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Abstract
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Lipid oxidation of fish meal stored under different storage conditions
Songklanakarin J. Sci. Technol., 2007, 29(2) : 501-514

Changes of chemical quality and physical properties of fish meal due to lipid oxidation under differ-
ent storage conditions were studied using a 3-factor factorial design (2x2x4). Premium grade fish meal (72%
protein) was divided into two portions, with and without ethoxyquin, each portion was then stored at either
ambient temperature or 4oC for 0, 1.5, 3 and 4.5 months. The results showed no interaction between 3
factors (supplemented with or without ethoxyquin, at 27-32oC and 4o and storage time) on protein, lipid and
ash of fish meal. Peroxide value (PV) and anisidine value (AnV) increased with storage time with the highest
value in the non-ethoxyquin sample stored at ambient temperature for 4.5 months. An increase of TBARS
was found in non-ethoxyquin fish meal stored at both ambient temperature and 4oC with the highest value
in the sample stored at 4oC for 4.5 months. Storage conditions without ventilation/air circulation caused an
accumulation of malonaldehyde in the fish meal storage at 4oC for a long period. FFA content was highest
in the ethoxyquin treated fish meal stored at ambient temperature for 3 months. At 4.5 months, the non-
ethoxyquin fish meal stored at ambient temperature showed higher FFA content than other samples. Levels
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of TVN of samples stored at ambient temperature decreased with time but those stored at 4oC changed in
an opposite direction, which could be explained by the similar phenomenon as the changes of TBARS value.
Parameters tested by feed microscopic and simple chemical techniques did not show any difference among
fish meal under studied conditions.

Key words : fish meal, lipid oxidation, storage condition, ethoxyquin
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º≈°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æ¢Õßª≈“ªÉπ‡°√¥¥’‡¬’Ë¬¡ (‚ª√µ’π 72%)  ∑—Èß¥â“π‡§¡’  ·≈– ¡∫—µ‘∑“ß

°“¬¿“æ   ‡π◊ËÕß®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π√–À«à“ß‡°Á∫√—°…“ª≈“ªÉπ„π ¿“æ∑’Ë·µ°µà“ß°—π¥â«¬·ºπ°“√

∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈ (2x2x4)  æ∫«à“‰¡à¡’Õ‘∑∏‘æ≈√à«¡√–À«à“ß°“√„™â “√°—πÀ◊πÕ’∑Õ°´‘§«‘π (‡µ‘¡·≈–‰¡à‡µ‘¡)

Õÿ≥À¿Ÿ¡‘∑’Ë‡°Á∫√—°…“ (Õÿ≥À¿Ÿ¡‘ÀâÕß ·≈– 4
o
C) ·≈–√–¬–‡«≈“°“√‡°Á∫√—°…“ª≈“ªÉπ (0, 1.5, 3 ·≈– 4.5 ‡¥◊Õπ) µàÕ

ª√‘¡“≥‚ª√µ’π ‰¢¡—π√«¡ ·≈–‡∂â“  à«π§à“‡ªÕ√åÕÕ°‰´¥å (PV) °—∫§à“Õ–π‘´‘¥’π (AnV) ¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ·≈–‡æ‘Ë¡

 Ÿß ÿ¥„πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ  ¢≥–∑’Ë§à“ TBARS ‡æ‘Ë¡¢÷Èπ„πµ—«Õ¬à“ß∑’Ë

‰¡à‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–Õÿ≥À¿Ÿ¡‘ 4
o
C  ·≈–¡’§à“ Ÿß∑’Ë ÿ¥„πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’Ë

Õÿ≥À¿Ÿ¡‘ 4
o
C π“π 4.5 ‡¥◊Õπ (p<0.05) ‡°‘¥®“°°“√ – ¡ “√¡“≈ÕπÕ—π¥’‰Œ¥å„π ¿“«–∑’Ë‰¡à¡’Õ“°“»∂à“¬‡∑   à«π

ª√‘¡“≥°√¥‰¢¡—πÕ‘ √– (FFA) ¡’√–¥—∫ Ÿß ÿ¥„πµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“3 ‡¥◊Õπ ·µà

‡¡◊ËÕ‡°Á∫‰«âπ“π 4.5 ‡¥◊Õπ µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ¡’ª√‘¡“≥ FFA  Ÿß°«à“µ—«Õ¬à“ßÕ◊ËπÊ Õ¬à“ß¡’

π—¬ ”§—≠ (p<0.05) æ∫°“√‡ª≈’Ë¬π·ª≈ß ’ª≈“ªÉπ‡°‘¥¢÷Èπ‡≈Á°πâÕ¬´÷ËßÕ¬Ÿà„π™à«ß∑’Ë¬Õ¡√—∫‰¥â ·≈–‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß

æ“√“¡‘‡µÕ√å∑’Ëµ√«® Õ∫¥â«¬‡∑§π‘§∑“ß°≈âÕß®ÿ≈∑√√»πå·≈–°“√‡ ◊ËÕ¡ ≈“¬∑“ß‡§¡’

ª≈“ªÉπ‡ªìπ·À≈àß‚ª√µ’π∑’Ë ”§—≠ ”À√—∫°“√∑”Õ“À“√
°ÿâß  ‡π◊ËÕß®“°¡’ª√‘¡“≥‚ª√µ’π Ÿß·≈–¡’§«“¡ ¡¥ÿ≈¢Õß°√¥
Õ–¡‘ ‚π∑ÿ°™π‘¥∑’Ë —µ«åπÈ”µâÕß°“√∑—Èß∑“ß¥â“π§ÿ≥¿“æ·≈–
ª√‘¡“≥ πÕ°®“°π’Èª≈“ªÉπ¬—ßÕÿ¥¡‰ª¥â«¬°√¥‰¢¡—π™π‘¥‰¡à
Õ‘Ë¡µ—« Ÿß (polyunsatturated fatty acid) ®÷ß‡ªìπ‡Àµÿ„Àâ
ª≈“ªÉπ¡’§«“¡‰«µàÕ°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π  àßº≈„Àâ
§ÿ≥¿“æ∑“ß¥â“π‚¿™π“°“√¢ÕßÕ“À“√≈¥≈ß (Esterbauer et
al., 1991; Takiguchi, 1992) ¡’°≈‘Ëπ‡À¡ÁπÀ◊π (Gunston,
1996) ·≈–Õ“®‡°‘¥ “√ª√–°Õ∫∑’Ë‡ªìπæ‘… (Kinsella, 1987;
Sanders, 1987)  ‡ªìπ‡Àµÿ„Àâ‡°‘¥°“√‡ ◊ËÕ¡ ≈“¬¢Õß‡¬◊ËÕÀÿâ¡
‡´≈≈å ‡Õπ‰´¡å «‘µ“¡‘π·≈–‚ª√µ’π (Ranken, 1994)  °“√
‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π¡’ 3 √–¬–§◊Õ 1) √–¬–
‡Àπ’Ë¬«π” (initiation) ‡ªìπ√–¬–∑’Ë‰Œ‚¥√‡®πÕ–µÕ¡À≈ÿ¥
ÕÕ°®“°§“√å∫ÕπÕ–µÕ¡  ‚¥¬¡’Õÿ≥À¿Ÿ¡‘  · ß·≈–‚≈À–

∑√“π´‘™—π‡ªìπµ—«‡√àß‡°‘¥‡ªìπÕπÿ¡Ÿ≈Õ‘ √– (free radical)
2) √–¬–°“√·æ√à¢¬“¬ (propagation) Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷Èπ
®–∑”ªØ‘°‘√‘¬“°—∫ÕÕ° ‘́‡®π‡°‘¥‡ªìπÕπÿ¡Ÿ≈‡ªÕ√åÕÕ° ’́À√◊Õ “√
‡ªÕ√åÕÕ°‰´¥å (peroxide) ®“°π—Èπ‡ªÕ√åÕÕ°‰´¥å√«¡µ—«°—∫
‰Œ‚¥√‡®π®“°°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«µ—«µàÕ‰ª ‡°‘¥‡ªìπ “√‰Œ‚¥√-
‡ªÕ√åÕÕ°‰´¥å (hydroperoxide) ·≈–Õπÿ¡Ÿ≈Õ‘ √–¢÷ÈπÕ’°§√—Èß
´÷Ëß®–‡°‘¥‡ªìπªØ‘°‘√‘¬“µàÕ‡π◊ËÕß‡ªìπ≈Ÿ°‚´à ‰Œ‚¥√‡ªÕ√åÕÕ°‰´¥å
‡ªìπ “√∑’Ë‰¡à§ßµ—«‚¥¬®– ≈“¬µ—«‡ªìπ “√∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈
µË” ‡™àπ §’‚µπ Õ—≈¥’‰Œ¥å ‰Œ‚¥√§“√å∫Õπ °√¥·≈–·Õ≈°ÕŒÕ≈å
‡ªìπµâπ ´÷Ëß “¡“√∂√–‡À¬ÕÕ°‰ª‰¥â·≈–¡’°≈‘Ëπ‡À¡ÁπÀ◊π
(Nakayama et al., 1994; Jadhav et al., 1996) 3) √–¬–
 ‘Èπ ÿ¥ (termination) ‡ªìπ√–¬–∑’ËÕπÿ¡Ÿ≈Õ‘ √–µà“ßÊ √«¡µ—«
°—π‡ªìπ “√ª√–°Õ∫„À¡à∑’Ë§ßµ—« ®÷ß‡ªìπ√–¬– ‘Èπ ÿ¥¢Õß
ªØ‘°‘√‘¬“°“√‡°‘¥ÕÕ°´‘‡¥™—π (Dugan, 1976) ªí®®—¬∑’Ë¡’º≈
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√–æ’æ√√≥  ‡≈“À∫√√®ß ·≈–§≥–503

