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=yCvDmiQwU =@ xDi=}Ow@y@ l}Dv}mwQDmr=
�|QDmO |wHWv=O� |}=]N Vwvy@

�Q=}O=DU=� �|v=Q=DNt QO=v
�O=DU=� CUwO|Hvo u}UL

TQOt C}@ QD x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt |xOmWv=O

=@ �6000 mg/Kg |x}rw= |oOwr;� s=N Civ x@ xOwr; l =N |x}iYD 'Q[=L VywSB QO
T=}kt QO Saponin w SDS |=yCvDmiQwU =@ xDi=}Ow@y@ l}Dv}mwQDmr= VwQ R= xO=iDU=
Tqo|UmrB TvH R= l}Dv}mwQDmr= pwrU QO =yV}=tR; "CU= xOW |UQQ@ |y=oW}=tR;
C_re QF= 'Q[=L VywSB QO "Ov=xOW s=Hv= RwQ 7 COt QO 30� 6� 5 cm O=a@= x@
'0 05 =@ Q@=Q@ Saponin C_re w 0 3 w 0 2 '0 1 =@ Q@=Q@ SDS C_re� CvDmiQwU

l =N R= Civ hPL u=R}t QO �QDt|Dv=U Q@ Crw 2 w 1� S=Drw w �|vRw OYQO 0 2 w 0 1
u} QDW}@ '1 V/cm S=Drw QO Saponin OQ@ Q=m =@ 'pY=L G}=Dv j@] "CU= xOW |@=} RQ=
xm|r=LQO &CU= xOt; CUOx@ �18 35 =@ Q@=Q@ ��0 1� |v=QL@ C_re QO hPL u=R}t
��0 3� CvDmiQwU C_re u} QDW}@ QO =Q s=N Civ R= �26 14 CU= xDUv=wD SDS

|v=QL@ C_re =@ |=yV}=tR; QO 2 V/cm x@ S=Drw V}=Ri= =@ |iQ] R= "Ovm hPL
"CU= xDi=} Ow@y@ OYQO 6-4 OwOL hPL u=tOv=Q '=yCvDmiQwU

b.khataei@modares.ac.ir
mokhtarani@modares.ac.ir
h-ganji@modares.ac.ir

'=yCvDmiQwU 'l}Dv}mwQDmr= '|Div |oOwr; 'l =N |x}iYD %|O}rm u=oS=w
"Saponin 'SDS

xtOkt "1
QO VwQ u}= [8]"OvwW|t =OH l =N R= |vw} CQH=yt w 'RtU=wQDmr= 'R}UQwiwQDmr=
|}=Q=m =yv; QO l =N |R=Ul =B |=yVwQ Q}=U xm 'u}}=B |Q}PBPwiv =@ |=yl =N

[10w9]"CU= xDi=} |QDW}@ OQ@ Q=m 'OvQ=Ov |@U=vt
|=yxOv}q; Ov=wD|t \ki l}Dv}mwQDmr= VwQ 'x}iYD |=yVwQ QDW}@ Ovv=ty
xOW?PH |=yxvwo CQwYx@ Ovv=wD|t =yxOv}q; [12w11]"Ovm =OH l =N R= =Q lQLDt
|Pivt `}=t QO jrat |O}�wrm C=QP x@ xOW?PH |=yxvwo 'l =N C=QP K]U x@
OwHw ?wUQ pFt Ot=H |=yxvwo =} 'l =N |Pivt `}=t QO pwrLt |=yxvwo 'l =N
OvDUy l =N |Pivt `}=t QO pwrLt CQwY x@ xm |}=yxOv}q; \ki "OvW=@ xDW=O
j} Q] R= Ovv=wD|t 'Ov=xOW ?PH l =N |Pivt `}=t QO jrat |O}�wrm C=QP x@ =} w
|}=yVwQ u}=Q@=v@ [11]"OvwW hPL l}Dv}mwQDmr= VwQ R}v w x}iYD |=yVwQ QDW}@
Q=m x@ hrDNt u=QoWywSB \UwD =yv; uOv=tlQLDt w =yxOv}q; pqLv= V}=Ri= |=Q@

