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?4.1%!$%-!34"+@)%-!
AB!:C?D89EF?:8C !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "!

/1/!-,)4!4!!5*!64764 """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" #!
/18!9::;*5<4)!-=6<*+*>*?,@A4) """"""""""""""""""""""""""""""""""""""""""""""""""" $!
/1B!;=C=;4!54) """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %&!

=B!:9GC?:H:FI?:8C!9G7!;IDFJ!7!58D?GED7 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #$!
81/!!A6;,6,*!!<A-9,!4!46!)*,!)!5*;:*;4>) """""""""""""""""""""""""""""""""""""""""" %'!
2.1.1!Suppléments!alimentaires!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "#!
2.1.2!Produits!de!santé!naturels!–!nutraceutiques !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "$!
2.1.3!Cosmétique !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "%!

818!!A6;,6,*!!9!,-9>4"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %#!
2.2.1!Aquaculture!:!alimentation!et!pigmentation!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "%!
2.2.2!Agriculture!:!suppléments!nutritionnels !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! "&!
2.2.3!Animaux!de!compagnie!et!aquariophilie!:!suppléments!alimentaires !!!!!!!!!!!!!!!!!!!! '(!

81B!;45<4;5<4)!D,*-=+,59>4)!46!D,*:<9;-954A6,@A4) """""""""""""""""""""""""""""""" (%!
2.3.1!Les!sources!naturelles!de!médicaments!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! '"!

81E!4!F,;*!!4-4!6""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" (&!
2.4.1!Réduction!de!rejets!liquides!polluants!–!traitement!des!eaux!usées !!!!!!!!!!!!!!!!!!!!! ')!
2.4.2!Traitement!des!émissions!de!gaz!effet!de!serre!et!production!de!biocarburants !!!!!!!!!!!! '#!

81G!;=C=;4!54) """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" (#!
KB!DGFGC7G;GC?!9G!5D89E:?7!ILGF!9G7!;:FD8IMNEG7!!!!!!!!!!!!!!!!!!!!!!!! %&!

B1/!5*!)*--96,*!!<A-9,!4!46!)*,!)!5*;:*;4>) """"""""""""""""""""""""""""""""""""" ()!
B18!5*!)*--96,*!!9!,-9>4 """"""""""""""""""""""""""""""""""""""""""""""""""""""" (*!
B1B!;=C=;4!54) """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" '%!

OB!85?:;:7I?:8C!9G7!F8C9:?:8C7!9G!FEM?EDG!G?!9G!5D89EF?:8C!9G!
;:FD8IMNEG7 !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! $'!
E1/!59;956=;,)6,@A4)!;45<4;5<=4)!:*A;!>9!:;*+A56,*!!+4!-,5;*9>?A4) """"""""""""""" '&!
E18!*:6,-,)96,*!!+4)!C9564A;)!+4!5;*,))9!54!+4)!-,5;*9>?A4) """""""""""""""""""""""" ''!
4.2.1!Lumière!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ##!

E181/1/!:H"(""IJHIKI(I"J """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" '#!
4.2.2!Température !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #%!
4.2.3!Carbone!et!pH !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #%!
4.2.4!Éléments!nutritifs !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #*!

E1B!-*+4!+4!:;*+A56,*!!+4!>9!D,*-9))4!-,5;*9>?9>4 """""""""""""""""""""""""""""""" '$!
4.3.1!Les!photobioréacteurs!avec!agitation!pneumatique!à!éclairage!externe!!!!!!!!!!!!!!!!!!! $$!
4.3.2!Les!colonnes!à!bulle!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! $$!
4.3.3!Les!photobioréacteurs!à!circulation!interne !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! $&!
4.3.4!Photobioréacteur!à!éclairage!interne !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! %'!
4.3.5!Photobioréacteurs!à!chambre!de!croissance!horizontale !!!!!!!!!!!!!!!!!!!!!!!!!!!!!! %$!

E1E!;=C=;4!54) """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" $%!
PB!LIM8D:7I?:8C!9G7!Q:8;I77G7R!9G7!5D89E:?7!G?!9G7!F85D89E:?7 !!!!!!!!! ($!

G1/!:;*+A,6)!L!F9>4A;!9M*A6=4!476;9,6)!+4!-,5;*9>?A4) """""""""""""""""""""""""""""" $'!
5.1.1!Cyanobactéries!(Cyanophycées!ou!Algues!Bleues) !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! *#!

03080B/083"&$N/! +,-.!%! (//#0%/0/#!



5.1.2!Lignée!des!Algues!Brunes!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! +"!
5.1.3!Les!Alveolata!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! &'!
Deux!formes!de!glycoside!démontrent!une!activité!hémolytique!très!importante!dont!les!applications!
potentielles!dans!les!secteurs!de!marchés!très!diverses!(médicales,!pharmaceutiques,!agroalimentaires!
et!cosmétiques)!sont!possibles.!Néanmoins,!l’utilisation!de!ces!composés!devra!être!très!règlementée!à!
cause!de!l’extrême!toxicité!pour!les!poissons!et!les!autres!animaux!aquatiques. !!!!!!!!!!!!!!!! &%!
5.1.4!Lignée!des!Algues!Vertes !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! &+!

G18!;=C=;4!54) """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %%1!
<B!5GD75GF?:LG7!G?!DGF8;;IC9I?:8C7!58ED!MI!DGFJGDFJG!G?!
9!LGM855G;GC?!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #%'!
31/!;=C=;4!54) """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %&1!

ICCGSG!A!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #')!
ICCGSG!=!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! #'(!

!
!

F'*")+.#"+'*-!4#!)4((')"!
!
F04)2,!$%!()'T%"!O!! ! 9PQIJ!?RIPP"RS!:H+S!5;D-!
;4)/0,-!U!! ! ! 9TUPI$!<R%US!-1D191S!5;D-!
F#1"#)%!%"!()'$#/"+'*!U!! ?RV!FI$PS!-1!4JN1S!:H+S!5HQJ(QP!DU&RKUS!-1!)W1S!5;D-!
L41')+-4"+'*!U! ! 9PQIJ!?RIPP"RS!5;D-!!
5%)-(%/"+V%-!D"9!U! ! C&U#U&IWX!DP"RIJS!-1!)W1S!?RV!FI$PS!5;D-! !
D,V+-+'*!U!! ! ! MQWYR$Z"9J#&U!)(":I$&&$S!:H+S!?RV!FI$PS!5;D-!
! ! ! ! !

9JJ$[$!/!O!F"P$(!JR(&QW$R(IYR$!
!
M$QJ"5PQR#$!-IWHQR#S!?;-S!A@9;"5QT%RZ!#$!;IT"RZXI!
)R\QJJ$!:$PP$(I$&S!A@9;"!5QT%RZ!#$!>UNIZ!
=&IW!DU]IJS!%&"^$ZZI"JJ$P!#$!&$WH$&WH$!
!
9N$W!PQ!W"PPQK"&Q(I"J!#$!O!
+$JIZ!;H$QRP(S!5"JZ$IPP$&!#UN$P"%%$T$J(!#$!TQ&WHU!
FQPU&I$!:$PP$(I$&S!%&"^$ZZI"JJ$PP$!#$!&$WH$&WH$!
;"Z$!-Q&V!D$J#$\_S!=(R#IQJ($!?;-!
)"JIQ!+RKUS!%&"^$ZZI"JJ$PP$!#$!&$WH$&WH$!
!

!"! #$%&'"()! "*)! +,"()-./"! 0/$0/-1)1! #&! !"()/"! #"! /"%2"/%2"! *&/! +"*! 3-$)"%2($+$4-"*! '5/-("*!
6!789:!")!#"!+5!;$%-1)1!#"!#1<"+$00"'"()!#"!+,-(#&*)/-"!'5/-%$+"!6;=>?9:@!A$&)"!)/5(*%/-0)-$(!
")!/"0/$#&%)-$(!#"!%"!#$%&'"()!"*)!*)/-%)"'"()! -()"/#-)"!05/!B&"+B&"!'$C"(!B&"!%"!*$-)!")!0$&/!
B&"+B&"!&*54"!B&"!%"!*$-)!D!'$-(*!#,&("!5&)$/-*5)-$(!1%/-)"!#&!!789!")!#"!+5!;=>?9@!
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:*$%W!$%-!"4.1%4#W!
!

69D>49A!/1!?4!;4)!46!4):`54)!+4!-,5;*9>?A4)!C*A;;9?4)!5*A;9--4!6!A6,>,)=4)!4!!

9@A95A>6A;4 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %)!
69D>49A!81!-,5;*9>?A4)!A6,>,)=4)!:*A;!:,?-4!64;!+4)!4):`54)!+a=>4F9?4)!9@A95*>4)!

+,;4564-4!6!*A!)*A)!C*;-4!+a476;9,6)!;,5<4)!4!!:,?-4!6)!59;*6=!*b+4) """""""""""" %*!
69D>49A!B1!474-:>4)!+4!:;*+A,6)!L!D9)4!+4!-,5;*9>?A4)!46!:;=64!6,*!!+4)!:;*:;,=6=)!c!

!A6;,6,*!!<A-9,!4!46!)*,!)!5*;:*;4>) """"""""""""""""""""""""""""""""""""""""""" &/!
69D>49A!E1!474-:>4)!+4!:;*+A,6)!L!D9)4!+4!-,5;*9>?A4)!46!:;=64!6,*!!+4)!:;*:;,=6=)!c!

!A6;,6,*!!9!,-9>4""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" &)!
69D>49A!G1!5*-:9;9,)*!!+4)!+,CC=;4!6)!)d)6`-4)!+4!5A>6A;4)!+4!-,5;*9>?A4)!O!9F9!69?4)!46!

,!5*!F=!,4!6) """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 1/!
69D>49A!31!,+4!6,C,596,*!!+4!),64)!+4!:;*+A56,*!!+4!-,5;*9>?A4)!9A!!,F49A!!96,*!9>!46!

,!64;!96,*!9> """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ##!
69D>49A!.1!-*>=5A>4)!956,F4)!476;9,64)!+4)!5d9!*D956=;,4)"""""""""""""""""""""""""""" $#!
69D>49A!21!-*>=5A>4)!956,F4)!476;9,64)!+4)!D95,>>9;,*:<d5494""""""""""""""""""""""""" )&!
69D>49A!e1!-*>=5A>4!956,F4!476;9,64!+4)!5<;d)*:<d5494 """""""""""""""""""""""""""""" )1!
69D>49A!/01!-*>=5A>4)!956,F4)!476;9,64)!+4)!:<94*:<d5494"""""""""""""""""""""""""""" )$!
69D>49A!//1!:;,!5,:9>4)!,!6*7,596,*!)!<A-9,!4)!59A)=4)!:9;!>4)!6*7,!4)!+4!+,!*C>9?4>>=)!f

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" *&
69D>49A!/81!-*>=5A>4)!956,F4)!476;9,64)!+4)!+,!*C>9?4>>=)"""""""""""""""""""""""""""" *'!
69D>49A!/B1!-*>=5A>4)!956,F4)!476;9,64)!+4)!<9:6*:<d5494"""""""""""""""""""""""""""" *$!
69D>49A!/E1!-*>=5A>4)!956,F4)!476;9,64)!+4)!5<>*;*:<d5=4)!g-,5;*9>?A4)h """""""""""" %//!
69D>49A!/G1!-*>=5A>4)!956,F4)!476;9,64)!+4)!A>F*:<d5=4)!g-95;*9>?A4)h """""""""""""" %/&!
69D>49A!/31!-*>=5A>4)!956,F4)!476;9,64)!+4)!;<*+*:<d64)!A!,54>>A>9,;4)!g-,5;*9>?A4)h %/#
69D>49A!/.1!-*>=5A>4)!956,F4)!476;9,64)!+4)!;<*+*:<d64)!:>A;,54>>A>9,;4)!g-95;*9>?A4)h

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" %/)
69D>49A!/21!9::;*5<4!?=!=;9>4!+4!>9!;"+!)A;!>4)!-,5;*9>?A4)!O!6<=-96,@A4!+4!;45<4;5<4%&&

!
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:*$%W!$%-!X+2#)%-!
!
C,?A;4!/1!,>>A)6;96,*!!+#A!!9>,-4!6!C*!56,*!!4>!+,):*!,D>4!4!!=:,54;,4 """"""""""""""""" %1!
C,?A;4!81!474-:>4!+4!:;*+A,6!+4!)9!6=!!96A;4>!9F45!-,5;*9>?A4)""""""""""""""""""""""" %#!
C,?A;4!B1!474-:>4!+4!:;*+A,6!:*A;!9!,-9A7!+4!5*-:9?!,4 """""""""""""""""""""""""""""" (/!
C,?A;4!E1!)*A;54!+4!6*A)!>4)!!*AF49A7!-=+,59-4!6)!9::;*AF=)!4!6;4!/e2/"8008 """""""""" ((!
C,?A;4!G1!)*A;54!+4!6*A)!>4)!-=+,59-4!6)!9!6,59!5=;4A7!+,):*!,D>4!4!6;4!/eE0"8008 """"" ((!

!
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AB!:*")'$#/"+'*!
>$!TQJ#Q(!W"J^IU!QR!5$J(&$!#$!&$WH$&WH$!ZR&!P$Z!KI"($WHJ"P"]I$Z!TQ&IJ$Z!g5;D-h!%Q&!PQ!
)"WIU(U!#$!#UN$P"%%$T$J(!#$! PaIJ#RZ(&I$!TQ&IW"P$! ,JW1! g)*+,-h!W"JZIZ($!i! &UQPIZ$&!RJ$!
U(R#$!#a"%%"&(RJI(U!%$&T$((QJ(!#aI#$J(I^I$&!#$Z!%IZ($Z!#$! &$WH$&WH$! $(!#UN$P"%%$T$J(!
^QN"&QKP$! QR! #UN$P"%%$T$J(! #R&QKP$! #aRJ! Z$W($R&! IJ#RZ(&I$P! #$! %&"#RW(I"J! #$!
TIW&"QP]R$Z!#QJZ!PQ!&U]I"J!#R!@RUK$W!TQ&I(IT$1!!
!
Objectifs!de!l’étude!!

>$Z!"K'$W(I^Z!Z%UWI^IYR$T$J(!WIKPUZ!%Q&!PaU(R#$!Z"J(!P$Z!ZRINQJ(Z!O!!

!! ,#$J(I^IWQ(I"J!#$Z!TQ&WHUZ!%"&($R&Z1!

!! ,#$J(I^IWQ(I"J! #$Z! %&"'$(Z! #$! %&"#RW(I"J! #$! TIW&"QP]R$Z! QR! JIN$QR!
JQ(I"JQP!$(!IJ($&JQ(I"JQP1!

!! *%(ITIZQ(I"J!#$Z!W"J#I(I"JZ!#$!WRP(R&$!$(!#$!%&"#RW(I"J!#$!TIW&"QP]R$Z1!

!! FQP"&IZQ(I"J!#$Z!KI"TQZZ$ZS!#$Z!%&"#RI(Z!$(!#$Z!W""%&"#RI(Z1!
Qh! DI"TQZZ$Z! TIW&"QP]QP$Z! #a$Z%jW$Z! IJ#I]jJ$Z! NZ! #a$Z%jW$Z!

$["(IYR$Z!
Kh! :&"#RI(Z! i! NQP$R&! Q'"R(U$! $[(&QI(Z! #$! TIW&"QP]R$Z! NZ! #$!

TQW&"QP]R$Z!

!! ;U%$&("I&$!#$!%&"#RI(Z!$[IZ(QJ(Z1!

!! )(&RW(R&$!#$!#IZ(&IKR(I"J!#$Z!%&"#RI(Z1!!

6"RZ! P$Z! "K'$W(I^Z! #R! (&QNQIP! #$! &$WH$&WH$! "J(! U(U! &UQPIZUZ! %Q&! PaUYRI%$! #R! 5;D-! i!
Pa$[W$%(I"J! #R! #$&JI$&S! W"JW$&JQJ(! Z%UWI^IYR$T$J(! PQ! Z(&RW(R&$! #$! #IZ(&IKR(I"J! #$Z!
%&"#RI(ZS!(&QI(U!%Q&!P$!]&"R%$!#$!PaAJIN$&ZI(U!#R!@RUK$W!i!;IT"RZXI!gA@9;h1!

03080B/083"&$N/! +,-.!1! (//#0%/0/#!



E@E!9-*"!"(!%$()"F)"!
+aIWI! P$Z!NIJ](!%&"WHQIJ$Z!QJJU$ZS! P$!#UN$P"%%$T$J(!#$Z!QW(INI(UZ!QYRIW"P$Z!T"J#IQP$Z!
Z$&Q!$J!^"&($!W&"IZZQJW$!Q^IJ!#$!&U%"J#&$!i!PaQR]T$J(Q(I"J!#$!PQ!#$TQJ#$!#$Z!^&RI(Z!#$!
T$&!W"TKIJU$!i! PQ!Z(Q]JQ(I"JS!$(!#QJZ!W$&(QIJZ!WQZS!i! PQ!#UW&"IZZQJW$!#$! PaIJ#RZ(&I$!#$Z!
%kWH$Z1! >Q! %&"#RW(I"J! #$! KI"TQZZ$Z! #$!TIW&"QP]R$Z! $Z(! PaRJ! #$Z! Z$W($R&Z! QYRIW"P$Z!
QW(R$PP$T$J(! $J! UT$&]$JW$! N"RU! i! RJ$! ^"&($! W&"IZZQJW$1! 4J! $^^$(S! P$Z! #I^^U&$J($Z!
W"TKIJQIZ"JZ! #$! YR$PYR$Z! $Z%jW$Z! #$! TIW&"QP]R$Z! Z"J(! $J! T$ZR&$! #$! W"TKP$&! P$Z!
K$Z"IJZ!JR(&I(I"JJ$PZ!#aRJ!(&jZ!]&QJ#!J"TK&$!#a"&]QJIZT$Z!#aUP$NQ]$!QYRIW"P$!$(!W$S!#$Z!
Z(Q#$Z!PQ&NQI&$Z!QR[!&$%&"#RW($R&Z!$J!%QZZQJ(!%Q&!P$Z!QJITQR[!$J!W&"IZZQJW$1!!

+$!%PRZS! IP! ^QR(!QRZZI!Z"RPI]J$&!YR$! P$Z!TIW&"QP]R$Z!"J(!#UN$P"%%US!#R&QJ(! P$R&! P"J]R$!
UN"PR(I"JS! #$Z! N"I$Z! TU(QK"PIYR$Z! T$JQJ(! i! PQ! %&"#RW(I"J! $(! i! PaQWWRTRPQ(I"J! #$!
W"T%"ZUZ!QW(I^Z!%&UZ$J(QJ(!RJ! IJ(U&k(!%"R&!%PRZI$R&Z! Z$W($R&Z! IJ#RZ(&I$PZ!O! WHITI$! ^IJ$S!
IJ]&U#I$J(Z! JR(&QW$R(IYR$ZS! W"ZTUW$R(IYR$ZS! %&"#RI(Z! %HQ&TQW$R(IYR$Z! $(!!
KI"TQ(U&IQR[1! @R$PYR$Z! $Z%jW$Z! #$!TIW&"QP]R$Z! "R! P$R&Z! $[(&QI(Z! Z"J(! #U'i! R(IPIZU$Z!
W"TT$! ZR%%PUT$J(Z! JR(&I(I^Z! $(! QPIT$J(QI&$Z! %"R&! Pa<"TT$! $(! WH$\! P$Z! QJITQR[!
#aUP$NQ]$!$(!#$!W"T%Q]JI$1!

9W(R$PP$T$J(S! Z$RP$T$J(! YR$PYR$Z! W"T%"ZUZ! $[(&QI(Z! #$! TIW&"QP]R$Z! %&UZ$J($J(! RJ!
ZRWWjZ! W"TT$&WIQP! #QJZ! P$! Z$W($R&! #$Z! IJ]&U#I$J(Z! JR(&QW$R(IYR$ZlW"ZTUW$R(IYR$Z!
IJWPRQJ(! P$Z!%&"#RI(Z!#$! ZQJ(U!JQ(R&$PZ! g:)!h!$(!%PRZ! PQ&]$T$J(!#$! PQ! WHITI$! ^IJ$1!>$Z!
W"T%"ZUZ! %HQ&$Z! &$]&"R%$J(! YR$PYR$Z! %I]T$J(Z! WQ&"(UJ"m#$Z! QJ(I"[V#QJ(Z!
g9Z(Q[QJ(HIJ$S! ""WQ&"(jJ$S! \UQ[QJ(HIJ$S! $(W1hS! #$Z! QWI#$Z! ]&QZ! %"PVIJZQ(R&UZ! #$! (V%$!
"T$]Q"B!g4:9l+<9h!$(!W$&(QIJZ!TQ&YR$R&Z!^PR"&$ZW$J(Z!g%HVW"KIPIJ$Zh1!!

>$! ($&T$!TIW&"QP]R$! W"T%&$J#! %Q&! #U^IJI(I"J! P$Z! "&]QJIZT$Z!TIW&"ZW"%IYR$Z! RJI"! $(!
"PI]""W$PPRPQI&$! ]UJU&QP$T$J(! %H"("(&"%H$ZS! i! PQ! KQZ$! #$! PQ! WHQnJ$! QPIT$J(QI&$! $(!
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4PP$Z! %$RN$J(! k(&$! W"TT$&WIQPIZU$Z! Z"RZ! ^"&T$! #$! KI"TQZZ$Z! ZjWH$Z! "R! Z"RZ! ^"&T$!
#a$[(&QI(ZS! W"TT$! %Q&! $[$T%P$! RJ$! HRIP$! &IWH$! $J! QZ(Q[QJ(HIJ$! g%I]T$J(! WQ&"(UJ"m#$!
&"R]$h1!>aITT$JZ$!%"($J(I$P!#$Z!TIW&"QP]R$Z!$Z(!$JW"&$!TQP!$[%P"I(U1!,P!$Z(!UNI#$J(!YR$!
%PRZI$R&Z!R(IPIZQ(I"JZ!$(!Z$W($R&Z!#$!TQ&WHU!Z"J(!i!#UN$P"%%$&!"R!i!IJN$J($&1!

