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超声波解冻对猪肉品质的影响
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摘  要：ԕ20 ć䶉≤䀓߫Ѫሩ➗㓴ˈ5 ⿽н਼䎵༠⌒࣏⦷˄100ǃ200ǃ300ǃ400ǃ500 W˅䀓߫Ѫ༴⨶㓴ˈ⹄ウ䎵

༠⌒䀓߫ሩ⥚㚹૱䍘৺࣐ᐕ⢩ᙗⲴᖡ૽Ǆ㔃᷌㺘᰾˖оሩ➗㓴⴨∄ˈ䎵༠⌒༴⨶ਟԕ㕙⸝⥚㚹Ⲵ䀓߫ᰦ䰤ˈն≱⏢

ᦏཡ䖳བྷˈ䲿⵰䎵༠⌒࣏⦷Ⲵ໎བྷˈ⥚㚹Ⲵ㫨➞ᦏཡ⦷໎བྷˈ200 W䎵༠⌒༴⨶㓴⥚㚹Ⲵ঻Ῐ؍≤ᙗ儈ҾަԆ༴⨶

㓴˗оሩ➗㓴⴨∄ˈ䲔100 W䎵༠⌒༴⨶㓴ཆˈн਼䎵༠⌒࣏⦷䀓߫༴⨶൷㜭ᱮ㪇䱽վ⥚㚹ⲴpH٬઼Ӟᓖ٬˄L*˅

˄P˘0.05˅ˈф䲿⵰䎵༠⌒࣏⦷Ⲵ໎བྷˈ਴༴⨶㓴ṧ૱ⲴpH٬઼L*均੸䱽վ䎻࣯˗500 W༴⨶㓴⥚㚹Ⲵ࢚٬࣋࠷

ᱮ㪇վҾሩ➗㓴˄P˘0.05˅ˈф䲿⵰䎵༠⌒࣏⦷Ⲵ໎བྷˈ਴༴⨶㓴ṧ૱Ⲵ࢚࣋࠷䙀⑀䱽վ˗ሩ➗㓴ṧ૱Ⲵ⁚ੁᕋ

䊛ᰦ䰤T23ጠ䶒〟ᱮ㪇վҾ500 WTT
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〻ѝߠᲦⲴᖒᡀՊ⹤ൿ㚹૱Ⲵ䎵ᗞ㔃ᶴˈᒦ⎃㕙ⓦ䍘ˈ

