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Abstract
Chantarat, P., Kijroongrojana, K. and Vittayanont, M.
Effect of ice storage on muscle protein properties and qualities of
emulsion fish sausage from bigeye snapper (Priacanthus tayenus)
and lizardfish (Saurida undosquamis)
Songklanakarin J. Sci. Technol., 2005, 27(1) :  123-138

The chemical changes in fish muscle and natural actomyosin (NAM) from bigeye snapper (Priacanthus
tayenus) and lizardfish (Saurida undosquamis) muscle during 0, 2, 4, 6, 8, 10, 12 and 14 days of iced storage
were studied. Myosin heavy chain (MHC) of NAM extracted from two fish species was degraded throughout
iced storage. However, no changes in actin were observed. The total volatile base (TVB). trimethylamine
(TMA) and surface hydrophobicity increased, while the total sulfhydryl content and emulsion capacity of
NAM from both fish species decreased significantly  as the storage time increased (p<0.05). A Texture Profile
Analysis (TPA) and shear force of emulsion fish sausages prepared from two fish species kept in ice for  0, 4,
8 and 12 days were investigated. The results showed that hardness, cohesiveness, gumminess, chewiness and
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shear force of sausage prepared from fish kept in ice were lower than those produced from fresh fish. How-
ever, no significant differences in adhesiveness were observed. Cooking loss of emulsion fish sausage from
two  fish  species  increased  throughout  storage  time  (p<0.05).  The  texture  of  bigeye  snapper  sausage  was
better than that of lizardfish sausages. Scanning electron microscopy (SEM) micrographs of emulsion fish
sausage from two fish species revealed bigger voids, thicker strands and less continuity of protein strands
with increasing storage time. More microstructural changes were observed in sausages from lizardfish,
compared to those in sausages from bigeye snapper.

Key words : emulsion, sausage, actomyosin, fish, ice storage
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‡«≈“„π°“√‡°Á∫√—°…“ ·µà‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß·Õ°µ‘π  à«πª√‘¡“≥ “√ª√–°Õ∫‰π‚µ√‡®π∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥

‰µ√‡¡∑∏‘≈‡Õ¡’π ·≈–§à“‰Œ‚¥√‚ø∫‘°´‘µ’Èæ◊Èπº‘«¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π∏√√¡™“µ‘∑’Ë °—¥®“°°≈â“¡‡π◊ÈÕª≈“∑—Èß Õß
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™àÕß«à“ß„À≠à¢÷Èπ §«“¡Àπ“¢Õß‡ âπ‚§√ß¢à“¬‚ª√µ’π‡æ‘Ë¡¢÷Èπ ·≈–§«“¡µàÕ‡π◊ËÕß¢Õß‡ âπ„¬≈¥≈ß ‚¥¬‚§√ß¢à“¬‚ª√µ’π

¢Õß‰ â°√Õ°∑’Ëº≈‘µ®“°ª≈“µ“À«“π‚¥¬√«¡¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬°«à“‰ â°√Õ°∑’Ëº≈‘µ®“°ª≈“ª“°§¡

‰ â°√Õ°‡ªìπÕ“À“√ª√–‡¿∑Àπ÷Ëß∑’Ë‰¥â√—∫§«“¡π‘¬¡
¡“° ‚¥¬∑—Ë«‰ª«—µ∂ÿ¥‘∫∑’Ë„™â„π°“√º≈‘µ‰ â°√Õ° ‰¥â·°à ‡π◊ÈÕÀ¡Ÿ
‡π◊ÈÕ«—« ·≈–‡π◊ÈÕ‰°à ·µà‡π◊ËÕß®“°‡π◊ÈÕ —µ«å∑—Èß 3 ™π‘¥¡’√“§“
 Ÿß º≈‘µ¿—≥±å∑’Ë‰¥â®÷ß¡’√“§“§àÕπ¢â“ß Ÿß¥â«¬ ∑”„ÀâºŸâ¡’√“¬‰¥â
µË”‰¡à “¡“√∂ ◊́ÈÕ∫√‘‚¿§‰¥â   °“√„™â‡π◊ÈÕª≈“‡∫≠®æ√√≥
‰¥â·°à ª≈“µ“À«“π·≈–ª≈“ª“°§¡ ́ ÷Ëß‡ªìπª≈“∑’Ë¡’√“§“∂Ÿ°
§◊Õ ª√–¡“≥°‘‚≈°√—¡≈– 10 ∫“∑ ·≈–°‘‚≈°√—¡≈– 9 ∫“∑
µ“¡≈”¥—∫  (®“°°“√ Õ∫∂“¡æπ—°ß“π  ≥  ∑à“¢÷Èπª≈“

‡∑»∫“≈π§√ ß¢≈“, 2543) Õ’°∑—Èß‰¡à‡ªìπ∑’Ëπ‘¬¡‚¥¬ºŸâ∫√‘‚¿§
‡π◊ËÕß®“°¡’√ ™“µ‘·≈–‡π◊ÈÕ —¡º— ‰¡à¥’π—° ®÷ß‡ªìπ·π«∑“ßÀπ÷Ëß
‡π◊ËÕß®“°‡ªìπ‚ª√µ’π∑’Ë¡’√“§“µË”·≈–¡’§ÿ≥§à“∑“ßÕ“À“√ Ÿß
πÕ°®“°π’È¬—ß‡ªìπ°“√‡æ‘Ë¡¡Ÿ≈§à“·≈–°“√„Àâª√–‚¬™πå®“°
‡π◊ÈÕª≈“‡∫≠®æ√√≥¥—ß°≈à“«

πÕ°®“°π’È ‰ â°√Õ°‚¥¬∑—Ë«‰ª¡’ª√‘¡“≥‰¢¡—π Ÿß
ª√–¡“≥ 23-30% (Ockerman, 1989) ∂â“À“°¡’°“√
∫√‘‚¿§Õ¬à“ß ¡Ë”‡ ¡Õ®–∑”„Àâ√à“ß°“¬‡°‘¥°“√ – ¡¢Õß
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‰¢¡—πª√–‡¿∑Õ‘Ë¡µ—«´÷Ëß‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ „πª√–‡∑»
≠’ËªÿÉπ¡’°“√º≈‘µ‰ â°√Õ°®“°‡π◊ÈÕª≈“ ÷́Ëß¡’ª√‘¡“≥‰¢¡—π
‡æ’¬ß 5-10% (Tanikawa, 1971) º≈‘µ¿—≥±å‰ â°√Õ°ª≈“
¡’°√√¡«‘∏’°“√º≈‘µ∑’Ë§≈â“¬°—∫º≈‘µ¿—≥±å‰ â°√Õ°∑’Ëº≈‘µ®“°
‡π◊ÈÕ —µ«åª√–‡¿∑Õ◊ËπÊ  §«“¡ ¥¢Õß‡π◊ÈÕª≈“∑’Ëπ”¡“º≈‘µ¡’
§«“¡ ”§—≠µàÕ§ÿ≥¿“æ¢Õß‰ â°√Õ°ª≈“¡“° ‡π◊ËÕß®“°¡’
º≈µàÕ°≈‘Ëπ√ ¢Õß‰ â°√Õ°·≈–µàÕ§ÿ≥¿“æ¢Õß‚ª√µ’π‰¡‚Õ-
‰ø∫√‘≈≈“ ´÷Ëß¡’º≈µàÕ§«“¡‡ ∂’¬√¢Õß√–∫∫Õ‘¡—≈™—π  àßº≈
µàÕ≈—°…≥–‡π◊ÈÕ —¡º— ∑’Ë¥’¢Õß‰ â°√Õ° ‰¥â·°à §«“¡ ¡Ë”‡ ¡Õ
¡’‚æ√ßÕ“°“»‡≈Á°πâÕ¬  ‡√’¬∫‡π’¬π  ¡’§«“¡¬◊¥À¬ÿàπ  ‡π◊ÈÕ
‰¡à¬ÿà¬ ·≈–π‘Ë¡‡°‘π‰ª  ‰¡à¡’°“√·¬°µ—«¢ÕßÀ¬¥πÈ”¡—πÕÕ°
®“°‰ â°√Õ° (Tanikawa, 1971) ‚¥¬ Connell (1962 Õâ“ß
‚¥¬  ÿ¿“æ√, 2538) æ∫«à“ª√‘¡“≥‰¡‚Õ ‘́π∑’Ë °—¥‰¥â®“°
‡π◊ÈÕª≈“®–‡°‘¥°“√¬àÕ¬ ≈“¬‡æ‘Ë¡¢÷Èπµ“¡√–¬–‡«≈“∑’Ë‡°Á∫
√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‡°‘π 0ºC πÕ°®“°π’È§«“¡¬◊¥À¬ÿàπ¢Õß
‡π◊ÈÕª≈“®–≈¥≈ß¥â«¬ ‡π◊ËÕß®“°ª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬‰¥â
„ππÈ”‡°≈◊Õ≈¥≈ß Reddy ·≈–§≥– (1995) »÷°…“æ∫«à“
°“√‡°Á∫ª≈“æ‘ß§å‡æ‘√å™ (Nemiptrus japonicus) „ππÈ”·¢Áß
°àÕππ”‰ª∫¥·≈–·™à·¢Áß∑”„Àâ§à“°“√≈–≈“¬¢Õß‚ª√µ’π
(protein solubility)  §«“¡ “¡“√∂„π°“√‡°‘¥Õ‘¡—≈™—π
(emulsion stability)  §«“¡ “¡“√∂„π°“√®—∫¬÷¥πÈ”
(water-binding capacity) ≈¥≈ß (P<0.05)  §ÿ≥ ¡∫—µ‘
¥—ß°≈à“«¡’§«“¡ —¡æ—π∏å°—∫°“√≈–≈“¬¢Õß‚ª√µ’π ·≈–‡ªìπ
µ—«∫àß™’È∂÷ß°“√ Ÿ≠‡ ’¬¢Õß‚ª√µ’π°≈â“¡‡π◊ÈÕ ´÷Ëß‡ªìπº≈¡“
®“°°√–∫«π°“√∫¥ À√◊Õ°“√®—∫µ—«°—π¢Õß‚ª√µ’π (aggre-

gation) „π√–À«à“ß°“√‡°Á∫√—°…“„ππÈ”·¢Áß·≈–°“√‡°Á∫„π
 ¿“æ·™à·¢Áß  πÕ°®“°π’È§ÿ≥¿“æ¢Õß‰ â°√Õ°ª≈“¬—ß¢÷Èπ
°—∫™π‘¥¢Õßª≈“ ‡π◊ËÕß®“°‡π◊ÈÕª≈“¡’Õß§åª√–°Õ∫∑“ß‡§¡’
∑’Ë·µ°µà“ß°—π  ‡π◊ÈÕª≈“∑’Ë¡’ª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬„ππÈ”
‡°≈◊Õ Ÿß®–¡’§«“¡¬◊¥À¬ÿàπ Ÿß  à«π‰¢¡—π·≈–‚ª√µ’π´“√å‚§
æ≈“ ¡‘°®–∑”„Àâ§«“¡¬◊¥À¬ÿàπ¢Õß‡π◊ÈÕª≈“≈¥≈ß  ‚¥¬
¢—¥¢«“ß°“√‡√’¬ßµ—«¢Õß‰¡‚Õ´‘π·≈–·Õ§µ‘π ∑”„Àâ‰¡à‡°‘¥
‚§√ß √â“ß‡ªìπ√Ÿªµ“¢à“¬ (Miyaki and Kawakami, 1966)

