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Seafood processing by-products  as fishmeal replacer in diets for Asian seabass
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Songklanakarin J. Sci. Technol., 2007, 29(5) : 1321-1340

The study consisted of two experiments, Experiment 1, selection of seafood processing by-products
as protein sources in aquatic animal diets and Experiment 2, substitution of fish meal by seafood processing
by-products in 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 average initial 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 tuna viscera and tuna head at 75 and 100% substitution were significantly 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 the diets.

Key words : seafood processing by-products, fishmeal replacement, Asian seabass diet
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°“√„™âÕ“À“√‰¡à·µ°µà“ß®“°Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—° ‚¥¬‡§√◊ËÕß„πª≈“∑Ÿπà“¡’º≈°√–µÿâπ„Àâª≈“°‘π

Õ“À“√¡“°¢÷ÈπÕ’°¥â«¬
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and bone meal) ·≈–«— ¥ÿ‡»…‡À≈◊Õ®“°°“√·ª√√Ÿª‰°à
(poultry by-product meal) ∑¥·∑πª≈“ªÉπ (Bureau et
al., 1999)  ”À√—∫„πª≈“π‘≈ El-Sayed (1998) æ∫«à“
‡π◊ÈÕ·≈–°√–¥Ÿ°ªÉπ ·≈–º≈æ≈Õ¬‰¥â®“° —µ«åªï°ªÉπ “¡“√∂
„™â∑¥·∑πª≈“ªÉπ‰¥â∑—ÈßÀ¡¥ (100%)  πÕ°®“°π’È Stone
·≈–§≥– (2000) æ∫«à“  “¡“√∂„™â‡π◊ÈÕªÉπ·∑π∑’Ëª≈“ªÉπ‰¥â
∂÷ß 50% „πÕ“À“√ª≈“ Silver perch ·≈– “¡“√∂∑¥·∑π
ª≈“ªÉπ‰¥â∫“ß à«π„πÕ“À“√ ”À√—∫ª≈“°–æß¢“«   ª≈“
gilthead sea bream  ª≈“ yellowtail  ·≈–ª≈“ rainbow
trout

ª√–‡∑»‰∑¬¡’°“√º≈‘µÕ“À“√∑–‡≈∑—Èß‡æ◊ËÕ°“√ àßÕÕ°
·≈–°“√∫√‘‚¿§„πª√–‡∑»„πª√‘¡“≥ Ÿß ‚¥¬„πªï æ.». 2549
ª√–‡∑»‰∑¬¡’°“√ àßÕÕ° ‘π§â“ª√–¡ß„π°≈ÿà¡°ÿâß ª≈“ ·≈–
ª≈“À¡÷°·ª√√Ÿªª√–¡“≥ 971,477 µ—π ¡Ÿ≈§à“ 128,967
≈â“π∫“∑ ( ¡“§¡Õ“À“√·™à‡¬◊Õ°·¢Áß‰∑¬, 2550) ‚¥¬°“√
º≈‘µ·≈– àßÕÕ°ª≈“∑Ÿπà“∫√√®ÿ°√–ªÜÕß„πªï æ.». 2548 ¡’
ª√‘¡“≥ 373,981 µ—π ¡Ÿ≈§à“ 36,367 ≈â“π∫“∑ ( ”π—°
∫√‘À“√°“√π”‡¢â“ àßÕÕ° ‘π§â“∑—Ë«‰ª, 2550)  ”À√—∫º≈‘µ¿—≥±å
°ÿâß „πªï æ.». 2548 ¡’ª√‘¡“≥ 275,086 µ—π ¡Ÿ≈§à“ 70,260
≈â“π∫“∑  ·≈–„πªï æ.». 2549 ¡’ª√‘¡“≥‡æ‘Ë¡ Ÿß¢÷Èπ‡ªìπ
305,806 µ—π ¡Ÿ≈§à“ 76,035 ≈â“π∫“∑ ( ¡“§¡Õ“À“√·™à
‡¬◊Õ°·¢Áß‰∑¬, 2550) ®“°·π«‚πâ¡°“√¢¬“¬µ—«¢ÕßÕÿµ-
 “À°√√¡·ª√√Ÿª —µ«åπÈ” ∑—Èßª≈“∑Ÿπà“∫√√®ÿ°√–ªÜÕß ·≈–
º≈‘µ¿—≥±å°ÿâß∑’Ë‡æ‘Ë¡¢÷Èπ  àßº≈∑”„Àâª√‘¡“≥¢Õß«— ¥ÿ‡»…‡À≈◊Õ
‡æ‘Ë¡¡“°¢÷Èπ ‡π◊ËÕß®“°¢—ÈπµÕπ°“√·ª√√Ÿªª≈“¡’«— ¥ÿ‡»…‡À≈◊Õ
µà“ßÊ ‰¥â·°à À—«ª≈“ ‡§√◊ËÕß„πª≈“ °√–¥Ÿ° Àπ—ß·≈–‡»…
‡π◊ÈÕ¥” ª√–¡“≥√âÕ¬≈– 25-30 ¢Õß«—µ∂ÿ¥‘∫∑—ÈßÀ¡¥‚¥¬‡ªìπ
À—«·≈–‡§√◊ËÕß„πª√–¡“≥√âÕ¬≈– 10 (Õ“√¬“, 2536)  „π
¢≥–∑’ËÕÿµ “À°√√¡°ÿâß·™à‡¬◊Õ°·¢Áß°àÕ„Àâ‡°‘¥«— ¥ÿ‡»…‡À≈◊Õ
ª√–¡“≥√âÕ¬≈– 37 ‚¥¬¡’À—«°ÿâß‡ªìπÕß§åª√–°Õ∫À≈—°
(Bhuwapathapun, 1996 Õâ“ß‚¥¬ ‰µ√µ–«—π, 2542) «— ¥ÿ
‡»…‡À≈◊Õ‡À≈à“π’Èª√–°Õ∫¥â«¬‚ª√µ’π·≈–°√¥Õ–¡‘‚π®”‡ªìπ
„πª√‘¡“≥ Ÿß (Shahidi et al., 1995) ®÷ß¡’»—°¬¿“æ„π°“√
‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“‰¥â ´÷Ëß‡ªìπÕ’°
·π«∑“ßÀπ÷Ëß„π°“√„™âª√–‚¬™πå®“°«— ¥ÿ‡»…‡À≈◊Õ®“°‚√ßß“π
Õÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ” Õ—π°àÕ„Àâ‡°‘¥°“√„™â∑√—æ¬“°√
Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥ ·≈–‡ªìπ·π«∑“ß„π°“√≈¥µâπ∑ÿπ
°“√º≈‘µª≈“°–æß¢“«¢Õß‡°…µ√°√µàÕ‰ª

°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“™π‘¥·≈–
º≈‘µ¿—≥±å ·≈–√–¥—∫∑’Ë‡À¡“– ¡¢Õß«— ¥ÿ‡»…‡À≈◊Õ®“°
‚√ßß“πÕÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ”„π°“√π”¡“„™â‡ªìπ·À≈àß
‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“°–æß¢“«

«‘∏’°“√»÷°…“

1. °“√§—¥‡≈◊Õ°«— ¥ÿ‡»…‡À≈◊Õ®“°‚√ßß“πÕÿµ “À°√√¡

·ª√√Ÿª —µ«åπÈ”„π°“√π”‰ª„™â∑¥·∑πª≈“ªÉπ

1.1 «—µ∂ÿ¥‘∫

«— ¥ÿ‡»…‡À≈◊Õ®“°‚√ßß“πÕÿµ “À°√√¡·ª√√Ÿª
 —µ«åπÈ”∑’Ë„™â„π°“√»÷°…“ ‰¥â·°à À—«ª≈“∑Ÿπà“ ‡§√◊ËÕß„π√«¡
ª≈“∑Ÿπà“ (®“°∫√‘…—∑∑√Õªî§Õ≈·§ππ‘Ëß ®”°—¥ ®. ß¢≈“) ·≈–
À—«°ÿâß°ÿ≈“¥” (®“°∫√‘…—∑ÀâÕß‡¬Áπ‚™µ‘«—≤πå ®”°—¥ ®. ß¢≈“)
‚¥¬π”«—µ∂ÿ¥‘∫¡“≈â“ß∑”§«“¡ –Õ“¥ ∑”„Àâ –‡¥Á¥πÈ” ∫√√®ÿ
„π∂ÿß‚æ≈’‡Õ∑‘≈’π∂ÿß≈– 1 °°. π”‰ª·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ -20oC
«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß«—µ∂ÿ¥‘∫∑—Èß 3 ™π‘¥ ª√–°Õ∫
¥â«¬ §«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π·≈–‡∂â“ µ“¡«‘∏’¢Õß AOAC
(1980)

1.2 °“√‡µ√’¬¡‡»…‡À≈◊ÕªÉπ

π”«—µ∂ÿ¥‘∫·µà≈–™π‘¥¡“∫¥„Àâ≈–‡Õ’¬¥‚¥¬„™â
‡§√◊ËÕß∫¥‡π◊ÈÕ π”‰ªπ÷Ëß„Àâ ÿ°∑’ËÕÿ≥À¿Ÿ¡‘ 85-90oC ‡ªìπ‡«≈“
15 π“∑’ ®“°π—Èππ”‰ªÀ¡ÿπ‡À«’Ë¬ß¥â«¬‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß‡æ◊ËÕ
·¬°‡Õ“πÈ”ÕÕ°·≈–∑”„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60-70oC ‡ªìπ‡«≈“
4-6  ™—Ë«‚¡ß π”¡“∫¥„Àâ≈–‡Õ’¬¥ ·≈â«®÷ß‡°Á∫„ à∂ÿßæ≈“ µ‘°
·≈–π”‰ª‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20oC

1.3 °“√‡µ√’¬¡‚ª√µ’π‰Œ‚¥√‰≈‡ µ

π”«—µ∂ÿ¥‘∫·µà≈–™π‘¥¡“∫¥„Àâ≈–‡Õ’¬¥¥â«¬‡§√◊ËÕß
∫¥‡π◊ÈÕ π”¡“º ¡°—∫ “√≈–≈“¬∫—ø‡øÕ√å„πÕ—µ√“ à«π 1:1
(∑√‘ ‰Œ‚¥√§≈Õ‰√¥å∫—æ‡øÕ√å‡¢â¡¢âπ 0.2 ‚¡≈“√å) ª√—∫æ’‡Õ™
„Àâ‡∑à“°—∫ 8.0 ®“°π—Èπ‡µ‘¡‡Õπ‰´¡åÕ—≈§“‡≈  1.5% ¢Õß
ª√‘¡“≥‚ª√µ’π„πµ—«Õ¬à“ß π”‰ª¬àÕ¬ ≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 60oC
¥â«¬‡§√◊ËÕß‡¢¬à“·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ·≈â«
À¬ÿ¥°“√¬àÕ¬ ≈“¬∑’ËÕÿ≥À¿Ÿ¡‘ 90oC ‡ªìπ‡«≈“ 2 π“∑’ π”‰ª
À¡ÿπ‡À«’Ë¬ß¥â«¬‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë
§«“¡‡√Á« 10,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 15 π“∑’  π”‰ª¥÷ß
πÈ”ÕÕ°¥â«¬‡§√◊ËÕß√–‡À¬·∫∫ ÿ≠≠“°“»®πº≈‘µ¿—≥±å∑’Ë‰¥â¡’
≈—°…≥–¢âπ·≈â«®÷ß‡°Á∫„ à∂ÿßæ≈“ µ‘°·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘
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°“√„™â«— ¥ÿ‡»…‡À≈◊Õ‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“°–æß¢“«

™ÿµ‘¡“  µ—πµ‘°‘µµ‘ ·≈–§≥–1325

-20oC
1.4 °“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’

π”µ—«Õ¬à“ß‡»…‡À≈◊ÕªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ
‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’ (AOAC, 1980)  ”À√—∫
Õß§åª√–°Õ∫°√¥Õ–¡‘‚π  àß«‘‡§√“–Àå∑’Ë»Ÿπ¬å‡§√◊ËÕß¡◊Õ°≈“ß
§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈

1.5 °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

π”¢âÕ¡Ÿ≈¡“À“§à“‡©≈’Ë¬ ·≈–«‘‡§√“–Àå§«“¡‡‡ª√-
ª√«π¢Õß¢âÕ¡Ÿ≈ (analysis of variance) ·≈–‡ª√’¬∫‡∑’¬∫
À“§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬«‘∏’ Duncan's New
Multiple Range Test