µàÕ°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π ‰¥â·°à ª√‘¡“≥°√¥
‰¢¡—π‰¡àÕ‘Ë¡µ—« (Allen and Hamilton, 1994) Õÿ≥À¿Ÿ¡‘
(Fujita et al., 1994; Allen and Hamilton, 1994)  º‘«
 —¡º— °—∫ÕÕ°´‘‡®π (Rawls and Van Santen, 1970)
· ß (Hansen and Skibsted, 2000) √—ß ’ (Bandoniene
et al., 2001) ·≈–‚≈À–Àπ—°∑√“π´‘™—π ‡™àπ Cu2+, Fe2+

‡ªìπµâπ (Miller, 1996) °“√‡µ‘¡ “√°—πÀ◊π À√◊Õ°“√‡°Á∫
√—°…“ª≈“ªÉπ„Àâ∂Ÿ°µâÕß  “¡“√∂™–≈Õ°“√‡°‘¥ÕÕ° ‘́‡¥™—π
¢Õß‰¢¡—π„πª≈“ªÉπ‰¥â„π√–¥—∫Àπ÷Ëß °“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿ-
ª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß°“√‡µ‘¡ “√°—πÀ◊πµàÕ°“√‡°‘¥
ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π„πª≈“ªÉπ‡°√¥¥’‡¬’Ë¬¡∑’Ë‡°Á∫
√—°…“∑’ËÕÿ≥À¿Ÿ¡‘µà“ß°—π„π√–¬–‡«≈“µà“ß°—π ‚¥¬»÷°…“°“√
‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’  ¡∫—µ‘∑“ß°“¬¿“æ °“√∑¥ Õ∫¥â«¬
‡∑§π‘§∑“ß°≈âÕß®ÿ≈∑√√»πå (feed microscopic technique)
·≈–°“√∑¥ Õ∫∑“ß‡§¡’Õ¬à“ßßà“¬

Õÿª°√≥å·≈–«‘∏’°“√»÷°…“

1. ·ºπ°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß·∫∫·ø§∑Õ‡√’¬≈ (2x2x4) ¡’
™ÿ¥°“√∑¥≈Õß∑—ÈßÀ¡¥ 16 ™ÿ¥°“√∑¥≈Õß  ¥—ß· ¥ß„π
Figure 1

2. °“√‡µ√’¬¡ª≈“ªÉπ‡æ◊ËÕ°“√‡°Á∫√—°…“

ª≈“ªÉπ‡°√¥¥’‡¬’Ë¬¡ (Premium grade; ‚ª√µ’π

72.21%) ®“° ∫√‘…—∑°√–∫’ËÕÿµ “À°√√¡ª≈“ªÉπ ®”°—¥
®—ßÀ«—¥°√–∫’Ë ´÷Ëß‡ªìπª≈“ªÉπ∑’Ëº≈‘µ„À¡à 1 «—π ·≈–‰¡à¡’°“√
‡µ‘¡ “√°—πÀ◊πª√‘¡“≥ 40 °°. ·∫àßª≈“ªÉπª√‘¡“≥ 4 °°.
‡ªìπµ—«Õ¬à“ß™ÿ¥§«∫§ÿ¡ (∑’Ë√–¬–‡«≈“ 0 ‡¥◊Õπ) ª≈“ªÉπ∑’Ë
‡À≈◊Õ·∫àßÕÕ°‡ªìπ 2  à«πÊ ≈– 18 °°.   à«π∑’Ë 1 ‡µ‘¡
 “√°—πÀ◊πÕ’∑Õ°´‘§«‘π 200 ¡°./ª≈“ªÉπ 1 °°.  ´÷Ëß‡ªìπ
 “√°—πÀ◊π∑’Ë¡’°“√Õπÿ≠“µ„Àâ„™â ·≈–‡ªìπ∑’Ëπ‘¬¡„™â°—πÕ¬à“ß
·æ√àÀ≈“¬„π°“√‡°Á∫√—°…“ª≈“ªÉπ·≈–πÈ”¡—πª≈“ ‡π◊ËÕß®“°
‡ªìπ “√°—πÀ◊π∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß·≈–¡’√“§“∂Ÿ°    à«π∑’Ë 2
‰¡à‡µ‘¡ “√°—πÀ◊π π”ª≈“ªÉπ·µà≈– à«π∫√√®ÿ„ à∂ÿß∑’Ë‡¬Á∫®“°
°√– Õ∫Õ“À“√ —µ«å ‡æ◊ËÕ„Àâ¡’ ¿“æ‡À¡◊Õπ°—∫∑’Ë‡°Á∫„π ¿“æ
®√‘ß °√– Õ∫≈– 1.5 °°. ®”π«π 24 °√– Õ∫ ®–‰¥âª≈“
ªÉπ∑’Ë‡µ‘¡ “√°—πÀ◊π®”π«π 12 °√– Õ∫  ·≈–‰¡à‡µ‘¡ “√
°—πÀ◊π®”π«π 12 °√– Õ∫  ®“°π—Èππ”ª≈“ªÉπ∑’Ë‡µ‘¡ “√
°—πÀ◊π ·≈–‰¡à‡µ‘¡ “√°—πÀ◊πÕ¬à“ß≈– 6 °√– Õ∫ ∫√√®ÿ≈ß
„π°≈àÕß‚ø¡π”‰ª‡°Á∫„πµŸâ‡¬Áπ (Õÿ≥À¿Ÿ¡‘ 4oC)  à«πª≈“ªÉπ
∑’Ë‡À≈◊Õπ”‰ª‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

3. °“√«‘‡§√“–Àå§ÿ≥¿“æª≈“ªÉπ

3.1 °“√«‘‡§√“–Àå∑“ß‡§¡’
3.1.1 Õß§åª√–°Õ∫∑“ß‡§¡’  (proximate

analysis) ‰¥â·°à §«“¡™◊Èπ ‚ª√µ’π ‰¢¡—π ·≈–‡∂â“ (AOAC,
1990) ∑’Ë√–¬–‡«≈“ 0 ‡¥◊Õπ 1.5 ‡¥◊Õπ 3 ‡¥◊Õπ ·≈– 4.5
‡¥◊Õπ

3.1.2 ª√‘¡“≥‡°≈◊Õ (AOAC, 1990)  ∑’Ë

Figure 1.   Experimental design for fish meal storage conditions.

Premium grade fishmeal

Non-ethoxyquin fishmeal 200 ppm ethoxyquin added fishmeal

Ambient temperature 4oC Ambient temperature 4oC

0 month 0 month 0 month 0 month
1.5 months 1.5 months 1.5 months 1.5 months
3 months 3 months 3 months 3 months

4.5 months 4.5 months 4.5 months 4.5 months
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√–¬–‡«≈“ 0 ‡¥◊Õπ
3.1.3 §ÿ≥¿“æ∑“ß‡§¡’ ‰¥â·°à Total Volatile

Base Nitrogen (TVB-N) ‚¥¬«‘∏’ MgO Distillation
Method (AOAC, 1990)  Free Fatty Acid (Uchiyama,
1973)  Peroxide Value (IUPAC, 1979)  Thiobarbi-
turic acid (IUPAC, 1979)  ·≈–  Anisidine Value
(IUPAC, 1979) ∑’Ë√–¬–‡«≈“ 0 ‡¥◊Õπ 1.5 ‡¥◊Õπ 3 ‡¥◊Õπ
·≈– 4.5 ‡¥◊Õπ

3.2  ¡∫—µ‘∑“ß°“¬¿“æ  ‚¥¬«—¥°“√‡ª≈’Ë¬π·ª≈ß ’
¢Õßª≈“ªÉπ¥â«¬√–∫∫ Hunter system (CIELAB 10o /
D65) ∑’Ë√–¬–‡«≈“ 0 ‡¥◊Õπ 1.5 ‡¥◊Õπ 3 ‡¥◊Õπ ·≈– 4.5
‡¥◊Õπ

3.3 µ√«® Õ∫‚¥¬ Feed microscopic technique
(‡¬“«¡“≈¬å, 2546) ‰¥â·°à °“√ª≈Õ¡ªπ¢π‰°à‰Œ‚¥√‰≈ ǻ (∑’Ë
√–¬–‡«≈“ 0 ‡¥◊Õπ)  ª√‘¡“≥‰π‚µ√‡®π∑’Ë‰¡à„™à‚ª√µ’π (non
protein nitrogen; NPN) (∑’Ë√–¬–‡«≈“ 0 ‡¥◊Õπ) ·≈–°“√
‡ ◊ËÕ¡ ≈“¬ (decomposition) ¢Õßª≈“ªÉπ (∑’Ë√–¬–‡«≈“ 3
‡¥◊Õπ ·≈– 4.5 ‡¥◊Õπ)