9W(R$PP$T$J(S!P$!%PRZ!]&"Z!TQ&WHU!#$Z!TIW&"QP]R$Z!$Z(!W$&($Z!W$PRI!#$!PQ!W"JZ"TTQ(I"J!
HRTQIJ$1!L! PRI!Z$RPS! IP!&$%&UZ$J($!%PRZ!#$!.G!z!#$! PQ!%&"#RW(I"J!T"J#IQP$!QJJR$PP$!#$!
TIW&"QP]R$Z!g:A>y!$(!?;*))S!800Eh1!F"IWI!RJ!("R&!#aH"&I\"J!#$Z!TQ&WHUZ!YRI!Za"RN&$J(!
i!PQ!WRP(R&$!#$Z!TIW&"QP]R$Z1!!

G@E!J&)/-)-$(!2&'5-("!")!*$-(*!%$/0$/"+*!!

2.1.1!Suppléments!alimentaires!

>$Z!TIW&"QP]R$Z! Z"J(!i! PQ!KQZ$!#aRJ$! P"J]R$! WHQnJ$! QPIT$J(QI&$! $(! W"J(I$JJ$J(! i! $PP$Z!
Z$RP$Z!#$Z!%&"%&IU(UZ!JR(&I(I"JJ$PP$Z!IT%&$ZZI"JJQJ($Z1!:PRZI$R&Z!TIW&"QP]R$Z!Z"J(!("R(!i!
^QI(!Q%%&"%&IU$Z!%"R&!PQ!W"JZ"TTQ(I"J!HRTQIJ$1!5$&(QIJ$Z!%$&Z"JJ$Z!W&"I$J(!TkT$!YR$!
P$Z!TIW&"QP]R$Z! %"R&&QI$J(! Q%%"&($&! RJ$! %Q&(I$! #$! PQ! Z"PR(I"J! i! PQ!TQPJR(&I(I"J! #QJZ!
T"J#$1!:Q&!$[$T%P$S!YR$PYR$Z!%&"]&QTT$Z!"J(!U(U!TIZ!ZR&!%I$#!%"R&!($Z($&!P$Z!KI$J^QI(Z!
#$! PQ!Z%I&RPIJ$!ZR&! PQ!W&"IZZQJW$!#a$J^QJ(Z!#QJZ!#$Z! &U]I"JZ!#U^QN"&IZU$Z!#R!]P"K$1!AJ!
K"J!$[$T%P$!$Z(!9J($JJQ!6$WHJ"P"]I$ZS!QZZ"WIQ(I"J!YRI!&$]&"R%$!%PRZI$R&Z!Z%UWIQPIZ($Z!
YRI! ($J($J(! #$! &$J#&$! QWW$ZZIKP$! PQ! ($WHJ"P"]I$! %"R&! PQ! WRP(R&$! #$! Z%I&RPIJ$! i! #$Z!
%"%RPQ(I"JZ!%PRZ!#UTRJI$Z1!!

>$Z!TIW&"QP]R$Z! P$Z!%PRZ! Z"RN$J(! &$(&"RNU$Z! ZR&! P$!TQ&WHU!#$! PaQPIT$J(Q(I"J!HRTQIJ$!
Z"J(!P$Z!Z%I&RPIJ$Z!gSpirulina!Z%1h!#R!]&"R%$!#$Z!WVQJ"%HVWU$Z!$(!P$Z!WHP"&$PP$Z!gChlorella!
Z%1h!RJ$!QP]R$!N$&($1!>Q!9C9! gAphanizomenon!Flos!AquaehS!RJ$!QR(&$!WVQJ"%HVWU$!TQIZ!
#RPWIW"P$S! QIJZI! YR$! P$Z! Dunaliella! gQP]R$! N$&($h! Z"J(! QRZZI! (&jZ! KI$J! &$%&UZ$J(U$Z1!
;UW$TT$J(S!$J!8008S! Pa9]$JW$!C&QJpQIZ$!#$!)UWR&I(U!)QJI(QI&$!#$Z!9PIT$J(Z! g9C))9h!Q!
QR("&IZU! PaR(IPIZQ(I"J! $J! C&QJW$!#aRJ$!#IQ("TU$!TQ&IJ$S!Odontella! auritaS! i!#$Z! ^IJZ!#$!
W"JZ"TTQ(I"J! HRTQIJ$S! W"TT$! ZR%%PUT$J(! QPIT$J(QI&$1! >Q! Z%I&RPIJ$! $Z(! &$W"JJR$!
W"TT$! RJ$! Z"R&W$! W"T%Pj($! #$! %&"(UIJ$Z! $J! %PRZ! #$! W"J($JI&! %PRZI$R&Z! NI(QTIJ$Z! $(!
TIJU&QR[1!>Q! Z%I&RPIJ$! $Z(! W"T%"ZU$! i! 38!z!#aQWI#$Z! QTIJUZ1!>$Z! WVQJ"%HVWU$Z! Z"J(!
&$W"JJR$Z! W"TT$! U(QJ(!K$QRW"R%!%PRZ!#I]$Z(IKP$Z!YR$! PQ!%PR%Q&(!#$Z! QR(&$Z! (V%$Z!#$!
TIW&"QP]R$Z1!
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!

+$! %PRZ! $J! %PRZ! #$! %&"#RI(Z! W"J($JQJ(! #$Z!TIW&"QP]R$Z! ^"J(! P$R&! Q%%Q&I(I"J! ZR&! P$!
TQ&WHU!#$!PaQPIT$J(Q(I"J1!,P!$Z(!%"ZZIKP$!#$!&$(&"RN$&!#$Z!%{($Z!QPIT$J(QI&$ZS!#$Z!KIZWRI(Z!
$(!#$Z! 'RZ!QN$W!#$Z!TIW&"QP]R$Z!W"TT$! IJ]&U#I$J(Z1!5$Z!%&"#RI(Z!QPIT$J(QI&$Z!$J&IWHIZ!
#$!TIW&"QP]R$Z!Z"J(!%&UZ$J(UZ!W"TT$!#$Z!QPIT$J(Z!^"JW(I"JJ$PZ!%"ZZU#QJ(!#$Z!KI$J^QI(Z!
%"R&!PQ!ZQJ(U!#$Z!W"JZ"TTQ($R&Z1!

!
H+2#)%!AB!:11#-")4"+'*!$##*!41+3%*"!X'*/"+'**%1!$+-('*+.1%!%*!,(+/%)+%!

!

!!!!!!!!!!!!!!!!!!!!! !
!
C'"%!U!>$!'RZ!D"P(H"RZ$!q!D"J(U!F$&($!s!$Z(!RJ!K"J!$[$T%P$!#aQPIT$J(!QRYR$P!#$Z!TIW&"QP]R$Z!"J(!
U(U!Q'"R(U$Z!%"R&!&$N$J#IYR$&!RJ!$^^$(!ZQJ(U1!+QJZ!W$PRI"WIS!J"RZ!&$(&"RN"JZ!#$! PQ!WHP"&$PP$!QR[!
%Q&"IZ! W$PPRPQI&$Z! UWPQ(U$Z! gQR]T$J($! PQ! #I]$Z(IKIPI(U! $(! PQ! KI"#IZ%"JIKIPI(U! #$Z! W"T%"ZUZ!
W$PPRPQI&$ZhS!#$!PQ!Z%I&RPIJ$!$(!#$Z!QP]R$Z!KP$R"N$&(!g9C9!^"&(!%&"KQKP$T$J(!&UW"P(U$Z!#QJZ!P$!>QW!
oPQTQ(Hh1!

2.1.2!Produits!de!santé!naturels!–!nutraceutiques!!!

:PRZI$R&Z! %&"#RW($R&Z! "R! N$J#$R&Z! #$! %&"#RI(Z! i! KQZ$! #$! TIW&"QP]R$Z! %&k($J(!
#aUJ"&T$Z! KI$J^QI(Z! i! P$R&Z! %&"#RI(Z1! q!:"RN"I&! &Q'$RJIZZQJ(!sS! q!W"TKQ(! P$! WQJW$&!sS!
q!&$J^"&W$!P$!ZVZ(jT$!ITTRJI(QI&$!s!Z"J(!#$Z!Q^^I&TQ(I"JZ!YRaIP!Ja$Z(!%QZ!&Q&$!#$!PI&$!ZR&!
P$Z!U(IYR$(($Z!#$Z!%&"#RI(Z1!9R"#$Pi!#$!W$Z!%&U($J(I"JZS!%PRZI$R&Z!U(R#$Z!"J(!U(U!&UQPIZU$Z!
ZR&! W$&(QIJ$Z!TIW&"QP]R$Z!#"J(! PQ! Z%I&RPIJ$1!:"R&! W$PP$"WIS! IP!$[IZ($!#$Z!#"JJU$Z! ZR&! P$Z!
$^^$(Z! QJ(IQPP$&]jJ$S! QJ(I(RT"&QPS! QJ(INI&QPS! #U("[IYRQJ(S! $J(U&"%&"($W($R&S!
HV%"WH"P$Z(U&"PUTIQJ(S! ITTRJ"Z(ITRPQJ(S!%&UKI"(IYR$!$(!&Q#I"%&"($W($R&!g)"R&W$!O!5+"
;*-S!,JZ(I(R(!#$!%HV("JR(&I(I"Jh1!!UQJT"IJZS! PQ!Z%I&RPIJ$!Ja$Z(!%QZ!W"JZI#U&U$!W"TT$!
RJ!TU#IWQT$J(!$(!Ja$Z(!%QZ!&$W"JJR$!W"TT$!($P!%Q&!P$Z!QR("&I(UZ!#$!!ZQJ(U!%RKPIYR$1!>$Z!
U(R#$Z!ZR&!P$!ZR'$(!Z"J(!$JW"&$!IJZR^^IZQJ($Z1!9W(R$PP$T$J(S!IP!$Z(!^"&(!N&QIZ$TKPQKP$!YR$!
%PRZI$R&Z!W"T%Q]JI$Z!KI"%HQ&TQW$R(IYR$Z!IJ(U&$ZZU$Z!%Q&!P$Z!%&"%&IU(UZ!#$!PQ!Z%I&RPIJ$!
"R! #aQR(&$Z! $Z%jW$Z! #aQP]R$Z! QIJZI! YR$! #$! P$R&Z! $[(&QI(Z! %R&I^IUZ! ($J($J(! RJ!
#UN$P"%%$T$J(!i!PaQI#$!#aU(R#$Z!%PRZ!&I]"R&$RZ$Z!ZR&!P$R&Z!&U$PZ!$^^$(Z!%HVZI"P"]IYR$Z1!
!
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!

H+2#)%!=B!GW%3(1%!$%!()'$#+"!$%!-4*",!*4"#)%1!4V%/!3+/)'412#%-!
!

!!!!!!!!!!!!!!!!!!!!!!!!!! !
!
C'"%!O!>Q!Z%I&RPIJ$!$(!PQ!WHP"&$PP$!Z"J(!#$Z!W"T%"ZQJ($Z!YRI!^"J(!Z"RN$J(!%Q&(I$!#$!PQ!]QTT$!#$Z!
%&"#RI(Z!#$!(V%$!q!?&$$JZ!sS!(&jZ!%"%RPQI&$Z!$(!W"TT$&WIQPIZUZ!%Q&!%PRZI$R&Z!W"T%Q]JI$Z1!

,P!$Z(!QRZZI!%$&(IJ$J(!#$!J"($&!YR$!#$Z!]&QZ!"T$]Q"B!%$RN$J(!k(&$!$[(&QI(Z!#$!TIW&"QP]R$Z!
$(!YRaIPZ!W"JZ(I(R$J(!#"JW!RJ$!QP($&JQ(IN$!IJ(U&$ZZQJ($!%"R&!P$Z!NU]U(Q&I$JZ!i!PQ!&$WH$&WH$!
#$!W$!(V%$!#$!ZR%%PUT$J(1!AJ$!W"T%Q]JI$!#$Z!=(Q(Z"AJIZS!-Q&($XS!Q!&URZZI!RJ$!NU&I(QKP$!
%$&WU$!ZR&! P$!TQ&WHU!#$Z! ^"&TRPQ(I"JZ!#$! PQI(!TQ($&JIZU!QN$W! P$Z!"T$]Q"B!$(!3!$[(&QI(Z!
#aRJ$! $Z%jW$! #$! TIW&"QP]R$1! )$Z! ^"&TRPQ(I"JZ! W"JW$J(&U$Z! $J! +<9! $(! $J! QWI#$!
Q&QWHI#"JIYR$! g9;9h! ^"J(! Pa"K'$(! #a$J($J($! %Q&(IWRPIj&$! QN$W! #$Z! %&"#RW($R&Z! #$! PQI(!
TQ($&JIZU! YRI! &$%&UZ$J($J(! .0!z! #$! W$!TQ&WHU81! >$! +<9! $(! Pa9;9! ^QN"&IZ$&QI$J(! P$!
#UN$P"%%$T$J(! WU&UK&QP! $(! NIZR$P! #$Z! ^v(RZ! $(! #$Z! J"R&&IZZ"JZ1! +$Z! $[(&QI(Z! #$!
TIW&"QP]R$Z!&IWH$Z!$J!QZ(Q[QJ(HIJ$!gHaematococcus!pluvialish!"R!$J!""WQ&"(jJ$!gDunaliella!
salinah! Z"J(! W"TT$&WIQPIZUZ! W"TT$! W"P"&QJ(Z! QPIT$J(QI&$Z! "R! W"TT$! W"T%"ZUZ!
QJ(I"[V#QJ(Z!#QJZ!P$Z!%&"#RI(Z!#$!ZQJ(U!JQ(R&$PZ!g:)!h1!!!!!!!!!

2.1.3!Cosmétique!

:PRZI$R&Z!$[(&QI(Z!#$!TIW&"QP]R$Z! Z$! &$(&"RN$J(!#U'i!#QJZ! P$!TQ&WHU!#$! PQ! W"ZTU(IYR$1!
:Q&!$[$T%P$S!PaQZ(Q[QJ(HIJ$!Q!U(U!&$W"JJR$!%"R&!QN"I&!#$Z!%&"%&IU(UZ!%&"($W(&IW$Z!W"J(&$!
P$Z!&QV"JZ!RP(&QNI"P$(Z!$(!$PP$!Q!U(U!Q'"R(U$!i!W$&(QIJZ!%&"#RI(Z1!>$Z!W"ZTU(IYR$Z!i!KQZ$!#$!
PI%I#$Z! gW&jT$Z! $(! P"(I"JZh! %$RN$J(! KUJU^IWI$&! #a$[(&QI(Z! #$! TIW&"QP]R$Z! %"R&! Z$Z!
%&"%&IU(UZ!JR(&I(IN$Z!$(!%&"($W(&IW$Z!%"R&! PQ!%$QR!g:A>y!$(!?;*))S!800Eh1!+$!%PRZS!#$Z!
$[(&QI(Z! #$! TIW&"QP]R$Z! Z"J(! R(IPIZUZ! %"R&! %I]T$J($&! P$Z! %&"#RI(Z! W"ZTU(IYR$Z!
g+AC*))=!et!al1S!800Gh1!!!!!!

G@G!J&)/-)-$(!5(-'5+"!!

2.2.1!Aquaculture!:!alimentation!et!pigmentation!!

4J! QYRQWRP(R&$S! P$Z!TIW&"QP]R$Z! Z"J(! R(IPIZU$Z! W"TT$! QPIT$J(Z! $(! W"TT$! Z"R&W$! #$!
%I]T$J(Z!WQ&"(UJ"m#$Z!#aIJ(U&k(!g9Z(Q[QJ(HIJ$S!""WQ&"(jJ$S!PR(UIJ$S!\UQ[QJ(HIJ$S!$(W1h1!>$!
TQ&WHU! T"J#IQP! %"R&! #$Z! %&"#RI(Z! IZZRZ! #$! PaQYRQWRP(R&$! Z$&QI(! #a$JNI&"J! E0! i! G0!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
(!)"R&W$!O!H((%Ollttt1TQ&($XKI"1W"Tl!R(&I(I"JQP|:&"#RW(Zl,J(&"#RW(I"J1QZ%!
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!

TIPPIQ&#Z!#$!#"PPQ&Z!A)!QN$W!RJ! (QR[!#$!W&"IZZQJW$!#a$JNI&"J!2!z!%Q&!QJJU$! g:A>y!$(!
?;*))S! 800Eh1!*J! $Z(IT$!YR$! P$!TQ&WHU!#$Z!TIW&"QP]R$Z! &U%"J#QJ(!RJIYR$T$J(! i! PQ!
#$TQJ#$! #$Z! UP$NQ]$Z! QYRIW"P$Z! #$! KINQPN$Z! $(! #$! W&$N$(($Z! &$%&UZ$J($! RJ$! NQP$R&!
QJJR$PP$!#$!BE!TIPPI"JZ!#$!#"PPQ&Z!A)!g+A4;;!et!al1S!/ee.h1!!

>$Z!TIW&"QP]R$Z! ^"J(!%Q&(I$! IJ(U]&QJ($!#$! PQ!WHQnJ$!QPIT$J(QI&$!QYRQ(IYR$!$(!Z"J(!#"JW!
IJ#IZ%$JZQKP$Z! i! PQ! W&"IZZQJW$! #$Z!T"PPRZYR$Z! KINQPN$Z! $(! ^QN"&IZ$J(! W$PP$! #$Z! '$RJ$Z!
Z(Q#$Z!#$!%"IZZ"JZ!$(!#$!W&$N$(($Z1!+$!%PRZS!$PP$Z!&$%&UZ$J($J(!PQ!J"R&&I(R&$!$[WPRZIN$!#$Z!
PQ&N$Z! #$! %PRZI$R&Z! $Z%jW$Z! #$!T"PPRZYR$ZS! W&RZ(QWUZ! $(! %"IZZ"JZ1! 4PP$Z! Q%%"&($J(! P$Z!
QWI#$Z!]&QZ!$(! P$Z!QWI#$Z!QTIJUZ!$ZZ$J(I$PZS! P$!WH"P$Z(U&"P!$(!#$!TRP(I%P$Z!"PI]"UPUT$J(Z!
YR$! P$Z! QJITQR[! #aUP$NQ]$! QYRQW"P$Z! J$! %$RN$J(! ZVJ(HU(IZ$&! de! novo! g;*D4;6! et! al.S!
800Eh1!-kT$!ZI!RJ$!$Z%jW$!J$!Z$!J"R&&I(!%QZ!#I&$W($T$J(!#$!TIW&"QP]R$ZS!W$PP$Z"WI!QR&"J(!
Z$&NI!i!J"R&&I&!#$Z!$Z%jW$Z!#$!\""%PQJW("J!^"R&&Q]$!W"TT$!%Q&!$[$T%P$!P$Z!&"(I^j&$ZS!P$Z!
Q&(UTI$ZS!P$Z!W"%U%"#$ZS!P$Z!WPQ#"Wj&$ZS!$(W1!

>$Z!TIW&"QP]R$Z!$J(&$J(!$J!W"T%U(I(I"J! ZR&!W$!TQ&WHU!#$Z!QPIT$J(Z!QYRIW"P$Z!QN$W! P$Z!
%I]T$J(Z! WQ&"(UJ"m#$Z! #$! ZVJ(HjZ$S! #$Z! P$NR&$Z! $(! #$Z! J"R&&I(R&$Z! Q&(I^IWI$PP$Z!TIW&""
$JWQ%ZRPU$Z1!

4J! W$! YRI! W"JW$&J$! P$Z! %I]T$J(ZS! IPZ! Z"J(! J"&TQP$T$J(! &$(&"RNUZ! JQ(R&$PP$T$J(! #QJZ!
PaQPIT$J(Q(I"J! #$Z! %"IZZ"JZ! ZQRNQ]$ZS!TQIZ! #"IN$J(! k(&$! Q'"R(UZ! Q&(I^IWI$PP$T$J(! #QJZ!
PaQPIT$J(Q(I"J!#$Z!%"IZZ"JZ!#aUP$NQ]$!%"R&!W"P"&$&!PQ!WHQI&!gZQPT"JI#UZh1!>aQZ(Q[QJ(HIJ$!
$Z(! %&"#RI($! %Q&! ZVJ(HjZ$! WHITIYR$! #$%RIZ! %PRZ! #$! B0! QJZS! QR! #U%Q&(! %Q&! PQ!
TRP(IJQ(I"JQP$! !<"^^TQJJ">Q!;"WH$1!9R'"R&#aHRIS!P$Z!#$R[!%&IJWI%QR[! '"R$R&Z!#$!W$(($!
%&"#RW(I"J!Z"J(!D9)C!$(!+)-1!>aQZ(Q[QJ(HIJ$!#$!ZVJ(HjZ$!$Z(!T"IJZ!#IZ%$J#I$RZ$!ZR&!P$!
TQ&WHU! YR$! PaQZ(Q[QJ(HIJ$! JQ(R&$PP$! $(! $Z(! QRZZI! T"IJZ! #IZ%$J#I$RZ$! i! %&"#RI&$!
g*>9,y*>9S!800Bh!W$!YRI!PRI!W"J^j&$!RJ!J$(!QNQJ(Q]$1!>$!%&I[!#$!PaQZ(Q[QJ(HIJ$!Z$&QI(!#$!
8000!i!8G00!}A)!P$!XIP"]&QTT$!g5d)4u)o,!$(!>*;4!yS!8000w!*>9,y*>9S!800Bh1!!

)I! P$Z! %&"#RW($R&Z! #$! TIW&"QP]R$Z! J$! %$RN$J(! %"R&! P$! T"T$J(! ^QI&$! W"T%U(I(I"J! i!
PaQZ(QJ[QJ(HIJ$!#$!ZVJ(HjZ$!ZR&!P$!%&I[S!#aQR(&$Z!^QW($R&Z!Z"J(!$J!T$ZR&$!#$!Z(ITRP$&!W$!
TQ&WHU1! >$Z! W"JZ"TTQ($R&Z! &$WH$&WH$J(! QR'"R&#aHRI! #QNQJ(Q]$! #$Z! QPIT$J(Z! #I(Z!
JQ(R&$PZS! $[$T%(Z!#$!%&"#RI(Z! WHITIYR$Z! g%I]T$J(Z! ZVJ(HU(IYR$Zh1! ,P! $Z(! ^"&(!%&"KQKP$!
YR$!P$!TQ&WHU!#$!PaQYRQWRP(R&$!#"IN$!ZaQ#Q%($&!#$!%PRZ!$J!%PRZ!i!W$(($!$[I]$JW$1!,P!ZaQ]I(!
#"JW!#aRJ$!K"JJ$!"%%"&(RJI(U!%"R&!P$Z!%&"#RW($R&Z!#$!TIW&"QP]R$Z1!)$P"J!*>9,y*>9!
g800BhS!RJ$!T$IPP$R&$!U#RWQ(I"J!ZR&!P$Z!#I^^U&$JW$Z!$J(&$!P$!%&"#RI(!JQ(R&$P!$(!#$!ZVJ(HjZ$!
QR&QI(!%&"KQKP$T$J(!%"R&!$^^$(!#aQR]T$J($&!PQ!#$TQJ#$!#R!%&"#RI(!JQ(R&$P1!