1.6 °“√§—¥‡≈◊Õ°«—µ∂ÿ¥‘∫‡æ◊ËÕπ”‰ª„™â·∑π∑’Ëª≈“ªÉπ

§—¥‡≈◊Õ°«—µ∂ÿ¥‘∫∑’Ë¡’§ÿ≥¿“æ¥’≈”¥—∫∑’Ë 1 ·≈– 2
‡æ◊ËÕπ”‰ª„™â‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„π°“√∑¥≈Õß∑’Ë
2 ‚¥¬æ‘®“√≥“®“°Õß§åª√–°Õ∫∑“ß‡§¡’ Õß§åª√–°Õ∫°√¥
Õ–¡‘‚π ·≈–ª√‘¡“≥º≈º≈‘µ ´÷Ëß‡»…‡À≈◊ÕªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ∑’Ë¡’§ÿ≥¿“æ¥’≈”¥—∫∑’Ë 1 ‡ªìπº≈‘µ¿—≥±å®“°
‡§√◊ËÕß„πª≈“∑Ÿπà“ ‚¥¬®–π”‰ª„™â‡ªìπ·À≈àß‚ª√µ’π™π‘¥∑’Ë 1
 ”À√—∫«—µ∂ÿ¥‘∫∑’Ë¡’§ÿ≥¿“æ≈”¥—∫∑’Ë 2 ‰¥â·°à À—«ª≈“∑Ÿπà“ ´÷Ëß
®–π”‰ª„™â‡ªìπ à«πº ¡°—∫‡§√◊ËÕß„πª≈“∑Ÿπà“„πÕ—µ√“ à«π
‡§√◊ËÕß„π 2  à«π : À—«ª≈“ 1  à«π „π°“√º≈‘µ·À≈àß‚ª√µ’π
™π‘¥∑’Ë 2

2. °“√»÷°…“°“√·∑π∑’Ëª≈“ªÉπ¥â«¬«— ¥ÿ‡»…‡À≈◊Õ„πÕ“À“√

ª≈“°–æß¢“«

2.1 °“√«“ß·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫ 2x2x5 ·ø§µÕ‡√’¬≈
‚¥¬„™â·ºπ°“√ ÿà¡∫√‘∫Ÿ√≥å (CRD) ª√–°Õ∫¥â«¬ 3 ªí®®—¬
§◊Õ ™π‘¥¢Õß«—µ∂ÿ¥‘∫ 2 ™π‘¥ ‰¥â·°à ‡§√◊ËÕß„πª≈“∑Ÿπà“ ·≈–
 à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“  ™π‘¥¢Õßº≈‘µ¿—≥±å
2 ™π‘¥ ‰¥â·°à ‡»…‡À≈◊ÕªÉπ ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ ·≈–
√–¥—∫°“√·∑π∑’Ë„πÕ“À“√ 5 √–¥—∫ §◊Õ 0, 25, 50, 75 ·≈–
100% ‚¥¬„π·µà≈–™ÿ¥°“√∑¥≈Õß¡’ 3 ´È”

2.2 °“√‡µ√’¬¡‡»…‡À≈◊ÕªÉπ·≈–‚ª√µ’π‰Œ‚¥√-

‰≈‡ µ

‡µ√’¬¡º≈‘µ¿—≥±åªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ
µ“¡«‘∏’„π¢âÕ 1.1, 1.2 ·≈– 1.3  ‚¥¬„™â«—µ∂ÿ¥‘∫ 2 ™π‘¥
™π‘¥∑’Ë 1 ‰¥â·°à ‡§√◊ËÕß„πª≈“∑Ÿπà“  ™π‘¥∑’Ë 2 ‰¥â·°à  à«π

º ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“„πÕ—µ√“ à«π 2:1  π”
º≈‘µ¿—≥±å∑’Ë‰¥â„ à∂ÿßæ≈“ µ‘°·≈–‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ -20oC
‡æ◊ËÕ√Õ°“√π”‰ªº ¡„πÕ“À“√

2.3 °“√‡µ√’¬¡Õ“À“√∑¥≈Õß

Õ“À“√∑’Ë„™â∑¥≈Õß‡ªìπÕ“À“√‡¡Á¥·Àâß  20  Ÿµ√
µ“¡·ºπ°“√∑¥≈Õß„π¢âÕ 2.1 ‚¥¬∑ÿ° Ÿµ√¡’√–¥—∫‚ª√µ’π
ª√–¡“≥ 40% ·≈–‰¢¡—πª√–¡“≥ 12% Õ“À“√ Ÿµ√§«∫§ÿ¡
( Ÿµ√∑’Ë 1, 6, 11 ·≈– 16) ¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°
Õ“À“√ Ÿµ√∑’Ë 2, 3, 4, 5 ¡’‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ·∑π∑’Ë
‚ª√µ’π®“°ª≈“ªÉπ  Õ“À“√ Ÿµ√∑’Ë 7, 8, 9, 10 ¡’‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ
Õ“À“√ Ÿµ√∑’Ë 12, 13, 14, 15 ¡’ à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“ªÉπ·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ  ·≈–Õ“À“√ Ÿµ√∑’Ë
17, 18, 19, 20 ¡’‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß
‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ∑’Ë√–¥—∫
25, 50, 75 ·≈– 100% ‚¥¬Õß§åª√–°Õ∫¢ÕßÕ“À“√ Ÿµ√
§«∫§ÿ¡·≈– Ÿµ√∑’Ë¡’°“√·∑π∑’Ë∑’Ë√–¥—∫ 100% ( Ÿµ√∑’Ë 5, 10,
15 ·≈– 20) · ¥ß„π Table 1

™—Ëß à«πª√–°Õ∫¢ÕßÕ“À“√·µà≈–™π‘¥·≈–º ¡
„Àâ‡¢â“°—π¥â«¬‡§√◊ËÕßº ¡Õ“À“√ (Hobart mixer)  Õ—¥‡¡Á¥
Õ“À“√„Àâ¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 2 ¡¡.  ∑”„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘
60oC ‡ªìπ‡«≈“ª√–¡“≥ 4 ™—Ë«‚¡ß π”‰ª∫√√®ÿ„π∂ÿßæ≈“ µ‘°
‚æ≈’‡Õ∑∏’≈’π·≈–‡°Á∫„π∂ÿß¥”‡æ◊ËÕªÑÕß°—π· ß ·≈–‡°Á∫√—°…“
∑’ËÕÿ≥À¿Ÿ¡‘ -20oC ‡æ◊ËÕ√Õ°“√„™âß“π π”Õ“À“√∑ÿ° Ÿµ√«‘‡§√“–Àå
 à«πª√–°Õ∫∑“ß‡§¡’µ“¡«‘∏’°“√¢Õß AOAC (1980)

2.4 °“√‡µ√’¬¡ª≈“∑¥≈Õß

Õπÿ∫“≈ª≈“°–æß¢“«πÈ”Àπ—°‡©≈’Ë¬ 0.5 °√—¡/µ—«
®”π«π  2,000 µ—« „π∂—ß‰ø‡∫Õ√å°≈“ ∑√ß°≈¡¢π“¥§«“¡®ÿ
1  µ—π  „ππÈ”§«“¡‡§Á¡ª√–¡“≥  28-30   à«π„πæ—π  ·≈–
„ÀâÕÕ°´‘‡®πµ≈Õ¥‡«≈“  ‚¥¬„ÀâÕ“À“√ ”‡√Á®√Ÿª‡ªìπ‡«≈“ 30
«—π  ‡æ◊ËÕΩñ°„Àâª≈“‡§¬™‘π°—∫Õ“À“√ ”‡√Á®√Ÿª ®“°π—Èπ§—¥ª≈“
∑’Ë¡’πÈ”Àπ—°‡©≈’Ë¬ª√–¡“≥ 3.0 °√—¡ ®”π«π 30 µ—« ¡“„ àµŸâ
∑¥≈Õß∑’Ë¡’§«“¡®ÿπÈ”ª√–¡“≥ 100 ≈‘µ√ ®”π«π 60 µŸâ ‡‡≈â«
Ωñ°„Àâª≈“§ÿâπ‡§¬°—∫ ¿“æ‡‡«¥≈âÕ¡·≈–Õ“À“√∑¥≈Õß ‚¥¬
„ÀâÕ“À“√®πª≈“Õ‘Ë¡«—π≈– 2 ¡◊ÈÕ  „™â‡«≈“ª√–¡“≥ 10 «—π
®“°π—Èπ§—¥ª≈“∑’Ë¡’¢π“¥„°≈â‡§’¬ß°—π„Àâ‡À≈◊Õ®”π«π 20 µ—«/
µŸâ  ™—ËßπÈ”Àπ—°‡√‘Ë¡µâπ‚¥¬™—ËßπÈ”Àπ—°√«¡ °àÕπ™—Ëß ≈∫ª≈“¥â«¬
2-phenoxyethanol (§«“¡‡¢â¡¢âπ 0.5 ¡≈./πÈ” 1 ≈‘µ√)
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·≈–‡°Á∫µ—«Õ¬à“ßª≈“®”π«π 50 µ—« ‡æ◊ËÕπ”¡“«‘‡§√“–Àå
Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“‡¡◊ËÕ‡√‘Ë¡°“√∑¥≈Õßµ“¡«‘∏’¢Õß
AOAC (1980)

2.5 √–∫∫‡≈’È¬ß

√–∫∫πÈ”‡ªìπ√–∫∫‡ªî¥ πÈ”¡’§«“¡‡§Á¡ 28-30
 à«π„πæ—π æ’‡Õ™ 7.80-8.45 ‚¥¬„ÀâÕÕ°´‘‡®πµ≈Õ¥‡«≈“
‡æ◊ËÕ„Àâ¡’ÕÕ°´‘‡®π≈–≈“¬„ππÈ”ª√–¡“≥ 6-7 ¡°./≈‘µ√ ∑”
§«“¡ –Õ“¥µŸâ∑¥≈Õß∑ÿ°«—π µ√«®«—¥§«“¡‡§Á¡¢ÕßπÈ”‚¥¬„™â
Refracto Salinometer §«“¡‡ªìπ°√¥-¥à“ß¥â«¬ pH meter

ª√‘¡“≥ÕÕ°´‘‡®π≈–≈“¬πÈ”‚¥¬ DO meter ∑ÿ°«—π  ‡°Á∫
µ—«Õ¬à“ßπÈ”‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥·Õ¡‚¡‡π’¬√«¡ µ“¡«‘∏’¢Õß
Strickland ·≈– Parsons (1972)  ∑ÿ° —ª¥“Àå

2.6 °“√»÷°…“°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ

°“√„™âÕ“À“√

„ÀâÕ“À“√µ“¡™ÿ¥°“√∑¥≈Õß·≈– È́”∑’Ë ÿà¡µ—«Õ¬à“ß
‰«â ‚¥¬„ÀâÕ“À“√®πÕ‘Ë¡«—π≈– 2 ¡◊ÈÕ ‡«≈“ 09.00 π. ·≈–
‡«≈“ 15.00 π. ‡ªìπ‡«≈“ 10  —ª¥“Àå ·≈–∫—π∑÷°πÈ”Àπ—°
Õ“À“√∑’Ë°‘π∑ÿ°«—π  √–À«à“ß°“√‡≈’È¬ß™—ËßπÈ”Àπ—°ª≈“∑ÿ° 2

Table 1. Composition of the control (diet 1) and experimental diets with tuna visceral
meal, tuna visceral hydrolysate, tuna viscera and head meal and tuna viscera
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
Tuna visceral meal - 58 - - -
Tuna visceral hydrolysate1 - - 45 - -
Tuna viscera and head meal - - - 61 -
Tuna viscera and head hydrolysate1 - - - - 49
Shrimp head meal 11 11 11 11 11
Rice bran 11 11 11 11 11
Fish oil 4 2 7 4 7
Vitamin premix2 1.2 1.2 1.2 1.2 1.2
Mineral 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 composition4

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 energy5 (calories/100g) 408.61 408.51 406.28 408.11 408.64

1 Dehydrated products
2 Vitamin premix (mg/kg of diet) : Thiamin HCI 60 , Riboflavin 100, Pyridoxine HCI 40, Choline
chloride 5,000, Niacin 400, Ca-Pantothenate 100, Ascorbic acid 500, Inositol 2,000, Biotin 6, Folic
acid 15, Vitamin B

12
 0.1, Menadione 50, Tocopherol acetate 100, Vitamin AD

3
 (500 IU of A+100

IU of D
3
/mg) 8.

3 Mineral premix (g/ kg of diet) : CaHPO
4
 8, NaH

2
PO

4
 2H

2
O 15, KH

2
PO

4
 10, KCI 5.

