
书书书

!" !"#$!!"""#$%"%"&""’#&&#&&"(#"%

#$%&’(!"#$%&’())*+,-./012*+,$*-$./0
3456789:;<

!)"!$&$#$%*$&)’!$())!$*+,!$-).!$/01!))" !!"#$%&’($&)*+,-./0&1
23$456$&*+2789$456*+,-.:;4<=>3$45 %"""*+%&?@#ABC’(DE89$?@ &$""!%%*F
G$&)HI/0&123$FG (!""+*#

))=)>! %&)JKLMNOPQ,-.#&/012RSTUVWXYZ[ 345#36#%$* \]^_‘0Fabc& ’(
)d &% efg6576/8hijk345#36#%$* YZ\]^lm$nop;qrstuvwxyzQo{’9-:;{’LM
NOP{|}~{ %���{$y�d9-:;|LMNOP�������|}~�’%��{��&���^{��
�u<=#(>|!�����uST$��\]^�^YZ0���|^{��_‘� "394#a¡�%?1@A1B0 CDEA��
^{�¢_‘0F��33F#&’33F#’ | 2F5ST£wa¡�& )*)�Q¤Qo{$LMNOP{^¥¦’394§|
¢_‘0F��aST£wx¨©ª«"!G"H"$#$9-:;{¬­®¯vx°±¨²R"!G"H"$#$}~{¬­®¯³Q
o{´µx¶¨©·¸& �Q¤9-:;{$LMNOP{|}~{a¬­®¯x°¨©ª«"!G"H"$#$¹8LMNOP
{^¥¦°º»¨©aª«"!G"H"!#& ,Qo{�¼$LMNOP{��u <=#(> ST½¾gaYZ¿¨©ÀÁ$
9-:;{��u<=#(> ST½¾gaYZ¿¨©ÂÃ& )+)LMNOPÄ�ÅÆÇE\]^È_‘0FÉÇE�^
0�&
))?@A! LMNOP%VWX%_‘0F%\]^%,-.#&/012
))BCDEFG! .!$!H&%.>*"H&*%.>*>H’ HIJKL! 5

))MNOP!ÊËÌÍÎ&ÏÐÑ¬ÒÓ"*">>!>’%#%(ÔÕÖ)ÊËÎ×ØÙtÚ"&""+65!$+6"(#%ÛÜÝOÞÏÐ""+IJ"&(#"$!#
K2LLEBA1M CNAO1PQA=E0QDPQA2BQDK8=1081;E20MQA=E0 ERSO=0Q" *">>!>’% #$ AO1(-D1T10AO ;=T1#N1QBFDQ0 ) PQA=E0QD<1NU18O0EDEVN.W4 FBEVBQX
"&""+65!$+6"(# Q0M K=8O2Q0 FBET=08=QD;E20MQA=E0 REBYE2AO@""+IJ"&(#"$!#

))QRST!¤)ß$à$áâÝã@äU$åæ270$$ç$èéêë*+,�^ìÑa27& íî!""&*#(+>$&&’!$-#XQ=D! ;=@O1QMZ!&(H8EX
))UVQR!ïðñ$íî!""&*#(+>$&&’&$-#XQ=D! X=XAZT=LH@=0QH8EX
))WXYZ!&""’#"$#"+%[\YZ!&""’#">#&%

"11(2341567289:2(7’3;42<7’:’=4’7’>:4>(’(=:=:’397’=?67’3(@3)A4941;)A7’
59(7=327’2(9*+,$*-$./0 2(66=4B(9$(C?9(==:’> !"#$%&’()
Y[6=0!$&$Y[\=QE#L=0V*$Y]7E0V!$S,5P:,2=!$S,-PSO20#N1!$ ]̂P\=0!$3]3Q0#A=Q0!))" !41LQBAX10AERP2#
AB=A=E0 Q0M ;EEM ,NV=101$ SOE0V_=0V<1N7QCEBQAEBNERP2AB=A=E0 Q0M ;EEM KQR1AN$ SOE0V_=0V31M=8QDP2AB=A=E0 .1@1QB8O S10A1B$ SEDD1V1ER
3=D=AQBNFB1T10A=T131M=8=01$ UO=BM 3=D=AQBN31M=8QD[0=T1B@=AN$ SOE0V_=0V%"""*+% & S4SER̂=0Q0 3=D=AQBN.1V=E0$ =̂0Q0 &$""!%%
*41LQBAX10AERF2CD=8,1QDAO$ SO10VM2 31M=8QDSEDD1V1$ SO10VM2 (!""+*$ SO=0Q#