>Q! %&"#RW(I"J! #$! TIW&"QP]R$Z! ($J#! i! Z$! Z%UWIQPIZ$&! %"R&! &U%"J#&$! QR[! K$Z"IJZ!
JR(&I(I"JJ$PZ!%&UWIZ!#$!#I^^U&$J($Z! $Z%jW$Z! QJITQP$Z! IZZR$Z!#$! PaQYRQWRP(R&$1!5$&(QIJ$Z!
TIW&"QP]R$Z! WRP(INU$Z!#$! ^Qp"J!%PRZ! IT%"&(QJ($! Z"J(!QRZZI! IJ(&"#RI($Z!#QNQJ(Q]$!#QJZ!
PaQPIT$J(Q(I"J!#a$Z%jW$Z!QYRQW"P$Z!Q^IJ!#$!KUJU^IWI$&!#$Z!$^^$(Z!%"ZI(I^Z!"KZ$&NUZ!ZR&! P$Z!
QJITQR[!gZ(ITRPQ(I"J!#R!ZVZ(jT$!ITTRJI(QI&$!#$Z!%"IZZ"JZS!"K($J(I"J!#aRJ$!W"P"&Q(I"J!
q!JQ(R&$PP$!sS!Q'"R(!#$!^QW($R&Z!#$!W&"IZZQJW$h1!

>$Z! TIW&"QP]R$Z! ^"R&&Q]$Z! Z"J(! ]UJU&QP$T$J(! %&"#RI($Z! $(! R(IPIZU$Z! %Q&! %Q&! P$Z!
$J(&$%&IZ$Z!QYRQW"P$Z!%"R&! &U%"J#&$!i! P$R&Z!K$Z"IJZ! Z%UWI^IYR$Z1!5$&(QIJ$Z! $J(&$%&IZ$Z!
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!

"R!W$J(&$Z!#$!&$WH$&WH$!^"R&JIZZ$J(!#$Z!WRP(R&$Z!#$!#U%Q&(!QR[!$J(&$%&IZ$Z!QYRIW"P$Z!Q^IJ!
YRa$PP$Z! %RIZZ$J(! %&"#RI&$! YR$PYR$Z! $Z%jW$Z! #$! TIW&"QP]R$ZB1! 5$! (V%$! #$! %$(I($Z!
%&"#RW(I"JZ!J$!KUJU^IWI$!%QZ!#aUW"J"TI$!#aUWH$PP$1!)I!Pa"J!Q'"R($!i!W$PQ!#$Z!%&"#RW(INI(UZ!
]UJU&QP$T$J(!^QIKP$Z!$(!#$Z!W"~(Z!#$!TQIJ!#avRN&$!IT%"&(QJ(ZS!P$!W"~(!T"V$J!#$!&$NI$J(!
#$Z!TIW&"QP]R$Z!QIJZI!%&"#RI($Z!$Z(!(&jZ!IT%"&(QJ(1!>$Z!W"~(Z!$Z(ITUZ!$(!T$ZR&UZ!#$!W$Z!
%$(I($Z!%&"#RW(I"JZ! in! situ! NQ&I$J(! ]&QJ#$T$J(!#QJZ! PQ! PI((U&Q(R&$S!#$! G0! }!A)! %Q&! X]!
g+A4;;!et!al.S!/ee.h!i!8G0!}!A)!c!/000!}!A)!%Q&!X]!#$!KI"TQZZ$!ZjWH$!gD*;*u,6yo9S!
/ee.w!-A>>4;"C4A?9S! 8000w! :A>y! $(!?;*))S! 800Eh1!5"JZI#U&QJ(! W$! W"~(! UP$NUS! P$Z!
QYRQWRP($R&Z! Z$! ("R&J$J(! N$&Z! #aQR(&$Z! Z"R&W$Z! #$! J"R&&I(R&$Z! QP"&Z! YRaIP! $Z(! (&jZ!
]UJU&QP$T$J(!Q#TIZ!#QJZ! PQ! PI((U&Q(R&$!YR$! P$Z!TIW&"QP]R$Z!Z"J(!NI(QP$Z!%"R&!%PRZI$R&Z!
(V%$Z!#$!%&"#RW(I"J!g,C;4-4;h1!

,P!Z$TKP$!#"JW!V!QN"I&!RJ$!"%%"&(RJI(U!#aQ^^QI&$Z!%"R&!#$Z!$J(&$%&IZ$Z!Z%UWIQPIZU$Z!#QJZ!
PQ!%&"#RW(I"J!#$!TIW&"QP]R$Z!%RIZYR$!YRa$PP$Z!%$RN$J(!"^^&I&! P$R&Z!%&"#RI(Z!i!#$Z!%&I[!
gG0!}!A)!i!B00!}!A)lX]!#$!TQ(Ij&$!ZjWH$h!J$(($T$J(!IJ^U&I$R&Z!g-A>>4;"C4A?9S!8000h1!
>$!^"R&JIZZ$R&!#$!TIW&"QP]R$Z!#$N&Q!JUQJT"IJZ!%"ZZU#$&!RJ$!($WHJ"P"]I$!Q#UYRQ($!#$!
(&QJZ%"&(! #$Z! KI"TQZZ$Z! %$&T$((QJ(! #$! %&UZ$&N$&! P$R&Z! IJ(U]&I(UZ! %HVZIYR$Z! $(! P$R&Z!
YRQPI(UZ!JR(&I(IN$Z!'RZYRai!PQ!PIN&QIZ"J!WH$\!Z$Z!WPI$J(Z1!

>$Z! (QKP$QR[! /! $(! 8! %&UZ$J($J(! #$Z! PIZ($Z! J"J! $[HQRZ(IN$Z! #$!TIW&"QP]R$Z! ^"R&&Q]$Z!
R(IPIZU$Z!#QJZ!PaUP$NQ]$!#$!#I^^U&$J($Z!$Z%jW$Z!QYRIW"P$Z!#I&$W($T$J(!W"TT$!QPIT$J(Z!"R!
%"R&! J"R&&I&! #$Z! $Z%jW$Z! #$! \""%PQJW("JZ! ^"R&&Q]$Z! gD*;?4)! et! al.S! 800Gw!
D*;*u,6yo9S!/ee.w!+A4;;S!et!al.S!/ee.w!+AC*))=S!et!al.S!800Gw!>44S!/ee.w!>*;4!y!$(!
5d)4u)o,S!8000w!:A>y!$(!?;*))S!800Ew!;*D4;6!et!al.S!800Ew!u9;+!$(!),!?<S!800Gw!
u,oC*;)!$(!*<!*S!800/h1!
!

?4.1%4#!AB!N%*)%-!%"!%-(@/%-!$%!3+/)'412#%-!X'#))42%-!/'#)433%*"!#"+1+-,%-!%*!
4Z#4/#1"#)%!

!
Chaetoceros!muelleri,!C.!gracilis!$(!C.!calcitrans!
Chlorella!Z%1!
Cryptomonas!Z%1!
Gymnodinium!Z%1!
Isochrysis!galbana!
Nannaochloropsis!Z%1!
Nitzschia!Z%1!
Pavlova!lutheri!
Phaeodactylum!tricornutum!
Pyramimonas!Z%1!
Rhodomonas!salina!
Scenedesmus!Z%1!
Skeletonema!costatum!
Spirulina!Z%1!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
&!:Q&!$[$T%P$S!5),;*!$J!9RZ(&QPI$!gH((%Ollttt1TQ&IJ$1WZI&"1QRlTIW&"QP]Q$lZR%%PV1H(TPhS!!
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!

Tetraselmis!suecica,!T.!striata!$(!T.!chui!
Thalassiosira!pseudodonana!

!
!

?4.1%4#!=B!;+/)'412#%-!#"+1+-,%-!('#)!(+23%*"%)!$%-!%-(@/%-!$&,1%V42%-!4Z#4/'1%-!
$+)%/"%3%*"!'#!-'#-!X')3%!$&%W")4+"-!)+/0%-!%*!(+23%*"-!/4)'",*']$%-!

!
Dunaliella!Z%1!g""WQ&"(jJ$S!PR(UIJ$h!
Haematococcus!pluvialis!gQZ(Q[QJ(HIJ$h!
Spirulina!Z%1!g""WQ&"(jJ$h!

2.2.2!Agriculture!:!suppléments!nutritionnels!!

>Q! ]&QJ#$! %"%RPQ&I(U! #$Z! QWI#$Z! ]&QZ! "T$]Q"B! Q! ^QI(! JQn(&$! RJ$! ]QTT$! #$! %&"#RI(Z!
#a"&I]IJ$! QJITQP$! i! KQZ$! #$! W$! ZR%%PUT$J(1! >$! PQI(! ZaQ^^IWHQJ(! QN$W! #$Z! "T$]Q"B! $Z(!
%&"#RI(!#$!#$R[!^Qp"JZS!Z"I(!$J!Q'"R(QJ(!i!PaRZIJ$!#$!(&QJZ^"&TQ(I"J!RJ!ZR%%PUT$J(S!Z"I(!
$J!#"JJQJ(!RJ$!QPIT$J(Q(I"J!&IWH$!$J!"T$]Q"B!QR[!NQWH$Z!PQI(Ij&$Z1!9R!@RUK$WS!P$!PQI(!$(!
P$Z!vR^Z!&IWH$Z!$J!"T$]Q"B!"J(!^QI(!P$R&!Q%%Q&I(I"J!ZR&!P$Z!(QKP$(($Z!#$Z!ZR%$&TQ&WHUZ1!4J!
C&QJW$S!J"RZ!&$(&"RN"JZ!TkT$!#$Z!WHQ&WR($&I$Z!QN$W!RJ!ZR%%PUT$J(!#a"T$]Q"B1!

>$Z!"T$]Q"B!%$RN$J(!%&"N$JI&!#$!%PRZI$R&Z!Z"R&W$ZS!P$Z!%PRZ!W"JJR$Z!Z"J(!P$Z!]&QIJ$Z!#$!
PIJ! &IWH$Z!$J!HRIP$!$(! P$Z!HRIP$Z!#$!%"IZZ"J1!>aHRIP$!#$! PIJ!$Z(!%Q&(IWRPIj&$T$J(! &IWH$!$J!
QWI#$! QP%HQ! PIJ"PUIYR$! g/2!O! B! J"Bh! (QJ#IZ! YR$! P$Z! HRIP$Z! #$! %"IZZ"JZ! ]&QZ! gZQRT"JZS!
ZQ&#IJ$ZS! QJWH"IZS! HQ&$J]S!TQYR$&$QRS! $(W1h! P$! Z"J(! $J! P"J]R$Z! WHQnJ$Z!%"PVIJZQ(R&U$Z!
%&IJWI%QP$T$J(! $J!4:9! $(! $J!+<91! )$RPZ! P$Z! QWI#$Z! ]&QZ!#$! (V%$! "T$]Q"B! i! P"J]R$Z!
WHQnJ$Z! %"ZZj#$J(! RJ! NU&I(QKP$! $^^$(! #$! %&"($W(I"J! %"R&! PQ! ZQJ(U! #R! ZVZ(jT$!
WQ&#I"NQZWRPQI&$1!=(QJ(!#"JJU!PQ!]&QJ#$!%"%RPQ&I(U!#$Z!%&"#RI(Z!QPIT$J(QI&$Z!$J&IWHIZ!$J!
"T$]Q"BS!RJ$!R(IPIZQ(I"J!%PRZ!NQZ($!#$Z!TIW&"QP]R$Z! W"TT$! Z"R&W$!#a4:9!$(!#$!+<9!
%"R&&QI(!k(&$!#UN$P"%%U$1!>aQ'"R(!#$!TIW&"QP]R$Z!(&jZ!&IWH$Z!$J!"T$]Q"B!g4:9!$(!+<9h!
#QJZ! PaQPIT$J(Q(I"J!#$Z! QJITQR[!#$! ^$&T$!%"R&&QI(! ZaQNU&$&!RJ$! QN$JR$! W"TT$&WIQP$!
(&jZ! IJ(U&$ZZQJ($! Q^IJ!#a"K($JI&!#$Z!vR^Z! $(!#R! PQI(! $J&IWHIZ! $J!"T$]Q"B!%&UZ$J(QJ(!RJ!
$^^$(! %"($J(I$P! &U$P! ZR&! PQ! ZQJ(U! #$Z! W"JZ"TTQ($R&Z! g5<*A,!9;+S! 800Gh1! +$! %PRZS!
%PRZI$R&Z!TIW&"QP]R$Z!gChlorella,!Scenedesmus!$(!Spirulinah!Z"J(!J"J!Z$RP$T$J(!RJ$!Z"R&W$!
#aQWI#$Z!]&QZ!%"PVIJZQ(R&UZ!TQIZ!%"ZZj#$J(!QRZZI!#$Z!KI$J^QI(Z!&$W"JJRZ!ZR&!PQ!ZQJ(U!#$Z!
QJITQR[!$J!Z(ITRPQJ(!P$R&!ZVZ(jT$!ITTRJI(QI&$!g:A>y!$(!?;*))S!800Eh1!

>*;4!y! $(! 5dy4u)o,! g8000h! &Q%%"&($J(! QRZZI! PaR(IPIZQ(I"J! #$! ZR%%PUT$J(Z!
#aQZ(Q[QJ(HIJ$! $[(&QI($! #aH.! pluvialis! #QJZ! PaQPIT$J(Q(I"J! #$Z! %"RP$Z! Q^IJ! #$! W"P"&$&!
#QNQJ(Q]$! P$Z! 'QRJ$Z!#avR^1!4J!%PRZ!#$! PaQ(($IJ($!#$!W$(!"K'$W(I^S!RJ$!QR]T$J(Q(I"J!#$Z!
%I]T$J(Z!'QRJ$Z!#$!PQ!%$QRS!#$Z!%Q(($Z!$(!#R!K$W!Q!U(U!"KZ$&NU$1!>$Z!%"RP$(Z!J"R&&IZ!QN$W!
RJ!QPIT$J(!W"J($JQJ(!RJ$!^Q&IJ$!#aH.!pluvialis!T"J(&QI$J(!RJ!]QIJ!#$!%"I#Z!%PRZ!&Q%I#$!
QIJZI!YRaRJ$! QR]T$J(Q(I"J!#R!%"I#Z!#$Z!TRZWP$Z!#$! PQ!%"I(&IJ$1!+$Z! U(R#$Z!"J(!QRZZI!
#UT"J(&U! YR$! PaIJW"&%"&Q(I"J! #$! W$(($! $Z%jW$! #$!TIW&"QP]R$! #QJZ! PQ! J"R&&I(R&$! #$Z!
%"RP$(Z!&$%&"#RW($R&Z!%&"N"YRQI(!RJ$!HQRZZ$!#$!Gz!#$! PaUWP"ZI"J!#$Z!vR^Z1!>aQ'"R(!#$!
TIW&"QP]R$ZS! Z"R&W$! #aQZ(Q[QJ(HIJ$! $(! #aQWI#$Z! ]&QZ! "T$]Q"B! g4:9! $(!+<9hS! #QJZ! PQ!
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!

#Ij($!#$Z!%"RP$Z!$(!%"RP$(Z!%$&T$(!#a"^^&I&!QR[!W"JZ"TTQ($R&Z!RJ!%&"#RI(!TI$R[!Q#Q%(U!
i!P$R&Z!%&U^U&$JW$Z!g:A>y!$(!?;*))S!800Eh1!

4J!$^^$(S! IP!Q!#U'i!U(U!T$J(I"JJU!#QJZ!W$! ($[($!YR$! P$Z!W"JZ"TTQ($R&Z!Z"J(!#$!%PRZ!$J!
%PRZ!$J!YRk($!#$!%&"#RI(Z!%PRZ!JQ(R&$PZS!ZQJZ!Q'"R(Z!#aIJ]&U#I$J(Z! IZZRZ!#$! PQ!ZVJ(HjZ$!
WHITIYR$1!5"TT$! P$! &$J#$T$J(!#$Z!QJITQR[!#$! ^$&T$!$Z(! P$! &$^P$(!#$! P$R&! ZQJ(US!#$Z!
Z"R&W$Z! JQ(R&$PP$Z! #$! KI"T"PUWRP$Z! "R! #$! ZR%%PUT$J(Z! QPIT$J(QI&$Z! ($PP$Z! YR$! P$Z!
KI"TQZZ$Z! #$! TIW&"QP]R$Z! %$RN$J(! &$%&UZ$J($&! RJ! #UK"RWHU! W"TT$&WIQP!
%"($J(I$PP$T$J(!IJ(U&$ZZQJ(!#QJZ!P$!#"TQIJ$!#$Z!UP$NQ]$Z!Q]&IW"P$Z!(&Q#I(I"JJ$PZ1!!

2.2.3!Animaux!de!compagnie!et!aquariophilie!:!suppléments!alimentaires!!

>$Z!J"TK&$R[!KI$J^QI(Z!#$Z!TIW&"QP]R$Z! Z$TKP$J(!Q((I&QJ(Z!TkT$!%"R&! P$!TQ&WHU!#$Z!
QJITQR[! #"T$Z(IYR$Z1! 4J! $^^$(S! P$Z! %&"%&IU(QI&$Z! #aQJITQR[! #$! W"T%Q]JI$! J$!
ZaIJ(U&$ZZ$J(!%QZ!Z$RP$T$J(!i!PQ!ZQJ(U!#$!P$R&!QJITQP!TQIZ!QRZZI!i!P$R&!QZ%$W(!$Z(HU(IYR$!
g%"IPZ!K&IPPQJ(ZS!K$PP$Z!%PRT$Z!W"P"&U$ZS!$(W1h1!:A>>y!$(!?;*))!g800Eh!&Q%%"&($J(!YR$!#$Z!
U(R#$Z! ZR&! #$Z! PQ%IJZ! $(! #$Z! NIZ"JZ! "J(! #UT"J(&U! W$! (V%$! #$! KI$J^QI(Z! %Q&! PaQ'"R(! #$!
TIW&"QP]R$Z!i!P$R&Z!QPIT$J(Z1!!
!

H+2#)%!KB!GW%3(1%!$%!()'$#+"!('#)!4*+34#W!$%!/'3(42*+%!

!
C'"%!U! +$Z! ]QR^&$(($Z! i! KQZ$! #$! WHP"&$PP$! N$J#R$Z! W"TT$! ZR%%PUT$J(! QPIT$J(QI&$! %"R&! P$Z!
QJITQR[!#$!W"T%Q]JI$1!:"R&!30!]QR^&$(($ZS!P$!W"JZ"TTQ($R&!%QI$&Q!$J!T"V$JJ$!B8!}!A)!ZR&!P$!
ZI($!#$!)RJ!5HP"&$PPQ1!!)"R&W$!O!H((%Ollttt1ZRJWHP"&$PPQRZQ1W"TlWQ(QP"]l%$(ZRJWHP"&$PPQ1H(T!

+$!%PRZS!P$Z!%I]T$J(Z!W"J($JRZ!#QJZ!P$Z!TIW&"QP]R$ZS!P$!""WQ&"(jJ$!%Q&!$[$T%P$S!%$RN$J(!
k(&$! R(IPIZUZ! %"R&! QTUPI"&$&! PaQ%%Q&$JW$! #$! PQ! J"R&&I(R&$! %"R&! P$Z! QJITQR[! #$!
W"T%Q]JI$Z! g+AC*))=! et! al.S! 800Gh1! >$Z! %&"%&IU(UZ! QJ(I"[V#QJ($Z! &$W"JJR$Z! #R! ""
WQ&"(jJ$!Z"J(!W$&($Z!QRZZI!RJ!QNQJ(Q]$!IT%"&(QJ(1!5$&(QIJZ!^QK&IWQJ(Z!#aQPIT$J(Z!"^^&$J(!
RJ$!]QTT$!#$!JR(&QW$R(IYR$Z!%"R&! P$Z!QJITQR[!#$!W"T%Q]JI$Z!%"ZZU#QJ(! P$Z!TkT$Z!
&$N$J#IWQ(I"JZ!%"R&!PQ!ZQJ(U!YR$!P$Z!%&"#RI(Z!#$Z(IJUZ!i!PQ!W"JZ"TTQ(I"J!HRTQIJ$1!

@R$PYR$Z!%&"#RW($R&Z!#$!TIW&"QP]R$Z!%"R&!QYRQWRP(R&$!W"TT$&WIQPIZ$J(!QRZZI!RJ$!PI]J$!
#$!%&"#RI(Z!%"R&!P$Z!QYRQ&I"%HIP$Z1!*J!&$(&"RN$!#"JW!P$Z!TkT$Z!QNQJ(Q]$Z!i!#"JJ$&!#$Z!
ZR%%PUT$J(Z! #aQP]R$Z! QR[! %"IZZ"JZ! #aQYRQ&IRT! YRai! ("RZ! P$Z! QR(&$Z! QJITQR[S! ZQJZ!
W"T%($&!YR$! P$Z!UP$N$R&Z!QTQ($R&Z!#$!W$&(QIJ$Z!$Z%jW$Z!#"IN$J(! IT%U&Q(IN$T$J(!"^^&I&!
RJ$! J"R&&I(R&$! i! KQZ$! #$! TIW&"QP]R$Z! i! P$R&Z! %$JZI"JJQI&$Z1! 5$&(QIJ$Z! TIW&"QP]R$Z!
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!

'"R$&"J(!RJ!&�P$!#QJZ!PQ!%I]T$J(Q(I"J!#$Z!%"IZZ"JZ!$J!%PRZ!#ak(&$!RJ!Q%%"&(!IT%"&(QJ(!
ZIJ"J!$[WPRZI^Z!#$!W$&(QIJZ!JR(&IT$J(Z1!

9N$W! PQ! NQ]R$! #$! %"%RPQ&I(U! YR$! W"JJQIZZ$J(! P$Z! %&"#RI(Z! #$! ZQJ(U! JQ(R&$PZ! WH$\!
Pa<"TT$S!W$&(QIJZ!%&"#RW($R&Z!"J(!#UN$P"%%U!RJ$!]QTT$!%"R&!QJITQR[!#$!W"T%Q]JI$!
QN$W! $[QW($T$J(! P$Z! TkT$Z! %&U($J(I"JZ! #$! KI$J^QI(Z! %"R&! PQ! ZQJ(U1! :Q&! $[$T%P$S!
DI"!R(&I(I"JE!"^^&$!ZR&! P$!TQ&WHU!RJ!%&"#RI(!#$Z(IJU!QR[!QJITQR[!q!DI":&$%Q&Q(I"J!s!i!
KQZ$!#$!Spirulina! platensisS!#$!Dunaliella! Z%1! $(!#aQZ(Q[QJ(HIJ$!JQ(R&$PP$1!>$Z!:)!!%"R&!
QJITQR[! &$%&UZ$J($J(!%$R("k(&$!RJ! QR(&$!TQ&WHU!#aQN$JI&!%"R&! P$Z!TIW&"QP]R$Z! $(! W$S!
TQP]&U!ZQ!%$(I($!(QIPP$1!!

G@M!7"%2"/%2"*!3-$'1#-%5+"*!")!3-$025/'5%"&)-B&"*!
>$Z!TIW&"QP]R$Z! Z"J(! RJ$! Z"R&W$! IJ(U&$ZZQJ($! #$! %I]T$J(Z! ^PR"&$ZW$J(Z! R(IPIZUZ! %"R&!
W$&(QIJZ! ($Z(Z! #IQ]J"Z(IWZ!TU#IWQR[S! PQ!TIW&"ZW"%I$S! P$Z! q!%&"($IJ! WHI%Z!s! $(! P$Z! q!]$J$!
WHI%Z!s!QIJZI!YR$! PQ!WV("TU(&I$!#$! ^PR[1!@R$PYR$Z!]&QJ#$Z!W"T%Q]JI$Z!#$!TIW&"QP]R$ZS!
($PP$Z!-Q&($X!$(!5VQJ"($WHS!T$(($J(!ZR&!P$!TQ&WHU!P$Z!%HVW"KIPI%&"(UIJ$ZS!%&"#RI($Z!%Q&!
P$Z!WVQJ"%HVWU$Z1!)$P"J!PQ!PI((U&Q(R&$S!IP!ZaQ]I(!#aRJ!TQ&WHU!%$(I(S!TQIZ!Z(QKP$!g5VQJ"($WHw!
:A>y! $(!?;*))!800Eh1!>$Z!%&I[!NQ&I$J(!]&QJ#$T$J(!$J! ^"JW(I"J!#$! PQ!%R&$(U! $(!#$! PQ!
Z(QKIPI(U!#$Z!%&"#RI(ZS!Wa$Z("i"#I&$!#$!B!i!/G00!}!A)l]1!!

>$! W&IKPQ]$! #a$[(&QI(Z! #$! TIW&"QP]R$Z! %Q&! P$Z! $J(&$%&IZ$Z! #$! KI"($WHJ"P"]I$! Q^IJ!
#aI#$J(I^I$&!#$Z!T"PUWRP$Z!QW(IN$Z!$(!#$Z!TU#IWQT$J(Z!%"($J(I$PZ!$Z(!QRZZI!RJ!Z$W($R&!$J!
$[%QJZI"J1!DI$J!YR$!PQ!W"T%&UH$JZI"J!#$Z!TUWQJIZT$Z!%HVZI"P"]IYR$Z!#$!W$!]&"R%$!(&jZ!
#IN$&ZI^IU!J$!Z"I(!$JW"&$!YRai!Z$Z!#UKR(ZS! P$!%"($J(I$P!#$Z!TIW&"QP]R$Z!#QJZ!W$!#"TQIJ$!
$Z(! (&jZ! IT%"&(QJ(! ZIT%P$T$J(!%Q&! P$!J"TK&$!]I]QJ($ZYR$!#a$Z%jW$Z! $(!#$! Z"RWH$Z!#R!
]&"R%$1! +$! %PRZS! P$! W"J(&�P$! #$Z! W"J#I(I"JZ! #$! WRP(R&$! #$Z! TIW&"QP]R$Z! %$&T$(!
#aIJ^PUWHI&S!#$!TQ[ITIZ$&!"R!#a"%(ITIZ$&! PQ!%&"#RW(I"J!#$!W"T%"ZUZ!WIKPUZ!g%&"#RW(I"J!
q!KI"#I&I]U$!sh1! >$Z! TIW&"QP]R$Z! %$RN$J(! QP"&Z! Q]I&! W"TT$! #$! NU&I(QKP$Z! RZIJ$Z! i!
KI"T"PUWRP$Z!#aIJ(U&k(1!

>Q!Z$W(I"J!G! (&QI($!%PRZ! Z%UWI^IYR$T$J(!#$!W$!%"IJ(!%Q&!RJ$! &$NR$!KIKPI"]&Q%HIYR$!#$Z!
T"PUWRP$Z!#aIJ(U&k(!%"R&!P$!TQ&WHU!KI"%HQ&TQW$R(IYR$!$(!#$!PQ!WHITI$!^IJ$!&U%$&("&IU$Z!
#QJZ!P$Z!QP]R$Z!gTIW&"QP]R$Z!NZ!TQW&"QP]R$Zh1!!

2.3.1!Les!sources!naturelles!de!médicaments!
>Q!TQ'"&I(U!#$Z!TU#IWQT$J(Z!ZR&!P$!TQ&WHU!Z"J(!#U&INUZ!#$!%&"#RI(Z!JQ(R&$PZ!g^I]R&$!Eh!
W$!YRI!%$R(!k(&$!RJ!K"J!%&UZQ]$!%"R&!PQ!&$WH$&WH$!ZR&!P$Z!TIW&"QP]R$Z1!4J!$^^$(S!3Ez!#$Z!
J"RN$QR[!TU#IWQT$J(Z!Q%%&"RNUZ!$J(&$!/e2/!$(!8008!%&"N$JQI$J(!#$!Z"R&W$Z!JQ(R&$PP$Z!
"R!KI$J!#$!%&"#RI(Z!JQ(R&$PZ!T"#I^IUZ!(QJ#IZ!YR$!Z$RP$T$J(!BBz!UTQJQI$J(!#$!%&"#RI(Z!
("(QP$T$J(! ZVJ(HU(IYR$ZS! W"TT$! %Q&! $[$T%P$! RJ$! PIK&QI&I$! ^QI($! i! %Q&(I&! #$! PQ! WHITI$!
W"TKIJQ("I&$!WPQZZIYR$1!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
'!DI"!R(&I(I"J!ZI($!IJ($&J$(!O!ttt1KI"ZR%$&QPIT$J(1W"T
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+QJZ! P$! WQZ! #R! WQJW$&S! PQ! %&"%"&(I"J! #$! J"RN$QR[! TU#IWQT$J(Z! IZZRZ! #$! Z"R&W$Z!
JQ(R&$PP$Z! $Z(! $JW"&$!%PRZ!]&QJ#$! Z"I(!3ez! g^I]R&$!Gh1!>$Z! Z(Q(IZ(IYR$Z! W"JW$&JQJ(! W$(($!
TQPQ#I$!Z"J(!QPQ&TQJ($Z! O!E0z!#$Z!5QJQ#I$JZ!Z$&"J(!Q(($IJ(Z!RJ! '"R&!#aRJ!WQJW$&!#"J(!
8Gz!$J!T"R&&"J(! (QJ#IZ!YR$!BGz!#$Z!5QJQ#I$JJ$Z!Z$&"J(!Q(($IJ($Z!$(!80z!#UWU#$&"J(!
g)"WIU(U!WQJQ#I$JJ$!#R!5QJW$&S!800Gh1!

!
!

H+2#)%!OB!7'#)/%!$%!"'#-!1%-!*'#V%4#W!3,$+/43%*"-!4(()'#V,-!%*")%!A^_A"=>>=!
`!$tTQJS!+1!Mh@!J.!Nat.!Prod1!=>>KS!66S!/088"/0B.h!

!

!
!

H+2#)%!PB!7'#)/%!$%!"'#-!1%-!3,$+/43%*"-!4*"+/4*/,)%#W!$+-('*+.1%!%*")%!A^O>"=>>=!
g!$tTQJS!+1!M.!J.!Nat.!Prod1!=>>KS!66S!/088"/0B.h!

!
>U]$J#$O!
D�!DI"P"]IYR$!g%$%(I#$!"R!%&"(UIJ$!IZ"PU!#aRJ!"&]QJIZT$h!
!�!:&"#RI(!JQ(R&$P!
!+�!+U&INU!#aRJ!%&"#RI(!JQ(R&$P!gT"#I^IWQ(I"JZ!ZVJ(HU(IYR$Zh!
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)�!6"(QP$T$J(!ZVJ(HU(IYR$!
)f�!:&"#RI(!#$!ZVJ(HjZ$!TQIZ!P$!%HQ&TQW"%H"&$!%&"NI$J(!#aRJ!%&"#RI(!JQ(R&$P!
F�!FQWWIJ!
!-�!-ITIYR$!#$!%&"#RI(!JQ(R&$P!

+"JW!TQP]&U! PaQR]T$J(Q(I"J!ZI]JI^IWQ(IN$!#$! PQ!WQ%QWI(U!i!]UJU&$&!#$!%$(I($Z!T"PUWRP$Z!
ZVJ(HU(IYR$Z!g&"K"(IZQ(I"J!#$Z!PQK"&Q("I&$Z!#$!ZVJ(HjZ$!"&]QJIYR$S!WHITI$!W"TKIJQ("I&$S!
$(W1hS! IP!Z$TKP$!YR$! PQ!JQ(R&$!#$T$R&$! PQ!T$IPP$R&$!Z"R&W$!#aIJZ%I&Q(I"J!$(!#$!#IN$&ZI(U!
#QJZ!PaUPQK"&Q(I"J!#aRJ$!PIK&QI&I$!#$!%&"#RI(Z!"&I]IJQR[!%"R&!PR(($&!W"J(&$!P$Z!TQPQ#I$Z1!!

L!W$! (I(&$S!RJ$!WI(Q(I"J!#R!%&"^1!)QT!+QJIZH$^ZXV!#QJZ!RJ!Q&(IWP$!#$!)1!D"&TQJ! gChem.!
Eng.!News!=>>=S!80!g8hS!8B"8E1h!Q%%RI$!KI$J!W$!^QI(!O!

"At! the! risk! of! sounding!Neanderthal,! I!would! even! put! in! a! pitch! for! industry!
getting! back! to! the! screening! of! natural! products,"! he! says.! "Some! of! the! most!
valuable!products!and!promising!leads!in!oncology!are!naturally!derived!or!naturally!
inspired.!For! instance,! paclitaxel,! a! clinically! established! drug,! came! from!natural!
product!sources,!as!did!doxorubicin,!the!etoposides,!and!the!latter#day!camptothecins.!
In! fact,! even! tamoxifen! arose! from! natural! product! leads:! steroid! hormones.!
Moreover,!several!of! today$s!most!promising!pipeline!candidates! in!oncology##such!
as! ecteinascidin,!halichondrin,!bryostatin,! and,! of! course,! the! epothilones##all! arose!
from!natural!product!screening!followed!up!by!synthetic!modifications."!!

A!small!collection!of!"smart"!compounds!"may!be!more!valuable!than!a!much!larger!
hodgepodge! collection!mindlessly! assembled,"! he! says.! "Thus,! the! decision! on! the!
part!of!several!pharma!companies!to!get!out!of!the!natural!products!business!is!gross!
foolishness.!There!are!major! teachings! in! these!natural!products! that!we!would!do!
well!to!consider.!They!may!be!reflecting!eons!of!wisdom!and!refinement.!The!much!
maligned! natural! product! collections! did,! after! all,! bring! us! to! statin,! #lactam,!
aminoglycoside,!and!macrolide!blockbuster!drugs.!In!fact,!one!of!the!most!promising!
approaches! in! diversity! chemistry! is! to! produce! diversity#chemistry#derived!
collections!that!benefit!from!or!partake!of!the!$wisdom$!of!natural!products."!!

G@N!O(<-/$(("'"()!

2.4.1!Réduction!de!rejets!liquides!polluants!–!traitement!des!eaux!usées!!

>$Z!TIW&"QP]R$Z!%$RN$J(! k(&$!R(IPIZU$Z!#QJZ!RJ$! Q%%&"WH$!]UJU&QP$!#$! (&QI($T$J(!#$Z!
$QR[!RZU$ZS!Q%%$PU$!%HVW""U%R&Q(I"J1!5$(($!Q%%&"WH$!$Z(!Q%%PIYRU$!i!%PRZI$R&Z!RZQ]$Z!
#"J(!P$! (&QI($T$J(! #$Z! $QR[! RZU$Z! TRJIWI%QP$ZS! Q]&IW"P$Z! $(! #$Z! $J(&$%&IZ$Z!
Q]&"QPIT$J(QI&$Z1! )$P"J!*>?A,!! g800BhS! %PRZI$R&Z!TU(H"#$Z! Z"J(! $JW"&$! QR! Z(Q#$! #$!
&$WH$&WH$! $(! #UN$P"%%$T$J(S! ZR&("R(! #QJZ! P$! #"TQIJ$! Q]&IW"P$1! :Q&! W"J(&$S! %"R&! P$!
(&QI($T$J(!#$Z! $QR[!RZU$Z!TRJIWI%QP$S!YR$PYR$Z! ($WHJ"P"]I$Z! Z"J(!#U'i! ZR&! P$!TQ&WHU1!
*ZtQP#! QJ#!?&$$JS! >>5S!A)9S! W"TT$&WIQPIZ$! P$!Advanced! Integrated!Wastewater! Pond!
Systems!Technology1!>Q!($WHJ"P"]I$!R(IPIZQJ(!#$Z!TIW&"QP]R$Z!%"R&!P$!(&QI($T$J(!#$Z!$QR[!
RZU$Z!$Z(!W"J^&"J(U$!i!#$!]&QJ#Z!%&"KPjT$Z!#a$^^IWQWI(U!N$&ZRZ! P$Z!W"~(Z!#a$[%P"I(Q(I"J!
QIJZI! YR$! #$Z! %&"KPjT$Z! PIUZ! i! PQ! &UW"P($! #$Z!TIW&"QP]R$Z! %&"#RI($Z1! :Q&! W"J(&$S! $PP$!
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Z$TKP$! k(&$! $^^IWQW$! %"R&! PaUPITIJQ(I"J! #$Z! W"T%"ZUZ! IT%PIYRUZ! #QJZ! Pa$R(&"%HIZQ(I"J!
#$Z! %PQJZ! #a$QR! JQ(R&$PZ1! +4"D9)<9!! $(! D9)<9!! g800Eh! &Q%%"&($J(! YR$! Chlorella!
vulgaris!%Q&NI$J(!i!$JP$N$&!GG!z!#$Z!%H"Z%HQ($Z!W"J($JRZ!#QJZ! P$Z!$^^PR$J(Z!#$! ^$&T$Z!
PQI(Ij&$Z!$(!#$!%"&WH$&I$Z1!

4J! Q]&IWRP(R&$S! $J! %PRZ! #$! &U#RI&$! #&QZ(IYR$T$J(! PQ! %"PPR(I"J! $JNI&"JJ$T$J(QP$S! RJ!
ZVZ(jT$! IJ(U]&U! #$! &$WVWPQ]$! #$Z! $QR[! RZU$Z! %$&T$(! PQ! W&UQ(I"J! #a$[(&QJ(Z! gKI"TQZZ$!
NU]U(QP$h! i! NQP$R&! Q'"R(U$1! >$Z! TIW&"QP]R$Z! %&"#RI($Z! #QJZ! P$! %&"W$ZZRZ! #$! %HVW""
U%R&Q(I"J!%$RN$J(!k(&$!R(IPIZU$Z!%Q&! PQ!ZRI($!#QJZ! PaQPIT$J(Q(I"J!#$Z!QJITQR[!#$!^$&T$1!
=NI#$TT$J(S! ("R($Z! P$Z! %HQZ$Z! #$! PQ! %&"#RW(I"J! #$Z! TIW&"QP]R$Z! #"IN$J(! k(&$!
%Q&^QI($T$J(! W"J(&�PU$Z! %"R&! UNI($&! RJ$! W"J(QTIJQ(I"J! #$! W$PP$Z"WI1! :A>y! $(! ?;*))!
g800Eh! QNQJW$J(!YR$! P$! (&QI($T$J(!#$Z! $QR[!RZU$Z! i! PaQI#$!#$!TIW&"QP]R$Z!%"ZZj#$!RJ!
%"($J(I$P!UW"J"TIYR$!IJ(U&$ZZQJ(1!

L! PaAJIN$&ZI(U!#R!@RUK$W!i!;IT"RZXIS!RJ!WH$&WH$R&!Q!U(R#IU! P$!%"($J(I$P!#$!W&"IZZQJW$!
#$!Z%I&RPIJ$!#QJZ!#$Z!$^^PR$J(Z!#$!%IZWIWRP(R&$!go9;9;!800Gh1!5$PQ!QR&QI(!PaQNQJ(Q]$!#$!
(&QI($&! P$Z! $QR[!RZU$Z! $(!#$!%&"#RI&$!RJ$!KI"TQZZ$!QN$W!RJ$!NQP$R&! ZR&! P$!TQ&WHU1!>$!
WH$&WH$R&!Q&&IN$!QRZZI!i! PQ! W"JWPRZI"J!YR$! P$Z!TIW&"QP]R$Z!%$RN$J(!QN"I&!RJ!%"($J(I$P!
IJ(U&$ZZQJ(!%"R&!UPITIJ$&!P$!%H"Z%H"&$!$(!P$!%H"Z%HQ($1!:Q&!W"J(&$S!J"RZ!Q%%&$J"JZ!YRaIP!
QR&Q! ^QPPR!$J&IWHI&! P$Z!$^^PR$J(Z!%"R&!YR$! PQ!Z%I&RPIJ$!%RIZZ$!W&"n(&$!$(!#"JW!"K($JI&!RJ!
$[(&QJ(! IJ(U&$ZZQJ(1! >Q! %&"#RW(I"J! Z$&QI(! #I^^IWIP$! $J! KQZZ$Z! ($T%U&Q(R&$ZS! W$! YRI! &$J#!
PaQ%%PIWQ(I"J!QR!@RUK$W!RJ!%$R!%&"KPUTQ(IYR$1!+$!%PRZ!QT%P$Z!U(R#$Z!Z"J(!JUW$ZZQI&$Z!
%"R&!#U($&TIJ$&! PQ! &$J(QKIPI(U!#aRJ! ($P!ZVZ(jT$!$(!N"I&!ZI!RJ$!Q%%PIWQ(I"J!%"R&&QI(!k(&$!
#UN$P"%%U$!QR!@RUK$W1!

2.4.2!Traitement!des!émissions!de!gaz!effet!de!serre!et!production!de!biocarburants!
>Q! ($WHJ"P"]I$! #$Z! KI"&UQW($R&Z! %$R(! k(&$! R(IPIZU$! %"R&! RJ! T$IPP$R&! W"J(&�P$! #$! PQ!
%&"#RW(I"J!#$!KI"TQZZ$Z!#$!TIW&"QP]R$Z!"R!#$!W$&(QIJZ!#$!P$R&Z!W"T%"ZUZ!#aIJ(U&k(1!4PP$!
%$&T$(!QRZZI!#$!&UWR%U&$&!$(!#$!%IU]$&!#QJZ!P$Z!TIW&"QP]R$Z!i!PaQI#$!#$!PQ!%H"("ZVJ(HjZ$!
W$&(QIJZ! ]Q\! J"WI^Z! %"R&! Pa$JNI&"JJ$T$J(1! AJ$! W"T%Q]JI$! QTU&IWQIJ$S! ?&$$JCR$P!
6$WHJ"P"]I$ZS! ($Z($! #U'i! P$! %"($J(I$P! #$! W$(($! ($WHJ"P"]I$! %"R&! PQ! &UWR%U&Q(I"J! #$Z!
UTIZZI"JZ!#$!5*8!$(!#$!!*[!#aRJ$!W$J(&QP$!(H$&TIYR$1!>$!5*8!$(!P$Z!"[V#$Z!#aQ\"($!Z"J(!
#$Z!W"T%"ZUZ!%$&T$((QJ(! PQ!W&"IZZQJW$!#$Z!TIW&"QP]R$Z1!?&$$JCR$P!W"T%($!&U#RI&$! P$Z!
UTIZZI"JZ!#$!]Q\!i!$^^$(!#$!Z$&&$!#$!W$&(QIJZ!(V%$Z!#aIJ#RZ(&I$Z!("R(!$J!W&UQJ(!RJ!%&"#RI(!
YRI!%"ZZj#$!RJ$!NQP$R&!Q'"R(U$1!4J!$^^$(S! P$Z!TIW&"QP]R$Z!%&"#RI($Z!%Q&!?&$$JCR$P!Z"J(!
&IWH$Z! $J! HRIP$1! 5$PP$"WI! $Z(! $[(&QI($! %Q&! %&$ZZI"J! %"R&! k(&$! $JZRI($! (&QJZ^"&TU$! $J!
KI"#I$Z$P!%Q&!(&QJZ"$Z(U&I^IWQ(I"J1!

