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轠偒豄⾲俱䪮助銳宠�
ս勻彂վ�
轠偒豄⚹ꛤ곝轠偒豄Arthrospira�platensisㄤ匧㣐轠偒豄Arthrospira�maxima絑➃䊨㛆Ⱞծꅷ佐ծ

幡峤涸豄岞絑鵂㌂꨺䎁斕䧴罏Ⱖ➭䎁斕倰岁䎇絑勄蝒蜦䖤涸䎁磋կ�
ս䠭㸽銳宠վ�
䎾痗ざ邍1錞㹁կ�

邍 1� 䠭㸽䭷叻�
고湡� 銳宠�
蒀峂� 覰綁蒀荛㟯綁蒀�

徱㄂ծ孞㄂� 偽䒗㄂殜䌄豄舞㄂�
朐䙖� 㖲⺣䎁斕毜匠磋劣偽絕㗌偽姻䌢錠⸂〳錛㢪勻勇餘�

սꊹⵆվ�
》㼱ꆀ呋ㅷ✵宐⚥⯎ⴔ꩎虹䴛䬜⢪豄磋곾磜ⴔ侔儑䗎Ꞥ錠ꅿ⚥䎾ッⴔ侔ծ綁蒀涸 S䕎ծL䕎ծC䕎䧴

轠偒䕎涸豄⚏⡤♶䖤剣僈儑䒗暟կ�
ս椚⻊䭷叻վ�
䎾痗ざ邍2錞㹁կ�

邍 2� 椚⻊䭷叻�
고湡� 䭷叻� 唬낉倰岁�

宐ⴔ%� � � � � � � � � � � � � � � � � � � � � � � � 7.0� GB�5009.3 痦♧岁�
䚪抪ⴔ%� � � � � � � � � � � � � � � � � � � � � � 7.0� GB�5009.4�
跗涯餘� � � � � � � � � � � � � � � � � � � � � � 55.0� GB�5009.5�
꜍⟄Pb雦� mg/kg� � � � � � � � � � � � � 2.0� GB�5009.12�
灹⟄As雦� mg/kg� � � � � � � � � � � � � 1.0� GB�5009.11�
寏⟄Hg雦� mg/kg� � � � � � � � � � � � � 0.3� GB�5009.17�
ꞑ⟄Cd雦� mg/kg� � � � � � � � � � � � � 0.2� GB�5009.15�

ս䗎欰暟䭷叻վ�
䎾痗ざ邍3錞㹁կ�

邍 3� 䗎欰暟䭷叻�
고湡� 䭷叻� 唬낉倰岁�

蝒衅䚪侨CFU/g� � � � � � � � � 30000� GB�4789.2�
꩓蝒ㄤꃋ嫢CFU/g� � � � � � � 50� GB�4789.15�
㣐肃蝒纈MPN/g� � � � � � � � � 0.92� GB�4789.3�MPN雦侨岁�
尪꡶孒蝒� � � � � � � � � � � � � � � 0/25g� GB�4789.4�
ꆄ랕蒀袕蟎椕蝒� � � � � � � � � 0/25g� GB�4789.10�

ⶰ很過䚍䓝蝒MPN/g�
ꅷ呋ꆀ⚹ 25g�

GB/T�4789.7�n� c� m� M�
5� 1� 100�MPN/g� 1000�MPN/g�
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岤n ⚹ず♧䪠妃❡ㅷ䎾ꅷ꧋涸呋ㅷ⟝侨c ⚹剒㣐〳⯈雽馄ⴀ m ⧩涸呋ㅷ侨m ⚹荝氻蝒䭷叻〳䱹「宐䎂
涸ꣳꆀ⧩M⚹荝氻蝒䭷叻涸剒넞㸝Ⰼꣳꆀ⧩կ�
ս叻䘋䚍䧭ⴔ䭷叻վ�
� 䎾痗ざ邍4錞㹁կ�

邍 4叻䘋䚍䧭ⴔ䭷叻�
고湡� 䭷叻� 唬낉倰岁�

β-脋蠄⽋稇g/kg� � � � � � � � 0.20� 1β-脋蠄⽋稇涸崵㹁�
豄覰跗涯%� � � � � � � � � � � � � 5.00� 2 豄覰跗涯涸崵㹁�

1β-脋蠄⽋稇涸崵㹁�
1.1 霚⵫ㄤ勞俱�
1.1.1� 孲孻⻊꜅很巊:獦㔿⡤孲孻⻊꜅500g,⸈Ⰶ500mL宐很鍒կ⚰欽⵸ꂁⵖկ�
1.1.2� 偽宐炻ꃑꛧ(Na2SO4)ⴔ區紱�
1.1.3� 䫒㗁過ꃑ(C6H8O6)ⴔ區紱�
1.1.4� 瀖屘ꄍ屗玐30˫~60˫ⴔ區紱�
1.1.5� 歌ꃫ(CH4O)蒀靶紱�
1.1.6� ⛩臟(C2H3N)蒀靶紱�
1.1.7� 歌㛇〈♨㛇ꄍ[CH3OC(CH3)3]蒀靶紱�
1.1.8� ✳守歌掬(CH2Cl2)蒀靶紱�
1.1.9� 偽宐⛩ꃫ(C2H6O)⠏紩紱�
1.1.10� 宐痗ざGB/T6682錞㹁涸♧紩宐�
1.1.11� 烿很巊(I2):0.5�mol/L崽䏞�
1.1.12�2,6-✳〈♨㛇-4-歌㛇薅ꂛ(C15H24OBHT)�
1.2� ⟉㐼ㄤ霃㢊�
1.2.1� ⺣崰劼�
1.2.2� 넞鸟磋烱劼�
1.2.3� 䛎庛䮷虹宐嵮盲䱽庛礵䏞±1˫�
1.2.4� 偒鲮襒封㐼�
1.2.5� 宆オ⟉�
1.2.6� 稘㢪-〳錛⯕ⴔ⯕⯕䏞雦�
1.2.7� 넞佪巊湱蒀靶⟉(䌄稘㢪唬崵㐼)�
1.3� 㼆撑ㅷ很巊ⵖ㢊� �
1.3.1� β-脋蠄⽋稇叻ⲥ⪰㢊巊(500μg/mL)�
ⲥ烁獦》β-脋蠄⽋稇叻ⲥㅷ25mg(礵烁ⵌ0.1mg)⸈Ⰶ0.125gBHT欽✳守歌掬很鍒鲮獴荛50mL啕蒀㺂

ꆀ櫕⚥㹁㺂荛ⵠ䏞կ�
1.3.2� β-脋蠄⽋稇叻ⲥ⚥ꢂ巊(100�μg/mL)�
➢β-脋蠄⽋稇叻ⲥ⪰㢊巊⚥ⲥ烁獴》10.0�mL很巊✵50mL啕蒀㺂ꆀ櫕⚥欽✳守歌掬㹁㺂荛ⵠ䏞կ�

1.3.3� β-脋蠄⽋稇叻ⲥ䊨⡲巊�
➢β-脋蠄⽋稇叻ⲥ⚥ꢂ巊⚥ⴔⵆⲥ烁獴》0.50�mLծ1.00�mLծ2.00�mLծ3.00�mLծ4.00�mLծ10.00�mL很巊

荛6⚡100�mL啕蒀㺂ꆀ櫕կ� 欽✳守歌掬㹁㺂荛ⵠ䏞䖤ⵌ崽䏞⚹0.5�μg/mLծ1.0�μg/mLծ2.0�μg/mLծ3.0�μg/mLծ
4.0�μg/mLծ10�μg/mL涸禹⴩叻ⲥ䊨⡲巊կ�
1.3.4� 烿⛩ꃫ很巊(0.05�mol/L)�
エ》5�mL烿很巊,欽⛩ꃫ獺ꅺ荛50�mL,幊⺣կ�

1.3.5� 䒗匬⻊β-脋蠄⽋稇很巊�
》10�mLβ-脋蠄⽋稇叻ⲥ⪰㢊巊✵掔匉⚥⸈Ⰶ20� μL烿⛩ꃫ很巊䶔⺣た✵傈⯕♴䧴騄猌40�W傈⯕抧30�

cm㢅撑㼘15�min欽✳守歌掬獺ꅺ荛50�mLկ䶔⺣た鵂0.45�μm応芘㢊HPLC蒀靶ⴔ區欽կ�
1.4 ⣘霚ㅷ很巊ⵖ㢊�
1.4.1� 곫㢅椚�
礵烁獦》 1g~5g�(礵烁荛 0.001g)轠偒豄磋鲮荛 250mL ꝭ䕎櫕⚥⸈Ⰶ 1g 䫒㗁過ꃑծ75mL 偽宐⛩ꃫ

✵ 60˫±1˫宐嵮䮷虹 30minկ�
1.4.2� 涵⻊�
⸈Ⰶ 25mL 孲孻⻊꜅很巊渷副櫕㝱կ縨✵溶곫掚荛 53˫±2˫䛎庛䮷虹宐嵮盲⚥涵⻊ 30minկ》ⴀ

꫽縨ⲇ⽲ⵌ㹔庛կ�
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1.4.3� 霚呋蟋》�
㼜涵⻊巊鲮Ⰶ 500mL ⴔ巊怩修⚥⸈Ⰶ 100mL 瀖屘ꄍ鲽鲽䶔⸓䱗孞渷㥩櫕㝱㹔庛♴䮷虹10min

た꫽縨ⴔ㽻㼜宐湱鲮Ⰶ〥♧ⴔ巊怩修⚥䭽副鶣倰岁鵳遤痦✳妃䲿》կざ䎇剣劼湱欽宐峤荛鵛⚥䚍կ䒙宐湱
剣劼湱鸑鵂偽宐炻ꃑꛧ鵂応膴宐կ応巊佐Ⰶ 500mL 襒封櫕⚥✵偒鲮襒封㐼副 40˫±2˫Ⲹ⾓崽綫鵛䎁կ
欽宆孞オ䎁欽獴巊盗ⲥ烁⸈Ⰶ 5.0mL ✳守歌掬渷副櫕㝱⯎ⴔ很鍒䲿》暟կ絑 0.45� μm 芘鵂応た䒙ⴀ
ⴲ㨤紨 1mL応巊た佐꧋荛鵳呋櫕⚥㢊欽կ�
1.5� 蒀靶勵⟝�

a)� 蒀靶叙C30 叙叙Ɤ 150mmⰻ䖈 4.6mm磜䖈 5μm䧴瘝佪叙�
b)� 崨⸓湱A湱歌ꃫ:⛩臟:宐=73.5:24.5:2�

B 湱歌㛇〈♨㛇ꄍ�
邍 5� 唑䏞玐䎸�

傞ꢂ/min� � 0� � 15� � 18� � 19� � 20� � 22�
A%� � 100� � 59� � 20� � 20� � 0� � 100�
B%� � 0� � 41� � 80� � 80� � 100� � 0�
c)� 崨鸟1.0mL/min�
d)� 唬崵岚Ɤ450nm�
e)� 叙庛30� ˫±1� ˫�
f)� 鵳呋⡤獤20μLկ�

1.6� 崵㹁�
㖈湱ず蒀靶勵⟝♴,㼜䖉崵巊岤Ⰶ巊湱蒀靶⟉⚥,⟄⥂殆傞ꢂ㹁䚍,呏䰘油꬗獤ꅷ欽㢪叻岁㹁ꆀ,β-脋蠄⽋稇

呏䰘Ⰼ⿿䒭β-脋蠄⽋稇ㆇ䎾㔔㶩鵳遤雦皾կ�
1.7� Ⰼ⿿䒭β-脋蠄⽋稇蒀靶紱䏞涸雦皾�
1.7.1� β-脋蠄⽋稇䒗匬⡤⥂殆傞ꢂ涸烁雩�
ⴔⵆ》β-脋蠄⽋稇叻ⲥ⚥ꢂ巊(100� μg/mL)ㄤ䒗匬⻊β-脋蠄⽋稇很巊,䭽撑蒀靶勵⟝岤ⰆHPLC⟉鵳遤蒀靶