4 From proximate analysis
5 Calculated values (calories/100g) using caloric values for protein, lipid and carbohydrate
according to NRC (1993)
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°“√„™â«— ¥ÿ‡»…‡À≈◊Õ‡ªìπ·À≈àß‚ª√µ’π∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“°–æß¢“«

™ÿµ‘¡“  µ—πµ‘°‘µµ‘ ·≈–§≥–1327

 —ª¥“Àå  ¥â«¬‡§√◊ËÕß™—Ëß‰øøÑ“∑»π‘¬¡ 2 µ”·Àπàß  ‚¥¬™—Ëß
πÈ”Àπ—°√«¡¢Õßª≈“·µà≈–µŸâ „π™à«ß 2  —ª¥“Àå·√° ·≈–™—Ëß
πÈ”Àπ—°ª≈“·µà≈–µ—«„π·µà≈–µŸâ µ—Èß·µà —ª¥“Àå∑’Ë 4 ∂÷ß ‘Èπ ÿ¥
°“√∑¥≈Õß  —ß‡°µæƒµ‘°√√¡·≈–Õ“°“√º‘¥ª°µ‘¢Õßª≈“„π
·µà≈–µŸâ∑¥≈Õß∑ÿ°«—π À“°¡’Õ“°“√º‘¥ª°µ‘®–π”‰ªµ√«®‡™◊ÈÕ
·∫§∑’‡√’¬·≈–ª√ ‘µ ∫—π∑÷°®”π«πª≈“∑’Ëº‘¥ª°µ‘·≈–µ“¬„π
·µà≈–™ÿ¥°“√∑¥≈Õßµ≈Õ¥°“√»÷°…“

‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈Õß ™—ËßπÈ”Àπ—°ª≈“·µà≈–µ—«
„π·µà≈–µŸâ π—∫®”π«πª≈“∑’Ë‡À≈◊Õ·≈– —ß‡°µÕ“°“√ª≈“æ√âÕ¡
∑—Èß®¥∫—π∑÷° ·≈–‡°Á∫µ—«Õ¬à“ßª≈“®“°∑ÿ°™ÿ¥°“√∑¥≈Õß®”π«π
5 µ—«/µŸâ ‡æ◊ËÕπ”¡“«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’ (AOAC,
1980) π”¢âÕ¡Ÿ≈„π·µà≈–™ÿ¥°“√∑¥≈Õß¡“§”π«≥°“√√Õ¥µ“¬
(survival rate) ‡ªÕ√å‡´ÁπµåπÈ”Àπ—°ª≈“∑’Ë‡æ‘Ë¡ (% weight
gain) Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ (feed conversion
ratio, FCR) Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– (specific growth
rate, SGR) ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√ ·≈–‚ª√µ’π∑’Ëπ”‰ª
„™âª√–‚¬™πå (productive protein value, PPV) (Steffens,
1989)

2.7 °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

π”¢âÕ¡Ÿ≈°“√‡®√‘≠‡µ‘∫‚µ  Õ—µ√“°“√‡ª≈’Ë¬π
Õ“À“√‡ªìπ‡π◊ÈÕ ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ‡‡≈–‚ª√µ’π∑’Ëπ”
‰ª„™âª√–‚¬™πå ¡“À“§à“‡©≈’Ë¬ «‘‡§√“–Àå§«“¡‡‡ª√ª√«π¢Õß
¢âÕ¡Ÿ≈ (Analysis of Variance) ·≈–‡ª√’¬∫‡∑’¬∫À“§«“¡
·µ°µà“ß¢Õß§à“‡©≈’Ë¬¥â«¬ Duncan's New Multiple Range
Test

º≈°“√»÷°…“

1. «— ¥ÿ‡»…‡À≈◊Õ®“°‚√ßß“πÕÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ”

∑’Ë‡À¡“– ¡„π°“√π”‰ª„™â∑¥·∑πª≈“ªÉπ

‡§√◊ËÕß„πª≈“∑Ÿπà“ À—«ª≈“∑Ÿπà“ ·≈–À—«°ÿâß°ÿ≈“¥” ∑’Ë
π”¡“‡ªìπ«—µ∂ÿ¥‘∫„π°“√»÷°…“¡’Õß§åª√–°Õ∫∑“ß‡§¡’‚¥¬
πÈ”Àπ—°·Àâß §◊Õ ª√‘¡“≥‚ª√µ’π ‡∑à“°—∫ 56.24  42.90 ·≈–
53.35%  ª√‘¡“≥‰¢¡—π ‡∑à“°—∫ 26.33  35.89 ·≈–
10.71%  ·≈–ª√‘¡“≥‡∂â“ ‡∑à“°—∫ 10.94  17.95  ·≈–
29.54% µ“¡≈”¥—∫

1.1 Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«— ¥ÿ‡»…‡À≈◊ÕªÉπ

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß«— ¥ÿ‡»…‡À≈◊ÕªÉπ∑’Ë

º≈‘µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“ À—«ª≈“∑Ÿπà“ ·≈–À—«°ÿâß°ÿ≈“¥” ¥—ß
· ¥ß„π Table 2 æ∫«à“ ‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ¡’ª√‘¡“≥
‚ª√µ’π Ÿß∑’Ë ÿ¥ (p<0.05) ‡∑à“°—∫ 63.99% √Õß≈ß¡“§◊Õ À—«
ª≈“∑Ÿπà“ªÉπ‡∑à“°—∫ 47.10% ·≈–À—«°ÿâß°ÿ≈“¥”ªÉπ¡’ª√‘¡“≥
‚ª√µ’πµË”∑’Ë ÿ¥‡∑à“°—∫ 34.61%   ”À√—∫ª√‘¡“≥‰¢¡—π æ∫«à“
À—«ª≈“∑Ÿπà“ªÉπ¡’ª√‘¡“≥‰¢¡—π Ÿß ÿ¥ (p<0.05) ‡∑à“°—∫
28.54% ¢≥–∑’Ë‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ·≈–À—«°ÿâß°ÿ≈“¥”ªÉπ¡’
ª√‘¡“≥‰¢¡—π‰¡à·µ°µà“ß°—π   à«πª√‘¡“≥‡∂â“ æ∫«à“À—«°ÿâß
°ÿ≈“¥”ªÉπ¡’ª√‘¡“≥‡∂â“ Ÿß ÿ¥ (p<0.05) ‡∑à“°—∫ 34.84%
√Õß≈ß¡“§◊Õ À—«ª≈“∑Ÿπà“ªÉπ‡∑à“°—∫ 21.31% ·≈–‡§√◊ËÕß„π
ª≈“∑Ÿπà“ªÉπ¡’ª√‘¡“≥‡∂â“µË”∑’Ë ÿ¥‡∑à“°—∫ 4.62%

1.2 Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‚ª√µ’π‰Œ‚¥√‰≈‡ µ

Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑’Ë
º≈‘µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“ À—«ª≈“∑Ÿπà“ ·≈–À—«°ÿâß°ÿ≈“¥” ¥—ß
· ¥ß„π Table 2 æ∫«à“‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“
¡’ª√‘¡“≥‚ª√µ’π Ÿß∑’Ë ÿ¥ (p<0.05) ‡∑à“°—∫ 86.56%  √Õß
≈ß¡“§◊Õ‰Œ‚¥√‰≈‡ µ®“°À—«°ÿâß°ÿ≈“¥”‡∑à“°—∫ 82.06% ·≈–
À—«ª≈“∑Ÿπà“¡’ª√‘¡“≥‚ª√µ’πµË” ÿ¥∑à“°—∫ 77.81%  ª√‘¡“≥
‰¢¡—π æ∫«à“‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°À—«°ÿâß°ÿ≈“¥”¡’ª√‘¡“≥
‰¢¡—π Ÿß ÿ¥ (p<0.05) ‡∑à“°—∫ 8.21% ·≈–‡§√◊ËÕß„πª≈“
∑Ÿπà“¡’ª√‘¡“≥‰¢¡—πµË”∑’Ë ÿ¥‡∑à“°—∫  2.52%   à«πª√‘¡“≥‡∂â“
æ∫«à“‰Œ‚¥√‰≈‡ µ®“°À—«ª≈“∑Ÿπà“¡’ª√‘¡“≥ Ÿß ÿ¥ (p<0.05)
‡∑à“°—∫ 12.73%  ·≈–‰Œ‚¥√‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“¡’
ª√‘¡“≥‡∂â“µË”∑’Ë ÿ¥‡∑à“°—∫ 7.66%

1.3 ª√‘¡“≥º≈º≈‘µ¢Õß«— ¥ÿ‡»…‡À≈◊ÕªÉπ·≈–

‚ª√µ’π‰Œ‚¥√‰≈‡ µ

ª√‘¡“≥º≈º≈‘µ¢Õß‡»…‡À≈◊ÕªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ∑’Ë‰¥â®“°‡§√◊ËÕß„πª≈“∑Ÿπà“ À—«ª≈“∑Ÿπà“ ·≈–À—«
°ÿâß°ÿ≈“¥”¥—ß„π Table 2 æ∫«à“À—«ª≈“∑Ÿπà“‡ªìπº≈‘µ¿—≥±å
ªÉπ∑’Ë¡’º≈º≈‘µ Ÿß∑’Ë ÿ¥ (p<0.05)   à«πº≈‘µ¿—≥±å‚ª√µ’π
‰Œ‚¥√‰≈‡ µæ∫«à“‡§√◊ËÕß„πª≈“∑Ÿπà“„Àâª√‘¡“≥º≈º≈‘µ Ÿß°«à“
À—«ª≈“∑Ÿπà“·≈–À—«°ÿâß°ÿ≈“¥” (p<0.05)

1.4 Õß§åª√–°Õ∫°√¥Õ–¡‘‚π¢Õß«— ¥ÿ‡»…‡À≈◊Õ

ªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ

Õß§åª√–°Õ∫°√¥Õ–¡‘‚π„π«— ¥ÿ‡»…‡À≈◊ÕªÉπ
·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ¥—ß„π Table 2 æ∫«à“‡§√◊ËÕß„πª≈“
∑Ÿπà“ªÉπ¡’°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ∑ÿ°™π‘¥„πª√‘¡“≥ Ÿß°«à“À—«ª≈“
∑Ÿπà“ªÉπ ·≈–À—«°ÿâßªÉπ ‚¥¬‡©æ“–Õ“√å®‘π’π¡’ª√‘¡“≥ Ÿß∂÷ß
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5.32% (as-fed basis) ·≈– Ÿß°«à“„πª≈“ªÉπ´÷Ëß¡’ª√‘¡“≥
‡æ’¬ß 3.4% πÕ°®“°π’ÈŒ’ µ‘¥’π·≈–∑√’‚Õπ’π°Á¡’ª√‘¡“≥ Ÿß
°«à“„πª≈“ªÉπ  ·µà‰Õ‚´≈Ÿ´’π ≈Ÿ´’π ‰≈´’π ·≈–«“≈’π„π
‡§√◊ËÕß„πª≈“∑Ÿπà“¡’ª√‘¡“≥µË”°«à“„πª≈“ªÉπ  ”À√—∫À—«ª≈“
∑Ÿπà“·≈–À—«°ÿâß¡’ª√‘¡“≥°√¥Õ–¡‘‚π∑’Ë®”‡ªìπµË”°«à“„πª≈“ªÉπ
¬°‡«âπŒ’ µ‘¥’π∑’Ë¡’„π√–¥—∫∑’Ë Ÿß°«à“

 ”À√—∫º≈‘µ¿—≥±å‰Œ‚¥√‰≈‡ µæ∫«à“Õß§åª√–°Õ∫
°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ à«π„À≠à¢Õß‡§√◊ËÕß„πª≈“∑Ÿπà“¡’ª√‘¡“≥
„°≈â‡§’¬ß°—∫º≈‘µ¿—≥±åªÉπ ¬°‡«âπÕ“√å®‘π’π∑’Ë¡’ª√‘¡“≥≈¥≈ß
 à«π‰Œ‚¥√‰≈‡ µ∑’Ëº≈‘µ®“°À—«ª≈“∑Ÿπà“·≈–À—«°ÿâß°ÿ≈“¥”¡’
ª√‘¡“≥°√¥Õ–¡‘‚π∑—Èß™π‘¥®”‡ªìπ·≈–‰¡à®”‡ªìπ‡æ‘Ë¡ Ÿß¢÷Èπ

„π à«π¢Õß°√¥Õ–¡‘‚π‰¡à®”‡ªìπ™π‘¥∑’Ë¡’ª√‘¡“≥
 Ÿß∑’Ë ÿ¥„π∑ÿ°µ—«Õ¬à“ß ‰¥â·°à °√¥°≈Ÿµ“¡‘° °√¥Õ–¡‘‚π™π‘¥
‰¡à®”‡ªìπ∑’Ë¡’ª√‘¡“≥ Ÿß√Õß≈ß¡“ ‰¥â·°à ‰°≈´’π °√¥·Õ -
æ“√åµ‘° ·≈–Õ–≈“π’π

1.5 º≈‘µ¿—≥±å∑’Ë‡À¡“– ¡„π°“√π”‰ª„™â‡ªìπ

·À≈àß‚ª√µ’π„πÕ“À“√ —µ«åπÈ”

‡¡◊ËÕæ‘®“√≥“ª√‘¡“≥‚ª√µ’π Õß§åª√–°Õ∫°√¥
Õ–¡‘‚π ·≈–ª√‘¡“≥º≈º≈‘µ¢Õßº≈‘µ¿—≥±å æ∫«à“ «— ¥ÿ‡»…
‡À≈◊ÕªÉπ ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“„Àâ
ª√‘¡“≥‚ª√µ’π„πº≈‘µ¿—≥±å Ÿß∑’Ë ÿ¥‡∑à“°—∫  63.99  ·≈–
86.56% µ“¡≈”¥—∫  √Õß≈ß¡“§◊ÕÀ—«ª≈“∑Ÿπà“‚¥¬¡’ª√‘¡“≥

Table 2. Proximate composition1 (% dry matter basis),  yields  and amino acid composition (% as-
fed basis) of seafood processing by-products after processing into meal and hydrolysate

