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!SchoolofFoodScienceandEngineering,InnerMongoliaAgriculturalUniversity,Hohhot010018,China"

873%4"9%

$ Thisstudyevaluatedthesafetyof!!/3(4545567 8/*947)5/67 10-a-1withhighresistance
andadsorptionpropertiestoheavymetallead,whichwasisolatedandscreenedfromsheepmanure
inBaotouIronandSteelMiningArea,BaotouCity,InnerMongoliaAutonomousRegion.Clean
gradeKunmingmicewereselectedandadministeredwithhigh,medium,andlow dosesof
!/3(4545567 8/*947)5/67 10-a-1byoralgavage.Thenegativecontrolgroupwasadministeredwith
thesameamountof0.85g/dLphysiologicalsalinebyoralgavage,andthepositivecontrolgroupwas
administeredwith40mg/kgcyclophosphamidesolutionbyoralgavage.Thechangesinphysical
signs,weightgainandfoodintakeofmicewereobservedduringtheexperiment.Furthermore,the
changesofserumbiochemicalindexes,spermmalformationrate,bonemarrowcellmalformation
rate,organindexandintestinalmucosamorphologywerecomparedamongthegroups.Theresults
showedthatintheacutetoxicitytest,themiceshowednormalsignsandnobacterialtranslocation
occurredintheinternalorgans.Inthemousespermabnormalitytestanderythrocytemicronucleus
test,themutationeffectofthepositivecontrolgroupwassignificant,whilenosignificantdifference
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wasobservedbetweenthe!"#$%&%&&'( )"*+%(,-"'( 10-a-1dosegroupsandthephysiologicalsaline
controlgroup (!>0.05).Inthe28-daytoxicitytest,therewasnosignificantdifferencebetweenthe
!".$%-%--'( )"*+%(,-"'( 10-a-1dosegroupsandthephysiologicalsalinegroupintermsof
reproductiveperformance,organindex,serumbiochemicalindexesandintestinalmucosalthickness
(/>0.05).Collectively,!".$%-%--'( )"*+%(,-"'( 10-a-1isdiscoveredtobesafewithouttoxicside
effectsinuse.
!"#$%&'() !".$%-%--'( )"*+%(,-"'(,acutetoxicity,genetictoxicity,28daystoxicity

!"#$%&'()*+,-./01

!"#

! 2

34/$5678"9:;<=>?@ABCDE

FGHI4

!$%&#

"$JKL?MNOPQRSTUV

WXQR(/YZ

!'#

! W[(I/$:\]9^:

_`"ab(ILc1d#ef1dghLij

!(#

!

klm$b2nG(I/op"qrstuvw2

nG(I4/$xy

!)#

! Kz{sP?|=}~z

y$"������#����#�O��"���

�L?��~���

!*#

! ���/����"���

�P ¡@!¢£¤,¥¦/�§"�¨©<ªB

¡@!¢£«F¬0­OP

!+#

!

���®ª¯ ('+?°±4"²³´µ¶

·('+?°±/�¸¹ºGL|»¼! ½¾"¿

Àª���Á,ÂÃÄÅ#ÆÇÈÉÊ#5ËÌ#Â

ÃÍÎ#ÏÐÑgÒYGÓÃOP

!,%""#

! ���,Ô

Õ/ÖP×Ø " ¿Ù�ÚÛÜUV/ $

-./.01223

4.567/89.: ;< =1>.

"

-4;=

%! ÝÜ"¤,��Þ±ß

à&áâãGäåæç4ªè`é�ê�£#ëì

�£Gíîê�£

!?@%"&#

"ïðÖñò�óôõ�P

 (Iö÷+?IøWùUVáú�Üûr/!

üøbý,¡@!¢£$¼Ê/���UV

á/�þÞ±ÿª!"! Ûé6#�$BÖP4Ü

%ab(I&+?IhL^¥QR"O÷'(é)

*ëì�

"A%1%B

b+,/-á.á# /0.áG

@+ :

.á"1JK+,sæ2ª3+,Ë4L=}

56#7859#Lhá¼#ËL=56G°:;/

<=ã="ú��b+?/UVá"µ>Ûòôõ

/?�@AB}CD!

*+*

!"#$

YZEF+,&GHIN}JK+?�þ4L

@A"MNO"IPQ$

@A!@

%

7

"P -á.áRK

'

@+ :

.áRK'IPQ$

&A!@

%

7

"P /S.á

RK!

*+,

!"%&

)*ëì�

BA%1%B

ªèTGHITÂUVW

XVYZU/[\4"]^_Ü)*ëì�"`G

HIabN}ST�L?cdefg_" �$

BA%

1%B

B�hiLjk=

&* "

Ghi

CD )E(

¾b$

/¡@�lm$

,BE**!BE,*

%

F

! mA�In=o�"

¡@�mpqo'mA¡@¾r/Æs"tu�I

¡@QG¡@�¤��Æs

!B'#

!

*+-

!"'()*+

*+-+*

!"#$

(+BA4

v�w�kèLx& yz

GCC./:60>

'

H86I.J GC65K

V{j|6}& ~z

H86I.J

'

=LM(AA

v�Ì���& �ç

I6N3 O878P12 H862673

'

QRSTUQ= HL(A

�}��� & �ç

QRSTUQ=

'

=T;4IMV

��Hx& ÊZL?ÓÃBc��,�

��'

DW=M@)

v���kH��&q�¿�B}}

8,���!

*+-+,

!"%& �����4&�����Bc

,���'

B NR

¿�áÖP����8& � ¡�

¢£ZL?Bc�¤,���'

@ NR

¿�á¥¦s

Ë§&¨©ªZ«¬ÓÃ8­,���'®¯°±

|g_R²³# ®´°±|g_R²³#

!0

®±µ

°¶|'_R²³& �·<L?¸¹�þ�!

*+.

,-./%

*/010*

0!%123

O÷º»

-H B(B,&X&

(

@A"'

!"(#

/¼_4/q

M

�~½ù"¾¿²QsPÀÚÁQÂ=19Û

&X@

"

�#4#�²Q:ªÃÛ

@

#

AX(((

#

AX"*( N7Y7

$µI

PQÁ%! t)*ëì�

BAM1MB

B

&* "

ÄÅÆÄ

ÅÇÈÉ�" wÄÅÇÊ_>/�4 

' "

#

+ AAA

0YN8/

èL

( N8/

" ËzqM4" �ÌÍP

AX+( 7Y:R

/L|ÎHÏÐ

$

Ñ"�ÌHªPQª9

*AZ

ÒÓ!

�ñÔ�Ì/�#4#�²QÛ

)E))*

#

BE+(A

#

AE(+&

****

*

++++

+

))))

)

4444

4

5555

5

NNNN

N

OL



!"#$

!"!#

%&

$!

'&

%

(

!"#$%&'()

! "!#" $%&'()*+,-./01234567

!"#"

!!"#$%"# &'()*+

$%&' !()"

!!"

#$%",

&%*+ "),(

-./0$1234(5

$-*+

"#,(

-./06#

!"#

)*+*,-

789:;

./ 0+012-2

%

'&03

40+5

,<=>?#

1@ABC

' ,

,DEFGHIJK

'

L$ML

0&

N$OPQR$JSTU;LVWXYZ3

0&6760

L# U;L+

&-*+ "#,(

,-./0&'$WXYZ

3

0&6760

[9L+

8-889 !"#"

!!"#$%",3

\&'#&']

0 ,

HI*^_`a_0bcde$

f'gh

0

&

2

&

+

&

9 ,

JSijHI,?Kklm6

nop# qrstuv6wxyz{m|"}~&

�qxyz{&��z{&'�z{l�,��i

j# �3��[9T��c��g1HI��$�

^�&�&�&����3�C���$+�3��

���� ¡$¢£5¤"

:;<

¥c¦§$

29 !

¥

c

3* =

$�¨T©ª�3-«# ¬­ª3®-«¯$

°±²3®³�&�´µ¶&\"¥c·-«¸¹&

º~¹&»¼½¾A¿ÀÁÂÃªÄ7ÅÆ3ÇÈ

ÉÊ¹,Ë-Ì$ Í^

>?@

Î?

AB;

ÏÐÑÒÎ

ÓÔÕ_T©[93ÇÖ-�3��#

!"$

./0*,-

!"$"!

8 9 : ; < = > ? @ A B : ;

./

0+012%+

%

'&03

4085

,<=>?# Á

9

×ØHI$"#

$!

2&"'

"

"

$OP¹HIQ

'+

N$JKÙ&6&ÚÛ

2

ÜWXYZ3

0&6760

)$LVÝ¹&Þ¹U;L

Û

0&

L$ML

+

N# Ý¹*+

3& !"#C"

!!"#$

%"Bßàáyâf'$Ù&6&Úã$L*+

0%'%0

däåæ3\f''Þ¹U;L+

&%*+ "#,(

-./

0f'# *+

2& =

ç[Ìèéä$hÓêèéç[

Ìg,h

'3

H¯$ëêèéç[Ì

8 =

g*ìíî

ï7# íîï7+-./0ðñÂò5óôY§$

ÄHõö÷øùúY$ûüg+ýþ¤=$ëÿ+

.DEF7!

!"ðYûüg��# #$ij�{%%&

!'�´6Ë(Ä)!*�´+$$%,-.Ë(

/# 0,3Qã$LË(/&

ABG)?BG

ÄÞ¹U;

LÈ1$�{%234$°�­ATÞ¹'ª{%2

34$�ªG5,ã$¾A6z$°�­ATÝ¹#

!"$"%

CDEFGHAB :;

./ 0+012-9

%

'$$2

4095

,<=>?# Á

9

×ØP¹HI

'+

N$"#

$!

2$"'

"

"

$JKÝ¹&Ù&6&Ú&-./0U;L

Û

+

L$ML

+

N# Ý¹U;*+

3$ !")C"

!!"#

$%"�ßàáyâf'$Ù&6&Ú7ã$L*+

0-'-0

åæ3\f'$ U;L*+

$-*+ "),(

-./

0f'# ���]

2 =

:

3$ !")C"

!!"#$%"y

âf'�ßàá$1HI89��$HI:;<�

=>?@"AJ+

9+H

Bþ�1CD�# EF:;

GHIJKLMNHOP$ 1OPQ�dRO^

�$SñgTUVª

' !(

,F�W6$1CDX$

�+�\YZ[$ ÿ\]Ä-./0øù$ ë1

3

^�#_`a,a\ò5óôY§$ûüg+ýþ

¤=$ë+"AJ+

'H

b*!\!"

0 =

# #$i

j�{%0,3ã$Lcd/ÄÞ¹U;L\]

cµ,µ¶!e+$op$ %,-.\]cµ/

!

H

"�1CÈ1$�{%234°�­TÞ¹'ª{

%234�ªG5,ã$¾A6z$°�­TÝ¹#

!"& %' (

12,-

:;

./ 0+012%''

%

'&03

,<=>?

40*5

# Áf

DE,

I:

HI$OPHIQ

'&

N$"#$K!

'8"

'

"

"

$ghJK

3

L$ML

0&

N# *+yâf'ä$

:

&%&' !(#"

!!"#$%",

&%*+ "#,(

-./0i

Kf'(ã$U;LNÿ+(ãf'$Ù&6&Úã

$L*+

0%'%0

åæ3\f'# �c[9�jg$M

k

&1

(

&&

Î?f'$

'* ,

lmf'�n��ijH

I,"#$&*`$#�[9��g$Î?

08 =

_o

a_0,pi$K�ÓÔ[9qræ#

!"&"!

CDIJKLMN 1

'* ,

�c[9HI

Bstug�vZ^wö5

G>J@

xyz6$

2 +&&

KL!DM

F�

0& !DM

$^xyz§^ö÷$ÿ+ö÷-

{¨=[ã|¨=}~���!

@<J

"&�����

!

@(J

"&

!!

��à���!

!6.J

"#

!"&"%

OPQRSTUV �;��

4015

,dä�

�#1

'* ,

�cU;LÄ[9L,HI��&��&

��^

' N!

$ +-./01����Ì÷.g$�

U"AJ+

3H

&�ý�¤=\6$ ����[ã

��Î?��\

6

b'!"V�Y$ ÿ+�25Ë

#§,0#¨Ë%¨$µ¶2�+# ij§��´

Ù�&��Ù�&� ¡�$MÜï7,MÜ�+g

hÎ?

0&

ê¨$$ �1¢£¨$¤,¥¦¤+5

{%J§#

!"'

3456

[9L�L¨©ª

2

ê $ *+

<A<<'2-&

V

OME6P7Q

!

@?OR@

"Î?{%V5«¹J§#

&'



!"#"$!%& $!'(%)"

*&$+, )-./0

!

12 .3

"

#.4125 "6.37.2-8/ 84 !"#$%&%&&'( )"*+%(,-"'( 9-2: )1.;

$;<8=>2-8/ %.>.?-3-25

@AB!+$) AC CAAD #%("+%" $+D E(A'"%&+A)A,F G83H IJ (<<71 K JLJM

!"#

!"#"$%

!"$%$

!"#$%& !"#$%&

!"#$#!

'

%&%%' ()*)

!'()*+",-.

"&"+ (,*)

!'()

/+"012345#67890:;<=

!

>?

@ABC#

-. /

D?@EFGHIJKL$ MN

0

>?@'OP0Q/RSTU89#VWXYZ[

?@\]^_# `a5bcdefgh(ij%k

lcdef%mnef%9oefpqRBrst

uvsOPa\]wx!yz

!

"#z{|}~u?

@��K/

,1

0"

2%&%%' ()*)

!'()/+"$

&

$

!"#"$%'(&)

&'()* $ +,-* .*/01/2'3-* ,3 45* '-64* 417,-,48 4*94

!"$"!

'()*+, ��T�jC(��(0

�1C# ������u�l���F�0��#

�*��_��Q0��g����p����

�� ¡0¢£

3+"4

$ ¤����Y¥_¤�¦§o

¨©ª«¬VZ­s®J¯°0±²#³´µ\¶

·¸HI%s®¹º%¯°»¼'g½(KL$ Vo

¾s®5¿À%^_JÁÂ0ÃÄ�o¨�Å�´

µef�ÆÇ³Ã�0 ÈÉ«ÊË#Ìx?@Æ

Ç[

' 5

#�Í�ÎÏÐ0À�ÑÒÓÔ4Õ#Ö[

×ØÙÚ$ ÊÖ#VÛÜ�1�0ÝÞßTU¤�

ÎÏÐÀ�Br0àá

3+!4

$âã%ä%Ï%åæçè×

[# D]7E�éêëìê[0s®íV

678

î

(ïXðñòóïX

-. /

$ ô

!

õöBr�~

!"#

$#!

0

678

ïXðñ÷y�ø1ù#tú�uvB

rûüOP# ý{"þ$%�

!"#$#!

÷ÿ1¤�

À�±²$

!"!

*+#"$%

!"���q¾]02#ÊË$%�&%�

7.�(�'jC(# (�!"C)VÇ)(%*

ëJ+ð4ÕAÒ¹º#,¥¹º-.��³!/

0I0ð1#��2�03(

3++4

$

!"!"$

!"-./0+, Ì§?@4ë56B

r³78Ò& V4ë%9:¥C)Y«;&'[#

�<]g=]6>0?@#A³'BÒCBC�1

Â¤D560ÃE

3+94

$Fz

+

³'GH#V78IJ

QKs

0!! """

L4ë[# M�uvsN04ë5

6LO�

09'

L # M�uvsL(56P�

!!&-%:

' "þ$%�

!"#$#!

QQKsJ1234

uvsN4ë56O

!+%;!-!

L # L(56P

+&0+:;+&.+:

# QQKstú�uvsERS�T

U!

!""&"0

"$V{VBrQKW­D#?@4ë56

Brûü�ú�# "þ$%�

!"#$#!

u?@4ë

FX15Y�7$

&

!

'(,-./$%0123&#

!!9:

!

";<

$

&'()* ! ='4' '3')89,9 10 2169* 9.*/2 :*01/2,48 4*94

%

!!

9:

!

";<

&

¡&PZO[\]OPzöTUFRS!

!2"&"0

"#FP\]

zöTURS!

!<"&"0

"$

!"!"!

!"1'234+, �^Brx��_

`Ç)(��abc¯¹º0Y¥d�ef#��

�2�70d�gh#�!i��jkd�l�]

b

3+-4

$ Fz

9

³'GH#V78ILQKs

0!! """

L

=>?

[# "þ$%�

!"#$#!

mQKs5

=>?

n

�^0NO

!+;!%

L#orsJú�uvs�^P

4444

4

5555

5

6666

6

2222

2

3333

3

JJJJ

J

!"*#$ %&' ()'

*+,-#$

./012

2345678

96:;<:45

2345678

96:;<:45

=>,-#$ ?@A6B@CD B@A6B@CD

EF#$ EF45 EF45

GH#$

IJKL6MN

45

IJKLOMN

45

PQRS#$ 7TU 7TU

VWXYV 45Z[B\Y 45Z[B\Y

] B^_ B^_

7

$

89:;45

>,?% $ @'-4*/,') 4/'39)1-'4,13 /*96)49

`'

2a

bc

defg

b*h

fgij

b*h

ijk:

lmc' 0 0!! """ !9. +&'%#"&0.

$

*mc' 0 0!! """ !+% +&0+#"&0@

$

nmc' 0 0!! """ !-! +&.+#"&%!

$

op() 0 0!! """ !+' +&0-#"&%'

$

qp() 0 0!! """ 09' !!&-%#!&9'

A

NJ



!"#$

!"!#

%&

$!

'&

%

(

!"#$%&'()

! "!#" $%&'()*+,-./01234567

)

!

*+,-./0123456)!

!!"#

"

"$%

#

&'()* ! +',' '-')."/" 01 203"* 4*5 ()005 6*)) 2/640-36)*3" ,*",

!

!!"5

"

"$7

$

!" #$

%&

!"# '$(

)*+

!"% '$(

*+,$&

-./$ '!( ))) (* )+,-")+(,

.

'!-)) )+/,")+),

.

0!12 '!( ))) (0 )+-1")+(,

.

'!-)) )+/,")+)-

.

3!12 '!( ))) -)/ 0+(1")+*'

2

'!-)) )+1-")+),

2

4!

5./$ '!( ))) (, )+-*")+('

.

'!-)) )+/-")+)-

.

6./$ '!( ))) (0 )+-1")+(/

.

'!-)) )+/,")+)0

.

7./$ '!( ))) (- )+-0")+((

.

'!-)) )+/,")+),

.

0!12 '!( ))) (0 )+-1")+('

.

'!-)) )+/,")+)0

.

3!12 '!( ))) (/' ,+/)")+,3

2

'!-)) )+1)")+)0

2

8!

5./$ '!( ))) (' )+,)")+(*

.

'!-)) )+/,")+),

.

6./$ '!( ))) (' )+,)")+)3

.

'!-)) )+/,")+)0

.

%9 !"%456% '$( !6%$56%

!!"#$%&'(")*+,-./"

!7)+)'

#$-"&')*+,./%

!8)+)'

&'

)

8

*+789:12%

!!"5

"

"$7

$

&'()* 8 940536,/0- 01 203"* :*41042'-6* ,*",

!

!!"5

"

"$7

$

:' ;<=>/$9 ?=>/$9 @>/$9 AB/$9 C=>/D

' ,)+'*")+1'

.

0)+')"(+,,

.

/+/0"(+03

.

-(-+(*)

.

-(+**"-+3/

.

' ,)+))"(+)0

.

0)+/1"(+/*

.

()+//"(+)/

.

-(*+,(0

.

(/+1*"(+/3

.

' ,)+0,"-+)'

.

0)+0*"(+0*

.

()+),")+30

.

-)0+,,1

.

-)+0'"(+0*

.

' ,)+',"(+-1

.

0(+1*")+03

.

((+,-"(+(1

.

-(/+3/-

.

(1+*1"(+1)

.

' -*+/'"(+0(

.

,'+(-"(+13

.

1+(3"-+30

.

(/1+(11

.

-(+/-"-+1)

.

' -*+/,"(+//

.

,0+0'"(+-0

.

3+'-"(+''

.

(30+-)-

.

-)+)'"(+-3

.

' -*+/3"(+,)

.

,'+)'"-+-)

.

1+)1"(+/-

.

(1)+01*

.

-,+-,"0+1-

.

' -*+(("(+(3

.

,'+-*")+1,

.

/+-'")+*-

.

(/-+,-1

.

-)+13"(+,/

.

$E

5./$

6./$

-./$

12$

5./$

6./$

-./$

12$

!"

8!

F!

!!"012&3(")*+,-./"

!7)+)'

&$-"&4)*+,./"

!8)+)'

&'

5

)+-0:;)+,-&

$6789:;<=>?@ABC

DEF?GHI./J+,"

!#)+)'

&$KLMNO

9PQRST ' 9

!6%$56%

UVWJEF?5

)+/-;)+/,

$ XYZ[<=>?@\BCDEF?

!6%$56%

GHI./J+,"

!#)+)'

&' ]^_`a

bcdYeJEF?LMfg./hiWJEF

?jk67?"

!$)+)(

&' lm967?Y=>RS

Tnopq8

()<.<(

rstuvwxyz{|}

~LM�\f�h$ nopq8

()<.<(

Euvw

x}~r�����'

;<= ;> 5

;912

;<=<?

89:;5)<= ��

-1 =

Y�8]�

_`$Euv������$��uv�����

>�8����s�����Y�\$����u

vY ¡>¢£(¤�>(¥ ¡>G' ¦)

0

§j

¨©$nopqZ

()<.<(

9uv\ªJ«67U$

;JuvnopqZ

()<.<(

<=>?@EF?¬

­ ¡>9"

,)"-

&

9

$:JuvnopqZ

()<.<(

<=>?@EF?¬­ ¡>9"

-*"-

&

9

$®��

_`¯°

-1 =

±$² ¡>I./J+,"

!7)+)'

&$

uv³¤�>67?@EF?I./J+, "

!7

)+)'

&$´µ<=>?r�¶>·¸¹º' :JU=

>?Y ¡>¢£@¤�>»¼i½¾67?$¿

§«À9vÁÂÃÄÅÆiÁÇÈÉ$ÊËuvÌ

ÍYÎFÏÐ-Ñ$�Ò>ui½¾67?$�Ó

:JuvYÔÕÖ×i;JuvØË

>-'?

' :Juv

¼=Ù?Y¥ ¡ÙG�$ §�@uvÚ¡ÙÏ$

:J¼=Ù?9Û±$Ü5Ý�ÊËuvÞßà-

��$Æiáâ�ãä¹' å9:JU=>67?

¢¡>(¼=>?¥ ¡>G@EF?Yuv��

��Ur�æ¶ç+,$´µ;J67?@\BC

DPQ$)ènopq8

()<.<(

8[éHhêëJ'

&#



!"#"$!%& $!'(%)"

*&$+, )-./0

!

12 .3

"

#.4125 "6.37.2-8/ 84 !"#$%&%&&'( )"*+%(,-"'( 9-2: )1.;

$;<8=>2-8/ %.>.?-3-25

@AB!+$) AC CAAD #%("+%" $+D E(A'"%&+A)A,F G83H IJ (<<71 K JLJM

!

!

"#$%&'()*#

!!"#

!

"$%

$

&'()* ! +,')-"." /0 1/2"* /34', .,5*6

%

!!"5

!

"$!

&

!"#$ %"#$ &"#$ '()*

!"!!# $!!"!!! %

&

!"!!# '!!"!!! (

&

!"!!# '!!"!!! #

&

!"!!# )!!"!!! *

&

!"!+( )!!"!!+ *

&

!"!+( )!!"!!! %

&

!"!+( *!!"!!! '

&

!"!+( %!!"!!! *

&

!"!(( ,!!"!!+ $

&

!"!(# )!!"!!! )

&

!"!(( !!!"!!+ +

&

!"!(% '!!"!! '

&

!"!!* $!!"!!! '

&

!"!!* )!!"!!! +

&

!"!!* $!!"!!! *

&

!"!!* $!!"!!! +

&

!"!!# %!!"!!! %

&

!"!!# %!!"!!! $

&

!"!!# )!!"!!! %

&

!"!!% +!!"!!! %

&

!"!+* #!!"!!+

-

!"!+* (!!"!!! $

-

!"!+* #!!"!!! '

-

!"!+* (!!"!!! ,

-

!"!(% (!!"!!! $

&

!"!(( %!!"!!* %

&

!"!(% '!!"!!' '

&

!"!(% (!!"!!+ )

&

!"!!* %!!"!!! #

&

!"!!* )!!"!!! (

&

!"!!* )!!"!!! '

&

!"!!' !!!"!!! '

&

+$

,-.

/-.

0-.

1-.

,-.

/-.

0-.

1-.

23

42

52

!!"#$%&'()*+,-./0"

!.!"!#

#$.)&'*+,-/0%

!/!"!#

&

*

7

"#+,-.&/0)*%

!!"5

!

"$!

&

&'()* 7 +,')-"." /0 "*321 (./89*1.8') .,5*6*" /0 1/2"*

%

!!"5

!

"$!

&

23 +$ 012 67384519 062 67584519 !782 67584519

42

!"#$ **"+*!*")(

&

*#"#'!("#(

&

'#"#%!("%+

&

%"#$ +)"!#!("+'

&

*)",(!)"*$

&

''"'$!'"#!

&

&"#$ +$"'+!,"*(

&

*$"*)!'"''

&

'("%)!'"(%

&

'()* +$",,!#"+#

&

*)"+)!'"+#

&

'("($!'"#'

&

52

!"#$ **"+(!#",$

&

*%"'!!("*$

&

'("!,!(")+

&

%"#$ +,",%!%"%'

&

*)"#,!#"+$

&

'#"()!'"$(

&

&"#$ +%"'(!%"+(

&

*)"(,!("%)

&

'("+)!("++

&

'()* +)"%(!+")#

&

*#"!,!'"%%

&

'*"($!("#%

&

!!)1$2&34)*+,-./0%

!.!"!#

&$.)&3*+,-/0%

!/!"!#

&

:;<;:

!"#$%& 567$89:;<=>

?@ABC7D$EFG:HIJIKL$MNO

PQR;<CSTUV$WXYZ[\MY]^_

N`CabcRd>XcR;<

9*%7*):

' efghi

jklVmnfKLopqrst$8u6K7$

VvwNxyz

9*$:

' {*

#

]|$}~��h

+!7&7+

��C��d��C�(Y(����$5(E(G(

M�>����F�����$ ��/0�,-

"

!"!"!#

&' \��F��E>�Y$N/0�,-$

:����E6����t $ .:�~��h

+!7&7+

nf' ��*�}~��h

+!7&7+

���

6>����� '

:;<;<

'()*%+,- \I�¡¢Y9£

!7

82

(

012

d

062

¤;<¥¡¦:§�GEUV¨

©'

012

d

062

:ªF«¬­®¯C°$\G±b

²³¥¨k�

*

´°µ�N��¶·'

!782

:¸

´¹º°$»T¼·½«¾¬¹¿;<'

!782

»T

À\ÁGab�ÂÃ>(G±bÄCÅÆÇÈÉd

±�CÅÊËÌY$VÍ¼·½ÎÏÐqÑÒÓ½

«¾¬ÔÐËC½«¾¬¹ºÕÑÒÖ×C¥>Ë

Ø$Ù:;ÚGUV��ÛÜC7D

9*,7'*:

' *

%

WX

P·7DÝÞ�+$ß.)���~��à

+!7&7+

µà��

*$ ;

á$WâP·7D

012

(

!782

F��

��/0�,-"

!"!"!#

&$ã��~��à

+!7&7+

���CG6ab�¨ä' å���

062

����

/0�,-"

!"!"!#

&$ã����5æab�¨ä'

:;<;=

./0123,4 tÔ$ç­àèé�

:êëC$ìíÀ\Áî>Ìï*ð(ñòdóô

Y$ õöìí\÷øYNùúûCêëüýþÿ$

ýÁ!"q#$óô%g' ç­à&�'Pà÷ø

()�¤*+cRUVd!,�óôÜ-NùS

TC&ý' .

<&=>?@?&

/î01

9'':

$¸�234à5

N�óô6789Jµ�$)kN

&A@0

d

BCDEF

¬

�À\kÇJ678V`m*+'

6&GH&=I>B

/î:

;01

610E#+

'PàVü<óô6780P=-

�¶·$>õ?@AB¦C?@AC

9'(:

'*

)

ó6Ä

�DEFGÝÞ/+$ \���~��à

+!7&7+

Cå���Y$¡¢�HóIJ�³FPKLM�

��HóIJ�³�/0�,-"

!"!J!#

&$¡¢�

FPKLM���Hó(Nó(ÝóC6ÄO³F

ËÌab�³�/0�,-"

!"!K!#

&$Pö6ÄO

³\

'!L(! !M

$Q��~��à

+!7&7+

.m��

NO



!"#$

!"!#

%&

$!

