri, Tridax procumbens and GG) at the concentration
of 0 (control), 100, 200, 400 and 800 mg/kg diet for 20, 40 or 60 days,
and then infected with V. harveyi.

Dietary inclusion of YC, GG and BB effectively lowered mortality of
rockfish compared to the Con diet after the 4- and 8-week feeding trial in
this study. This indicates that YC, GG and BB are all effective as
immunostimulant to lower mortality of fish at occurrence of E. tarda.
Similarly, Nya and Austin (2009) reported that mortality effectively
lowered from 640 to 160, 40 and 0 g/kg in rainbow trout infected with
Aeromonas hydrophila compared to fish receiving 0 (control), 10, 0.5 and
5 gkg GG, respectively, when fish were fed with commercial diet
supplemented with GG at the concentration of 0, 0.5, 1, 5 and 10 g/kg
for two weeks prior to infection. In addition, Hassanin et al. (2014)
reported that mortality of Nile tilapia lowered effectively when fish were
fed with diets containing 1-10 g/kg GG for 10 weeks, and then infected
with A. hydrophila. Mortality of Asian sea bass fed the diets containing
0.1-1 g/kg GG for 15 days, and then infected with Vibrio harveyi
decreased effectively compared to the control diet without GG (Talpur et

al., 2013).
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Akintobi et al. (2013) showed that high antimicrobial activity of GG
extract against six pathogenic microorganisms (Pseudomonas aeruginosa,
Staphylococcus aureus, Proteus mirabilis, Escherichia coli, Bacillus subtilis
and Salmonella typhi) in vitro test and explained that GG can be used as
substitutes for the antibiotics. In addition, aqueous extract of GG had little
or no inhibiting effect on Escherichia coli and Salmonellla typhi, but
ethanolic extract had a higher inhibitory effect (Ekwenye and Elegalam,
2005). Ohara et al. (2008) also reported that the GG family Zingiberaceae
contains the most abundant and stable antibacterial components against S.
mutans among 81 tested edible plants. Dietary supplementation of additives
such as garlic, neem and peppermint have been reported successfully
replace antibiotics in aquafeed and to lower the mortality of Asian seabass
infected with V. harveyi (Talpur and Ikhwanuddin, 2012, 2013; Talpur,
2014). Vallejos-Vidal et al. (2016) reviewed several plants, herbs, algae
extracts and pathogen associated molecular patterns as immunostimulants in
aquafeeds.

In considering Kim et al. (2016)’s study showing that YC, GG and BB
were effective to lower mortality of rockfish at occurrence S. parauberis
(gram positive) (KCTC11980BP), which was first reported in rainbow trout
Oncorhynchus mykiss in Japan (Hoshina et al, 1958) and this study
showing that YC, GG and BB are all effective to lower mortality of
rockfish at occurrence E. tarda (gram negative), which was first isolated
from a pond-cultured eel (Hoshina, 1962), YC, GG and BB are all

effective as immunostimulants for both bacterial pathogens. More studies to
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determine if antioxidant materials originated from additive to induce
desirable effect on fish performance are found in fish body will need to
be determined in future. Recently, Bulfon et al. (2015) also reviewed use
of plan-derived products in farmed fish and demonstrated the desirable
effects of plan extracts/products on fish growth, haematological profiles,
immune responses and resistance to infectious diseases.

In conclusion, dietary inclusion of YC, GG and BB effectively increased
weight gain and SGR of rockfish. However, YC improved FE, PER and
PR of fish effectively. Oral administration of YC, GG and BB for 4 and
8 weeks effectively lowered mortality of rockfish at occurrence of E.
tarda. A 4-week oral administration of additive (YC, GG and BB) was
long enough to induce their desirable effect of lowering mortality of fish

at occurrence of E. tarda.
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Chapter 4.

Attractiveness/palatability of various protein sources and their function as
feeding attractant to promote feed consumption, growth performance, feed
utilization and body composition in juvenile rockfish Sebastes schlegeli

through dietary supplementation

1. Introduction

Rockfish Sebastes schlegeli has been one of the most commercially
important marine fish species for aquaculture in the Eastern Asian countries,
such as Korea, Japan, and China, for over three decades due to its fast
growth and high resistance against disease. Its annual aquaculture production
reached 17996 tons in 2016 in Korea (KOSIS, 2017). Most rockfish
aquaculture production in Korea has occurred by feeding either frozen raw
fish (RF), such as sardines and mackerel, or RF-basal moist pellet (MP).
Feeding fish either RF or MP is likely to cause several problems, such as
severe water pollution resulting from a high leaching-out rate of nutrients in
RF and MP, an unstable supply of RF or a depletion of the RF that are
commonly used as fish meal sources in the wild. Alternatively, formulated
feed (FF) should be developed to efficiently produce rockfish in an
eco-friendly and cost-effective manner. Nevertheless, FF is still difficult
rockfish farmers to adopt due to their biased perception of the superior

production and feed consumption of fish fed either RF or MP over FF. A

- 50 -

Collection @ kmou



lower feed consumption of fish fed on FF compared to either RF or MP
could result from a deficiency or lower amount of feeding attractants and/or
stimulants in the former. Therefore, adding feed ingredients that contain high
levels of rockfish attractants to FF is highly desirable for improving fish
production. Although many studies have been performed on rockfish
(Nakagawa et al., 2007; Jeon et al, 2014; Cho et al., 2015; Lee et al,
2016), little on the feeding attractants and/or stimulants of fish is known.

Feeding attractants and/or stimulants are usually low molecular-weight
metabolites including amino acids, =~ quaternary ammonium compounds,
nucleosides and nucleotides, and organic acids, which are important tissue
components of the main prey items and constitute the species’ natural diet
(Carr and Derby, 1986; Morais, 2017). However, feeding attractants and/or
stimulants are known to vary depending on fish specifies, type of feeding
attractants, and dose of feeding attractants (Tandler et al, 1982; Carr and
Derby, 1986; Carr et al.,, 1996; Papatryphon and Soares, 2001; Xue and Cui,
2001; Kasumyan and Nikolaeva, 2002; Yacoob and Browman, 2007).

The application of feeding attractants and/or stimulants in aquafeed has
received considerable attention for a long time. The main reasons for their
use are to improve the feed consumption of aquatic animals and to
minimize feed wastage and water pollution sources (Tandler et al, 1982;
Ellingsen and Degving, 1986; Takii et al., 1994). Fish detect chemical stimuli
through at least two different chemoreception channels: olfaction (smell) and
gustation (taste) (Hara, 1993). The chemical cues detected by olfactory

receptors are conveyed to the brain through the olfactory nerve. Kohbara et
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al. (2000) showed that thresholds of adsorbate and non-adsorbate in the
olfactory bulb response were approximately 10° and 10® and approximately
10* and 107 of the original concentration of the jack mackerel Trachurus
Jjaponicus extract, and in the gustatory nerve response of young yellowtail
Seriola quinqueradiata, respectively, and demonstrated that the gustatory
receptors in yellowtail are involved in discriminating food items during
feeding. Further, olfactory receptors may detect foods at some distance.

Amino acids are a major class of the olfactory stimuli that cause food
search behavior in a variety of fishes (Jones, 1992; Kohbara et al., 2000;
Yacoob and Browman, 2007). Takeda et al. (1984) showed that amino acid
fractions were more stimulatory components than were either nucleotide
fractions or other compounds in the extracts of a marine worm Perinereis
brevicirrus for eel Anguilla japonica base on feed consumption. Carr et al.
(1996) also reported that the extracts of tissues from 10 species of marine
fish and 20 species of invertebrates contained high concentrations of five of
the most frequently cited feeding stimulants (glycine, alanine, proline,
arginine and betaine) base on feeding behavioral assay and concluded that
glycine and alanine were major tissue components and were the two most
frequently cited feeding stimulants for 35 teleost fishes. Glutamine and
histidine served as feeding stimulants for yellowtail and olive flounder
Paralichthys olivaceus, respectively (Kohbara et al., 2000; Ikeda et al.,
2012). In an earlier study by Hara (1984), yellowtail achieved remarkable
behavioral feeding attraction with histidine in the basic amino acid groups