¥—ßπ—Èπ°“√«‘®—¬§√—Èßπ’È®÷ß∑”°“√»÷°…“º≈¢Õß°“√‡°Á∫√—°…“
„ππÈ”·¢ÁßµàÕ§ÿ≥ ¡∫—µ‘‚ª√µ’π°≈â“¡‡π◊ÈÕ·≈–§ÿ≥¿“æ¢Õß
‰ â°√Õ°ª≈“Õ‘¡—≈™—π®“°ª≈“‡∫≠®æ√√≥∑—Èß Õß™π‘¥‰¥â·°à
ª≈“µ“À«“π  ·≈–ª≈“ª“°§¡  ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√
æ—≤π“º≈‘µ¿—≥±å‰ â°√Õ°ª≈“„À¡àÊ  πÕß§«“¡µâÕß°“√

¢ÕßºŸâ∫√‘‚¿§ µ≈Õ¥®π “¡“√∂„™â∑√—æ¬“°√ —µ«åπÈ”Õ¬à“ß
§ÿâ¡§à“Õ’°·π«∑“ßÀπ÷Ëß

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√∑¥≈Õß

«— ¥ÿ

1. ª≈“µ“À«“π (Priacanthus tayenus)  ·≈–
ª≈“ª“°§¡ (Saurida undosquamis) ¢π“¥πÈ”Àπ—°µ—«
ª√–¡“≥ 200-300 °√—¡ §«“¡¬“« 20-30 ´¡. ®“°∑à“
‡∑’¬∫‡√◊Õª√–¡ß Õ.‡¡◊Õß ®. ß¢≈“ ÷́Ëß‡ªìπª≈“∑’Ë®—∫‰¥â®“°
∑–‡≈Õà“«‰∑¬ ·≈–¡’√–¬–‡«≈“µ—Èß·µà®—∫ª≈“®π∂÷ß∑à“‡∑’¬∫
‡√◊Õ 36-48 ™—Ë«‚¡ß ‚¥¬π”ª≈“¡“∫√√®ÿ„π°≈àÕß‚ø¡ «“ß
ª≈“ ≈—∫πÈ”·¢Áß„πÕ—µ√“ à«πª≈“µàÕπÈ”·¢Áß 1:2 √–À«à“ß
¢π àß¡“¬—ßÀâÕßªØ‘∫—µ‘°“√ ¿“¬„π 1 ™—Ë«‚¡ß

2.  “√‡§¡’‡°√¥ ”À√—∫°“√«‘‡§√“–Àå∑“ß‡§¡’

«‘∏’°“√

1. °“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æ¢Õßª≈“√–À«à“ß°“√

‡°Á∫√—°…“„ππÈ”·¢Áß

‡°Á∫√—°…“ª≈“µ“À«“π·≈–ª≈“ª“°§¡∑—Èßµ—«‡ªìπ
‡«≈“ 14 «—π„ππÈ”·¢Áß¥â«¬Õ—µ√“ à«πª≈“µàÕπÈ”·¢Áß 1:2

∑”°“√ ÿà¡µ—«Õ¬à“ßª≈“∑ÿ° 2 «—π ·≈–‡ª≈’Ë¬π∂à“¬πÈ”·¢Áß
∑ÿ°§√—Èß∑’Ë ÿà¡µ—«Õ¬à“ß ∑”°“√«‘‡§√“–Àå¥—ßπ’È

1.1 °“√‡ª≈’Ë¬π·ª≈ß∑“ß∑“ß‡§¡’¢Õß‡π◊ÈÕª≈“
1) «‘ ‡§√“–Àå§à“ª√‘¡“≥¥à“ß∑’Ë√–‡À¬‰¥â

(Total Volatile Basic Nitrogen, TVB-N)   ·≈–§à“
‰µ√‡¡∑∏‘≈‡Õ¡’π (trimethylamine, TMA-N) ‚¥¬«‘∏’
Conway's method (Ng, 1987)

2) §à“§«“¡‡ªìπ°√¥¥à“ß «‘‡§√“–Àå¥â«¬æ’‡Õ™
¡‘‡µÕ√å ¬’ËÀâÕ DENVER INSTRUMENT √ÿàπ 15 ‚¥¬«‘∏’
¢Õß Benjakul ·≈–§≥– (1997)

1.2 °“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘¢Õß‚ª√µ’π
°≈â“¡‡π◊ÈÕ

 °—¥‚ª√µ’π·Õ°‚µ‰¡‚Õ ‘́π∏√√¡™“µ‘
(natural actomyosin) ®“°ª≈“µ“À«“π·≈–ª≈“ª“°§¡
‚¥¬ °—¥‡π◊ÈÕª≈“∫¥¥â«¬ “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å‡¢â¡¢âπ
0.6 ‚¡≈“√å ·≈– 1.2 ‚¡≈“√å §«“¡‡ªìπ°√¥¥à“ß 7.0 µ“¡
«‘∏’¢Õß MacDonald ·≈– Lanier (1994) π”¡“«‘‡§√“–Àå
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¥—ßπ’È
1) √Ÿª·∫∫¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π ‚¥¬

°“√„™â sodium dodecyl sulfate-polyacrylamide gel

electrophoresis  (SDS-PAGE)  running gel ∑’Ë§«“¡
‡¢â¡¢âπ 10% ·≈– stacking gel ∑’Ë§«“¡‡¢â¡¢âπ 4% ‚¥¬„™â
™ÿ¥Õ‘‡≈Á§‚µ√‚ø√‘´‘  ¬’ËÀâÕ Bio-Rad √ÿàπ Mini-PROTEAN

II ª√–‡∑» À√—∞Õ‡¡√‘°“ (Laemmli, 1970)

2) ª√‘¡“≥´—≈øá‰Œ¥√‘≈∑—ÈßÀ¡¥  (total

sulfhydryl content) ¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π∏√√¡™“µ‘
‚¥¬„™â DTNB (5,5/-dithiobis(2-nitrobenzoic acid) µ“¡
«‘∏’¢Õß Sompongse ·≈–§≥– (1996)

3) §à“‰Œ‚¥√‚ø∫‘°´‘µ’È (hydrophobicity)

¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ ‘́π∏√√¡™“µ‘  ‚¥¬„™â ANS (1-

anilinonaphthalene-8-sulfonic acid)  µ“¡«‘∏’¢Õß
Benjakul ·≈–§≥– (1997)

4) «‘‡§√“–Àå§à“§«“¡ “¡“√∂„π°“√‡°‘¥
Õ‘¡—≈™—π (emulsion capacity) ¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ ‘́π
∏√√¡™“µ‘ (¥—¥·ª≈ß«‘∏’¢Õß Swift et al., 1961) ‚¥¬π”
·Õ°‚µ‰¡‚Õ´‘π∏√√¡™“µ‘∑’Ë °—¥‰¥â§«“¡‡¢â¡¢âπ¢Õß‚ª√µ’π
‡∑à“°—∫ 6 ¡°./¡≈. ®”π«π 25 °√—¡ (24.41 ¡≈.) ‡µ‘¡
 “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å§«“¡‡¢â¡¢âπ 1 ‚¡≈“√å ª√‘¡“µ√
200 ¡≈. ‚Œ‚¡®‘‰π å¥â«¬‡§√◊ËÕß‚Œ‚¡®’‰π‡´Õ√å ¬’ËÀâÕ NISSIE

√ÿàπ AM-8 ª√–‡∑»¡“‡≈‡ ’́¬∑’Ë§«“¡‡√Á«√Õ∫ 13,000 √Õ∫/
π“∑’  ‡ªìπ‡«≈“ 2 π“∑’ ®“°π—Èπ·∫àß “√≈–≈“¬∑’Ë‰¥â¡“ 12.5

°√—¡ (12.44 ¡≈.) ‡µ‘¡ “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å‡¢â¡¢âπ
1 ‚¡≈“√å ª√‘¡“µ√ 37.5 ¡≈. º ¡„Àâ‡¢â“°—π¥â«¬„∫æ—¥∑’Ë
§«“¡‡√Á«√Õ∫ 1,000 √Õ∫/π“∑’ ‡µ‘¡πÈ”¡—π∂—Ë«‡À≈◊Õß 50

¡≈.º ¡„Àâ‡¢â“°—π ®“°π—Èπ‡µ‘¡πÈ”¡—π∂—Ë«‡À≈◊Õß„πÕ—µ√“ 0.8

¡≈./«‘π“∑’  æ√âÕ¡‚Œ‚¡®‘‰π å∑’Ë§«“¡‡√Á«√Õ∫ 13,000 √Õ∫/
π“∑’  —ß‡°µ°“√¬ÿ∫µ—«·≈–°“√≈¥≈ß¢Õß§«“¡Àπ◊¥¢Õß
Õ‘¡—≈™—π ∫—π∑÷°ª√‘¡“µ√πÈ”¡—π∑’Ë„™â‡µ‘¡∑—ÈßÀ¡¥