)),5=39723! !"#$%&’($)UE1TQD2QA1AO11RR18AERCDQ8‘ B=81Q0AOE8NQ0=0@E0 Q0V=EV101@=@=0 ABQ0@LDQ0A1M
A2XEBERO2XQ0 CB1Q@A8Q081B345#36#%$* 81DD@ET1B#1aLB1@@=0V,-.#&/012H)$&*+,-)Ub10AN#RE2BR1XQD1
6576/802M1X=81b1B12@1M AE1@AQCD=@O ABQ0@LDQ0A1M A2XEBXEM1D@b=AO 345#36#%$* 81DD@HUO1X=81b1B1
1_2QDDNBQ0MEX=c1M =0AE% VBE2L@=08D2M=0VAO18E0ABEDVBE2L$ AO19-:;VBE2L$ AO1CDQ8‘ B=81Q0AOE8NQ0=0@
VBE2L Q0M AO18E#AB1QAX10AVBE2L$ b=AO AO1=0A1BT10A=E0 ER9-:;Q0M/EBCDQ8‘ B=81Q0AOE8NQ0=0#B=8O 1aABQ8AH
]XX20EO=@AE8O1X=@ABNbQ@2@1M AEM1A18AAO11aLB1@@=E0 ER028D1QBQ0A=V10 <=#(> Q0M RQ8AEB!B1DQA1M Q0A=V10 =0
EBM1BAE1TQD2QA1QDA1B0QA=E0@ERA2XEB81DD@VBEbAO QC=D=ANQ0M A2XEBX=8BET1@@1DM10@=AN"394# B1@L18A=T1DNH
?1@A1B0 CDEAA=0VbQ@2@1M AE1aQX=01AO11aLB1@@=E0 ERA2XEBQ0V=EV101@=@#B1DQA1M RQ8AEB@33F#&$ 33F#’ Q0M
2F5H.$-/0&-)SEXLQB1M AEAO18E0ABEDVBE2L$ @AQA=@A=8QDDN@=V0=R=8Q0AM18B1Q@1bQ@EC@1BT1M =0 AO1CDQ8‘ B=81
Q0AOE8NQ0=0@VBE2L E0 =A1X@ERA2XEBTED2X1$ 394TQD21Q0M AO11aLB1@@=E0 D1T1D@ERA2XEBQ0V=EV101@=@#B1DQA#
1M RQ8AEB@$b=AO 1Q8O !TQD21DEb1BAOQ0 "H"$H5D@E$@AQA=@A=8QDDN@=V0=R=8Q0A=08B1Q@1bQ@EC@1BT1M =0 AO19-:;
VBE2L E0 AO1=A1X@M1@8B=C1M QCET1$b=AO 1Q8O !TQD21DEb1BAOQ0 "H"$HUO1B1QB10E@=V0=R=8Q0AM=RR1B1081@C1#
Ab110 AO18E#AB1QAX10AVBE2L Q0M AO18E0ABEDVBE2L E0 AO1@1=A1X@M1@8B=C1M QCET1Hd0 AO1EAO1BOQ0M$ @=V0=R=#
8Q0AM18B1Q@1ERAO1@1=A1X@M1@8B=C1M QCET1=0 CDQ8‘ B=81Q0AOE8NQ0=0@VBE2L Q@b1DDQ@AO18E#AB1QAX10AVBE2L

("&&
! *! ò! &&ó
&""’ Þ !!ô

) ) !)")#)$)%)&)&)õ
5SU5)5S54-3]5-)3-4]S]P5-)3]7]U5.]K)U-.U]5-

) )9EDH*!$ PEH&&
PETH&""’