ⴔ區կ呏䰘β-脋蠄⽋稇叻ⲥ⚥ꢂ巊涸蒀靶㕃烁雩Ⰼ⿿䒭β-脋蠄⽋稇涸⥂殆傞ꢂ㼆嫱β-脋蠄⽋稇叻ⲥ⚥ꢂ巊ㄤ
䒗匬⻊β-脋蠄⽋稇很巊蒀靶㕃⚥ぐ油꬗獤」⻊⟄⿺♸Ⰼ⿿䒭β-脋蠄⽋稇涸⡙縨Ⱒ禹烁雩곡䒭β-脋蠄⽋稇䒗匬
⡤涸⥂殆傞ꢂⰌ⿿䒭β-脋蠄⽋稇⵸鳅㣐涸蒀靶油⚹13-곡䒭-β-脋蠄⽋稇稒龇Ⰼ⿿䒭β-脋蠄⽋稇た鳅㣐涸蒀
靶油⚹9-곡䒭-β-脋蠄⽋稇13-곡䒭-β-脋蠄⽋稇⵸僽15-곡䒭-β-脋蠄⽋稇〥㢪〳腊鵮剣Ⱖ➭鳅㼭涸곡䒭絕匬
蒀靶油蒀靶㕃錛㕃կ�
1.7.2� Ⰼ⿿䒭β⿿脋蠄⽋稇叻ⲥ巊蒀靶紱䏞涸雦皾�

》β-脋蠄⽋稇叻ⲥ䊨⡲巊(3�μg/mL),䭽撑蒀靶勵⟝鵳遤HPLCⴔ區,ꅾ㢕鵳呋6妃կ雦皾Ⰼ⿿䒭β-脋蠄⽋稇蒀
靶油涸油꬗獤ծⰌ⿿䒭♸副鶣ぐ곡䒭絕匬涸油꬗獤䚪ㄤ,Ⰼ⿿䒭β-脋蠄⽋稇蒀靶紱䏞CP䭽Ⱆ䒭雦皾կ�

𝐶𝑃 =
𝐴̅all!"
𝐴̅sum

× 100�

CPˋˋˋⰌ⿿䒭β-脋蠄⽋稇蒀靶紱䏞%�
Ᾱall-EˋˋˋⰌ⿿䒭β-脋蠄⽋稇蒀靶油油꬗獤䎂㖲⧩⽀⡙⚹油꬗獤(AU)�
ᾹsumˋˋˋⰌ⿿䒭β-脋蠄⽋稇⿺ぐ곡䒭絕匬油꬗獤䚪ㄤ䎂㖲⧩,⽀⡙⚹油꬗獤(AU)կ�

1.8� 絕卓雦皾�
雦皾Ⰼ⿿䒭β-脋蠄⽋稇ㆇ䎾㔔㶩�
㼜β-脋蠄⽋稇幊ざ叻ⲥ䊨⡲巊岤ⰆHPLC ⟉⚥(蒀靶㕃錛㕃 1),呏䰘⥂殆傞ꢂ㹁䚍,崵㹁β-脋蠄⽋稇ぐ䒗匬⡤