and glycine and threonine in the neutral amino acid groups in the extracts
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of squid Todarodes pacificus. Yacoob and Browman (2007) reported that the
relative response magnitudes (expressed as a percentage of response to 107
M alanine) of 20 amino acids varied from 144% for methionine to 19% for
aspartic acid in the olfactory sensitivity based on behavioral assay in
Atlantic halibut Hippoglossus hippoglossus. Takaoka et al. (1995) showed
that the amino acid fractions in the synthetic extracts of clam Tapes
Jjaponicus achieved a remarkably higher feeding stimulant response than did
nucleotides and other chemical fraction based on daily feeding rate for tiger
puffer Takifugu rubripes. Ellingsen and Deving (1986) reported that glycine
was the most potent, followed by alanine, of the extracts of shrimp
Pandalus borealis for cod Gadus morhua and found the synergistic effect of
4 amino acids (alanine, arginine, glcycine and proline) was greater than the
total amino acid pool in the shrimp extract according to bottom food search
feeding behavior of fish. Papatryphon and Soares (2000) also demonstrated
that the synergistic effects of L-alanine, L-serine, inosine-5'-monophosphate
(IMP) and betaine stimulated feed intake for striped bass Morone saxatilis
and that a mixture of all four compounds together achieved the maximum
response. Later, Papatryphon and Soares (2001) showed that the inclusion of
combined alanine, betaine, serine and IMP in a corn gluten-basal diet was
as effective as a practical fish meal-basal diet for striped bass in terms of
improved feed efficiency and growth performance.

In the nucleotide fraction of the extracts of krill Euphausia pacifica,
inosine, in particular, was the most effective feeding stimulant in marbled

rockfish Sebastiscus marmoratus, followed by the amino acid fraction
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showing a poor feeding activity in the fish (Takaoka et al, 1990).
Hosokawa et al. (2001) also showed that nucleotides, especially, inosinic
acid in the extracts of jack mackerel were the main compounds to achieve
feeding responses in yellowtail. Betaine has also been identified as a feeding
stimulant in a variety of fishes, such as pinfish Lagodon rhomboides, pigfish
Orthopristis chrysopterus, Dover sole Solea solea, tiger puffer, striped bass
and grouper Epinephelus fuscoguttatus (Carr, 1976; Carr et al,, 1976; Mackie
et al., 1980; Takaoka et al., 1995; Papatryphon and Soares, 2000; Lim et
al., 2015).

Fish meal (Smith et al., 2005; Singh et al., 2006); crustacean meals, such
as crab meal (Carr et al., 1977), krill meal (Takaoka et al., 1990; Shimizu
et al,, 1990; Suresh et al., 2011), shrimp head meal (Fox et al., 1994) and
shrimp meal (Carr and Chaney, 1976); and mollusk meals, such as mussel
meal (Nagel et al, 2014; Mongile et al., 2015), oyster meal (Carr et al,
1977), clam (Takaoka et al., 1995), squid liver meal (Suresh et al., 2011),
squid extract (Toften et al., 1995; Xue and Cui, 2001) and squid meal
(Naik et al.,, 2001), are known to have high attractiveness for several aquatic
animals. In many of the above cases, however, omission tests were
conducted to determine whether aquatic animals are attracted to the synthetic
components based on a chemical analysis of the extracts of these
ingredients. Determining the attractiveness of aquatic animals based on either
omission tests or monitoring the physiological and electro(neuro)
physiological responses of the components in the synthetic extracts of prey

is a very complicate process.
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No study has examined whether the addition of a selected feed ingredient
affects fish performance based on its attractiveness. This application is
simple, highly desirable and recommendable in formulating practical diets to
improve the production of fish. Plant-originated protein sources, such as corn
gluten meal (Lee et al., 1996) and soybean meal (Lim et al., 2004), have
also been successfully used as alternative protein sources for fish meal in
rockfish diets.

In this study, therefore, the attractiveness of the selected feed ingredient
among the various aquatic animal- and terrestrial plant-originating protein
sources was evaluated in juvenile rockfish, and their dietary supplementation
effects on the growth performance, feed utilization and body composition of

fish were determined and compared.
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2. Materials and methods

2.1 Preliminary test of determination of attractiveness of various feed
ingredients
2.1.1 Preparation of the experimental fish

Juvenile rockfish of similar size were purchased from a private hatchery
(Tongyeong City, Gyeongsangnam-do, Korea) and acclimated to the
experimental conditions for 2 weeks before the preliminary test. During the
conditioning period, fish were hand-fed a commercial extruded pellet
(Woosung Feed Co. Ltd., Daejeon, Korea) twice a day at a ratio of 2-3%
of the body weight of the fish. Juveniles [average body weight of 3.6 +
0.07 g (mean = SE)] were used in the preliminary test. The water source
was sand-filtered natural sea water. The water temperature was monitored in

each trial and ranged from 15.7 to 20.0 °C (mean + SD: 17.2 + 1.84°C).

2.1.2 Feed ingredient used to determine attractivity of fish and its chemical
composition

The sources of feed ingredients used to determine the attractiveness of
fish and chemical composition are shown in Tables 10 and 11, respectively.
Feed ingredients were analysed using the AOAC methods (1990). Crude
protein was determined using the Kjeldahl method (Kjeltec 2100 Distillation
Unit, Foss Tecator, Hoganas, Sweden); crude lipid was determined using an

ether-extraction method (Soxtec TM 2043 Fat Extraction System, Foss Tecator,
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Table 10. List of feed ingredient used in this study

Feed ingredient

Supply (nation)

Anchovy meal

Herring meal

Jack mackerel meal
Fish meal

Hydrolyzed fish meal

Pollack meal

Sardine meal

Blumar (Santiago, Chile)

FF Skagen (Skagen, Denmark)
Foodcorp chile sa (Coronel, Chile)
Sopropéche (Wimille, France)

Kodiak fishmeal company (Alaska, USA)
Orizon S.A (Santiago, Chile)

Crab meal
Crustacean Krill meal
meal Shrimp head meal

Shrimp meal

Bigmama Seafood (Tongyeong city, Korea)
Aker Biomarine ASA (Lysaker, Norway)
Harinesa (Guayas, Ecuador)

Fortidex S.A (Guayas, Ecuador)

Mussel meal
Mollusk Oyster meal
meal Squid liver meal

Squid meal

Bigmama Seafood (Tongyeong city, Korea)
Bigmama Seafood (Tongyeong city, Korea)
Dong Woo Ind Co (Bonghwa-gun, Korea)
APM Logis (Seoul, Korea)

Corn gluten meal
Plant meal

FairBizKorea Co (Seoul, Korea)

Defatted soybean meal Dashmesh Global LLC (Illinois, USA)

Collection @ kmou
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Table 11. The proximate composition of feed ingredient (%, DM basis)

Nutrient

Feed ingredient Moisture pcrgltl S; Cfgi((lle Adh
Anchovy meal 8.7 72.3 9.7 15.0

Herring meal 6.7 66.8 8.8 15.9

Fish Jack mackerel meal 5.4 74.2 8.6 12.8
meal Hydrolyzed fish meal 1.7 74.6 8.6 53
Pollack meal 9.9 63.2 7.4 18.9

Sardine meal 6.6 70.2 9.5 15.7

Crab meal 2.4 38.6 0.8 42.6

Crustacean  Krill meal 4.7 59.5 19.8 10.3
meal Shrimp head meal 8.5 50.5 8.8 20.6
Shrimp meal 3.7 SR8 7.8 20.7

Mussel meal 1.9 61.5 11.7 8.3

Mollusk  Oyster meal 10.8 47.9 1.0 8.1
meal Squid liver meal 5.7 46.3 18.6 6.7
Squid meal 7.0 70.7 1.9 5.1

Plant Corn gluten meal 4.4 66.2 11.3 34
meal Defatted soybean meal 5.2 58.9 2.5 8.1
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Sweden); moisture was determined by oven drying at 105°C for 24 h; and

ash was determined using a muffle furnace at 550°C for 4 h.

2.1.3 Preparation of apparatus to determine attractiveness of fish

Three reinforced acrylic tanks (1 m x 0.6 m X 0.5 m; water volume:
270 L) composed of three equally divided rectangular attracting chambers
(06 m x 0.2 m x 0.5 m each) and an acclimatization chamber (0.4 m X
0.6 m x 0.5 m) were used to evaluate the attractiveness of feed ingredients
to rockfish (Fig. 4). The flow rate of each attracting chamber was 3.24
L/min/chamber. A vertically movable acrylic shutter divided the attracting
and acclimatization chambers. Each attracting chamber had a funnel-shaped
entrance (10 and 5 cm in radius in and out, respectively) to allow fish free
access to each feed ingredient placed 1in each attracting chamber.
Funnel-shaped entrances were video-recorded to check the number of fish
entering through the funnel-shaped entrance. Moderate aeration was supplied

in each chamber, and the photoperiod followed natural conditions.