Meal Hydrolysate

Tuna viscera Tuna head P. monodon Tuna viscera Tuna head P. monodon Fish meal3

head head

Proximate composition
Protein 63.99±0.61a  47.10±0.23b 34.61±0.31c  86.56±0.26a 77.81±0.97c 82.06±0.46b

Lipid 25.70±0.42a 28.54±1.43b 26.07±1.50a    2.52±0.07c   5.56±0.41b   8.21±0.47a

Ash   4.62±0.77c 21.31±0.18b 34.84±0.28a    7.66±0.07c 12.73±0.06a   8.35±0.21b

Moisture2   6.01±0.28a   5.35±0.57a   4.66±0.57a 93.14 ±0.47a 92.04±0.64a 94.27±0.04a

Yield 12.60±0.14b  24.60±0.14a 13.20±0.42b  20.10±0.14a 17.20±0.28b 10.00±0.28c

Essential amino acid
  Arginine 5.32 2.91 2.17 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

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

2 Hydrolysate moisture is of products before dehydration,
3 The Thai Fishmeal Producers Association (2544),  nr = no report
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‚ª√µ’π‡∑à“°—∫ 47.10 ·≈– 77.81% µ“¡≈”¥—∫   Õß§å-
ª√–°Õ∫°√¥Õ–¡‘‚π„π‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ·≈–‚ª√µ’π‰Œ‚¥√-
‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“ ª√–°Õ∫¥â«¬°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ
(essential amino acid) ‡ªìπ à«π„À≠à ‰¥â·°à Œ’ µ‘¥’π
Õ“√å®‘π’π ∑√’‚Õπ’π ‰≈´’π «“≈’π ‰Õ‚´≈Ÿ´’π ≈Ÿ´’π ·≈–øïπ‘≈-
Õ–≈“π’π   à«πª√‘¡“≥º≈º≈‘µ«— ¥ÿ‡»…‡À≈◊ÕªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®–¡’ª√‘¡“≥º≈º≈‘µ Ÿß‡¡◊ËÕº≈‘µ®“°À—«ª≈“∑Ÿπà“
√Õß≈ß¡“§◊Õ‡§√◊ËÕß„πª≈“∑Ÿπà“ ¥—ßπ—Èπ®÷ß‡≈◊Õ°„™â‡§√◊ËÕß„πª≈“
∑Ÿπà“·≈–À—«ª≈“∑Ÿπà“‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ·À≈àß‚ª√µ’π
∑¥·∑πª≈“ªÉπ„π°“√∑¥≈Õß∑’Ë 2 ‚¥¬«—µ∂ÿ¥‘∫™π‘¥∑’Ë 1 §◊Õ
‡§√◊ËÕß„πª≈“∑Ÿπà“ ·≈–™π‘¥∑’Ë 2 §◊Õ à«πº ¡¢Õß‡§√◊ËÕß„π
·≈–À—«ª≈“∑Ÿπà“  ‚¥¬º≈‘µ‡ªìπº≈‘µ¿—≥±åªÉπ  ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ

2. °“√»÷°…“°“√·∑π∑’Ëª≈“ªÉπ¥â«¬«— ¥ÿ‡»…‡À≈◊Õ„πÕ“À“√

ª≈“°–æß¢“«

2.1 Õß§åª√–°Õ∫∑“ß‡§¡’·≈–°√¥Õ–¡‘‚π¢Õß

Õ“À“√

Õ“À“√∑¥≈Õß¡’‚ª√µ’πÕ¬Ÿà„π™à«ß 42-44%
‰¢¡—πÕ¬Ÿà„π™à«ß 11-14% ¢≥–∑’Ëª√‘¡“≥‡∂â“Õ¬Ÿà„π™à«ß 13-
22% (Table 1) ‚¥¬Õ“À“√ Ÿµ√∑’Ë 2-5 ·≈– 7-10 ´÷Ëß¡’
‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„π
ª≈“∑Ÿπà“·∑π∑’Ëª≈“ªÉπ¡’ª√‘¡“≥‡∂â“≈¥≈ß‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë
‡æ‘Ë¡¢÷Èπ ‡™àπ‡¥’¬«°—∫Õ“À“√ Ÿµ√∑’Ë 17-20 ´÷Ëß¡’ª√‘¡“≥‡∂â“

≈¥≈ß‡¡◊ËÕ√–¥—∫‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„π·≈–À—«ª≈“
∑Ÿπà“‡æ‘Ë¡¢÷Èπ  ¢≥–∑’Ë Ÿµ√∑’Ë 12-15 ´÷Ëß¡’‡§√◊ËÕß„π·≈–À—«ª≈“
∑Ÿπà“ªÉπ®–¡’ª√‘¡“≥‡∂â“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë‡æ‘Ë¡¢÷Èπ

ª√‘¡“≥Õß§åª√–°Õ∫°√¥Õ–¡‘‚π¢ÕßÕ“À“√
∑¥≈Õß∑’Ë¡’«— ¥ÿ‡»…‡À≈◊Õ‚√ßß“πÕÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ”
·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ  ¥—ß· ¥ß„π  Table  3  æ∫«à“
Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ¡’ª√‘¡“≥
‰Õ‚´≈Ÿ´’π ≈Ÿ´’π ‰≈´’π ∑√’‚Õπ’π ·≈–«“≈’π „πÕ“À“√πâÕ¬
°«à“Õ“À“√ Ÿµ√§«∫§ÿ¡∑’Ë∑ÿ°√–¥—∫°“√·∑π∑’Ë ¢≥–∑’ËÕ“√å®‘π’π
·≈–Œ’ µ‘¥’π¡’ª√‘¡“≥‡æ‘Ë¡ Ÿß¢÷Èπ‡¡◊ËÕ¡’°“√·∑π∑’Ë Ÿß¢÷Èπ ‚¥¬
Õ“À“√ Ÿµ√∑’Ë·∑π∑’Ë¥â«¬‡§√◊ËÕß„πªÉπ·≈– à«πº ¡¢Õß‡§√◊ËÕß
„π·≈–À—«ªÉπ∑’Ë√–¥—∫ 100% ¡’Õ“√å®‘π’π‡∑à“°—∫ 3.41 ·≈–
3.01% ¢Õß‚ª√µ’π µ“¡≈”¥—∫ ‡™àπ‡¥’¬«°—∫ª√‘¡“≥Œ’ µ‘¥’π
´÷Ëß¡’ª√‘¡“≥‡æ‘Ë¡ Ÿß¢÷Èπ‡∑à“°—∫ 1.30 ·≈– 1.31% ¢Õß‚ª√µ’π
µ“¡≈”¥—∫ ‡π◊ËÕß®“°„πª≈“ªÉπ¡’ª√‘¡“≥¢Õß°√¥Õ–¡‘‚π∑—Èß
2 ™π‘¥µË”°«à“„π‡»…‡À≈◊ÕªÉπ ·µàÕ“À“√ Ÿµ√∑’Ë·∑π∑’Ë¥â«¬
º≈‘µ¿—≥±å‰Œ‚¥√‰≈‡ µ¡’ª√‘¡“≥Õ“√å®‘π’π„πÕ“À“√≈¥πâÕ¬≈ß
·≈–¡’√–¥—∫µË”°«à“ Ÿµ√§«∫§ÿ¡·≈–∑’Ë·∑π∑’Ë¥â«¬‡»…‡À≈◊ÕªÉπ
 ”À√—∫√–¥—∫Œ’ µ‘¥’π„πÕ“À“√∑’Ë·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ
®“°‡§√◊ËÕß„πª≈“∑Ÿπà“¡’√–¥—∫„°≈â‡§’¬ß°—π∑ÿ°√–¥—∫°“√·∑π∑’Ë
 à«π°“√·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß
‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬

2.2 °“√‡®√‘≠‡µ‘∫‚µ

πÈ”Àπ—°‡©≈’Ë¬∑ÿ° 2  —ª¥“Àå¢Õßª≈“°–æß¢“«∑’Ë

Table 3. Essential amino acid composition of diets (% of protein) with tuna visceral meal, tuna visceral
hydrolysate, tuna viscera and head meal and tuna viscera and head hydrolysate replacing
fish meal at different levels

Essential  Fishmeal      Tuna visceral meal              Tuna visceral hydrolysate      Tuna viscera and head meal          Tuna viscera and
amino acid     based          head hydrolysate

     diet1

0% 25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%

Arginine 2.32 2.58 2.79 3.06 3.41 2.23 2.17 2.08 1.99 2.48 2.69 2.85 3.01 2.20 2.08 2.01 1.89
Histidine 0.83 0.94 1.03 1.15 1.30 0.85 0.89 0.92 0.95 0.94 1.08 1.20 1.31 0.88 0.95 1.03 1.11
Isoleucine 1.70 1.60 1.48 1.38 1.31 1.54 1.41 1.25 1.08 1.59 1.49 1.37 1.25 1.55 1.38 1.25 1.07
Leucine 2.76 2.60 2.41 2.25 2.15 2.48 2.24 1.95 1.65 2.59 2.46 2.29 2.12 2.51 2.23 2.02 1.72
Lysine 2.73 2.39 2.02 1.68 1.37 2.33 1.97 1.57 1.14 2.39 2.07 1.72 1.38 2.39 2.01 1.72 1.31
Threonine 1.56 1.56 1.53 1.52 1.55 1.48 1.43 1.35 1.27 1.55 1.56 1.55 1.54 1.50 1.43 1.39 1.32
Valine 1.94 1.82 1.68 1.56 1.47 1.76 1.61 1.43 1.24 1.83 1.75 1.64 1.53 1.77 1.58 1.45 1.25

1 Amino acid composition of fish meal reported by The Thai Fishmeal Producers Association (2544) was used to calculate the levels in
experimental diets. Methionine, phenylalanine and  tryptophan were absent from the report, therefore they were not calculated.
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‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“·≈– à«πº ¡
¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“„π≈—°…≥–º≈‘µ¿—≥±åªÉπ·≈–
‚ª√µ’π‰Œ‚¥√‰≈‡ µ ¥—ß· ¥ß„π Figure 1 æ∫«à“ª≈“∑’Ë‰¥â
√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„π
ª≈“∑Ÿπà“·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫
100% ¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–πÈ”Àπ—°‡©≈’Ë¬ ÿ¥∑â“¬πâÕ¬∑’Ë ÿ¥
„°≈â‡§’¬ß°—π‡∑à“°—∫ 9.13 ·≈– 8.86 °√—¡/µ—« µ“¡≈”¥—∫
√Õß≈ß¡“§◊Õ‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß‡§√◊ËÕß„π
·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 75%  à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«
ª≈“∑Ÿπà“ªÉπ∑’Ë√–¥—∫ 100%  ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°
‡§√◊ËÕß„πª≈“∑Ÿπà“∑’Ë√–¥—∫ 75% ‚¥¬¡’πÈ”Àπ—°‡©≈’Ë¬ ÿ¥∑â“¬
‡∑à“°—∫ 11.72, 11.90 ·≈– 12.87 °√—¡/µ—« µ“¡≈”¥—∫

πÈ”Àπ—°‡©≈’Ë¬ ÿ¥∑â“¬ ‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡
·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–¢Õßª≈“°–æß¢“«∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß 20  Ÿµ√ ¥—ß· ¥ß„π Table 4 æ∫«à“ª≈“
°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°
·≈–Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ  ‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“∑’Ë√–¥—∫ 25% ¡’πÈ”Àπ—°
 ÿ¥∑â“¬‡©≈’Ë¬  ‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ  ·≈–Õ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ®”‡æ“– Ÿß„°≈â‡§’¬ß°—π ‚¥¬™π‘¥¢Õß«—µ∂ÿ¥‘∫ ™π‘¥
¢Õßº≈‘µ¿—≥±å ·≈–√–¥—∫°“√·∑π∑’Ë‰¡à¡’Õ‘∑∏‘æ≈√à«¡°—π (3

factor interaction) µàÕπÈ”Àπ—° ÿ¥∑â“¬ ‡ªÕ√å‡´ÁπµåπÈ”Àπ—°
∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– (p>0.05) ·µà
™π‘¥¢Õß«—µ∂ÿ¥‘∫¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ (p<0.05)
‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‡§√◊ËÕß„πª≈“∑Ÿπà“¡’°“√‡®√‘≠‡µ‘∫‚µ
¥’°«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ à«πº ¡‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“ (Figure 2) ·≈–‡¡◊ËÕπ”«— ¥ÿ‡»…‡À≈◊Õ‰ªº≈‘µ
‡ªìπº≈‘µ¿—≥±å 2 ™π‘¥§◊Õ º≈‘µ¿—≥±åªÉπ·≈–‚ª√µ’π‰Œ‚¥√-
‰≈‡ µ ·≈–·∑π∑’Ë∑’Ë√–¥—∫µà“ßÊ æ∫«à“™π‘¥¢Õßº≈‘µ¿—≥±å
·≈–√–¥—∫°“√·∑π∑’Ë¡’Õ‘∑∏‘æ≈√à«¡°—πµàÕ°“√‡®√‘≠‡µ‘∫‚µ
(Table 5) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’º≈‘µ¿—≥±åªÉπ ·≈–
‚ª√µ’π‰Œ‚¥√‰≈‡ µ·∑π∑’Ëª≈“ªÉπ∑’Ë√–¥—∫ 25% ¡’πÈ”Àπ—°
‡©≈’Ë¬ ÿ¥∑â“¬ (18.70±1.68, 18.73±1.67 °√—¡/µ—«)
‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ (454.41±42.85, 463.45±

