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REFERENCE REVIEW

Fish meal (FM) replacement in aquaculture industry has been an important issue
because of increasing demand, limited supply of FM and its dramatic price increase with the
expansion of aquaculture (FAO, 2003). For this reason, studies have been carried out to find
candidates for the FM replacement in diets for most cultured fish species (Boonyaratpalrin et
al., 1998; Kikuchi, 1999; Refstie et al., 2001; Lim et al., 2004; Lee et al., 2006; Yoshitomi et
al., 2007; Lim and Lee, 2008).

Soybean meal (SBM) has been the most frequently studied ingredient as a FM
replacer in diets for many fish species, because it has high protein content, relatively well-
balanced amino acid profiles, reasonable price and steady supply (Storebakken et al., 2000).
A number of studies have shown that SBM protein alone or in combination with other
protein sources can successfully replace FM protein from 20% up to 90% in diets for many
fish species without growth depression (Shimeno et al., 1993; Gomes et al., McGoogan and
Gatlin 11, 1997; 1995; Boonyaratpalin et al., 1998; Kikuchi, 1999; Elangovan and Shim,
2000; Chou et al., 2004; Lim et al., 2004; Hernandez et al., 2007; Pham et al., 2007; Lim and
Lee, 2008).

However, the use of SBM in fish feeds is still limited because of the presence of
some antinutritional factors, such as polysaccharide, high fiber content and phytate (NRC,
1993; Storebakken et al., 2000; Francis et al., 2001; Hendricks, 2002). Phytate (inositol
hexaphosphate) is one of major obstacle in using plant protein for fish diets and
approximately two-thirds of total phosphorus is bound as phytate (Lall, 1991) which is not
efficiently utilized by fish (NRC, 1993). In addition, the deficiency of some essential amino
acids in the SBM such as methionine and lysine reduces the inclusion level of this material
in fish diets (NRC, 1993). Therefore, many fish nutritionists have tried to supplement
phosphorus and/or methionine and lysine when SBM was used in fish diets. Shiau et al.

(1988) reported that the dietary supplementation of methionine could improve growth



performance in milkfish. Albrektsen et al. (2006) also showed that phosphorus
supplementation in diets containing vegetable protein could replace 50% FM protein in
Atlantic cod without growth impairment. In contract, inclusion of phosphorus in SBM
containing diets for gilthead sea bream did not improve the growth performance (Robaina et
al., 1998).

Tiger puffer, Takifugu rubripes, is camivorous species and has been regarded as
emerging aquaculture species in Japan and South Korea because of its advantages of high
economic value, excellent meat quality and strong resistance to diseases. In field condition,
this specie was fed diets at four to six times a day (Kumamoto Prefectural Fisheries Research
Center, 2001), because puffer fish do not have a stomach. The puffer fish grow very slowly
and reach 1 kg body weight by 17-18 months. Little is known about their nutritional
information, especially the replacement of FM. Therefore, the present study was conducted
to investigate the use of SBM as fish meal replacer with phosphorus, lysine and methionine

supplementations in diets for juvenile tiger puffer.



ABSTRACT

This study was conducted to investigate the effect of partial replacement of dietary
fish meal by soybean meal (SBM) on growth performance of juvenile tiger puffer, Takifugu
rubripes. Isonitrogenous (45% crude protein) and isocaloric (16.0 MJ/kg) diets were
formulated to replace fish meal by 0%, 15%, 30%, 45% and 60% SBM (designated as FM,
SBM15, SBM30, SBM45 and SBM60, respectively). Juvenile tiger puffer with an initial
average size of 20.1 £ 0.1g (mean + SD) were randomly distributed into 15 groups (15 fish
per tank). Triplicate groups of fish were fed one of the five experimental diets for 15 weeks.
At the end of feeding trial, weight gain, feed conversion ratio, specific growth rate and
protein efficiency ratio of fish fed diets 15% and 30% SBM were not significantly (P>0.05)
different compared to that of fish fed the control diet. Condition factor, hemoglobin and
hematocrit showed the same trend in growth performance. Hepatosomatic index was
significantly decreased as the inclusion level of the SBM increased. Phosphorus
concentration in plasma was decreased with increasing dietary SBM. The present results
suggest that juvenile tiger puffer could accept the diets containing 30% SBM for fish meal

replacement.