9N$W! PQ!HQRZZ$!#R!%&I[!#R!%U(&"P$S! P$Z!KI"#I$Z$PZ!%&UZ$J($J(!RJ! IJ(U&k(!#$!%PRZ!$J!%PRZ!
W$&(QIJ1!>$!%&I[!#R!KQ&IP!#$!%U(&"P$!ZaU(QKPIZZQI(!QR!/e!Q"~(!800G!i!3GSBG}!A)1!>"J]($T%Z!
W"JZI#U&UZ!W"TT$!(&"%!WH$&!%Q&!&Q%%"&(!QR!TQ&WHU!#R!%U(&"P$S!P$Z!KI"#I$Z$PZ!%"R&&"J(S!
#QJZ!RJ!QN$JI&!QZZ$\! &Q%%&"WHUS!#$N$JI&! W"T%U(I(I^Z1!9W(R$PP$T$J(S! P$! W"~(!T"V$J!#R!
KQ&IP!#$!KI"#I$Z$P!i!KQZ$!#$!TIW&"QP]R$Z!$Z(!#$!eE!}!A)!QN$W!RJ$!^"R&WH$(($!HV%"(HU(IYR$!
#$! 3/! }! i! /83! }!A)! P$! KQ&IP! g+9!,4>*S! 800Gh1!>$Z! $[%$&(Z! %&U#IZ$J(! YR$! P$! KI"#I$Z$P!
%&"#RI(!%Q&!P$Z!TIW&"QP]R$Z!%"R&&QI(!k(&$!&$J(QKP$!#aIWI!80/01!
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>Q!N$&ZI"J! UP$W(&"JIYR$!#R! '"R&JQP!>$!-"J#$!#R! B0! Q"~(! 800G! WI($! P$!:&UZI#$J(!#$! PQ!
C&QJW$S! -1! MQWYR$Z! 5HI&QWS! YRI! T$J(I"JJ$! YR$! q!P$! %&I[! #R! %U(&"P$! &IZYR$! #ak(&$!
#R&QKP$T$J(!UP$NU!O!P$!&$J"RN$QR!#$!J"(&$!%"PI(IYR$!UJ$&]U(IYR$!$Z(!IJ#IZ%$JZQKP$s1!>$Z!
TIW&"QP]R$Z!%"R&&QI$J(!%$R("k(&$! ^QI&$!%Q&(I$!#$! PQ!J"RN$PP$!UYRQ(I"J!UJ$&]U(IYR$!#QJZ!
RJ!%&"WH$!QN$JI&1!

>aQR(&$! QNQJ(Q]$! IT%"&(QJ(! #$Z! KI"WQ&KR&QJ(Z! ZR&! P$Z! WQ&KR&QJ(Z! ^"ZZIP$Z! $Z(! P$R&Z!
WQ%QWI(UZ!i!PITI($&!P$!&UWHQR^^$T$J(!#$!PQ!%PQJj($1!4J!$^^$(S!P$Z!KI"WQ&KR&QJ(Z!PIKj&$J(!#$Z!
"[V#$Z! #$! WQ&K"J$! %&UQPQKP$T$J(! %&UP$NUZ! #QJZ! PaQ(T"Z%Hj&$! gW&"IZZQJW$! #$Z!
"&]QJIZT$Z!NINQJ(Zh!$(!J"J!W$PRI!%IU]U!#$%RIZ!#$Z!TIPPI"JZ!#aQJJU$Z!#QJZ!P$!WHQ&K"JS!P$!
%U(&"P$!$(!P$!]Q\!JQ(R&$P1!
!
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D4y96S!M"-1!g800Gh1!>$!%U(&"P$!WH$&!#"JJ$!P$R&!WHQJW$!QR[!UJ$&]I$Z!&$J"RN$PQKP$Z1!>$!-"J#$1^&S!
B0!Q"~(!800G1!!!

D*;?4)S!-"61!$(!QP1!g800Gh1!,J($]&Q(I"J!"^!W"JZRT$&"(Q&]$($#!TIW&"QP]QP!%&"#RW(I"J!tI(H!TQ&IJ$!
^IZH! $^^PR$J(! KI"^IP(&Q(I"J! c! Q! Z(&Q($]V! ^"&! TQ&IWRP(R&$! ZRZ(QIJQKIPI(V1! M"R&JQP! "^! 9%%PI$#!
:HVW"P"]VS!/.O!/2."/e.1!

D*;*u,6yo9S!-1!91!g/ee.h1!-IW&"QP]Q$!^"&!QYRQWRP(R&$O!*%%"&(RJI(I$Z!QJ#!W"JZ(&QIJ(Z1!M"R&JQP!
"^!9%%PI$#!:HVW"P"]VS!eO!BeB"E0/1!

5<*A,!9;+S!d! g800Gh1!A(IPIZQ(I"JZ!#$Z!QWI#$Z!]&QZ!"TU]Q!B!$J!%&"#RW(I"J! PQI(Ij&$!$(!K"NIJ$S!
%&UZ$J(Q(I"J!#QJZ!P$!WQ#&$!#$!PQ!&$JW"J(&$!($WHJ"P"]IYR$!q!9##I(I^Z!$(!ZR%%PUT$J(Z!QPIT$J(QI&$Z!
$J!%&"#RW(I"J! QJITQP$! O! IJJ"NQ(I"JZ! $(! ($J#QJW$Z!s1!;$JW"J(&$! ($WHJ"P"]IYR$! "&]QJIZU$!%Q&! P$!
5@FDS!.!'RIJ!800GS!)QIJ("<VQWIJ(H$1!

+9!,4>*S!*1!g800Gh1!9J!QP]Q$"KQZ$#!^R$P1!DI"^R(R&S!!RTU&"!8GGS!TQI!800G1!!
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#$Z!%Q&QTj(&$Z!#$!WRP(R&$1!:"R&!PQ!%&"#RW(I"J!#$!W"T%"ZUZ!#$!WHITI$!^IJ$!"R!#aQ##I(I^Z!
QPIT$J(QI&$Z!%Q&(IWRPI$&ZS!W$Z!W"J#I(I"JZ!W"J(&�PU$Z!Z"J(!"KPI]Q("I&$Z!Q^IJ!#$!%$&T$((&$!PQ!
TQJI%RPQ(I"J! #$Z! W"J#I(I"JZ! #$! WRP(R&$Z! g(QR[! #$! W&"IZZQJW$S! UPUT$J(Z! JR(&I(I^Z! $(!
%&UWR&Z$R&ZS!W"JW$J(&Q(I"J!$J!"[V]jJ$!$(!]Q\!WQ&K"JIYR$S!$(W1h!$(!P$!W"J#I(I"JJ$T$J(!#$!
PQ!KI"TQZZ$!%&"#RI($1!!

5$&(QIJ$Z!TIW&"QP]R$Z!%"ZZj#$J(!RJ$!K"JJ$!&UZIZ(QJW$!QR[!^"&W$Z!#$!WIZQIPP$T$J(1!5$(($!
%Q&(IWRPQ&I(U! ZI]JI^I$! YR$! #$Z!TU(H"#$Z! #$! %"T%Q]$! $(! #$! K&QZZQ]$!T"IJZ! W"~($RZ$Z!
%"R&&"J(!k(&$!R(IPIZU$Z!%"R&!P$Z!WRP(IN$&1!!

4J^IJS! PQ! #$&JIj&$! WQ&QW(U&IZ(IYR$! #U%$J#! #$Z! "K'$W(I^Z! #$! NQP"&IZQ(I"J! #$! PQ! KI"TQZZ$!
WRP(INU$1! ,P! Z$&Q! QNQJ(Q]$R[!#$! WH"IZI&! RJ$! $Z%jW$!#$!TIW&"QP]R$! QVQJ(! RJ! IT%"&(QJ(!
W"J($JR!W$PPRPQI&$!%&UZ$J(QJ(!RJ$! ^"&($! ($J$R&!$J!W"T%"ZUZ!i!HQR($!NQP$R&!Q'"R(U$S!"R!
$JW"&$!RJ$!$Z%jW$!i!NQP$R&!JR(&I(IN$!UP$NU$1!

N@G!=0)-'-*5)-$(!#"*!L5%)"&/*!#"!%/$-**5(%"!#"*!'-%/$5+4&"*!
AJ$!^"IZ!PQ!"R!P$Z!TIW&"QP]R$Z!&$($JR$ZS!IP!^QR(!U(R#I$&!P$Z!#I^^U&$J(Z!^QW($R&Z!YRI!%$RN$J(!
Q^^$W($&! P$R&! W&"IZZQJW$S! $(! %Q&! W"JZUYR$J(! P$R&! %&"#RW(INI(U! "R! $JW"&$! Pa"K($J(I"J! #$!
W"T%"ZUZ! Z%UWI^IYR$Z1! >$Z! ^QW($R&Z! #$! W&"IZZQJW$! KI$J! W"JJRZ! Z"J(! PQ! PRTIj&$S! PQ!
($T%U&Q(R&$S! PQ! Z"R&W$!#$! WQ&K"J$! g5*8!$(! WQ&K"J$!"&]QJIYR$hS! Pa"[V]jJ$S! P$!%<!$(! P$Z!
JR(&IT$J(Z1! 5$Z! ^QW($R&Z! Z"J(! i! U(R#I$&! %"R&! WHQYR$! Z"RWH$! #$!TIW&"QP]R$Z! $(! P$R&Z!
TU(QK"PI($Z!WIKPUZ!%RIZYR$!WHQWRJ$!#$Z!Z"RWH$Z!%"ZZj#$!RJ!TU(QK"PIZT$!Z%UWI^IYR$!$(!
#"JW!#$Z!%&U^U&$JW$Z!$JNI&"JJ$T$J(QP$Z!%"R&!ZQ!W&"IZZQJW$1!

4.2.1!Lumière!

>$!%&IJWI%QP! ^QW($R&!#$!W&"IZZQJW$!$(!QRZZI! P$!%&IJWI%QP! ^QW($R&! PITI(QJ(!W$PP$"WI!$Z(!ZQJZ!
QRWRJ! #"R($! PQ! PRTIj&$S! Z"R&W$! #aUJ$&]I$! $ZZ$J(I$PP$! i! PQ! %H"("ZVJ(HjZ$1! 4PP$! %&$J#!
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!

#aQR(QJ(! %PRZ! #aIT%"&(QJW$! #QJZ! J"Z! WPITQ(Z! &I]"R&$R[!O! P$Z! %H"("%U&I"#$Z! W"R&($Z!
&$%&UZ$J($J(!Z$%(!T"IZ!%Q&!QJJU$1!4PP$Z!#$NI$JJ$J(!#"JW!RJ!^QW($R&!PITI(QJ(!PQ!W&"IZZQJW$!
#$Z!TIW&"QP]R$Z!$J!TIPI$R!"RN$&(S!$(!W$!TkT$!ZI!PQ!($T%U&Q(R&$!#R!TIPI$R!#$!WRP(R&$!$Z(!
"%(ITIZU$1!

>aR(IPIZQ(I"J!#$!PRTIj&$!Q&(I^IWI$PP$!%$R(!W"TKP$&!W$!#U^IWI(!KI$J!YRa$PP$!Z"I(!T"IJZ!$^^IWQW$!
YR$! PQ! PRTIj&$!JQ(R&$PP$! g6&QNI$Z"! et! al.S! /ee8h!YR$! W$! Z"I(! $J! Z$&&$! "R! $J!KI"&UQW($R&1!
6"R($^"IZS! #QJZ! P$Z! ZI(RQ(I"JZ! "_! PQ! PRTIj&$! JQ(R&$PP$! Ja$Z(! %QZ! ZR^^IZQJ($S! PaUWPQI&Q]$!
Q&(I^IWI$P!#$NI$J(! PQ!Z$RP$!"%(I"J!NIQKP$1!+aQR(&$Z!%Q&(ZS!$JW"&$!RJ$! ^"IZS!$J! ^"JW(I"J!#R!
%&"#RI(! $(! #$Z!TQ&WHUZ! NIZUZS! RJ$! W&"IZZQJW$! $J!T"#$! J"J! UWPQI&U! gHU(U&"(&"%H$h! #$!
W$&(QIJZ!(V%$Z!#$!TIW&"QP]R$Z!W"TT$!P$Z!#IJ"^PQ]$PPUZ!#"I(!k(&$!ZU&I$RZ$T$J(!W"JZI#U&U$!
g+$!)tQQ^S!800Bh1!

!

I$&/B&$-!05*!&("!0/$#&%)-$(!21)1/$)/$02"!*5(*!+&'-./"!j!
!
D,XB!O!)WHTI#(!et!al.!g800Gh!
!
G-(@/%!/+.1,%!O!T5+#-"/-5!*&+02&/5/-5S!%"R&!PQ!%&"#RW(I"J!#$!%HVW"WVQJIJ$1!
!
,P! $Z(! %"ZZIKP$! #$! ^QI&$! W&"n(&$! #QJZ! RJ! TIPI$R! #$! WRP(R&$! Q%%&"%&IU! #I^^U&$J($Z! $Z%jW$Z! #$!
TIW&"QP]R$Z! $J! W"J#I(I"JZ! #aQKZ$JW$! #$! PRTIj&$1!5$! Z"J(! #$Z! W"J#I(I"JZ! #$! WRP(R&$! $J!T"#$!
HU(U&"(&"%H$1!9!(I(&$!#a$[$T%P$S!!)WHTI#(!et!al.!g800Gh!"J(!IJN$Z(I]RU!PQ!%&"#RW(I"J!$J!T"#$!WRNU$!
$(!Z$TI"W"J(IJR$!#$!PQ!%HVW"WVQJIJ$!%&"#RI($!%Q&!RJ$!TIW&"QP]R$!&"R]$!Galdieria!sulphuraria!%Q&!
W&"IZZQJW$!$J!%&UZ$JW$!#$!]PRW"Z$S!^&RW("Z$S!ZRW&"Z$!"R!TUPQZZ$!#$!K$(($&QN$1!5$(($!TIW&"QP]R$!Q!
U(U!WQ%QKP$!#$!("PU&$&!#$Z!W"JW$J(&Q(I"JZ!$J!]PRW"Z$!$(!^&RW("Z$!QRZZI!^"&($!YR$!166!g/l!g0Se-h1!+$Z!
W"JW$J(&Q(I"JZ!$J!KI"TQZZ$!#$!Pa"&#&$!#$!80!à!120!g!sec/litre!"J(!%R!k(&$!"K($JR$Z!$J!T"#$!Z$TI"
W"J(IJR$1! >Q! %&"#RW(INI(U! #$! %HVW"WVQJIJ$! $J! %&"#RW(I"J! Z$TI"W"J(IJR$! U(QI(! ZR%U&I$R&$! QR[!
NQP$R&Z! HQKI(R$PP$T$J(! Q(($IJ($Z! #QJZ! P$Z! WRP(R&$Z! i! WI$P! "RN$&(! #$! Spirulina! platensisS! "_! PQ!
%HVW"WVQJIJ$!$Z(!%&UZ$J($T$J(!%&"#RI($!W"TT$&WIQP$T$J(1!
!
D,X1!-Q&($X!DI"ZWI$JW$!5"&%"&Q(I"J!g800Gh!
!
G-(@/%!/+.1,%!O!!/C0)2"%$#-(-&'!%$2(--!%"R&!PQ!%&"#RW(I"J!#a"T$]Q"B!gQWI#$!#"W"ZQH$[Q$J"IYR$!
"R!+<9h!
!
-Q&($X!DI"ZWI$JW$Z!%"ZZj#$!#$Z!RJI(UZ!#$!%&"#RW(I"J! P"WQPIZU$Z!QR!o$J(RWXV!$(!$J!5Q&"PIJ$!#R!
)R#! g%&"#RW(I"J! $(! &Q^^IJQ]$h1! 5$(($! $J(&$%&IZ$! "K(I$J(! #$! PaHRIP$! &IWH$! $J! +<91! >$! %&"WU#U!
W"TT$JW$!%Q&!RJ$!TIZ$!i!PaUWH$PP$!$(!Z$!($&TIJ$!%Q&!PaU(Q%$!^IJQP$!#$!W"J#I(I"JJ$T$J(!#$!PaHRIP$1!
>$Z!TIW&"QP]R$Z!Z"J(!WRP(INU$Z!#QJZ!#$Z!^$&T$J($R&Z!(&Q#I(I"JJ$PZ!#$!N"PRT$!#$!20!000!i!830!000!
PI(&$Z1!>$Z!+IJ"^PQ]$PPU$Z!Z"J(!%Q&! PQ!ZRI($!&UW"P(U$Z!%Q&!W$J(&I^R]Q(I"J!$(! P$!W"JW$J(&U!"K($JR!$Z(!
ZUWHU!%Q&!Q("TIZQ(I"J!gZ%QV!#&I$#h1!>Q!KI"TQZZ$!ZjWH$!$Z(!QP"&Z!K&"VU$!$(!KQI]JU$!#QJZ!RJ!Z"PNQJ(!
%"R&!$[(&QI&$!PaHRIP$1!>$!Z"PNQJ(!$Z(!QP"&Z!UNQ%"&U!%"R&!%$&T$((&$!Pa"K($J(I"J!#$!PaHRIP$!K&R($1!>$!
%&"#RI(!^IJI!$Z(!RJ!%&"#RI(!(&QJZ%Q&$J(S!#$!W"RP$R&!QTK&$!$(!&IWH$!$J!+<91!
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!

E181/1/!:H"(""IJHIKI(I"J!

AJ$!IJ($JZI(U!PRTIJ$RZ$!(&"%!UP$NU$!%$R(!IJHIK$&!PQ!%H"("ZVJ(HjZ$!$(!%Q&!W"JZUYR$J(!PQ!
W&"IZZQJW$! QP]QP$1! >aIJ($JZI(U! PRTIJ$RZ$! ("PU&QKP$! NQ&I$! $J! ^"JW(I"J! #R! (V%$! #aQP]R$Z1!
5$(($! %H"(""IJHIKI(I"J! $Z(! WQRZU$! %Q&! RJ! ZR&%PRZ! #aUP$W(&"JZ! ]UJU&U! %Q&! PQ! WQ%(Q(I"J!
IJI(IQP$!#$Z!&QV"JZ!Z"PQI&$ZS! P$ZYR$PZ!N"J(!ZQ(R&$&! P$Z!&UW$%($R&Z!#aUP$W(&"JZ!#R!%I]T$J(!
%H"("ZVJ(HU(IYR$1!!!

5"TT$! W$Z! &UW$%($R&Z! Q]IZZ$J(! QRZZI! W"TT$! Z$TI"W"J#RW($R&ZS! P$R&! ZQ(R&Q(I"J!
$T%kWH$&Q!#"JW!P$!%QZZQ]$!#$Z!UP$W(&"JZ!#aRJ!%I]T$J(!WHP"&"%HVPPI$J!i!PaQR(&$S!IJHIKQJ(!
QIJZI! PQ! %H"("ZVJ(HjZ$! g?"P#TQJ! $(! <"T$S! /eeEh1! 9! (I(&$! #a$[$T%P$S! 5"&J$(! g/ee2h!
%&UZ$J($!P$Z!$^^$(Z!#$!PaIJ($JZI(U!PRTIJ$RZ$!ZR&!P$!(QR[!#$!W&"IZZQJW$!#$Z!TIW&"QP]R$Z!YRI!
QR]T$J($! #$!TQJIj&$! $[%"J$J(I$PP$! $J(&$! G0!uQ((ZlT8! $(! 800!ulT81! :RIZS! P$! (QR[! #$!
W&"IZZQJW$! Q(($IJ(! RJ! %PQ($QR! $J(&$! 800!ulT8! $(! B00!ulT81! ,P! ZaQ]I(! #$! PaIJ($JZI(U! #$!
ZQ(R&Q(I"J1!9!%Q&(I&!#$! B00!ulT8S! "J! QZZIZ($! i!RJ$!#ITIJR(I"J!#R! (QR[!#$! W&"IZZQJW$!
%&"%"&(I"JJ$PP$! i! PaQR]T$J(Q(I"J! #$! PaIJ($JZI(U! PRTIJ$RZ$1! 5a$Z(! PQ! %HQZ$! #$! %H"(""
IJHIKI(I"J1!

>$Z!$[%U&I$JW$Z!#$!6QPK"(!et!al1!g/ee/h!"J(!%$&TIZ!#$!#UT"J(&$&!YRaIP!$[IZ($!%"R&!WHQYR$!
$Z%jW$!#$!TIW&"QP]R$Z!RJ$! PRTIJ"ZI(U!"%(ITQP$!NQ&IQKP$!$J! ^"JW(I"J!#$! PQ! ($T%U&Q(R&$!
#R!TIPI$R!#$! WRP(R&$1!>aQ%%"&(!%&IJWI%QP!#$! W$Z! (&QNQR[! $Z(!RJ!T"#jP$!TQ(HUTQ(IYR$!
%$&T$((QJ(! #$! NIZRQPIZ$&! PQ! ^QWIPI(U! #$Z! W$PPRP$Z! QP]QP$Z! i! W&"n(&$! i! PaIJ(U&I$R&! #aRJ$!
W$&(QIJ$!NQ&IQ(I"J!#aIJ($JZI(U! PRTIJ$RZ$1!>$Z!$Z%jW$Z!QP]QP$Z!#"IN$J(!#"JW!k(&$!U(R#IU$Z!
$J! ^"JW(I"J! #$! W$(! "%(ITRT! #aUWPQI&Q]$! $(! #$! PQ! %&"#RW(INI(U! $J! KI"TQZZ$! "R! $J!
W"T%"ZUZ!KI"WHITIYR$Z!NIZUZ1!

4.2.2!Température!

4J!^"JW(I"J!#R!(V%$!#aQP]R$ZS!PQ!($T%U&Q(R&$!"%(ITQP$!#$!W&"IZZQJW$!"R!#a"K($J(I"J!#aRJ!
TU(QK"PI($! %Q&(IWRPI$&! NQ&I$1! >$Z! ($T%U&Q(R&$Z! UP$NU$Z! ^QN"&IZ$J(! PQ! W&"IZZQJW$!
W"T%Q&Q(IN$T$J(!QR[!($T%U&Q(R&$Z!%PRZ!^QIKP$Z!g?"P#TQJ!$(!<"&J$S!/eeEh1!!-kT$!ZI!P$Z!
TIW&"QP]R$Z! %$RN$J(! ZR&NIN&$! i! RJ$! #ITIJR(I"J! #$! PQ! ($T%U&Q(R&$! #$! P$R&!TIPI$R! #$!
WRP(R&$S! P$R&! W&"IZZQJW$! $J! Z$&Q! Q^^$W(U$S! %Q&(IWRPIj&$T$J(! %Q&W$! YR$! PQ! ($T%U&Q(R&$!
Q^^$W($! PQ! Z"PRKIPI(U!#$Z!]Q\!#QJZ! Pa$QRS! ($P!YR$! P$!5*8S! Z$P"J!RJ$! &$PQ(I"J! IJN$&Z$T$J(!
%&"%"&(I"JJ$PP$1!

4.2.3!Carbone!et!pH!