2. °“√»÷°…“§ÿ≥¿“æ‰ â°√Õ°ª≈“Õ‘¡—≈™—π®“°ª≈“

∑’Ëºà“π°“√‡°Á∫√—°…“„ππÈ”·¢Áß∑’Ë√–¬–‡«≈“µà“ßÊ

π”‡π◊ÈÕª≈“µ“À«“π·≈–ª≈“ª“°§¡∑’Ëºà“π°“√
‡°Á∫„ππÈ”·¢Áß‡ªìπ‡«≈“ 0  4  8 ·≈– 12 «—π ¡“∑”°“√
º≈‘µ‰ â°√Õ°ª≈“Õ‘¡—≈™—π∑’Ëª√–°Õ∫¥â«¬ ‡π◊ÈÕª≈“∫¥ 100

°√—¡·≈– à«πª√–°Õ∫Õ◊ËπÊ  ‰¥â·°à  πÈ”¡—π∂—Ë«‡À≈◊Õß 5%

πÈ”·¢Áß 17% ‡°≈◊ÕªÉπ 2.2% ‰¢à¢“« ¥ 3% ·ªÑß¡—π 5%

‡§√◊ËÕß‡∑» 1.6% ¢ÕßπÈ”Àπ—°‡π◊ÈÕª≈“ ·≈–§«∫§ÿ¡§«“¡™◊Èπ
¢Õß‰ â°√Õ°„ÀâÕ¬Ÿà„π™à«ß 73±0.5% ‚¥¬π”‡π◊ÈÕª≈“∫¥
º ¡°—∫πÈ”¡—π∂—Ë«‡À≈◊Õß·≈â«π”‰ª·™à∑’Ë -20ºC  π“π 2

™—Ë«‚¡ß ®“°π—Èπ‡µ‘¡‡°≈◊Õ  —∫º ¡¥â«¬‡§√◊ËÕß —∫º ¡¬’ËÀâÕ
NATIONAL √ÿàπ MK-K77 ª√–‡∑»≠’ËªÿÉπ 1 π“∑’ π”‰ª
·™à∑’Ë -20ºC Õ’°§√—Èß‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß ·≈â«‡µ‘¡‰¢à¢“«
·≈–πÈ”·¢Áß   —∫º ¡ 1 π“∑’  ‡µ‘¡·ªÑß¡—π·≈–‡§√◊ËÕß‡∑»
 —∫º ¡µàÕÕ’° 5 π“∑’ π” à«πº ¡∫√√®ÿ≈ß‰ â‡´≈≈Ÿ‚≈ 
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 25 ¡¡. ¥â«¬‡§√◊ËÕßÕ—¥‰ â „Àâ‰¥â
§«“¡¬“«¢Õß‰ â°√Õ° 8-10 ´¡. ¡—¥¥â«¬¥â“¬ ·≈â«π”‰ª
µâ¡∑’Ë 70-80ºC π“π 30 π“∑’ ·™à„ππÈ”‡¬Áπ ·≈â«π”‰ª
«‘‡§√“–Àå§ÿ≥¿“æ¥—ßπ’È

2.1 ≈—°…≥–‡π◊ÈÕ —¡º—  ‚¥¬„™â‡§√◊ËÕß«—¥‡π◊ÈÕ —¡º— 
(texture analyzer) ¬’ËÀâÕ STABLE MICRO SYSTEM

√ÿàπ TA-XT 2I ª√–‡∑»Õ—ß°ƒ… ‚¥¬π”µ—«Õ¬à“ß‰ â°√Õ°
À≈—ß∑”„Àâ ÿ°·≈â«  «“ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (25ºC)  ‡ªìπ‡«≈“
1 ™—Ë«‚¡ß  °àÕπ°“√«—¥§à“  „™âµ—«Õ¬à“ß∑’Ë¡’¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 25 ¡¡. ·≈–¬“« 3 ´¡. «—¥§à“¥—ßπ’È

1) Texture Profile Analysis (TPA) ‚¥¬
°¥µ—«Õ¬à“ß≈ß 50% ¢Õß§«“¡ Ÿß „™â Loading cell √Ÿª∑√ß
°√–∫Õ°‡ âπºà“»Ÿπ¬å°≈“ß 2.5 ´¡. §«“¡‡√Á«¢ÕßÀ—«°¥ 5

¡¡./«‘π“∑’ °√“ø TPA ∑’Ë‰¥â„™â„π°“√§”π«≥À“§à“≈—°…≥–
‡π◊ÈÕ —¡º— µ“¡«‘∏’¢Õß Bourne (1978)

2) §à“·√ß‡©◊Õπ (shearing force) ‚¥¬„™â
Warner-Bratzler Blade §«“¡‡√Á« 10 ¡¡./«‘π“∑’ ‚¥¬«‘∏’
¢Õß Cross ·≈–§≥– (1978)

2.2 §à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°À≈—ß∑”„Àâ ÿ° (cooking

loss) ‚¥¬πÈ”Àπ—°Õ‘¡—≈™—π°àÕπºà“π°“√µâ¡ ‡ª√’¬∫‡∑’¬∫°—∫
πÈ”Àπ—°¢Õß‰ â°√Õ°∑’Ëºà“π°√–∫«π°“√∑”„Àâ ÿ°∑’ËÕÿ≥À¿Ÿ¡‘
80ºC ‡«≈“ 30 π“∑’ (¥—¥·ª≈ß«‘∏’¢Õß Kondaiah et al.,

1985)

°“√ Ÿ≠‡ ’¬πÈ”Àπ—°

= (πÈÌ“Àπ—°Õ‘¡—≈™—π-πÈÌ“Àπ—°‰ â°√Õ° ÿ°) × 100

πÈÌ“Àπ—°Õ‘¡—≈™—π
2.3 ‚§√ß √â“ß®ÿ≈¿“§ (microstructure) ‚¥¬

scanning electron microscopy (SEM)  µ—¥µ—«Õ¬à“ß
‰ â°√Õ° à«π∑’ËÕ¬Ÿàµ√ß°≈“ß„Àâ¡’¢π“¥ 0.4×0.4×1.0 ´¡.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 1 ¡.§. - °.æ. 2548
°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘‚ª√µ’π°≈â“¡‡π◊ÈÕ·≈–§ÿ≥¿“æ‰ â°√Õ°ª≈“Õ‘¡—≈™—π

ª√‘≠“  ®—π∑√—µπå ·≈–§≥–127

π”‰ª·™à‡¬◊Õ°·¢Áß¥â«¬‰π‚µ√‡®π‡À≈«   ®“°π—ÈπÀ—°™‘Èπ
µ—«Õ¬à“ß¥â«¬§’¡ª“°§’∫ π”¡“µ√÷ß (fixation) ¥â«¬°≈Ÿ∑“√å-
Õ—≈¥’‰Œ¥å (glutaralhehyde) ‡¢â¡¢âπ 2.5% „π “√≈–≈“¬
øÕ ‡øµ∫—ø‡øÕ√å 0.1 ‚¡≈“√å  (§«“¡‡ªìπ°√¥¥à“ß 7.2)

®“°π—Èπ  post  fixation  ¥â«¬ÕÕ ‡¡’Ë¬¡‡µµ√“ÕÕ°‰´¥å
(osmium tetraoxide)  ‡¢â¡¢âπ 1.0%  „π “√≈–≈“¬
øÕ ‡øµ∫—ø‡øÕ√å 0.1 ‚¡≈“√å (§«“¡‡ªìπ°√¥¥à“ß 7.2) ¥÷ß
πÈ”ÕÕ°¥â«¬ “√≈–≈“¬‡Õ∑∏“πÕ≈∑’Ë¡’§«“¡‡¢â¡¢âπ‡æ‘Ë¡¢÷Èπ
®“° 50% ®π∂÷ß 100% ·≈–∑”µ—«Õ¬à“ß·Àâß„π ¿“«–
«‘°ƒµ (critical point drying) ¥â«¬§“√å∫Õπ‰¥ÕÕ°‰´¥å
‡À≈« π”µ—«Õ¬à“ß«“ß∫π·∑àπÕ–≈Ÿ¡‘‡π’¬¡ ©“∫µ—«Õ¬à“ß¥â«¬
∑Õß§”Àπ“ 250-300 π¡. π“π 2 π“∑’  àÕßµ—«Õ¬à“ß¥â«¬
‡§√◊ËÕß«‘‡§√“–Àå‚§√ß √â“ß®ÿ≈¿“§ ¬’ËÀâÕ JEOL √ÿàπ JSM

∑’Ë°”≈—ß¢¬“¬ 5,000 ‡∑à“ ·≈–„™â§«“¡µà“ß»—°¬å 8 °‘‚≈‚«≈µå
(Jone and Mandigo, 1982)

3. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

«“ß·ºπ°“√∑¥≈Õß·∫∫ ÿà¡Õ¬à“ß ¡∫Ÿ√≥å (com-

pletely randomized design: CRD) ·µà≈– ‘Ëß∑¥≈Õß
∑”°“√«‘‡§√“–Àå 2 È́”  π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå§«“¡
·ª√ª√«π (analysis of variance: ANOVA) ·≈–∑¥ Õ∫
§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬‚¥¬«‘∏’  DMRT  (Duncan's

multiple range test)

º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß

1. °“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æ¢Õßª≈“√–À«à“ß°“√

‡°Á∫√—°…“µàÕ§ÿ≥ ¡∫—µ‘¢Õß‚ª√µ’π

1.1 °“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’¢Õß‡π◊ÈÕª≈“
ª√‘¡“≥¥à“ß∑’Ë√–‡À¬‰¥â (TVB-N) ·≈–‰µ√

‡¡∑∏‘≈‡Õ¡’π (TMA-N) ¢Õß°≈â“¡‡π◊ÈÕª≈“µ“À«“π·≈–
ª≈“ª“°§¡∑’Ë‡°Á∫√—°…“„ππÈ”·¢Áß¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√–¬–‡«≈“
°“√‡°Á∫π“π¢÷Èπ (P<0.05) ¥—ß· ¥ß„π Figure 1 ·≈– 2

µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“ª≈“∑—Èß Õß™π‘¥¡’§«“¡ ¥≈¥≈ß
‚¥¬µ—«Õ¬à“ßª≈“µ“À«“π¡’°“√‡ ◊ËÕ¡‡ ’¬‡≈Á°πâÕ¬‡¡◊ËÕ‡°Á∫‰«â
‡ªìπ‡«≈“ 2-10 «—π ·≈–°“√‡ ◊ËÕ¡‡ ’¬‡æ‘Ë¡¢÷Èπ‰¡à “¡“√∂
π”¡“√—∫ª√–∑“π‰¥âÀ≈—ß®“°‡°Á∫‰«â‡ªìπ‡«≈“ 10 «—π   à«π
ª≈“ª“°§¡¡’§«“¡ ¥≈¥≈ßµ—Èß·µà‡√‘Ë¡µâπ¢Õß°“√‡°Á∫√—°…“

·≈–¡’°“√‡ ◊ËÕ¡‡ ’¬‡æ‘Ë¡¢÷Èπ‰¡à “¡“√∂π”¡“√—∫ª√–∑“π‰¥â
À≈—ß®“°‡°Á∫‰«â‡ªìπ‡«≈“ 8 «—π (Stanby and Olcott, 1963;

Banks et al., 1980) ‚¥¬ª√‘¡“≥ TVB-N ∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπ
º≈√«¡¢Õß “√·Õ¡‚¡‡π’¬ ‰¥‡¡∑∏‘≈‡Õ¡’π‰µ√‡¡∑∏‘≈‡Õ¡’π
·≈– “√ª√–°Õ∫‡Õ¡’π∑’Ë√–‡À¬‰¥â  ‚¥¬∑—Ë«‰ª¡—°æ∫·Õ¡-
‚¡‡π’¬ª√‘¡“≥‡≈Á°πâÕ¬„π™à«ß —ª¥“Àå·√°¢Õß°“√‡°Á∫√—°…“
 —µ«åπÈ”„ππÈ”·¢Áß ·≈–¥à“ß∑’Ë√–‡À¬‰¥â∑—ÈßÀ¡¥®–‡æ‘Ë¡¢÷Èπ
Õ¬à“ß™â“Ê √–À«à“ß°“√‡°Á∫√—°…“ ‚¥¬Õ“®‡°‘¥®“°°√–∫«π
°“√°”®—¥À¡Ÿà‡Õ¡’π (deamination) ¢Õß°√¥Õ–¡‘‚π  ”À√—∫
ª√‘¡“≥ TMA-N ∑’Ë‡æ‘Ë¡¢÷Èπ   “¡“√∂‡°‘¥¢÷Èπ‰¥â®“°°“√
ªπ‡ªóôÕπ¢Õß®ÿ≈‘π∑√’¬å´÷Ëß®–¡’∫∑∫“∑„π°“√‡ª≈’Ë¬π‰µ√
‡¡∑∏‘≈‡Õ¡’πÕÕ°‰´¥å (TMAO) ‡ª≈’Ë¬π·ª≈ß‡ªìπ TMA

‚¥¬®ÿ≈‘π∑√’¬å “¡“√∂ √â“ß‡Õπ‰´¡å∑’Ë‡°’Ë¬«°—∫°“√º≈‘µ TMA

(Jacober and Rand, 1982)   √«¡∑—Èß‡Õπ‰´¡å„π —µ«åπÈ”°Á
¡’∫∑∫“∑„π°“√‡ª≈’Ë¬π  TMAO  ‡ªìπ  TMA  ‡™àπ°—π
(Sikorski et al., 1990)   πÕ°®“°π’Èª≈“∑–‡≈®”æ«°
gadoid ‰¥â·°à ª≈“§Õ¥ (cod) °“√‡πà“‡ ’¬‡°‘¥®“°ª√‘¡“≥
TMAO ≈¥≈ß·≈–‡ª≈’Ë¬π‡ªìπ‰¥‡¡∑∏‘≈“¡’π (dimethyl-

amine, DMA) ·≈–øÕ√å¡“≈¥’‰Œ¥å (formaldehyde, FA)

‚¥¬‡Õπ‰´¡å‰µ√‡¡∑∏‘≈ ‡Õ¡’πÕÕ°‰´¥å‡¡∑∏‘≈‡≈  (TMAO

demethylase) ¿“¬„π°≈â“¡‡π◊ÈÕª≈“ (Hebard et al.,

1982 Õâ“ß‚¥¬ Magnusson and Martinsdottir, 1995)

πÕ°®“°π’È §à“§«“¡‡ªìπ°√¥¥à“ß¢Õßª≈“
ª“°§¡¡’§à“‡√‘Ë¡µâπ Ÿß°«à“ª≈“µ“À«“π ·≈–√–À«à“ß°“√
‡°Á∫√—°…“ª≈“∑—Èß Õß™π‘¥¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“„°≈â‡§’¬ß°—π
(Table1) ´÷Ëß‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß‚ª√µ’π‡°‘¥‡ªìπ
 “√ª√–°Õ∫¥à“ß∑’Ë√–‡À¬‰¥â ¥—ß®–‡ÀÁπ‰¥â®“°ª√‘¡“≥ TVB-

N ·≈–ª√‘¡“≥ TMA-N ∑’Ë‡æ‘Ë¡¢÷Èπµ≈Õ¥√–¬–‡«≈“°“√
‡°Á∫√—°…“ (Figure 1 ·≈– 2 µ“¡≈”¥—∫)

1.2 °“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘¢Õß‚ª√µ’π
·Õ°‚µ‰¡‚Õ´‘π∏√√¡™“µ‘®“°°≈â“¡‡π◊ÈÕª≈“

®“°°“√»÷°…“√Ÿª·∫∫¢Õß‚ª√µ’π·Õ°‚µ‰¡-
‚Õ´‘π∏√√¡™“µ‘∑’Ë °—¥‰¥â®“°°≈â“¡‡π◊ÈÕª≈“µ“À«“π·≈–
°≈â“¡‡π◊ÈÕª≈“ª“°§¡ ÷́Ëß‡°Á∫√—°…“„ππÈ”·¢Áß∑’Ë√–¬–‡«≈“
µà“ßÊ ‡ªìπ‡«≈“ 14 «—π ‚¥¬ SDS-PAGE  ¥—ß· ¥ß„π
Figure  3 ·≈– 4 æ∫«à“‰¡‚Õ´‘π‡ âπÀπ—°¡’ª√‘¡“≥≈¥≈ß
‡¡◊ËÕ√–¬–‡«≈“„π°“√‡°Á∫√—°…“ª≈“„ππÈ”·¢Áßπ“π¢÷Èπ ·≈–
ª√‘¡“≥°“√≈¥≈ßÕ¬à“ß™—¥‡®πÀ≈—ß®“°‡°Á∫√—°…“π“π°«à“ 8
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«—π ¢≥–∑’Ë·∂∫‚ª√µ’π∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈√–À«à“ß 45,000-

36,000 ¥“≈µ—π ·≈–πâÕ¬°«à“ 36,000 ¥“≈µ—π ¡’§«“¡
‡¢â¡‡æ‘Ë¡¢÷Èπ   Õ¬à“ß‰√°Áµ“¡‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß
·Õ§µ‘πµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“ · ¥ß„Àâ‡ÀÁπ«à“Õ“®¡’
°“√¬àÕ¬ ≈“¬¢Õß‰¡‚Õ ‘́π‡ âπÀπ—°‡ªìπ‚ª√µ’π∑’Ë¡’πÈ”Àπ—°
‚¡‡≈°ÿ≈µË”≈ß ‚¥¬°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°ª≈“
µ“¬ à«π„À≠à‡°‘¥®“°°‘®°√√¡¢Õß‡Õπ‰´¡å‚ª√µ’‡π  ´÷Ëß
 “¡“√∂æ∫„π°≈â“¡‡π◊ÈÕ  ·≈–‡§√◊ËÕß„π  √«¡∑—Èß‡Õπ‰´¡å

®“°®ÿ≈‘π∑√’¬å∑’Ëªπ‡ªóôÕπ¡“°—∫ à«πµà“ßÊ ¢Õßµ—«ª≈“ ‚¥¬
∑”Àπâ“∑’Ë¬àÕ¬ ≈“¬‚ª√µ’π´÷Ëß‡ªìπÕß§åª√–°Õ∫À≈—°¢Õß
°≈â“¡‡π◊ÈÕª≈“  °‘®°√√¡°“√¬àÕ¬ ≈“¬®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª≈“
¡’°“√‡ ◊ËÕ¡‡ ’¬¡“°¢÷Èπ   An ·≈–§≥– (1994) √“¬ß“π
«à“‡Õπ‰´¡å§“‡∏ª ‘́π®“°°≈â“¡‡π◊ÈÕª≈“·ª ‘́øî°‰«µ‘ß°å
(Pacific whiting)  “¡“√∂¬àÕ¬ ≈“¬‰¡‚Õ ‘́π‡ âπÀπ—°
(MHC) ‰¥â Ÿß ÿ¥ √Õß≈ß¡“§◊Õ ‚∑√‚ªπ‘π T ·Õ≈ø“-‚∑√
‚ª‰¡‚Õ ‘́π ·≈–‡∫µâ“-‚∑√‚ª‰¡‚Õ ‘́π

Figure 1. Changes  of  TVB-N  in  the  bigeye  snapper  and  lizardfish  muscle  during  iced
storage
*All values are the means of 6 determinations (3 determinations on each of 2 lots

of fish).

Figure 2. Changes of TMA in the bigeye snapper and lizardfish muscle during iced storage
*All values are the means of 6 determinations (3 determinations on each of 2 lots

of fish).