'&

%

(

!"#$%&'()

! "!#" $%&'()*+,-./01234567

!"#$%&'()*!

+,-./012304567869:5

;<=>?@ABCD"EFGHI

!"#$#!

JK

L6MNOPOQR"STPOQRUVWOPO

QR"X!Y1QR# Z[X!\]^_`a"b

Icd"efg"X!hijkl"X!mnop

l"X!qrst"uv(wsxyz"{|}%&

~y������"��O��#��EFGHI

!"#$#!

-���Y�'(P�+�#>?��"�

�O#?���@AB"j(���"�C#��

�('����L��"� ¡¢!

)

!

*+,-./01234!

!!"#

"

"$%

#

&'()* ! +,,*-. /, #$%&'()%*++,- /0 10.*".10') 2/345/)/67

!

!!"8

"

"$%

$

£$¤Kt¥¦§¨¤©ª«¬�­®%

!%"&"'

&#�¤¦§©ª«¬­®%

!("&"'

&

5555

5

6666

6

####

#

78$9%

[1]GUANX#SUNLN.Currentsituationandtheharmofsoilheavymetalpollutionandfoodsafety[J].944)1*8 :*-5'01-" '08

:'.*31')"

#2014#3547$612-614.
[2]¯°.±²³B´µ¶·4�¸¹"º»¼½J¾[J].=¿ÀÁÂÃÄ�#2020#38%9&$129-131.
[3]ÅXÆ#ÇÈÉÊ#ËÌÍ#�.ÎÏ 4Ð8ÑÒ=±²³Óg.ÔÕ´µ��[J].fÖÕ(�×Ø~Ù#2023#42%5&$71-77.
[4]ÚÛÜ#ÝÞß#àá#�.BPOâ�ãä4åæ���"¼½J¾[J].P�~çè#2020#34%5&$416-420.
[5]éê#Ýëì#Ýí#�.îï8ðñ5òóô.fÖ=B"õÓgö�ã÷øùfúû�ü[J].fÖ��ýþ#2020%27&$

118-120.
[6]Ýÿ#!"##$ë%#�.&'I-±²³@A+�"¼½J¾[J].j(�~ZÙ#2018#45%10&$2254-2262.
[7]Ý(.)*=&'I"./-ãä-±²³"@A+�[D].+,$+,,-.~#2018.
[8]KULLISAART#SONGISEPPE#AUNAPUUM#etal.Completeglutathionesysteminprobiotic"#$%&'#$())*+ ,-./-0%*/ ME-3

[J].;31<)'80'1' =1/<51211' > :1<3/(1/)/611'

#2010,46%5&$481-486.
[9]$ë%./B&'I./01"@A2Oã��"¼½[D].3U42$12356.~#2019.
[10]788#9ê#:�;.<�¡fÖ&'I�=×Ø¼½J¾[J].fÖÕ(�×Ø~Ù#2022#41%7&$1-11.
[11]>ë?#@ëA#ÅB#�.�CDEFGH{IIJ="KLw&'I./01ã��[J].fÖÕ(�×Ø~Ù#2018#37

%5&$472-478.
[12]MORRISOND#WOODFORDN#COOKSONB.Enterococciasemergingpathogensofhumans[J].?/@30') /, 944)1*8 :1-3/A

(1/)/67

#1997#83%S1&$89S-99S.
[13]MëN#¯èO#PUQ.R(&'IÕ{IIJS�[J].fÖÕ(�×Ø~Ù#2020#39%9&$6-15.
[14]Ýÿ.>?�TR(2O"&'I-B@A2Oã@A��"¼½[D].3U42$12356.~#2018.
[15]¿UV(UWX(YZ[\.fÖ��¿Ux] NO^_POQR$GB/15193.3-2014[S].`a$=¿x]bcd#2015.
[16]¿UV(UWX(YZ[\.fÖ��¿Ux] e&��fbgjkQR$GB/15193.5'2014[S].ha$=¿x]bcd#

2015.
[17]=¿¿Ux]wi�Z[\.fÖ��¿Ux] X!mnopQR$GB/15193.7'2003[S].ha$=¿x]bcd#2004.
[18]¿UV(UWX(YZ[\.fÖ��¿Ux] 28j^_POQR$GB/15193.22'2014[S].ha$=¿x]bcd#2015.
[19]ZHOUJS#GOPALPK#GILLHS.Potentialprobioticlacticacidbacteria"#$%&'#$())*+ .1#/0&+*+

%HN001&#"#$%&'#$())*+

!"#$ )*+&,-!,.&-/

$

),'&),!+)&*"

$

+,&.*!,&')

$

),)&+'!..&.!

$

+/&'.!,&",

$

)/"&))!')&.-

$

+'&.-!+&-!