2.1.4 E valuating the attractiveness of feed ingredients in the preliminary test

The attractiveness of feed ingredients to rockfish was determined by
randomly selecting three kinds of feed ingredients at a time. Thirty
randomly chosen fish were stocked in the acclimatization chamber for at
least for 72 h before the test. Then, 20 g of different feed ingredient
powders wrapped in 100 um (mesh size) micromesh gauze (Samjee Tech

Co., Anyang city, Gyeonggi-do, Korea) was placed into three attracting chambers,
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each 20 cm below the top. Then, the shutter was raised to allow fish free
access to each feed ingredient in the attracting chambers for 30 min. The
raised shutter was returned to its original place to count the number of fish in
each attracting chamber. To evaluate the attractiveness of feed ingredients to
rockfish, tournament comparison was applied. From the 1% to 6™ tests in the
preliminary test, sixteen feed ingredients were compared to determine the
highest attractiveness to fish. From the 7™ to 12" tests in the preliminary
test, the top 11 feed ingredients, in terms of attractiveness to fish, were
chosen and evaluated by tournament comparison to determine the top 5 feed
ingredients. Once fish were used to determine the attractiveness of a feed
ingredient, they were never again used to determine attractiveness. The tank
was cleaned by tap-water after every test and refilled with filtered seawater.
New fish were used and acclimated to the experimental conditions for 72 h
in each test. No replication to determine attractiveness by fish was made in

the preliminary test.

2.2 Determination of attractiveness of the top S5 selected feed ingredients by
rockfish

The top 5 selected feed ingredients showing high feeding attractiveness to
rockfish, as determined in the preliminary test, were compared in triplicate.
The observation of attractiveness to fish was monitored for 30 min after
placing each feed ingredient in the attracting chamber. The attractiveness of
feed ingredients to fish was evaluated using the same methods as in the
preliminary test. The water temperature ranged from 17.2 to 22.3°C (mean +
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SD: 20.4 £ 2.76°C). Juvenile [average body weight of 3.9 + 0.21 g (mean
+ SE)] rockfish were used to determine the attractiveness of feed ingredients

to rockfish.

2.3 Feeding trial of rockfish
2.3.1 The experimental conditions of the feeding trial

Three hundred sixty juvenile [average body weight of 5.3 + 0.01 g (mean
+ SE)] rockfish were randomly distributed into 18 50-L flow-through tanks
(water volume: 40 L) (thirty fish per tank). The flow rate of water into
each tank was 4.16 L/min/tank. The water source was sand-filtered natural
seawater and aeration was supplied to each tank. The water temperature
ranged from 17.6 to 23.9°C (mean + SD: 20.9 £ 1.64°C) and the

photoperiod followed natural conditions.

2.3.2 Preparation of the experimental diets

Six experimental diets were prepared (Table 12). A 55% anchovy meal
which is being commonly used as fish meal source in commercial fish feed
was included in the control (Con) diet. The 5% jack mackerel meal (JM),
sardine meal (SM), pollack meal (PM), squid meal (SQM) and shrimp meal
(SHM) were included in place of the anchovy meal. Anchovy meal showed
a moderate feeding attractiveness to rockfish in the preliminary test, and
fermented soybean meal was used as the protein source in the Con diet.
Wheat flour and fish and soybean oils were used as the carbohydrate and

lipid sources in the Con diet, respectively. All experimental diets were prepared
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Table 12. Ingredient and chemical composition of the experimental diets

containing feed ingredient with high feeding attractants (DM basis, %)

Experimental diets

Coom M SM PM SQM SHM

Ingredient (%)

Anchovy meal 55 50 50 50 50 50
Jack mackerel meal (JM) 5

Sardine meal (SM) 5

Pollack meal (PM) 5

Squid meal (SQM) 5

Shrimp meal (SHM) 5

Fermented soybean
10.5 10.5 10.5 10.5 10.5 10.5

meal’'

Wheat flour 23 23 28 23 23 23
Fish oil 4.5 4.5 4.5 4.5 4.5 4.5
Soybean oil 4.5 4.5 4.5 4.5 4.5 4.2
Vitamin premix” 1 1 1 1 1 1
Mineral premix’ 1 1 1 1 1 1
Choline 0.5 0.5 0.5 0.5 0.5 0.5

Nutrients (%)

Dry matter 95.9 96.0 96.0 96.1 96.1 96.0

Crude protein 52.1 52.0 52.0 52.0 52.0 52.0

Crude lipid 15.7 15.9 15.9 15.5 15.6 15.5

Ash 10.5 10.4 10.5 10.5 10.4 10.5
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'Fermented soybean meal was purchased from CJ CheilJedang Corp.
(Jung-gu, Seoul, Korea).

*Vitamin premix contained the following amount which were diluted in
cellulose (g/kg mix): L-ascorbicacid, 121.2; DL-a-tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27;
folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate,
0.73; cholecalciferol, 0.003; cyanocobalamin, 0.003.

*Mineral premix contained the ' following ingredients (g/kg —mix):
MgSO4-7H,0, 80.0; NaH,PO4:2H,0, 370.0; KCIl, 130.0; ferriccitrate, 40.0;
ZnSO4 7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl;-6H,O, 0.15; KI, 0.15;
Na,Se,0;, 0.01; MnSO4-H,0, 2.0; CoCl,:6H,0, 1.0.
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to satisfy the dietary nutrient requirements for rockfish (Kim et al., 2001,
2004).

The ingredients of the experimental diets were well mixed with water at a
ratio of 3:1 and pelletized by a lab pellet-extruder (Dongsung Mechanics,
Busan, Korea). The experimental diets were dried overnight at room
temperature and stored at -20°C until use. Each diet was randomly assigned
to the triplicate tanks of fish and hand-fed to satiation twice daily (07:00

and 17:00), 7 day a week for 8 weeks.

2.4 Analytical procedures of the experimental diets and fish

Ten fish at the start and from each tank at termination of the feeding
trial were sampled and sacrificed for proximate analysis. The chemical
composition of the experimental diets and fish were determined by the
AOAC (1990) method. The amino acid (AA) compositions of the selected
feed ingredients were determined using a high-speed AA analyser (Hitachi
L-8800, Tokyo, Japan) after sample hydrolysis in 6 N HCI for 24 h at 110
°C.

2.5 Calculation of equation

The following equations were calculated: Attractiveness (%) of fish =
number of fish moved into the each attracting chamberx100/total number of
fish in acclimatization chamber. Specific growth rate (SGR, %/day) = (Ln
final weight of fish — Ln initial weight of fish)x100/days of feeding trial;

feed efficiency (FE) = weight gain of fish/feed consumed; protein efficiency
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ratio (PER) = weight gain of fish/protein consumed; protein retention (PR) =
protein gainx100/protein consumed; condition factor (CF) = total body
weight/total length’; and hepatosomatic index (HSI) = liver weight/total body

weight.

2.6 Statistical analysis

The data were subjected to one-way analysis of variance (ANOVA) using
SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Significant differences (P
< 0.05) among the means were determined using Duncan's multiple range
test (Duncan, 1955). All percentage data were arcsine-transformed prior to
statistical analysis. Additionally, multiple regression analysis was performed
between the essential amino acid content of the selected feed ingredients and
the weight gain, SGR, feed consumption and CF of rockfish at the end of

the 8-week feeding trial.
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3. Results
3.1 Attractiveness of rockfish in the preliminary test

IM (40.0%), SM (33.3%), PM (40.0%), SHM (36.7%), mussel meal
(40.0%) and oyster meal (43.3%) achieved the highest feeding attractiveness
to rockfish in the 1% through 6" tests, respectively (Table 13). JM (40.0%),
SHM (36.7%), SQM (33.3%). SM (40.3%). PM (40.0%) and PM (36.7%)
achieved the highest feeding attractiveness to fish in the 7" through 12"

tests, respectively.

3.2 Attractiveness of the top 5 selected feed ingredients to rockfish
Attractiveness of the top 5 selected feed ingredients to rockfish from the
preliminary test is shown in Table 14. The number of fish that moved to
the attracting chamber and the attractiveness of JM to fish was significantly
(P < 0.007 and P < 0.006) higher than those of PM and SHM at 10 min
after observation in the 1% trial. In the 2™ trial, the number of fish that
moved to the attracting chamber and the attractiveness of JM to fish was
significantly (P < 0.002 for both) higher than those of SM and SQM at 10
min after observation. The number of fish that moved to the attracting
chamber and the attractiveness of SM to fish was also significantly (P <
0.05) higher than those of SQM at 10 min after observation in the 2™ trial.
SM achieved a significantly (P < 0.005) higher number of fish that moved

to the attracting chamber and attractiveness to fish than SQM and PM at 20 min
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Table 13. Number of rockfish moved to the attracting chamber and the

attractiveness of rockfish responding to various feed ingredients.

Number of fish )
Attractiveness (%)

Test Feed ingredient moved to attracting of fish!
chamber
Jack mackerel meal (JM) 12 40.0
} Anchovy meal 8 26.7
! Soybean meal 7 23.3
FSA’ 3 10.0
Sardine meal (SM) 10 33.3
g Squid liver meal 8 26.7
? Corn gluten meal 6 20.0
FSA? 6 20.0
Pollack meal (PM) 12 40.0
g Squid meal (SQM) 8 26.7
: Herring meal 6 20.0
FSA’ 4 13.3
Shrimp meal (SHM) 11 36.7
4 Krill meal 8 26.7
Shrimp head meal 7 233
FSA’ 4 13.3
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Mussel meal 12 40.0

N Hydrolyzed fish meal 9 30.0
: Crab meal 3 10.0
FSA? 6 20.0
Oyster meal 13 43.3
g Soybean meal 10 333
Corn gluten meal 4 13.3
FSA? 3 10.0
Jack mackerel meal (JM) 12 40.0
" Pollock meal (PM) 6 20.0
! Sardine meal (SM) 6 20.0
FSA® 6 20.0
Shrimp meal (SHM) 11 36.7
g Oyster meal 10 333
Mussel meal 5 16.7
FSA? 4 13.3
Squid meal (SQM) 10 33.3
o Hydrolyzed fish meal 8 26.7
’ Soybean meal 7 233
FSA? 5 16.7
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Sardine meal (SM) 12 40.3

N Squid meal (SQM) 10 333
10
Shrimp meal (SHM) 4 13.3
FSA? 4 13.3
Pollock meal (PM) 12 40.0
Oyster meal 8 26.7
llth
Hydrolyzed fish meal 5 16.7
FSA? 5 16.7
Pollock meal (PM) 11 36.7
Shrimp head meal 9 30.0
lzth
Krill meal 6 20.0
FSA? 4 13.3

'Attractiveness (%) of fish = number of fish moved into each attracting
chamberx100/total number of fish in acclimatization chamber
’FSA, number of fish stayed in acclimatization chamber after 30 min

exposing to each ingredient.
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Table 14. Number of rockfish moved to attracting chambers and the attractiveness of fish responding to the selected

feed ingredient with time

Trial Feed ingredient

Elapsed time (min)

10

20

30

Number of
fish moved

to attracting

Attractiveness
(%) of fish!

Number of
fish moved

to attracting

Attractiveness
(%) of fish!

Number of
fish moved

to attracting

Attractiveness
(%) of fish!

chamber chamber chamber

I Jack mackerel meal (M) 11.3 + 0.88* 37.8 + 2.94° 12.0 + 1.15* 40.0 + 3.85° 12.0 + 1.15* 40.0 + 3.85°
Pollock meal (PM) 6.0 £ 0.58° 20.0 + 1.92* 7.3 + 033> 244 + 1.11° 7.7 + 033> 256 + 1.11°
Shrimp meal (SHM) 4.3 + 1.20° 144 £ 4.01° 6.0 £ 0.58™ 20.0 £ 1.92° 6.0 + 0.58* 20.0 + 1.92"

FSA? 83 + 120" 27.8 £ 401 4.7 £ 0.67° 156 + 2.22° 43 + 0.88° 144 + 2.94°

P-value P <0007 P <0006 P <0002 P<0002 P<0.002 P<0002

2" Jack mackerel meal (JM) 11.0 £ 0.58% 36.7 + 1.92° 12.3 + 0.88° 41.1 + 2.94° 123 = 0.88" 41.1 + 2.94°
Sardine meal (SM) 7.0 £ 0.00° 23.3 + 0.00° 8.3 + 0.33* 27.8 + 1.11°> 87 + 033> 289 + 1.11°

Squid meal (SQM) 3.3 + 1.20° 11.1 + 4.01° 4.7 + 0.88° 156 + 2.94° 47 + 0.88° 15.6 £ 2.94°

FSA? 8.7 + 0.88° 289 +294® 47 £ 0.33° 156 + 1.11° 43 + 033 144 = L.11°

P-value P <0002 P <0002 P<000l P<0001 P<000l P <0.00l
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3" Sardine meal (SM)

Squid meal (SQM)

Pollock meal (PM)
FSA?

P-value

10.0 + 1.73°
73 £ 1.20%
40 + 1.15°
8.7 + 0.88°
P < 0.05

33.3 + 5.77°
244 + 4.01®
13.3 + 3.85°
28.9 + 2.94°
P < 0.05

12.0 + 1.53°
7.7 + 0.88°
4.7 + 0.88°
5.7 + 0.33°
P < 0.005

40.0 + 5.09°
25.6 + 2.94°
15.6 + 2.94°
189 + 1.11°
P < 0.005

12.0 + 1.53°
7.7 + 0.88°
4.7 + 0.88°
5.7 + 0.33°
P < 0.005

40.0 + 5.09°
25.6 + 2.94°
15.6 + 2.94°
189 + 1.11°
P < 0.005

Values (means of triplicates £ SE) in the

different (P > 0.05).
'Attractiveness (%) of fish =

acclimatization chamber.

’FSA, Number of fish stayed in the acclimatization chamber after 30 min exposing to each ingredient.
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after observation in the 3™ trial. The strongest feeding attractant response of
rockfish was observed in JM, followed by SM, SQM, PM and SHM, in
order. Once fish moved to the attracting chamber from the acclimatization
chamber through the funnel-shaped entrance, no fish returned during the

30-min observation.

3.3 Feeding ftrial of fish

No significant difference in the survival of fish was found at the end of
the 8-week feeding trial since no mortality was observed in any treatment
(Table 15). However, the weight gain and SGR of fish fed the JM diet
were significantly (P < 0.0001) greater than those of fish fed all other diets,
followed by the SM, PM, SQM, SHM and Con diets. The weight gain and
SGR of fish fed the SM, PM, SQM and SHM diets were also significantly
(P < 0.05) greater than those of fish fed the Con diet.

The feed consumption of fish fed the JM diet was significantly (P <
0.0001) higher than fish fed all other diets, followed by the SM, PM, SQM,
SHM and Con diets, in order (Table 16). The feed consumption of fish fed
the SM, PM, SQM and SHM diets was also significantly (P < 0.05) higher
than that of fish fed the Con diet. However, FE, PER and PR were not
significantly (P > 0.05) affected by the experimental diets. The CF of fish
fed the JM diet was significantly (P < 0.0001) higher than that of fish fed
all other diets, followed by the SM, PM, SQM, SHM and Con diet. The
CF of fish fed the Con diet was significantly (P < 0.05) lower than that of
fish fed the SM, PM and SQM diets but was not significantly (P > 0.05)
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Table 15. Survival (%), weight gain (g/fish) and specific growth rate (SGR,

%/day) of rockfish fed the experimental diets containing feed ingredient with

high feeding attractants for 8 weeks

) Initial Final ) Weight )

Experimental ) ) Survival ) SGR
) weight weight gain
diets (%) (%/day)
(g/fish) (g/fish) (g/fish)

Con 53 + 0.00° 23.1 £ 0.06" 1000+ 000" 17.8 = 0.07° 264 + 0.006"
M 53 + 0.01° 260 + 0.04* 1000+ 000" 20.7 + 0.03* 2.8 + 0.002°
SM 53 + 0.01* 256+ 0.04> 1000+ 000 203 + 0.04° 2.81 + 0002
PM 53 + 0.01* 252 + 0.0 1000 + 000" 19.9 + 0.09 279 + 0.007
SQM 53 + 0.00" 24.8 £ 0.06" 1000 + 0.00* 19.5 + 0.06° 276 + 0.003°
SHM 53 + 0.00° 243 +0.12° 1000+ 000" 19.0 £ 0.12° 272 + 0,008
P-value P < 0.0001 P < 0.0001 P < 0.0001

Values (means of triplicates = SE) in the same column sharing the same

superscript letter are not significantly different (P>0.05).

'Specific growth rate (SGR, %/day) = (Ln final weight of fish — Ln initial

weight of fish )x100/days of feeding trial

Collectio
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Table 16. Feed consumption (g/fish), feed efficiency (FE), protein efficiency ratio (PER), protein retention (PR)

condition factor (CF) and hepatosomatic index (HSI) of rockfish fed the experimental containing feed ingredient with

high feeding attractants for 8 weeks

) Feed
Experimental i ) ) 3 . s
) consumption FE PER PR CF HSI
diets
(g/fish)
Con 17.2 £ 0.05°  1.04 + 0.006> 1.99 + 0.011° 354 + 0.18°  1.43 + 0.005 2.85 + 0.005°
M 20.1 + 0.05*  1.03 + 0.003* 1.99 + 0.006° 352 + 036 1.50 + 0.002* 2.85 + 0.003°
SM 19.5 + 0.08°  1.04 £ 0.003*  2.00 + 0.006* 358 + 0.16* 1.48 + 0.003° 2.85 + 0.006
PM 19.2 + 0.05°  1.04 + 0.003* 2.00 £ 0.006° 355 + 027° 1.47 + 0.003° 2.84 + 0.002°
SQM 18.8 + 0.07¢  1.04 £ 0.004*  1.99 + 0.007*° 352 + 0.24* 145 + 0.002° 2.85 + 0.006
SHM 18.3 + 0.09°  1.03 + 0.002* 1.99 + 0.004* 34.6 + 0.20°  1.44 + 0.001° 2.83 + 0.007°
P-value P < 0.0001 P> 05 P> 08 P > 0.08 P < 0.0001 P> 03

Values (means of triplicates + SE) in the same column sharing the same superscript letter are not significantly

different (P > 0.05).
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'Feed efficiency (FE) = Weight gain of fish/feed consumed.
*Protein efficiency ratio (PER) = weight gain of fish/protein consumed.
*Protein retention (PR) = protein gainx100/protein consumed.
*Condition factor (CF) = total body weightx100/total length’

Hepatosomatic index (HSI) = liver weightx100/total body weight
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different from that of fish fed the SHM diet. The HSI of fish was not

significantly (P > 0.05) affected by the experimental diets.

3.4 Amino acid composition of the selected feed ingredients

The amino acid profiles of the selected feed ingredients used in the
8-week feeding trial are given in Table 17. Aspartic and glutamic acids and
glycine and lysine are present in high concentration among the nonessential
and essential amino acids, respectively. The strong correlation between the
contents of 3 essential amino acids (alanine, glycine and histidine) in the
selected feed ingredients (SHM, SQM, PM, SM, JM and anchovy meal in
the Con diet) and the weight gain (Fig. 5), SGR (Fig. 6), feed consumption
(Fig. 7) and CF of fish (Fig. 8) were observed (P < 0.0001 for all criteria).

3.5 Proximate composition of the whole body of rockfish

The moisture and crude protein and lipid contents of the whole body of
fish were not significantly (P > 0.05) affected by the experimental diets
(Table 18). However, the ash content of the whole body of fish fed the
Con diet was significantly (P < 0.02) higher than that of fish fed the SM,
PM, SQM and SHM diets but not significantly (P > 0.05) different from
that of fish fed the JM diet.

- 77 -
Collection @ kmou



Table 17. Amino acid profiles of the selected feed ingredient (%, DM basis)

used in the 8-week feeding trial

Feed ingredient

™ SM PM  SQM  SHM Anchovy
meal
Alanine 437 427 416 405 385  3.64
Arginine 425 370 432 479 289 417
Aspartic acid 645 600 550 648 435 632
Cystine 096 080 072 086 054 085

Glutamic acid 13.81 13.74 11.88 14.84 11.93 16.23

Glycine 6.47 5.89 5.40 5.28 4.82 4.65
Histidine 2.83 2.33 1.63 1.30 1.21 1.13
Isoleucine 2.71 2.53 1.96 2.77 1.62 2.42
Leucine 4.95 4.82 3.95 4.98 3.92 4.89
Lysine 5.60 5.07 4.47 5.84 4.62 5.68
Methionine 2.12 1.88 1.63 1.68 1.21 1.98

Phenylalanine 2.78 2.70 2.17 2.48 2.23 2.89

Proline 3.25 3.08 2.79 2.89 2.53 3.16

Serine 2.94 2.71 3.29 2.97 1.98 2.99

Threonine 3.14 2.92 2.63 291 1.85 3.62

Tyrosine 2.00 1.91 1.52 1.88 1.70 1.93

Tryptophan 0.73 0.86 0.88 0.57 0.50 0.85

Valine 3.27 3.18 2.52 2.56 2.58 3.12
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Fig. 5. Correlation between alanine, glycine and histidine contents in the
selected feed ingredient (X) showing high feeding attractants and weight gain
(Y) of rockfish at the end of the 8-week feeding trial. The symbols O, A,
o, ¢, x and + indicate anchovy meal, shrimp meal (SHM), squid meal
(SQM), pollack meal (PM), sardine meal (SM) and jack mackerel meal

(JM), respectively.
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Fig. 6. Correlation between alanine, glycine and histidine contents in the
selected feed ingredient (X) showing high feeding attractants and specific
growth rate (SGR) (Y) of rockfish at the end of the 8-week feeding trial.

For the symbols o0, A, o, ¢, x and + refer to Fig. 5.
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Fig. 7. Correlation between alanine, glycine and histidine contents in the
selected feed ingredient (X) showing high feeding attractants and feed
consumption (Y) of rockfish at the end of the 8-week feeding trial. For the

symbols O, A, o, ¢, x and + refer to Fig. 5.
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Fig. 8. Correlation between alanine, glycine and histidine contents in the
selected feed ingredient (X) showing high feeding attractants and condition
factor (Y) of rockfish at the end of the 8-week feeding trial. For the

symbols O, A, o, ¢, x and + refer to Fig. 5.
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Table 18. Proximate composition (%) of the whole body of rockfish fed the

experimental diets containing feed ingredient with high feeding attractants at

the end of the 8-week feeding trial

Experimental ) ) o

) Moisture Crude protein  Crude lipid Ash
diets

Con 69.1 £ 0.16° 174 £ 0.01* 8.0 = 0.08" 4.6 £ 0.06
M 68.8 £ 0.23* 174 + 0.10° 8.0 + 0.12*° 4.3 + 0.14®
SM 68.9 + 0.14° 17.5 £ 0.06° 8.0 + 0.07* 4.1 + 0.18"
PM 68.8 = 0.08" 175 £ 0.07° 8.0 = 0.06° 4.1 + 0.14*
SQM 69.1 £0.08 173 + 0.06* 8.1 &+ 0.12° 3.9 £ 0.08°
SHM 69.0 £ 0.11° 17.2 £ 0.08* 7.8 + 0.03* 3.9 + 0.12"
P-value P> 04 P > 0.08 P > 04 P < 0.02

Values (means of triplicates + SE) in the same column sharing the same

superscript letter are not significantly different (P > 0.05).
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4. Discussion

Responses of aquatic animals to feeding attractants and/or stimulants have
been well studied, because they were closely related to understanding aquatic
animals’ feeding behaviors, aquatic ecology and aquaculture application (Carr
et al., 1996; Kasumyan and Nikolaeva, 2002; Smith et al., 2005). Studies on
feeding attractants and/or stimulants have also received substantial attention
in recent years, as the reduced inclusion of fish meal in aquafeed is pursued
to decrease both feed costs and the significant dependence on such an
ingredient (NRC, 2011). Feed ingredients of marine animal origins, such as
fish meal, fish hydrolysates, krill meal, shrimp meal, fish solubles, fish oil
and various protein hydrolysates, are noted for their positive palatability to
many species of fish (Barrow, 2000).