ሬ㠤൘㓶㜎≤ᒣкਁ⭏Ⲵ⭏⢙ॆᆖ৽ᓄᖡ૽㚹Ⲵ⢙⨶䍘

䟿৲ᮠǄ߫ߧ㚹䍘䟿ᦏཡⲴ〻ᓖਆߣҾཊ⿽ഐ㍐ˈवᤜ

߫㶽䙏⦷ǃ䀓߫ᯩ⌅ǃ䍞㯿⑙ᓖ઼⑙ᓖ⌒ࣘ[2]Ǆ䀓߫㚹

Ⲵ૱䍘ҏ⭡ཊ⿽ഐ㍐ߣᇊˈवᤜ⴨ሩオ≄⒯ᓖǃᴹ᭸䀓

߫ᰦ䰤઼䎵༠⌒ㅹн਼䀓߫ᯩ⌅Ⲵ䘹ᤙ[3]Ǆ䎵༠⌒ᱟ൘

20 kHz̚1 MHz仁⦷㤳ത޵䎵䗷Ӫ㊫ੜ㿹㤳തⲴ༠⌒[4]ˈ

䎵༠⌒ਟԕ࣐ᘛ✝䟿઼䍘䟿Ր䙂ˈѝᯝ㚊䳶ᒦ⹤ൿབྷ࠶

ᆀ䬮Ǆᖝⲫጠㅹ[5]ਁ⧠䎵༠⌒㜭ཏᨀ儈㦎䶒⻇ᢈⲴ䀓߫䙏

⦷ǄKissamㅹ[6]Ⲵ⹄ウ㺘᰾ˈ1.5 kHzⲴ䎵༠仁⦷ਟԕ֯

劬Ⲵ䀓߫ᰦ䰤∄অ⤜⑙≤䀓߫㕙⸝71%ˈ䘉ਟ㜭ᱟ߫ߧ

⭡Ҿվ仁ǃਟੜ㿱Ⲵ༠丣᧕䘁ߠᲦⲴޡᥟ仁⦷ˈ㜭ཏᕅ

⌒䀓߫Ⲵ֌⭘Ǆ։࣋ㅹ[7]ਁ⧠䎵༠ࡠᲦᥟࣘˈӾ㘼䎧ߠਁ

䀓߫нӵ㜭㕙⸝䀓߫ᰦ䰤ˈ䘈ਟԕ໎࣐Ժ᣹ބ㚹ѝᥕਁ

ᙗ仾ણ⢙䍘Ⲵ⿽㊫Ǆ傜䎵䬻ㅹ[8]ሶ䟷⭘7 ⿽䎵༠⌒࣏⦷Ⲵ

䀓߫༴⨶оՐ㔏Ⲵ⍱≤䀓߫ᯩ⌅⴨∄ˈਁ⧠450 WⲴ䎵༠

⌒㜭䖳ྭൠ؍ᤱ㖇䶎劬⡷Ⲵ૱䍘Ǆ

བྷཊᮠޣҾ઼߫ߧ䀓߫ሩ㚼㚹㳻ⲭ䍘⢙⨶ॆᆖਈॆ

Ⲵ⹄ウ䜭䳶ѝ൘劬㊫઼䍍㊫ˈҏᴹаӋޣҾ߫ߧሩ㓒㚹

ᖡ૽Ⲵ⹄ウ[9]Ǆ䟷⭘н਼䀓߫ᯩᔿ༴⨶ṧ૱ᯩ䶒Ⲵ⹄ウ䖳

ཊˈ❦㘼ሩҾ䎵༠⌒䀓߫ˈⴞࡽˈн਼䎵༠⌒࣏⦷ሩ⥚

㚹૱䍘Ⲵᖡ૽ԕ৺䀓߫䗷〻ѝ⑙ᓖⲴਈॆᛵߥ⹄ウ൘ഭ

Ⲵ⥚ਾ㟰㚹Ѫ৏߫ߧཆ൷ቁᴹᣕ䚃Ǆᵜ⹄ウԕˉ20 ć޵

ᯉˈ20 ćⲴ䶉≤䀓߫Ѫሩ➗㓴ˈ5 њн਼䎵༠⌒࣏⦷䀓

߫Ѫ༴⨶㓴ˈ᧒ウн਼䎵༠⌒࣏⦷ሩ⥚㚹૱䍘Ⲵᖡ૽ˈ

Ѫ䎵༠⌒䀓߫ᯩᔿ൘߫ߧ㚹ӗ૱ѝⲴᓄ⭘ᨀ׋৲㘳Ǆ

1 材料与方法

1.1 ᶀᯉо䈅ࡲ

⥚ਾ㟰㚹˄؇਽⥚ਾш˅䍝㠚唁嗉⊏ⴱབྷᒶᐲᖃൠ

䎵ᐲˈѪ⺞؍ᇎ傼৏ᯉⲴа㠤ᙗˈᡰ䘹⥚ਾ㟰㚹ਆ㠚਼

аཤ⥚ˈф൷䘹⭘㓟ⱖ㚹ˈᒦ൘15 min޵䘀എᇎ傼ᇔǄ

⢋㹰␵␵㳻ⲭ ↖≹ᐲⴆӁཙ⭏⢙ᢰᵟᴹ䲀ޜਨ˗

ᇎ傼ᡰ⭘䈅ࡲ൷Ѫഭӗ᷀࠶㓟Ǆ

1.2 Ԛಘо䇮༷

BCD-439WKK1FYM⭥ߠ㇡ ⎧ؑᇩ༠ߠ㇡ᴹ䲀

、ਨ˗SB25-12DTD䎵༠⌒␵⍇Ԛ ᆱ⌒ᯠ㣍⭏⢙ޜ

ᢰ㛑ԭᴹ䲀ޜਨ˗NMI20-AnalystṨ⻱ޡᥟᡀ᷀࠶ۿԚ  
㣿ᐎ㓭䗸⭥ᆀ、ᢰᴹ䲀ޜਨ˗CR-400㢢ᐞԚ  ᰕᵜ

ḟቬ঑㖾㜭䗮᧗㛑ޜਨ˗SPECORD 210 Plus㍛ཆ-ਟ㿱

ਨ˗HI 99163ޜԚಘᴹ䲀᷀࠶ᓖ䇑 ᗧഭ㙦᤯ݹݹ࠶
 ਨ˗TA-XT plus䍘ޜᔿ㚹⭘pH䇑 ᜿བྷ࡙Hannaᩪׯ

ᶴԚ 㤡ഭStable Micro Systemsޜਨ˗5417R⿫ᗳᵪ 
ᗧഭEppendorfޜਨ˗TR-52ᨂޕᔿ⑙ᓖ䇑 ᰕᵜThermo 
Recorderޜਨ˗AR223CN⭥ᆀཙᒣ 㖾ഭྕ䊚ᯟԚಘ