3.4 À“ª√‘¡“≥Õ’∑Õ°´‘§«‘π∑’Ë‡À≈◊Õ„πª≈“ªÉπ  ∑’Ë
√–¬–‡«≈“ 0 ‡¥◊Õπ 1.5 ‡¥◊Õπ 3 ‡¥◊Õπ ·≈– 4.5 ‡¥◊Õπ ‚¥¬
HPLC µ“¡ AOAC (1998)

4. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’
(‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–§«“¡™◊Èπ)  §ÿ≥¿“æ∑“ß‡§¡’ (PV,
TBARS,  FFA, AnV  ·≈– TVN) ·≈– ¡∫—µ‘∑“ß°“¬¿“æ
(L*  a*  b* ·≈– ∆E*ab) ¡“À“§à“‡©≈’Ë¬·≈–«‘‡§√“–Àå
§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈ (analysis of variance) ·∫∫
·ø§∑Õ‡√’¬≈ ·≈–‡ª√’¬∫‡∑’¬∫À“§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬
¥â«¬«‘∏’  Duncan's Multiple Range Test

º≈°“√»÷°…“

1. °“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’

1.1 Õß§åª√–°Õ∫∑“ß‡§¡’
‚ª√µ’π ‰¢¡—π ‡∂â“ ·≈–§«“¡™◊Èπ¢Õßª≈“ªÉπ∑’Ë

‡°Á∫√—°…“‚¥¬°“√‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß·≈–Õÿ≥À¿Ÿ¡‘ 4oC ‡ªìπ√–¬–‡«≈“·µ°µà“ß°—π ¥—ß· ¥ß

„π Table 1 æ∫«à“‚ª√µ’π ‰¢¡—π ·≈–‡∂â“ ‰¡à¡’§«“¡·µ°
µà“ß∑“ß ∂‘µ‘ ¢≥–∑’Ë§«“¡™◊Èπ¢Õßª≈“ªÉπ∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
∑—Èß‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π‡æ‘Ë¡¢÷Èπ·≈–‡æ‘Ë¡ Ÿß ÿ¥„πµ—«Õ¬à“ß
∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß π“π 3 ‡¥◊Õπ ‡∑à“°—∫
12.63±0.03% (p<0.05)  à«πª≈“ªÉπ∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
∑—Èß‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π¡’§«“¡™◊Èπ Ÿß¢÷Èπ„π  3 ‡¥◊Õπ À≈—ß
®“°π—Èπ§«“¡™◊Èπ§àÕπ¢â“ß§ß∑’Ë

1.2 §ÿ≥¿“æ∑“ß‡§¡’
§à“‡ªÕ√åÕÕ°‰´¥å (PV) thiobarbituric acid

(TBARS)  §à“Õ–π‘´‘¥’π (AnV)  °√¥‰¢¡—πÕ‘ √– (FFA)
·≈–ª√‘¡“≥¥à“ß∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥ (TVB-N) ¢Õßª≈“ªÉπ∑’Ë
‡°Á∫‚¥¬°“√‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈– 4oC
∑’Ë√–¬–‡«≈“µà“ß°—π · ¥ß„π Table 2   ”À√—∫ª√‘¡“≥‡°≈◊Õ
„πª≈“ªÉπ∑’Ëπ”¡“®“°∫√‘…—∑°√–∫’ËÕÿµ “À°√√¡ª≈“ªÉπ ®”°—¥
Õ¬Ÿà∑’Ë 1.8±0.10%

PV ¢Õßª≈“ªÉπ∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß·≈–Õÿ≥À¿Ÿ¡‘ 4oC ¡’§à“ Ÿß¢÷Èπµ“¡√–¬–‡«≈“∑’Ë
‡°Á∫√—°…“ ‚¥¬‡©æ“–„πµ—«Õ¬à“ß∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∑’Ë‡«≈“
4.5 ‡¥◊Õπ ¡’§à“ Ÿß ÿ¥‡∑à“°—∫ 6.43±0.53 meq/kg oil (p<
0.05)   à«πª≈“ªÉπ∑’Ë‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
·≈–Õÿ≥À¿Ÿ¡‘ 4oC  ¡’§à“ PV ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡°Á∫‡ªìπ‡«≈“ 1.5
‡¥◊Õπ À≈—ß®“°π—Èπ®–≈¥µË”≈ß ‚¥¬µ—«Õ¬à“ß∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕßπ“π 3 ‡¥◊Õπ ¡’§à“ PV ≈¥≈ßµË” ÿ¥‡∑à“°—∫ 1.77±0.03
meq/kg oil (p<0.05)

√–¥—∫ TBARS ¢Õßª≈“ªÉπ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à
‡µ‘¡ “√°—πÀ◊π·≈–∑—Èß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–Õÿ≥À¿Ÿ¡‘ 4oC
¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“∑’Ë‡°Á∫√—°…“‚¥¬°≈ÿà¡µ—«Õ¬à“ß∑’Ë
‰¡à‡µ‘¡ “√°—πÀ◊π¡’√–¥—∫ TBARS  Ÿß°«à“„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë
‡µ‘¡ “√°—πÀ◊π  ª≈“ªÉπ∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’Ë 4oC ∑’Ë
4.5 ‡¥◊Õπ ¡’√–¥—∫ TBARS  Ÿß∑’Ë ÿ¥‡∑à“°—∫ 72.78±0.90
mgMAD/kg sample (p<0.05) √Õß≈ß¡“‡ªìπª≈“ªÉπ∑’Ë
‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ√–¬–‡«≈“ 4.5 ‡¥◊Õπ
‡∑à“°—∫ 62.31±0.62 mgMAD/kg sample

§à“ AnV ¢Õßª≈“ªÉπ∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë
‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–Õÿ≥À¿Ÿ¡‘ 4oC ¡’§à“‡æ‘Ë¡¢÷Èπµ≈Õ¥√–¬–
‡«≈“‡°Á∫√—°…“ ‚¥¬ª≈“ªÉπ∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ√–¬–
‡«≈“ 4.5 ‡¥◊Õπ ¡’ AnV  Ÿß∑’Ë ÿ¥‡∑à“°—∫ 36.87±0.79 Unit
(p<0.05)   à«πª≈“ªÉπ∑’Ë‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘
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Table 1. Proximate composition (%) of fish meal stored under different conditions1

(dry matter basis)

   Fish meal Temperature Storage time Protein Fat Ash Moisture2

(oc) (months)

0 72.21±0.92 11.66±0.09 18.97±0.40    2.75±0.13a3

27-32 1.5 71.10±0.50 11.38±0.11 18.16±0.17   7.41±0.15e

3 70.64±0.08 11.23±0.05 18.02±0.0 12.63±0.03j

4.5 67.96±0.20 11.05±0.07 18.62±0.07   8.74±0.05g

0 72.21±0.92 11.66±0.09 18.97±0.40   2.75±0.13a

4 1.5 70.87±0.28 11.12±0.07 18.34±0.28   4.44±0.11b

3 70.14±0.30 11.40±0.03 17.99±0.10   8.48±0.13f

4.5 69.86±0.17 11.19±0.03 18.43±0.04   8.40±0.07f

0 72.21±0.92 11.66±0.09 18.97±0.40   2.75±0.13a

27-32 1.5 69.85±0.15 11.31±0.01 18.12±0.14   7.04±0.10d

3 70.41±0.67 10.88±0.13 17.94±0.02 12.39±0.03i

4.5 70.07±0.18 11.17±0.04 18.20±0.09   8.84±0.04g

0 72.21±0.92 11.66±0.09 18.97±0.40   2.75±0.13a

4 1.5 69.93±0.42 11.16±0.04 18.11±0.07   5.00±0.01c

3 70.81±0.20 11.03±0.08 17.70±0.12   9.73±0.04h

4.5 71.03±0.07 11.17±0.07 18.55±0.15   8.86±0.01g

1  N = 6
2  Means with different superscript within a column are significantly different (p<0.05) except for protein, fat
   and ash which are  not significantly different (p>0.05)

With 200 ppm
ethoxyquin

Without
ethoxyquin

Table 2. Peroxide value (PV), TBARS, Anisidine value (AnV), Free fatty acid content (FFA) and Total
volatile base nitrogen content  (TVB-N) in fish meal stored at different conditions1

   Fish meal Temperature Storage time PV (meq/kg)2 TBARS AnV (Unit) FFA(%) TVN
(oc) (months) (mgMAD/kg) (mgN/100g)