>Q!YRQJ(I(U!#$!5*8!#IZ%"JIKP$!Q^^$W($&Q!QRZZI!PQ!W&"IZZQJW$!#$Z!TIW&"QP]R$Z!%RIZYR$!Wa$Z(!
P$R&! Z"R&W$!%&INIPU]IU$!#$! WQ&K"J$! IJ"&]QJIYR$1!>$!5*8!]Q\$R[!#I^^RZ$! QIZUT$J(!#QJZ!
Pa$QR! $(! $Z(! R(IPIZQKP$! #I&$W($T$J(! %Q&! P$Z! W$PPRP$Z! P"&Z! #$! PQ! %H"("ZVJ(HjZ$1! )$P"J!
?"P#TQJ! $(! <"&J$! g/eeEhS! #QJZ! RJ! TIPI$R! QYR$R[S! PQ! KI"#IZ%"JIKIPI(U! #R! WQ&K"J$!
IJ"&]QJIYR$! $Z(! ^"JW(I"J! #aRJ! UYRIPIK&$! W"T%P$[$! $J(&$! P$! 5*8! #IZZ"R(S! PaQWI#$!
WQ&K"JIYR$!g<85*BhS!P$!KIWQ&K"JQ($!g<5*B"h!$(!PaI"J!WQ&K"JQ($!g5*B!8"h1!!

>Q!W"JW$J(&Q(I"J!$J!5*8!#QJZ!P$!TIPI$R!#$!WRP(R&$!Q!RJ!$^^$(!IT%"&(QJ(!ZR&!P$!%<S!P$!5*8!
&UQ]IZZQJ(! QN$W! Pa$QR! %"R&! ^"&T$&! PaQWI#$! WQ&K"JIYR$1! >aQ%%"&(! #aRJ$! (&"%! ]&QJ#$!
YRQJ(I(U!#$!5*8!"R!PaQ'"R(!#$!Z$PZ!#$!WQ&K"JQ($!%$R(!WQRZ$&!RJ$!QP(U&Q(I"J!QWW&R$!#R!%<!
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#a"_!PQ!JUW$ZZI(U!#$!&$($JI&!RJ$!Z"RWH$!#$!TIW&"QP]R$!&UZIZ(QJ($!i!RJ$!NQZ($!]QTT$!#$!
%<1!!

>$Z!$Z%jW$Z!#$!TIW&"QP]R$Z!%"ZZU#QJ(!PQ!WQ%QWI(U!#aQR(""^P"WRPQ(I"J!Z"J(!IJ(U&$ZZQJ($Z!i!
R(IPIZ$&!%"R&! ^QWIPI($&! P$R&! &UW"P($1!:Q&! W"J(&$S! $PP$Z!%$RN$J(! WQRZ$&! W$&(QIJZ!%&"KPjT$Z!
P"&ZYR$! P$! ^P"W! Q(($IJ(!#$Z! %&"%"&(I"JZ! (&"%! IT%"&(QJ($Z1!>$! (QR[!#$! (&QJZ^$&(!#R!5*8!
$J(&$!P$!^IPT!PIYRI#$!$J("R&QJ(!P$!^P"W!$(!PaIJ(U&I$R&!#$!W$!#$&JI$&!Z$&Q!QP"&Z!&U#RI(!g6QPK"(!
et!al.S!/ee/h1!!

>$Z!TIW&"QP]R$Z! #UT"J(&$J(! #$Z! ("PU&QJW$Z! NQ&IQKP$Z! QR! 5*81! ;UW$TT$J(S! %PRZI$R&Z!
U(R#$Z!"J(!%"&(U!ZR&!P$Z!T"V$JZ!#$!&$WVWP$&!P$!5*8!&$Z%"JZQKP$!#R!&UWHQR^^$T$J(!]P"KQP!
#$! PQ!%PQJj($!%Q&! PQ!%&"#RW(I"J!#$!TIW&"QP]R$Z! g$[1!O! ,JZ(I(R($!"^!-Q($&IQPZ!:&"W$ZZIJ]S!
-IWHI]QJ!6$WHJ"P"]IWQP!AJIN$&ZI(Vh1!9! (I(&$!#a$[$T%P$S!#I^^U&$J($Z!Z"RWH$Z!"J(!%R!k(&$!
ZUP$W(I"JJU$Z! %"R&! P$R&! ("PU&QJW$! ZR%U&I$R&$! QR! 5*8! g5HQJ]! QJ#! dQJ]S! 800Bw! A1)1!
+$%Q&($T$J(!"^!4J$&]VS!800Bh1!

4.2.4!Éléments!nutritifs!

,P!^QR(!%"&($&!RJ$!Q(($J(I"J!%Q&(IWRPIj&$!QR[!UPUT$J(Z!JR(&I(I^Z!&$YRIZ!%Q&!P$Z!TIW&"QP]R$Z1!
+QJZ! RJ! W"J($[($! #aRJ$! %&"#RW(I"J! W"J^IJU$S! PQ! W"JW$%(I"J! #aRJ!TIPI$R! "%(ITQP! #$!
WRP(R&$!QPPIU$!i!PaR(IPIZQ(I"J!#$!Pa$QR!#$!T$&!Z$&Q!W&RWIQP$1!>aQ\"($!g!h!$(!P$!%H"Z%H"&$!g:h!
Z"J(! P$Z!#$R[!%&IJWI%QR[! UPUT$J(Z!JR(&I(I^Z! PITI(QJ(! PQ! W&"IZZQJW$!#$Z! QP]R$Z1!>"&Z!#R!
WQPWRP!#$Z!YRQJ(I(UZ!#$!JR(&IT$J(Z!JUW$ZZQI&$Z!QR!%P$IJ!#UN$P"%%$T$J(!#$Z!QP]R$ZS!IP!$Z(!
IT%"&(QJ(! #$! ($JI&! W"T%($! #R! %HUJ"TjJ$! #$! #U]Q\Q]$1! 5$PRI"WI! Q^^$W($! PaQ\"($!
QTT"JIQWQPS!$J!$^^$(!#QJZ!RJ!TIPI$R!i!%<!UP$NU!#$Z!%$&($Z!IT%"&(QJ($Z!#aQ\"($!%$RN$J(!
QIJZI!Z$!%&"#RI&$1!5a$Z(!QR("R&!#aRJ!%<!#$!.!YR$!W$!%HUJ"TjJ$!$Z(!P$!T"IJZ!IT%"&(QJ(S!
QN$W!80z!#$!#U]Q\Q]$1!,P!^QR(!#"JW!IT%U&Q(IN$T$J(!($JI&!W"T%($!#$!W$!%HUJ"TjJ$!#QJZ!
P$!WQPWRP!#R!&Q(I"!5l!l:!&$WH$&WHU!#QJZ!P$!TIPI$R!#$!WRP(R&$1!!
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(H$!W"T%QJV!]$((IJ]!&QIJ$#!"J!Q!P"(1!)%&IJ]!ZQP$Z!t$&$!#"tJ!^&"T!J$Q&PV!}B1B!TIPPI"J!IJ!tIJ($&!
ZQP$Z!K$WQRZ$!"^!RJ^RP^IPP$#!"&#$&Z!#R$!("!P"t$&!%&"#RW(I"J!WQRZ$#!KV!IJWP$T$J(!t$Q(H$&S!(H$!
W"T%QJV!ZQI#!-"J#QV1!6H$!W"T%QJV!^QWIPI(V!Q(!o$QH"P$!:"IJ(!J"&TQPPV!]$(Z!t$(!t$Q(H$&!IJ!(H$!
tIJ($&!QJ#!%PQJZ!^"&!I(1!DR(!(HIZ!V$Q&!(H$!ZQT$!(HIJ]!HQ%%$J$#!IJ!(H$!Z%&IJ]!QJ#!(H$!^QWIPI(V!]"(!
B2B!%$&W$J(!"^!J"&TQP!&QIJ1!6HIZ!&$ZRP($#!IJ!Q!JR(&I$J(!ITKQPQJW$!IJ!(H$!WRP(R&$!%"J#ZS!J$]Q(IN$PV!
IT%QW(IJ]!%&"#RW(I"J1!$uHIP$!t$!Q&$!#IZQ%%"IJ($#!tI(H!(H$!YRQ&($&#Z!&$ZRP(Z!(HQ(!TQ&X!Q!
#$%Q&(R&$!^&"T!"R&!&$W$J(!(&$J#!"^!Z$YR$J(IQP!YRQ&($&PV!IJW&$QZ$Z!IJ!&$N$JR$!QJ#!J$(!IJW"T$S!t$!
Q&$!$JW"R&Q]$#!tI(H!(H$!%&"]&$ZZ!t$!HQN$!TQ#$!^&"T!Q!V$Q&!Q]"S$!ZQI#!54*!?$&QP#!5VZ$tZXI1!
6H$!YRQ&($&!Q(!Q!]PQJW$O!;$N$JR$O!}81.!TIPPI"J1!d$Q&!Q]"O!}81E!TIPPI"J1!!$(!IJW"T$O!}//BS0001!d$Q&!
Q]"O!>"ZZ!"^!}/E/S0001!:$&!ZHQ&$O!/!W$J(1!d$Q&!Q]"O!>"ZZ!"^!/!W$J(1!5"Z(!"^!%&"#RW(I"J!tQZ!QPZ"!
Q^^$W($#!KV!(H$!IJW&$QZ$#!J$$#!^"&!JR(&I$J(Z1!6HIZ!&$ZRP($#!IJ!]&"ZZ!%&"^I(!TQ&]IJ!"^!BB!%$&W$J(S!
#"tJ!^&"T!(H$!tIJ($&!YRQ&($&!KR(!Z(IPP!K$(($&!(HQJ!V$Q&"Q]"!P$N$PZ1!*N$&QPP!W"Z(Z!t$&$!Z(IPP!P"t$&!
(HQJ!V$Q&"Q]"!P$N$PZ!$N$J!tI(H!(HIZ!%&"KP$T1!5VZ$tZXI!ZQVZ!(H$!KRZIJ$ZZ!IZ!^IJQPPV!]$J$&Q(IJ]!
ZR^^IWI$J(!WQZH^P"t!("!^RJ#!(H$!$[%QJZI"J!"^!%&"#RW(I"J1!5VQJ"($WH!RZ$Z!tQ($&!#&QtJ!^&"T!(H$!
#$$%!:QWI^IW!"^^!(H$!o"JQ!5"QZ(!("!]&"t!TIW&"QP]Q$!&IWH!IJ!QJ(I"[I#QJ(ZS!tHIWH!WP$QJZ$!(H$!KP""#!
"^!("[IJZ1!,(!Z$PPZ!JR(&QW$R(IWQP!%IPPZ!^"&!%$"%P$S!QJITQP!^$$#S!QJ#!%PQJ(!^""#S!QPP!W"J(QIJIJ]!
QZ(Q[QJ(HIJS!I(Z!QJ(I"[I#QJ(!%&"#RW(1!!

!

U"/'"!#"!0/$#&%)-$(!#"!'-%/$5+4&"*!#"!!C5($)"%2!6<&"!51/-"(("h!

03080B/083"&$N/! +,-.!1%! (//#0%/0/#!

http://www.bizjournals.com/search/bin/search?q=%22Cyanotech%20Corp%22&t=pacific


!

,P! $[IZ($! #$R[! (V%$Z! #$! %&"#RW(I"J! #$! TIW&"QP]R$Z! YRI! %$&T$(($J(! Pa"K($J(I"J! #$!
KI"TQZZ$Z!$(!#$!%&"#RI(Z!KI"WHITIYR$Z!i!HQR($!NQP$R&S!PQ!%&"#RW(I"J!$J!U(QJ]!$(!W$PP$Z!$J!
%H"("KI"&UQW($R&Z1!+$Z!W"T%Q]JI$Z!%&"#RW(&IW$Z!#$!TIW&"QP]R$Z!Z"J(!%&UZ$J(U$Z!i!PQ!^IJ!
#$!W$(($!Z$W(I"J!QR!6QKP$QR!31!

>$!%&$TI$&!T"#$S!P$!%PRZ!(&Q#I(I"JJ$PS!W"JZIZ($!i!WRP(IN$&!P$Z!TIW&"QP]R$Z!i!WI$P!"RN$&(!"R!
$J!Z$&&$Z!$J!ZVZ(jT$!"RN$&(S!$(!$J!T"#$Z!#$!WRP(R&$!$J!WRNU$S!Z$TI"W"J(IJR!"R!W"J(IJR1!
AJ! K&QZZQ]$! W"J(IJR$P! #R!TIPI$R! #$! WRP(R&$! $Z(! $^^$W(RU! $(! P$!5*8! %$R(! k(&$! IJ'$W(U! i!
#I^^U&$J($Z! W"JW$J(&Q(I"JZ! $J! ^"JW(I"J! #R! (V%$! #$! TIW&"QP]R$Z! WRP(INU$1! >aUJ$&]I$!
PRTIJ$RZ$!$Z(!^"R&JI$!#I&$W($T$J(!%Q&!PQ!PRTIj&$!Z"PQI&$1!!

>Q!%&"#RW(I"J! $J! U(QJ]Z! $Z(! PQ! ($WHJ"P"]I$! Z(QJ#Q&#! PQ!%PRZ!R(IPIZU$!%"R&! P$Z! ]&QJ#$Z!
WRP(R&$Z! W"TT$&WIQP$Z!#$!TIW&"QP]R$Z! g$[1!O!)%I&RPIJ$h1!5$%$J#QJ(! W$!T"#$!#$! WRP(R&$!
W"T%"&($!%PRZI$R&Z!IJW"JNUJI$J(Z!gZ(QKIPI(U!NQ&IQKP$S!Z$JZIKIPI(U!i!PQ!W"J(QTIJQ(I"J!$(!QR[!
IJ($T%U&I$ZS!IT%"&(QJ($Z!ZR&^QW$Z!&$YRIZ$ZS!Q%%PIWQ(I"JZ!W"J^IJU$Z!QR[!WPITQ(Z!(&"%IWQR[!
"R!ZRK(&"%IWQR[h!YRI!"J(!QT$JUZ!P$!#UN$P"%%$T$J(!#$!#I^^U&$J(Z!(V%$Z!#$!%&"#RW(I"J!$J!
TIPI$R! $(! $J! ZVZ(jT$! ^$&TU! "R! W"J^IJU! R(IPIZQJ(! $J(&$! QR(&$Z! PQ! ($WHJ"P"]I$! #$Z!
%H"("KI"&UQW($R&Z!g:D;h1!!

5"T%($!($JR!#$Z!Q%%PIWQ(I"JZ!(&jZ!PITI(U$Z!$J!WPITQ(!J"&#IYR$!%"R&!P$Z!WRP(R&$Z!#aQP]R$Z!
$J! TIPI$R! "RN$&(S! PQ! %&UZ$J($! U(R#$! T$(! #"JW! Pa$T%HQZ$! ZR&! P$Z! ($WHJ"P"]I$Z! #$!
%&"#RW(I"J!$J!:D;1!!

>$Z!ZR'$(Z!#$!(&QJZ^"&TQ(I"J!#$!TIW&"QP]R$Z!Q%&jZ!PaU(Q%$!#$!%&"#RW(I"J!#$!KI"TQZZ$!J$!
Z"J(! %QZ! W"JZI#U&UZ! #QJZ! W$(($! U(R#$! %RIZYR$! P$Z! Q%%&"WH$Z! %&UW"JIZU$Z! Z"J(! #$Z!
Q#Q%(Q(I"JZ!#$!($WHJ"P"]I$Z!#U'i!#UN$P"%%U$Z!$(!Q%%PIYRU$Z!i!PaUWH$PP$!IJ#RZ(&I$PP$!%"R&!
PQ!%&"#RW(I"J!#$!#IN$&Z! (V%$Z!#$!TIW&""&]QJIZT$Z!J"J!%H"("ZVJ(HU(IYR$Z! gD'"&J!et!al.S!
/eeEw!)W&IKQJS!/e2Eh1!>$Z! (&QNQR[!i! ^QI&$!QN$W! P$Z!TIW&"QP]R$Z! W"JZIZ($J(!i!Q#Q%($&!#$Z!
%&"WU#R&$Z! $(!TU(H"#"P"]I$Z!#$! (&QJZ^"&TQ(I"J!%"R&! W$Z!#I^^U&$J($Z! ($WHJ"P"]I$Z1!5$Z!
#I^^U&$J($Z! Q%%&"WH$Z! W"JW$&J$J(! PQ! ^IP(&Q(I"JS! PQ! W$J(&I^R]Q(I"JS! P$Z! #I^^U&$J($Z!
($WHJ"P"]I$Z!#$!ZUWHQ]$!$(!P$Z!($WHJ"P"]I$Z!#a$[(&QW(I"J1!

>Q! &$WH$&WH$! ZR&! PQ! ($WHJ"P"]I$!#$Z!:D;!%"R&! PQ!%&"#RW(I"J!#$!TIW&"QP]R$Z!Ja$Z(!%QZ!
&UW$J($!$(!RJ!]&QJ#!J"TK&$!#aUYRI%$Z!i!(&QN$&Z!P$!T"J#$!"J(!(&QNQIPPU!ZR&!W$!ZR'$(!$(!W$!
#$%RIZ! %PRZ! #$! B0! QJZ1! ,P! $[IZ($! #$! (&jZ! J"TK&$R[! T"#jP$Z! #$! :D;! #UN$P"%%UZ! i!
#I^^U&$J($Z! UWH$PP$Z! #$! %&"#RW(I"JS! %&UZ$J(QJ(! #I^^U&$J(Z! JIN$QR[! #$! Z"%HIZ(IWQ(I"J!
%$&T$((QJ(!#$!NQZ($Z!%"ZZIKIPI(UZ!#aQ%%PIWQ(I"JZ!W"TT$&WIQP$Z!gD"&"tI(\XQS!/eeeh1!

>$Z! %H"("KI"&UQW($R&Z! %"ZZj#$J(! RJ! QNQJ(Q]$! W"JZI#U&QKP$! ZR&! P$Z! %&"#RW(I"JZ! i! QI&$!
"RN$&($!O! IP! $Z(! K$QRW"R%! %PRZ! ^QWIP$! #$! W"J(&�P$&! P$Z! W"J#I(I"JZ! #$! W&"IZZQJW$! #$Z!
TIW&"QP]R$Z! $(! PQ! YRQPI(U! #$Z! %&"#RI(Z! ^IJIZ1! +QJZ! RJ! W"J($[($! "_! PQ! %&"#RW(I"J! #$!
TIW&"QP]R$Z!#"I(!W"J#RI&$!i!RJ$!KI"TQZZ$!#$!HQR($!YRQPI(U!"R!$JW"&$!i!#$Z!%&"#RI(Z!#$!
WHITI$! ^IJ$! %"R&! #$Z!TQ&WHUZ! #R! Z$W($R&! #$! PQ! ZQJ(US! P$! W"J(&�P$! #$Z! W"J#I(I"JZ! #$!
W&"IZZQJW$!$J!:D;!%&UZ$J($!RJ!QNQJ(Q]$!W"JWR&&$J(I$P!%PRZ!YRaIT%"&(QJ(1!>$Z!W"J#I(I"JZ!
#aUWPQI&Q]$S!#$!($T%U&Q(R&$S!#$!%<!QIJZI!YR$!PQ!W"JW$J(&Q(I"J!#$!5*8!$(!#a"[V]jJ$S!#$Z!
UPUT$J(Z! JR(&I(I^Z! $(! IJ#RW($R&Z! %$RN$J(! k(&$! ZRINIZ! $(! T"#I^IUZ! Q^IJ! #a"K($JI&! P$Z!
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!

W"J#I(I"JZ!"%(ITQP$Z!#$!W&"IZZQJW$!%"R&! Pa$Z%jW$!"R! PQ!Z"RWH$!#$!TIW&"QP]R$!WH"IZI$!$(!
P$Z!%&"#RI(Z!TU(QK"PIYR$Z!&$WH$&WHUZ!gWHITI$!^IJ$h1!!
!