ᴹ䲀ޜਨ˗KP-21C≲〟Ԛ  ␡ൣᐲ㤡伎䬝、ᢰᴹ䲀 

ਨ˗VORTEX-5╙⏑␧ਸಘ ⎧䰘ᐲަ᷇䍍ቄԚಘᴹޜ

䲀ޜਨ˗DK-450B⭥✝ᚂ⑙≤‭ к⎧἞ؑᇎ傼Ԛಘᴹ

䲀ޜਨ˗FA25ңॆ൷䍘ᵪ к⎧ᕇ励ݻ⍱փᵪỠࡦ䙐ᴹ

䲀ޜਨǄ

1.3 ᯩ⌅

1.3.1 ⥚㚹߫㔃༴⨶

ਆ ᯠ 勌 ⥚ ਾ 㟰 㚹 ˈ ࢄ 䲔 ㅻ 㟌 ˈ ࠷ ᡀ ᖒ ⣦ ⴨ լ

˄7 cm×8 cm×2 cm˅ǃ䍘䟿⴨䘁˄˄150±5˅ g˅Ⲵ㚹

ඇˈ䲿ᵪ࠶ᡀ6 㓴ˈ⇿㓴3 ԭ㚹ṧǄሶᨂޕᔿ⑙ᓖ䇑᧒ཤ

ᨂޕ㚹ṧѝᗳˈ᭮ޕ㚊҉✟ⵏオव㻵㺻ѝᇶሱˈሶ㚹ṧ

㖞Ҿˉ20 ćߠ㇡ѝ48߫ߧ hǄ

1.3.2 ⥚㚹䀓߫༴⨶

⥚㚹߫ߧ㔃ᶏਾˈԕ20 ć䶉≤䀓߫֌Ѫሩ➗㓴ˈሶ

ަԆ5 㓴㚹ṧ൘ᇔ⑙л㖞Ҿ䎵༠⌒␵⍇Ԛѝ䀓߫ˈ䎵༠⌒

仁⦷40 kHzˈ࣏⦷࡛࠶Ѫ100ǃ200ǃ300ǃ400ǃ500 Wˈ

⥚㚹ѝᗳ⑙ᓖ䗮0ࡠ ćᰦѪ䀓߫㓸⛩ˈ䀓߫㔃ᶏਾ䘋㹼਴

亩ᤷḷⲴ⍻ᇊǄ

1.3.3 ᤷḷ⍻ᇊ

1.3.3.1 䀓߫ᰦ䰤о㚹ṧѝᗳ⑙ᓖѻ䰤Ⲵޣ㌫

䇠ᖅ䀓߫䗷〻ѝ䀓߫ᰦ䰤઼㚹ṧѝᗳ⑙ᓖⲴਈॆˈ

㔈ࡦ㚹ṧѝᗳ⑙ᓖ䲿䀓߫ᰦ䰤ਈॆⲴᴢ㓯Ǆ

1.3.3.2 ≱⏢ᦏཡ⦷

䀓߫ࡽሶ㚹ṧӾⵏオव㻵㺻ѝਆࠪˈ〠䍘䟿˗ᆼޘ

䀓߫ѻਾˈ⭘Whatman 2ਧ└㓨ሶ㚹ṧ㺘䶒Ⲵ≱⏢ᬖᒢˈ

ᔿ˄1˅䇑㇇≱⏢ᦏཡ⦷Ǆޜ➗䍘䟿Ǆ᤹〠⅑޽

/% 100m1

m1－m2  ˄1˅

ᔿѝ˖m1Ѫṧ૱䀓߫ࡽⲴ䍘䟿/g˗m2Ѫṧ૱䀓߫ਾ

Ⲵ䍘䟿/gǄ

1.3.3.3 㫨➞ᦏཡ⦷

৲➗Yuㅹ[10]Ⲵᯩ⌅ˈ亪⵰㚼৏㓔㔤ᯩੁӾᐢ㓿䀓߫ྭ

Ⲵ㚹ṧѝਆṧ80 gᐖਣˈ〠䍘䟿˗ሶ㚹ṧ᭮ޕ䘿᰾㫨➞㺻

ѝˈ80 ć≤⎤࣐✝㠣ѝᗳ⑙ᓖѪ75 ćˈ؍ᤱ30 minˈਆࠪ

ਾߧত㠣ᇔ⑙ˈ4 ćߧ㯿䗷ཌˈ⭘└㓨ሶ㚹ṧ㺘䶒Ⲵ≤࠶

ᬖᒢˈ޽⅑〠䍘䟿Ǆ᤹➗ޜᔿ˄2˅䇑㇇㫨➞ᦏཡ⦷Ǆ

/% 100m3

m3－m4  ˄2˅

ᔿѝ˖m3Ѫṧ૱㫨➞ࡽⲴ䍘䟿/g˗m4Ѫṧ૱㫨➞ਾ

Ⲵ䍘䟿/gǄ

1.3.3.4 ঻Ῐ؍≤ᙗ

߶⺞〠ਆ300 mg㚹ṧˈ㖞ҾWhatman 2ਧ└㓨кˈ᭮

㖞Ҿ2 ඇᴹᵪ⧫⪳ѻ䰤ˈሩަ࣐঻3 minˈᴹ䜘࠶≥࠶㻛

ᧂࠪˈ⭘唁㢢䇠ਧㅄሶᥔ঻Ⲵ㚹ṧ䶒〟઼঻ῘࠪⲴ≤࠶

䶒〟⭫ࠪˈ֯⭘≲〟Ԛ⍻ᇊᥔ঻Ⲵ㚹ṧ䶒〟઼঻ῘࠪⲴ

ᙗǄ≥؍㇇ᔿ˄3˅䇑ޜ➗䶒〟Ǆ᤹࠶≥
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/% 100S2

S1  ˄3˅

