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图 1 加酶量、酶解 pH 值、温度、时间对海带多酚提取率的影响

Fig. 1 Effects of enzyme concentration，pH value，temperature and time of
hydrolysis conditions on the extraction rates of polyphenols from Laminaria japonica
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图 2 不同酶解法提取效果的比较

Fig.2 The effects of enzymic hydrolysis on
Laminaria japonica by different enzymes
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图 3 各种方法提取物的紫外-可见扫描光谱

Fig.3 The ultraviolet鄄visible spectral scan maps of the extraction by different extraction methods
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图 4 各种方法提取物的 HPLC 图谱

Fig.4 The HPLC spectrum of the extraction by different extraction methods
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d） 经 XDA-7 树脂纯化和硅胶吸附
Purified by XDA-7 resin and silica gel adsorption

a） 海带多酚粗提物 Crude extract of kelp polyphenol b） 经 XAD-7 树脂纯化 Purified by XAD-7 resin

c） 经 XDA-7 树脂纯化 Purified by XDA-7 resin

信
号

值
Si
gn
al
va
lu
es
/(m

AU
)

信
号

值
Si
gn
al
va
lu
es
/(m

AU
)

)Y¯jTÜf�³\ HI;PKX& |%}�)#F*q"�u/f�ÜCDdÓnø"\f�,$% Ónø
"f�³) #;" A>EA% ²ºÆYij\ #;FP A>EA& i¹Xûü% �¶BX\*­�$%% YCDx
q\��!�$%ù²d¡*/�ÀYZ% È¨�Õ�j( ÉGûB( ¢Yº\9µ% ªÆ,àX8
>& ¶±% k~��)#**xq UWGP Ú»)ª�°% �#q�­)f�°% \]Ú»L×ª�ÉG%
C�ø"�³) #);IX' ����)#P*xq UWGP Ú»L×ª��Ú�ø"% ø"�³) *I;*PX%
¹Ú�ó FK;IFX& �ß{)#"*xq bSUG* Ú»L×ª���ø"% ¹Ú) *);FIX& )ç% �=$
%iÓ+ø"[\!q;+¥Âù& S¾È¨ª�lQ\½�% ^0% YCDxqS¾\0�²³Ó
nø"[\lQ�Ä�& ðä��)#J*CDo°% S¾È¨sÑ\ª�1vklQ\Gq& Ý0�Õ
�qÆY¯j[o°% ÕS¾ª��% Ónø"��ólAk% Õ}�~næ% �lQÜ�"/¹%
Õ \YRT?�% la[\Ä�Ü�"JR% 9Üo!·j�f�% ©»S¾½¨G²³Ónø"[\
lQ% f��¹Ú&

H!Tu
#" YijTÜÿ£f�¬�ìqþ¾TÜ% ¬#,$-.)# �T� ") ))) 4+EAG#% Tv =\

· I;)% TvCÚ F) e% TvØÙ J) 21.% f�³�ó #;FP A>EA&
"" xq��!�¹X$%�% ÕjPÚ»/S¾L×ª�% Ónø"\ \YRTF×·f�d

J;"H P% Ä�Ü»�JR% i°dÓnø"\�G¹X&

+*"+



ÀÁj++Â !()*+Ã" ! "" "

<77=#>>?,3@/%@/.A%.A;B2,;3C,;:.>DE@

! v w / x "

)#* a4b% aU(̂ ^ %̂ V4bd'$/-1/71%.61. 7<3:<321:/&:%2=%6171%. %0-+*("#$" &+*("(" C,-1.A</-5367)+*'+%,-./&%0
U==&13C Y<8:%&% ")#H% "F!F"# "KPJM"KJF'

)"* ��% ���% o�% �'[&Ón>à/&�:D¯°?� )+*'/àø�% ")#K% J# FIMFJ% *H'
)K* ðRm% ð�&% ��)% �'Ón\�,$%�CD°H )+*'H�/à% ")#I!#""# ""'
)H* ��'Ón*+kQ`5+ø"f�?A,$\CD )S*'ÿÊ# ÀÁj+% ")#I'
)I* �Ü�% I�% ð�ó% �'�ëÓ+ø"ñl�ÞU=\/=mCD )+*'=>*+% ")#"% K#!P"# HJJMI)#'
)F* UZU(]U]4W% 9UZUW% +4U(UW% 37/&'T</-/:73-1671:6/.C .,7-171%./&/.C :/-C1%5/6:,&/-M<3/&7< =-%=3-7136%063/M