油꬗獤կ�
β-脋蠄⽋稇呏䰘叻ⲥ䊨⡲巊叻㹁崽䏞ծⰌ⿿䒭β-脋蠄⽋稇 6妃崵㹁油꬗獤䎂㖲⧩ծⰌ⿿䒭β-脋蠄⽋稇蒀靶

紱䏞CP,䭽Ⱆ䒭雦皾Ⰼ⿿䒭β-脋蠄⽋稇ㆇ䎾㔔㶩կ�

�
䒭⚥:�
RF�ˋˋˋⰌ⿿䒭β-脋蠄⽋稇ㆇ䎾㔔㶩,⽀⡙⚹油꬗獤嬗⼮嫦䗎⯘(AU·mL/μg)�
Ᾱall-E�ˋˋˋⰌ⿿䒭β-脋蠄⽋稇叻ⲥ䊨⡲巊蒀靶油油꬗獤䎂㖲⧩⽀⡙⚹油꬗獤(AU)�
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ρ�ˋˋˋβ-脋蠄⽋稇叻ⲥ䊨⡲巊叻㹁崽䏞,⽀⡙⚹䗎⯘嫦嬗⼮(μg/mL)�
CP�ˋˋˋⰌ⿿䒭β-脋蠄⽋稇涸蒀靶紱䏞%կ�
霚呋⚥β-脋蠄⽋稇ゎꆀ䭽♴Ⱆ䒭雦皾:�

�
䒭⚥:�
Xβ�ˋˋˋ霚呋⚥β-脋蠄⽋稇涸ゎꆀ,⽀⡙⚹䗎⯘嫦涰⯘(μg/100g);�
Aall-E�ˋˋˋ霚呋䖉崵巊⚥Ⰼ⿿䒭β-脋蠄⽋稇油꬗獤,⽀⡙⚹油꬗獤(AU);�
A9Z�ˋˋˋ霚呋䖉崵巊⚥ 9-곡䒭-β-脋蠄⽋稇涸油꬗獤,⽀⡙⚹油꬗獤(AU);�
A13Z�ˋˋˋ霚呋䖉崵巊⚥ 13-곡䒭-β-脋蠄⽋稇涸油꬗獤,⽀⡙⚹油꬗獤(AU);�
1.2�ˋˋˋ13-곡䒭-β-脋蠄⽋稇涸湱㼆吥姻㔔㶩;�
A15Z�ˋˋˋ霚呋䖉崵巊⚥ 15-곡䒭-β-脋蠄⽋稇涸油꬗獤,⽀⡙⚹油꬗獤(AU);�
1.4�ˋˋˋ15-곡䒭-β-脋蠄⽋稇涸湱㼆吥姻㔔㶩;�
AxZ�ˋˋˋ霚呋䖉崵巊⚥Ⱖ➭곡䒭β-脋蠄⽋稇涸油꬗獤,⽀⡙⚹油꬗獤(AU);�
V�ˋˋˋ霚呋巊㹁㺂⡤獤,⽀⡙⚹嬗⼮(mL);�
100�ˋˋˋ㼜絕卓邍爙⚹䗎⯘嫦涰⯘(μg/100g)涸禹侨;�
RF�ˋˋˋⰌ⿿䒭β-脋蠄⽋稇ㆇ䎾㔔㶩,⽀⡙⚹油꬗獤嬗⼮嫦䗎⯘(AU·mL/μg);�
m�ˋˋˋ霚呋餘ꆀ,⽀⡙⚹⯘(g)կ�
岤1:歋✵β-脋蠄⽋稇ぐ䒗匬⡤涰ⴔエ⯕禹侨♶ず(錛꣡䔶D),䨾⟄㖈β-脋蠄⽋稇雦皾鵂玐⚥,꨽ꅷ欽湱㼆吥姻

㔔㶩㼆絕卓鵳遤吥姻կ�
岤 2:㥵卓霚呋⚥Ⱖ➭곡䒭β-脋蠄⽋稇ゎꆀ鳅⡛,〳♶鵳遤雦皾կ�

1.9� 蒀靶㕃�

�
㕃1� β-脋蠄⽋稇唬崵蒀靶㕃�

霹僈�
˺ˋˋ15-곡䒭-β-脋蠄⽋稇�
˻ˋˋ13-곡䒭-β-脋蠄⽋稇�
˼ˋˋⰌ⿿䒭 α-脋蠄⽋稇�
˽ˋˋⰌ⿿䒭 β-脋蠄⽋稇�
˾ˋˋ9-곡䒭-β-脋蠄⽋稇կ�

2� 豄覰跗涯涸崵㹁�
2.1 霚⵫�
熧ꃑ渮綕Ȿ很巊:㼜0.1�mol/L熧ꃑ✳孲꜅很巊♸0.1�mol/L熧ꃑ孲✳꜅很巊(45+55V/V)� 幊ざ很巊pH⧩⚹7.0կ�

2.2 ⟉㐼ㄤ霃㢊�
2.2.1� ⴔ⯕⯕䏞雦�
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2.2.2� 馄㡮岚䮷虹㐼�
2.2.3� 猌䗱劼3000�r/min�
2.2.4� ⡛庛ⱺ盲-20� ˫�
2.2.5� 猌䗱盗50�mLկ�
2.3� ⣘霚ㅷ很巊ⵖ㢊�
獦》霚呋0.25-0.5g礵烁荛0.0001gկ欽綕Ȿ巊2.1고很鍒馄㡮䮷虹5� min.㹁㺂✵250� mL㺂ꆀ櫕⚥䶔

⺣կ㼜很巊Ⰼ鿈鲮Ⰶ250�mL䎛〡㝕俱櫕縨✵-20˫ⱺ盲ⰻⲇⲏ12h(䧴佞縨鵂㢹)կ》ⴀ鍒ⲏ䶔⺣կ�
2.4� 崵㹁�
》鿈ⴔ很巊✵猌䗱盗⚥㖈3000r/min鲮鸟♴猌䗱15min》副㽻幡巊.1�cm嫱蒀渓㖈ⴔ⯕⯕䏞雦副ⴔⵆ崵㹁620�

nmծ652�nmծ562�nm㢅涸エ⯕䏞欽綕Ȿ巊(2.1고)⨞瑟涯կ�
2.5� 絕卓雦皾�

𝑋# = 0.187𝐴$%& − 0.089𝐴$'%�
𝑋% = 0.196𝐴$'% − 0.041𝐴$%&�

𝑋( = 0.104𝐴'$% − 0.251𝑋# − 0.088𝑋%�
𝑋) =

(𝑋# + 𝑋% + 𝑋() × 𝑉 × 100
𝑚 × 1000

�
�
X1ˋˋ崵霚巊⚥豄覰稇涸ゎꆀ⽀⡙⚹嬗⯘嫦嬗⼮(mg/mL)�
X2ˋˋ崵霚巊⚥䒗豄覰稇涸ゎꆀ⽀⡙⚹嬗⯘嫦嬗⼮(mg/mL)�
X3ˋˋ崵霚巊⚥豄紤稇涸ゎꆀ⽀⡙⚹嬗⯘嫦嬗⼮(mg/mL)�
Aˋˋ湱䎾岚Ɤ㢅(620nm,652nm,562nm)崵䖤エ⯕⧩�
X4ˋˋ霚呋⚥豄覰跗涯涸餘ꆀⴔ侨⽀⡙⚹⯘嫦100⯘(g/100g)�
Vˋˋ呋ㅷ㹁㺂⡤獤⽀⡙⚹嬗⼮(mL)կ�
mˋˋ霚呋餘ꆀ⽀⡙⚹⯘(g)կ�
崵㹁絕卓》䎂遤霚낉絕卓涸皾助䎂㖲⧩⥂殆㼭侨挿た痦✳⡙կ�
䎂遤霚낉⯈雽霴䊵(湱㼆)♶㣐✵4%կ�
岤 2� 侮⚡乼⡲鵂玐곢岤䠑鼙⯕ⴔ⯕⯕䏞崵㹁䎾㖈15�min� ⰻ㸤䧭կ�

ս⪰㶸վ⺫鄳䎾㺙㼓ծ暖㔿ծ꣈惐ծ♶僒灶䰀餞诡㖈黫蚇ծ䎁斕ծ鸑굥涸䎽䨻ⰻ�
ս❡ㅷ涸⵫㘗վ晙⵫ծ곾磜⵫ծ炽脸㓭�

ˋˋˋˋˋˋˋˋˋˋ�
�


