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Abstract
Tantikitti, C.%, Mahankij, S.t, Sophanodora, P.2 and Maeros, A.®
Seafood processing by-products asfishmeal replacer in diets for Asian seabass

(Lates calcarifer Bloch)
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1321-1340

The study consisted of two experiments, Experiment 1, selection of seafood processing by-products
asprotein sourcesin aquatic animal diets and Experiment 2, substitution of fish meal by seafood processing
by-productsin seabass diets.

In Experiment 1, tuna heads, tuna viscera and shrimp heads were processed as meal product and
protein hydrolysate. Protein content and essential amino acid composition of tuna visceral meal and tuna
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visceral hydrolysate were higher (p<0.05) than those produced from tuna heads and shrimp heads. Tuna
head meal gave maximum yield of 24.60% while tuna viscera gave the maximum yield of 20.10% for
hydrolysate.

In Experiment 2, three-factor factorial study consisted of types of by-products (tuna viscera and a
mixture of tuna viscera and head), product types (meal and hydrolysate) and levels of substitution (0, 25, 50,
75 and 100%) was carried out. Twenty diets were formulated and fed twice daily until satiation to seabass
with an averageinitial weight of 3.25-3.38 g/fish for 10 weeks. Each treatment was composed of 3 replicates
in flow-through system with continuous aeration. The results showed that there was no interaction among
types of by-products, product types and substitution levels on growth performance, feed intake, feed con-
version ratio (FCR), productive protein value (PPV) and survival rate. However, the interaction between
product types and substitution levels was statistically significant (p<0.05). Regardless of by-products, final
weight, weight gain and specific growth rate (SGR) of fish fed meal products and protein hydrolysate at 0
and 25% substitution was significantly higher than those at 50, 75 and 100% substitution. Besides, seabass
fed 25% tuna visceral meal substitution diets had higher feed intake than those fed protein hydrolysate.
Substitution at 100% resulted in the poorest growth performance and the highest FCR. PPV of fish fed diets
containing a mixture of tunavisceraand tuna head at 75 and 100% substitution weresignificantly the lowest
(p<0.05). The survival rate was not significantly different among treatments.

The results of this study demonstrated that tuna viscera and a mixture of viscera and head can be
used to substitute 25% of fishmeal protein with good growth and feed utilization efficiency comparable to
those fed fish meal based diets. Moreover, inclusion of tuna viscera at the stated level increases palatability
of thediets.

Key words : seafood processing by-products, fishmeal replacement, Asian seabass diet
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Table 1. Composition of thecontrol (diet 1) and experimental dietswith tunavisceral
meal, tunaviscer al hydrolysate, tunavisceraand head meal and tunaviscera
and head hydrolysate substituting 100% of fish meal protein

_ Diet
Ingredients (g/100 g)

1 5 10 15 20
Fish meal (63 % protein) 56 0 0 0 0
Tunavisceral meal - 58 - - -
Tunavisceral hydrolysate! - - 45 - -
Tunaviscera and head meal - - - 61 -
Tunaviscera and head hydrolysate! - - - - 49
Shrimp head mesal 11 11 11 11 11
Rice bran 11 11 11 11 11
Fish ail 4 2 7 4 7
Vitamin premix? 12 12 12 12 12
Minera premix3 4 4 4 4 4
BHT 0.02 0.02 0.02 0.02 0.02
Tapioca starch 3 3 3 3 3
Rice flour 4,70 4.80 6.70 4.28 7.5
Ground rice hull 5.08 4.98 11.08 0.50 6.28
Proximate composition®
Protein 42.48 43.23 42.97 42.67 42,55
Lipid 12.10 11.93 11.11 12.79 13.59
Carbohydrate 25.56 27.83 32.58 22.55 30.42
Ash 19.86 17.01 13.34 21.99 13.44
Gross energy® (cal ories/100g) 408.61 40851 406.28 408.11 408.64

! Dehydrated products

2Vitamin premix (mg/kg of diet) : Thiamin HCI 60, Riboflavin 100, Pyridoxine HCI 40, Choline
chloride 5,000, Niacin 400, Ca-Pantothenate 100, Ascor bic acid 500, Inositol 2,000, Biotin 6, Folic
acid 15, Vitamin B, 0.1, Menadione 50, Tocopherol acetate 100, Vitamin AD, (500 1U of A+100

IU of D,/mg) 8.

#Mineral premix (g/ kg of diet) : CaHPO, 8, NaH PO, 2H,0 15, KH,PO, 10, KCI 5.