ᔿѝ˖S1Ѫᥔ঻㚹ṧⲴ䶒〟/mm2˗S2Ѫ঻ῘਾⲴ≤࠶

䶒〟/mm2Ǆ

1.3.3.5 pH٬

䟷⭘㓿䗷⭥ᶱṑ↓⏢ṑ↓Ⲵ᡻ᤱᩪׯᔿpH䇑ˈሶ⭥

ᶱᨂޕ㚹ṧѝᗳˈᖵ䈫ᮠっᇊਾ䇠ᖅᮠ٬Ǆ

1.3.3.6 㢢⌭

൘ᆼޘ䀓߫Ⲵ㚹ṧѝࠪ࠷ањ⁚ᡚ䶒ˈ֯⭘㓿䗷

ⲭᶯṑ↓Ⲵ㢢ᐞԚሩ㚹ṧ䘋㹼Ӟᓖ٬˄L*˅ǃ㓒ᓖ٬

˄a*˅઼哴ᓖ٬˄b*˅⍻ᇊǄ

࣋࠷࢚ 1.3.3.7

৲➗Hope-Jonesㅹ[11]Ⲵᯩ⌅ˈ⭘ⴤᖴ1 cmⲴѝオਆ

ṧಘ⋯㫨➞ਾ㚹ṧⲴ㚼৏㓔㔤ᯩੁਆṧ˄⌘᜿䚯ᔰㅻ

㞡˅ˈ࡙⭘䍘ᶴԚⲴHDP/BS᧒ཤ⋯඲ⴤ㚼৏㓔㔤ᯩੁ⍻

ᇊ⇿њ㚹ḡⲴ࢚࣋࠷Ǆ৲ᮠ䇮ᇊѪ˖⍻䈅䙏⦷5 mm/sˈ

䀖ਁ࣋5 gˈ䖭䟽⢙30 kgǄ

ᐳ࠶࠶≥ 1.3.3.8

৲➗Gao Tianㅹ [12]Ⲵᯩ⌅ˈ߶⺞〠ਆ2 gࢄ䲔ㅻ㟌

Ⲵ䀓߫⥚㚹ˈ㖞Ҿⴤᖴ1.5 cmⲴṨ⻱㇑ѝ䘋㹼⍻ᇊǄ䟷

⭘վ൪Ṩ⻱ޡᥟ˄low field nuclear magnetic resonanceˈ

LF-NMR˅ᡀ᷀࠶ۿԚⲴQ-CPMG䱏ࡇ䘋㹼⁚ੁᕋ䊛

ᰦ䰤˄T 2˅⍻ᇊˈ⍻ᇊ৲ᮠ˖⍻䈅⑙ᓖ32  ćˈޡᥟ

仁⦷22 MHzˈᰦ䰤ᑨᮠ˄τ˅0.15 msˈ䟽༽䰤䳄ᰦ䰤

3 000 msˈ⁑ᤏ໎⳺20Ǆ

1.3.3.9 ≤ⓦᙗ㳻ⲭਜ਼䟿

߶⺞〠ਆ3 g㚹ṧˈ㖞Ҿ50 mL⿫ᗳ㇑ѝˈ࣐18ޕ mL
㫨便≤ˈ14 000 r/minᶑԦл൷䍘2 minˈ1 500×gᶑԦл

⿫ᗳ10 min˗ਆк␵⏢ˈ⭘ৼ㕙㝢ᯩ⌅⍻ᇊ≤ⓦᙗ㳻ⲭ

ਜ਼䟿Ǆ

1.3.3.10 ⴀⓦᙗ㳻ⲭਜ਼䟿

ሶ1.3.3.9㢲ѝⲴк␵⏢ᔳ৫ˈੁ⿫ᗳ㇑ѝⲴ⊹⏰ѝ

ˈmL 3%ⲴNaClˈ14 000 r/minᶑԦл൷䍘2 min 18ޕ࣐

1500×gᶑԦл⿫ᗳ10 min˗䟽༽⿫ᗳ3 ⅑ਾਆк␵⏢ˈ

⭘ৼ㕙㝢ᯩ⌅⍻ᇊⴀⓦᙗ㳻ⲭਜ਼䟿Ǆ

1.4 ᮠᦞ༴⨶

䟷⭘SPSS 20.0䖟ԦѝⲴঅഐ㍐ᯩᐞ᷀࠶⌅ሩᮠᦞ䘋

㹼᷀࠶ˈᱮ㪇ᙗ≤ᒣ䇮ѪP=0.05˗䟷⭘Origin 2016䖟Ԧ䘋

㹼㔈മǄ਴亩ᤷḷ൷䟽༽⍻ᇊ3 ⅑ˈᇎ傼㔃᷌⭘ᒣ൷٬f

ḷ߶ᐞ㺘⽪Ǆ

2 结果与分析

2.1 н਼䎵༠⌒࣏⦷䀓߫ሩ⥚㚹䀓߫ᰦ䰤৺ᤱ≤㜭࣋Ⲵ

ᖡ૽

൘㚹㊫࣐ᐕѝˈ㕙⸝৏ᯉ㚹Ⲵ䀓߫ᰦ䰤нӵਟԕᨀ

儈䀓߫䇮༷Ⲵ֯⭘⦷ˈ䘈ਟԕᨀ儈ᐕ֌᭸⦷ˈӾ㘼ᖡ૽

㓿⍾᭸⳺ˈഐ↔൘ᇎ䱵⭏ӗѝާᴹ䟽㾱᜿ѹǄ
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图 1 不同超声波功率解冻对猪肉解冻时间的影响