"CU= xOW xDiQo
u} QDsyt RtU=wQDmr= u=} QH 'l}Dv}mwQDmr= VwQ x@ |r; |=yxOv}q; hPL QO
,qwtat '?; QO |r; |=yxOv}q; sm C}rqL Cra x@ |iQ] R= "CU= p=kDv= sU}v=mt
?}mQD l =N |wWDUW =} w nv}Wqi xrtH R= =yVwQ Qo}O =@ l}Dv}mwQDmr= VwQ

[13]"OwW|t
"OvDUy =yCvDmiQwU 'OvQ=O OQ@ Q=m l =N |wWDUW QO xm |O=wt xrtH R=
3R} Qo?; w 2CUwO?; xwQo wO Qy pt=W 1l}r}i}it; C=@}mQD '=yCvDmiQwU

'=yO}�wrmwvw}O=Q 'u}ovU C=Rri xrtH R= =yxOv}q; `=wv= x@ CU} R \}Lt |oOwr;
x@ QHvt 'C}=yv QO w &CU= V}=Ri= x@ wQ xr=U Qy l =vQ]N |r; C=@}mQD w
|=y|oOwr; "OW Oy=wN u=y=}o w 'u=Qwv=H 'u=Uv= |DtqU |=Q@ |OH C=Q]N
|m} 'u=yH QU=QU QO |Div CqwYLt x@ |oDU@=w V}=Ri= Cra x@ |Div
V}=Ri= =@ [2w1]"Ov=xOw@ xDWPo |=yxyO QO |]}LtCU} R |rY= |=y|v=Qov R=
|Div |=yu@ QmwQO}y x@ l =N |oOwr; 'xQ}NP |=ylv=D R= CWv w Civ O}rwD
lv=D Q=Ry 510 R= V}@ '2013 p=U QO US EPA VQ=Ro j@] "OQ=O xt=O=
=yu@ QmwQO}y pt=W u; u} QDW}@ w Ov=xDW=O CWv =m} Qt; QO |v}tRQ} R |xQ}NP
|=Q@ |Q=}U@ C=ar=]t 'CU} R \}Lt |oOwr; V}=Ri= p}rO x@ [3]"CU= xOw@
R}v CU} R \}Lt Q=ODUwO xm '=yxOv}q; |R=Ul =B VwQ u} QD=Q=m w u} QD?U=vt
xO=iDU= xOwr; j]=vt |R=Ul =B |=Q@ |irDNt |=yVwQ R= w xDiQo CQwY 'OW=@

[7�4]"CU= xOW
'OQm xQ=W= l}Dv}mwQDmr= VwQ x@ u=wD|t l =N |x}iYD |=yVwQ xrtH R=
Q=OQ=@ |=yxOv}q; XwYNx@ =yxOv}q; R= |Q=}U@ hPL QO |@U=vt |}=Q=m xm
u}@ R= sm COW =@ xD}U} QDmr= u=} QH 'QwmPt VwQ QO "OQ=O C=@ wUQ w l =N R=
|=yxO}OB j} Q] R= =yxOv}q;?}DQD u}= x@ "Ovm|t Qw@a l =N QO xDiQoQ=Qk |=yOwQDmr=

pw�Ut xOvU} wv �
"1394 8 3 VQ}PB '1394 7 12 x}LqY= '1394 3 11 Ci=} QO %M} Q=D
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ivh
PL|wWDUW |=Q@ =yCvDmiQwU `=wv= R= u=QoWywSB R= |Q=}U@ [19]"OvDUy l =N

CvDmiQwU OQ@ Q=m =@ '2011 p=U QO "Ov=xOQm xO=iDU= |r; O=wt x@ xOwr; |=yl =N
hPL u=tOv=Q x@ w xOW xDN=OQB s=N Civ x@ xOwr; l =N |wWDUW x@ Saponin

|}=Q=m |UQQ@ =@ p=U u=ty QO |Qo}O VywSB QO u}vJty [15]"Ov=xO}UQ �72
hPL OYQO ?}DQD x@ p}�wR=o hPL QO Tween 80 w Brij35 |=yCvDmiQwU
|wWDUW u}L '2009 p=U QO u}vJty [18]"Ov=xOQm VQ=Ro =Q 80-70 w 65-60
'8 mM C_re =@ 5 SDS CvDmiQwU OQ@ Q=m =@ pR}O CNwU x@ xOwr; l =N
PAH hPL |=Q@ 'R}v 2011 p=U QO [20]"CU= xOW pY=L �97 hPL u=tOv=Q
w xOW xO=iDU= triton X-100 w Tween 80 |=yCvDmiQwU R= l =N R=
`}=t C@Uv '5 g/L CvDmiQwU C_re '250 rpm uRty CaQU QO Ov=xDUv=wD
|OYQO 83 w 79 hPL x@ xk}kO 60 w 30 |wWDUW u=tR w 1 x@ 10 Ot=H x@
=yCvDmiQwU OQ@ Q=m j}irD [21]"Ov@=} CUO QwmPt |=yCvDmiQwU |=Q@ ?}DQD x@
QO 'p=Ft |=Q@ "CU= xOW xO=iDU= Qo}O C=ar=]t QO R}v l}Dv}mwQDmr= VwQ =@
VwQ x@ xOwr; l =N R= 6=yPCB hPL Ow@y@ |=Q@ '2014 p=U QO |}xar=]t
w CvDmiQwU u=wvax@ ?}DQD x@ C=irwUQB w Igepal CA-720 R= 'l}Dv}mwQDmr=
p=U QO u}vJty [13]"CU= xOW pY=L �38 hPL u=tOv=Q w xO=iDU= xOvvmO}Um =
QO l}Dv}mwQDmr= VwQ |}=Q=m Ow@y@ |=Q@ =Q Igepal CA-720 CvDmiQwU '2005
[22]"Ov=xDiQo Q=m x@ uoty=v l =N R= �7=yPAH |xOv}=tv u=wvax@� uQDv=vi hPL
X-100 CvDmiQwU =@ xDi=}Ow@y@ l}Dv}mwQDmr= VwQ '2010 p=U QO u}vJty
T=}kt QO Pd/Fe R= pmWDt� Q}PBPwiv |Wvm =w |=yxQ=w}O =@ j}irD QO triton

�13 R= hPL u=tOv=Q w |@=} RQ= 8 HCB x@ xOwr; l =N |x}iYD |=Q@ �wQm}t
|xOWs=Hv= VywSB QO [23]"CU= xOW xOv=UQ �60 x@ �l}Dv}mwQDmr= \ki |=Q@�
x=Qty x@ �l} QD}U O}U=� xOvvmC}r|m pt=a |r=wDt OQ@ Q=m '2014 p=U QO |Qo}O
xDiQo Q=Qk |UQQ@ OQwt =yPAH |m} QDmr= |x}iYD QO |vw} Q}e |=yCvDmiQwU
Nonidet P40 w Poloxamer 407 CvDmiQwU wO |Q}oQ=mx@ =@ Ov=xDUv=wD w
'2009 p=U QO u}vJty [24]"Ov@=} CUO �48 w �43 hPL u=R}t x@ ?}DQD x@
Ow@y@ CyH l}Dv}mwQDmr= VwQ QO u} QDUmOwrm}U=D@ p}Dt w pwv=D= pqL wO R=
p=U QO u}vJty [25]"CU= xOW xO=iDU= HCB x@ xOwr; |ak=w C=@ wUQ |x}iYD
=@ l}Dv}mwQDmr= VwQ x@ urw�=m TQ l =N R= uQDv=vi |x}iYD u=tOv=Q '2007
xDiy 4 R= TB w xDi=} Ow@y@ SDS w Brij 30 '9 APG CvDmiQwU ẁv 3 OQ@ Q=m
p=U QO |Qo}O |xDiQoCQwY VywSB QO [26]"Ov=xO}UQ �75 |@} QkD u=tOv=Q x@
xOW xO=iDU= DDT |x}iYD QO SDBS w Tween 80 CvDmiQwU 2 R}v 2007

[27]"CU=
l} xm 'OQ@ s=v =Q Saponin u=wD|t |OQ@ Q=m |=yCvDmiQwU xrtH R=
QO "CU= xOW x�=Q= 2 pmW QO u; Q=DN=U "CU= |vw} Q}e w |DU} R CvDmiQwU
xO=O u=Wv 3 pmW QO |}=}t}W Q=DN=U =@ |awvYt CvDmiQwU l} SDS 'p@=kt
w SDS |=yCvDmiQwU |=Q@ CMC Q=Okt 'xOWs=Hv= C=ar=]t j@] "CU= xOW