! && ó) ¤)ß$öHLMNOPQ,-.#&/012RSTUVWXYZ[345#36#%$* \]^_‘0Fabc)

b1B1EC@1BT1M =0 8EXLQB=@E0 QVQ=0@AAO19-:;VBE2L$ b=AO 1Q8O !TQD21@DEb1BAOQ0 "H"$H61@=M1@$ AO1Q#
XE20AER81DD@b=AO @ABE0VLE@=A=T1<=#(> @AQ=0=0Vb1B1MBQXQA=8QDDN=08B1Q@1M =0 AO19-:;VBE2L Q0M M18B1Q@1M
=0 AO1CDQ8‘ B=81Q0AOE8NQ0=0@VBE2L 8EXLQB1M AEAO18E0ABEDVBE2LH1+2%0/-’+2)6DQ8‘ B=81Q0AOE8NQ0=0@
X=VOA=0O=C=AAO1VBEbAO ERABQ0@LDQ0A1M A2XEBERO2XQ0 CB1Q@A8Q081B"#$ A2XEBQ0V=EV101@=@B1LB1@@=E0H
))D(< E49@=! CDQ8‘ B=81Q0AOE8NQ0=0@% CB1Q@A8Q081B% Q0V=EV101@=@% ABQ0@LDQ0A1M A2XEB% ,-.#&/012

))VWX÷øgù»úaûg�^´Õ& ,-.#&/
012 ÷Sü0���ý¥ "1L=M1BXQDVBEbAO RQ8AEB
B181LAEB$ -:;.#aËþFÿ$¹RSTaVWX_‘
0F��½$Â!"#$ûg$ R& Ó%&’¬()
*QVWX_‘0Fa+,$-°.�/01234
°5$É6789:%& LMNOP"CDQ8‘ B=81Q0AOE#
8NQ0=0@#÷ñÍ;<¤LMü8aÕ{N=>?�
@& dA°27B-LMNOP�CDEFGHIJ
�KgLMaNF$¹rEÄ�<¤QLM8_‘0
FaÇE89*!+ $O�LMNOPPÄ�ÅÆÇEV
WX_‘0FBQ��^89& R=>d,-.#&/012
RSTaUVWXYZ[ 345#36#%$* Sjhi\
]^lm$y�dLMNOP|4{UÈüYZ0�
��"TQ@82DQB10MEAO1D=QDVBEbAO RQ8AEB$ 9-:;#���
�|}~�’$JKLMNOPQ ,-.#&/012 RST
VWX\]^_‘0FabcT¹,�^0�a�
U$VWXYZ¹Ä�ay�rE&

FG]^_‘D

!H!)23
))( e+ [\]^fg6576/8hi &% e$¥@_ !$ e&" V$
‘!"#$%&=>F�89�a*@8a‘"##&"">"!$+Vb+
¤¹ KF;F�=>3& hicop;qrstuvxyd %
{!efQo{’9-:;��{’LMNOP�’{’9-:;|L
MNOP}~��{"y�ghQo{’9-:;{’LMNOP
{|}~{#$i{ ( eF�&
))LMNOP��ÌjâÝjklLm !!""nom#LM
.p$èé°3FyqrstuP#*#vwx>"SNQ0=M=0#*#VD2#
8E@1#|y.P#*#vwx>"F1E0=M=0#*#VD28E@1#ö*&+ $���¯
h°3Fyz_ %*f$‘8á%&HI/0&){|}1~�
�& ��m.F3]!(%" �+Ï�Ì�Ê ,N8DE01H�$¯��
�_��Ìñ� U64H�& 9-:;�Ì�Ê F1LBEA18O H�&
��U!�����uÃ���¥|��U<=#(> ����¥
�Ì��8�Ð�0�×�°5H�$��UÏ@Ð��f
�#&"XQAB=aX1AQDDELBEA1=0Q@1&$ 33F#&#’33F#’ |���g�
��f��u��� " 2BE‘=0Q@1#ANL1LDQ@X=0EV10 Q8A=TQAEB$
2F5#Ã���¥�Ì�����0�×�°5H�$��U
"#A2C2D=0Ã���¥d�Ê KQ0AQSB2cH�l.&  ¡Æ¢�
��",.F#¯£á¤��]V:’456¥¦§�Ì��8�& U
VWXYZ[345#36#%$* YZ[�Ì8Î)¬¨YZ©$<
*> g’ª|« ’$f Sd&¬­®¯»�+¤z !"f ¯���
_�a.F3]!(%" �+Ï8&

!H&)45
!H&H!)hi¸p\]T���P))°±�¤Q¿0�óa
345#36#%$* YZ$F6K ²³ & ´$d/z_�a .F3]!(%" �
+Ï4µYZ$¶·YZ¿¸ ! h!"> /XD$ie "H! XD¹º»ü
®¼½$³¾¿ÀÁÂ���P& LMNOP{|}~{n
!"" XV,‘Vi!,M i!ÃÄÁÂLMNOP���£�Å$Qo
{|9-:;{Ãdö_a¶ÆÇÈ£%9-:;{|}~{n
$ #V,‘Vi!,M i!ÉÊ¼½ÁÂ9-:;$Qo{|LMNOP{
d0�Ë£ÌÍ& YZ\] % [Î�Ïhi$°±^¯R9¤
ÎÐ=>&
!H&H&)��{��&���^{���u <=#(> |!���
��uST))^¯Rd %fÃÑÒÓÔE$ÕÖq×ÎØÙ$
»ÚÛ£$�ÜÝÞ�uß &" X=0$*f ,&d&àá !" e!$ X=0$
á¤_�àá !" e!$ X=0%!j&"" âãa��U��u <=#(>
�¥|!�����u�¥ % gäåÆæ%çè3éÞé
*" X=0$F6K�³ *ç$içêë * X=0$!j$"" âãa,.F̄ £
á¤��]V:3éäå & O%ìçdF6Kêë�³ * X=0 h* ç$
456¨=%í îïÛ£¸ðÒñÎ$d8gòóàÙô;&
!H&H*)\]^È�_‘� "X=8BET1@@1DM10@=AN$ 394#a�
E))d��{��&���!�����uST$õ¸gö
=V÷ÈüIøSaùúûEd{��_‘& iüØÙ< !""
ýþÿ®!"¿�_‘� ùRaþÿ$Vt#$þÿÈ�_
‘¿Ó& $�þÿµ/%4&& !�ùRa * �t¿$�¹x
§8d’ü\]^a394§(z)ty*&
!H&H%)?1@A1B0 CDEA��\]^{�¢_‘0F��ST))
qr33F#&’33F#’ | 2F5& ^{�d .]F5+,Å��{�
-�f$6BQMREBM��E�f. Î��?1@A1B0 CDEA��& �
fI.¤ !&" 9’!"f e!&fa K4K#F5:-/8í0y1$2�
�3\¸F94;4$$fÛó563éàá & O$!j&$" e!j%""
âãaÕ�¤ % gäåÆæ%çèU6KU²³ !" X=0 h* çÎ$
!j& """ âãð�78Å3éàá & O$U6KU²³ !" X=0 h*
ç$456¨=& 89:�F94;4Î;<;=$d J2Q0A=ANd01
>­��¬?y*&

!H*)6789:
))ø4d !%k&S@$A9 KFKK !*H" )t>­$Ã{¿B¼
:C9��Pì·y*&

%Gab

&H!);<=>?@ABCDEFGH
))6576/8hiDp345#36#%$* VWXYZÎ$¤! % e>
ñNFEFÄúaü®qM$F^G !""f$$��{µF^¾
µTF^Gx¶¨©·�& b+óµF�0�HI�J$Kú
±¨aL789& ¸JKM<¾$$��{F�¥@_¶¨©

>"&&))



·�& ,Qo{�¼$9-:;{�^¥¦±¨Â%$ÉLMNO
P{^¥¦±¨ÀN$O°¨©·¸"!G"l"$#%LMNOP{
|}~{^¥¦�Q¤ 9-:;{x°º»¨©aÀN"!G
"l"!#$úP !’S !& �@LMNOP�CÇE\]^a0�$
VQ�9-:;¢�^0�a89&

!! !"