MATERIALS AND METHODS

Experimental diets

Five experimental diets were formulated to replace FM protein by SBM at 0, 15, 30,
45, 60% (designated as FM, SBM15, SBM30, SBM45 and SBM60, respectively). The SBM
containing diets were supplemented by L-methionine, L-lysine and monocalcium phosphate
to meet their estimated dietary requirement of fish (NRC, 1993). All the experimental diets
were formulated to be isonitrogenous (45% crude protein) and isocaloric (16.0 MJ/kg diet).
The formulation and proximate composition of the diets are presented in Table 1. All the dry
materials were thoroughly mixed with 30% double distilled water, extruded through a meat
chopper machine (SMC-12, Kuposlice, Busan, Korea) at 5 mm in diameter, freeze-dried at -
40 °C for 24 hours and stored at -20 °C until use.

Feeding trial and sample collection

Juvenile tiger puffer were transported from a private hatchery (at Cheju Island, Korea,
to Marine and Environmental Research Institute, Jeju National University, Jeju, Korea. The
fish were fed with a commercial diet (Suhyupfeed, co., Ltd, GyeongNam, Korea) for 4
weeks to be acclimated to experimental conditions and to be recovered from the stress of
transportation. After the acclimation, the fish (initial body weight 20.1+0.1g) were randomly
distributed into fifteen 30 L polyvinyl conical tanks. The tanks were supplied with filtered
seawater at a flow rate of 2.5 I/min and aeration to maintain proper level of the dissolved
oxygen. The triplicate groups of fish were fed the experimental diets to apparent satiation
(twice a day, 9:00 and 17:30 h) for 15 weeks. Uneaten feeds were collected 30 min after
feeding and reweighed to calculate feed utilization accurately. The growth of fish was
measured every 3 weeks. Feeding was stopped 24 h prior to weighing to minimize stress of
the fish.

At the end of feeding trial, three fish per tank (9 fish per dietary treatment) were
randomly selected and anaesthetized with 2-phenoxyethanol (100 ppm) for blood analyses.
The blood samples were taken from caudal vein with heparinized syringes. Three fish from
each tank (nine fish per treatment) were sampled for determination of hepatosomatic index
and condition factor. Liver samples from three fish per tank (nine fish per treatment) were

taken and stored at -80 °C for analysis of lipid concentration.



Table 1. Formulation and proximate composition of experimental diets (% dry matter).

Experimental diets

Ingredients FM SBM15 SBM30 SBM45 SBM60
Fish meal 45.0 38.3 315 248 18.0
Soybean meal 0.0 10.0 20.2 30.2 40.2
Corm gluten meal 8.0 8.5 8.7 8.8 9.2
Wheat flour 37.0 32.1 271 225 17.6
Yeast 2.0 20 20 20 2.0
Mineral Mix' 1.0 1.0 1.0 1.0 1.0
Vitamin Mix’ 1.0 1.0 1.0 1.0 1.0
Squid liver oil 5.0 5.3 5.7 6.1 6.4
CMC 1.0 1.0 1.0 1.0 1.0
Lysine 0.0 0.2 0.4 0.6 0.8
Methionine 0.0 0.2 0.4 0.6 0.8
Monocalcium phosphate 0.0 0.5 1.0 1.5 2.0
Proximate composition

Dry matter (%) 95.9 95.3 95.8 97.2 95.0
Protein (%, DM) 449 454 454 46.2 46.7
Lipid (%, DM) 9.4 9.7 9.4 8.5 8.9
Ash (%, DM) 8.2 8.2 8.1 8.3 8.1
Gross energy, MJ/kg DM* 16.0 16.0 16.0 16.0 16.0

' Mineral premix (g/kg of mixture): MgSO,7H,0, 80.0; NaH,PO,-2H,0, 370; KCl, 130.0;
Ferric citrite, 40.0; ZnSO,7H,0, 20.0; Ca-lactate, 356.5;CuCl2, 0.2; AICl;-6H,0, 0.15;
Na,Se,0;, 0.01; MnSO4-H,0, 2.0; CoCl,-6H,0, 1.0
? Vitamin premix (g/kg of mixture): 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-
aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;

cyanocobalamin, 0.003.