[28]"CU= xOw@ |vRw OYQO 0 1 w 0 2 =@ Q@=Q@ ?}DQD x@ Saponin

R= l}Dv}mwQDmr= VwQ x@ hPL Ov}=Qi Ow@y@ Qw_vt x@ 'Q[=L VywSB QO
QO "CU= xOW xO=iDU= C}rwQDmr= u=wvax@ SDS w Saponin CvDmiQwU wO
|x}iYD QO l}Dv}mwQDmr= VwQ |}=Q=m V}=Ri= 'VywSB u}= s=Hv= R= hOy `k=w
OQ@ Q=m w nv}Wqi VwQ =@ QwmPt VwQ j}irD j} Q] R= 's=N Civ x@ xOwr; l =N
S=Drw w =yCvDmiQwU C_re QDt=Q=B wO QF= u}vJty "CU= xOw@ =yCvDmiQwU
Q=Qk |UQQ@ OQwt x}iYD u=tOv=Q w l =N R= s=N Civ GwQN u=R}t QO xOWp=ta=

"CU= xDiQo

[14]"OvQ=O OQ@ Q=m |awvYt CQwYx@ sy w |a}@] CQwYx@ sy C=@}mQD u}= "OvDUy
�Civ l} QLD� |Div C=QP uOQw;QO CmQL x@ |rY= sU}v=mt wO |] =yCvDmiQwU
"OvwW|t l =N R= |Div C=@}mQD hPL Ow@y@ Ea=@ ?; QO |Div C=@}mQD pqLv= w
Vy=m '|L]Uu}@ VWm w |L]U VWm Vy=m |=yxO}OB 'l} QLD sU}v=mt QO
xm|r=L QO "Ov};|t OwHw x@ T=tD |x} w=R V}=Ri= w '|Q}PBC@ w]Q '|ov}} wt |wQ}v
|=ypU}t R} Qo?;VN@ pN=O x@ xOv}q; C=QP p=kDv= w `} RwD QF= QO 'C}rqL |xO}OB
p}mWD Qtwvwt OvJ uDUw}B sy x@ R= `k=w QO =ypU}t [15]"OwW|t s=Hv= CvDmiQwU
"OvDUy CUwO?; |HQ=N K]U w R} Qo?; |xDUy =@ |}xQm pmW x@ w OvwW|t
|v=QL@ C_re 'Ovvm|t |Q}opmW x@ ẁQW =ypU}t u; QO xm 'xOv} wW R= |D_re
QDW}@� O@=}|t V}=Ri= xOv} wW C_re xm |t=ovy "OwW|t xO}t=v 4�CMC� pU}t
'Qo}O CQ=@ax@ &CU= Q_vhQY p@=k =yQtwvwt C_re QO C=Q}}eD '�CMC R=
=Q =yQtwvwt pqLv= u=R}t CMC 'OvyO|t pU}t p}mWD xm |}=yxOv} wW |=Q@
sy =@ |O=} R Cw=iD |vw} Q}e w |vw}v; |=yxOv} wW QO CMC u=R}t "OyO|t u=Wv
=yCvDmiQwU ?wr]t pt=wa xrtH R= "CU= QDW}@ |vw}v; |=yxOv} wW QO w OvQ=O
|}=v=wD '|v=QL@ pU}t C_re '|L]U VWm Vy=m '|Q}PBpqLv= Ow@y@ u=wD|t
CvDmiQwU |=yQtwvwt C_re u} QDW}@ [16]"OQ@ s=v =Q |R=Uhm w '|oOvvm?w]Qt
xm OyO|t u=Wv 1 pmW "CU= |vw} Ctw=kt w =tO 'pH R= QF-=Dt w ?; QO
w |L]Uu}@ w |L]U VWm uwJ |}=yQDt=Q=B QO CvDmiQwU C_re xvwoJ
QD?U=vt CvDmiQwU 'OW=@ QDtm CvDmiQwU CMC xJ Qy "OQ=Po|t QF= C}rqL
R=}vOQwt |L]U VWm Vy=m |=Q@ u; R= |QDtm C_re =Q} R 'CU= QDQF-wt w

[17]"CU=
|irDNt pt=wa 'l}Dv}mwQDmr= |x}iYD QO ?U=vt CvDmiQwU ?=NDv= CyH
|DU} Rx} RHD C}r@=k '=yxOv}q; |x}iYD QO CvDmiQwU |}=Q=m w u=tOv=Q %Q}_v
|=Q@ x} RHD CqwYLt w CvDmiQwU C}tU 'x} RHD CqwYLt w CvDmiQwU
|xO=iDU= w '|R=UR=@ w Ci=} R=@ C}r@=k '|Swrwm = w 'u=Qwv=H 'u=y=}o '=yu=Uv=
ptL p@=k |m} QDmr= |=yQ=@ 'hrDNt |=ypH QO CvDmiQwU OQmrta 'OOHt
|Q}PBx} RHD '|rm Qw]x@ [18]"CiQo Q_v QO u=wD|t =Q xv} Ry w 'CvDmiQwU \UwD
x@ sm ?PH '|a}@] |=y=tO QO |v}tRQ} R ?; QO pqLv= 'sm C}tU '|DU} R
|L]U VWm 'l =N sm |oO}WNB '�3 R= QDtm C_re QO |}=Q=m 'l =N C=QP
|x}iYD |=Q@ CvDmiQwU ?wr]t |=y|oS} w xrtH R= |v=QL@ pU}t C_re w 'sm

C_re R= |a@=D u=wvax@ C}rqL w '|L]Uu}@ VWm '|L]U VWm "1 pmW
[17]"CvDmiQwU
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"l}Dv}mwQDmr= QwDm =Q l}D=tW "4 pmW
"xRwQ 7 V}=tR; |xQwO =@ xOW|L=Q] |=yV}=tR; C=YNWt "1 pwOH

xOWp=ta= S=Drw CvDmiQwU C_re CvDmiQwU V}=tR; hOy
(V/cm) �|vRw OYQO�

1 �� �� 1 Oy=W
1 0 1 SDS 2

ẁv QF= |UQQ@1 0 2 SDS 3
w1 0 3 SDS 4

CvDmiQwU C_re1 0 05 Saponin 5
1 0 1 Saponin 6
1 0 2 Saponin 7
2 0 2 SDS 8 S=Drw QF= |UQQ@00 0 1 Saponin 9

=yV}=tR; |xty QO u}vJty "CU= xOW pQDvm sw=Ot Qw] x@ �RtU=wQDmr= u=} QH w
6� 5� 1 cm O=a@= x@ 'C}i=Qo TvH R= pmW |r}]DUt K]Ut |=yOwQDmr= R=
QDtm |mOv= =yOwQDmr= O=a@= 'C}rwQDmr= pwrLt Qw@aCrwyU |=Q@ "CU= xOW xO=iDU=
QO xDiQoQ=Qk |=yOwQDmr= OwW|t |v}@V}B "CU= xOW ?=NDv= pwrU |rN=O O=a@= R=
RwQ@ CQwYQO xm 'OvwW |oOQwN Q=JO QwQt x@ |O}U= \}Lt p}mWD Cra x@ Ov;
"Ci=} Oy=wN V}=Ri= V}=tR; CkO 'O}OH |=yOwQDmr= uOQmu} Ro}=H =@ 'pmWt u}=
hqDN= s}_vD C}r@=k =@ s}kDUt u=} QH |x}PeD `@vt l} R= u=} QH p=ta= Qw_vt x@
QO "CU= xOW xO=iDU= QBt; 30 u=} QH COW |xv}W}@ =@ w Crw 50-0 p}Uv=DB
691 pOt Metrohm QDt pH x=oDUO R= pH |Q}oxR=Ov= |=Q@ Q[=L VywSB
OYQO |Q}oxR=Ov= w l =N |=yxvwtv uOQmlWN |=Q@ u}vJty "CU= xOW xO=iDU=
G=QNDU= |=Q@ R}v w ui ?] =Q; CmQW CN=U |r=D}H}O |QD}r 55 uw; 'C@ w]Q
TOG/TPH Analyzer x=oDUO R}v u; C_re u}}aD w |Div |=yxvwtv R}r=v; w

"CU= xOW xO=iDU= InfraCal CmQW CN=U

Q=m s=Hv= VwQ w =yV}=tR; |L=Q] "2"2
Qy |=Q@ =yu; QO xm 'Ov=xOW |L=Q] 1 pwOH j@] |}=yV}=tR; 'Q[=L VywSB QO
Ot �u; R= QDW}@ w 'QDtm |=yC_re 'pU}t |v=QL@ C_re� C_re 3 'CvDmiQwU
?=NDv= 1 V/cm =@ Q@=Q@ S=Drw u=}O=Qo 'QwmPt |=yV}=tR; QO "CU= xDiQo Q=Qk Q_v
2 V/cm S=Drw QO =yCvDmiQwU |v=QL@ C_re QO V}=tR; wO TBU "CU= xOW
=@ Q@=Q@ s=N Civ C_re =yV}=tR; s=tD QO CU= QmP x@ sRq "CU= xOW s=Hv= R}v

"CU= xOw@ RwQ 7 =@ Q@=Q@ =yV}=tR; s=Hv= u=tR COt w 6000 mg/Kg

[29]"Saponin |}=}t}W Q=DN=U "2 pmW

[30]"SDS |}=}t}W Q=DN=U "3 pmW

=yVwQ w O=wt "2
xO=iDU= OQwt C=R}yHD w O=wt "1"2

xOW s=Hv= xv=OR} Q xU=t w urw�=m TQ l =N |wQ Q@ =yV}=tR; 'Q[=L VywSB QO
QO `k=w u=Q}= |v}J l =N `}=vY |xv=NQ=m R= AWNK1-T Om =@ TQ l =N "CU=
|Q=OQ@xQy@CmQW R= '775 gr/lit |r=oJ =@ R}v R=}vOQwt s=NCiv w OvQt u=DUQyW

"CU= xOW x}yD |Q=H=k; R=o w Civ
x@ xOwr; |=yl =N |} wWl =N |xv}tR QO xOWs=Hv= C=ar=]t x@ xHwD =@
|=yV}=tR; QO w xOW ?=NDv= SDS w Saponin CvDmiQwU wO '|Div O=wt
CmQW R= SDS CvDmiQwU "Ov=xDiQ Q=mx@ C}rwQDmr= pwrLt u=wvax@ l}Dv}mwQDmr=
CmQW R= 'quillaja brak R= xOt; CUOx@ Saponin CvDmiQwU w Merck

"CU= xOW x}yD Sigma Aldritch

'ur}D=wQrm =QDD pqL R= w 'l =N w Civ uoty \qDN= |=Q@ u)DU= pqL R=
u; C_re |Q}oxR=Ov= w s=N Civ G=QNDU= |=Q@ lWN s}OU C=irwU w 'pS=m}r}U

"CU= xOW xO=iDU=
R= p}]DUt ?amt pmW x@ l}Dv}mwQDmr= pwrU l} R= Q[=L VywSB QO
xOW xO=iDU= 4 pmW j@=]t 30 � 6 � 5 cm O=a@= x@ w Tqo|UmrB TvH
|Q}oQ=Qk pLt 'QDt|Dv=U 18 pw] x@ |v=}t |x_iLt 'QwmPt sDU}U QO "CU=
|x_iLt "OvDUy C}rwQDmr= |=ypwrLt uDN} Q CyH u}iQ] |=yx_iLt w l =N
R= l}DUqB TvH R= l@Wt C=LiY \UwD l =N |Q}oQ=Qk pLt w =yC}rwQDmr=
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S=Drw QDt=Q=B wO V}=Ri= 'SDS OQ@ Q=m =@ xm CiQo xH}Dv xvwou}= u=wD|t |rm Qw]x@
QF= hPL u=tOv=Q QO u=R}t l} x@ ,=@} QkD 'CMC R= V}@ x@ CvDmiQwU C_re w
Q@ S=Drw V}=Ri= QF= 'Saponin OQ@ Q=m =@ |iQ] R= "Ov=xO=O Ow@y@ =Q u; w xDW=Po
V}@ x@ CvDmiQwU C_re V}=Ri= =@ xm |r=L QO &CU= xOw@ QDW}@ hPL u=tOv=Q
"CU= xDi=} Vy=m |mOv= |DL w xDW=Ov |v=OvJ Q}}eD hPL u=tOv=Q 'CMC R=

"hrDNt |=yV}=tR; QO hPL u=tOv=Q u=R}t "9 pmW

|DL=Q x@ xOv}q; 'l =N w xOv}q; 'CvDmiQwU u}@ |i=[= |=yVvm =wCra x@ w xOQm
|Div C=QP l} QLD Cra x@ xm OQ=O OwHw p=tDL= u}= "CU= xOWv =OH l =N R=
Q=Okt u} QDtm x@ |L]Uu}@ w |L]U VWm |=ywQ}v 'QwmPt |oOwr; C_re QO

[15]"OvUQ|t OwN
R}v Saponin CvDmiQwU =@ V}=tR; QO S=Drw V}=Ri= QF= 'Q[=L VywSB QO
QO CvDmiQwU |v=QL@ pU}t C_re =@ V}=tR; Qw_vt u}O@ "CU= xOW |UQQ@
QO �9 w 6 |=yV}=tR;� pY=L G}=Dv "CU= xOW Q=QmD 2 V/cm S=Drw u=}O=Qo
w xOW Q=QmD p@k |xH}Dv 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW x�=Q= 8 pmW
�OYQO 22 12 x@ 18 35 R=� �4 u=R}t x@ s=N Civ hPL u=R}t 'S=Drw V}=Ri= =@
uOWQD|wk w S=Drw V}=Ri= =@ xm CiQo xH}Dv u=wD|t u}=Q@=v@ "CU= xDi=} V}=Ri=
R= |QDW}@ Q=Okt w xDi=} V}=Ri= RtU=wQDmr= u=} QH u=R}t 'sm =L |m} QDmr= u=O}t

"OwW GQ=N l =N R= CU= xDUv=wD s=N Civ
Qw]u=ty "CU= xOW x�=Q= =yV}=tR; s=tD QO s=NCiv hPL u=tOv=Q '9pmW QO
C_re '|v=QL@ pU}t C_re =yCvDmiQwU R= l} Qy |=Q@ 'CU= xOW u=}@ ,q@k xm
RwQ 7 COt x@ =yV}=tR; u}= "CU= xOW xDiQo Q_v QO u; R= QDW}@ C_re R}v w QDtm
|=yV}=tR; 'S=Drw Q}}eD QF= |UQQ@ |=Q@ 'xt=O= QO w s=Hv= 1 V/cm S=Drw CLD w

"Ov=xOW Q=QmD 2 V/cm S=Drw QO |v=QL@ pU}t C_re =@
CvDmiQwU |=yV}=tR; QO ?}DQD x@ 'OwW|t xOy=Wt 9 pmW QO xm Qw]u=ty
'QDt|Dv=U Q@ Crw 2 x@ 1 R= S=Drw V}=Ri= R}v w CvDmiQwU C_re V}=Ri= =@ 'SDS

27 44 '21 6 '17 31 =@ Q@=Q@ ?}DQD x@� l =N R= |Div O=wt GwQN u=R}t u} QDW}@
'Saponin CvDmiQwU OQ@ Q=m =@ xm|r=LQO "CU= xOW pY=L �OYQO 26 14 w
x@ �18 35 =@ Q@=Q@ �|vRw OYQO 0 1� u; |v=QL@ C_re QO hPL u=R}t u} QDW}@
'CvDmiQwU C_re V}=Ri= w Vy=m =@ R}v Qo}O V}=tR; 2 QO "CU= xOt; CUO
xOy=Wt u}vJty "CU= xOW pY=L OYQO 17 83 w 12 77 =@ Q@=Q@ hPL u=tOv=Q

=yCWwv=B
1. Amphiphilic
2. hydrophilic
3. hydrophobic

4. critical micelle concentration
5. dodecyl sulfate sodium salt
6. poly chlorinated biphenyls
7. poly cyclic aromatic hydrocarbons
8. hexa chloro benzene
9. alkyl poly glucoside
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