4From proximate analysis

5 Calculated values (calories/100g) using caloric valuesfor protein, lipid and carbohydrate

according to NRC (1993)
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Table 2. Proximate compositionl (% dry matter basis), yields and amino acid composition (% as-
fed basis) of seafood processing by-products after processing into meal and hydrolysate

Meal Hydrolysate
Tunaviscera Tunahead P.monodon Tunaviscera Tunahead P.monodon Fish meal®
head head

Proximate composition

Protein 63.99+0.617 47.10+0.23° 34.61+0.31° 86.56+0.26*° 77.81+0.97° 82.06+0.46°

Lipid 25.70+0.422 28.54+1.43* 26.07+1.50° 2.52+0.07° 5.56+0.41° 8.21+0.472
Ash 4.62+0.77° 21.31+0.18° 34.84+0.28% 7.66+0.07¢ 12.73+0.06® 8.35+0.21°

Moisture? 6.01£0.28° 5.35+0.572 4.66+0.572 93.14 £0.47% 92.04+0.64* 94.27+0.04%
Yield 12.60+0.14> 24.60+0.14* 13.20+0.42° 20.10+0.14* 17.20+0.28°> 10.00+0.28°

Essential amino acid

Arginine 532 291 217 4.04 3.53 3.38 3.40
Histidine 2.02 1.74 1.69 1.93 2.26 2.06 1.21
Isoleucine 2.04 1.49 1.33 2.20 1.59 2.30 2.50
Leucine 3.35 2.67 1.79 3.36 2.90 3.37 4,05
Lysine 2.14 1.82 0.63 2.33 2.63 2.16 4.00
Phenylalanine 2.79 2.35 2.67 2.80 2.26 3.30 nr
Threonine 2.43 1.95 1.48 2.59 2.18 2.38 2.29
Valine 2.30 1.75 1.43 2.52 1.94 2.67 2.85
Non-essential amino acid
Alanine 2.37 2.37 1.49 2.49 2.84 3.59 nr
Aspartic acid 2.49 3.15 1.73 3.18 2.95 2.92 nr
Glycine 2.67 3.15 2.09 2.85 3.20 3.50 4,00
Glutamic acid 3.88 4.25 2.96 4.85 5.09 6.29 nr
Proline 1.99 2.07 1.49 2.22 1.93 2.83 nr
Serine 2.13 1.71 1.22 2.39 1.68 1.69 nr
Tyrosine 2.68 2.03 2.33 2.22 1.88 2.44 nr
Total EAA 22.39 16.77 13.29 21.75 19.29 21.62
Total NEAA 18.17 18.72 13.31 20.20 19.57 23.21

1Values are means+SD of threereplicates, means within the samerow under the same product sharing the same
superscript are not significantly different (p>0.05)

2Hydrolysate moistureis of products before dehydration,

8 The Thai Fishmeal ProducersAssociation (2544), nr = noreport
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Table 3. Essential amino acid composition of diets (% of protein) with tunavisceral meal, tuna viscer al
hydrolysate, tuna viscera and head meal and tuna viscera and head hydrolysate replacing

fish meal at different levels

Essential  Fishmeal
amino acid based

Tuna visceral meal

Tuna visceral hydrolysate

Tunavisceraand
head hydrolysate

Tuna viscera and head meal

diet*

0% 25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%
Arginine 232 258 279 306 341 223 217 208 199 248 269 285 301 220 208 201 1.89
Histidine 0.83 094 1.03 115 130 085 089 092 095 094 108 120 131 088 0.95 103 111
Isoleucine 1.70 160 1.48 138 131 154 141 125 108 159 149 137 125 155 138 125 1.07
Leucine 276 260 241 225 215 248 224 195 165 259 246 229 212 251 223 202 172
Lysine 273 239 202 168 137 233 197 157 114 239 207 172 138 239 201 172 131
Threonine 156 156 153 152 155 148 143 135 127 155 156 155 154 150 143 139 132
Valine 194 182 168 156 147 176 161 143 124 183 175 164 153 177 158 145 125

* Amino acid composition of fish meal reported by The Thai Fishmeal Producer s Association (2544) was used to calculate the levelsin
experimental diets. Methionine, phenylalanineand tryptophan were absent from the report, therefore they were not calculated.
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Figure 1. Average body weight measured every two weeks for 10 weeks of seabass fed diet
with tuna viscera (A) and a mixture of tuna viscera and head (B) either as meal
and hydrolysate substituted for fishmeal at different levels.
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Table 4. Average final weight, weight gain (%) and specific growth rate (SGR) of
seabass fed diets with tuna processing by-products processed into meal
and hydrolysatereplacing fishmeal at different levelst

Tunaby-  Product Replacement  Final weight Weight gain SGR
products? type? level (%) (gffish) (%)* (%/day)®
1 1 0 19.94+1.73 492.92+459.33  2.12+0.12
1 1 25 19.72+1.96 483.21+44.16  2.10+0.09
1 1 50 16.99+1.59 412.00+£50.03  1.94+0.12
1 1 75 15.42+1.80 359.53+53.41  1.81+0.14
1 1 100 14.68+1.24 338.95+40.37  1.76+0.11
1 2 0 19.94+1.73 492.92+459.33  2.12+0.12
1 2 25 19.84+1.47 496.81+39.89  2.13+0.08
1 2 50 17.92+0.47 448.05+13.27  2.02+0.03
1 2 75 12.87+0.90 297.13+39.45 1.64+0.11
1 2 100 9.13+0.75 178.38+32.67 1.21+0.14
2 1 0 19.94+1.73 492.92+459.33  2.12+0.12
2 1 25 17.68+0.34 425.61+12.30  1.98+0.03
2 1 50 14.96+0.58 348.43+20.06  1.78+0.06
2 1 75 14.95+0.96 352.96+37.53  1.80+0.10
2 1 100 11.90+0.89 260.75£29.68  1.53+0.10
2 2 0 19.94+1.73 492.92+459.33  2.12+0.12
2 2 25 17.60+1.04 430.09+27.25  1.98+0.06
2 2 50 14.86+0.49 351.33+21.46  1.79+0.06
2 2 75 11.72+1.20 253.95+35.71  1.50+0.12
2 2 100 8.86+0.35 165.52+12.83  1.16+0.06
ANOVA P>F
Tuna by-products (B) 0.0001 0.0002 0.0001
Product types (P) 0.0002 0.0014 0.0001
Replacement level (L) 0.009 0.0001 0.0001
B*P 0.825 0.898 0.876
B*L 0.122 0.15 0.175
P+L 0.0001 0.0001 0.0001
B*P*L 0.469 0.551 0.408

Walues are means = SD of threereplicates

21 =Tunaviscera; 2=Tunavisceraand head (2:1)

%1 =Meal; 2=Hydrolysate

“Weight gain (%) = [Final weight (g/fish) - Initial weight (g/fish)] x 100/ I nitial weight (g/fish)
®Specific growth rate = (In w,-In w,)x100/days, w, = initial weight, w, = final weight
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Figure2. Mean final weight and specific growth rate of seabass fed diets with tuna viscera
and a mixture of tuna viscera and head replacing fish meal, meansunder the same
parameter with different lettersare significantly different (p<0.05)

Table 5. Interaction between product types and replacement levels on aver age final
weight, weight gain (%) and specific growth rate of seabass fed dietswith
tuna processing by-productst

Product Replacement  Final weight Weight gain Specific growth rate

type? level (%) (gffish) (%) (%/day)*
1 0 19.94+155  492.92+53.07° 2.1240.10°
1 25 18.70+1.68  454.41+42.85% 2.04+0.00%
1 50 15.98+154°  380.22+48.7%F 1.86£0.12°
1 75 1519+1.32%°  356.25+41.44 1.80+0.11°
1 100 1320+1.80°  299.85+53.28% 1.65:0.167
2 0 19.94+155  492.92+53.07° 2.1240.10°
2 25 18.73t1.67°  463.45+47.63* 2.06£0.10°
2 50 16.39+1.73°  399.69+55.33% 1.91+0.13*
2 75 12.20+1.14°  275.54+41.13° 1.57+0.13°
2 100 8.90+1.74°  171.95+23.29 1.18+0.10°

*Values are means + SD of three replicates, means within the same column sharing the same
superscripts are not significantly different (p>0.05)

21 =Meal ; 2=Hydrolysate

3Weight gain (%) = [Final weight (g/fish) - Initial weight (g/fish)] x 100/ Initial weight (g/fish)

* Specific growth rate = (In w,-In w )x100/days; w, = initial weight, w, = final weight
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Figure 3. Regression of specific growth rate of seabassfed diets containing increasing levels
of tuna by-products substituted for fishmeal; @ representsvisceral meal, m visceral
hydrolysate, a viscera and head meal, X viscera and head hydrolysate
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Table 6. Average feed intake, feed conversion

ratio (FCR) and productive protein value (PPV)

of seabass fed dietswith tuna processing by-products processed into meal and hydro-

lysate replacing fishmeal at different levelsl
Tunaby-  Product Replacement Feed intake FCR* PPV? Survival
products? type? level (%) (gffish) (%) (%) (%)