3 Gross energy of experimental diets was calculated according to gross energy values 5.64

kcal/g protein, 4.11 kcal/g carbohydrate, and 9.44 kcal/g fat respectively (NRC, 1993).



Analyses

At the end of the feeding trial, all fish in each tank were weighed and counted to
compute the weight gain, feed conversion ratio, specific growth rate, protein efficiency ratio,
feed intake and survival. Hematocrit was determined for three individual fish per tank by
microhematocrit technique (Brown, 1980). Hemoglobin, plasma tryglycerides, total
cholesterol, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
determined in the same three fish by using the automated blood analyzer (SLIM, SEAC Inc,
Florence, Italy). Analyses of crude protein, moisture and ash in the experimental diets were
performed by the standard procedures (AOAC, 1995). Dietary lipid was determined
according to the method described by Folch et al. (1957).

Phosphorus concentration in diets and plasma were measured using
spectrophotometric method described by Nahapetian and Bassiri (1975). The plasma and dry
diets were digested with 10 mL of a mixture of concentrated H,SO, and HNO3 (1:1;v:v) in
Kjeldahl flasks. The digested mixture was volumed up to 100 mL with distilled water and
used for total phosphorus measurement. Inorganic phosphorus of the experimental diets was
extracted with 12.3% trichloroacetic acid solution using a shaker (WiseCube, DAIHAN
Scientific, Co., Ltd., Seoul, Korea) for 12 h at room temperature. After centrifugation at 2000
x g for 20 min, the supernatant was used for measurement of inorganic phosphorus.
Phosphorus retention was calculated as following equation described by Nordrum et al.
(1997); Dietary phosphorus retention (%) = 100 x (final body phosphorus — initial body
phosphorus) / dietary phosphorus consumed.

Statistical analysis

All experimental diets were assigned by a completely randomized design. Data were
analyzed by one-way analysis of variance (ANOVA) in SPSS version 11.0 (SPSS Inc.,
Chicago, IL, USA). When ANOVA identified differences among groups, the differences in
mean values were made with Duncan’s multiple range test. Statistical significance was
determined by setting the aggregate type I error at 5% (P<0.05) for each set of comparisons.
Data are presented as meantSD. Percentage data were arcsine transformed before statistical
analysis. The correlation between weight gain and plasma phosphorus was estimated using

MICROSOFT EXCEL regression.



Table 2. Growth performance of juvenile tiger puffer fed the experimental diets for 15

weeks'.

Diets FM SBM15 SBM30 SBM45 SBM60

Weight gain (WG)' 458 +234°  485+202° 476 £ 19.7°  337+57.7° 244+ 19.1°

Foed intake, g (FI) 1.07+0.18°  1.14+0.04®  096+023° 1.240.08° 1.39£0.11°

Feed conversion ratio 1.34+022® 1.40+£006®  120:£029° 1.73+0.16° 2.17+0.29°

(FCR)?

Specific growth rate 1.68+0.04*  1.68+0.03° 1.67+003*  1.40+0.13* 1.180.05°

(SGR)*

Protein  efficiency 1.69%0.31®  1.57+0.06™ 1.92+053* 1.26+012° 1.00+0.14°

ratio (PER)’

oo ® 403107 3.74+034®  408+032° 3.53+£042° 3.50+028°
77.8+ 7.7 86.7+ 6.7 844+102  756+139 71.1+38

Survival (%)

Means of triplicate groups, values are presented as mean * SD. Values in the same row
having different superscript letters are significantly different (P < 0.05).
! Weight gain (%) =100x(final mean body weight-initial mean body weight)/initial mean

body weight

? Feed Intake (g/g BW) = dry feed consumed/body weight
3 Feed conversion ratio = dry feed fed/wet weight gain
* Specific growth rate (%) = 100x[(In final mean body weight-In initial mean body

weight)/days]