!# !$
5!@IJ% 6!9-:;J% S!;<=>?J% 4!KLJ
C FG,-./012*+,$*-$./0 cd345ef

* FGghcd3458ij^ "’m(#
{� F^¾µ"M# F^G"f# ^¥¦"8X*# ¥@_"V#

Qo{ $ k! !"" &H+& k"H$! !>H& k"H’&
9-:;{ $ k& !"" %H%> k!H%!Q !+H!$ k&H(!
LMNOP{ $ k! !"" !H!$ k"H%"QC !’H"! k*H**
}~{ $ k& !"" &H&* k"H’$C !>H&! k*H"%

Q! !G"l"$$M@IJNO% C!!G"l"!$M9-:;JNO

&H&);<=>?@ABCJPQCRSDETUF
GH

))«ýQ®Äú$�Q¤Qo{| 9-:;{$LMNOP{
|}~{��u<=#(> ST÷½¾gaYZ±¨ÀÁ"P &#$
�@^{��^YZa0���ýRÇE&
&H*);<=>?@ABC394VFGH
)),Qo{ 394§"!+H$ k*H*#�¼$9-:;{ 394§
"&%H+ k%H!#¨©²R$LMNOP{ 394§"!!H’ k&H%#v
¨©ª«"!G"l"$#%, 9-:;{�¼$LMNOP|}~{
394§"!(H& k*H!#x¨©ª«"!G"l"$#$úP*& �@9-:;
�C¢�^{�È�_‘0�$ÉLMNOP�’Ä°3ÇE

^È_‘0F&

&H%);<=>?@ABCJPWXYDZ[\]^
_%FGH

))?1@A1B0 CDEA��"P %#@$�Q¤Qo{$9-:;{^{
�8¢_‘0F��ST£w±¨²R$ÉLMNOP{¢_
‘0F��aST£wv±¨ª«$x;<¨©·¸"!G
"l"$#%}~{a¿B,Qo{�¼x/O°¨©·¸& �Q
¤9-:;{$LMNOP|}~{a$��ST£wx°¨©
®ª"!G"l"$#& �@LMNOP�C°3ÇE^{�¢_‘
0F��aST$VQ�9-:;Q¢_‘0F��ST£wa
¬¶89&

!"#$%&!

’"#$%&!

((#$%&!

((#$%&!

"))*+"

"))*+’

",*-

"!+.,/,012

$ " & 3

#-

$4%
$5%
$3%
$"%
$%%
4%
5%
3%
"%
%

条
带
灰
度
值
相
对
于
对
照
组

的
百
分
比
（
6
）

))*+" ))*+’ ,*-

对照组 789:组 黑米花青素组 联合组

/ / /

#;

</
</ </

5!?1@A1B0 CDEA‘abc)!! @IJ% &! 9-:;J% *! ;<=>
?J% %! KLJ
6!defgbc)Q! !G"l"$$M@IJNO% C! !G"l"$$M
9-:;JNO
C .GH(=3(9’5643kl345hmno589pq*+rs

!! !" !# !$
5!@IJ% 6!9-:;J% S!;<=>?J% 4!KLJ

C %GtuhmvwDkl345hmxyzD:$IJ *+rsG"hi5h%"#

!! !" !# !$
5!@IJ% 6!9-:;J% S!;<=>?J% 4!KLJ

C 0GtuhmvwDkl345hm*K+G"hi5h&""#

+"&& ))))))))))))!)")#)$)%)&)&)õ)))))))))))))!*!ò



! && ó) ¤)ß$öHLMNOPQ,-.#&/012RSTUVWXYZ[345#36#%$* \]^_‘0Fabc)

0G{!