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 1 ¡.§. - °.æ. 2548
°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘‚ª√µ’π°≈â“¡‡π◊ÈÕ·≈–§ÿ≥¿“æ‰ â°√Õ°ª≈“Õ‘¡—≈™—π

ª√‘≠“  ®—π∑√—µπå ·≈–§≥–129

Benjakul ·≈–§≥– (2003a) √“¬ß“π«à“
°“√‡°Á∫√—°…“ª≈“ª“°§¡ (Saurida tumbil) „ππÈ”·¢Áß
‡ªìπ‡«≈“ 15 «—π ∑”„Àâ‡°‘¥‡®≈∑’Ë¡’§ÿ≥¿“æµË” ‡π◊ËÕß®“°
°“√¬àÕ¬ ≈“¬·≈–°“√‡ ’¬ ¿“æ¢Õß‚ª√µ’π‚¥¬µ≈Õ¥°“√
‡°Á∫√—°…“‡ªìπ‡«≈“ 15 «—π ·∂∫‰¡‚Õ´‘π‡ âπÀπ—°¡’ª√‘¡“≥
≈¥≈ß  ¢≥–∑’Ë§à“ TCA soluble peptide ‡æ‘Ë¡¢÷Èπ¡“°
(«—π∑’Ë 0 ¡’§à“ 0.5 ‰¡‚§√‚¡≈/°√—¡°≈â“¡‡π◊ÈÕ ·≈–«—π∑’Ë 15

¡’§à“ª√–¡“≥ 4 ‰¡‚§√‚¡≈/°√—¡°≈â“¡‡π◊ÈÕ) · ¥ß„Àâ‡ÀÁπ
«à“‡°‘¥°“√‰Œ‚¥√‰≈ ‘́ ¢Õßæ—π∏–‡ªª‰µ¥å‡°‘¥¢÷Èπ√–À«à“ß
°“√‡°Á∫√—°…“ ´÷Ëß‡°‘¥®“°‡Õπ‰´¡å‚ª√µ‘‡π ∑’Ë®—∫°—∫‚ª√µ’π
‰¡‚Õ‰ø∫√‘≈∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡´’ ‡µÕ’π·≈–‡´Õ√’π‚ª√µ‘‡π 
√«¡∑—Èß‡Õπ‰´¡å‚ª√µ‘‡π ®“°¢Õß‡À≈«´“√å‚§æ≈“ ¡‘° ¡’
°‘®°√√¡ Ÿß ÿ¥∑’Ë§«“¡‡ªìπ°√¥¥à“ß 8 ·≈–Õÿ≥À¿Ÿ¡‘ 65ºC

·≈–®—¥Õ¬Ÿà„π°≈ÿà¡´’ ‡µÕ’π‚ª√µ‘‡π  (Benjakil et al.,

2003b) ¢≥–∑’Ë°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥¿“æª≈“
µ“À«“π (Priacanthus tayenus) „π√–À«à“ß‡°Á∫√—°…“„π
πÈ”·¢Áß‡ªìπ‡«≈“ 15 «—π · ¥ß„Àâ‡ÀÁπ«à“§à“ TCA soluble

peptide ¡’§à“ Ÿß¢÷Èπ‡≈Á°πâÕ¬ («—π∑’Ë 0 ¡’§à“ 0.5 ‰¡‚§√‚¡≈/
°√—¡°≈â“¡‡π◊ÈÕ·≈–«—π∑’Ë 15 ¡’§à“ª√–¡“≥ 1.4 ‰¡‚§√‚¡≈/
°√—¡°≈â“¡‡π◊ÈÕ)   ·≈–‰¡à‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß¢Õß·∂∫
‰¡‚Õ ‘́π‡ âπÀπ—°®“° SDS-PAGE  (Benjakul et al.,

2002)  ¥—ßπ—Èπ‡ÀÁπ‰¥â«à“°“√¬àÕ¬ ≈“¬¢Õß‚ª√µ’π„πª≈“
ª“°§¡πà“®–¡’°‘®°√√¡¡“°°«à“„πª≈“µ“À«“π ‚¥¬°“√
¬àÕ¬ ≈“¬°≈â“¡‡π◊ÈÕ„πª≈“µ“À«“π‡°‘¥®“°‡Õπ‰´¡å‚ª√-
µ‘‡π ∑’Ë·µ°µà“ß®“°„πª≈“ª“°§¡‚¥¬‚ª√µ‘‡π ∑’Ë®—∫°—∫

‚ª√µ’π‰¡‚Õ‰ø∫√‘≈∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡‡´Õ√’π‚ª√µ‘‡π   ·≈–
‡Õπ‰´¡å‚ª√µ‘‡π ®“°¢Õß‡À≈«´“√å‚§æ≈“ ¡‘° ¡’°‘®°√√¡
 Ÿß ÿ¥∑’Ë§«“¡‡ªìπ°√¥¥à“ß 5.0 ·≈–Õÿ≥À¿Ÿ¡‘ 60ºC ·≈–
®—¥Õ¬Ÿà„π°≈ÿà¡‡´Õ√’π  ’́ ‡µÕ’π  ‡¡∑“≈‚≈‚ª√µ‘‡π   ·≈–
‚ª√µ‘‚Õ‚´¡ (proteosome) (Benjakul et al., 2003c)

®“°°“√«‘‡§√“–Àåª√‘¡“≥´—≈øá‰Œ¥√‘≈∑—ÈßÀ¡¥
æ∫«à“¡’ª√‘¡“≥≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ (P<0.05) ‡¡◊ËÕ√–¬–
‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ (Figure 5) ‡π◊ËÕß®“°‡°‘¥®“°
°“√ √â“ßæ—π∏–‰¥ —́≈‰ø¥å  (disulfide  bonds)  ‚¥¬°“√
ÕÕ°´‘‡¥™—Ëπ¢ÕßÀ¡Ÿà´—≈øá‰Œ¥√‘≈ (Hayakawa and Nakai,

1985 Õâ“ß‚¥¬ Benjakul et al., 1997) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÀ¡Ÿà´—≈øá‰Œ¥√‘≈¢Õßª≈“ª“°§¡·≈–
ª≈“µ“À«“π ®–‡ÀÁπ«à“¡’§«“¡·µ°µà“ß°—π‡≈Á°πâÕ¬ ª√‘¡“≥
À¡Ÿà´—≈øá‰Œ¥√‘≈∑—ÈßÀ¡¥‡√‘Ë¡µâπ¢Õßª≈“µ“À«“π¡’ª√‘¡“≥
 Ÿß°«à“„πª≈“ª“°§¡‡≈Á°πâÕ¬ ·≈–¡’ª√‘¡“≥∑’Ë‡∑à“°—πÀ≈—ß
®“°«—π∑’Ë 8 ¢Õß°“√‡°Á∫√—°…“„ππÈ”·¢Áß °“√‡ª≈’Ë¬π·ª≈ß
ª√‘¡“≥À¡Ÿà́ —≈øá‰Œ¥√‘≈∑’Ë·µ°µà“ß°—π¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õßª≈“
‚¥¬ Buttkus (1970) °≈à“««à“‰¡‚Õ´‘π®“°ª≈“§Õ¥¡’°“√
√«¡°≈ÿà¡ (aggregation) ·≈–°“√‡°‘¥ÕÕ°´‘‡¥™—Ëπ¢Õß°≈ÿà¡
´—≈øá‰Œ¥√‘≈ (SH group) πâÕ¬°«à“„π‰¡‚Õ ‘́π®“°ª≈“
‡∑√“∑å (trout) ·≈–ª≈“·√∫∫‘∑

®“°°“√»÷°…“§à“‰Œ‚¥√‚ø∫‘°´‘µ’ (Hydro-

phobicity) ¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π∑’Ë °—¥‰¥â®“°°≈â“¡
‡π◊ÈÕª≈“µ“À«“π·≈–ª≈“ª“°§¡  ∑’Ë‡°Á∫√—°…“„ππÈ”·¢Áß
‡ªìπ‡«≈“ 14 «—π ∑’Ë√–¬–‡«≈“µà“ßÊ (Figure 6) æ∫«à“§à“

Table1. Changes in pH of bigeye snapper and lizardfish
muscle during iced storage

Storage time (days) Bigeye snapper* Lizardfish*

0 6.35±0.05g 6.52±0.03f
2 6.47±0.04f 6.60±0.02e
4 6.52±0.03e 6.66±0.01d
6 6.41±0.05d 6.52±0.03f
8 6.61±0.04c 6.76±0.02c

10 6.76±0.01b 6.79±0.04c
12 6.78±0.03fa 6.82±0.02b
14 6.81±0.01a 6.84±0.02a

*Means ± standard deviation in each column with the same letters
are not significantly different (p<0.05).
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SoANS ¢Õßª≈“µ“À«“π·≈–ª≈“ª“°§¡¡’§à“‡æ‘Ë¡¢÷Èπ
Õ¬à“ßµàÕ‡π◊ËÕß®π∂÷ß«—π∑’Ë 14 ¢Õß°“√‡°Á∫√—°…“ · ¥ß„Àâ
‡ÀÁπ«à“„π√–À«à“ß°“√‡°Á∫√—°…“„ππÈ”·¢Áß¡’º≈∑”„Àâ‡°‘¥
°“√‡ª≈’Ë¬π·ª≈ß‚§√ß √â“ß¢Õß‚ª√µ’π (Kato and Nakai,

1980; Roura et al., 1992) ‡π◊ËÕß®“°°“√‚º≈à¢ÕßÀ¡Ÿà

‰Œ‚¥√‚ø∫‘° (hydrophobic group) ®“°¿“¬„π‚¡‡≈°ÿ≈∑’Ë
‡°‘¥®“°°“√·ª≈ß ¿“æ¢Õß‚ª√µ’π (denaturation) À√◊Õ
‡°‘¥®“°°“√·µ° ≈“¬ (degradation) (Multilangi et al.,

1996; Li-Chan et al., 1985)  ‚¥¬°“√‡ª≈’Ë¬π·ª≈ß
¥—ß°≈à“«¡’º≈∑”„Àâ§«“¡ “¡“√∂„π°“√Õÿâ¡πÈ”  ·≈–§«“¡

Figure 3. SDS-PAGE (10% polyacrylamide gel) patterns of natural actomyosin from bigeye
snapper during iced storage. Numbers designate storage time. M, High molecular
weight protein standard