5 Protein efficiency ratio = wet weight gain (g)/total protein given (g)
¢ Condition factor = 100x(body weight/body length®)



RESULTS

At the end of 15 weeks of feeding trial, negative effects on growth performance were
observed when over 45% of FM protein was replaced by SBM protein (Table 2). The values
of weight gain, feed conversion ratio, specific growth rate and protein efficiency ratio were
significantly reduced when the replacement level for FM protein was increased from 30% to
45%. Groups of fish fed SBM60 diet had significantly lower feed intake values than groups
of fish fed the FM diet. Survival was not affected by dietary inclusion levels of SBM. These
results showed that 30% of FM protein could be replaced by SBM protein with phosphorus
and limited amino acids (methionine and lysine) supplementations for juvenile tiger puffer
without reduction of the growth performances.

Hematocrit and hemoglobin were significantly influenced by dietary SBM levels
(Table 3). However, groups of fish fed the SBM15 and SBM30 diets were not significantly
different compared to those of fish fed the FM diet. Plasma total cholesterol and triglycerides
concentrations were decreased as dietary SBM inclusion levels increased (Table 3). The
lowest plasma total cholesterol and triglycerides concentrations were observed in groups of
fish fed the SBM60 diet (the highest incorporation of SBM). There were no significant
differences in alanine aminotransferase and aspatate aminotransferase among all the dietary
treatments (Table 3).

Dietary total and inorganic phosphorus and plasma total phosphorus concentration of
fish fed experimental diets are given in Table 4. Dietary inorganic phosphorus and plasma
phosphorus concentration were decreased as dietary SBM increased and had a strong
positively relationship.

Hepatosomatic index (HSI) of fish fed the experimental diets was significantly
influenced by dietary SBM levels (Table 5). HSI was significantly decreased as dietary SBM
inclusion levels increased and the lowest value was observed in fish fed SBM60 diet. Lipid
concentration in liver of the fish fed the experimental diets was not significantly different

among all the dietary treatments (Table 5).



Table 3. Blood parameters of juvenile tiger puffer fed the experimental diets for 15 weeks.

Diets FM SBM15 SBM30 SBM45 SBM60
Hematocrit (%) 25.6+39° 235+24° 244422 203£12° 195+1.3°
Hemoglobin (g/dL) 6.9+ 1.46° 6.8+098" 68+1.19° 52+090° 53+0.70°
ALT (U/L) 135492  122+45 139+53 102+27 16859
AST (U/L) 289+164 30.1+11.3 214+46 191118 31.8+132
Cholesterol (mg/dL) 135+4.0° 123+16.5® 125+£20.6® 112£9.9® 102+64°
Triglyceride (mg/dL) 134 + 37.6* 122+329® 94+7.1® 76+229"° 80+14.7"

Mean values of triplicate groups, values are presented as mean + SD. Values in the same row

having different superscript letters are significantly different (P < 0.05).



Table 4. Dietary total and inorganic phosphorus and plasma total phosphorus of fish fed the

experimental diets for 15 weeks.

Diets M SBMI5S  SBM30  SBM45  SBM60
Diet Pt (%)’ 0.65£0.1  0.67+0.1  0.65£0.2  0.67+#0.1  0.68+0.1
Diet Pi (%)’ 0.5240.1  0.54+0.1  0.52¢0.1  0.49+0.1  0.47+0.1

Plasma Pt (mg/dL)’  4.55£0.6° 4.26+0.4® 4.420.6° 3.69+0.5° 3.61x0.4°

Mean values of triplicate groups, values are presented as mean + SD. Values in the same row
having different superscript letters are significantly different (P < 0.05).

1 Dietary total phosphorus.

2 Dietary inorganic phosphorus.

3 Plasma total phosphorus.
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Table 5. Hepatosomatic index (HSI) and lipid concentration in liver of juvenile tiger Puffer

fed the experimental diets for 15 weeks.