Fig. 1 Effect of ultrasonic power on thawing time of frozen pork

⭡മ1ਟ⸕ˈᰐ䇪ᱟ䶉≤䀓߫䘈ᱟн਼䎵༠⌒࣏⦷䀓

߫༴⨶ˈṧ૱൘5ࡽ min޵Ⲵ⑙ᓖкॷ䖳ᘛˈѝᗳ⑙ᓖ䎺

᧕䘁0 ćˈަ⑙ᓖкॷ䙏⦷䎺ធ˗䎵༠⌒䀓߫ᡰ⭘ᰦ䰤ᱮ

㪇ቁҾ䶉≤䀓߫ˈ䲿⵰䎵༠⌒࣏⦷Ⲵнᯝ໎བྷˈᡰ⭘䀓

߫ᰦ䰤ҏ䙀⑀㕙⸝Ǆ

՗㐸 փཞגำհࠀ୲঴6 C D N G � � � ' H H G E � � � H � � N � T 䁃 U � P K E � � � Y G T 䀂 � P � � 䁃 V G T 䀂 J � N F K P I 䀂 E 䁃 R 䁃 E 䁋 � [ � � H � � J C Y G F � � � T 䁍⍻ ᇊ ᤷ ḷ䶉 ≤ 䀓 ߫䎵 ༠ ⤒ ࣏ ⦷⼀圀㄰ 　㈰ 　㌰ 　㐰 　㔰 　䀓 ߫ ᰦ 䰤⼀P L �㌳ 〱 　넀〮 㠲愀㈶ ⸶ 㔀넀〮 ㌸戀㈳ ㈰ 㤀넀〮 㐴挀ㄷ 㠸 ㌀넀〮 ㈹搀ㄴ ⸹ 　넀〮 〹攀㄀ ㄮ 㐳넀〮 㐱昀≱ ⏢ ᦏ ཡ ⦷⼀─㐮 ㄴ넀〲 㔶戀㔮 ㄀ ㄀넀〲 ㈶慢㔮 ㌹넀〲 〷慢㔮 㘰넀〲 ㈰愀㔮 㘲넀〲 㠰愀㔲 㠰넀〲 ㈷愀㫨 ➞ ᦏ ཡ ⦷⼀─㈴ ⸴ 㘀넀〲 ㌷戀㈲ ㈲ 㜀넀〲 㘵戀㈳ ⸷ 㤀넀〲 㤵戀㈹ ⸴ 㤀넀〲 㤵愀㈷ ⸹ 　넀〲 㐶愀㈴ ⸹ 㜀넀ㄮ 㘷戀঻ Ῐ ؍ ≤ ᙗ⼀─㌳ ⸸ 㔀넀㘲 ㈹戀㌶ ⸶ 㠀넀ㄮ 㘲慢㐵 ㈹ 㐀넀〮 㔸愀㌶ ⸹ ㄀넀ㄮ 㐶慢㌲ 㠲 ㌀넀㈮ 㜶戀㌳ ⸱ 㜀넀㌮ 㘷戀⌘ ˖ ਼ 㹼 ሿ ߉ ᆇ ⇽ н ਼ ˈ 㺘 ⽪ ਼ а ᤷ ḷ ǃ н ਼ ༴ ⨶ 㓴 䰤 ᐞ ᔲ ᱮ 㪇�˄倀〮̆ 〵˅ Ǆ л ਼ Ǆ⭡ 㺘㄀ਟ ⸕ ˈ 䎵 ༠ ⌒ 䀓 ߫ ༴ ⨶ 㚹 ṧ Ⲵ ≱ ⏢ ᦏ ཡ ⦷ о䶉 ≤ 䀓 ߫ ᴹ ᱮ 㪇 ᐞ ᔲ ˄倀〮̆ 〵˅ ˈ ᒦ ф 䲿 ⵰ 䎵 ༠ ⌒ ࣏⦷ Ⲵ ໎ བྷ ˈ 䀓 ߫ ਾ Ⲵ ≱ ⏢ ᦏ ཡ ໎ ཊ ˈ о/ D J H U V W H G W嬱 ㍝ǃ- H R Q J嬱 㑝ǃ+ H U J H Q U H G H U嬱 㕝ㅹ Ⲵ ⹄ ウ 㔃 ᷌ а 㠤 Ǆ 䘉 ਟ 㜭 ᱟ ⭡Ҿ ᖃ 䎵 ༠ ⌒ ֌ ⭘ Ҿ പ ⏢ ㌫ 㔏 ᰦ ˈ オ ॆ ≄ ⌑ ፙ ⒳ н ਼ Ҿ 㓟⏢ փ փ ㌫ ˈ ⭡ Ҿ 䛫 䘁 പ փ 㺘 䶒 ˈ ≄ ⌑ 䙊 ᑨ н ሩ 〠 ᣈ ਐ ˈ䘉 Պ ֯ ⍱ փ ⎼ ޕ ≄ ⌑ ˈ ᖃ 䗩 ⭼ ቲ 㻛 ⹤ ൿ ᰦ ˈ 䘉 ⿽ ᭸ ᓄ ֯പ փ 㺘 䶒 ✝ 䟿 ᘛ 䙏 Ր 䙂 ˈ ሬ 㠤 ӻ 䍘 ⑙ ᓖ ॷ 儈 ˈ ߿ ቁ ަ 䀓߫ ᰦ 䰤 Ǆ ൘ ԫ օ ⭘ Ҿ ᔦ 䮯 㚹 ㊫ ؍ 䍘 ᵏ Ⲵ व 㻵 ㌫ 㔏 ѝ ˈ ⢩࡛ ᱟ ൘ ⵏ オ ㌫ 㔏 ѝ ˈ ≱ ⏢ ᦏ ཡ ᱟ н ਟ 䚯 ݽ Ⲵ嬱 㙝Ǆ ❦ 㘼 ˈ䎵 ༠ ༴ ⨶ ֯ 䀓 ߫ 㚹 Ⲵ灈٬ 䖳 վ ˈ 䖳 վ Ⲵ灈٬ ҏ ਟ 㜭 ሬ 㠤ᴤ ཊ Ⲵ ≱ ⏢ ᦏ ཡ嬱 㝝Ǆ㚼 㚹 Ⲵ 㫨 ➞ ᦏ ཡ ໎ ࣐ ਟ 㜭 ሬ 㠤 䖳 վ Ⲵ ⎸ 䍩 㘵 ਟ ᧕ ਇᙗ Ǆ 䲿 ⵰ 䎵 ༠ ⌒ ࣏ ⦷ Ⲵ ໎ བྷ ˈ 㚹 ṧ Ⲵ 㫨 ➞ ᦏ ཡ ⦷ ໎ བྷ ˈ䘉 ਟ 㜭 ᱟ 㚼 ⨳ 㳻 ⲭ ਈ ᙗ ໎ ࣐ Ⲵ 㔃 ᷌嬱 㡝ˈ 䎵 ༠ ⌒ ሬ 㠤 Ⲵ 㳻ⲭ 䍘 Ⲵ ަ Ԇ ≗ ॆ ᛵ ߥ ਈ ॆ ҏ 䱽 վ Ҷ ṧ ૱ Ⲵ ᤱ ≤ 㜭 ࣋ ˈ ֯㫨 ➞ ᦏ ཡ ਈ བྷ嬱 㥝Ǆ؍ ≤ ᙗ ᱟ ⥚ 㚹 䶎 ᑨ 䟽 㾱 Ⲵ ૱ 䍘 ઼ ࣐ ᐕ ⢩ ᙗ Ǆ ؍ ≤ ᙗ䎺 ྭ ˈ 㚹 Ⲵ ᤱ ≤ 䟿 䎺 བྷ ˈ ާ ᴹ 䖳 儈 Ⲵ 㓿 ⍾ ԧ ٬ Ǆ㈰ 　   圀䎵 ༠ ⌒ ༴ ⨶ 㓴 ṧ ૱ Ⲵ ঻ Ῐ ؍ ≤ ᙗ ᱮ 㪇 儈 Ҿ 䶉 ≤ ༴ ⨶ 㓴 ઼㐰 　ǃ㔰 　   圀䎵 ༠ ⌒ ༴ ⨶ 㓴 ˄倀〮̆ 〵˅ ˈ ն о㄰ 　ǃ㌰ 　   圀