GW%3(1%!$%!34*+(#14"+'*!$&#*!-Y-"@3%!$%!/)'+--4*/%!$&412#%-!6!%W(1'+"%)!%*!
(0'"'.+'),4/"%#)-!/'*")k1,-1!!
!
D,X1!O!6&$TKPQV!et!al.S!80081!D&$N$(!59!8BeG388!
!
G-(@/%-!V+-,%-!O!Chaetoceros!gracilis!"R!Skeleonema!costatume!g+IQ("TU$Zh!
!
5)'/,$,-!$&%*)+/0+--%3%*"!%*!1+(+$%-!%"!%*!4/+$%-!2)4-!'3%24"K!$4*-!1%-!/#1"#)%-!$&412#%-!
!
6&$TKPQV!$(!W"PPQK"&Q($R&Z!"J(! IJN$J(U!RJ!ZVZ(jT$!#$!WRP(R&$!Q#Q%(U!i!#$!J"TK&$RZ$Z!$Z%jW$Z!
#aQP]R$Z! $J! T"#$! #$! %&"#RW(I"J! Z$TI"W"J(IJR1! 5$! ZVZ(jT$! $J! TIPI$R! W"J(&�PU! "%(ITIZ$! P$Z!
W"JW$J(&Q(I"JZ!#aQP]R$Z! ("R(! $J!%$&T$((QJ(!RJ! $J&IWHIZZ$T$J(! $J! QWI#$Z! ]&QZS! Z%UWIQP$T$J(! $J!
"T$]Q"B1! ,TTU#IQ($T$J(!i! PQ! ^IJ!#$! PQ!%HQZ$!#$!W&"IZZQJW$!$[%"J$J(I$PP$S! P$Z!WRP(R&$Z!#aQP]R$Z!
Z"J(! Z"RTIZ$Z!i!RJ!Z(&$ZZ!$JNI&"JJ$T$J(QP!W"J(&�PU!$J(&QnJQJ(!RJ$!T"#I^IWQ(I"J!#$Z!%&"W$ZZRZ!
TU(QK"PIYR$Z! #$! ^QK&IWQ(I"J! #$Z! QWI#$Z! ]&QZ! WIKPUZ1! >$! Z(&$ZZ! #$! WRP(R&$! %$R(! k(&$! QT$JU!
ZITRP(QJUT$J(!"R!W"JWR&&$TT$J(!%Q&!RJ$!PITI(Q(I"J!$J!ZIPIW$S!$J!#aQR(&$Z!JR(&IT$J(Z!"R!%Q&!P$!
W"J(&�P$!#$! PaIJ($JZI(U! PRTIJ$RZ$1!)"RZ! PaIJ^PR$JW$!#$! W$! Z(&$ZZS! P$Z!QP]R$Z! W$ZZ$J(!#$! Z$!#INIZ$&!
%"R&!$TTQ]QZIJ$&!#$Z! PI%I#$Z!Z"RZ! PQ! ^"&T$!#aQWI#$Z!]&QZ!%"PVIJZQ(R&UZ!$(!%Q&(IWRPIj&$T$J(!#$!
(V%$!"T$]Q"B1!>$Z!QP]R$Z!Z"J(!WRP(INU$Z!%Q&!RJ$!Q%%&"WH$!Z$TI"W"J(IJR$!i!RJ$!($T%U&Q(R&$S!RJ!
%<!$(!#$Z!W"J#I(I"JZ!#aIPPRTIJQ(I"J!Q#Q%(U$Z!%"R&! P$R&!W&"IZZQJW$1!:PRZ!%&UWIZUT$J(S! P$Z!QP]R$Z!
Z"J(!WRP(INU$Z!i!#$Z!($T%U&Q(R&$Z!#$!/2�5!i!80�5S!i!RJ!%<!#$!.SG!"!2S0!$(!QN$W!RJ!UWPQI&Q]$!ZR&!RJ!
W�(U!#R!^PQW"J!#$!WRP(R&$!i!PaQI#$!#$!(RK$Z!^PR"&$ZW$J(Z1!>Q!%H"("%U&I"#$!$Z(!W"T%"ZU$!#aRJ!WVWP$!
#$! /3! H$R&$Z! W"JZUWR(IN$Z! #$! PRTIj&$! ZR&! 8E! H$R&$Z1! >Q! W&"IZZQJW$! #$! PQ! WRP(R&$! Z$! ^QI(!
]&Q#R$PP$T$J(1!9R!#U%Q&(S!PQ!WRP(R&$!$Z(!W"J($JR$!#QJZ!#$Z!$&P$JT$V$&Z!#$!/8G!TP!%"R&!^IJI&!#QJZ!
#$Z!W"J($JQJ(Z!#$!80!PI(&$Z1!!
!
D,X1!O!dIT!et!al.S!800E!
!
G-(@/%-!V+-,%-!O!Gyrodinium!impudicum!o?0BS!W"T%"ZUZ!QJ(INI&QR[1!!
!
dIT! $(! W"PPQK"&Q($R&Z! $[%U&IT$J($J(! PQ! %&"#RW(I"J! #aRJ! W"T%"ZU! QJ(INI&QP! g%"PVZQWWHQ&I#$!
ZRP^Q(Uh! ZVJ(HU(IZU! %Q&! PQ!TIW&"QP]R$!G.! impudicum.1! >$Z! W"J#I(I"JZ! #$! %&"#RW(I"JZ! $J! WRP(R&$!
Q[UJIYR$!#QJZ!RJ!:D;!#$!8!PI(&$Z!Z"J(!P$Z!ZRINQJ($Z!O!/z!#$!5*8!QN$W!RJ!#UKI(!#aQI&!#$!G0!TPlTIJS!
RJ!TIPI$R!#$!WRP(R&$!Z%UWI^IYR$!i!Pa"K($J(I"J!#R!W"T%"ZU!QJ(INI&QP!i!RJ$!($T%U&Q(R&$!#$!88SG�5!$(!
RJ$!%H"("%U&I"#$!#$!/3!H$R&$Z!#aUWPQI&Q]$!ZR&!8E!H$R&$Z1!>$!W"T%"ZU!QJ(INI&QP!$Z(!R(IPIZU!W"J(&$!P$!
NI&RZ!#$!Pa$JWU%HQP"TV"WQ&#I($!g4-5Fh1!

!
:PRZI$R&Z!T"#jP$Z!#$!:D;!"J(!U(U! ($Z(UZ! 'RZYRai!TQIJ($JQJ(S! PQ!%PR%Q&(!#R! ($T%Z!#QJZ!
#$Z! W"J#I(I"JZ! $[%U&IT$J(QP$Z! $(! i! UWH$PP$Z! &$PQ(IN$T$J(! %$(I($Z1! >$Z! &UZRP(Q(Z!
$JW"R&Q]$QJ(Z! #UT"J(&$J(! #$Z! $^^IWQWI(UZ! #$! W"JN$&ZI"J! %H"("ZVJ(HU(IYR$! %"R&! PQ!
PRTIj&$!NIZIKP$!#$!Pa"&#&$!#$!80!i!8Ez!gD$J$TQJJS!/ee.h!QIJZI!YR$!#$Z!%&"#RW(I"JZ!#QJZ!
#$Z! N"PRT$Z! #$! %PRZ! $J! %PRZ! IT%"&(QJ(Z1! ,P! Z$TKP$! YR$! P$Z! ]&QJ#$Z! %$&WU$Z!
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!

($WHJ"P"]IYR$Z! Z"J(! %&"KQKP$T$J(! Q(($IJ($Z! g-R$PP$&"CR$]QS! W"TTRJIWQ(I"J!
%$&Z"JJ$PP$S! 'RIJ!800Gh1!+U'iS!RJ$!W"TT$&WIQPIZQ(I"J!#$!W$&(QIJZ!T"#jP$Z!$Z(!#UKR(U$!$(!
#$Z!(&QJZ^$&(Z!($WHJ"P"]IYR$Z!Z"J(!$J!W"R&Z!g,J^"&Z!9?S!8003w!-RPP$&"C$R]Q!et!al.S!800Eh1!
>$Z! T"#jP$Z! QW(R$PP$T$J(! W"TT$&WIQPIZUZ! ZaIJZ%I&$J(! ("R(! ZIT%P$T$J(! #$Z! #IN$&Z$Z!
($WHJ"P"]I$Z! #$! ^$&T$J($R&Z! $[%P"I(U$Z! W"TT$&WIQP$T$J(! #$%RIZ! %PRZI$R&Z! #I\QIJ$Z!
#aQJJU$Z1! 4J^IJS! #aQR(&$Z! Q%%&"WH$Z! %PRZ! ZIT%P$Z! $[%P"I($J(! #$Z! &U%U(I(I"JZ! #aRJI(UZ!
W"J^IJU$Z! $J! ZQWZ!"R! $J! (RK$Z!H"&I\"J(QR[!Q^IJ!#$! ^QN"&IZ$&! PQ!%&"#RW(I"J!#$!]&QJ#$Z!
YRQJ(I(UZ! #$! KI"TQZZ$Z! YR$! W$! Z"I(! Z"RZ! Z$&&$Z! "R! QN$W! #$Z! ZVZ(jT$Z! #aUWPQI&Q]$!
Q&(I^IWI$PZ1!!
!

Exemple!de!commercialisation!
!
La!société! INFORS!HT!commercialise!déjà!un!BPR!de! laboratoire,! le!Labfors!Lux!pour! la!production!de!
microorganismes!photosynthétiques.!

!
!
Le!Labfors!Lux!s’inspire!des!fermenteurs!traditionnels!de!laboratoire!utilisés!pour!la!culture!des!bactéries!et!
des!champignons!microscopiques! (série!Labfors3!d’Infors!AG).!Ce!PBR!est!un! fermenteur!bench#scale!de!
2,4! litres! de! volume! utile! entouré! de! lumières! lesquelles! peuvent! être! contrôlées! manuellement! ou!
automatiquement.!

!

,P! $[IZ($! #I^^U&$J($Z! WQ(U]"&I$Z! #$! :D;! Z$! #IZ(IJ]RQJ(! %&IJWI%QP$T$J(! %Q&! P$Z!T"V$JZ!
#aUWPQI&Q]$! R(IPIZUZ! $(! #$Z! ZVZ(jT$Z! #$! TUPQJ]$! #R! TIPI$R! #$! WRP(R&$1! +aQIPP$R&Z!
K$QRW"R%! #$! (&QNQR[! W"JZIZ($J(! i! "%(ITIZ$&! P$Z!T"V$JZ! #aIPPRTIJQ(I"J! #$! W$! (V%$! #$!
ZVZ(jT$1!>Q! PITI(Q(I"J!$J!UJ$&]I$! PRTIJ$RZ$!$Z(!Z"RN$J(! P$!]"RP"(!#aU(&QJ]P$T$J(!#QJZ!
PaQR]T$J(Q(I"J!#$! PQ!%&"#RW(INI(U!#$! PQ! WRP(R&$!$J!KI"&UQW($R&! g)RH!$(!>$$S!800Bh1!AJ$!
QR(&$! WQ(U]"&I$! #$! :D;! %$&T$(($J(! QR[!TIW&"QP]R$Z! #aR(IPIZ$&! #I&$W($T$J(! PQ! PRTIj&$!
Z"PQI&$!i!PaQI#$!#aRJ$!Z$W(I"J!"R!#aRJ!WQ%($R&!PQIZZQJ(!%UJU(&$&!W$PP$"WI!#QJZ!P$!TIPI$R!#$!
WRP(R&$! g$[!O! R(IPIZQ(I"J! #$! ^IK&$Z! "%(IYR$Zh1! ,P! $Z(! i! J"($&! YRaRJ$! Q%%&"WH$! HVK&I#$!
R(IPIZQJ(!P$Z!#$R[!(V%$Z!#aUWPQI&Q]$!$Z(!QRZZI!%"ZZIKP$1!!

:PRZI$R&Z!T"#jP$Z! "R! W"JW$%(I"JZ!#$! :D;! "J(! U(U!#UN$P"%%UZ! 'RZYRai!TQIJ($JQJ(1! ,PZ!
Z"J(!R(IPIZUZ!%"R&!#I^^U&$J(Z!"K'$W(I^Z!O!

"!! %&"#RW(I"J!$(!TQIJ(I$J!#$!KQJYR$!#$!TIW&"QP]R$Z!

"!! U(R#$Z!$[%U&IT$J(QP$Z!#$!PQ!W&"IZZQJW$!#$!Z"RWH$Z!Z%UWI^IYR$Z!
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!

"!! "K($J(I"J!#$!W"T%"ZUZ!#$!WHITI$!^IJ$!$(!QPIT$J(QI&$Z!

"!! %&"#RW(I"J! W"TT$&WIQP$! #$! KI"TQZZ$Z! #$Z(IJU$Z! i! #I^^U&$J(Z! TQ&WHUZ!
g%&"#RI(Z!#$!ZQJ(U!JQ(R&$PS!#$!PaQPIT$J(Q(I"J!QJITQP$S!$(!#R!KI"TU#IWQPh1!!

4.3.1!Les!photobioréacteurs!avec!agitation!pneumatique!à!éclairage!externe!

>$Z! :D;! QN$W! Q]I(Q(I"J! %J$RTQ(IYR$! Z"J(! #$Z! &UQW($R&Z! #U%"R&NRZ! #$! #IZ%"ZI(I^Z!
#aQ]I(Q(I"J!TUWQJIYR$1!5a$Z(! PaIJ(&"#RW(I"J!#$!]Q\!YRI!%&"N"YR$! PaQ]I(Q(I"J!#R!W"J($JR!
#R!:D;1!4J!%&"#RW(I"J!$[%U&IT$J(QP$!"R! IJ#RZ(&I$PP$!#$!TIW&"QP]R$ZS!#$R[!%&IJWI%QR[!
(V%$Z!#$!&UQW($R&Z!i!Q]I(Q(I"J!%J$RTQ(IYR$!Z"J(!R(IPIZUZS!P$Z!:D;!i!W"P"JJ$Z!i!KRPP$!$(!P$Z!
:D;!i!K"RWP$!"R!$JW"&$!Q%%$PU$!i!WI&WRPQ(I"J!IJ($&J$!gQI&"PI^(h1!5$Z!&UQW($R&Z!Z"J(!Z"RN$J(!
ZITIPQI&$Z! i! PQ! W"JW$%(I"J! #$! ^$&T$J($R&Z! (&Q#I(I"JJ$PZ! %"R&! PQ! %&"#RW(I"J! #$!
TIW&""&]QJIZT$Z! J"J"%H"("ZVJ(HU(IYR$Z1! ,PZ! Z$! #I^^U&$JWI$J(! %&IJWI%QP$T$J(! %Q&!
PaR(IPIZQ(I"J! #$! %Q&"I$Z! (&QJZ%Q&$J($Z! %$&T$((QJ(! PaQ%%"&(! #$! PRTIj&$! JQ(R&$PP$! $(l"R!
Q&(I^IWI$PP$! #$! Pa$[(U&I$R&! N$&Z! PaIJ(U&I$R&! #R! &UQW($R&1! >aUWPQI&Q]$! $[($&J$! QR! &UQW($R&!
%&UZ$J($!%PRZI$R&Z! QNQJ(Q]$Z! &$PIUZ! $J(&$! QR(&$Z! i!RJ!J$(("VQ]$!%PRZ! $^^IWQW$! $(!%Q&! PQ!
W"JW$%(I"J! #$! %H"("KI"&UQW($R&Z! W"T%Pj($T$J(! Z(U&IPIZQKP$Z! i! HQR($Z! ($T%U&Q(R&$Z!
g/00�5!i!/8/�5h1!!

4.3.2!Les!colonnes!à!bulle!

>$Z!W"P"JJ$Z!i!KRPP$!Z"J(!%&"KQKP$T$J(!P$Z!:D;!P$Z!%PRZ!ZIT%P$Z!$(!P$Z!T"IJZ!W"~($R[!i!
W"JZ(&RI&$1! ,PZ! Z"J(! ^QK&IYRUZ! #$! :F5S! #$! N$&&$! "R! #$! %P$[I]PQZ! (&QJZ%Q&$J(! Z$P"J!
#I^^U&$J($Z!W"J^I]R&Q(I"JZ! gWVPIJ#&IYR$Z!"R! (RKRPQI&$ZS!WRN$ZS! ZQWZS! ^"&T$Z!WRKIYR$Z!"R!
&$W(QJ]RPQI&$ZhS!#QJZ!P$ZYR$PP$Z!WI&WRP$J(!P$!TIPI$R!#$!WRP(R&$!$(!P$Z!TIW&"QP]R$Z1!

5$Z!W"JW$%(I"JZ!#$!:D;!%&UW"JIZ$J(!RJ$!R(IPIZQ(I"J!TIJITQP$!#$!ZR&^QW$!QR!%PQJWH$&1!,P!
ZaQ]I(!#$! &UQW($R&Z!#"J(! PQ!HQR($R&!#$Z! W"P"JJ$Z!$Z(! (&jZ! ZR%U&I$R&$!QR!#IQTj(&$1!5$PQ!
%$&T$(! #aQR]T$J($&! P$! ($T%Z! #$! ZU'"R&!T"V$J! #$Z! KRPP$Z! #$! ]Q\! UTIZ$Z! i! PQ! %Q&(I$!
IJ^U&I$R&$! #$! PQ! W"P"JJ$! %"R&! ^QN"&IZ$&! P$! (&QJZ^$&(! ]Q\$R[! #QJZ! P$! PIYRI#$! QIJZI! YR$!
PaQ]I(Q(I"J! #R! TIPI$R! #$! WRP(R&$1! >aUWPQI&Q]$! JQ(R&$P! $(l"R! Q&(I^IWI$P! $Z(! %&"#RI(! i!
Pa$[(U&I$R&!#R!KI"&UQW($R&!i!PaQI#$!#aRJ$!(&jZ!]&QJ#$!NQ&IU(U!#$!TUWQJIZT$Z1!>Q!^"&TQ(I"J!
#$!KRPP$Z!QZW$J#QJ($Z!%&"N"YR$!QRZZI!P$!TUPQJ]$1!!

>Q! %&"#RW(I"J! #$! W$&(QIJZ! TIW&""&]QJIZT$Z! gKQW(U&I$Z! ^IPQT$J($RZ$ZS! T"IZIZZR&$Zh! i!
PaQI#$!#$Z!W"P"JJ$Z!i!KRPP$Z!$Z(!(&jZ!$^^IWQW$1!4PP$Z!W"JNI$JJ$J(!QRZZI!i!PQ!WRP(R&$!#$!(IZZRZ!
QJITQR[S!%Q&(IWRPIj&$T$J(! Z$JZIKP$Z! QR[! QW(I"JZ!#$! WIZQIPP$T$J(1!5$(($! Q%%&"WH$! Q! U(U!
Q%%PIYRU$!#QJZ! P$!#UN$P"%%$T$J(!#$!:D;!%"R&! P$Z!TIW&"QP]R$Z1!+$Z!$[$T%P$Z!#$!:D;!
(RKRPQI&$Z!Z"J(!T"J(&UZ!#QJZ!P$Z!K&$N$(Z!A)!G/B.S282S!GS!8E8S28.!$(!3S!/.ES.801!

>$Z!&UQW($R&Z!(V%IYR$Z!QIJZI!YR$!#$Z!$[$T%P$Z!#aQ%%PIWQ(I"JZ!Z%UWI^IYR$Z!Z"J(!%&UZ$J(UZ!
#QJZ!P$Z!%Q]$Z!ZRINQJ(Z1!
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!

!
50'"'.+'),4/"%#)!$%!"Y(%!/'1'**%!6!.#11%-!`l!.#..1%!/'1#3*!.+')%4/"')!mf!
!
D,XB!O!oQ&RK$!et!al.S!/ee81!
!
G-(@/%!"%-",%!:!Chlorella!pyrenoidosa!g9P]R$!N$&($h!

oQ&RK$!et!al1!&Q%%"&($J(!PaR(IPIZQ(I"J!#aRJ!:D;!$J!W"P"JJ$!i!KRPP$Z!R(IPIZQJ(!RJ!ZVZ(jT$!#aUWPQI&Q]$!W"T%"ZU!
#$!^IK&$Z!"%(IYR$Z1!>$!ZVZ(jT$!Q!U(U!R(IPIZU!$J!PQK"&Q("I&$!%"R&!WRP(IN$&!Chlorella!pyrenoidosa!#QJZ!RJ!N"PRT$!
#$!8SE!PI(&$Z!QN$W!RJ$!QPIT$J(Q(I"J!$J!]Q\!%Q&!KRPPQ]$!NQ&IQJ(!$J(&$!88!$(!8/E!PI(&$ZlH$R&$1!>$!:D;!$Z(!UYRI%U!
#aRJ! &UZ$QR!#$! ^IK&$Z!"%(IYR$Z!YRI! PRI! W"J^j&$!RJ$! ZR&^QW$!#aUWPQI&Q]$! W"&&$Z%"J#QJ(! i! G!200! WT8lPI(&$!#$!
ZRZ%$JZI"J! QP]QP$1! >Q! PRTIj&$! Z"PQI&$! $Z(! W"JW$J(&U$! ZR&! P$! KQPP"(! #$! ^IK&$Z! "%(IYR$Z! %Q&! #$Z! P$J(IPP$Z! #$!
C&$ZJ$P1!5$PP$Z"WI! %$&T$(($J(! i! PQ! PRTIj&$! NIZIKP$! #$! %UJU(&$&! P$!TIPI$R!#$! WRP(R&$S! ("R(! $J! $T%kWHQJ(! PQ!
YRQZI"("(QPI(U! #$Z!AF! $(! 30z! #$Z! IJ^&Q&"R]$Z! #aV! $J(&$&1!+$Z! PQT%$Z! QR! [UJ"J! Z"J(! R(IPIZU$Z! P"&ZYR$! P$!
&QV"JJ$T$J(!Z"PQI&$!$Z(! IJZR^^IZQJ(1!Les! taux!de!croissance!obtenus!dans!ce! réacteur!sont!33! fois!plus! élevés!que!
ceux!retrouvés!dans!les!étangs!de!culture!renfermant!la!même!espèce!de!microalgue.!
!

D,X1!O!)R\RXI!et!al1S!/eeG1!
!
G-(@/%!"%-",%!O!Dunaliella!tertiolecta!g9P]R$!N$&($h!

>$!:D;!$Z(! W"JZ(I(RU!#aRJ! WVPIJ#&$!#$!N$&&$! W"J($JQJ(! P$!TIPI$R!#$! WRP(R&$S!#aRJ! ZVZ(jT$!#$! W"J(&�P$S!#$!
#IZ(&IKR(I"J!#$!5*8!QIJZI!YR$!#$!PQT%$Z!^PR"&$ZW$J($Z!UWPQI&QJ(!P$!KI"&UQW($R&!#aRJ!Z$RP!W�(U1!>$!TUPQJ]$!QI&!
$(!5*8!$Z(!IJ'$W(U!#QJZ!P$!KI"&UQW($R&!%Q&!RJ!(RK$!#$!N$&&$!#$!/!TT!#$!#IQTj(&$!%PQWU!QR!^"J#!#$!W$!#$&JI$&1!
>$Z! KRPP$Z! #aQI&! $(! #$! 5*8! %$&T$(($J(! #aQZZR&$&! RJ! K&QZZQ]$! W"J(IJR! #R! TIPI$R! #$! WRP(R&$1! 5$! T"#$!
#aQU&Q(I"J! $Z(! %&U^U&U! Q^IJ! #aUNI($&! RJ! Z(&$ZZ! HV#&QRPIYR$! ZRZW$%(IKP$! #a$J#"TTQ]$&! P$Z! W$PPRP$Z! QP]QP$Z1!
9%&jZ! YR$PYR$Z! $ZZQIZS! P$Z! W"J#I(I"JZ! $JNI&"JJ$T$J(QP$Z! "J(! U(U! ^I[U$Z! i! B0�5S! %"R&! RJ! %<! #$! .S3.! >$Z!
%$&^"&TQJW$Z!#$!%&"#RW(I"J!J$!Z"J(!%QZ!W"JJR$Z1!!
!

D,X1!O!;"&&$&!et!al.S!800E1!!*&$]"J!)(Q($!AJIN$&ZI(V1!!
!
G-(@/%!"%-",%!O!Nitzschia!frustulum!g+IQ("TU$hS!%"R&!PQ!%&"#RW(I"J!#aRJ!TQ(U&IQR!JQJ"W"T%"ZI($!#a"[V#$!#$!
)I"?$!g5Q)I*B!$(!5QB?$*Gh!