Diets FM SBMI15 SBM30 SBM45 SBM60
HSI 13315 11.4+08> 11.2+£05° 89+1.0° 7.5+ 0.6°
Lipid 58.9+1.7 58.9+2.4 61.5+1.8 59.6+1.3 56.0+3.2

Mean values of triplicate groups, values are presented as mean + SD. Values in the same row
having different superscript letters are significantly different (P < 0.05).
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DISCUSSION

The present study demonstrated that the SBM with phosphorus, lysine and
methionine supplementations could replace dietary FM protein up to 30% without negative
effects on growth performances, feed utilizations and survival of juvenile (20-120 g) tiger
puffer. The result of the present study is significant because, to our knowledge, it is the first
SBM used dietary formulation for juvenile tiger puffer.

In the present study, fish fed the diets containing over 30% SBM protein produced
lower growth performance and feed utilization. The finding that FM replacement by SBM
resulted in lower growth performance comparable to the findings in other species
(Pongmaneerat and Watanabe, 1992; Rumsey et al., 1994; Stickney et al., 1996; Yoo et al,,
2005). The suppression in overall growth performance in fish fed SBM 45 and SBM 60 diets
may be attributed to the presence of antinutrional factors in soybean meal (Kakade et al,,
1973; Vaintraub and Bulmaga, 1991; Liener, 1994) and an adverse effect of phytate (Spinelli
et al., 1983; Richardson et al., 1985; Satoh et al., 1989).

After 15 weeks of feeding trial, a significantly lower hematocrits and hemoglobin
values were observed in fish fed the SBM-rich diets (SBM45-60) compared to fish fed FM
diet. In previous studies, reduced blood hematocrit and hemoglobin were found in fish fed
plant protein-rich diets (Blom et al., 2001; Lee et al., 2002; Yildirim et al., 2003; Pham et al.,
2007; Lim and Lee, 2008). Many researchers have found that hematocrits and hemoglobin
varies according to the deficiency of essential nutrients, environmental conditions and
growth status (Garrido et al., 1990). In this study, therefore, the reason for the significantly
lower blood hematocrits and hemoglobin in SBM-rich diet groups (SBM45-60) than those in
FM based diet groups might be attributed to the deficiency of essential nutrients and
antinutritional factors in SBM.

The present study clearly demonstrated that dietary supplementation of SBM
significantly reduces levels of plasma triglycerides and total cholesterol. Cholesterol
lowering effect of soybean and other plant proteins has been intensively investigated on
vertebrate animal, including fish (Golgberg et al., 1982; Sugiyama et al., 1996; Kaushik et al.,
1995; 1998; Ali et al., 2004; Gilbert and Thompson, 2005; Chisholm et al., 2005; Dias et al.,
2005; Batta et al., 2006; Venou et al., 2006). Kaushik et al. (1995) reported that plasma
cholesterol levels were decreased in rainbow trout fed soybean protein diets in comparison to
those fed 100% FM diet. Likewise, Venou et al. (2006) reported that plasma cholesterol was
decreased with inclusion of SBM in diet for gilthead seabream. In the present study, the
dietary polyphenolic compound contents were increased at each incremental level of dietary

SBM protein (data were not shown). SBM is source of important polyphenols such as
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flavonoids, isoflavones, glycitein, genistein and daidzein that exert a strong antioxidant
action (Andlauer et al., 1999; Fritz et al., 2003). In present study, the plasma cholesterol and
triglycerides lowering effects could be attributed by the higher dietary polyphenol contents.
Up to date, cholesterol metabolism has not well understood in fish (Este’vez et al., 1996).
Further studies on plant protein-rich diets are needed to investigate the pathway of lipid
metabolism in fish