47.63%) ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– (2.04±0.09,
2.06±0.10%/«—π) ‰¡à·µ°µà“ß (p>0.05) ®“°ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—° (·∑π∑’Ë 0%) ·µà
ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë·∑π∑’Ë¥â«¬º≈‘µ¿—≥±åªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫  50%  ¡’πÈ”Àπ—° ÿ¥∑â“¬  ‡ªÕ√å‡´Áπµå
πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– ≈¥≈ß
Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√
·∑π∑’Ëª≈“ªÉπ¥â«¬º≈‘µ¿—≥±åªÉπ∑’Ë√–¥—∫ 75% ¡’°“√‡®√‘≠

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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‡µ‘∫‚µ‰¡à·µ°µà“ß®“°°“√·∑π∑’Ë√–¥—∫ 50% ·≈–¡’°“√‡®√‘≠
‡µ‘∫‚µ¥’°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ
∑’Ë√–¥—∫ 75 ·≈– 100% Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) ·≈–
ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’º≈‘µ¿—≥±åªÉπ 100% ¡’°“√‡®√‘≠‡µ‘∫‚µ
‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√-
‰≈‡ µ∑’Ë√–¥—∫ 75%  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π
‰Œ‚¥√‰≈‡ µ‡ªìπ·À≈àß‚ª√µ’π 100%  ¡’πÈ”Àπ—° ÿ¥∑â“¬

‡ªÕ√å‡´ÁπµåπÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ
®”‡æ“–µË”∑’Ë ÿ¥ (p<0.05)

‡¡◊ËÕæ‘®“√≥“§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√
‡®√‘≠‡µ‘∫‚µ®”‡æ“–¢Õßª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√
·∑π∑’Ëª≈“ªÉπ¥â«¬º≈‘µ¿—≥±å®“°‡»…‡À≈◊Õª≈“∑Ÿπà“∑’Ë√–¥—∫
µà“ßÊ æ∫«à“¡’§«“¡ —¡æ—π∏å„π∑‘»∑“ßµ√ß°—π¢â“¡ (Figure
3) §◊Õ‡¡◊ËÕª√‘¡“≥°“√·∑π∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ

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 hydrolysate replacing fishmeal at different levels1

Tuna by- Product Replacement Final weight Weight gain SGR
products2 type3 level (%) (g/fish) (%)4 (%/day)5

1 1 0 19.94±1.73 492.92±59.33 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±59.33 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±59.33 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±59.33 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

1Values are means ± SD of three replicates
21 = Tuna viscera;  2 = Tuna viscera and head (2:1)
31 = Meal;  2 = Hydrolysate
4Weight gain (%) = [Final weight (g/fish) - Initial weight (g/fish)] x 100/ Initial weight (g/fish)
5Specific growth rate  = (In w

2
-In w

1
)x100/days; w

1
 =  initial weight, w

2
 = final weight
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®”‡æ“–¢Õßª≈“°–æß¢“«®–¡’§à“≈¥≈ß ‚¥¬°“√·∑π∑’Ë¥â«¬
‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ‡æ‘Ë¡¢÷Èπ 10% ¡’º≈„ÀâÕ—µ√“°“√‡®√‘≠
‡µ‘∫‚µ®”‡æ“–≈¥≈ß‡∑à“°—∫ 0.04%/«—π  à«π°“√·∑π∑’Ë¥â«¬
‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“∑’Ë‡æ‘Ë¡¢÷Èπ 10%
∑”„ÀâÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–≈¥≈ß‡∑à“°—∫ 0.092%/«—π
„π¢≥–∑’Ë√–¥—∫°“√·∑π∑’Ë¥â«¬ à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«
ª≈“∑Ÿπà“ªÉπ‡æ‘Ë¡¢÷Èπ 10%  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–®–

≈¥≈ß‡∑à“°—∫ 0.054%/«—π ·≈–√–¥—∫°“√·∑π∑’Ë¥â«¬‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“‡æ‘Ë¡
¢÷Èπ 10%  Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–®–≈¥≈ß‡∑à“°—∫
0.096%/«—π

2.3 πÈ”Àπ—°Õ“À“√∑’Ëª≈“°‘π  Õ—µ√“°“√‡ª≈’Ë¬π

Õ“À“√‡ªìπ‡π◊ÈÕ ‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå ·≈–°“√√Õ¥

µ“¬

Figure 2. 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, means under the same
parameter with different letters are significantly different (p<0.05)

Table 5. Interaction between product types and replacement levels on average final
weight, weight gain (%) and specific growth rate of seabass fed diets with
tuna processing by-products1

Product Replacement Final weight Weight gain Specific growth rate
type2 level (%) (g/fish) (%)3 (%/day)4

1 0 19.94±1.55a 492.92±53.07a 2.12±0.10a

1 25 18.70±1.68a  454.41±42.85ab  2.04±0.09ab

1 50 15.98±1.54b 380.22±48.73c 1.86±0.12c

1 75 15.19±1.32bc  356.25±41.44cd 1.80±0.11c

1 100 13.29±1.80cd  299.85±53.28de 1.65±0.16d

2 0 19.94±1.55a 492.92±53.07a 2.12±0.10a

2 25 18.73±1.67a  463.45±47.63ab  2.06±0.10ab

2 50 16.39±1.73b  399.69±55.33bc  1.91±0.13bc

2 75 12.29±1.14d 275.54±41.13e 1.57±0.13d

2 100   8.99±1.74e 171.95±23.29f 1.18±0.10e

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

2 1  = Meal ;  2 = Hydrolysate
3 Weight gain (%) = [Final weight (g/fish) - Initial weight (g/fish)] x 100/ Initial weight (g/fish)
4 Specific growth rate  = (In w

2
-In w

1
)x100/days; w

1
 =  initial weight, w

2
 = final weight
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πÈ”Àπ—°Õ“À“√∑’Ë°‘π¢Õßª≈“°–æß¢“«∑’Ë‰¥â√—∫
Õ“À“√∑¥≈Õß 20  Ÿµ√ ¥—ß· ¥ß„π Table 6 æ∫«à“ ™π‘¥
¢Õß«—µ∂ÿ¥‘∫ ™π‘¥¢Õßº≈‘µ¿—≥±å·≈–√–¥—∫¢Õß°“√·∑π∑’Ë
‰¡à¡’Õ‘∑∏‘æ≈√à«¡°—πµàÕª√‘¡“≥Õ“À“√∑’Ëª≈“°‘π ·µà™π‘¥¢Õß
«—µ∂ÿ¥‘∫·≈–™π‘¥¢Õßº≈‘µ¿—≥±å∑’Ëº≈‘µ¡’º≈µàÕ°“√°‘πÕ“À“√
¢Õßª≈“ (p<0.05) ‚¥¬ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√
·∑π∑’Ëª≈“ªÉπ¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ  ¡’πÈ”Àπ—°Õ“À“√∑’Ë
°‘π Ÿß°«à“°“√·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„π
ª≈“∑Ÿπà“  à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑—Èß„π√Ÿª¢Õß
ªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ (Figure 4)

™π‘¥¢Õß«—µ∂ÿ¥‘∫∑’Ë„™â·∑π∑’Ëª≈“ªÉπ¡’º≈µàÕ°“√
°‘πÕ“À“√¢Õßª≈“ ‡¡◊ËÕ·∑π∑’Ë„π√–¥—∫µà“ßÊ ‚¥¬ª√‘¡“≥°“√
°‘πÕ“À“√¢Õßª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬‡§√◊ËÕß„π
ª≈“∑Ÿπà“∑’Ë√–¥—∫ 25% ¡’ª√‘¡“≥ Ÿß°«à“°“√·∑π∑’Ë¥â«¬ à«π
º ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 25, 50, 75 ·≈–
100% Õ¬à“ß¡’π—¬ ”§—≠ (p<0.05) (Table 7) ‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ æ∫«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë
¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“∑’Ë√–¥—∫ 25% ¡’ª√‘¡“≥°“√°‘πÕ“À“√
 Ÿß°«à“∂÷ß·¡â«à“‰¡à·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘  °“√
°‘πÕ“À“√¢Õßª≈“¬—ß¡’º≈®“°Õ‘∑∏‘æ≈√à«¡√–À«à“ß™π‘¥¢Õß
º≈‘µ¿—≥±å·≈–√–¥—∫°“√·∑π∑’Ë ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫ 50, 75 ·≈– 100% ¡’πÈ”Àπ—°
Õ“À“√∑’Ë°‘πµË”°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬

º≈‘µ¿—≥±åªÉπ∑—Èß®“°‡§√◊ËÕß„π·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“ (Table 8)

Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ·≈–‚ª√µ’π∑’Ë
π”‰ª„™âª√–‚¬™πå¢Õßª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑¥≈Õß Ÿµ√
µà“ßÊ ¥—ß· ¥ß„π Table 6 æ∫«à“™π‘¥¢Õß«—µ∂ÿ¥‘∫ ™π‘¥
¢Õßº≈‘µ¿—≥±å·≈–√–¥—∫¢Õß°“√·∑π∑’Ë‰¡à¡’Õ‘∑∏‘æ≈√à«¡°—π
µàÕÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ·≈–‚ª√µ’π∑’Ëπ”‰ª„™â
ª√–‚¬™πå ·µàæ∫«à“™π‘¥¢Õß«—µ∂ÿ¥‘∫·≈–™π‘¥¢Õßº≈‘µ¿—≥±å
∑’Ëº≈‘µ¡’Õ‘∑∏‘æ≈√à«¡°—πµàÕÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ
·≈–‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå ‚¥¬ª≈“°–æß¢“«∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬ à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“ªÉπ¡’§à“¥—ß°≈à“«¥’°«à“ (p<0.05) °“√·∑π∑’Ë¥â«¬
‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“
∑Ÿπà“ ‡§√◊ËÕß„πª≈“∑Ÿπà“∑—Èß„π√Ÿª¢Õßº≈‘µ¿—≥±åªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ (Figure 4)

™π‘¥¢Õß«—µ∂ÿ¥‘∫·≈–√–¥—∫°“√·∑π∑’Ë¡’Õ‘∑∏‘æ≈
√à«¡°—πµàÕÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ·≈–‚ª√µ’π∑’Ëπ”‰ª
„™âª√–‚¬™πå (Table 7) ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ à«πº ¡
¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“·∑π∑’Ëª≈“ªÉπ∑’Ë√–¥—∫ 100%
¡’‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πåµË”∑’Ë ÿ¥Õ¬à“ß¡’π—¬ ”§—≠  √Õß≈ß
¡“§◊Õ ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‡§√◊ËÕß„πª≈“∑Ÿπà“·∑π∑’Ë√–¥—∫
100%  ·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫
75% µ“¡≈”¥—∫ (p<0.05)   ”À√—∫™π‘¥¢Õßº≈‘µ¿—≥±å∑’Ë

Figure 3. Regression of specific growth rate of seabass fed diets containing increasing levels
of tuna by-products substituted for fishmeal;    represents visceral meal,    visceral
hydrolysate,    viscera and head meal, x  viscera and head hydrolysate
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º≈‘µ°Á¡’º≈µàÕÕ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ‡¡◊ËÕ·∑π∑’Ëª≈“
ªÉπ∑’Ë√–¥—∫µà“ßÊ (Table 8)  ‚¥¬ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
º≈‘µ¿—≥±åªÉπ∑’Ë√–¥—∫ 100% ¡’Õ—µ√“°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ
‡π◊ÈÕ Ÿß∑’Ë ÿ¥ (p<0.05) ‡∑à“°—∫ 1.74±0.33  ”À√—∫‚ª√µ’π∑’Ë
π”‰ª„™âª√–‚¬™πå¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë‡æ‘Ë¡ Ÿß
¢÷Èπ·µà‰¡à¡’§«“¡·µ°µà“ß°—π∑“ß ∂‘µ‘  (p>0.05)

°“√√Õ¥µ“¬¢Õßª≈“°–æß¢“«„π°“√»÷°…“§√—Èßπ’È
Õ¬Ÿà„π™à«ß 86.66 ∂÷ß 93.33% ́ ÷Ëß‰¡à¡’§«“¡·µ°µà“ß∑“ß ∂‘µ‘
(p>0.05)

2.4 §ÿ≥¿“æπÈ”„πµŸâ∑¥≈Õß

Õÿ≥À¿Ÿ¡‘πÈ”¡’§à“√–À«à“ß 27.02 ∂÷ß 28.64oC
§«“¡‡ªìπ°√¥-¥à“ß¡’§à“√–À«à“ß 7.85 ∂÷ß 8.07 §«“¡‡ªìπ

Table 6. Average feed intake, feed conversion ratio (FCR) and productive protein value (PPV)
of seabass fed diets with tuna processing by-products processed into meal and hydro-
lysate replacing fishmeal at different levels1

Tuna by- Product Replacement Feed intake FCR4 PPV5 Survival
products2 type3 level (%) (g/fish) (%) (%) (%)

1 1 0 15.79±0.22 0.96±0.11 38.64±4.75 93.33±6.67
1 1 25 20.21±1.42 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 13.86±2.69 1.15±0.13 31.06±3.85 93.33±6.67
1 1 100 20.00±0.95 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 1.06±0.15 36.27±4.92 93.33±6.67
1 2 100   4.82±0.74 0.83±0.09 32.97±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 15.36±1.67 1.32±0.10 27.73±2.34 91.11±3.85
2 1 100 14.26±2.39 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±3.59 93.33±6.67
2 2 75 11.44±2.94 1.35±0.22 27.37±4.44 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

1 Values are means ± SD of three replicates
2 1 = Tuna viscera;  2 = Tuna viscera and head (2:1)
3 1 = Meal;  2 = Hydrolysate
4 Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
5 Productive protein value = Protein gain (g/fish) / Protein intake (g/fish)
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¥à“ß¡’§à“√–À«à“ß 102 ∂÷ß 116 ¡°./≈‘µ√ ÕÕ°´‘‡®π∑’Ë≈–≈“¬
πÈ”¡’§à“√–À«à“ß 6.00 ∂÷ß 6.56 ¡°./≈‘µ√  §«“¡‡§Á¡¡’§à“
√–À«à“ß 28 ∂÷ß 30  à«π„πæ—π  ·≈–·Õ¡‚¡‡π’¬√«¡¡’§à“
√–À«à“ß 0.06 ∂÷ß 0.14 ¡°./≈‘µ√

«‘®“√≥åº≈°“√∑¥≈Õß

º≈‘µ¿—≥±åªÉπ·≈–‰Œ‚¥√‰≈‡ µ∑’Ëº≈‘µ®“°‡§√◊ËÕß„π
ª≈“∑Ÿπà“¡’ª√‘¡“≥‚ª√µ’π Ÿß∑’Ë ÿ¥  √Õß≈ß¡“§◊ÕÀ—«ª≈“∑Ÿπà“
 Õ¥§≈âÕß°—∫ª√‘¡“≥‚ª√µ’π„π«—µ∂ÿ¥‘∫ ÷́Ëß¡’ª√‘¡“≥ Ÿß°«à“„π
À—«ª≈“∑Ÿπà“·≈–À—«°ÿâß°ÿ≈“¥” ‚¥¬«— ¥ÿ‡»…‡À≈◊Õ™π‘¥‡¥’¬«°—π
‡¡◊ËÕº≈‘µ‡ªìπ‚ª√µ’π‰Œ‚¥√‰≈‡ µ ¡’ª√‘¡“≥‚ª√µ’π‡æ‘Ë¡ Ÿß¢÷Èπ
·≈–¡’ª√‘¡“≥‡∂â“≈¥≈ß ‡π◊ËÕß®“°„π°“√º≈‘µ‰Œ‚¥√‰≈‡ µ¡’
°“√·¬° à«π∑’Ë‰¡à≈–≈“¬  ‡™àπ  °√–¥Ÿ°„π¢—ÈπµÕπ°“√¬àÕ¬
 ≈“¬ÕÕ°‰ª ∑”„Àâª√‘¡“≥‡∂â“≈¥µË”≈ß ·≈–ª√‘¡“≥‚ª√µ’π
‡æ‘Ë¡ Ÿß¢÷Èπ  ¢—ÈπµÕπ°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ µ„π°“√»÷°…“
§√—Èßπ’È¬—ß¡’º≈µàÕÕß§åª√–°Õ∫°√¥Õ–¡‘‚π™π‘¥®”‡ªìπ¢Õß
º≈‘µ¿—≥±å‚¥¬√–¥—∫¢ÕßÕ“√å®‘π’π„π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„π
ª≈“∑Ÿπà“¡’ª√‘¡“≥µË”°«à“„πº≈‘µ¿—≥±åªÉπ  à«π‰Œ‚¥√‰≈‡ µ
®“°À—«ª≈“∑Ÿπà“·≈–À—«°ÿâß°ÿ≈“¥” ¡’ª√‘¡“≥°√¥Õ–¡‘‚π™π‘¥
®”‡ªìπ‡æ‘Ë¡ Ÿß¢÷Èπ‚¥¬¡’ª√‘¡“≥√«¡¢Õß°√¥Õ–¡‘‚π™π‘¥®”‡ªìπ
‡∑à“°—∫ 19.29 ·≈– 21.62% ¢≥–∑’Ëº≈‘µ¿—≥±åªÉπ¡’ª√‘¡“≥
‡∑à“°—∫ 16.77 ·≈– 13.19% (dry-matter basis) µ“¡
≈”¥—∫ ·µà√–¥—∫¢Õß°√¥Õ–¡‘‚π™π‘¥®”‡ªìπ∑’Ë‡æ‘Ë¡¢÷Èπ¬—ßµË”
°«à“√–¥—∫∑’Ë¡’„πª≈“ªÉπ „π∑“ßµ√ß°—π¢â“¡º≈‘µ¿—≥±åªÉπ·≈–
‰Œ‚¥√‰≈‡ µ∑’Ëº≈‘µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“¡’°√¥Õ–¡‘‚π™π‘¥
®”‡ªìπ  3  ™π‘¥  ‰¥â·°à  Õ“√å®‘π’π  Œ’ µ‘¥’π  ·≈–∑√’‚Õπ’π
 Ÿß°«à“∑’Ë¡’„πª≈“ªÉπ   ”À√—∫ª√‘¡“≥º≈º≈‘µ„π à«π¢Õß
º≈‘µ¿—≥±åªÉπ ´÷Ëß‡§√◊ËÕß„πªÉπ¡’ª√‘¡“≥µË”°«à“º≈‘µ¿—≥±å
‰Œ‚¥√‰≈‡ µπ—Èπ ‡π◊ËÕß®“°‡§√◊ËÕß„π∑’Ë∫¥·≈â«·≈–π”‰ª„Àâ
§«“¡√âÕπ¡’≈—°…≥–Àπ◊¥µ‘¥°—∫«— ¥ÿ∑’Ë„™â„π¢—ÈπµÕπ°“√‡µ√’¬¡
º≈‘µ¿—≥±å∑”„Àâº≈º≈‘µ∑’Ë‰¥â≈¥≈ß ¥—ßπ—Èπ®÷ß§«√ª√—∫«‘∏’°“√
„π°“√º≈‘µ‚¥¬π”«—µ∂ÿ¥‘∫‡§√◊ËÕß„π¡“∑”„Àâ ÿ°°àÕπ ®“°π—Èπ
π”‰ªÕ∫·Àâß ·≈â«®÷ßπ”‰ª∫¥‡æ◊ËÕ·°âªí≠À“¥—ß°≈à“« ´÷Ëß
∑”„Àâ‰¥âº≈º≈‘µ‡æ‘Ë¡¢÷Èπ  ‚¥¬®“°°“√∑¥≈Õßº≈‘µ¥â«¬«‘∏’°“√
¥—ß°≈à“« æ∫«à“ ‰¥âº≈‚¥¬º≈‘µ‡§√◊ËÕß„πªÉπª√–¡“≥ 21.73±

0.25% (3 ´È”)
‡¡◊ËÕπ”‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“‰ª‡ªìπ«—µ∂ÿ¥‘∫‡æ◊ËÕ

º≈‘µ‡ªìπ·À≈àß‚ª√µ’π„π√Ÿªº≈‘µ¿—≥±åªÉπ·≈–‰Œ‚¥√‰≈‡ µ
∑¥·∑πª≈“ªÉπ„πÕ“À“√ ”À√—∫ª≈“°–æß¢“«∑’Ë√–¥—∫µà“ßÊ
æ∫«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬
º≈‘µ¿—≥±å∑’Ëº≈‘µ®“°‡§√◊ËÕß„π·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 25%  ¡’πÈ”Àπ—° ÿ¥∑â“¬ ‡ªÕ√å‡´Áπµå

Figure 4. Mean feed intake, feed conversion ratio
(FCR) and productive protein value
(PPV) of seabass fed diets with tuna
viscera and a mixture of tuna viscera
and head replacing fish meal, means of
each parameter with different letters
are significantly different (p<0.05)
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πÈ”Àπ—°∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“– ‰¡à·µ°
µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°
‚¥¬°“√‡®√‘≠‡µ‘∫‚µ®–¡’§à“≈¥≈ßµ“¡√–¥—∫°“√·∑π∑’Ë∑’Ë‡æ‘Ë¡¢÷Èπ

· ¥ß„Àâ‡ÀÁπ«à“°“√·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ¥â«¬‡§√◊ËÕß„πª≈“
∑Ÿπà“ªÉπ  à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“ªÉπ ‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“∑Ÿπà“ ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ

Table 7. Interaction between tuna by-products used as fishmeal replacer
and replacement levels on average feed intake, feed conversion
ratio (FCR) and productive protein value (PPV) of seabass1

Tuna by- Replacement Feed intake FCR3 PPV4

products2 level (%) (g/fish) (%)

1 0  15.79±0.20ab 0.96±0.10a 38.64±4.25a

1 25 19.32±1.38a   1.18±0.10abc  31.67±2.78ab

1 50 14.48±4.26b  1.02±0.28ab 35.94±8.15a

1 75 11.99±2.75b   1.11±0.13abc  33.67±4.88ab

1 100 12.41±8.35b   1.31±0.55bcd  26.47±7.77bc

2 0  15.79±0.20ab 0.96±0.10a 38.64±4.25a

2 25 14.28±2.71b 1.00±0.20a 38.84±7.52a

2 50 11.85±1.59b  1.02±0.10ab 36.50±4.59a

2 75 13.40±3.03b  1.33±0.15cd  27.55±3.18bc

2 100 11.07±3.93b 1.56±0.33d 23.10±4.61c

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

2 1 = Tuna viscera;  2 = Tuna viscera and head (2:1)
3 Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
4 Productive 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 seabass1

Product type2 Replacement Feed intake FCR3

level  (%) (g/fish)

1 0 15.79±0.20a 0.96±0.10a

1 25 16.81±4.56a 1.09±0.25a

1 50  14.09±4.39ab 1.10±0.24a

1 75  14.61±2.16ab 1.24±0.14a

1 100 17.13±3.54a 1.74±0.33b

2 0 15.79±0.20a 0.96±0.10a

2 25 16.79±1.93a 1.10±0.09a

2 50  12.24±1.87bc 0.94±0.12a

2 75 10.78±2.11c 1.21±0.23a

2 100   6.35±1.98d 1.12±0.35a

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

2 1  = Meal ;  2 = Hydrolysate
3 Feed conversion ratio = Feed intake (g/fish) / Weight gain (g/fish)
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®“° à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 25% ‡ªìπ
√–¥—∫∑’Ë‡À¡“– ¡µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“°–æß¢“«  ª≈“
∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬º≈‘µ¿—≥±å¥—ß°≈à“«∑’Ë√–¥—∫
50, 75 ·≈– 100% ¡’°“√‡®√‘≠‡µ‘∫‚µµË”°«à“ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’‚ª√µ’π®“°ª≈“ªÉπ‡æ’¬ßÕ¬à“ß‡¥’¬« ·≈–¡’°“√‡®√‘≠
‡µ‘∫‚µµË”∑’Ë ÿ¥‡¡◊ËÕ·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫
100%  ‚¥¬°“√‡æ‘Ë¡¢÷Èπ¢Õß‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑ÿ° 10% ®–
∑”„ÀâÕ—µ√“°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–≈¥≈ß 0.092-0.096%/
«—π ¢≥–∑’Ë°“√‡æ‘Ë¡¢÷Èπ¢Õß‡§√◊ËÕß„πªÉπ∑ÿ° 10% ∑”„ÀâÕ—µ√“
°“√‡®√‘≠‡µ‘∫‚µ®”‡æ“–≈¥≈ß‡æ’¬ß 0.04%/«—π  ‡π◊ËÕß®“°
«— ¥ÿ‡»…‡À≈◊Õ∑—Èß∑’Ë‡ªìπ™π‘¥ªÉπ·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ¡’
ª√‘¡“≥°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ§◊Õ  ‰Õ‚´≈Ÿ´’π  ≈Ÿ´’π  ‰≈´’π
∑√’‚Õπ’π ·≈–«“≈’π „πª√‘¡“≥µË”°«à“ª≈“ªÉπ  ‡¡◊ËÕπ”¡“„™â
·∑π∑’Ë„π√–¥—∫∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâª√‘¡“≥°√¥Õ–¡‘‚π™π‘¥¥—ß°≈à“«
„πÕ“À“√≈¥≈ß ‚¥¬¡’ª√‘¡“≥µË” ÿ¥‡¡◊ËÕ¡’°“√·∑π∑’Ë¥â«¬‚ª√µ’π
‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë
√–¥—∫ 100% ‚¥¬¡’‰Õ‚´≈Ÿ´’π ≈Ÿ´’π ‰≈´’π ∑√’‚Õπ’π ·≈–
«“≈’π ‡∑à“°—∫ 1.46, 2.36, 1.83, 1.81, 1.70% ¢Õß‚ª√µ’π
µ“¡≈”¥—∫ ´÷ËßµË”°«à“Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π‡æ’¬ß
Õ¬à“ß‡¥’¬« (‰Õ‚´≈Ÿ´’π 2.57, ≈Ÿ´’π 4.16, ‰≈´’π 4.10,
∑√’‚Õπ’π 2.35 ·≈–«“≈’π 2.92% ¢Õß‚ª√µ’π) °“√·∑π∑’Ë
ª≈“ªÉπ¥â«¬«— ¥ÿ‡»…‡À≈◊Õ„π√–¥—∫∑’Ë Ÿß°«à“ 25% ®÷ß¡’º≈
∑”„Àâ‡°‘¥§«“¡‰¡à ¡¥ÿ≈¢Õß°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ ·≈–‰¡à
‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√¢Õßª≈“ ¡’º≈∑”„Àâª≈“¡’°“√‡®√‘≠
‡µ‘∫‚µµË” ‡™àπ‡¥’¬«°—∫ Li ·≈–§≥– (2004) æ∫«à“ ª≈“
red drum ∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’À—«ª≈“·´≈¡ÕπªÉπ∑’Ë√–¥—∫
25% ¡’°“√‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
ª≈“ªÉπ (menhaden fish meal) ‡ªìπ·À≈àß‚ª√µ’πÀ≈—°
·µàª≈“ red drum ∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’À—«°ÿâßªÉπ·∑π∑’Ëª≈“ªÉπ
®–¡’°“√‡®√‘≠‡µ‘∫‚µ·≈–ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√µË” ‡π◊ËÕß
®“°À—«°ÿâßªÉπ¡’ª√‘¡“≥¢Õß‰≈´’π·≈–‡¡∑‰∏‚Õπ’πµË”°«à“„π
ª≈“ªÉπ Fanimo ·≈–§≥– (2000) ‡ª√’¬∫‡∑’¬∫§ÿ≥¿“æ
¢Õß‚ª√µ’π„π‡»…‡À≈◊Õ®“°°“√·ª√√Ÿª°ÿâß°—∫ª≈“ªÉπ æ∫«à“
‚ª√µ’π¢Õß‡»…‡À≈◊Õ¡’§ÿ≥¿“æ¥âÕ¬°«à“‚ª√µ’π„πª≈“ªÉπ ·≈–
°“√‡ √‘¡‰≈´’π·≈–‡¡∑‰∏‚Õπ’π≈ß„πÀ—«°ÿâßªÉπ∑”„Àâ§ÿ≥¿“æ
¢Õß‚ª√µ’π„πÀ—«°ÿâßªÉπ¥’¢÷Èπ „π°“√»÷°…“§√—Èßπ’È‰¡à¡’º≈¢Õß
√–¥—∫‡¡∑‰∏‚Õπ’π„πÕ“À“√ ·µà‚¥¬∑—Ë«‰ªª√‘¡“≥∑’Ë¡’„π«— ¥ÿ
‡»…‡À≈◊Õ™π‘¥µà“ßÊ Õ¬Ÿà„π√–¥—∫∑’ËπâÕ¬°«à“„πª≈“ªÉπ ‡™àπ

‡§√◊ËÕß„πª≈“¥ÿ°ªÉπ¡’ª√‘¡“≥ 1.23% ‡»…‡À≈◊Õ¢Õß°ÿâßªÉπ
0.80% ‡π◊ÈÕ·≈–°√–¥Ÿ°ªÉπ 0.64% ·≈–‡»…‡À≈◊Õ¢Õß —µ«å
ªï°ªÉπ 1.05% (as-fed basis) ¢≥–∑’Ë„πª≈“ªÉπ¡’ª√‘¡“≥
1.95-2.14% (Tacon, 1990)

°“√»÷°…“§√—Èßπ’Èª≈“°–æß∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë
¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ∑’Ë√–¥—∫ 100% ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’
°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬ à«πº ¡¢Õß‡§√◊ËÕß
„π·≈–À—«ª≈“∑Ÿπà“ªÉπ ‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“°‡§√◊ËÕß„πª≈“
∑Ÿπà“·≈–‚ª√µ’π‰Œ‚¥√‰≈‡ µ®“° à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 100% ‡π◊ËÕß®“°¡’ª√‘¡“≥¢Õß°√¥
Õ–¡‘‚π„πÕ“À“√ Ÿß°«à“ ¥—ßπ—Èπ°“√‡ √‘¡°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ
∫“ß™π‘¥∑’Ë¡’ª√‘¡“≥πâÕ¬≈ß‰ª„πÕ“À“√∑’Ë¡’‡§√◊ËÕß„πª≈“∑Ÿπà“
ªÉπ 100% „Àâ¡’ª√‘¡“≥„°≈â‡§’¬ß°—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬
‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ∑’Ë√–¥—∫ 25% ®– àßº≈„Àâª≈“¡’°“√
‡®√‘≠‡µ‘∫‚µ‰¡à·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ë
¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ∑’Ë√–¥—∫ 25% ·≈–Õ“À“√∑’Ë¡’ª≈“ªÉπ
‡æ’¬ßÕ¬à“ß‡¥’¬«  à«π°“√‡ √‘¡°√¥Õ–¡‘‚π≈ß‰ª„πÕ“À“√ Ÿµ√
Õ◊ËπÊ ‚¥¬‡©æ“–∑’Ë¡’°“√·∑π∑’Ë√–¥—∫ 100% ®–¡’§à“„™â®à“¬
 Ÿß°«à“‡π◊ËÕß®“°µâÕß‡ √‘¡°√¥Õ–¡‘‚π„πª√‘¡“≥¡“° ‡æ◊ËÕ„Àâ¡’
ª√‘¡“≥„°≈â‡§’¬ß°—∫ Ÿµ√Õ“À“√∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µ¥’ √«¡∂÷ß
«‘∏’„π°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ µ®–¡’µâπ∑ÿπ Ÿß·≈–¡’«‘∏’°“√
º≈‘µ´—∫´âÕπ°«à“°“√º≈‘µ‡ªìπº≈‘µ¿—≥±åªÉπ

ª√‘¡“≥Õ“À“√∑’Ë°‘π Õ¥§≈âÕß°—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß
ª≈“°–æß¢“«„π°“√»÷°…“§√—Èßπ’È ‚¥¬ª≈“¬Õ¡√—∫Õ“À“√∑’Ë¡’
‡§√◊ËÕß„πª≈“∑Ÿπà“∑—Èß„π√ŸªªÉπ·≈–‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫ 25%
‰¡à·µ°µà“ß®“°Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’πÀ≈—° ®÷ß
∑”„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ∑’Ë„°≈â‡§’¬ß°—π ·µà°“√·∑π∑’Ëª≈“
ªÉπ¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ„π√–¥—∫∑’Ë Ÿß¢÷Èπ‡ªìπ 50, 75 ·≈–
100% ¡’º≈µàÕ°“√°‘πÕ“À“√‚¥¬∑”„Àâª≈“°‘πÕ“À“√≈¥≈ß
Õ¬à“ß¡’π—¬ ”§—≠ ‡π◊ËÕß®“°‚ª√µ’π‰Œ‚¥√‰≈‡ µ‡¡◊ËÕ„ à≈ß„π
Õ“À“√„πª√‘¡“≥¡“°®–∑”„ÀâÕ“À“√¡’√ ¢¡ ∑”„Àâª≈“
¬Õ¡√—∫Õ“À“√≈¥≈ß (Refstie et al., 2004) ´÷Ëß√ ¢¡‡°‘¥
¢÷Èπ‡π◊ËÕß®“°„π¢—ÈπµÕπ°“√º≈‘µ‚ª√µ’π‰Œ‚¥√‰≈‡ µ®–‡°‘¥
ªØ‘°‘√‘¬“‰Œ‚¥√‰≈ ’́ ¢Õß‚ª√µ’π ‚¥¬°“√µ—¥ “¬‡ªª‰∑¥å∑’Ë¡’
 “¬‚´à¬“«„Àâ‡ªìπ°√¥Õ–¡‘‚πÕ‘ √–À√◊Õ‡ªª‰∑¥å “¬ —ÈπÊ ´÷Ëß
∑”„Àâ‡°‘¥°√¥Õ–¡‘‚π°≈ÿà¡‰¡à™Õ∫πÈ” (hydrophobic) ‚¥¬
‡©æ“–‰Õ‚´≈Ÿ´’π ≈Ÿ´’π æ’π‘≈Õ“≈“π’π ∑√‘∫‚µ‡øπ ·≈–«“≈’π
(Mackie, 1982) ‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑’Ëº≈‘µ‰¥â®“°‡§√◊ËÕß„π
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ª≈“∑Ÿπà“ ·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“®÷ß¡’√ ¢¡
¢≥–∑’Ëª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’º≈‘µ¿—≥±åªÉπ¡’ª√‘¡“≥°“√°‘π
Õ“À“√ Ÿß°«à“ ‡π◊ËÕß®“°¢—ÈπµÕπ°“√º≈‘µº≈‘µ¿—≥±åªÉπ‰¡à‡°‘¥
ªØ‘°‘√‘¬“‰Œ‚¥√‰≈´’ ¢Õß‚ª√µ’π∑”„Àâ‰¡à‡°‘¥√ ¢¡  ®“°°“√
∑¥≈Õßæ∫«à“°“√·∑π∑’Ëª≈“ªÉπ∑’Ë√–¥—∫ 100% ª≈“∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’°“√·∑π∑’Ë¥â«¬º≈‘µ¿—≥±åªÉπ ®–¡’πÈ”Àπ—°Õ“À“√∑’Ë
ª≈“°‘π¡“°°«à“°“√·∑π∑’Ë¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ ·µà°“√
‡µ‘¡‚ª√µ’π‰Œ‚¥√‰≈‡ µ≈ß„πÕ“À“√„π√–¥—∫∑’Ë‰¡à¡“°·≈–
πâÕ¬‡°‘π‰ª®– àßº≈„Àâª≈“°‘πÕ“À“√‡æ‘Ë¡¢÷Èπ  ‡™àπ  Refstie
·≈–§≥– (2004) æ∫«à“ª≈“·Õµ·≈πµ‘° ·´≈¡Õπ®–¡’
ª√‘¡“≥°“√°‘πÕ“À“√‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‰¥â√—∫Õ“À“√∑’Ë¡’°“√‡µ‘¡
‚ª√µ’π‰Œ‚¥√‰≈‡ µ 10-15%  ·≈–°“√‡µ‘¡‚ª√µ’π‰Œ‚¥√‰≈
‡ µ≈ß„πÕ“À“√„π√–¥—∫∑’Ë‡À¡“– ¡ àßº≈„Àâª≈“·Õµ·≈πµ‘°
·´≈¡Õπ¡’°“√‡®√‘≠‡µ‘∫‚µ¥’¢÷Èπ (Berge and Storebakken,
1996)

‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå‰¥â¢ÕßÕ“À“√∑’Ë¡’ à«πº ¡
¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“∑’Ë√–¥—∫ 75 ·≈– 100% ¡’§à“
µË”°«à“°“√·∑π∑’Ë¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“ ‡π◊ËÕß®“°ª√‘¡“≥
°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ„πÕ“À“√∑’Ë¡’ à«πº ¡¢Õß‡§√◊ËÕß„π·≈–
À—«ª≈“∑Ÿπà“„π√–¥—∫∑’Ë Ÿß¢÷Èπ¡’ª√‘¡“≥≈¥πâÕ¬≈ß  ¥—ßπ—Èπ
‡¡◊ËÕ‡æ‘Ë¡√–¥—∫°“√·∑π∑’Ë®÷ß∑”„Àâ‚ª√µ’π∑’Ë “¡“√∂π”‰ª„™â
 —ß‡§√“–Àå‚ª√µ’π‰¥â≈¥≈ß

‚ª√µ’π‰Œ‚¥√‰≈‡ µ‡ªìπ‚ª√µ’π∑’Ëºà“π°“√¬àÕ¬„π
¢—ÈπµÕπ°“√º≈‘µ ‡¡◊ËÕπ”¡“·∑π∑’Ëª≈“ªÉπ„π√–¥—∫ 50, 75
·≈– 100% ª≈“®–¡’°“√‡®√‘≠‡µ‘∫‚µµË”°«à“°“√·∑π∑’Ë¥â«¬
«— ¥ÿ‡»…‡À≈◊ÕªÉπ ‡π◊ËÕß®“°ª≈“®–¡’°“√¬àÕ¬ ≈“¬‚ª√µ’π
®“°Õ“À“√‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈–‡°Á∫ – ¡‰«â„π√à“ß°“¬
∫“ß à«π ‚ª√µ’π à«π‡°‘π®–∂Ÿ°¢—∫ÕÕ°πÕ°√à“ß°“¬ ¥—ßπ—Èπ
Õ“À“√∑’Ë¡’‚ª√µ’π‰Œ‚¥√‰≈‡ µ„π√–¥—∫ Ÿßª≈“®–¥Ÿ¥´÷¡‚ª√µ’π
∑’Ëºà“π°“√¬àÕ¬·≈â«‰¥â¥’ ·µà‡π◊ËÕß®“°‡ªìπ‚ª√µ’π∑’Ë¡’§ÿ≥¿“æ
µË”¡’ª√‘¡“≥°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ‰¡à‡æ’¬ßæÕµàÕ°“√ —ß‡§√“–Àå
‚ª√µ’π‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ ®÷ß‰¡à “¡“√∂π”‰ª„™âª√–‚¬™πå
‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ‰¥â∑—ÈßÀ¡¥ ¥—ßπ—Èπ°√¥Õ–¡‘‚π∑’Ë‡À≈◊Õ®–
∂Ÿ°¢—∫ÕÕ°®“°√à“ß°“¬„πª√‘¡“≥¡“°°«à“Õ“À“√∑’Ë¡’«— ¥ÿ‡»…
‡À≈◊ÕªÉπ ´÷Ëßª≈“®–¬àÕ¬‚ª√µ’π·≈– “¡“√∂π”‰ª„™âª√–‚¬™πå
‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ‰¥â¥’°«à“

®“°º≈°“√∑¥≈Õßæ∫«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√
∑’Ë¡’°“√·∑π∑’Ë¥â«¬«— ¥ÿ‡»…‡À≈◊Õ∑’Ë√–¥—∫ 25% ¢Õß‚ª√µ’π„π

ª≈“ªÉπ ®–¡’°“√‡®√‘≠‡µ‘∫‚µ πÈ”Àπ—°Õ“À“√∑’Ëª≈“°‘π Õ—µ√“
°“√‡ª≈’Ë¬πÕ“À“√‡ªìπ‡π◊ÈÕ ·≈–‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå ‰¡à
·µ°µà“ß®“°ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π
À≈—° ·≈–®–¡’§à“≈¥≈ßµ“¡√–¥—∫°“√·∑π∑’Ë‚ª√µ’π®“°ª≈“
ªÉπ„πÕ“À“√∑’Ë‡æ‘Ë¡¢÷Èπ ·µà “¡“√∂∑¥·∑πª≈“ªÉπ„πÕ“À“√
‰¥â„πª√‘¡“≥∑’Ë Ÿß°«à“°“√·∑π∑’Ë¥â«¬∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π ‚¥¬
Tantikitti ·≈–§≥– (2005) æ∫«à“ª≈“°–æß¢“«∑’Ë‰¥â√—∫
Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π∑’Ë√–¥—∫
10% ¢Õß‚ª√µ’π„πª≈“ªÉπ ®–¡’°“√‡®√‘≠‡µ‘∫‚µ ·≈–
ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√‰¥â‰¡à·µ°µà“ß®“° Ÿµ√§«∫§ÿ¡ ·µà
‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë¥â«¬∂—Ë«‡À≈◊Õß °—¥πÈ”¡—π‡æ‘Ë¡¢÷Èπ®–∑”„Àâ
°“√‡®√‘≠‡µ‘∫‚µ ª√– ‘∑∏‘¿“æ°“√„™âÕ“À“√≈¥≈ß   ¢≥–∑’Ë
®ŸÕ–¥’ ·≈–¡–≈‘ (2538) »÷°…“°“√„™â°“°∂—Ë«‡À≈◊Õß·≈–
‚ª√µ’π¢â“«‚æ¥„πÕ—µ√“ à«π 5:3 ·∑π∑’Ëª≈“ªÉπ„πÕ“À“√ª≈“
°–æß¢“« æ∫«à“ “¡“√∂„™â·∑π∑’Ë‰¥â∑’Ë√–¥—∫ 25% ¢Õßª≈“
ªÉπ„πÕ“À“√ ‚¥¬ª≈“¡’Õ—µ√“°“√‡®√‘≠‡µ‘∫‚µ·≈–Õ—µ√“°“√
·≈°‡π◊ÈÕ‰¡à·µ°µà“ß®“°Õ“À“√ Ÿµ√§«∫§ÿ¡ ·≈–‡¡◊ËÕ‡æ‘Ë¡
√–¥—∫°“√·∑π∑’Ë®–∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ Õ—µ√“°“√·≈°‡π◊ÈÕ
ª√– ‘∑∏‘¿“æ°“√„™â‚ª√µ’π ·≈–ª√– ‘∑∏‘¿“æ°“√¬àÕ¬‚ª√µ’π
≈¥≈ß ‡π◊ËÕß®“°ª≈“®–¡’§«“¡ “¡“√∂„π°“√¬àÕ¬‚ª√µ’π®“°
°“°∂—Ë«‡À≈◊Õß·≈–‚ª√µ’π¢â“«‚æ¥‰¥âπâÕ¬°«à“ª≈“ªÉπ ∑—Èßπ’Èπà“
®–‡°‘¥®“°§“√å‚∫‰Œ‡¥√∑„π°“°∂—Ë«‡À≈◊Õß·≈–‚ª√µ’π¢â“«‚æ¥
´÷Ëß¬àÕ¬¬“° √«¡∑—Èß°“°∂—Ë«‡À≈◊Õß¡’§«“¡‰¡à ¡¥ÿ≈¢Õß°√¥
Õ–¡‘‚π ·≈– “√µâ“π‚¿™π“°“√ Ÿß   à«π Stone ·≈–§≥–
(2000) æ∫«à“ª≈“ Australian silver perch ´÷Ëß‡ªìπª≈“
°‘π∑—Èßæ◊™·≈–‡π◊ÈÕ (omnivorous)  “¡“√∂„™â‡π◊ÈÕªÉπ∑¥·∑π
ª≈“ªÉπ„πÕ“À“√‰¥â∂÷ß 30%  ”À√—∫°“√»÷°…“°“√„™â‡π◊ÈÕªÉπ
·≈–‡π◊ÈÕ·≈–°√–¥Ÿ°ªÉπ∑¥·∑πª≈“ªÉπ„πÕ“À“√ª≈“°–æß
¢“« æ∫«à“ “¡“√∂„™â∑¥·∑π‰¥â∫“ß à«π

ª≈“°–æß¢“«„π°“√»÷°…“§√—Èßπ’È¡’°“√√Õ¥µ“¬ Ÿß„°≈â
‡§’¬ß°—π„π∑ÿ°™ÿ¥°“√∑¥≈Õß  ‡π◊ËÕß®“°ª≈“∑’Ë„™â∑¥≈Õß¡’
¢π“¥„À≠à¡’°“√¬Õ¡√—∫Õ“À“√∑¥≈Õß‰¥â¥’ „π¢≥–∑’Ë Cahu
·≈–§≥– (2004) æ∫«à“ ª≈“°–æß¬ÿ‚√ª Dicentrarchus
labrax ∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π‰Œ‚¥√‰≈‡ µ·∑π∑’Ëª≈“ªÉπ∑’Ë
√–¥—∫ 14% ¡’Õ—µ√“°“√√Õ¥µ“¬ Ÿß°«à“ª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’
°“√·∑π∑’Ë√–¥—∫ 46% ‡™àπ‡¥’¬«°—∫ Cahu ·≈–§≥– (1999)
æ∫«à“≈Ÿ°ª≈“°–æß¬ÿ‚√ª«—¬ÕàÕπ¡’Õ—µ√“°“√√Õ¥µ“¬ Ÿß‡¡◊ËÕ‰¥â
√—∫Õ“À“√∑’Ë¡’°“√·∑π∑’Ëª≈“ªÉπ¥â«¬‚ª√µ’π‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫
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™ÿµ‘¡“  µ—πµ‘°‘µµ‘ ·≈–§≥–1339

25% ·≈–Õ—µ√“°“√√Õ¥µ“¬®–≈¥≈ß‡¡◊ËÕ√–¥—∫°“√·∑π∑’Ë
ª≈“ªÉπ„πÕ“À“√‡∑à“°—∫ 50 ·≈– 75%

 √ÿªº≈°“√»÷°…“

‡§√◊ËÕß„πª≈“∑Ÿπà“ ·≈–À—«ª≈“∑Ÿπà“‡ªìπ‡»…‡À≈◊Õ®“°
Õÿµ “À°√√¡·ª√√Ÿª —µ«åπÈ”∑’Ë¡’ª√‘¡“≥‚ª√µ’π Õß§åª√–°Õ∫
°√¥Õ–¡‘‚π∑’Ë®”‡ªìπ ·≈–ª√‘¡“≥º≈º≈‘µ Ÿß°«à“À—«°ÿâß°ÿ≈“¥”
‡¡◊ËÕπ”¡“º≈‘µ‡ªìπº≈‘µ¿—≥±åªÉπ·≈–‰Œ‚¥√‰≈‡ µ ®“°°“√π”
‡§√◊ËÕß„πª≈“∑Ÿπà“·≈– à«πº ¡¢Õß‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“
∑’Ëº≈‘µ‡ªìπº≈‘µ¿—≥±åªÉπ·≈–‰Œ‚¥√‰≈‡ µ·∑π∑’Ëª≈“ªÉπ„π
Õ“À“√ ”À√—∫ª≈“°–æß¢“«∑’Ë√–¥—∫ 25 50 75 ·≈– 100%
¢Õß‚ª√µ’π„πª≈“ªÉπ  ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’°“√
·∑π∑’Ë‚ª√µ’π®“°ª≈“ªÉπ¥â«¬‡§√◊ËÕß„πª≈“∑Ÿπà“¡’°“√‡®√‘≠
‡µ‘∫‚µ·≈–‚ª√µ’π∑’Ëπ”‰ª„™âª√–‚¬™πå Ÿß°«à“ à«πº ¡¢Õß
‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“ ‚¥¬º≈‘µ¿—≥±åªÉπ·≈–‚ª√µ’π
‰Œ‚¥√‰≈‡ µ∑’Ë√–¥—∫ 25%  àßº≈„Àâª≈“¡’°“√‡®√‘≠‡µ‘∫‚µ
‰¡à·µ°µà“ß®“°ª≈“°–æß¢“«∑’Ë‰¥â√—∫Õ“À“√∑’Ë¡’‚ª√µ’π®“°
ª≈“ªÉπ‡æ’¬ßÕ¬à“ß‡¥’¬«  πÕ°®“°π’È¬—ß¡’º≈°√–µÿâπ°“√°‘π
Õ“À“√¢Õßª≈“Õ’°¥â«¬

‡§√◊ËÕß„πª≈“∑Ÿπà“ªÉπ‡ªìπ·À≈àß‚ª√µ’π∑’Ë “¡“√∂π”
¡“„™â∑¥·∑πª≈“ªÉπ„π√–¥—∫∑’Ë Ÿß°«à“ 25% ·µà§«√¡’°“√
‡ √‘¡°√¥Õ–¡‘‚π™π‘¥®”‡ªìπ∑’Ë¡’Õ¬Ÿà„πª√‘¡“≥πâÕ¬ ‰¥â·°à
‰≈´’π ‰Õ‚´≈Ÿ´’π ≈Ÿ´’π ∑√’‚Õπ’π «“≈’π ·≈–‡¡∑‰∏‚Õπ’π
‡æ◊ËÕ„Àâ¡’ª√‘¡“≥¢Õß°√¥Õ–¡‘‚π™π‘¥®”‡ªìπ‡æ’¬ßæÕµàÕ§«“¡
µâÕß°“√‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õßª≈“ ‚¥¬ª√‘¡“≥∑’Ë‡ √‘¡¢÷Èπ
Õ¬Ÿà°—∫√–¥—∫¢Õß‡§√◊ËÕß„πª≈“∑Ÿπà“∑’Ë„™â„πÕ“À“√ πÕ°®“°π’È
°“√„™â‡§√◊ËÕß„πª≈“∑Ÿπà“·∑π∑’Ëª≈“ªÉπ¬—ß¡’º≈¥’µàÕ ‘Ëß·«¥≈âÕ¡
‡π◊ËÕß®“°‡ªìπº≈‘µ¿—≥±å∑’Ë¡’ª√‘¡“≥‡∂â“µË” ®÷ß∑”„Àâ¡’°“√ª≈àÕ¬
øÕ øÕ√— ≈ß Ÿà·À≈àßπÈ”≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√„™âª≈“
ªÉπ´÷Ëß¡’ª√‘¡“≥‡∂â“ Ÿß°«à“

°‘µµ‘°√√¡ª√–°“»

°“√»÷°…“§√—Èßπ’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°ß∫ª√–¡“≥
·ºàπ¥‘πª√–®”ªï 2547  ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ »Ÿπ¬å«‘®—¬·≈–
æ—≤π“ª√–¡ß™“¬Ωíòß ®. µŸ≈   ”À√—∫ ∂“π∑’Ë„π°“√∑¥≈Õß
‡≈’È¬ßª≈“   ∫√‘…—∑ ∑√Õªî§Õ≈·§ππ‘Ëß ®”°—¥  ”À√—∫§«“¡

Õπÿ‡§√“–Àå‡§√◊ËÕß„π·≈–À—«ª≈“∑Ÿπà“  ·≈–∫√‘…—∑ ÀâÕß‡¬Áπ
‚™µ‘«—≤πå  ”À√—∫§«“¡Õπÿ‡§√“–ÀåÀ—«°ÿâß°ÿ≈“¥” ‡ªìπ«—µ∂ÿ¥‘∫
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