1 1 0 15.79+£0.22 0.96+0.11 38.64+4.75  93.33+6.67
1 1 25 20.21+142  1.24+0.08 29.73+1.93 88.89+3.85
1 1 50 15.69+6.12 1.13+0.36 32.58+9.62  88.89+3.85
1 1 75 13.86x2.69 1.15+0.13 31.06+3.85 93.33+6.67
1 1 100 20.00£095 1.78+0.26  19.98+2.82  88.89+3.85
1 2 0 15.79+£0.22 0.96+0.11 38.64+4.75  93.33+6.67
1 2 25 18.42+0.57 1.12+0.07 33.61+2.07 88.89+3.85
1 2 50 13.27£1.90 0.91+0.15 39.29+6.29  93.33+6.67
1 2 75 10.12+1.12  1.06x0.15 36.27+4.92  93.33+6.67
1 2 100 482+0.74 0.83x0.09 3297+4.03 88.89+3.85
2 1 0 15.79+£0.22 0.96+0.11 38.64+4.75  93.33+6.67
2 1 25 13.40+£3.90 0.94+0.28 40.40+10.94 93.33+6.67
2 1 50 12.49+1.77 1.07£0.11  33.34+3.15 88.89+3.85
2 1 75 15.36x1.67 1.32+0.10 27.73+2.34 91.11+3.85
2 1 100 14.26x2.39 1.69+0.45 22.14+6.55  86.67+0.00
2 2 0 15.79+£0.22 0.96+0.11 38.64+4.75  93.33+6.67
2 2 25 15.15+0.98 1.07+£0.12  37.28+3.77 88.89+3.85
2 2 50 11.20+1.39 0.97+0.09 39.66+x3.59  93.33+6.67
2 2 75 11444294  1.35+0.22 27.37x4.44  88.89+3.85
2 2 100 7.87£1.50 1.42+0.16 24.06+2.74  91.11+3.85

ANOVA P>F

Tuna by-products (B) 0.01 0.230 0.793 0.865

Product types (P) 0.0001 0.002 0.015 0.510

Replacement level (L) 0.0001 0.0001 0.077 0.267

B*P 0.023 0.023 0.0001 0.865

B*L 0.009 0.047 0.036 0.757

P L 0.0001 0.001 0.264 0.500

B*P*L 0.083 0.226 0.649 0.861

1Valuesaremeans+ SD of threereplicates
21=Tunaviscera; 2=Tunavisceraand head (2:1)
31=Meal; 2=Hydrolysate

“Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
SProductive protein value = Protein gain (g/fish) / Protein intake (g/fish)
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g 1l [ 1 o aa
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Table 7. Interaction between tuna by-products used as fishmeal replacer
and replacement levels on aver age feed intake, feed conversion
ratio (FCR) and productive protein value (PPV) of seabass!

Tunaby- Replacement Feed intake FCR? PPV*

products’ level (%) (g/fish) (%)
1 0 15.79+0.20® 0.96+0.107 38.64+4.257
1 25 19.32+1.38* 1.18+0.10%*  31.67+2.78*
1 50 14.48+4.26° 1.02+0.28* 35.94+8.15°
1 75 11.99+2.75° 1.11+0.13*  33.67+4.88®
1 100 12.41+8.35 1.31+0.55  26.47+7.77*
2 0 15.79+0.20* 0.96+0.107 38.64+4.257
2 25 14.28+2.71° 1.00+0.20° 38.84+7.522
2 50 11.85+1.59° 1.02+0.10* 36.50+4.59°
2 75 13.40+3.03° 1.33+0.15% 27.55+£3.18
2 100 11.07£3.93 1.56+0.33¢ 23.10+4.61°

!Values are means + SD of three replicates, means within the same column sharing the
same super scriptsare not significantly different (p>0.05)

21 =Tunaviscera; 2=Tunavisceraand head (2:1)

3Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
4Productive protein value = Protein gain (g/fish) / Protein intake (g/fish)

Table 8. Interaction between product types and replacement
levels on average feed intake and feed conversion
ratio (FCR) of seabass

Product type? Replacement Feed intake FCR3
level (%) (gffish)
1 0 15.79+0.207 0.96+0.107
1 25 16.81+4.56* 1.09+0.25°
1 50 14.09+4.39® 1.10+0.24°
1 75 14.61+2.16% 1.24+0.14°
1 100 17.13+3.542 1.74+0.33°
2 0 15.79+0.207 0.96+0.107
2 25 16.79+1.932 1.10+0.09?
2 50 12.24+1.87* 0.94+0.122
2 75 10.78+2.11° 1.21+0.23?
2 100 6.35+1.98¢ 1.12+0.35°

1Valuesare means + SD of threereplicates, meanswithin the same
column sharing the same super scripts are not significantly different
(p>0.05)

21 =Meal ; 2=Hydrolysate

3Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
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