$

%"#$ )-)&*"!+'&/+

$

),)&+'!)/&+"

$

+'&,'!+&!/

$

),!&."!+,&'!

$

+/&+*!/&!.

$

),-&!'!,+&'.

$

+.&!!!*&!-

$

&"#$ )*+&+/!+'&"+

$

)+.&,"!++&!!

$

+,&')!,&,"

$

),!&/)!,.&++

$

+'&-*!'&!-

$

),-&-'!,.&,,

$

+/&!.!,&,,

$

'()*$ )-,&,,!+-&++

$

),'&-"!'"&!+

$

+,&.'!.&,/

$

),'&!*!/)&',

$

+/&,.!+&./

$

)')&/)!,-&'-

$

+/&"'!-&!,

$

$+

,- .- /-

01!20!1 34520!1

6789

!20!1

34520!1

6789

!20!1

34520!1

6789

!20!1

&&



!"#"$!%& $!'(%)"

*&$+, )-./0

!

12 .3

"

#.4125 "6.37.2-8/ 84 !"#$%&%&&'( )"*+%(,-"'( 9-2: )1.;

$;<8=>2-8/ %.>.?-3-25

@AB!+$) AC CAAD #%("+%" $+D E(A'"%&+A)A,F G83H IJ (<<71 K JLJM

!"#$%&'#()*

!HN017"and+#,#$%-!"./0#)1 (!".#*

!HN019"donotdegradegastricmucin#2 3#.0%[J].!"#$%"&#'("&) *(+%"&) (, -((.
/'0%(1'()(23

#2001#63!1-2"$81-90.
[20]!"##$%&#'()#*.+,-./012 AR_!2016"3456789:;<=>:?@A[J].BCDEFG #

2019#31!3"$1452-1462.
[21]GABRIELAP#MARIAE,SUSANAA,etal.Preventionofgastrointestinalinfectionusingimmunobiologicalmethodswithmilk

fermentedwith4!".%-!"#(()* "!*/#and5!".%-!"#(()* !"#$%&'#()*[J].*(+%"&) (, 4&'%3 5676&%08

#1990#57!2"$255-264.
[22]CARMEBCM#MANUELH#YOLANDAS.Productionofbacterioc-likeinhibitorycompoundsbyhumanfecal+#,#$%-!"./0#)1

strains[J].*(+%"&) (, -((. 9%(#60#'("

#2005,68!2"$1034-1040.
[23]HI#JK#LMN#*.OPQRSTUVW67X:Y:<Z[\]^_`abcd[J].efgh8CFi#2017#36

!5"$58-61.
[24]SAMEERAN#RAMUNER.Evaluationofgenotoxicityofnanoparticlesinmousemodels[J]./6#8(.7 '" /()60+):% ;'()(23

#

2019#1894$301-312.
[25]jkl#jmn#opq#*.rstuvwxyzY:{|}:Y:cd[J].Y~F��#2020#34!5"$389-394.
[26]H�#���#��#*.����V67��;�?:��-cd[J].��r����Fi#2020#36!1"$1-6.
[27]���#L6�#L|�#*.���Y��� AMPK/ACC ¡¢£3 db/db67¤¥¦?§¨©ªcd[J].��«¬­F

��#2021#41!4"$360-366.
[28]®¯¯#°±²#�³´#*.µ¶·B¸¹7º»¼ZZ[½¾:�¿À<ÁÂ��Ã;¸Ä3 B]ÅÆÇÈÉ?@A

cd[J].��ÊÉËÌ#2021#57!9"$76-81.
[29]ÍÎ#ÏÐÑ#ÒÓÔ#*.ÕJÖ×ØÙÚÛ?�8Ü:ÝÞ{ß>àá[J].��âãFi#2020#20!10"$23-33.
[30]äå.æçèéC3êëìí¸67î8À%¤ÂïðÀ<]^ñò?@A[D].óô$õö÷ø¹F#2020.
[31]NYBLOMH#BERGGRENJ#BALLDINJ#etal.HighAST/ALTratiomayindicateadvancedalcoholicliverdiseaseratherthan

heavydrinking[J].<)0(8() :". <)0(8()'7=

#2004#39!4"$336-339.
[32]�<ù#�úû#ü</�ý#*.56"!*/# Zhang367 Tþÿ]^|!{î" IgG<#$%SIgA?@A[J].��Ùã&

h#2006!10"$4-8.
[33]PATRICIARM#MIGUELG#MARIAFG#etal.Mucindegradationby+#,#$%-!"./0#)1 strainsisolatedfromthehumanintestinal

microbiota[J].<>>)'6. :". ?"@'%("=6"#:) /'0%(1'()(23,2008&74$1936-1940.
[34]SALVATORED#MARIAM#GIANLUCAA#etal.Effectsofaprobioticonthemorphologyandmucincompositionofpig

intestine[J].A'7#()(23 &". A'7#(>&#8()(23,2019#34!9"$1037-1050.

NK


