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ABSTRACT

Two consecutive experiments were conducted to investigate the effect
of dietary cottonseed and soybean meal (CS) on growth performance, feed
utilization and gossypol accumulation of juvenile olive flounder
(Paralichthys olivaceus). Five isonitrogenous and isocaloric experimental
diets (designated as CS0, CS10, CS20, CS30 and CS40) containing 0%,
10%, 20%, 30% and 40% cottonseed and soybean meal mixture (1:1, w:w)
were formulated. A solvent-extracted cottonseed meal containing high crude
protein (44%) and low fiber contents (< 12%) was used in this study. The
diets containing cottonseed and soybean meal were supplemented with
methionine and lysine. In Experiment | (Exp 1), 900 fish (initial body weight
0.74 g) were randomly distributed into fifteen 35 L round plastic tanks. One
of the experimental diets was fed to triplicate groups of fish to apparent
satiation for 10 weeks. Throughout the ten week feeding trial, the growth of
fish fed diet CS10, CS20 and CS30 were not significantly (P > 0.05)
different compared with that of fish fed the control diet. However, diet CS40
exhibited significantly lower (P < 0.05) growth performance than that of the
control diet. No differences were observed in whole body composition of
fish fed all experimental diets. Survival of al fish groups was greater than
80%. Experiment Il (Exp 1) was continued by sorting the average weight
(11 g/fish) of fish from the respective dietary groups in Exp | and re-
distributed into fifteen 150 L conical polyvinyl tanks (15 fish/tank). Three
groups of fish were fed with the same diets used in Exp | for 9 weeks. At the



end of the feeding trial, fish fed diets CS10, CS20, CS30 and CS40 did not
show any significant differences in growth performance and whole body
compositions compared with that of fish fed the control diet. Survival of fish
groups fed experimental diets was over 90%. Condition factor, gonad
somatic index and viscera somatic index of fish fed diet CS40 were
significantly lower than that of fish fed the control diet. Fish fed diet CS40
had significantly lower hemoglobin content compared to that of fish fed the
control diet. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging assay indicated that the antioxidant activity dlightly increased
with the increment of dietary cottonseed inclusion level. Muscle of fish fed
diet CS30 and CS40 had higher anti-oxidative activity than that of fish fed
the control diet. The findings from Exp | and Il indicate that mixture of
cottonseed and soybean meal (1:1, w:w) with lysine and methionine
supplementation can replace up to 30% dietary fish meal protein in diet for

olive founder juveniles.
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|. REFERENCE REVIEW

Olive flounder (Paralichthys olivaceus) currently is the most important
marine culture species in Korea. Its aguaculture production increased from
1,037 mt in 1990 to 34,533 mt in 2004 (Ministry of Maritime Affairs and
Fisheries, 2004). However, feed costs have been identified as a magjor
constraint for the aquaculture development of this species. Coyle et al.
(2004) reported that feed costs account for over 50% total production costs
in most marine cultured species because of the use of the expensive protein
sources, fish meal, with a large dietary proportion. Olive flounder requires
50 % dietary crude protein to obtain optimal growth (Kim et al., 2002; Yigit
et al., 2004). To reduce the feed costs and increase the economic benefit for
fish farmers, many studies have been conducted to search less expensive
protein sources to replace fish meal (Kikuchi et al., 1997; Kikuchi, 1999;
Choi et al., 2004). Hardy (1995) reported that dietary replacement of fish
meal by plant origin by-products such as soybean, cottonseed or rapeseed
meals has been increasing in aguaculture industry, due to their low price,
highly market availabilities and sufficient protein contents.

Feedstuffs derived from soybean have been used predominantly for
many years in diets for numerous species. The processing of soybean and its
products are presented in Fig. 1 (Joachim and Felicitas, 2000). Soybean
meal is aby-product of de-hulled soybeans after removal of the oil. Soybean
meal has become the most important plant protein source in agquaculture
industry because of its high protein content and amino acid profiles (Table
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1). In the last decade, many studies have been conducted to replace fish
meal by soybean mea in diets for aquatic animals (Viola et al., 1982;
Akiyama, 1988; Hepher, 1988; Mohsen and Lovell, 1990; Shiau et al., 1990;
Webster et al., 1992a; Webster et al., 1992b; Pongmaneerat and Watanabe,
1993; Watanabe et al., 1993; Robinson and Li, 1994; Sadiku and Jauncey,
1995; Webster et al., 1995a; Webster et al., 1995b; Baeverfjord and
Kroghahl, 1996; Degani et al., 1997; Refstie et a., 1997; Boonyaratpalin et
al., 1998; Quaratararo et al., 1998; Refstie et al., 1998; Refstie et al., 1999;
van Weerd et al., 1999; Cremer et a., 2000; Elangovan and Shime, 2000;
Nordrum et al., 2000; Refstie et a., 2000; Vielma et al., 2000; El-Saidy et
al., 2002; Yamamoto et al., 2002; Catacutan and Pagador, 2004; Chou et al.,
2004; Zhou et al., 2005; Tomas et al., 2005). Studies have demonstrated that
soybean meal aone or in combination with other protein sources can replace
from 20% up to 90% fish meal protein in diets for many fish species, such
as yellow tail, Seriona quinqueradiata (Shimeno et a., 1993), red drum,
Sciaenops ocellatus (McGoogan and Gatlin I, 1997), seabass, Lates
calcarifer (Boonyaratpalin et al., 1998), rainbow trout, Oncorhychus mykiss
(Gomes et al., 1995), Australian snapper, Pagrus auratus (Quantararo et a.,
1998), tin foil barb, Barbodes altus (Elangovan and Shim, 2000), mangrove
red snapper, Lutjanus argentimaculatus Forsskal 1775 (Catacutan and
Pagador, 2004), cobia, Rachycentron canadum (Chou et al., 2004) and olive
flounder (Kikuchi et a., 1994; Kikuchi, 1999; Saitoh et al., 2003). Kikuchi
(1999) reported that 45% fish meal protein can be replaced by soybean meal