N33C6)+*'+%,-./&%0c3C1:1./&V%%C% "))J% #"!""# "KFM"IP'S[g##)'#)PJ>B20'"))P')#I#'
)** ���% à*Ó% ��+% �'D)0mø"f�( ¹X/I½mCD\ø )+*'.#��»% ")#"!P"# HHMHP'
)P* [̀(̂ V9% _49 +% Wg_ %̂ 37/&'[=7121D/71%. %0=-%:366=/-/2373-6/.C E1.371:2%C3&%03.D82/71:3?7-/:71%. %0=%&8M

=<3.%&60-%2!+7$&,#",N9+*)+*'Y</-2/:%A.%68c/A/D1.3% ")#F% #"!HI"# *)M*H'S[g##)'H#)K>)J*KM#"JF'#*F)II'
)J* _U(̂ _T% Rg+% ]4_ %̂ 37/&'[=71216/71%. %021:-%N/53M/661673C 3.D82/71:3?7-/:71%. %0:%-1&/A1. /.C A3-/.11. 0-%2

B,#"7$2%*$4$#$&2%R1..3/.C 35/&,/71%. %0/.71%?1C/.7/:715178)+*'V%%C T<32167-8% ")#)%#""!#"#K*KMKP)'S[g##)'
#)#F>B'0%%C:<32'")#)')"')F#'

)#)* Rg(9 T% T\U(̂ Tc% SL(̂ d9'L.D82/71:<%7=-366,-1D3C 0&,1C63?7-/:71%. %0=%&8=<3.%&1:0-%2.$72*("$O"7,7*$*
/.C .$72*%+##$*+7$&+9" )+*'+%,-./&%07<3d/1N/. g.6717,73%0T<321:/&L.A1.33-6% "))J% H)!""# #KFM#H"'S[g##)'
#)#F>B'B71:3'"))P')J'))I'

)##* (��% ±  % �)¡'��!�$%]oø/�iÏh?�[\!q )+*'X,Ø¢% ")#H% J# "PMKH'
)#"* �ß{'��ø"\f�?A`')X0mCD )S*'ÿÊ# ÀÁj+% ")#)'
)#K* ì®£'Ón[­lQ`5+kQ\f�?+/�8`0mCD )S*'Ö5# J2øùj+% "))P'
)#H* ]\U(̂ ^a% \4c c% \LR% 37/&'[=7121D/71%. %021:-%N/53M/661673C 3.D82/71:3?7-/:71%. %0=%&8=<3.%&60-%2

N/673=3/.,76<3&&6/.C 35/&,/71%. %0176/.71%?1C/.7/.C /.71@/:73-1/&/:71517136$7 A$(#+)+*'V%%C /.C W1%=-%C,:76Y-%M
:3661.A% ")#K% J#!""# #IPM#FP'S[g##)'#)#F>B'0@='")#"')J'))K'

)#I* Z[\c %̀ 4SSg(c9% T\4(W9'L?7-/:71%. %00,:%?/.7<1. /.C =%&8=<3.%&0-%2P7:"#$" 5$77"($1$:" ,61.A6,=3-:-17M
1:/&:/-@%. C1%?1C3N17< :%M6%&53.7)+*'W1%73:<.%&%A8/.C W1%=-%:366L.A1.33-1.A% "))P% #K!F"# *"HM*"J'S[g##)'
#))*>6#""I*M))PM)#)HMF'

)#F* |%*% IM�'Ónø"f�,$CD )+*'#ûCD��o% ")#"% K#!J"# JKMJF'
)#** k~�% o¤% ¥¦% �'Ú»L×ª�Ü8>�ø"·�¯j )+*'÷Ù(à*$% "))J% KF!#"# KIMK*%

PF'
)#P* ���% §R%% í¨% �'UWGP jPÚ»ñ�Ú�ø"\L×ª��vª�2m )+*'÷Ù/(j++Â

!()*+Ã"% ")#K% H"!""# #F"M#FI'
)#J* ðä�% -©% ª�% �'1vklQ/?oßËQ0^@ÞÝ\oßË0XGq\CD )+*'[&R+Ä

J% ")))% KI!##"# "#M"H'

#yz1{!�¨©!�/��!ª«¬$

+P"+