0 1.84±0.17ab     7.87±0.60ab 16.36±0.58a   5.65±0.19a   77.32±0.48f 3

27-32 1.5 2.42±0.16d 19.60±0.38f 29.20±0.40g 15.60±0.04e 80.28±0.10g

3 2.79±0.19e 25.67±0.30i 28.80±0.63g 17.46±0.25f 72.87±0.51d

4.5 6.43±0.53h 62.31±0.62k 36.87±0.79h 26.20±0.22h 54.52±0.04b

0 1.84±0.17ab    7.87±0.60ab 16.36±0.58a   5.65±0.19a 77.32±0.48f

4 1.5 3.93±0.11f 15.02±0.90d 29.58±0.14g 12.55±0.08c 92.46±0.33l

3 3.98±0.11f 23.70±0.10h 25.69±0.75f 15.24±0.34e 88.72±0.16k

4.5 4.98±0.20g 72.78±0.90l 32.16±0.46g 13.40±0.08d 94.52±0.21m

0 1.84±0.17ab    7.87±0.60ab 16.36±0.58a   5.65±0.19a 77.32±0.48h

27-32 1.5 2.24±0.10cd   8.59±0.28b 25.69±0.32f 15.62±0.18e 76.21±0.87e

3 1.77±0.03a 10.48±0.09c 25.67±0.26f 32.12±0.46j 68.19±0.17c

4.5   2.15±0.03bcd 22.52±0.88g 20.55±0.20c 22.63±0.42g 44.50±0.16a

0  1.84±0.17ab    7.87±0.60ab 16.36±0.58a   5.65±0.19a 77.32±0.48f

4 1.5 3.67±0.93f   7.48±0.37a 21.78±0.71d 12.25±0.02c 81.53±0.31h

3   2.07±0.08abc 16.37±0.42e 23.88±0.22e 27.58±0.27i 83.70±0.20i

4.5   2.05±0.05abc 35.55±0.18j 17.85±0.47b 11.48±0.17b 84.81±0.26j

1 N = 6
2 Means with different superscript within a column are significantly different (p<0.05)

With 200 ppm
ethoxyquin

Without
ethoxyquin
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ÀâÕß·≈–Õÿ≥À¿Ÿ¡‘ 4oC ¡’ AnV ‡æ‘Ë¡¢÷Èπµ≈Õ¥„π™à«ß 3 ‡¥◊Õπ
·≈–≈¥µË”≈ß‡¡◊ËÕ‡°Á∫‰«âπ“π 4.5 ‡¥◊Õπ ª√‘¡“≥ FFA ¢Õß
ª≈“ªÉπ∑’Ë‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈– 4oC
‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥∑’Ë√–¬–‡«≈“ 3 ‡¥◊Õπ ·µà®–≈¥≈ßÕ¬à“ß√«¥‡√Á«
‡¡◊ËÕ‡°Á∫‰«âπ“π 4.5 ‡¥◊Õπ ‚¥¬µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 3 ‡¥◊Õπ ¡’ª√‘¡“≥ FFA  Ÿß∑’Ë ÿ¥‡∑à“°—∫
32.12±0.46% (p<0.05) √Õß≈ß¡“‡ªìπµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√
°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π 3 ‡¥◊Õπ  ´÷Ëß¡’§à“‡∑à“°—∫
27.58±0.27%   à«πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π·≈–‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß¡’ª√‘¡“≥ FFA ‡æ‘Ë¡¢÷Èπµ≈Õ¥°“√‡°Á∫√—°…“

ª√‘¡“≥ TVB-N ¡’§à“Õ¬Ÿà„π™à«ß 44.50±0.16-
94.52±0.21 mgN/100g sample  ‚¥¬ª≈“ªÉπ∑’Ë‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ 4oC ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π¡’ª√‘¡“≥ TVB-
N ‡æ‘Ë¡¢÷Èπµ≈Õ¥°“√‡°Á∫√—°…“ ‚¥¬µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—π
À◊π∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π 4.5 ‡¥◊Õπ ¡’ª√‘¡“≥ TVB-N
‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥ ‡∑à“°—∫ 94.52±0.21 mgN/100g sample
(p?0.05) ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
„π√–¬–‡«≈“‡¥’¬«°—π¡’ª√‘¡“≥ TVB-N ‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬
 à«πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√
°—πÀ◊π¡’ª√‘¡“≥ TVB-N §àÕπ¢â“ß§ß∑’Ë„π√–¬–‡«≈“ 1.5 ‡¥◊Õπ
·≈â«≈¥≈ß‡¡◊ËÕ‡°Á∫π“π¢÷Èπ ‚¥¬µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ ¡’ª√‘¡“≥ TVB-N ≈¥≈ßµË”
 ÿ¥‡∑à“°—∫ 44.50±0.16  mgN/100g sample (p<0.05)

2.  ¡∫—µ‘∑“ß°“¬¿“æ

°“√‡ª≈’Ë¬π·ª≈ß ’¢Õßª≈“ªÉπ∑’Ë‡°Á∫√—°…“„π ¿“æ
µà“ßÊ °—π‡ªìπ√–¬–‡«≈“π“π 4.5 ‡¥◊Õπ ‰¥âº≈¥—ß· ¥ß„π
Table 3

§à“ L* ¢Õßµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–
‰¡à‡µ‘¡ “√°—πÀ◊π‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬µ“¡√–¬–‡«≈“∑’Ë‡°Á∫√—°…“
‚¥¬µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π·≈–‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5
‡¥◊Õπ ¡’§à“ L*  Ÿß∑’Ë ÿ¥‡∑à“°—∫ 48.64±0.28  (p<0.05) √Õß
≈ß¡“‡ªìπµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π
4.5 ‡¥◊Õπ (47.84±0.10)  ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘
4oC ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π ¡’§à“ L* §àÕπ¢â“ß§ß∑’Ë

§à“ a* ¢Õßµ—«Õ¬à“ß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π
‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’§à“ a* ‡æ‘Ë¡¢÷Èπµ≈Õ¥°“√‡°Á∫√—°…“ ‚¥¬
µ—«Õ¬à“ß∑’Ë¡’§à“ a* ‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥  §◊Õ  µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√

°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 4.5 ‡¥◊Õπ ¡’§à“‡∑à“°—∫ 5.27±0.02
·≈– 5.27±0.01 µ“¡≈”¥—∫ (p<0.05) ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫
∑’ËÕÿ≥À¿Ÿ¡‘ 4oC  ∑—Èß‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π¡’§à“ a*  §àÕπ
¢â“ß§ß∑’Ë

§à“ b* ¢Õßª≈“ªÉπ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π
‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’§à“‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬ ‚¥¬µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡
 “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 3 ‡¥◊Õπ ¡’§à“ b*  Ÿß ÿ¥
‡∑à“°—∫ 22.60±0.54 (p<0.05)   ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫∑’Ë
Õÿ≥À¿Ÿ¡‘ 4oC  ∑—Èß‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π ¡’§à“ b* ≈¥≈ß
‚¥¬µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π·≈–‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π
3 ‡¥◊Õπ ¡’§à“ b* µË” ÿ¥‡∑à“°—∫ 19.74±0.04 (p<0.05)

§à“  ∆E*ab  ¢Õßª≈“ªÉπ  ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√
°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ¡’§à“‡æ‘Ë¡¢÷Èπ‚¥¬µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√
°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ ¡’§à“ ∆E*

ab
  Ÿß

∑’Ë ÿ¥‡∑à“°—∫ 3.05±0.16 (p<0.05) √Õß≈ß¡“‡ªìπµ—«Õ¬à“ß∑’Ë
‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 3 ‡¥◊Õπ ¡’§à“‡∑à“°—∫
2.63±0.41 ´÷Ëß‰¡à·µ°µà“ß°—∫µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ (2.55±0.09)  ¢≥–∑’Ëµ—«Õ¬à“ß
∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π 1.5 ‡¥◊Õπ ¡’§à“
∆E*ab πâÕ¬∑’Ë ÿ¥§◊Õ 0.22±0.09 (p<0.05)

3. ª√‘¡“≥Õ’∑Õ° ‘́§«‘π

®“°°“√‡°Á∫√—°…“ª≈“ªÉπ‚¥¬°“√‡µ‘¡ “√°—πÀ◊πÕ’∑Õ°
´‘§«‘π„πª√‘¡“≥ 200 ¡°./ª≈“ªÉπ 1 °°. ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
·≈– 4oC „π√–¬–‡«≈“µà“ßÊ °—π æ∫«à“Õ’∑Õ°´‘§«‘π∑’Ë‡µ‘¡
„πª≈“ªÉπ¡’ª√‘¡“≥≈¥≈ßµ“¡√–¬–‡«≈“°“√‡°Á∫√—°…“ (R2 =
0.9629 ·≈– R2 = 0.9996 µ“¡≈”¥—∫) (Figure 2) ‚¥¬
ª≈“ªÉπ∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’ª√‘¡“≥Õ’∑Õ° ‘́§«‘π≈¥≈ß„π
Õ—µ√“∑’Ë√«¥‡√Á«°«à“„πª≈“ªÉπ∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC  ‚¥¬¡’
ª√‘¡“≥‡À≈◊Õ‡æ’¬ß 40.84%  ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫Õÿ≥À¿Ÿ¡‘
4oC ¡’ª√‘¡“≥¢ÕßÕ’∑Õ°´‘§«‘π‡À≈◊Õ 64.85% ¢Õßª√‘¡“≥
Õ’∑Õ° ‘́§«‘π‡√‘Ë¡µâπ ·≈–µ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5
‡¥◊Õπ ¡’ª√‘¡“≥Õ’∑Õ°´‘§«‘π≈¥≈ßµË” ÿ¥‡∑à“°—∫ 81.60±0.39
ppm (p<0.05) (Table 4)

4. °“√µ√«® Õ∫∑“ß¥â“π Feed microscopic techniques

°“√ª≈Õ¡ªπ¢π‰°à‰Œ‚¥√‰≈´å æ∫«à“‰¡à¡’°“√ª≈Õ¡
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Table 3. Color of fish meal stored at different conditions1

   Fish meal Temperature Storage time L* a* b* ∆∆∆∆∆E*
ab

(oc) (months)

0 46.19±0.04fg2 4.69±0.07ef 20.06±0.21de -
27-32 1.5 46.65±0.05ed 5.01±0.02c 21.35±0.04c 1.5±0.05c

3 47.48±0.05b 5.11±0.07b 22.60±0.54a 2.63±0.41b

4.5 47.84±0.10a 5.27±0.02a 21.90±0.05b 2.55±0.09b

0 46.19±0.04fg 4.69±0.07ef 20.06±0.21de -
4 1.5 46.59±0.17edf 4.61±0.04f 20.21±0.05d 0.54±0.12f

3 46.15±0.04g 4.43±0.03g 19.74±0.04e 0.47±0.08fg

4.5 47.17±0.20bc 4.67±0.03ef 19.93±0.04de 0.99±0.20de

0 46.19±0.04fg 4.69±0.07ef 20.06±0.21de -
27-32 1.5 46.84±0.11cd 4.85±0.04d 21.14±0.12c 1.21±0.16d

3 47.53±0.16b 4.94±0.07c 21.28±0.09c 1.74±0.16c

4.5 48.64±0.28a 5.27±0.01a 21.80±0.05b 3.05±0.16a

0 46.19±0.04fg 4.69±0.07ef 20.06±0.21de -
4 1.5 46.25±0.17fg 4.60±0.03f 20.05±0.03de 0.22±0.09g

3 45.61±0.08h 4.39±0.02g 19.87±0.01de 0.73±0.03ef

4.5 46.41±0.16efg 4.74±0.01e 19.91±0.10de 0.47±0.00fg

1 N = 6
2 Means with different superscript within a column are significantly different (p<0.05)

Without
ethoxyquin

With 200 ppm
ethoxyquin

Figure 2. Regression of ethoxyquin concentrations in fish meal samples against storage time.
=  Ethoxyquin treated fish meal stored at ambient temperature.
=  Ethoxyquin treated fish meal stored at 4oC.

ªπ¢π‰°à‰Œ‚¥√‰≈´å  (Figure 3)
‰π‚µ√‡®π∑’Ë‰¡à„™à ‚ª√µ’π æ∫«à“‰¡à¡’‰π‚µ√‡®π∑’Ë‰¡à„™à

‚ª√µ’π„πª≈“ªÉπ∑’Ë»÷°…“ ¥—ß· ¥ß„π Figure 4
°“√‡ ◊ËÕ¡ ≈“¬¢Õßª≈“ªÉπ∑’Ë‡°Á∫√—°…“∑—Èß‚¥¬°“√‡µ‘¡

·≈–‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈– 4oC ∑’Ë√–¬–
‡«≈“µà“ßÊ  æ∫«à“‰¡à‡°‘¥°“√‡ ◊ËÕ¡ ≈“¬„πª≈“ªÉπµ≈Õ¥∑—Èß
3 ‡¥◊Õπ ·≈– 4.5 ‡¥◊Õπ ¥—ß· ¥ß„π Figure 5

«‘®“√≥åº≈

®“°°“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’¢Õßª≈“ªÉπ∑’Ë‡°Á∫
√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–Õÿ≥À¿Ÿ¡‘ 4oC ‚¥¬°“√‡µ‘¡·≈–‰¡à
‡µ‘¡ “√°—πÀ◊π‡ªìπ√–¬–‡«≈“ 0, 1.5, 3 ·≈– 4.5 ‡¥◊Õπ
µ“¡≈”¥—∫ ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’§à“§«“¡™◊Èπ —¡æ—∑∏åµË” ÿ¥·≈–
 Ÿß ÿ¥Õ¬Ÿà√–À«à“ß 60-84% æ∫«à“°“√‡µ‘¡ “√°—πÀ◊πÕ’∑Õ°



Songklanakarin J. Sci. Technol.

Vol.29  No.2  Mar. - Apr. 2007 508

Lipid oxidation of fish meal

Laohabanjong, R., et al.

Table 4. Concentrations1 of ethoxyquin in fish meal stored at different temperature and
durations.

Temperature Storage time (months) ethoxyquin (ppm)2 Percent of Initial Concentration

0 199.54±0.26a 100
   27-32oc 1.5 148.60±0.40d 74.47
   (Ambient) 3   99.50±0.99f 49.86

4.5   81.60±0.39g 40.89

0 199.54±0.26a 100
   4oc 1.5 176.70±0.51b 88.55

3 152.73±0.74c 76.54
4.5 129.41±0.97e 64.85

1 N = 6
2 Means within the column sharing the same superscript are not significantly different (p>0.05)

´‘§«‘π Õÿ≥À¿Ÿ¡‘·≈–√–¬–‡«≈“„π°“√‡°Á∫√—°…“ ‰¡à¡’Õ‘∑∏‘æ≈
√à«¡µàÕª√‘¡“≥‚ª√µ’π ‰¢¡—π ·≈–‡∂â“¢Õßª≈“ªÉπ  ·µà°“√
‡µ‘¡ “√°—πÀ◊π°—∫√–¬–‡«≈“„π°“√‡°Á∫√—°…“·≈–°“√‡µ‘¡ “√
°—πÀ◊π°—∫Õÿ≥À¿Ÿ¡‘∑’Ë‡°Á∫√—°…“¡’Õ‘∑∏‘æ≈√à«¡µàÕª√‘¡“≥‚ª√µ’π
·≈–‰¢¡—π  ¢≥–∑’Ë§«“¡™◊Èπ„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
‚¥¬‰¡à‡µ‘¡ “√°—πÀ◊ππ“π 3 ‡¥◊Õπ ¡’§à“ Ÿß ÿ¥ (p<0.05)
√Õß≈ß¡“‡ªìπµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π
3 ‡¥◊Õπ ‡π◊ËÕß®“°„π™à«ß√–¬–‡«≈“√–À«à“ß 1.5 ‡¥◊Õπ∂÷ß 3
‡¥◊Õπ ¡’Ωπµ°µ≈Õ¥∑—Èß 2 ‡¥◊Õπ (‡¥◊Õπ°—π¬“¬π·≈–‡¥◊Õπ
µÿ≈“§¡ 2547)

°“√‡ª≈’Ë¬π·ª≈ß§à“ PV „πª≈“ªÉπ∑’Ë‡°Á∫√—°…“„π
 ¿“æµà“ßÊ °—π  “¡“√∂·∫àß‰¥â‡ªìπ 2 °≈ÿà¡Õ¬à“ß™—¥‡®π  §◊Õ
°≈ÿà¡∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π¡’§à“ PV ‡æ‘Ë¡¢÷Èπµ≈Õ¥°“√‡°Á∫√—°…“
¢≥–∑’Ë°≈ÿà¡µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π¡’§à“ PV ‡æ‘Ë¡¢÷Èπ„π™à«ß
1.5 ‡¥◊Õπ·√° À≈—ß®“°π—Èπ≈¥≈ß·≈–§ß∑’Ë‡¡◊ËÕ‡°Á∫√—°…“π“π
¢÷Èπ  ´÷Ëß„Àâº≈ Õ¥§≈âÕß°—∫§à“ AnV  · ¥ß«à“ “√°—πÀ◊π
Õ’∑Õ°´‘§«‘π¡’∫∑∫“∑„π°“√≈¥Õ—µ√“°“√‡°‘¥ªØ‘°‘√‘¬“
ÕÕ°´‘‡¥™—π (Poulter and Disney, 1978; Mai and
Kinsella, 1981; Younathan et al., 1983)   ∂÷ß·¡â«à“®–
‰¡à “¡“√∂À¬ÿ¥°“√‡°‘¥ªØ‘°‘√‘¬“‰¥â°Áµ“¡  ”À√—∫ PV ¢Õß
µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡æ‘Ë¡¢÷Èπ„πÕ—µ√“ Ÿß„π™à«ß 1.5 ‡¥◊Õπ
·≈–¡’§à“§àÕπ¢â“ß§ß∑’Ë„π‡¥◊Õπ∑’Ë 3  ®“°π—ÈπÕ—µ√“°“√‡æ‘Ë¡ Ÿß
¢÷ÈπÕ¬à“ß√«¥‡√Á«„π√–¬–‡«≈“ 4.5 ‡¥◊Õπ ‡π◊ËÕß®“° PV ‡ªìπ
§à“∑’Ë«—¥ª√‘¡“≥ “√‰Œ‚¥√‡ªÕ√åÕÕ°‰´¥å ´÷Ëß‡ªìπ “√µ—«°≈“ß
¢Õßº≈º≈‘µ„π°√–∫«π°“√ÕÕ°´‘‡¥™—π∑’Ë‰¡à¡’§«“¡§ßµ—«·≈–

 “¡“√∂ ≈“¬µ—«‡ªìπ “√‚¡‡≈°ÿ≈µË”∑’Ë√–‡À¬‰¥âßà“¬ ¥—ßπ—Èπ°“√
≈¥≈ß¢Õß PV „πµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π„π™à«ß‡¥◊Õπ∑’Ë 3
¡’ “‡Àµÿ®“°°“√‡ª≈’Ë¬π·ª≈ß‡ªìπ “√∑’Ë√–‡À¬‰¥â  àßº≈„Àâ§à“
PV ¢Õßª≈“ªÉπ¡’§à“‡æ‘Ë¡¢÷Èπ·≈–≈¥≈ß‰¥âµ≈Õ¥‡«≈“ ®“°º≈
°“√»÷°…“§√—Èßπ’È  æ∫«à“  PV  ¡’§«“¡·ª√ª√«πÕ¬Ÿà√–À«à“ß
1.84-6.43 meq/kg fat ‚¥¬µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ¡’§à“ PV  Ÿß∑’Ë ÿ¥ (6.43±0.53
meq/kg fat)  ´÷Ëß¬—ß§ß‡ªìπ§à“µË” ‡π◊ËÕß®“°√–¥—∫¢Õß PV
„πÕ“À“√°ÿâß°ÿ≈“¥”∑’Ë “¡“√∂√—∫‰¥âÕ¬Ÿà„π™à«ß 20-40 meq/kg
fat (Shetty et al., 1991)