In the preliminary test (Table 13), in which rockfish were responded
primarily based on olfactory stimulus from each ingredient in three divided
attracting chambers, a strong feeding attractant response of rockfish was
observed in three kinds of fish meal (JM, SM and PM), one mollusk meal
(SQM) and one crustacean meal (SHM), but weak or moderate response
were observed in the other plant-originated meal, fish meal, crustacean meal
and mollusk meal. However, Barroso et al. (2013) showed that Senegalese
sole Solea senegalensis, which is a good model species to show importance
of olfaction in feeding behavior due to its feeding strategy and its
well-developed olfactory system exhibited the highest acceptability index of

behavioral response and feed intake to fish meal hydrolysate than to any
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other meal tested (fish, polychaete, mussel and squid meals) in the feeding
trial. Barata et al. (2009) reported that olfaction played an important role in
the food search behavior of Senegalese sole and that the hydrophilic fraction
of a polychaete Diopatra neapolitana whole-body homogenate contained key
substances (feeding attractants and/or stimulants) that affected sole food
search behavior; moreover, food ingestion by sole was enhanced by the
addition of polychaete homogenate to dry pellets.

Movement in most of the attracted rockfish from the acclimatization
chamber to feed ingredient in the attracting chamber was made within 10
min in all trials (Table 14), in which rockfish were responded primarily
based on olfactory stimulus from each ingredient placed in three divided
attracting chambers, but few fish had moved to the attracting chamber by
either 20 or 30 min after observation. However, there were always some
fish that did not move to the attracting chamber from the acclimatization
chamber after feed ingredients were placed in the attracting chamber for 30
min in this study. This probably occurred because the fish had not been
well acclimated to the experimental conditions for 72 h before the
determination of attractiveness of a feed ingredient to fish. The strongest
feeding attractiveness to rockfish was obtained in JM, followed by SM,
SQM, PM and SHM, in order based on behavioral response (movement to
the attracting chamber from the acclimatization chamber) of fish in this
study. Similarly, JM extracts were known to have high feeding attractants
and/or stimulants, especially, IMP and lactic acid for yellowtail, and histidine

for olive flounder, respectively based on feed consumption (Hidaka et al.,
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2000; Ikeda et al, 2012). Singh et al. (2006) reported that fry and juvenile
sea bass Lates calcarifer showed high feeding activity towards Bombay duck
meal over other fishery meals, such as anchovy, lesser sardine, ribbon fish
and shrimp head.

Amino acids have been reported as effective feeding attractants and/or
stimulants for several fishes (Takeda, 1980; Harada, 1985; Takeda et al.,
1984; Ellingsen and Deving, 1986; Fukuda et al, 1989; Jones, 1992;
Takaoka et al.,, 1995; Carr et al, 1996; Kohbara et al., 2000; Yacoob and
Browman, 2007; Ikeda et al., 2012). Since amino acids were shown to be
highly effective for the olfactory receptors of yellowtail (Kohbara et al,
2000), fish seem to rely on olfactory stimulants to find feed at some
distance. In our study to determine effectiveness of feed ingredients, rockfish
were attracted by mainly olfactory stimulants and approached to them over
50 cm apart away from the acclimatization chamber to the three divided
attracting chambers in Fig. 4.

The strong second polynomial correlation (Figs 5, 6, 7, and 8) between
the contents of 3 amino acids (alanine, glycine and histidine) in the selected
feed ingredients (SHM, SQM, PM, SM, JM and anchovy meal in the Con
diet) and weight gain, SGR, feed consumption and CF of rockfish in this
study revealed that the alanine, glycine and histidine contents were consistent
with the growth performance of fish, probably indicating that the alanine,
glycine and histidine contents in the selected feed ingredients played an
important role as feeding attractants and/or stimulants in rockfish in these

experimental conditions. This was coincident with the studies of Carr et al.
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(1996) and Ellingsen and Dgving (1986) which showed that alanine and
glycine were the two most effective feeing stimulants in several fishes. Carr
et al. (1996) also demonstrated that some minor tissue components of prey,
such as tryptophan, phenylalanine, aspartic acid, valine, and wuridine 5'—
monophosphate were important feeding stimulants for some fish species.
However, Harada (1985) and lkeda et al. (2012) reported that both histidine
and glycine, and histidine, respectively, achieved the strong feeding attraction
activities for yellowtail and olive flounder. When sea bream Pagrus major
were fed diets supplemented with the extracts and non-muscle Antarctic krill
Euphausia superba meal or white fish meal, the non-muscle krill meal
elicited the strongest gustatory and olfactory responses (Shimizu et al,
1990). They analysed the amino acid profiles of the meals, tested several
diets containing amino acids for feeding stimulants in sea bream and
concluded that fish feeding was stimulated mainly by proline, glycine and
glucosamine.

The experimental diets (JM, SM, PM, SQM and SHM diets) supplemented
with the top 5 selected feed ingredients showing high feeding attractant
ability at 5% all achieved outstanding improvements in the weight gain and
SGR of rockfish over the anchovy meal in the Con diet (Table 15) in the
8-week feeding trial, in which rockfish consumed the experimental diets
primarily based on the combined visual, olfactory and gustatory stimulants.
This result indicated that adding the selected feed ingredients that possess
high feeding attractiveness to rockfish to a diet could improve the growth

performance of fish without the addition of synthetic feeding attractants
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and/or stimulants based on either the omission test of the component of the
synthetic extracts of prey or the electro(neuro)physiological study of fish.
This will be a very useful and practical technique for fish farm. Similarly,
Lie et al. (1989) reported that the feed consumption and growth of cod
improved when 10% of the saithe fillet was replaced with either cooked
prawn or squid meal in the saithe fillet-basal diet.

The results for the attractiveness of the top 5 selected feed ingredients
showing high feeding attractant ability was partially reconfirmed by the
improved feed consumption of fish fed the JM, SM, PM, SQM and SHM
diets compared to the Con diet in the 8-week feeding trial (Table 16) vs.
IM, SM, SQM, PM and SHM, in order of the strong attractiveness to
rockfish, based on behavioral response of fish as shown in Table 14. This
difference could be a result of the olfactory response to fish (Table 14) and
combined visual, olfactory and gustatory responses to rockfish (Table 16) to
the feed ingredients. The attractiveness of feed ingredients to rockfish was
made, primarily cued by olfactory stimulus at some distance in the
specifically designed tank (Fig. 4) to determine attractiveness to fish (Tables
11 and 13), but the feed consumption of fish in the 8-week feeding trial
was made simultaneously by olfactory and gustatory cues (Table 16).
Kohbara et al. (2000) explained that gustatory receptors in yellowtail are
involved in discriminating between food items during feeding whereas the
olfactory receptors may detect foods at some distance. Goh and Tamura
(1980) also proved that the feeding behavior of red sea bream Pagrus major

was better harmonized with the electrical activity of the gustatory system
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than with the olfactory system when the supplemented effects of amino
acids and betaine in a casein-base purified diet on the feeding behavior of
fish were compared.

The improved feed consumption of fishes such as eel (Takeda et al,
1984), yellowtail (Harada, 1985; Fukuda et al, 1989; Hosokawa et al.,
2001), olive flounder (Ikeda et al., 2012), marbled rockfish (Takaoka et al.,
1990) and grouper (Lim et al., 2015) fed diets containing feeding attractants
and/or stimulants was proved by an omission test of the component of the
synthetic extracts in common prey. The distinctive improvement in the
weight gain and SGR of rockfish fed the JM, SM, PM, SQM and SHM
diets compared to the Con diet was a direct result of the improved feed
consumption and palatability via the activation of the cephalic reflex that
was induced by the smell and taste of the attractive substances in diets
(Fange and Grove, 1979). However, this eventually led to no difference in
the FE, PER and PR of rockfish fed the experimental diets due in this
study. Unlike this study, however, Takii et al. (1986a, b) demonstrated that
the inclusion of feeding stimulants (alanine, glycine, histidine, proline and
uridine-5"-monophosphate) in diets increased not only the feeding activity of
eels and promoted the digestion and absorption of the diet, but also the
activities of the hepatic enzyme related to the carbohydrate and amino acid
metabolism of fish. Later, Takii et al. (1994) showed that the addition of
1% of feeding stimulants (mixture of alanine, proline and IMP) to a fish
meal-basal diet effectively improved the survival, weight gain, feed intake

and feed utilization of yellowtail, as proved by the improvement in enzyme
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activities, digestion, absorption and nutrient retention of fish. The FE of
striped bass Morone saxatilis fed a fish meal-basal diet supplemented with
2.7% of feeding attractants (mixture of several amino acids and betaine)
improved (Papartyphon and Soares, 2001). The dietary inclusion of an
alternative source (mussel meal) of fish meal improved the weight gain and
feed efficiency of common sole Solea solea, which was a direct result of
the improved feed consumption (Mongile et al., 2015).