))S-’*+,�^a�U÷TÞUVý�¼aÕ
�W<& N=>Q�^O°:½a(189$¹rE
XT�¢�’ÇE^YZ0�’YZ�^YZ[\dT
�_‘0Fö]ÃìÑ** i$+ & _‘0F"Q0V=EV101@=@#
÷�^0�|3\Æ$8aÕ�4é¢��P$É�
_‘0Fv÷�^128aÕ�4é+,& ,-.#&/
012RSTa�^_‘0F��½$0�"#& R=
>3dAa27B-$3^_,-.#&/012a3S;#> V
WXYZ[",-.#&/012 «ST#©NFa\]^È
394:ÿ0mR$0�# P‘a*(+ & R=>8$L
MNOP{a\]^{�È 394:Qo{°±¨ª
«$³¾}~{394: 9-:;{b°±¨ª«$c±
LMNOP�C°3ÇE ,-.#&/012 RST 345#
36#%$* VWXYZ\]^a_‘0F& ³¾=>J
KR$�^a0�de|��u <=#(> ST£wa¡
�xfgh�^a0�ýR_ÇE$iÕÇE89
³^{�È 394a¡��Õj$�@LMNOPÄ
�÷ÅÆÇE_‘0FÉQ�^a0�l0aÇE
89&
)),-.#&/012÷ÌkO°lmn�f��"ANBE@=01
LBEA1=0 ‘=0Q@1$ UF<#�ga0���ý¥$�¤-:;.
ý¥ËþFÿ& ,-.#&/012 ,¹o¥ø~Î$èéÅ
Æ.Q@/.QR/35F<pqÅr$<�^{�¢�s0_
‘0F$¢��^0�|3\*>+ $0÷¹8tYap
quZrEÓ%VKp;v±& w�^{�a_‘0
FÉx$9-:;÷ ,-.#&/012 ��ÎaÕ�ù4éa
l�& 9-:;÷_‘0Faù½¢���$yÕìÑ
zD¢�ÈüYZa#Â!*++ ${ÕìÑ¬¶Äª,
YZ|Ï@�fa���?aST$}~Ï�4|Y
Z|Ï@SFa{���$��_‘Èü�\$¢�_
‘0F*’+ & 9-:;ai�89Ä�P³ .Q@/.QR/
35F<pqÅr��*!"+ & N=>?�@�C®¶
-:;.�n�$ÇE_‘ÈüYZÂ!|�\*!!+ $V
ÇE�^YZ¢_‘0F��aST*!&+ & R=>Q
\]^{�8a¢_‘0F��"qr 33F#&’33F#
’’2F5#aST£w��_��$B- 9-:;���C
i���ST£w²R$ÉLMNOP��vC¹£
wª«$V�Q�9-:;a¬¶89$�=LMNOP
ÄdÇE\]^{�8¢_‘0F��aST$iÄ

�÷¹QUVWXYZ[ 345#36#%$* hi\]^
_‘0Fl0ÇE89ay�rE´Õ&
))-´$LMNOP�CÇE ,-.#&/012 RST\
]^_‘0F$VÄ�‘�ÉÇE^¥a0�$id
,-.#&/012RSTVWXa12�a_Õ�sa�
r& ÍÉ$Q�^0�aÇE÷Õ�Þ�a¶DÆ$$
LMNOP÷ÅÆ�prEQ ,-.#&/012 ®�År
l0bc$ÇE_‘ÈüÂ!VùMÇE�^a0�$
�é�ÕXa27&

|}HI!

*!+ ��ú$���$���$öHLMN=>Q_‘ÈüYZÆ¢�

��aô�89* +̂H*+&õ$ &""($ &+"*#! &!( i&&"H

*&+ �)5$���$��ú$öHR3Å�=��y*LMüNOP

T¹¥ÈÍ�l�* +̂H-.Î&$ &""($ &>"$#! &!& i&!$H

**+ ?Q0V7K$ KAE01B:4H50AOE8NQ0=0@Q0M AO1=BBED1=0 8Q081BLB1T10#

A=E0* +̂HSQ081B71AA$ &""+$ &(’"&#! &+! i&’"H

*%+ »)�$ ïðñ$ ���$ öHLMN=>Qf_CYZ[,7#("

T¯» ¡YZ�g¢T¢£¥4íúabc* +̂H!"#$%

&&õ$ &""+$ *"">#! $+$ i$+>H

*$+ »)�$ ïðñ$ {|}HLMN=>T}~�2.�Q/³�

^YZÂ!abc * +̂H!"#$%&&õ$ &"">$ &’ "&" #!

!’%* i!’%(H

*(+ ¤Nw$ ïðñ$ ¥¦âH"§¸¨©QVWX¸p\]^_‘

0Fbc* +̂H8ÊHI/0$ &""*$ !’"!"#! !!(+ i!!>"H

*>+ .1ME0MEF$ =̂X101c-$F1B1c5$()$*HP#Q81AND8N@A1=01MEb0B1V2DQA1@

TQ@82DQB10MEAO1D=QDVBEbAO RQ8AEBLBEM28A=E0 CNO2XQ0 ‘1BQA=0E8NA1@#’

"#)+,* +̂H5B8O 41BXQAED.1@$ &"""$ &’&"!&#! (&! i(&+H

*++ 3=2BQK$3QA@2EY$<QbQX2BQ5$()$*ĤUU#>"$ CDE8‘@81DDLBED=R1BQ#
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