In the present study, dietary inorganic phosphorus and plasma phosphorus
concentration were decreased as dietary SBM increased and had a strong positively
relationship. In addition, plasma phosphorus concentration showed a high correlation with
weight gain of tiger puffer (Fig 1). The lower plasma total phosphorus concentrations in fish
fed SBM45 and SBM60 diets compared to fish fed FM diet might be attributed to the
presence of phytate in SBM. In general, dietary phosphorus requirement for marine fish
ranges from 0.5 to 1.0% (Kim et al., 1998; Borlongan and Satoh, 2001; Roy and Lall, 2003;
Oliva-Teles and Pimentel-Rodrigues, 2004). The dietary total phosphorus levels of this study
were approximately 0.7% indicating that the levels seemed to meet its requirement for
experimental fish. In plant protein sources, however, approximately 70% total phosphorus is
present as phytate phosphorus which cannot be absorbed and utilized by monogastric
animals including fish (Lall, 1991). Therefore, the dietary available phosphorus levels in
SBM-rich diets (SBM45-60) could not be enough to meet its requirement for optimal growth
in the juvenile tiger puffer resulting in the impairment of growth performances due to the
absence of intestinal phytase (Jackson et al., 1996).

After the feeding trial in this study, HSI was significantly decreased as dietary SBM
inclusion levels increased and the lowest value was observed in fish fed SBM60 diet whereas
lipid concentration in liver was not significantly different in all the dietary treatments.
Likewise, Venou et al. (2006) reported that HSI was decreased with inclusion of SBM in diet
for gilthead seabream. In contract, sharpsnout seabream (Hernandez et al., 2007) and red
seabream (Biswas et al., 2007) fed SBM were not significantly different in HSI compared to
fish meal based control diet. Lower HSI of fish fed the SBM-rich diets (SBM45-60) in the
present study could be attributed to the reduced growth of these fish. The lower HSI of fish
fed the SBM45-60 diets is responsible for the highest feed intake of the fish, because feed
intake of fish is regulated by their body lipid storage.

According to the results of the present study, it is concluded that juvenile tiger puffer
could accept the diets containing 30% soybean meal with phosphorus, lysine and methionine

supplementation for fish meal replacement.
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Figure. 1. Correlation between weight gain (WG) and plasma phosphorus concentration of

tiger Puffer Takifugu rubripes fed the experimental diets for 15 weeks. Each dot represents

the average of three groups of fish.
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SUMMARY

Dietary replacement of fish meal (FM) have been an important issue in aquaculture
industry due to a limited supply of FM and its dramatic price increase in recent years. Feed
costs account for over 50% of total production costs in most marine fish species, because of
the use of the expensive FM with a large dietary proportion. Plant origin byproducts have
been promising candidates for the FM replacement and successfully used in many fish
species. Soybean meal (SBM) has been the most frequently studied ingredient as a FM
replacer in diets for many fish species, because it has high protein content, relatively well-
balanced amino acid profiles, reasonable price and steady supply.

Isonitrogenous (45% crude protein) and isocaloric (16.0 MlJl/kg) diets were
formulated to replace fish meal by 0%, 15%, 30%, 45% and 60% SBM (designated as FM,
SBM15, SBM30, SBM45 and SBM60, respectively). Juvenile tiger puffer with an initial
average size of 20.1 + 0.1g (mean + SD) were randomly distributed into 15 groups (15 fish
per tank). Triplicate groups of fish were fed one of the five experimental diets for 15 weeks.

The results indicated that SBM with phosphorus, lysine and methionine
supplementations could replace dietary FM protein up to 30% without negative effects on
growth performances of growing tiger puffer. In the present study, fish fed the diets
containing over 30% SBM protein produced lower growth performance and feed utilization.
The suppression in overall growth performance in fish fed SBM 45 and SBM 60 diets
seemed to be attributed to the presence of antinutritional factors in soybean meal and an
adverse effect of phytate.

Phosphorus concentration in plasma was decreased with increasing dietary SBM. The
results indicated that the dietary available phosphorus levels in SBM-rich diets (SBM 45-60)
were not enough to meet its requirement for optimal growth in the juvenile tiger puffer
resulting in the impairment of growth performances due to the absence of intestinal phytase

According to the results of the present study, it is concluded that juvenile tiger puffer
could accept the diets containing 30% soybean meal with phosphorus, lysine and methionine

supplementation for fish meal replacement.
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