An improved CF (fattier fish) in rockfish fed the JM, SM, PM and SQM
diets compared to the Con diet seemed to be closely related to the
improved growth performance and feed consumption of fish in this study.
CF, which shows the degree of well-being of fish in their habitats, is
calculated by a length—weight factor. This factor is a measure of various
ecological and biological factors, such as the degree of fitness, gonad
development and suitability of the environment with regard to the feeding
condition (Mac Gregoer, 1959). When the CF value is higher, it means that
a fish had attained a better condition (Nehemia et al., 2012). In addition,
the CF of fish can be affected by a number of factors, such as stress, sex,
season, availability of feeds, and other water quality parameters (Khallaf et
al., 2003) and can be used to determine the degree of the feeding activity
of a species to verify whether it is making good use of its feeding source
(Weatherley, 1972). The HSI of rockfish, however, was not affected by the
experimental diets in this study.

The chemical composition of the whole body of rockfish was not affected

by the experimental diets, except for the ash content. There was no
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distinctive trend in ash content of the whole body of fish. Similarly,
proximates of either the whole body or liver in yellowtail were not affected
by adding feeding stimulants in diets, although fish achieved a distinctive
difference in growth performance and feed utilization (Takii et al., 1994).
Generally, the proximate composition of fish is commonly known to be
influenced by several factors, such as sex maturity, stocking density, fish
size (age), feeding rate (ratio), rearing temperature and feed composition
(Srikar et al., 1979; Toko et al.,, 2007; Breck, 2014; Mizanur et al., 2014;
Cho et al., 2015).

Many researchers and feed manufacturers have attempted to include
feeding attractants and/or stimulants in aquafeed to improve the palatability
and feed acceptance of aquatic animals. In particular, this application is
important in larval and starter feeds, in which feed acceptability is a major
concern. In addition, the supplementation of feed ingredients in diets based
on the feeding attractiveness (behavior) of fish is a very useful technique,
especially when low fish meal diets, which are likely to have low
palatability, are being developed or when the electro(neuro)physiological
study of the targeting fish is not well known. Fish commonly do not
respond to the component of the synthetic extracts of prey or to real prey
extracts. Xue and Cui (2001) showed that the supplementation of several
feeding stimulants (betaine, glycine, L-lysine, L-methionine, L-phenylalanine
or commercial squid extract) in a 26% fish meal-basal diet did not improve
the feed consumption of gibel carp Carassius auratus, but a diet substituting

5% of fish meal with 6% of meat and bone meal did. Unlike, Xue and Cui
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(2001), however, in this study, the feed consumption and growth
performance of rockfish were outstandingly improved when anchovy
meal-basal diets were incorporated with other feed ingredients (JM, SM, PM,
SQM and SHM), showing strong feeding attractant ability at 5%. As the
international market price of fish meal continues to increase, further studies
are needed to determine the optimum level of feed ingredients showing
strong feeding attractant and/or stimulant abilities in diets to maximize the
performance of fish or benefits of fish farmers.

The addition of blue mussel meal was a very effective method, as a fish
meal substitute and feeding attractant to improve the feed intake and growth
performance of fish (Kikuchi et al., 2002; Kikuchi and Furuta, 2009; Nagel
et al,, 2014). Papatryphon and Soares (2001) also reported that the addition
of feeding stimulants (alanine, betaine, serine and IMP) effectively improved
the feed intake and performance of striped bass Morone saxatilis when fish
meal was completely substituted with the combined plant (corn gluten and
soybean meals) meal, and they concluded that combined plant meals with
feeding stimulants could be used as a practical diet for striped bass culture.
The addition of an attractant amino acid mixture into the plant-protein rich
(soy protein concentrate) diet that completely substituted fish meal was
effective to improve the weight gain, feed consumption and feed efficiency
of European seabass Dicentrarchus labrax (Dias et al., 1997). However,
Kubitza et al. (1997) reported that the addition of IMP and fish meal
increased the feeding activity of largemouth bass Micropterus salmoides,

whereas the addition of either an amino acid mixture (glycine, proline,
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serine, leucine, valine, histidine and tryptophan) or betaine did not, when
fish meal was completely replaced by soybean meal. Inclusion of the
selected feed ingredients showing high feeding attractiveness (behavior) to
the targeting fish in diets seems to be a very easy and effective method for
improving or maximizing the growth performance, feed consumption and CF
of fish without conducting an omission test of the component of the
synthetic extracts of prey or monitoring the electro physiological response of
fish. In addition, the electro physiological study of fish can suggest if fish
are able to be triggered by a given chemical cue with their chemoreceptors,
but it does not always guarantee that the synthetic feeding attractants will
bring about changes in feeding behavior or improve feed consumption.

In conclusion, the strongest attractiveness to rockfish was obtained in JM,
followed by the SM, SQM, PM and SHM, in order, among the tested
ingredients. The greatest feed consumption, weight gain and SGR of fish
were obtained in the JM diet, followed by the SM, PM, SQM and SHM
diets, in order. Adding the selected feed ingredients (JM, SM, PM and
SQM) improved the CF of fish. Strong correlations between the alanine,
glycine and histidine contents in the selected feed ingredients (SHM, SQM,
PM, SM, JM and anchovy meal in the Con diet) and weight gain, SGR,

feed consumption and CF of fish were observed.
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Chapter 5.
General Discussion

Since mortality of rockfish frequently occurs year after year in Korea,
development of dietary additive to minimize it is highly needed. Application
of antibiotics (antioxidants) is one of the methods used in aquafeed. As oral
administration of the synthetic chemicals such, as antibiotics in aquafeed,
however, is prohibited in some countries including Korea.

Therefore, development of natural (phytoadditives) source of additive
causing serious concern of either unfavorable effect on environment or
fish-consumer is necessary. Recently, Vallejos-Vidal et al. (2016) reviewed
the importance of natural sources, such as plant, herbs or algae extracts to
replace antibiotics in aquafeed. Gabor et al. (2010) also demonstrated use of
natural source, such as garlic Alliumsativum, onion Allium cepa, oregano
Origanum  vulgare, GG, Echinacea, Echinadea purpurea, cinnamon
Cinnamomum verum or nettle Urtica dioica in diet for growth performance
of several fish and emphasized the major advantages in the use of natural
source is the fact that they are natural substances and do not pose any
threat to fish, man or environment.

Responses of aquatic animals to feeding attractants and/or stimulants have
been studied since long times ago because they were closely related to
understanding aquatic animals’ feeding behaviors, aquatic ecology and

aquaculture application (Carr et al.,, 1996; Kasumyan and Nikolaeva, 2002;
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Smith et al., 2005). Studies on feeding attractants and/or stimulants have
also received substantial attention, as the reduced inclusion of fish meal in
aquafeed is pursued to decrease both feed costs and the significant
dependence on such an ingredient (NRC, 2011). Feed ingredients of marine
animal origins, such as fish meal, fish hydrolysates, krill meal, shrimp meal,
fish solubles, fish oil and various protein hydrolysates, are noted for their
positive palatability to many species of fish (Barrow, 2000). Inclusion of the
selected feed ingredient showing high feeding attractiveness (behavior) to the
targeting fish in diets seems to be a very easy and effective method for
improving growth performance and feed consumption of fish without
conducting an omission test of the component of the synthetic extracts of

prey or monitoring the electro(neuro)physiological response of fish.

I. Weight gain for fish fed the YC diet was greater than that for fish fed
the other diets. The GG, BB and Con diets also increased weight gain but
to a lesser degree. The GG result is consistent with previous reports
showing that the weight gain of rainbow trout and Asian sea bass improved
proportionally when GG was included in the diet (Nya and Austin, 2009b;
Talpur et al., 2013). The weight gain of fish fed the CJ, PM and BC diets
was lower compared to fish fed the Con diet. Feed consumption of the YC
diet was higher compared to all other diets except for the BB diet. FE and
PER of fish fed the TT and YC diets were higher compared to the other
diets based on lower feed consumption but relative higher weight gain.