Figure 4. SDS-PAGE (10% polyacrylamide gel) patterns of natural actomyosin from lizard
fish during iced storage. Numbers designate storage time. M, High molecular
weight protein standard
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 “¡“√∂„π°“√‡°‘¥‡®≈¢Õß´Ÿ√‘¡‘≈¥≈ß (Benjakul et al.,

1997)

πÕ°®“°π’È °“√‡°Á∫√—°…“„ππÈ”·¢Áß¬—ß àßº≈
µàÕ§à“§«“¡ “¡“√∂„π°“√‡°‘¥Õ‘¡—≈™—π  (Emulsion

capacity, EC) ¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π ´÷Ëß EC ‡ªìπ
§à“∑’Ë∫Õ°∂÷ßª√‘¡“µ√ Ÿß ÿ¥¢ÕßπÈ”¡—π∑’Ë‡°‘¥°“√Õ‘¡—≈´‘ø“¬¥å
°—∫ª√‘¡“≥‚ª√µ’π°àÕπ‡°‘¥°“√·¬°™—Èπ¿“¬„µâ ¿“«–∑’Ë

‡À¡“– ¡ (Hill, 1996) ®“° Figure 7 · ¥ß„Àâ‡ÀÁπ«à“§à“
EC ¢Õß‚ª√µ’π·Õ°‚µ‰¡‚Õ´‘π®“°ª≈“µ“À«“π≈¥≈ßÀ≈—ß
‡°Á∫√—°…“‡ªìπ‡«≈“ 6 «—π ¢≥–∑’Ë§à“ EC ®“°ª≈“ª“°§¡
≈¥≈ßµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“‚¥¬§à“ EC ¢Õßª≈“
ª“°§¡≈¥≈ß¡“°°«à“§à“ EC ¢Õßª≈“µ“À«“π‡¡◊ËÕ√–¬–
‡«≈“°“√‡°Á∫√—°…“ª≈“„ππÈ”·¢Áßπ“π¢÷Èπ (P<0.05)  Sarma

·≈–§≥– (1999) °≈à“««à“ ª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬„ππÈ”

Figure 5. Total  sulfhydryl content of natural actomyosin from bigeye snapper and lizardfish
during iced storage (total SH was calculated from absorbance at 412 nm using the
molar extinction coefficient of 13,600 M-1 cm-1 for 2 - nitro - 5 - thiobenzoic acid).
*All values are the means of 6 determinations (3 determinations on each of 2 fish

lots).

Figure 6. Hydrophobicity (SoANS) of natural actomyosin from bigeye snapper and lizard-
fish during iced storage.
*All values are the means of 6 determinations (3 determinations on each of 2 fish

lots).
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·≈–ª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬‰¥â„π‡°≈◊Õ¢Õßª≈“æ‘ß§å‡æ‘√å™
(Nemipterus japonicus) ·≈–ª≈“´“√å¥’π (Sardinella

longiceps) ¡’§à“≈¥≈ß‡¡◊ËÕ‡°Á∫√—°…“„ππÈ”·¢Áß‡ªìπ‡«≈“ 16

·≈– 20 «—π µ“¡≈”¥—∫ ´÷Ëßª√‘¡“≥‚ª√µ’π¥—ß°≈à“«¡’º≈µàÕ
°“√≈¥≈ß¢Õß§à“ EC §à“§«“¡Àπ◊¥  §à“§«“¡ “¡“√∂„π
°“√®—∫°—∫πÈ” ·≈–°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°
À≈—ß∑”„Àâ ÿ°  °“√»÷°…“¢Õß Colmenero ·≈– Borderias

(1983) · ¥ß„Àâ‡ÀÁπ«à“§à“ EC §à“°“√≈–≈“¬¢Õß‚ª√µ’π
·≈–§à“§«“¡Àπ◊¥¢Õß°≈â“¡‡π◊ÈÕª≈“ŒÕ√å ·¡§‡§Õ‡√≈
(horse mackerel) ·≈–ª≈“∫≈Ÿ‰«∑åµ‘ß (blue whiting) ¡’
§«“¡ —¡æ—π∏å°—πÕ¬à“ß„°≈â™‘¥ ·≈–¡’§à“≈¥≈ßµ≈Õ¥√–¬–
‡«≈“°“√‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘  -20ºC  „π‡«≈“  8  ‡¥◊Õπ
°“√≈¥≈ß¢Õß§à“ EC ¢Õß‡π◊ÈÕª≈“‡ªìπº≈¡“®“°°“√‡ ’¬
 ¿“æ·≈–°“√√«¡°≈ÿà¡ (aggregation) ¢Õß‚ª√µ’π∑’Ë‡°‘¥
®“°°“√·™à‡¬◊Õ°·¢Áß Reddy ·≈– Srikar (1991) æ∫«à“
§à“ EC ¢Õß‡π◊ÈÕª≈“æ‘ß§å‡æ‘√å™∫¥≈¥≈ßÀ≈—ß®“°°“√‡°Á∫
√—°…“„ππÈ”·¢Áß‡ªìπ‡«≈“ 5 «—π ‡ªìπº≈¡“®“°°“√ Ÿ≠‡ ’¬

§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß‚ª√µ’π∑’Ë‡°‘¥®“°°“√‡ ’¬
 ¿“æ¢Õß‚ª√µ’π  πÕ°®“°π’È §à“‰Œ‚¥√‚ø∫‘° ‘́µ’Èæ◊Èπº‘«
(surface hydrophobicity) ¢Õß‚ª√µ’π¡’º≈µàÕ°“√‡æ‘Ë¡¢÷Èπ
¢Õß§à“ Emulsifying activity ·≈–¡’º≈µàÕ°“√≈¥·√ßµ÷ß
º‘«¢ÕßÕ‘¡—≈™—π (Kato and Nakai, 1980)  Li-Chan ·≈–
§≥– (1985) æ∫«à“ ∑—Èß aromatic hydrophobicity ·≈–
aliphatic hydrophobicity ‡ªìπµ—«∫àß™’È∂÷ß§à“§«“¡§ßµ—«
„πÕ‘¡—≈™—π (emulsifying stability index) ·≈–§ÿ≥ ¡∫—µ‘
°“√®—∫µ—«°—∫‰¢¡—π¢Õß‚ª√µ’π°≈â“¡‡π◊ÈÕ∑’Ë≈–≈“¬‰¥â„π‡°≈◊Õ
®“°°“√∑¥≈Õß·¡â«à“§à“‰Œ‚¥√‚ø∫‘° ‘́µ’È ‡æ‘Ë¡¢÷Èπ (Figure

6) ·µàæ∫«à“§à“ EC ¢Õß°≈â“¡‡π◊ÈÕª≈“ ·≈–‚ª√µ’π·Õ°‚µ
‰¡‚Õ ‘́π®“°°≈â“¡‡π◊ÈÕª≈“∑—Èß 2 ™π‘¥¡’§à“≈¥≈ß ¥—ßπ—Èπ
°“√≈¥≈ß¢Õß§«“¡ “¡“√∂„π°“√≈–≈“¬¢Õß‚ª√µ’π∑’Ë‰¥â
®“°°“√‡ ’¬ ¿“æ¢Õß‚ª√µ’π¢≥–‡°Á∫√—°…“„ππÈ”·¢Áß®÷ß
Õ“®®–‡ªìπ “‡Àµÿ ”§—≠µàÕ°“√‡ª≈’Ë¬π·ª≈ß§à“ EC

Benjakul ·≈–§≥– (2003a) æ∫«à“ °“√‡°Á∫√—°…“ª≈“
ª“°§¡„ππÈ”·¢Áßπ“π¢÷Èπ ∑”„Àâª√‘¡“≥øÕ√å¡—≈¥’‰Œ¥å Ÿß¢÷Èπ

Figure 7. Emulsifying capacity (ml of oil / 8.12 mg actomyosin) of natural actomyosin from
bigeye snapper and lizardfish during iced storage.
*All values are the means of 6 determinations (3 determinations on each of 2 fish
lots).
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‚¥¬ “√¥—ß°≈à“«°àÕ„Àâ‡°‘¥°“√‡ ’¬ ¿“æ∏√√¡™“µ‘¢Õß‚ª√µ’π
‚¥¬‡√àß°“√‡™◊ËÕ¡ª√– “π¢Õß‚ª√µ’π ∑”„ÀâπÈ”Àπ—°‚¡‡≈°ÿ≈
 Ÿß¢÷Èπ  ¡’º≈∑”„Àâ‚ª√µ’π‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘
‡™‘ßÀπâ“∑’Ë ‰¥â·°à §«“¡ “¡“√∂„π°“√≈–≈“¬ ·≈–§«“¡
 “¡“√∂„π°“√ °—¥‚ª√µ’π‰¡‚Õ‰ø∫√‘≈ (Mackie, 1994)

πÕ°®“°π’È°“√≈¥≈ß¢Õßª√‘¡“≥¢ÕßÀ¡Ÿà´—≈øá‰Œ¥√‘≈
(Figure 5) ‡π◊ËÕß®“°°“√ √â“ßæ—π∏–‰¥ —́≈‰ø¥å ‚¥¬°“√
‡°‘¥ÕÕ°´‘‡¥™—Ëπ¢ÕßÀ¡Ÿà´—≈øá‰Œ¥√‘≈ ∑”„Àâ°“√√«¡µ—«°—π
¢Õß‚ª√µ’π  àßº≈„Àâ°“√≈–≈“¬‚ª√µ’π≈¥≈ß ·≈–∑”„Àâ
 ¿“«–°“√‡°‘¥Õ‘¡—≈™—π‰¡à‡À¡“– ¡ àßº≈„Àâ§à“ EC ¡’§à“
≈¥≈ß (Zayas, 1997)

2. °“√»÷°…“§ÿ≥¿“æ‰ â°√Õ°Õ‘¡—≈™—π®“°ª≈“

µ“À«“π·≈–ª≈“ª“°§¡∑’Ëºà“π°“√‡°Á∫√—°…“„ππÈ”·¢Áß∑’Ë

√–¬–‡«≈“µà“ßÊ

§à“ TPA ·≈–§à“µâ“π·√ß‡©◊Õπ (shear force)