 à«π√–¥—∫ TBARS ‡æ‘Ë¡¢÷Èπµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫
√—°…“ ‚¥¬°≈ÿà¡µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π¡’√–¥—∫ TBARS
‡æ‘Ë¡¢÷Èπ¡“°°«à“„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π ·≈–µ—«Õ¬à“ß
∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4πC π“π 4.5 ‡¥◊Õπ¡’√–¥—∫ Ÿß∑’Ë ÿ¥ ‡π◊ËÕß
®“° MDA ∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π„π
ª≈“ªÉπ∑”ªØ‘°‘√‘¬“°—∫°√¥Õ–¡‘‚π ·≈–πÈ”µ“≈‰¥â¥’„π ¿“æ∑’Ë
¡’Õÿ≥À¿Ÿ¡‘ Ÿß (Gomez-Sanchez et al., 1990) ‡ªìπ‡Àµÿ
„Àâª√‘¡“≥ MDA „πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß≈¥≈ß
(Melton, 1983) ÷́Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢Õß Lubis
·≈– Buckle (1990) æ∫«à“§à“ TBARS „πª≈“´“√å¥’π
‡§Á¡µ“°·Àâß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘µË” (5oC) ‡ªìπ√–¬–‡«≈“π“π 24
 —ª¥“Àå ¡’§à“ TBARS  Ÿß°«à“„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß
(20oC)  Maleki (1974) °≈à“««à“Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ (62oC)
¡’º≈„Àâ§à“ TBARS ≈¥≈ßÕ¬à“ß√«¥‡√Á«‡¡◊ËÕ‡∑’¬∫°—∫Õÿ≥À¿Ÿ¡‘
ÀâÕß  πÕ°®“°π’È MDA ∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‡ªìπ “√∑’Ë
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Figure 3. Results of hydrolyzed feather meal test of fish meal
Numbers represent replications;  Bl = Blank;
Feather = Feather meal sample as a reference

Figure 5. Decomposition test of fish meal samples (no discoloration of  test paper).
NEA = Fish meal without ethoxyquin stored at ambient temperature
NER = Fish meal without antioxidant stored at 4oC
EA = Ethoxyquin treated fish meal stored at ambient temperature
ER = Ethoxyquin treated fish meal stored at 4oC
1, 2 = Replication
[Color figure can be viewed in the electronic version]

Figure 4. NPN test of fish meal
1 = Fish meal solution
2 = The color of fish meal solution be changes to slightly yellow  suddenly after

few drops test solution. (If  there is NPN, the color of fish meal solution
becomes redish-orange as shown in A)

3 = Change to black after 3-5 second drops
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√–‡À¬‰¥âßà“¬ ¥—ßπ—Èπ°“√‡°Á∫√—°…“µ—«Õ¬à“ß„πµŸâ‡¬Áπ∑’Ë¡’Õÿ≥À¿Ÿ¡‘
µË”‡ªìπ‡Àµÿ„Àâ “√√–‡À¬‰¥âπâÕ¬≈ß ª√–°Õ∫°—∫µ—«Õ¬à“ß∂Ÿ°
‡°Á∫‰«â „π¿“™π–∑’Ë¡’Ω“ªî¥¡‘¥™‘¥ ∑”„Àâ§«“¡ “¡“√∂„π°“√
√–‡À¬‡ªìπ‰ª‰¥âπâÕ¬¡“° ·µàªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π
¬—ß§ß¥”‡π‘πµàÕ‰ª·¡âÕ¬Ÿà„π∑’Ë¡’Õÿ≥À¿Ÿ¡‘µË”°Áµ“¡ (Allen and
Hamilton, 1994) ®÷ß‡°‘¥°“√ – ¡¢Õß MDA „πª≈“ªÉπ
‰¥â¡“°¢÷Èπ  ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¡’ ¿“æ‡ªìπ
∑’Ë ‚≈àß¡’Õ“°“»∂à“¬‡∑µ≈Õ¥‡«≈“  ª√–°Õ∫°—∫„π ¿“æ∑’Ë¡’
Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“®÷ß‡ªìπªí®®—¬‡√àß„Àâ°“√√–‡À¬¢Õß MDA
‡°‘¥‰¥â¥’¢÷Èπ ´÷Ëß„Àâº≈ Õ¥§≈âÕß°—∫ª√‘¡“≥ TVB-N ‚¥¬
µ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC   ¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ Ÿß°«à“∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß‡™àπ°—π ·≈–‡π◊ËÕß®“°°√–∫«π°“√„π°“√º≈‘µ
ª≈“ªÉπµâÕßÕ“»—¬§«“¡√âÕπ Ÿß  ∑”„Àâ¡’°“√ª≈¥ª≈àÕ¬ “√
‚ª√ÕÕ°´‘·¥π∑å ‡™àπ ‡À≈Á° (Fe) „πŒ’¡ÕÕ°¡“ (Erickson,
1998) Õ’°∑—Èß‰¢¡—π®“°ª≈“ª√–°Õ∫¥â«¬°√¥‰¢¡—π‰¡àÕ‘Ë¡µ—«
ª√‘¡“≥ Ÿß àßº≈„Àâ‡°‘¥°“√ÕÕ° ‘́‡¥™—π‰¥âßà“¬¢÷Èπ (Harris and
Tall, 1994)  Lundberg (1966) æ∫«à“„π ¿“æ∑’Ë¡’‡À≈Á°
·≈–∑Õß·¥ßº ¡Õ¬Ÿà‡ªìπµ—«‡√àß„Àâ‡°‘¥°≈‘Ëπ·≈–√ ¢Õß°“√
ÕÕ°´‘‰¥´å‰¥â¥’‡¡◊ËÕÕ¬Ÿà „π∑’Ë¡’Õÿ≥À¿Ÿ¡‘µË”  ”À√—∫ª√‘¡“≥ FFA
÷́Ëß‡ªìπ°√¥‰¢¡—πÕ‘ √–∑’Ë‡°‘¥®“°°“√¬àÕ¬ ≈“¬æ—π∏–‡Õ ‡∑Õ√å

¢Õß‰¢¡—π‰µ√°≈’‡´Õ√å‰√¥å  ‚¥¬®–‡°‘¥‰¥â¥’∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß·≈–
‰¡à¡’§«“¡·µ°µà“ß√–À«à“ß°√¥‰¢¡—π™π‘¥Õ‘Ë¡µ—«À√◊Õ™π‘¥‰¡à
Õ‘Ë¡µ—« (Hardy et al., 1983) ´÷Ëß∫“ß§√—ÈßÕ“®„™â‡ªìπµ—«∫àß™’È
∂÷ß°“√‡ ◊ËÕ¡§ÿ≥¿“æ¢ÕßπÈ”¡—π  ‡π◊ËÕß®“°ª√‘¡“≥ FFA ∑’Ë
‡æ‘Ë¡¡“°¢÷Èππ”‰ª Ÿà°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß°√¥‰¢¡—π
‡æ‘Ë¡¢÷Èπ (Rosas-Romeo and Morton, 1977) ·µà Opstvedt
(1985) √“¬ß“π«à“ª√‘¡“≥ FFA „πÕ“À“√ —µ«å‰¡à¡’º≈µàÕ
°“√‡®√‘≠‡µ‘∫‚µ¢Õß —µ«å·µàÕ¬à“ß„¥  ®“°°“√∑¥≈Õßæ∫«à“
µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 3 ‡¥◊Õπ ¡’
ª√‘¡“≥ FFA ‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥ (p<0.05) ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‰¡à
‡µ‘¡ “√°—πÀ◊π∑—Èß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–Õÿ≥À¿Ÿ¡‘ 4oC ¡’
ª√‘¡“≥ FFA ‡æ‘Ë¡¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬„π™à«ß 3 ‡¥◊Õπ·√° ·≈–
‡æ‘Ë¡¡“°¢÷Èπ„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡¡◊ËÕ‡°Á∫π“π 4.5
‡¥◊Õπ  · ¥ß„Àâ‡ÀÁπ«à“ª√‘¡“≥ FFA ®–‡°‘¥‰¥â¡“°¢÷Èπ∑’Ë
Õÿ≥À¿Ÿ¡‘ Ÿß ´÷Ëß‡ªìπº≈®“°‡Õπ‰´¡å‰≈‡ª  ·≈–‡ªìπµ—«µ—Èßµâπ
„π°“√‡°‘¥ÕÕ°´‘‡¥™—πµàÕ‰ª  ¥—ßπ—Èπ„πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√
°—πÀ◊π®÷ß¡’°“√ – ¡¡“°°«à“

 ”À√—∫ª√‘¡“≥ TVB-N ´÷Ëß “¡“√∂„™â„π°“√™’È«—¥

§«“¡‡πà“‡ ’¬ (decomposition) ¢Õß«—µ∂ÿ¥‘∫ (Arason,
1994) æ∫«à“„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ∑—Èß∑’Ë‡µ‘¡·≈–
‰¡à‡µ‘¡ “√°—πÀ◊π¡’ª√‘¡“≥ TVB-N ‡æ‘Ë¡ Ÿß¢÷Èπ„πª√‘¡“≥‰¡à
¡“°π—°  ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à
‡µ‘¡ “√°—πÀ◊π¡’ª√‘¡“≥ TVB-N ≈¥≈ßµ≈Õ¥°“√‡°Á∫√—°…“
‡π◊ËÕß®“°ª√‘¡“≥ TVB-N ∑’Ë‡°‘¥¢÷Èπ¡’ “‡Àµÿ®“°°“√¬àÕ¬
 ≈“¬‚ª√µ’π·≈–°√¥Õ–¡‘‚π„π°≈â“¡‡π◊ÈÕª≈“‚¥¬®ÿ≈‘π∑√’¬å
À√◊Õ°“√ÕÕ‚µ‰≈ ’́  (autolysis) ¢Õß‡π◊ÈÕª≈“‡Õß°àÕπ°“√
·ª√√Ÿª‡ªìπª≈“ªÉπ Õ¬à“ß‰√°Áµ“¡À≈—ß®“°·ª√√Ÿª‡ªìπª≈“ªÉπ
·≈â«®ÿ≈‘π∑√’¬å∫“ß™π‘¥¬—ß§ß “¡“√∂¬àÕ¬‚ª√µ’πµàÕ‰ª‰¥â·¡â«à“
Õ—µ√“°“√¬àÕ¬®–µË”°«à“°Áµ“¡ ´÷Ëßº≈º≈‘µ∑’Ë‰¥â®–Õ¬Ÿà „π√Ÿª¢Õß
·Õ¡‚¡‡π’¬   “√ª√–°Õ∫‡Õ¡’π (trimethylamine ·≈–
dimethylamine) À√◊Õ‰π‚µ√‡®π∑ÿ°™π‘¥∑’Ë “¡“√∂√–‡À¬‰¥â
¥—ßπ—Èπ„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß´÷Ëß‡ªî¥‚≈àß·≈–¡’°“√
∂à“¬‡∑Õ“°“»¥’®÷ß‡ªìπ‡Àµÿ„Àâ “√ª√–°Õ∫¢Õß‰π‚µ√‡®π∑’Ë
√–‡À¬‰¥â√–‡À¬ÕÕ°‰ª„πÕ—µ√“∑’Ë¡“°°«à“Õ—µ√“∑’Ë‡°‘¥¢÷Èπ   àß
º≈„Àâª√‘¡“≥ TVB-N ≈¥≈ß®πµË” ÿ¥∑’Ë√–¬–‡«≈“ 4.5 ‡¥◊Õπ
¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ·¡â«à“®–¡’ª√‘¡“≥ TVB-
N ‡æ‘Ë¡¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬  ·µàÕ—µ√“°“√√–‡À¬‰¥â®–µË”¡“°
∑”„Àâ‡°‘¥°“√ – ¡¢Õßª√‘¡“≥‰π‚µ√‡®π∑’Ë√–‡À¬‰¥âÕ¬Ÿà„π
µ—«Õ¬à“ß¡“°°«à“„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßÕ¬à“ß¡’π—¬
 ”§—≠ ·≈–µ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥ TVB-N  Ÿß∑’Ë ÿ¥ §◊Õª≈“ªÉπ
∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC π“π 4.5 ‡¥◊Õπ ¡’§à“
‡∑à“°—∫ 94.52±0.21 mgN/100 g sample (p<0.05) ÷́Ëß
‡ªìπ§à“∑’Ë§àÕπ¢â“ß Ÿß·µà¬—ßÕ¬Ÿà„π√–¥—∫∑’Ë¬Õ¡√—∫‰¥â ‚¥¬Õ—ß§≥“
(2544) æ∫«à“ª≈“ªÉπ‡°√¥¥’‡¬’Ë¬¡¡’§à“ TVB-N ·ª√ª√«π
Õ¬Ÿà „π™à«ß 14-96 mgN/100 g sample   πÕ°®“°π’È “√
°—πÀ◊π¡’∫∑∫“∑„π°“√¬—∫¬—Èß®ÿ≈‘π∑√’¬å‰¥â (æ√æ≈, 2545)
¥—ßπ—Èπ°“√‡µ‘¡ “√°—πÀ◊πÕ’∑Õ°´‘§«‘π≈ß„πª≈“ªÉπÕ“®¡’º≈
µàÕ°“√™–≈Õ°“√‡ ◊ËÕ¡ ≈“¬¢Õßª≈“ªÉπ‡π◊ËÕß®“°®ÿ≈‘π∑√’¬å  àß
º≈„Àâ TVB-N ¡’ª√‘¡“≥µË”°«à“™ÿ¥°“√∑¥≈Õß∑’Ë‰¡à¡’°“√‡µ‘¡
 “√°—πÀ◊π

®“°º≈°“√‡ª≈’Ë¬π·ª≈ß ’¢Õßª≈“ªÉπ∑’Ë‡°Á∫√—°…“„π
 ¿“æµà“ß°—π æ∫«à“§à“ L* ¢Õßµ—«Õ¬à“ß∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬
µ≈Õ¥√–¬–‡«≈“∑’Ë‡°Á∫√—°…“  ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫√—°…“∑’Ë
Õÿ≥À¿Ÿ¡‘ 4oC ¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬¡“° °“√‡æ‘Ë¡¢÷Èπ¢Õß§à“
L* ∫àß∫Õ°∂÷ß§«“¡ «à“ß¢Õßª≈“ªÉπ´÷Ëß§«“¡ «à“ß∑’Ë‡æ‘Ë¡¢÷Èπ
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‡¡.¬. 2550
ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π„πª≈“ªÉπ

√–æ’æ√√≥  ‡≈“À∫√√®ß ·≈–§≥–511

Õ“®¡’ “‡Àµÿ®“°§«“¡™◊Èπ∑’Ë‡æ‘Ë¡¢÷Èπ„πª≈“ªÉπ  àßº≈„Àâº‘«Àπâ“
¢Õßª≈“ªÉπ¡’°“√ –∑âÕπ· ß‰¥â¡“°¢÷Èπ  ®“°º≈°“√»÷°…“
·¡â«à“ TBARS ¢Õßµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π¡’§à“ Ÿß°«à“
µ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π·µà°“√‡ª≈’Ë¬π·ª≈ß§à“ L*, a* ·≈–
b* ‰¡à·µ°µà“ß°—π¡“°π—°  Maruf ·≈–§≥– (1990) æ∫
«à“µ—«Õ¬à“ßª≈“·¡§‡§Õ‡√≈¥Õß‡§Á¡ 0 ·≈– 5% µ“°·Àâß
∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 30oC ´÷Ëß¡’§à“ TBARS µË”°«à“ ·µà°≈—∫¡’
 ’§≈È”°«à“„πµ—«Õ¬à“ß¥Õß‡§Á¡ 15% ∑’Ë¡’§à“ TBARS  Ÿß°«à“
¥—ßπ—Èπ°“√‡°‘¥ ’¥”§≈È”¢Õßµ—«Õ¬à“ßÕ“®‰¡à„™àµ—«∫àß™’È∑’Ë™—¥‡®π
¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π Choi ·≈–§≥–
(1983) æ∫«à“ªØ‘°‘√‘¬“‡¡≈≈“√å¥‰¡à¡’∫∑∫“∑ ”§—≠„π‡π◊ÈÕª≈“
∑’Ë∑”„Àâ·Àâß·≈â«  ·≈– Ranken (1994) °≈à“««à“°“√‡°‘¥
 ’§≈È”‡π◊ËÕß®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π¢Õß‰¢¡—π„π‡π◊ÈÕ —µ«å∑’Ë
ºà“π°“√∑”„Àâ ÿ°·≈â«‰¡à¡’º≈¡“°‡¡◊ËÕ‡∑’¬∫°—∫‡°‘¥ ’§≈È”„π
‡π◊ÈÕ —µ«å∑’Ë¬—ß‰¡àºà“π°“√∑”„Àâ ÿ° ‡π◊ËÕß®“°°“√ÕÕ°´‘‡¥™—π
¢Õß‰¡‚Õ‚°≈∫‘π‡ªìπ‡¡∑‰¡‚Õ‚°≈∫‘π  ¢≥–∑’Ë Lubis ·≈–
Buckle (1990) √“¬ß“π«à“°“√‡°‘¥ ’‡¢â¡„πª≈“´“√å¥’π¥Õß
‡§Á¡µ“°·Àâß‡°‘¥‡π◊ËÕß®“°°“√‡ª≈’Ë¬π ’¢ÕßπÈ”¡—π„π™à«ß°“√
∑”„Àâ·Àâß¡“°°«à“‡°‘¥®“° non-enzymic browning (NEB)