Previous studies (Nya and Austin, 2009b; Talpur et al., 2013) similarly
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found that dietary inclusion of GG effectively improved FE and PER of
fish. The increased feed consumption and improved FE and PER of fish fed
the YC diet suggested that YC could have potential as a growth-promoting
agent for rockfish. Cumulative mortality of fish fed the Con diet was higher
than of other fish at 36 h post infection. This indicates that all dietary
additives used in this study were effective in lowering the mortality of
rockfish infected with Streptococcus parauberis. Cumulative mortality of fish
fed the GG, BB and YC diets was lower compared to fish fed the other
diets at day 5 post infection, but did not differ from each other. These
results support that of the tested dietary supplements, YC showed the best
results in improving weight gain in rockfish, and YC and TT were effective
in improving feed efficiency and protein efficiency ratio. GG, BB and YC
were effective in lowering the cumulative mortality of rockfish infected with

S. parauberis.

II. Oral administration of feed additives (YC, GG and BB) achieved
improved weight gain of rockfish compared to the Con diet. The greatest
improvement in weight gain and FE was obtained in rockfish fed the YC
diet agreed with Kim et al. (2016)’s study. Higher feed consumption of
rockfish fed the GG and BB diets, but poorer weight gain, SGR, FE, PER
and PR compared to those of fish fed YC diet in this study indicates that
YC is the most effective growth promoter in terms of improved growth
performance and feed utilization. The plant-originated additives were effective

to improve not only weight gain and feed utilization, but also disease
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resistance in some marine fish (Ji et al, 2007; Punitha et al., 2008; Talpur
and Ikhwanuddin, 2013; Talpur et al, 2013; Talpur, 2014). The dead
rockfish in the 4™ and 8" week infection trials exhibited the typical
symptoms of diseased olive flounder infected with E. tarda, such as reddish
in abdomen and fins, darkening of the skin and swelling of abdomen with
accumulation of ascites reported by Kusuda and Kawai (1998)’s study.
Mortality of fish fed the Con diet was higher than that of fish fed the all
other diets at 90 h throughout 10-day post observation in this study, but no
difference in mortality was observed among fish fed the YC, GG and BB
diets in the 4" week infection trial. The cumulative mortality of fish fed the
YC and GG diets was lower than that of fish fed the Con and BB diets at
156 h after infection in the 8" week infection trial. Dietary inclusion of YC,
GG and BB effectively lowered mortality of rockfish compared to the Con
diet after the 4- and 8-week feeding trial in this study. This indicates that
YC, GG and BB are all effective as immunostimulant to lower mortality of
fish at occurrence of E. tarda. In considering Kim et al. (2016)’s study
showing that YC, GG and BB were effective to lower mortality of rockfish
at occurrence S. parauberis and this study showing that YC, GG and BB
are all effective to lower mortality of rockfish at occurrence E. tarda, YC,
GG and BB are all effective as immunostimulants for both bacterial
pathogens. Based on these results, dietary inclusion of YC, GG and BB
effectively increased weight gain and SGR of rockfish. However, YC
improved FE, PER and PR of fish effectively. Oral administration of YC,

GG and BB for 4 and 8 weeks effectively lowered mortality of rockfish at
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occurrence of E. tarda. A 4-week oral administration of additive (YC, GG
and BB) was long enough to induce their desirable effect of lowering

mortality of fish at occurrence of E. farda.

III. A strong feeding attractant response of rockfish was observed in three
kinds of fish meal (JM, SM and PM), one mollusk meal (SQM) and one
crustacean meal (SHM), but weak or moderate response was observed in the
other plant-originated meal, fish meal, crustacean meal and mollusk meal.
The strongest feeding attractiveness to rockfish was obtained in JM, followed
by SM, SQM, PM and SHM, in order. Similarly, JM extracts were known
to have high feeding attractants and/or stimulants, especially, IMP and lactic
acid for yellowtail, and histidine for olive flounder, respectively (Hidaka et
al.,, 2000; Ikeda et al., 2012). Amino acids have been reported as effective
feeding attractants and/or stimulants for several fishes (Takeda, 1980; Harada,
1985; Takeda et al.,, 1984; Ellingsen and Deving, 1986; Fukuda et al., 1989;
Jones, 1992; Takaoka et al., 1995; Carr et al.,, 1996; Kohbara et al., 2000;
Yacoob and Browman, 2007; Ikeda et al., 2012). The strong second
polynomial correlation (Figs 5, 6, 7, and 8) between the contents of 3
amino acids (alanine, glycine and histidine) in the selected feed ingredient
(SHM, SQM, PM, SM, JM and anchovy meal in the Con diet) and weight
gain, SGR, feed consumption and CF of rockfish in this study revealed that
the alanine, glycine and histidine contents were consistent with the growth
performance of fish, probably indicating that the alanine, glycine and

histidine contents in the selected feed ingredient played an important role as
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feeding attractants and/or stimulants in rockfish in these experimental
conditions. The experimental diets (JM, SM, PM, SQM and SHM diets)
supplemented with the top 5 selected feed ingredient showing high feeding
attractants and/or stimulants ability all achieved outstanding improvements in
the weight gain and SGR of rockfish over the anchovy meal in the Con
diet. This result indicated that adding the selected feed ingredients that
possess high feeding attractiveness to rockfish to a diet could improve the
growth performance of fish without the addition of synthetic feeding
attractants and/or stimulants based on either the omission test of the
component of the synthetic extracts of prey or the electro(neuro)physiological
study of fish. Howver, this technique is either very complicate process or
limited application in aquafeed industry. Nevertheless, the supplementation of
feed ingredient in diet based on the feeding attractiveness (behavior) of fish
is a very useful technique, especially when low fish meal diet, which are
likely to have low palatability, are being developed or when the
electro(neuro)physiological study of the targeting fish is not well known.
Dietary administration of the selected feed ingredient showing high feeding
attractiveness (behavior) to the targeting fish in diets seems to be a very
easy and effective method for improving or maximizing the growth
performance, feed consumption and CF of fish without conducting an
omission test of the component of the synthetic extracts of prey or
monitoring the electrophysiological response of fish. In addition, the
electro(neuro)physiological study of fish can suggest if fish are able to be

triggered by a given chemical cue with their chemoreceptors, but it does not
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always guarantee that the synthetic feeding attractants will bring about
changes in feeding behavior or improve feed consumption. The strongest
attractiveness to rockfish was obtained in JM, followed by the SM, SQM,
PM and SHM, in order, among the tested ingredients. The greatest feed
consumption, weight gain and SGR of fish were obtained in the JM diet,
followed by the SM, PM, SQM and SHM diets, in order. In addition,
dietray inclusion of the selected feed ingredients (JM, SM, PM and SQM)
improved CF of fish. Strong correlations between the alanine, glycine and
histidine contents in the selected feed ingredient (SHM, SQM, PM, SM, JM
and anchovy meal in the Con diet) and weight gain, SGR, feed consumption

and CF of fish were observed.

In conclusion, of the tested dietary additives, YC showed the best results
in improving weight gain in rockfish, and YC and TT were effective in
improving feed efficiency and protein efficiency ratio. Oral administration of
YC, GG and BB for 8 weeks were effective in lowering the cumulative
mortality of rockfish infected with gram-positive S. parauberis and
gram-negative E. tarda. Especially, a 4-week oral administration of additive
(YC, GG and BB) was long enough to induce their desirable effect of
lowering mortality of fish at occurrence of E. tarda. The strongest
attractiveness to rockfish was obtained in JM, followed by the SM, SQM,
PM and SHM, in order, among the various protein sources. The greatest
feed consumption, weight gain and SGR of fish were obtained in the JM

diet, followed by the SM, PM, SQM and SHM diets, in order. Dietary
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administration of the selected feed ingredients (JM, SM, PM and SQM)
improved CF of fish. Strong correlations between the alanine, glycine and
histidine contents in the selected feed ingredients (SHM, SQM, PM, SM, IM
and anchovy meal in the Con diet) and weight gain, SGR, feed consumption
and CF of fish were observed. Therefore, it is expected that dietary
administration of the additives (YC, GG and BB) and feed ingredient
showing strong feeding attractants/stimulants, such as JM, SM, PM, SQM

and SHM improve growth performance of juvenile rockfish effectively.
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