¢Õß‰ â°√Õ°Õ‘¡—≈™—π®“°‡π◊ÈÕª≈“µ“À«“π ¡’§à“ Ÿß°«à“®“°

‡π◊ÈÕª≈“ª“°§¡ ·≈–√–¬–‡«≈“„π°“√‡°Á∫√—°…“„ππÈ”·¢Áß∑’Ë
π“π¢÷Èπ  àßº≈„Àâ‰ â°√Õ°Õ‘¡—≈™—π∑’Ë‰¥â®“°ª≈“∑—Èß Õß™π‘¥
¡’§ÿ≥¿“æ‡π◊ÈÕ —¡º— ‚¥¬«‘∏’  TPA  ‰¥â·°à  §à“§«“¡·¢Áß
(hardness), §à“§«“¡¬÷¥‡°“– (cohesiveness), §à“§«“¡
À¬ÿàπµ—« (gumminess),  §à“§«“¡§ß∑πµàÕ°“√∫¥‡§’È¬«
(chewiness) ·≈–§à“µâ“π·√ß‡©◊Õπ (shear force) ≈¥≈ß
(P<0.05)  ‚¥¬‰¡à¡’º≈µàÕ§à“°“√¬÷¥µ‘¥ (adhesiveness)

(P>0.05) (Table 2 ·≈– 3 µ“¡≈”¥—∫)

‰ â°√Õ°Õ‘¡—≈™—π‡ªìπÕ‘¡—≈™—πª√–‡¿∑‡®≈ (gel-

type emulsion) ÷́Ëß‰¢¡—π°√–®“¬µ—«Õ¬à“ß ¡Ë”‡ ¡Õ„π
‡¡µ√‘°´å¢Õß‡®≈‚ª√µ’π ·≈–§«“¡§ßµ—«¢ÕßÕ‘¡—≈™—π¢÷ÈπÕ¬Ÿà
°—∫°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§‰¢¡—π ·≈–§«“¡·¢Áß·√ß¢Õß
‡®≈ (Zayas, 1997)  ¥—ßπ—Èπ§ÿ≥¿“æ¥â“π‡π◊ÈÕ —¡º— ¢Õß
‰ â°√Õ°ª≈“Õ‘¡—≈™—π∑’Ë‡µ√’¬¡®“°‡π◊ÈÕª≈“∑’Ë‡°Á∫√—°…“„π
πÈ”·¢Áß¡’§ÿ≥¿“æ≈¥≈ßπ—Èπ —¡æ—π∏å°—∫°“√‡ ’¬ ¿“æ¢Õß
‚ª√µ’π´÷Ëß àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—µ‘°“√‡ªìπ
Õ‘¡—≈™—π¥—ß∑’Ë°≈à“«¢â“ßµâπ πÕ°®“°π’Èº≈¢Õß°“√¬àÕ¬ ≈“¬

Table 3. Texture  Profile  Analysis  (TPA)  and  shear  force  of  emulsion  fish  sausage  from  lizardfish
during iced storage

Storage time Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Shear force
(days) (g) (g)

0 3096.74a 19.59ns 1.18a 0.25a 733.45a 867.19a 734.42a
4 2445.47b 15.16ns  0.91b   0.22ab 528.98b 481.29b 522.78b
8 2443.20b   7.93ns  0.87b   0.21ab 515.74b 452.29b 445.48c

12 2389.70b   7.46ns  0.87b 0.20b 471.79b 414.58b 413.84c

*All values are the means of 12 determinations (6 determinations on each of 2 fish lots). The values in each column with
the same letters are not significantly different (p<0.05).

Table 2. Texture Profile Analysis (TPA) and shear force of emulsion fish sausage from bigeye snapper
during iced storage

Storage time Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Shear force
(days) (g) (g)

0 4179.30a 73.47ns 0.95ns 0.59a 2485.83a 2347.00a 1741.02a
4 3804.47b 66.05ns 0.94ns 0.59a 2250.68b 2113.53b 1581.60b
8 3802.91b 60.59ns 0.94ns 0.58a 2215.85b 2075.86b 1544.53b

12 3729.56b 52.93ns 0.93ns 0.49b 1814.07c 1688.61c 1462.83b

*All values are the means of 12 determinations (6 determinations on each of 2 fish lots). The values in each column with
the same letters are not significantly different (p<0.05).
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‰¡‚Õ ‘́π∑’Ë‡æ‘Ë¡¢÷Èπµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“ ¥—ß· ¥ß
„πº≈¢Õß SDS-PAGE (Figure 3 ·≈– 4) ¡’º≈∑”„Àâ
 “¬‚´à¢Õß‰¡‚Õ ‘́π —Èπ≈ß  ¥—ßπ—Èπ„π°“√‡°‘¥‡®≈®÷ß¡’°“√
 √â“ßæ—π∏–√–À«à“ß‚ª√µ’π≈¥≈ß ∑”„Àâ‰¥â‡®≈∑’Ë¡’§«“¡
·¢Áß·√ßµË” (An et al., 1996)  Niwa (1992 Õâ“ß‚¥¬ An

et al., 1996) ¬—ß°≈à“««à“‚§√ß √â“ß¢Õß‚ª√µ’π„π ¿“æ
∏√√¡™“µ‘ (native protein) ¡’§«“¡ ”§—≠¡“°µàÕ°“√‡°‘¥
‡®≈∑’Ë¥’  ¥—ßπ—Èπ‰¡‚Õ´‘π∑’Ë‡ ’¬ ¿“æ°àÕπ°“√‡°‘¥‡®≈®÷ß‰¡à
 “¡“√∂‰¥â‡®≈∑’Ë·¢Áß·√ß∑’Ë ÿ¥ ®–‡ÀÁπ«à“°≈â“¡‡π◊ÈÕª≈“∑’Ë‰¥â
®“°°“√‡°Á∫√—°…“„ππÈ”·¢Áßπ—Èπ ‚ª√µ’π‡°‘¥°“√‡ ’¬ ¿“æ
‡æ‘Ë¡¢÷Èπµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫ ¥—ßπ—Èπ‰ â°√Õ°ª≈“Õ‘¡—≈™—π
∑’Ë‰¥â®÷ß‡°‘¥®“°°“√ √â“ß‡®≈∑’Ë‰¡à ¡∫Ÿ√≥å‰¡à “¡“√∂‡°Á∫°—°
πÈ”·≈–‰¢¡—π¿“¬„π‡¡µ√‘°´å¢Õß‡®≈‚ª√µ’π‰¥â ∑”„Àâ‡°‘¥
≈—°…≥–‡π◊ÈÕ —¡º— ∑’ËÕàÕππÿà¡≈ß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“≈—°…≥–‡π◊ÈÕ —¡º— ¢Õß‰ â°√Õ°
®“°ª≈“ª“°§¡·≈–ª≈“µ“À«“πæ∫«à“‰ â°√Õ°®“°ª≈“
µ“À«“π¡’§à“¥’°«à“‰ â°√Õ°ª≈“ª“°§¡ ‡π◊ËÕß®“°‡π◊ÈÕª≈“
ª“°§¡¡’°‘®°√√¡¢Õß‡Õπ‰´¡å∑’Ë¬àÕ¬‚ª√µ’π Ÿß¥—ß∑’Ë°≈à“«
¡“·≈â«¢â“ßµâπ (Benjakul et al., 2003a) ∑”„Àâ°“√¬àÕ¬
 ≈“¬‡æ‘Ë¡¢÷Èπ‡¡◊ËÕª≈“¡’√–¬–‡«≈“°“√‡°Á∫√—°…“‡æ‘Ë¡¢÷Èπ
°“√¬àÕ¬ ≈“¬¢Õß‚ª√µ’π°≈â“¡‡π◊ÈÕ®– àßº≈„Àâ§ÿ≥¿“æ¢Õß
‡π◊ÈÕª≈“≈¥µË”≈ß„π¢≥–∑’Ë‡°Á∫√—°…“ª≈“‰«â∑’ËÕÿ≥À¿Ÿ¡‘µË”
´÷Ëß‡ªìπ “‡Àµÿ∑”„Àâ‡π◊ÈÕ —¡º— ∑’Ë‰¥â‡ª≈’Ë¬π·ª≈ß‰ª §◊Õ ¡’
≈—°…≥–∑’ËÕàÕπµ—«·≈–π‘Ë¡ ¥—ßπ—Èπ§à“«‘‡§√“–Àå‡π◊ÈÕ —¡º— ∑’Ë‰¥â
®÷ß≈¥≈ß¥â«¬ (Ando et al., 1999)   Õ¥§≈âÕß°—∫°“√
»÷°…“§«“¡ “¡“√∂°“√‡°‘¥‡®≈¢Õß´Ÿ√‘¡‘®“°ª≈“ª“°§¡

(Benjakul et al., 2003a) ·≈–ª≈“µ“À«“π (Benjakul

et al., 2002) ¡’§à“§«“¡·¢Áß·√ß ·≈–§«“¡¬◊¥À¬ÿàπ≈¥≈ß
µ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“„ππÈ”·¢Áß ‚¥¬‡®≈®“°ª≈“
µ“À«“π¡’§à“·√ß‡®“–∑–≈ÿ≈¥≈ß  79.6-81.3%  À≈—ß‡°Á∫
√—°…“ 15 «—π ¢≥–∑’Ë‡®≈®“°ª≈“ª“°§¡¡’§à“≈¥≈ß 69%

À≈—ß‡°Á∫√—°…“‡æ’¬ß 3 «—π ‡π◊ËÕß®“°ª≈“∑—Èß Õß™π‘¥‡°‘¥
°“√¬àÕ¬ ≈“¬µ—«‡Õß¢Õß‰¡‚Õ´‘π‚¥¬°‘®°√√¡¢Õß‡Õπ‰´¡å
‚ª√µ‘‡π ∑’Ë¡’°‘®°√√¡µà“ß°—π¥—ß∑’Ë°≈à“«·≈â«¢â“ßµâπ √«¡∑—Èß
‡°‘¥°“√ – ¡øÕ√å¡“≈¥’‰Œ¥å‡æ‘Ë¡¢÷Èπ„πª≈“ª“°§¡ ÷́Ëß
 “¡“√∂√«¡µ—«°—∫∫“ßÀ¡Ÿà¢Õß‚ª√µ’π‚ à́¢â“ß (protein side

chain)  ‚¥¬ √â“ßæ—π∏–‡¡∑∏‘≈’π (methylene bridge)