 ”À√—∫§à“ a* ·≈–§à“ b* „πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π ¡’§à“‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬µ“¡
√–¬–‡«≈“∑’Ë‡°Á∫√—°…“ ¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
¡’§à“ a* §àÕπ¢â“ß§ß∑’Ë ·≈–§à“ b* ≈¥≈ß · ¥ß«à“µ—«Õ¬à“ß∑’Ë
‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ª≈’Ë¬π‡ªìπ ’·¥ß·≈– ’‡À≈◊Õß¡“°°«à“ ´÷Ëß
Õ“®‡°‘¥®“°°“√‡°‘¥ªØ‘°‘√‘¬“‡¡≈≈“√å¥„πµ—«Õ¬à“ß  à«π§à“°“√
‡ª≈’Ë¬π·ª≈ß ’∑—ÈßÀ¡¥ (∆E*

ab
) ¢Õßµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘

ÀâÕß∑—Èß∑’Ë‡µ‘¡·≈–‰¡à‡µ‘¡ “√°—πÀ◊π¡’§à“‡æ‘Ë¡¢÷Èπ Ÿß∂÷ß 2.63
·≈– 3.05 µ“¡≈”¥—∫  · ¥ß«à“ ’¢Õßµ—«Õ¬à“ß¡’°“√‡ª≈’Ë¬π
·ª≈ß‰ª®“°‡¥‘¡¡“°  ·µàÕ¬à“ß‰√°Áµ“¡§à“ ∆E*

ab
 „π∑ÿ°

µ—«Õ¬à“ß¬—ß§ßÕ¬Ÿà „π™à«ß∑’Ë√—∫‰¥â ‡æ√“–§à“ ∆E*
ab
 ¢Õßª≈“ªÉπ

∑’Ë “¡“√∂√—∫‰¥â‰¡à§«√‡°‘π 4-5 (Bragadottir et al., 2004)
„π¢≥–∑’Ëµ—«Õ¬à“ß∑’Ë‡°Á∫‰«â„πÕÿ≥À¿Ÿ¡‘ 4oC ∑—Èß∑’Ë‡µ‘¡·≈–‰¡à
‡µ‘¡ “√°—πÀ◊π¡’°“√‡ª≈’Ë¬π·ª≈ß‰ª®“°‡¥‘¡πâÕ¬¡“° §◊Õ¡’§à“
Õ¬Ÿà√–À«à“ß 0.22-0.99 ·≈–æ∫«à“§à“ ∆E*

ab
 ∑’ËπâÕ¬°«à“ 0.4

‡ªìπ§à“∑’Ë¡πÿ…¬å‰¡à “¡“√∂·¬°·¬–§«“¡·µ°µà“ß‰¥â (Parkers,
1994 Õâ“ß‚¥¬ Bragadottir, 1998) Õ¬à“ß‰√°Áµ“¡ ”À√—∫
µ—«Õ¬à“ß∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 4oC ‡ªìπ‡«≈“ 4.5 ‡¥◊Õπ ¡’§à“
∆E*

ab
 ¢Õßµ—«Õ¬à“ß∑’Ë‡µ‘¡ “√°—πÀ◊π (0.47±0.00) πâÕ¬°«à“

µ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π (0.99±0.20) Õ¬à“ß‡¥àπ™—¥∑—Èßπ’È
Õ“®‡ªìπº≈®“°°“√ – ¡ “√ª√–°Õ∫Õ—≈¥’‰Œ¥å∑’ËÕÿ≥À¿Ÿ¡‘µË”
„πµ—«Õ¬à“ß∑’Ë‰¡à‡µ‘¡ “√°—πÀ◊π àßº≈„ÀâªØ‘°‘√‘¬“‡¡≈≈“√å¥‡°‘¥
¡“°¢÷Èπ

Õ’∑Õ°´‘§«‘π‡ªìπ “√°—πÀ◊π∑’Ëπ‘¬¡„™â„ à„πª≈“ªÉπ¡“°
∑’Ë ÿ¥‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ·≈–√“§“∂Ÿ° ·µà„π À√—∞Õ‡¡√‘°“
Àâ“¡„™â‡ªìπ “√°—πÀ◊π„πÕ“À“√§π ·≈–„Àâ¡’°“√µ°§â“ß„π‡π◊ÈÕ
 —µ«å·≈–‡π◊ÈÕª≈“∑’Ë‰¥â√—∫Õ“À“√∑’Ë‡µ‘¡ “√°—πÀ◊π‰¥â‰¡à‡°‘π 0.5
¡°./°°. ·≈– “¡“√∂‡µ‘¡„πÕ“À“√ —µ«å‰¥â‰¡à‡°‘π 500 ¡°./
°°. (Barlow, 1994) ®“°º≈°“√∑¥≈Õßæ∫«à“ª√‘¡“≥ “√
°—πÀ◊πÕ’∑Õ°´‘§«‘π„πª≈“ªÉπ∑’Ë‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–
Õÿ≥À¿Ÿ¡‘  4oC  ‡ªìπ√–¬–‡«≈“µà“ßÊ °—π  ¡’ª√‘¡“≥≈¥≈ß
µ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“ ‚¥¬µ—«Õ¬à“ß∑’Ë‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß¡’Õ—µ√“°“√≈¥≈ß¡“°°«à“„πµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 4oC
·≈–µ—«Õ¬à“ß∑’Ë¡’ª√‘¡“≥Õ’∑Õ°´‘§«‘π≈¥≈ßµË” ÿ¥ §◊Õµ—«Õ¬à“ß∑’Ë
‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕßπ“π 4.5 ‡¥◊Õπ ‡π◊ËÕß®“° “√°—πÀ◊π®–∑”
Àπâ“∑’Ë¢—¥¢«“ßªØ‘°‘√‘¬“≈Ÿ°‚´à¢ÕßÕπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷Èπ ‚¥¬„Àâ
‰Œ‚¥√‡®π·°àÕπÿ¡Ÿ≈Õ‘ √–°àÕπ∑’ËÕπÿ¡Ÿ≈Õ‘ √–®–®—∫°—∫°√¥
‰¢¡—π‰¡àÕ‘Ë¡µ—«µ—«µàÕ‰ª  ÷́Ëß®– àßº≈„Àâ‡°‘¥ “√‰Œ‚¥√‡æÕ√å
ÕÕ°‰´¥å·≈–‰¥â “√∑’Ë∑”„Àâ‡°‘¥°≈‘ËπÀ◊π  (Allen  and
Hamilton,1994) ¥—ßπ—Èπµ—«Õ¬à“ß∑’Ë‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß´÷Ëß∑’Ë¡’
Õ—µ√“°“√‡°‘¥ÕÕ° ‘́‡¥™—π Ÿß®÷ß¡’°“√ ≈“¬µ—«¢Õß “√°—πÀ◊π
¡“°¢÷Èπµ“¡‰ª¥â«¬  Õ¥§≈âÕß°—∫°“√∑¥≈Õß¢ÕßÕ—ß§≥“ ·≈–
§≥– (2544) æ∫«à“ “√°—πÀ◊πÕ’∑Õ°´‘§«‘π„πª≈“ªÉπ∑’Ë‡°Á∫
√—°…“‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 23.55-33.59oC  ¡’ª√‘¡“≥≈¥≈ß 16.81%,
28.12% ·≈– 42.82%  ‡¡◊ËÕ‡°Á∫√—°…“‰«âπ“π 1 ‡¥◊Õπ, 2
‡¥◊Õπ ·≈– 3 ‡¥◊Õπ µ“¡≈”¥—∫

®“°º≈°“√µ√«® Õ∫∑“ß‡∑§π‘§∑“ß¥â“π°≈âÕß
®ÿ≈∑√√»πå æ∫«à“ª≈“ªÉπ∑’Ëπ”¡“„™â„π°“√∑¥≈Õß§√—Èßπ’È‰¡à¡’
°“√ª≈Õ¡ªπ¢Õß¢π‰°à‰Œ‚¥√‰≈´å  ‰¡à¡’°“√ª≈Õ¡ªπ¢Õß
 “√ª√–°Õ∫‰π‚µ√‡®π∑’Ë‰¡à„™à ‚ª√µ’π ·≈–®“°°“√µ√«® Õ∫
°“√‡ ◊ËÕ¡ ≈“¬  „πª≈“ªÉπ∑’Ë‡°Á∫√—°…“„π ¿“æ·≈–√–¬–‡«≈“
µà“ßÊ °—π ‰¡àæ∫°“√‡ ◊ËÕ¡ ≈“¬¢Õßª≈“ªÉπ„π∑ÿ°µ—«Õ¬à“ß
À√◊ÕÕ“®‡°‘¥°“√‡ ◊ËÕ¡ ≈“¬·µà¡’‡æ’¬ßª√‘¡“≥πâÕ¬¡“°®÷ß‰¡à
 “¡“√∂‡ÀÁπº≈‰¥â™—¥‡®π®“°«‘∏’°“√µ√«® Õ∫∑“ß‡§¡’Õ¬à“ß
ßà“¬  Õ’°∑—Èß«‘∏’°“√π’È‡ªìπ°“√µ√«® Õ∫ª√‘¡“≥ “√ª√–°Õ∫
´—≈‰ø¥å∑’Ë‡°‘¥¢÷Èπ‡π◊ËÕß®“°°“√¬àÕ¬ ≈“¬‚ª√µ’π·≈–°√¥
Õ–¡‘‚π„π°≈â“¡‡π◊ÈÕª≈“ªÉπ‚¥¬‡©æ“–°√¥Õ–¡‘‚π∑’Ë¡’´—≈‡øÕ√å
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Lipid oxidation of fish meal
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