18 2017, Vol. 31, No. 11
基础研究

肉类研究
MEAT RESEARCH

中国肉类食品综合研究中心
CHINA MEAT RESEARCH CENTER

≤൘㚹ѝѫ㾱ԕ㔃ਸ≤ǃн᱃⍱ࣘ≤઼㠚⭡≤3 ⿽
ᖒᔿᆈ൘ˈՐ㔏ᯩ⌅ᰐ⌅ሩ≤࠶Ⲵ⍱ࣘᙗԕ৺ަ൘㚹ѝ

Ⲵ࠶ᐳ⣦ᘱ䘋㹼Ự⍻ˈLF-NMR㜭ཏỰ⍻ࠪ≤Ⲵк䘠3 ⿽
ᆈ൘ᖒᔿǄ⭡മ4ਟ⸕ˈT2ᕋ䊛ᰦ䰤ᴢ㓯кࠪ⧠Ҷ3 њ
ጠˈަѝо㳻ⲭ䍘㔃ਸ㍗ᇶⲴᱟT21ˈ㺘⽪㔃ਸ≤ˈᕋ䊛

ᰦ䰤0̚10 msˈ൘䀓߫Ⲵ㚹ṧ૱ѝঐᙫ≤࠶Ⲵ1%̚4%Ǆ

սҾ㚼৏㓔㔤㳻ⲭ䍘ส䍘кⲴᱟT22ˈ㺘⽪н᱃⍱ࣘ≤ˈ

ᕋ䊛ᰦ䰤൘10̚100 msѻ䰤ˈᱟ㚹㊫ѝ≤࠶Ⲵѫ㾱ᆈ൘

ᖒᔿˈঐᙫਜ਼≤䟿Ⲵ90%ԕкǄㅜ3њጠѪT23ˈ㺘⽪㠚⭡

≤ˈᕋ䊛ᰦ䰤ᴰ䮯˄100̚400 ms˅ˈᒦфᱟ㚹ѝ⍱ࣘᙗ

ᴰབྷⲴа䜘[27]≥࠶Ǆ

՗″ փཞגำհࠀ୲঴۳ܔይ඾吀″ 



192017, Vol. 31, No. 11
基础研究

肉类研究
MEAT RESEARCH

中国肉类食品综合研究中心
CHINA MEAT RESEARCH CENTER

physical properties, microbial quality and storage stability of 

beef meat[J]. Meat Science, 2007, 77(4): 616-625. DOI:10.1016/

j.meatsci.2007.05.014.

[10] YU L H, LIM D G, JEONG S G, et al. Effects of temperature 

conditioning on postmortem changes in physico-chemical properties in 

Korean native cattle (Hanwoo)[J]. Meat Science, 2008, 79(3): 64-70. 

DOI:10.1016/j.meatsci.2007.07.033.

[11] HOPE-JONES M, STRYDOM P E, FRYLINCK L, et al. The 

efficiency of electrical stimulation to counteract the negative effects of 

β-agonists on meat tenderness of feedlot cattle[J]. Meat Science, 2010, 

86(3): 699-705. DOI:10.1016/j.meatsci.2010.06.008.

[12] GAO Tian, LI Jiaolong, ZHANG Lin, et al. Effect of different 

tumbling marinade treatments on the water status and protein 

properties of prepared pork chops[J]. Journal of the Science of Food 

and Agriculture, 2015, 95(12): 2494-2500. DOI:10.1002/jsfa.6980.

[13] LAGERSTEDT Å, ENFÄLT L, JOHANSSON L, et al. Effect 

of freezing on sensory quality, shear force and water loss in beef 

M.longissimus dorsi[J]. Meat Science, 2008, 80(2): 457-461. 

DOI:10.1016/j.meatsci.2008.01.009.

[14] JEONG J Y, KIM G D, YANG H S, et al. Effect of freeze-thaw 

cycles on physicochemical properties and color stability of beef 

semimembranosus muscle[J]. Food Research International, 2011, 

44(10): 3222-3228. DOI:10.1016/j.foodres.2011.08.023.

[15] HERGENREDER J E, HOSCH J J, VARNOLD K A, et al. The effects 

of freezing and thawing rates on tenderness, sensory quality, and retail 

display of beef subprimals[J]. Journal of Animal Science, 2013, 91(1): 

483-490. DOI:10.2527/jas2012-5223.

[16] TROY D J, KERRY J P. Consumer perception and the role of 

science in the meat industry[J]. Meat Science, 2010, 86(1): 214-226. 

DOI:10.1016/j.meatsci.2010.05.009.

[17] HUFF-LONERGAN E, LONERGAN S M. Mechanisms of water-holding  

capacity of meat: the role of postmortem biochemical and structural 

changes[J]. Meat Science, 2005, 71(1): 194-204. DOI:10.1016/

j.meatsci.2005.04.022.

[18] XIA Xiufang, KONG Baohua, XIONG YoulingL., et al. Decreased 

gelling and emulsifying properties of myofibrillar protein from 

repeatedly frozen-thawed porcine longissimus muscle are due to 

protein denaturation and susceptibility to aggregation[J]. Meat Science, 

2010, 85(3): 481-486. DOI:10.1016/j.meatsci.2010.02.019.

[19] LIU G, XIONG Y L, BUTTERFIELD D A. Chemical, physical, and 

gel-forming properties of oxidized myofibrils and whey- and soy-

protein isolates[J]. Journal of Food Science, 2000, 65(5): 811-818. 

DOI:10.1111/j.1365-2621.2000.tb13592.x.

[20] FAROUK M M, WIELICZKO K J, MERTS I. Ultra-fast freezing and 

low storage temperatures are not necessary to maintain the functional 

properties of manufacturing beef[J]. Meat Science, 2004, 66(1):  

171-179. DOI:10.1016/S0309-1740(03)00081-0.

[21] LEYGONIE C, BRITZ T J, HOFFMAN L C. Oxidative stability 

of previous frozen ostrich Muscularis iliofibularis packaged under 

different modified atmospheric conditions[J]. International Journal of 

Food Science and Technology, 2011, 46(6): 1171-1178. DOI:10.1111/

j.1365-2621.2011.02603.x.

ᵾᮼ, ㅹ. н਼䀓߫ᯩ⌅ሩ䙏߫㥹㧃૱䍘Ⲵᖡ૽[J]. 伏 ,ߋ䴚ẵ, ᆏᇚࡈ [22]

૱、ᆖ, 2014, 35(22): 276-281. DOI:10.7506/spkx1002-6630-201422054.

[23] DIAS J, NUNES M L, MENDES R. Effect of frozen storage on the 

chemical and physical properties of black and silver scabbard fish[J]. 

Journal of the Science of Food and Agriculture, 1994, 66(3): 327-335. 

DOI:10.1002/jsfa.2740660310.

[24] LIU Zelong, XIONG YoulingL., CHEN Jie. Protein oxidation 

enhances hydration but suppresses water-holding capacity in porcine 

longissimus muscle[J]. Journal of Agricultural and Food Chemistry, 

2010, 58(19): 10697-10704. DOI:10.1021/jf102043k.

[25] JAYASOORIYA S D, TORLEY P J, D’ARCY B R, et al. Effect of 

high power ultrasound and ageing on the physical properties of bovine 

semitendinosus and longissimus muscles[J]. Meat Science, 2007, 

75(4): 628-639. DOI:10.1016/j.meatsci.2006.09.010.

[26] 䫏䎋᜿, ဌẵ, ⦻ழ㦓, ㅹ. 䎵༠⌒о≟ॆ䫉㔃ਸ༴⨶ሩ⢋㚹૱

䍘Ⲵᖡ૽[J]. 伏૱、ᆖ, 2007, 28(11): 142-146. DOI:10.3321/

j.issn:1002-6630.2007.11.029.

[27] LI Chunbao, LIU Dengyong, ZHOU Guanghong, et al. Meat 

quality and cooking attributes of thawed pork with different low 

field NMR T21[J]. Meat Science, 2012, 92(2): 79-83. DOI:10.1016/

j.meatsci.2011.11.015.

[28] CHAPLEAUL N, MANGAVEL C, COMPOINT J, et al. Effect 

of high-pressure processing on myofibrillar protein structure[J]. 

Journal of the Science of Food and Agriculture, 2004, 84(1): 66-74. 

DOI:10.1002/jsfa.1613.

[29] VIEIRA C, DIAZ M Y, MARTÍNEZ B, et al. Effect of frozen storage 

conditions (temperature and length of storage) on microbiologicol 

and sensory quality of rustic crossbred beef at different stages 

of aging[J]. Meat Science, 2009, 83(3): 398-404. DOI:10.1016/

j.meatsci.2009.06.013.

[30] ᶘ ⌒ ,  ᶘ ݹ ,  〖 ၤ .  䎵 ༠ ⌒ ઼ ᗞ ⌒ ሩ 㣡 ⭏ ㋅ ≤ ⓦ 㳻 ⲭ ⎨ ࠪ

⦷ᖡ૽[J] .  ᓄ⭘ॆᐕ ,  2012,  41(6):  980-983.  DOI:10.3969/

j.issn.1671-3206.2012.06.015.