in combination with other animal protein sources in the diet for juvenile
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olive flounder. In the study, fish were fed 8 experimental diets containing
different proportions of soybean meal (20%, 30% or 40%) and 10% blood
meal or corn gluten meal and 5% of freeze dried meat of blue mussel. After
8 weeks of feeding trial, the diets containing 25% soybean meal in
combination with blood meal or blue mussel (replace 47% or 44% fish meal
protein) resulted in the best growth and feed utilization among all dietary
groups. However, the use of soybean meal in fish feeds, particularly in
carnivorous marine species is still limited because of the presence of anti-
nutritional factors, such as protease inhibitors, phytates, lectins, saponins,
non-starch polysaccharide and high fiber content (NRC, 1993; Storebakken
et al., 2000; Hendricks, 2002). In addition, the deficiency of some essential
amino acids in soybean meal, such as methionine and lysine also reduces the
inclusion level of this material in fish feeds (NRC, 1993).

Cottonseed meal (solvent-extracted) is a by-product obtained by finely
grinding the flakes which remain after removal of most oil from cottonseed
by solvent extraction process (Fig. 2). Cottonseed meal has been used in
diets for terrestrial animals (Colin-Negrete et al., 1996) because of its high
protein content and good amino acid profile (Table 1). Recently, cottonseed
meal has been examined in diets for many fish species such as channel
catfish (Dorsa et al., 1982; Robinson and Brent, 1989; Robinson and Li,
1994; Robinson and Tiersch, 1995), rainbow trout (Hendricks et a., 1980;
Dabrowski et al., 2000; Lee et a., 2001; Lee and Dabrowski, 2002a;
Rinchard et al., 2003) and tilapia (El-Sayed, 1990; Robinson et al., 1984;
Mbahinzireki et al., 2001; Rinchard et al., 2002). Despite its high nutritional

value, cottonseed contains gossypol, a polyphenolic compound which is
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toxic to fish (Herman, 1970; Rinchard et al., 2000) and terrestrial animals
(Colin-Negrete et al., 1996; Makinde et a., 1997). Beradi and Goldblatt
(1980) reported that feeding diets containing gossypol causes negative
effects, such as growth depression and intestinal and other internal organ
abnormalities. Robinson et al. (1984) reported that the diets containing
0.012% free gossypol caused the growth depression in tilapia, Oreochromis
aureus. Poor growth response was also observed in O. niloticus when the
fish were fed with cottonseed meal based diets, even the crude protein of
these diets were higher than fish meal based diet (Ofojekwu and Ejike,
1984). However, there have been reports that high level of dietary inclusion
of cottonseed meal resulted high growth performance comparable to fish fed
the control diet. Reigh (1999) concluded that al-plant protein diets
containing 40% cottonseed meal and 20% soybean mea with lysine
supplementation is suitable for long-term production of channel catfish
(Ictalurus punctatus) in earthen ponds. Mbahinzireki et al. (2001) and
Rinchard et al. (2002) reported that cottonseed meal can partially replace up
to 50% fish meal in feed for tilapia Oreochrmis sp. However, the higher
inclusion level of dietary cottonseed meal over 50% can compromise the
growth in this species. Lee et al. (2002) reported that a mixture of 25%
cottonseed meal, 25% soybean meal and 50% animal by-products can
replace whole fish meal in diets for juvenile rainbow trout. However, the
presence of gossypol in cottonseed meal was identified as the major limiting
factor for the acceptance and utilization of cottonseed meal based diets. It is
evident that the inclusion level of cottonseed meal in agua-feeds depends
upon the content of gossypol and fish species.
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No study has been conducted to examine the use of cottonseed meal in
diets for olive flounder (Paralichthys olivaceus). Therefore, the am of this
study is to investigate the use of cottonseed and soybean mea (CS) with
methionine and lysine supplementation as a partial substitute for fish meal

protein in diets for juvenile olive flounder.



SOY BEANS
(dehuled)

|
1 l

Soybenall Soybeanflakes

l )

Soyaproten Soyapratein
concentrate isdlae

Soyaprotein
hydraysate

Fig. 1. Processing of soybeans and its products



COTTON SEED

Hber Kernd
Textile Fber Med Crudeall Hulls
Fetilizer Cottonseed med

Fig. 2. Processing of cotton and its products




Table 1. Essential amino acid profile of fish meal, soybean meal and
cottonseed meal (% based on protein)

Essential amino acids Fish meal* Soybean Cottonseed
meal” meal”
Arginine 5.35 6.94 4.47
Histidine 2.90 2.64 1.04
Isoleucine 3.90 5.01 1.28
Leucine 7.05 7.54 223
Lysine 7.63 6.28 181
Methionine 2.63 1.38 0.52
Phenylalanine 3.80 5.03 221
Threonine 3.99 4.92 1.23
Tryptophan 1.03 1.18 0.47
Valine 491 4.72 1.82

" Watanabe et al., 1993

™ Joachim and Felicitas, 2000



[I. MATERIALSAND METHODS

1. Experimental diets

Five experimenta diets (designated as CSO, CS10, CS20, CS30 and
C$40) were formulated to be isonitrogenous and isocaloric in terms of crude
protein (56%) and gross energy (16.3 MJ kg™). The energy value of each
diet was estimated on the basis of mammalian physiological fuel value, i.e.,
16.7 KJ g* protein or carbohydrate and 37.7 KJ g™ lipid (Lee and Putman,
1973). The diet formulation and proximate compositions are presented in
Table 2 and 3. In diet CS0O, CS10, CS20, CS30 and C40; 0%, 10%, 20%,
30% and 40% of fish meal protein was replaced by equal proportion (1:1,
w:w) of cottonseed and soybean meal (CS), respectively. The CS diets were
supplemented with methionine and lysine to meet their dietary requirements
(NRC, 1993). The cottonseed meal was purchased from Southern Cotton Oil
Co., Memphis, TN, USA. Its protein content was 43.5% in dry matter basis.
The proximate compositions of other protein sources used in this study are
given in Table 4. The cottonseed meal was a solvent extracted meal and total
gossypol concentration was 1.65%. Experimental diets were pelleted
through the mesat chopper machine (SMC-12, Korea) in 3.0 mm diameter
size, freeze dried to approximately 5% moisture, crushed into desirable
particle sizes (0.4 — 2.0 mm) and stored at —20°C until use.



Table 2. Formulation of experimental diets (% DM)

Diet
Ingredients Cs0 CS10 CS20 CS30 Cs40
White fish meal 60.0 54.0 48.0 42,0 36.0
Soybean meal 0.0 4.4 8.7 13.1 175
Cotton seed meal * 0.0 A7 9.4 14.1 18.8
Corn gluten mea 8.0 8.3 8.7 9.0 9.3
Wheat flour 21.8 17.8 13.8 9.8 5.8
Yeast 2.0 2.0 2.0 2.0 2.0
Mineral mix 2 1.0 1.0 1.0 1.0 1.0
Vitamin mix ® 1.0 1.0 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2 0.2 0.2
Squid liver oil 5.0 5.4 5.8 6.2 6.6
CMC 1.0 1.0 1.0 1.0 1.0
Lysine* 0.0 0.1 0.2 0.3 0.4
Methionine® 0.0 0.1 0.2 0.3 0.4

! Cottonseed meal was purchased from Southern Cotton Oil Co., Tennessee 38108, USA.
2MgSO;;.?HZO, 80.0; NaH,PO,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnS0,.7H,0,
20.0; Ca-lactate, 356.5; CuCl, 0.2; AICl3. 6H,0, 0.15; Na,Se;0s, 0.01; MnSO,.H0, 2.0;
CoCl,.6H,0, 1.0.

% 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-p-pantothenate, 12.7; myo-
inositol, 181.8; p-biotin, 0.27; folic acid, 0.68; p-aminobezoic acid, 18.2; menadione, 1.8;
retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.

4 L-lysine mono-hydrochloride, Sgma.

®L- methionine, Sigma.
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Table 3. Proximate composition and gossypol content of experimental diets
(% DM)

Diet
Ingredients CSO CSI0 CS20 CS30 Cs40
Dry matter, % 92.2 91.3 90.2 91.0 93.7
Protein, % DM 56.8 56.6 56.5 56.6 56.3
Lipid, % DM 12.0 12.6 12.5 12.6 12.1
Ash, % DM 10.1 9.9 9.5 9.1 8.9
Gross energy, MJkg™* DM 16.3 16.3 16.3 16.3 16.3
Total gossypol, % DM * 0 0.08 0.16 0.24 0.32

! Total gossypol in the experimental diets is calculated based on the gossypol

concentration in cottonseed meal.
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Table 4. Proximate composition of major ingredients used in experimental

diets (% DM)

Ingredients Moisture Protein  Lipid NFE* Ash
White fish meal 8.72 68.33 8.56 0.32 14.07
Soybean meal 7.59 46.91 2.52 36.44 6.54
Cottonseed meal 11.40 43.54 3.18 34.52 7.36
Corn gluten meal 9.50 61.70 1.03 26.59 1.18
Yeast 5.49 42.15 0.49 46.25 5.62

! Nitrogen Free Extract = 100 - (%Moisture + %CP + %Lipid + %Ash).
2 Cottonseed meal was purchased from Southern Cotton QOil Co., Memphis,
Tennessee 38108, USA.
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2. Fish, facilitiesand feeding trial
2.1 Acclimation of fish

Olive flounder juveniles were transported from a private hatchery in
Jgju Island to Marine and Environmental Research Institute, Cheju National
University. The fish were fed with a commercial diet for 4 weeks to alow

adapting to experimental condition.
2.2 Experiment | (Exp )

Exp I, 900 fish (initial body weight 0.74 + 0.11 g) at the early juvenile
stage were randomly distributed into 15 plastic circular tanks (35 L) at a
density of 60 fish/tank. Each experimental diet was fed to triplicate groups
of fish with the feeding rates ranging from 5% of fish body weight at the
beginning to 3% at the end of the feeding trial. The fish were fed twice a
day (9:00 and 17:00), 7 days aweek for 10 weeks.

2.3 Experiment 11 (Exp I1)

Exp Il was continued by sorting the average size of fish (mean body
weight 11 g) from the consecutive dietary groups in Exp | and redistributed
into fifteen 150 L polyvinyl tanks (15 fish/tank) in a flow through system
supplied with sand filtered seawater at aflow rate of 3| min™. Fish were fed
with the same diets as in Exp | for 9 weeks. Aeration was also provided to
maintain dissolved oxygen levels near to the saturation. The growth of fish
was measured every 2 weeks and feeding rate was adjusted accordingly.
Feeding was stopped 24 h prior to weighing.

-13-



3. Sample collection and analysis
3.1 Whole body composition

At the end of feeding tria, al fish were weighed and counted to
calculate weight gain (WG), feed conversion ratio (FCR), protein efficiency
ratio (PER) and specific growth rate (SGR). Three fish from each tank (9
fish per diet) were sampled and stored at —20°C for whole body proximate
anaysis. Analyses of crude protein, moisture and ash were performed by the
standard procedures (AOAC, 1995). Lipids were determined according to
the method described by Folch et al. (1957) with some modifications.

3.2 Morphological parameters

The total length, whole body weight, liver weight, gonad weight and
viscera weight of another 9 fish/dietary group (3 fish/tank) were
individually measured. Condition factor (CF; 100 x [fish weight (g)/fish
length (cm)°], hepato-somatic index (HSI; 100 x weight of liver/whole body
weight), gonad somatic index (GSI; 100 x weight of gonads/whole body
weight) and viscera somatic index (VSI; 100x weight of digestive
tract/whole body weight) were calculated accordingly as described by
Kaushik et a. (2004).

3.3 Serological assay

At the end of Exp I, 3 fish per tank (9 fish per diet) were randomly
selected and anaesthetized in tricaine methane sulfonate (M S-222) solution

(100 mg I™Y). The blood samples were taken from caudal veins with
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heparinised  syringes. Hematocrit (Ht) was determined using
microhematocrit technique. Blood was drawn into plastic capillary tubes
and centrifuged at 12,000 x g for 10 min in a micro-hematocrit (V S-12000,
Korea). The hemoglobin was determined using a slightly modified method
as the following description. Twenty five ul blood sample (without heparin)
was diluted into 5 ml modified hemoglobin solution (composed of 0.7 g
KsFe(CN)s and 0.1 g KCN in 1 | double distilled water). Absorbance of
mixture was measured using spectrophotometer (Genesys 10 UV, Rochester,
NY, USA) at wave length of 540 nm. The hemoglobin was calculated using
the formula; Hb = 0.146 x F x OD, where Hb: hemoglobin; F: dilution
factor (201) and OD: optical deviation.

The blood samples collected with non-heparinised syringes from 3 fish
each tank (9 fish from a diet) were kept at 4°C for 2 hrs and centrifuged at
5000 rpm for 10 minutes at 4°C using micro-centrifuging machine (TR17,
Korea). The serum was used to determine aspatate aminotransferase (AST)

and alanine aminotransferase (ALT).
3.4 Gossypol analysis

Gossypol content in the cottonseed meal was determined by High
Performance Liquid Chromatography (HPLC) according to the method
described by Kim and Calhoun (1995) with some modifications (Lee and
Dabrowski, 2002b). Briefly, the cottonseed meal was weighed and 5 — 10
volumes of complexing reagent added to obtain the 2-amino-1-propanol

derivatives of gossypol. The complexing reagent was composed of 2 ml 2-
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amino-1-propanol (Sigma Chemical, St. Louis, MO), 10 ml glacial acetic
acid (Sigma Chemical) and 88 ml N, N-dimethylformamide (Sigma
Chemical). The samples were homogenized in complexing reagent for 30
sec, heated at 95°C for 30 min, cooled on ice and then centrifuged at 1500 x
g for 5 min. After centrifugation, an aliquot of the supernatant was diluted
with mobile phase to obtain a desirable concentration, centrifuged again at
1500 x g for 5 min and filtered through a syringe filter (0.45 pm, Whatman
Inc., Clifton, NJ) before injection to HPLC.

3.5 Antioxidant capacity assay

Antioxidant capacity of experimental diets, fish liver and muscle was
determined using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
assay as described by Brand-Williams (1995) with some modifications. Two
g of diets (2 replicates per diet) were homogenized in 20 ml agueous
methanol (80%) and kept at room temperature for 10 min. The homogenates
were centrifuged (5000 rpm) at 4°C for 10 min and filtered through a 45 um
syringe filter (Whatman Inc., Clifton, NJ) prior to the assay.

Four g dorsal muscle and whole liver of 3 bled fish each tank (9 fish
per diet) were homogenized in the aqueous methanol (80%) at aratio of 1:4
(muscle or whole liver:aqueous methanol) for 60 sec using a homogenizer
(X-120, Germany). The homogenate was centrifuged (5000 rpm) at 4°C for
10 min. The obtained supernatant was filtered through a 45 um syringe filter.
One hundred pl of filtered extract was pipetted into a 1.5 ml cuvette then
900 pl of DPPH methanolic solution (100 uM) was added to obtain a final
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volume of 1 ml. The absorbance of the mixture was observed at wavelength
of 517 nm with 1 min intervals for 10 min by a spectrophotometer (Genesys
10 UV, Rochester, NY, USA). The antioxidant capacity of the extract against
the DPPH radicals was calculated as percent inhibition. Percent inhibition =
[(Ao — Ag9/Ag] x 100, where Ag Asare the absorbance of sample at 0 and s
min, respectively.

4. SHatistical analysis

Data were subjected to one-way ANOVA in SPSS version 11.0. The
significant differences between group means were compared using Duncan’s
multiple test. Data presented are means + standard deviations (SD). The
percentage data of weight gain and specific growth rate were arcsine
transformed before the ANOVA analysis. Differences were considered

significant at P < 0.05.
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1. RESULTS

1. Growth and feed utilization of juvenile olive flounder

1.1 Experiment |

The growth and feed utilization of fish fed experimental dietsin Exp |
are presented in Table 5. After 10 weeks of feeding trial, growth of fish fed
diets CS10, CS20 and CS30 were not significantly different compared to
that of fish fed the control diet (CS0). However, diet CS40 exhibited
significantly lower weight gain than the control diet. The same trend was
observed in feed conversion ratio. There were no significant differences in
specific growth rate, protein efficiency ratio, feed intake and nitrogen
retention of fish fed all the experimental diets. The survival of fish fed the

experimental diets was over 80% and not significantly different.

1.2 Experiment 11

The growth and feed utilization of fish fed experimental dietsin Exp 1l
are presented in Table 6. Throughout 9 weeks of feeding trial, there were no
significant differences in weight gain, specific growth rate, protein
efficiency ratio, feed intake, feed conversion ratio and nitrogen retention of
fish fed the experimental diets. The survival of fish fed all experimental
diets was over 93%. The total gossypol intake (Gl) was calculated using the
formula: Gl = FI x TG, where FI is feed intake and TG is total gossypol (%
DM) in experimental diets. The gossypol intake was significantly increased

with the increment of dietary cottonseed and soybean meal proportion.
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2. Whole body composition

Whole body composition of juvenile (initial body weight 0.74 g) olive
flounder fed the experimental diets (Exp I) for 10 weeks are given in Table 7.
No significant differences were observed in protein, lipid and ash contents
in fish fed diet containing cottonseed and soybean meal. In Exp II, there
were no significant differences in protein, lipid and ash content in fish fed

cottonseed and soybean meal for 9 weeks (Table 8).
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3. Morphological and blood parameters

At the end of Exp Il, total length of 3 fish in each tank (9 fish per diets)
was measured. Then weight of fish was checked using electric balance with
the precision of 0.01 g. Morphological parameters of juvenile olive flounder
fed experimental diets for 9 weeks are presented in Table 9. Condition factor
of fish fed diet C0 was significantly higher than that of fish fed other
diets. Gonado-somatic index of fish fed diet CS40 was statistically higher
than that of fish fed control diet. The same trend was observed in viscera
somatic index.

Blood was taken from caudal veins. Hematocrits (Ht, %), hemoglobin
(Hb, g/dL), daanine aminotransferase (ALT, IU/l) and aspatate
aminotransferase (AST, 1U/l) were evaluated. Hematocrits did not differ
among fish fed the experimental diets, except diet CS40 groups. Meanwhile,
hemoglobin was significantly decreased with increment of dietary
cottonseed and soybean meal inclusion levels. AST and ALT greatly varied
in all groups of fish fed the experimental diets (Table 10).
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4. Liver gossypol

At the end of 9 week-feeding tria, livers from 3 fish per tank that had
been taken blood samples for hematological and serological assays were
removed, weighed, and stored at —-60°C for analysis of gossypol. The total,
and (+) and (-) isomers are presented in Fig. 6. Total gossypol concentration
of liver increased with the increasing of dietary cottonseed meal. There was
asignificant (P < 0.01) linear relationship between dietary gossypol contents
(mg kg diet) and total liver gossypol (mg g liver) (R? = 0.91) (Fig. 7). A
similar trend was found in liver concentration of (+) and (-) gossypol
isomers. The accumulation of (+) gossypol isomer in livers of fish in all

treatment was higher than (-) gossypol isomer.
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diets containing cottonseed and soybean meals.
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letters are different (P < 0.05).
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5. Antioxidant activity

DPPH free radical scavenging activity (%) of experimental diets is
expressed in Fig. 8. The antioxidant capacity gradually increased with the
increment of cottonseed and soybean meal in the experimental diets. The
highest oxidation inhibitory activity was found in diet CS40 (40% CSM and
SBM incorporation). The lowest one was observed in diet CSO (control diet).
No significant differences were found in liver and muscle of among fish fed
experimental diets (Fig. 9 and 10, respectively). However, the antioxidant
activity in muscle and liver of fish fed diet CS30 and CS40 was dlightly
higher than that of fish fed control diet.
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Fig. 6. DPPH radical scavenging activity (%) of experimental diets was
measured at 517 nm for 10 min at interval of 1 min. Fish meal in diet CS0,

CS10, CS20, CS30 and CS40 was replaced by 0%, 10%, 20%, 30% and
40% mixture of cottonseed and soybean meal (1:1, w:w), respectively.
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Fig. 7. DPPH radical scavenging activity (%) in liver of fish fed experimental
diets was measured at 517 nm for 10 min at interval of 1 min. Fish meal in
diet CS0, CS10, CS20, CS30 and CS40 was replaced by 0%, 10%, 20%,
30% and 40% mixture of cottonseed and soybean mea (1.1, w:w),
respectively.
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Fig. 8. DPPH radical scavenging activity (%) in muscle of fish fed
experimental diets was measured at 517 nm for 10 min at interval of 1 min.
Fish meal in diet CS0, CS10, CS20, CS30 and CS40 was replaced by 0%,
10%, 20%, 30% and 40% mixture of cottonseed and soybean mea (1:1,
wW:w), respectively.
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V. DISCUSSION

In this experiment, the crude protein (56% DM) and energy content
(16.3 MJkg™ DM) of diets were formulated based on the protein and energy
requirement of olive flounder juveniles suggested by Kim et al. (2002) and
Choi et al. (2004). In Exp I, the growth and feed utilization of fish fed
experimental diets are presented in Table 5. After 10 weeks of feeding trial
(Exp 1), the growth of fish fed diets CS10, CS20 and CS30 was not
significantly different compared to that of fish fed control diet. However,
C$40 diet exhibited significantly lower growth performance than the control
diet. The same trend was observed in feed conversion ratio. Meanwhile,
there were no significant differences in specific growth rate, protein
efficiency ratio, feed intake and nitrogen retention of fish fed all
experimental dietsin both Exp | 'and |1 (Table 5 and 6). The survivals of fish
fed al experimenta diets were over 80% and 90% (Exp | and II,
respectively) and not significantly different. The results in this study
suggested that dietary incorporation of cottonseed (14%) and soybean meal
(13%) with L-lysine and L-methionine do not affect the dietary palatability
and thereby do not impair the growth of juvenile olive flounder. This finding
isin agreement with another studies on a mixture of cottonseed and soybean
meal with animal by-products as fish meal substitutes (Lee et a., 2002;
Chou et al., 2004). However, the dietary inclusion level of cottonseed meal
in the present study was lower than that reported by Mbahinzireki et al.

-35-



(2001). In the 16 weeks of feeding trial, Mbahinzireki et al. (2001) showed
that up to 50% fish meal protein could be replaced by cottonseed meal in
tilapia diets without any adverse effect on fish growth performance.
Whereas, Cheng and Hardy (2002) reported that only 5% to 10% of fish
meal protein can be replaced by cottonseed meal in diet for rainbow trout
fingerlings (initia body weight 11.2 g). It is apparent that level of
cottonseed meal inclusion in fish diets widely varies among fish species. In
addition, the incorporation level of cottonseed meal in fish diet also depends
on the developmental stage of the fish. Lee et al. (2002) reported that only
15% fish meal can be replaced by cottonseed meal in diets for rainbow trout
fingerlings (initial body weight 0.96 g). Meanwhile, adult rainbow trout fed
adiet replacing 50% fish meal protein by cottonseed meal did not show any
significant differences compared to fish fed fish meal based diet (Blom et al.,
2001). Therefore, long-term feeding trials on the use of cottonseed meal and
soybean meal in olive flounder diet are necessary.

In the present study, the lower growth performances of fish fed CS40
diet compared to control diet might be a consequence of some anti-
nutritional factors exist in cottonseed mea and soybean mea such as
gossypol, protease inhibitors and phytic acid. Gossypol, a yellow pigment
found in the gland of cottonseed, has been demonstrated to be toxic for
many fish species (Dorsa et al., 1982; Dabrowski et al., 2000; Lee et a.,
2002; Garcia-Abiado et al., 2004). The toxicity of gossypol depends on
severa factors including the form of gossypol (free or bound), the amount

of consumption and varieties of the cottonseed. The present study showed
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that dietary gossypol concentration of 101.24 mg kg™ dry matter (CS40
diet) adversely affected weight gain and feed conversion ratio of olive
founder at initial body weight of 0.74 g (Exp 1). The effect of gossypol on
dietary inclusion level of cottonseed meal has been demonstrated in tilapia
and catfish. Dorsa et al. (1982) reported that juvenile channel catfish could
tolerate up to 900 mg free gossypol kg diet from either cottonseed
gossypol or gossypol acetic acid. No adverse effects on weight gain and
feed utilization were observed when juvenile channel catfish (I. punctatus)
were fed the soybean meal based-diets supplemented up to 800 mg gossypol
kg? (Yildirim-Aksoy et al., 2004). Mabhinzireki et al. (2001) reported that
the presence of gossypol in cottonseed meal was identified as the major
limiting factor for acceptance and utilization of cottonseed meal based diets
in tilapiafarming. Although, phytic acid (6-inositol hexaphosphate) existsin
both cottonseed and soybean meal also has been reported as a major anti-
nutrient factor that limits the utilization of these ingredients in fish diets
(Bransden and Carter, 1999; Lee et al., 2002; Barual et al., 2004; Riche and
Garling JR, 2004). Owing to its unique chemical structure, phytic acid is
able to combine with other minerals, such as calcium, magnesium and zinc,
which reduce biological availability of these nutrients in mono-gastric
animals including fish (NRC, 1993; Storebakken et al., 2000). It is well
documented that the gossypol molecule can easily combine with lysine
resulting the deficiency of lysine. In the present study, L-methionine and L-
lysine were supplemented in the experimental diets containing cottonseed

and soybean meal to meet their requirements of fish. The lower growth
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performances of fish fed the CS40 diet could be attributed to deficiency of
some minerals such as zinc, iron and phosphorus. Therefore, studies on the
supplementation of the minerals in the diets containing both cottonseed and
soybean meal are recommended in olive flounder.

The retention of gossypol in livers was analyzed. Hepatic gossypol
contents (total gossypol and (+) and (-) isomers) linearly increased with
increasing dietary gossypol. Concentration of total gossypol in liver of fish
fed diets containing cottonseed meal ranged from 33.25 to 484.45 pg g*
liver. Yildirim et al. (2004) obtained a positive relationship between liver
gossypol contents of juvenile channel catfish fed soybean meal based diets
supplemented either natural gossypol or gossypol acetic acid at level
grading from 100 to 800 mg kg™ diet for 12 weeks. However, contents of
liver total gossypol (15 to 218 mg kg™ dry liver regardiess of origina of
gossypol) were lower than that in our study. In rainbow trout, a liver total
gossypol of 177 pg g was reported in fish fed purified diet supplemented
with 250 mg kg for 12 months. It suggests that the retention of gossypol in
liver could depend on fish species. Gossypol retention in liver of fish could
be influenced by type of diets. Total gossypol of 54 pg g™ was obtained in
liver from channel catfish were fed CSM based diets containing 400 mg kg™
free gossypol for 2 years (Robinson and Tierch, 1995). Meanwhile, Yildirim
et al. (2003) reported that liver total gossypol contents were relatively high
(207 — 1066 mg kg’ dry liver) in channel catfish fed purified diets for 12
weeks. Nutrient contents in diets could interfere the absorption and retention

of gossypol in fish. Higher contents of some nutrients in practical diets such
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as ferric ion can interact with gossypol to form a complex compounds and
reduce the biological availability, consequently reduce the retention of
gossypol in fish liver.

Recently, the use of mixture of plant protein meals has been reported to
be superior to single one. The essential amino acid profile in multiple plant
protein might be able to meet their requirements in many cultured fish
species. In addition, the level of anti-nutritional substances in individual
plant protein source can be reduced during feed processing (Riche et d.,
2001; Kaushik et al., 2004). Pongmaneerat and Watanabe (1993) reported
that mixture of soybean meal and corn gluten meal can replace up to 63%
fish meal protein in rainbow trout diet. Tilapia fingerlings (initial body
weight 3.7 g) were fed diets containing 100% protein from plant meals (El-
Saidy and Gaber, 2003). After 16 weeks, the authors concluded that the
plant protein mixture consisting of 25% soybean meal, 25% cottonseed meal,
25% sunflower meal, 25% linseed meal and 0.5% both methionine and
lysine supplementation can completely replace fish meal without any
significant differencesin growth performance.

Whole body compositions of fish fed experimental diets are given in
Table 7 and 8. There were no significant differences in moisture, crude
protein, crude lipid and ash contents of whole body of fish fed al the
experimental diets after both feeding trials. The same results have been
indicated in a study conducted by Cheng and Hardy (2002). The authors
reported that whole body composition of juvenile rainbow trout fed 10%

CSM inclusion diets were not significantly different among fish groups. The
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results in our study indicated that up to 40% fish meal protein replaced by
both cottonseed and soybean meal by equal proportion (1:1, w:w) with L-
methionine and L-lysine supplementation did not affect the whole body
composition of olive flounder at the early juvenile stage.

Hemoglobin (Hb, g dL™) in fish fed diet CS40 diet was significantly
lower than that of fish fed the control diet containing 0% cottonseed meal.
Hematocrit level in fish fed cottonseed meal incorporation of 20% (CS40)
showed significantly lower than that of fish fed CS20 diet (10% CSM
incorporation). The similar findings were reported in early studies (Herman
1970; Blom et al., 2001; Lee et al., 2002; Yildirim et al., 2003). Blom et al.
(2001) reported that increased dietary cottonseed meal incorporation
resulted in significantly decreased blood hemoglobin and hematocrit levels
in female rainbow trout fed the experimental diets for 10 months. In the
study (Blom et a., 2001), fish meal in the control diet was replaced with
either 25%, 50%, 75% or 100% cottonseed meal protein. Lee et a. (2002)
also reported that hematocrit levels were significantly lower in juvenile
rainbow trout fed cottonseed meal containing diets than that of fish fed with
fish meal based-diet. Braham and Bressani (1975) explained that the
reduction of hemoglobin and hematocrit levelsin animal fed diet containing
cottonseed meal could associate to an adverse effect of gossypol on iron
absorption in the intestine. Gossypol also can bind with iron to form a
gossypol-iron complex in liver (Skutches et al., 1974). In addition, high
dietary gossypol level could increase the erythrocyte fragility (Lindsey et al.,
1980; Brocas et al., 1997). However, the exact mechanism of gossypol
effect on hematological values has not been established yet. Contrastingly,
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Barros et al. (2002) did not observed any changes in hematological values of
catfish fed cottonseed meal diet containing up to 671 mg free gossypol kg™
diet, even though this level of gossypol depressed fish growth. In another
study, Yildirim et al. (2004) fed juvenile (average weight of 6.5 g) channel
catfish with soy bean meal based diets supplemented with 0, 100, 200, 400
and 800 mg free gossypol from glanded CSM or gossypol acetic acids kg™
for 12 weeks. These authors reported that hematological values were not
significantly affected by either dietary sources or levels of gossypol. The
different results from the previous studies proved that the mechanism of the
effect of gossypol on hematological values of fish is very complex and aso
depends on the species.

Antioxidant activity in experimental diets gradually increased with the
cottonseed and soybean meal inclusion level. The results might be largely
due to the presence of some polyphenolic compounds in conjunction with
flavonoid species in cottonseed and:soybean meals (Whittern et al., 1984;
Rhee, 1992; Rhee et a., 2001). Particularly, gossypol, a polyphenolic
binaphthyl dialdehyde, has been demonstrated to have high antioxidant
activity than other plant materials (Ziprin et a., 1980). Recently, several
works have been demonstrated that gossypol aso can enhance the immune
responses and disease resistance in fish. The improved macrophage
chemotaxis ratio, serum lysosyme activity and resistance of catfish to
Edwardsiella ictaluri challenge were observed at dietary levels of 900 mg
kg™ or higher (Yildirim et al., 2003).
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In conclusion, the mixture of cottonseed and soybean mea with L-
methionine and L-lysine supplementation can replace up to 30% fish meal
protein in diet for juvenile olive flounder based on growth performance,
survival and whole body composition during 19 week feeding trial (Exp |
and Exp II). However, the results suggest that 20% of fish mea protein
replacement by cottonseed (10%) and soybean (10%) meal protein could be
the optimum level for commercial use in safety according to the trends in

growth performances.
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VI. SUMMARY

Soybean meal and cottonseed meal have been used as a partial or
sole protein sourcesin terrestrial animal feeds for several decades. However,
the presence of anti-nutrient substances including gossypol, phytate and
oligosaccharide has been reported to limit the utilization of the feedstuffs. In
fish feeds, the dietary inclusion level of these plant proteins depends upon
the fish species and their tolerance to the anti-nutrient factors. The results of
this study indicate that up to 30% of fish meal in diet for juvenile olive
flounder can be replaced by cottonseed and soybean meal (1:1, w:w) with
methionine and lysine supplementation. However, we suggest that 20% fish
meal protein replacement by cottonseed (10%) and soybean (10%) can be an
optimum level for commercia use in safety according to the growth
performance. The presence of gossypol also was identified as the major anti-
nutrient factor limiting the utilization and acceptance of cottonseed meal in
olive flounder diets. Iron has been reported as a detoxifying substance in
diet containing gossypol. Therefore, the supplementation of iron could
increase the dietary inclusion level of cottonseed meal. Further studies on
effect of dietary supplementation of iron in diet containing cottonseed are

recommended.
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