¿“¬„π ·≈–√–À«à“ß‚¡‡≈°ÿ≈‚ª√µ’π  ªØ‘°‘√‘¬“¥—ß°≈à“«
 àß‡ √‘¡„Àâ‚ª√µ’π‡°‘¥°“√√«¡°≈ÿà¡·≈–≈¥§«“¡ “¡“√∂„π
°“√≈–≈“¬  àßº≈„Àâ§«“¡ “¡“√∂„π°“√‡°‘¥‡®≈≈¥≈ß
(Benjakul et al., 2003a)

πÕ°®“°π’È §à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°À≈—ß∑”„Àâ ÿ°
(cooking loss) ¢Õß‰ â°√Õ°Õ‘¡—≈™—π®“°‡π◊ÈÕª≈“µ“À«“π
·≈–ª≈“ª“°§¡ ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√–¬–‡«≈“„π°“√‡°Á∫√—°…“
π“π¢÷Èπ (P<0.05) (Table 4) ´÷Ëß‡ªìπº≈®“°°“√ Ÿ≠‡ ’¬
 ¿“æ¢Õß‚ª√µ’π„π√–À«à“ß°“√‡°Á∫√—°…“  ∑”„Àâ§«“¡
 “¡“√∂„π°“√‡°Á∫°—°πÈ”¢Õß‚ª√µ’π≈¥≈ß (Reddy et al.,

1995;  Sarma et al., 2000)  √«¡∑—Èß°“√√“¬ß“π¢Õß
Pearson ·≈– Tauber (1984) æ∫«à“°“√º≈‘µ‰ â°√Õ°
ª≈“Õ‘¡—≈™—π®“°‚ª√µ’π∑’Ë‡ ’¬ ¿“æ¡’º≈∑”„Àâ§à“°“√ Ÿ≠‡ ’¬
πÈ”Àπ—°À≈—ß∑”„Àâ ÿ°¡’§à“‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°πÈ”„πº≈‘µ¿—≥±å
‰ â°√Õ°¡’ª√‘¡“≥§ß∑’Ë„π¢≥–∑’Ëª√‘¡“≥‰¡‚Õ‰ø∫√‘≈≈“

Table 4. Cooking loss of emulsion fish sausage from
bigeye snapper and lizardfish during iced
storage

% Cooking loss

Bigeye snapper* Lizardfish*

0 6.07±0.00d 7.13±0.03d
4 6.53±0.04c 7.75±0.09c
8 7.15±0.03b 8.18±0.13b

12 7.81±0.17a 8.26±0.15a

* Means ± standard deviation in each column with the same
letters are not significantly different (p<0.05).

Storage time (days)
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Figure 8. Scanning electron microscope image of emulsion fish sausage from bigeye snapper
kept in ice for 0 (a), 4 (b), 8 (c) and 12 (d) days at magnification of 5000X .

Figure 9. Scanning electron microscope image of emulsion fish sausage from lizardfish kept
in ice for 0 (a), 4 (b), 8 (c) and 12 (d) days at magnification of 5000X .
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‚ª√µ’π¡’®”°—¥ ∑”„Àâº≈‘µ¿—≥±å¡’πÈ”Õ‘ √–¡“°¢÷Èπ √«¡∑—Èß
‚ª√µ’πÀàÕÀÿâ¡Õπÿ¿“§‰¢¡—π‰¡à∑—Ë«∂÷ß  ‡¡◊ËÕºà“π°√–∫«π°“√
„Àâ§«“¡√âÕπ®–¡’°“√ Ÿ≠‡ ’¬∑—Èß à«π¢ÕßπÈ”·≈–‰¢¡—π‡π◊ËÕß
®“°πÈ”Õ‘ √–·≈–Õ‘¡—≈™—π∫“ß à«π∑’Ë‰¡à§ßµ—«

3. ‚§√ß √â“ß®ÿ≈¿“§¢Õß‰ â°√Õ°ª≈“Õ‘¡—≈™—π

°“√µ√«® Õ∫‚§√ß √â“ß®ÿ≈¿“§¢Õß‰ â°√Õ°
ª≈“Õ‘¡—≈™—π∑’Ë‡µ√’¬¡®“°‡π◊ÈÕª≈“µ“À«“π (Figure 8) ·≈–
®“°‡π◊ÈÕª≈“ª“°§¡ (Figure 9) ∑’Ëºà“π°“√‡°Á∫„ππÈ”·¢Áß
‡ªìπ‡«≈“ 0, 4, 8 ·≈– 12 «—π æ∫«à“‡¡◊ËÕ√–¬–‡«≈“„π°“√
‡°Á∫√—°…“‡æ‘Ë¡¢÷Èπ ‚§√ß √â“ß¿“¬„π‡π◊ÈÕ —¡º— ¢Õß‰ â°√Õ°
∑’Ë‡µ√’¬¡®“°ª≈“∑—Èß 2 ™π‘¥¡’™àÕß«à“ß„À≠à¢÷Èπ§«“¡Àπ“
¢Õß‡ âπ‚§√ß¢à“¬‚ª√µ’π‡æ‘Ë¡¢÷Èπ·≈–§«“¡µàÕ‡π◊ËÕß¢Õß
‡ âπ„¬≈¥≈ß   Õ¥§≈âÕß°—∫º≈°“√«‘‡§√“–Àå‡π◊ÈÕ —¡º— ∑’Ë«—¥
‚¥¬ TPA (Table 2 ·≈– 3) ¢Õß‰ â°√Õ°∑’Ë‡µ√’¬¡®“°ª≈“
∑—Èß Õß™π‘¥¡’§à“≈¥≈ß „π¢≥–∑’Ë§à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°À≈—ß
∑”„Àâ ÿ° (Table 4) ¡’§à“‡æ‘Ë¡¢÷Èπµ“¡≈”¥—∫‡¡◊ËÕ√–¬–‡«≈“
°“√‡°Á∫π“π¢÷Èπ  ‡ªìπ∑’Ë —ß‡°µ‰¥â«à“‚§√ß¢à“¬‚ª√µ’π¢Õß
‰ â°√Õ°∑’Ë∑”®“°ª≈“µ“À«“π‚¥¬√«¡¡’°“√‡ª≈’Ë¬π·ª≈ß
πâÕ¬°«à“‰ â°√Õ°∑’Ë∑”®“°ª≈“ª“°§¡ ¬°‡«âπ∑’Ë√–¬–‡«≈“
‡°Á∫ 12 «—π ®–‰¡à “¡“√∂∫Õ°§«“¡·µ°µà“ß√–À«à“ß
‚§√ß √â“ß¿“¬„π¢Õß‰ â°√Õ°®“°ª≈“∑—Èß 2 ™π‘¥ (Figure

8(d) ·≈– 9(d)) ‡π◊ËÕß®“°‡π◊ÈÕª≈“∑—Èß Õß¡’§ÿ≥¿“æµË”¡“°

 √ÿª

°“√‡°Á∫√—°…“°≈â“¡‡π◊ÈÕª≈“µ“À«“π·≈–°≈â“¡‡π◊ÈÕ
ª≈“ª“°§¡„ππÈ”·¢Áß‡ªìπ√–¬–‡«≈“ 14 «—π  àßº≈„Àâª≈“¡’
§«“¡ ¥≈¥≈ß ‚¥¬¡’º≈µàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥¥à“ß∑’Ë
√–‡À¬‰¥â (TVB-N) ·≈–‰µ√‡¡∑∏‘≈‡Õ¡’π (TMA-N)

ª√‘¡“≥§«“¡‡ªìπ°√¥¥à“ß ª√‘¡“≥‰Œ‚¥√‚æ∫‘°´‘µ’È √«¡∑—Èß
ª√‘¡“≥‰¡‚Õ´‘π¢Õß°≈â“¡‡π◊ÈÕ®“°ª≈“∑—Èß 2 ™π‘¥ ‡°‘¥°“√
¬àÕ¬ ≈“¬¡“°¢÷Èπ ¢≥–∑’Ëª√‘¡“≥À¡Ÿà´—≈øá‰Œ¥√‘≈¡’§à“≈¥≈ß
‡¡◊ËÕ√–¬–‡«≈“°“√‡°Á∫√—°…“π“π¢÷Èπ ·≈–§à“§«“¡ “¡“√∂
„π°“√‡°‘¥Õ‘¡—≈™—π¢Õßª≈“µ“À«“π¡’§à“≈¥≈ßÀ≈—ß‡°Á∫
√—°…“‡ªìπ‡«≈“ 6 «—π ¢≥–∑’Ë§à“§«“¡ “¡“√∂„π°“√‡°‘¥
Õ‘¡—≈™—π®“°ª≈“ª“°§¡¡’§à“πâÕ¬°«à“ª≈“µ“À«“π·≈–¡’§à“
≈¥≈ßµ≈Õ¥√–¬–‡«≈“°“√‡°Á∫√—°…“ ‰ â°√Õ°ª≈“Õ‘¡—≈™—π∑’Ë

‰¥â®“°‡π◊ÈÕª≈“µ“À«“π·≈–ª≈“ª“°§¡∑’Ë‡°Á∫√—°…“„ππÈ”·¢Áß
‡ªìπ√–¬–‡«≈“ 4  8 ·≈– 12 «—π ¡’§à“‡π◊ÈÕ —¡º— ≈¥≈ß‡¡◊ËÕ
‡∑’¬∫°—∫‰ â°√Õ°∑’Ë‡µ√’¬¡®“°ª≈“ ¥ ¬°‡«âπ§à“°“√¬÷¥µ‘¥
¢≥–∑’Ë§à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°À≈—ß∑”„Àâ ÿ° ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ
√–¬–‡«≈“„π°“√‡°Á∫√—°…“π“π¢÷Èπ ·≈–‚§√ß √â“ß®ÿ≈¿“§
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