:&"#RW(I"J!#aRJ!TQ(U&I$P!JQJ"W"T%"ZI($!i!PaQI#$!#aRJ$!#IQ("TU$!$J!:D;!#$!B!PI(&$Z!g#IQTj(&$!IJ($&J$!#$!.S3!
WT! $(! E! PQT%$Z! ^PR"&$ZW$J($Z! $[($&J$Z! #$! /Guh! QN$W! RJ$! %H"("%U&I"#$! #$! /E! H$R&$Z! #$! PRTIj&$! ZR&! 8E!
H$R&$Z1!>aQI&!W"J($JQJ(!P$!5*8!$Z(!Z(U&IPIZU!%Q&!RJ!^IP(&$!#$!0S8%T!IJ(&"#RI(!i!PQ!KQZ$!#R!&UQW($R&1!+$R[!U(Q%$Z!
#$!WRP(R&$!Z"J(!R(IPIZU$Z!Q^IJ!#$!%$&T$((&$!Pa"K($J(I"J!#R!TQ(U&I$P!JQJ"W"T%"ZI($!Q%&jZ!WRIZZ"J!i!200�5!#$!PQ!
TQZZ$!W$PPRPQI&$!"K($JR$1!!
!

D,XB!6H$%$JI$&!et!al.S!/eeE1!!
!
G-(@/%!"%-",%!O!Porphyridium!cruentumS!%"R&!PQ!%&"#RW(I"J!#aQWI#$Z!]&QZ!%"PVIJZQ(R&UZ1!

>$!%&"WU#U!K&$N$(U! $[%P"I($!RJ!:D;! ^$&TU! W"T%"ZU!#$! W"P"JJ$Z! (RKRPQI&$Z!i!KRPP$Z!"_! P$Z! W"J#I(I"JZ!#$!
WRP(R&$!Z"J(!Q#Q%(U$Z!%"R&!PQ!%&"#RW(I"J!#aQWI#$Z!]&QZ!%"PVIJZQ(R&UZ!g"T$]Q"Bh1!>Q!KI"TQZZ$!$Z(!&$(I&U$!#R!
&UQW($R&!%"JW(R$PP$T$J(! Q^IJ!#$! PRI! ^QI&$! ZRKI&!RJ! (&QI($T$J(! Z%UWI^IYR$!%"R&! Pa"K($J(I"J!#$Z! QWI#$Z! ]&QZ!
NIZUZ1!:"R&!PaUWPQI&Q]$S!P$!D:;!$Z(!UYRI%U!#aRJ$!W$PPRP$!Z"PQI&$1!>a"K'$W(I^!NIZU!$Z(!#a"%(ITIZ$&!PQ!%&"#RW(I"J!#$!
KI"TQZZ$!$(!PQ!YRQJ(I(U!#$Z!PI%I#$Z!&IWH$Z!$J!QWI#$Z!]&QZ!%"PVIJZQ(R&U$Z1!>Q!%&"#RW(INI(U!"KZ$&NU$!%"R&!RJ$!
WRP(R&$!$J!WRNU$!#$!3!'"R&Z!$Z(!#$!/0!]!Z$WlT8!ZR&^QW$!"WWR%U$l'"R&!%"R&!RJ!N"PRT$!#$!&UQW($R&!IJW"JJR1!

!
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!

50'"'.+'),4/"%#)!Q+'/'+1!c!#*+",!$%!()'$#/"+'*!$%!14.')4"'+)%!
!
+UN$P"%%U!%Q&!PQ!W"T%Q]JI$!QRZ(&QPI$JJ$!DI"($WHJQ!?&Q$ZZ$&!guQ(QJQK$!$(!<QPPS!/eeGh!
!
G-(@/%!"%-",%!O!Spirulina!platensis,!pour!la!production!de!biomasse.!

>$! ZVZ(jT$! IJZ%I&U! #$Z! D:;! QN$W! W"P"JJ$Z! i! KRPP$ZS! W"T%&$J#! RJ! U(Q]$! %H"("ZVJ(HU(IYR$! WVPIJ#&IYR$!
W"T%"ZU!#$!30!T!#$!(RVQR!^P$[IKP$!$J!:F5!(&QJZ%Q&$J(S!QN$W!RJ!#IQTj(&$!IJ($&J$!#$!/S3!WT!$(!#$Z!%Q&"IZ!#$!
0SB!WT!%"R&!RJ!N"PRT$! ("(QP!#$!/8! PI(&$Zw!RJ!UWHQJ]$R&!$[($&J$!#$!WHQP$R&!HUPIW"m#QP!W"T%"&(QJ(!/0!T!#$!
(RVQR!^P$[IKP$!#$!:F5!i! PaIJ(U&I$R&!#RYR$P!WI&WRP$!#$! Pa$QR!%&"N$JQJ(!#aRJ!KQIJ!(H$&T"Z(Q(US!RJ!#U]Q\$R&S!
RJ$!%"T%$!i!QI&S!RJ$!K"JK"JJ$!#$!5*8!$(!RJ!W"T%($R&!i!]Q\1!5$!&UQW($R&!#UT"J(&$!RJ!&Q(I"!#aR(IPIZQ(I"J!#$!
PQ!ZR&^QW$!#R!Z"P!#$!/lGSB!g)R%$&^IWI$!"WWR%U$!QR!Z"P!$(!ZR%$&^IWI$!IJ($&J$!IPPRTIJU$!#R!&UQW($R&h1!>$!:D;!$Z(!
UWPQI&U!8E!H$R&$Z!%Q&! '"R&S! PQ! ($T%U&Q(R&$!T"V$JJ$!$Z(!#$!B3!�!8�!$(!RJ!Q%%"&(!$J!]Q\!#$!0SB! PI(&$lTIJR($1!
Spirulina! platensis! Q! U(U! R(IPIZU$! #QJZ! P$! :D;! %"R&! RJ$! $^^IWQWI(U! %H"("ZVJ(HU(IYR$! g4:h! #$! GSEGz! W$! YRI!
W"&&$Z%"J#!i!RJ$!NQP$R&!%PRZ!UP$NU$!YR$!W$PP$Z!&$(&"RNU$Z!#QJZ! P$Z!WRP(R&$Z!W"TT$&WIQP$Z!#$!)%I&RPIJ$!$J!
U(QJ]1!>Q!%&"#RW(I"J!TQ[ITQP$!#$!KI"TQZZ$!&Q%%"&(U$!ZR&!PaQI&$!i!PQ!KQZ$!#R!&UQW($R&!$Z(!#$!B0S8!]!Z$WlT8"
'"R&1!!
!

50'"'.+'),4/"%#)!/'*+Z#%!a!#*+",!$%!()'$#/"+'*!$%!14.')4"'+)%!
!
D,XB!O!uQ(QJQK$!$(!)QIXI!g/ee.h!
!
G-(@/%!"%-",%!:!Chlorella!Z%1!
!
uQ(QJQK$! $(! )QIXI! g/ee.h!"J(! W"JpR!RJ! ZVZ(jT$! Z$TKPQKP$! QR!DI"W"IP! $J!"%(QJ(!%"R&!RJ$! ^"&T$! W"JIYR$!
%PR(�(!YR$!WVPIJ#&IYR$1!>$Z!W"T%"ZQJ($Z!#R!D:;!Z"J(!P$Z!TkT$Z1!,PZ!"J(!&UQPIZU!#$R[!T"#jP$Z!O!P$!%&$TI$&S!
%"R&!#$Z!$ZZQIZ!$J! PQK"&Q("I&$!R(IPIZ$!RJ$! PQT%$!HQP"]jJ$!#$!E00!u!%"R&!RJ$! ZR&^QW$!UWPQI&U$!#$!0SG0!T8!
%"R&!RJ$!ZR%$&^IWI$!KQZQP$!#$!0S8GG!T8!g&Q(I"!#$!/l/Se3h1!>$!Z$W"J#!R(IPIZ$!RJ!UWPQI&Q]$!JQ(R&$P!QN$W!RJ!&Q(I"!
#$!�1!>Q!%Q&(I$!$[(U&I$R&$!#R!Z$W"J#!:D;!$Z(!&$W"RN$&($!#$!%Q%I$&!#aQPRTIJIRT!Q^IJ!#$!KI$J!%"RN"I&!($Z($&!
Pa$^^IWQWI(U!%H"("ZVJ(HU(IYR$! g4:h! $J! PRTIj&$!NIZIKP$1!>aUWPQI&Q]$! U(QI(!#$! /8!H$R&$Z!%Q&! '"R&1!>$Z!#"JJU$Z!
&$WR$IPPI$Z! P"&Z! #$! W$Z! $ZZQIZ! "J(! %$&TIZ! #$! #U($&TIJ$&! P$YR$P! #$Z! #$R[! (V%$Z! #aUWPQI&Q]$! U(QI(! P$! %PRZ!
%$&^"&TQJ(1!4J! PRTIj&$!Q&(I^IWI$PP$! P$!:D;!Q!%$&TIZ!#a"K($JI&!8/SG!]!%"I#Z!Z$Wl'"R&1T8!$(!RJ$!4:!#$!GS3.z1!
>aR(IPIZQ(I"J!#$!PQ!PRTIj&$!Z"PQI&$!T"J(&QI(!RJ$!4:!#$!BS0Ez1!!!
!

50'"'.+'),4/"%#)!"#.#14+)%!X%)3,!('#)!/#1"#)%!4W,*+Z#%!
!
D,X1!O! <QI! et! al.S! 80001! ,JZ(I(R(! ^R&! -IX&"KI"P"]I$! #$&! u$Z(^QPIZWH$JSS! uIPH$PTZ"AJIN$&ZI(Q(! -RJZ($&S!
?$&TQJV1!
!
*+,-./+01/+12/+!2!,-./01231-4564!34!567,89:,6;<=>.!9?!,@-?.!:@.?AB!72839088:!34C!
!
>$!:D;!i!WRP(R&$!Q[UJIYR$S!#aRJ!N"PRT$!#$!20!PI(&$ZS!$Z(!W"JpR!%"R&!RJ$!Z(U&IPIZQ(I"J!W"T%Pj($!i!/8/�51!>$!
&UQW($R&!$Z(!W"T%"ZU!#$!%PRZI$R&Z!(RK$Z!#$!N$&&$!TRJIZ!#$!%"&(Z!#a$J(&U$Z!%"R&!PQ!T$ZR&$!#R!%<S!P$!W"J(&�P$!
#R!T"RZZQ]$!#R!TIPI$R!#$!WRP(R&$S!PQ!T$ZR&$!#$!PQ!#$JZI(U!"%(IYR$!"R!$JW"&$!%"R&!PaQ##I(I"J!#$!ZRKZ(&Q(Z1!
AJ$!%"T%$!T"#RPQI&$!%$&T$(!PaQ]I(Q(I"J!#R!TIPI$R!#QJZ!P$!&UQW($R&1!>Q!($T%U&Q(R&$!#R!TIPI$R!$Z(!W"J(&�PU$!
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4.3.3!Les!photobioréacteurs!à!circulation!interne!
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)"RZ! ("R($Z! &UZ$&N$Z! #$! W"T%Q&QIZ"J! $J(&$! #I^^U&$J($Z! $Z%jW$Z! #$! TIW&"QP]R$ZS! P$Z!
#"JJU$Z!#$!%&"#RW(INI(UZ! QW(R$PP$T$J(!#IZ%"JIKP$Z!T"J(&$J(!#$Z! &UZRP(Q(Z! IJ^U&I$R&Z! i!
W$R[! "K($JRZ! $(! &U%$&("&IUZ! QN$W! P$Z! :D;! i! W"P"JJ$! i! KRPP$Z! $(! %PRZ! %Q&(IWRPIj&$T$J(S!
%"R&!W$R[!UYRI%UZ!#aRJ$!K"RWP$!IJ($&J$!#$!TUPQJ]$!$(!#aRJ!UWPQI&Q]$!$[($&J$1!!
5QD!6!,/14+)42%!+*"%)*%!

D,X1!O!9&TZ(&"J]!et!al.,!80081!5"JZ$IP!!Q(I"JQP!#R!5QJQ#Q1!g+$TQJ#$!#$!K&$N$(!59!8BeEG/2w!AJI($#!)(Q($Z!
:Q($J(!9%%PIWQ(I"J!800B00GeeB8S!800/h!<QPI^Q[!

G-(@/%-! "%-",%-!O!9RWRJ$!T$J(I"JS! #"TQIJ$Z! #aQ%%PIWQ(I"JZ!O! %&"#RW(I"J! #$!TIW&"QP]R$Z! %"R&! UWP"Z$&I$S!
^"R&&Q]$! %"R&! QPIT$J(Q(I"J! #$Z! &"(I^j&$ZS! $(! KI"TQZZ$Z! QP]QP$Z! %"R&! PaR(IPIZQ(I"J! W"TT$! JR(&QW$R(IYR$ZS!
%&"#RI(Z!#$!ZQJ(U!JQ(R&$PS!$(!%&"#RI(Z!i!NQP$R&!Q'"R(U$!gWHITI$!^IJ$h1!

5$!:D;!%$&T$(!PQ!%&"#RW(I"JS!i!HQR($!#$JZI(U!W$PPRPQI&$S!#$!TIW&"QP]R$Z!PIK&$Z!#$!%Q(H"]jJ$Z!ZR&!#$!P"J]R$Z!
%U&I"#$Z1!>$!:D;!$Z(!TRJI!#aRJ$!ZU&I$!#$! (RK$Z!W&$R[!#IZ%"ZUZ!$J(&$! P$Z!%Q&"IZ!%Q&QPPjP$Z!#R! &UZ$&N"I&!#$!
WRP(R&$!%$&T$((QJ(!#aIJZU&$&! P$Z! (RK$Z!JU"JZ1!>$! &UQW($R&!Ja$Z(!%QZ!UYRI%U!#aRJ! ZVZ(jT$!#$!J$(("VQ]$!#$Z!
ZR&^QW$Z!#$Z!(RK$Z!W&$R[!$J!W"J(QW(!QN$W!P$!TIPI$R!#$!WRP(R&$1!>$!:D;!$Z(!UYRI%U!#$!ZVZ(jT$Z!#$!W"J(&�P$!#R!
%<S! #$! PQ! %H"("%U&I"#$S! #R! (QR[! #aUWPQI&Q]$! $(! #$! PQ! ($T%U&Q(R&$! gIJ'$W(I"J! #aRJ! PIYRI#$! &$^&"I#IZZQJ(h1!!
>aIJ'$W(I"J!#aQI&!Z$!^QI(!i!PQ!KQZ$!#R!&UQW($R&!Q^IJ!#aQZZR&$&!PaQPIT$J(Q(I"J!$J!5*8S!Pa$JPjN$T$J(!#$!Pa"[V]jJ$!
QWWRTRPU!$(! P$!TUPQJ]$!#$! PQ!WRP(R&$1!>$!:D;!%$R("k(&$! ^$&TU!H$&TU(IYR$T$J(!QN$W!#$Z!$J(&U$Z!$(!Z"&(I$Z!
W"J(&�PU$Z1!>aQI&!$(l"R!P$!5*8!%$RN$J(!k(&$!Z(U&IPIZUZ!%Q&!^IP(&Q(I"J1!>a$QR!#$!T$&!"R!Pa$QR!#"RW$!R(IPIZU$!%"R&!
PQ! WRP(R&$! %$R(! k(&$! %QZ($R&IZU$! "R! Z(U&IPIZU$1! 9RWRJ$! %&"#RW(I"J! W"TT$&WIQP$! JaQ! U(U! &$(&QWU$! QN$W! W$!
ZVZ(jT$!#$!:D;1!
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!

D,X1!O!+R(IPS!80081!5*8!)"PR(I"J!,JW1!!

G-(@/%! "%-",%!O! Spirulina! platensisS! $J! KI"TQZZ$! ZjWH$! W"TT$! Q]$J(!%&"%HVPQW(IYR$!#QJZ! P$Z! ^"&TRPQ(I"JZ!
#aQPIT$J(Z!%"R&!N"PQIPP$Z1!

>$!&UQW($R&!$Z(!TRJI!#aRJ!ZVZ(jT$!#$!J$(("VQ]$!#$Z!ZR&^QW$Z!$[($&J$Z!#$Z!(RK$Z!W&$R[! IZ"PQJ(! PQ!Z"R&W$!#$!
PRTIj&$!#R!TIPI$R!#$!WRP(R&$1!>Q!#IZ(QJW$!ZU%Q&QJ(!P$Z!(RK$Z!PRTIJ$R[!#U%$J#!#$!PQ!#$JZI(U!W$PPRPQI&$!$(!#R!
JIN$QR!#$!%&"#RW(INI(U!#UZI&U$1!>$!:D;!%$R(! k(&$! W"JpR!%"R&! k(&$! Z(U&IPIZU! $J!R(IPIZQJ(!#$Z!TQ(U&IQR[!#$!
W"JZ(&RW(I"J!Q#UYRQ(Z!g$[!O!:D;!$J!QWI$&!IJ"[V#QKP$!QN$W!#$Z!(RK$Z!IJ($&J$Z!$J!N$&&$h1!AJ$!ZU&I$!#$!G0!:D;!
#$!.S0!TB!gN"PRT$!R(IP$!#$!BS/!TB!%"R&!RJ!("(QP!%"ZZIKP$!#$!/GG!000!PI(&$Zh!%$R(!k(&$!R(IPIZU!%"R&!PQ!W&"IZZQJW$!
#$!S.!platensis1!+QJZ!RJ!TIPI$R!#$!WRP(R&$!Z%UWI^IYR$S!S.!platensis!%$R(!Q(($IJ#&$!RJ$!#$JZI(U!W$PPRPQI&$!#$!0S3!]!
Z$W! lPI(&$S! %"R&! RJ$! %&"#RW(I"J! #$! 8G0! X]! Z$Wl'"R&! g/S3! ]! Z$WlPl'"R&h1! 9W(R$PP$T$J(S! QRWRJ$! %&"#RW(I"J!
W"TT$&WIQP$!Ja$Z(!W"JJR$!QN$W!W$!ZVZ(jT$1!

!

I2$)$3-$/"5%)$/X!I5)"()!J$@!V;![X[\GX]\M!
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!

D,X1U!-R$PP$&!C$R]Q!et!al.,!800E!w!!-R$PP$&!C$R]Q!91S!W"TTRJIWQ(I"JZ!%$&Z"JJ$PP$Z!800B!i!800G1!!

50'"'.+'),4/"%#)-!$%!14!-,)+%!MI;5!-,)+%-!IM5R!%"!IM5H8D7!

:HDG;GD!`:*-"+"#"!H)4*n4+-!('#)!1&GW(1'+"4"+'*!$%!14!;GDfR!1+/%*/+,!6!:CH8D7!IN!`3+-%!%*!34)/0,!,"4+"!
(),V#%!%*!=>>Pf!

G-(@/%-!"%-",%-!U!Phorphyridium!cruentum!et!plusieurs!autres!espèces.!!

>Q! ($WHJ"P"]I$! #UN$P"%%U$! %Q&! Pa,C;4-4;! $Z(! RJ! W"JW$%(! #$! :D;! W"T%Pj($T$J(! W"J(&�PUZ1! 4PP$! Q! U(U!
#UN$P"%%U$!#QJZ! P$!KR(!#$!TQJI%RP$&! PQ!%&"#RW(I"J!#$!TIW&"QP]R$Z!i!RJ$!UWH$PP$!#$!%&U%Q&Q(I"J!%"R&!#$Z!
QJQPVZ$Z! KI"WHITIYR$ZS! PQ!T$ZR&$! #aQW(INI(UZ! #$! #&"]R$Z! $(! #$!TU#IWQT$J(ZS! $(! %"R&! Pa$[(&QW(I"J! $(! PQ!
%R&I^IWQ(I"J! #$! W"T%"ZUZ! i! HQR($! NQP$R&! Q'"R(U$1! >$! :D;! $Z(! W"JZ(I(RU! #$! K"RWP$Z! (RKRPQI&$Z! IJWPRQJ(! 2!
WHQTK&$Z!#aIPPRTIJQ(I"JZ!Q&(I^IWI$PP$ZS!"&]QJIZU$Z!QR("R&!#$!(RK$Z!^PR"&$ZW$J(ZS!$J!#IZ%"ZI(I"J!H"&I\"J(QP$1!>$!
TQ(U&I$P!$(!PQ!W"JW$%(I"J!%$&T$(($J(!PQ!Z(U&IPIZQ(I"J!i!PQ!NQ%$R&!Z"RZ!#$Z!W"J#I(I"JZ!ZUWR&I(QI&$Z1!>$!:D;!$Z(!
"%U&QKP$!$J!T"#$!#$!%&"#RW(I"J!$J!WRNU$!$(!$J!W"J(IJR$1!>Q!%&"#RW(INI(U!Q(($J#R$!$(l"R!"K($JR$!$Z(!U]QP$!
"R! IJ^U&I$R&$!i!/GS3!]lT8l'!"R!$JW"&$!0S8e!]!Z$WlPl'"R&!$(!#$!E/!]l'1!>Q!#$&JIj&$!N$&ZI"J!#R!T"#jP$!#$!:D;!
gT"#jP$!9>:C*;)h!$Z(!UYRI%U$!#aRJ!T"#RP$!#$!%&"#RW(I"J!#$!/GG!PI(&$Z!#$!N"PRT$!("(QP1!>$Z!%&U#IW(I"JZ!#$!
%$&^"&TQJW$Z!Z"J(!#$!G0!]l'"R&!%"R&!RJ$!%&"#RW(INI(U!#$!0SB8!]!Z$WlPl'"R&!$(!/SB.]!Z$WlP1!

:PRZ!#$!/0!$Z%jW$Z!#$!TIW&"QP]R$Z!"J(!U(U! WRP(INU$Z!QN$W! ZRWWjZ! g$Z%jW$Z! ^&Q]IP$Z!$(!$[(&UT"%HIP$Zh1!5$(($!
($WHJ"P"]I$! $Z(!TQIJ($JQJ(! $J! (&QJZ^$&(! ($WHJ"P"]IYR$! #QJZ! Pa$J(&$%&IZ$! ,!C*;)!9?1!-RPP$&"C$R]Q! et! al.!
g800Bh!&Q%%"&($J(!QRZZI!RJ$!%&"#RW(I"J!$J!WRNU$!#$!BS0!]!Z$WlP!$(!0S.!]!Z$WlP!$J!WH$T"Z(Q(!gWRP(R&$!W"J(IJR$h1!
-RPP$&"C$R]Q!et!al.!g/ee2h!T$J(I"JJ$J(!YR$!PQ!%&"#RW(INI(U!#$!P.!cruentum!"K($JR$!QN$W!W$(($!($WHJ"P"]I$!$Z(!
#I[! ^"IZ! ZR%U&I$R&$! i! PQ! %&"#RW(INI(U! #$! PQ! TkT$! $Z%jW$! "KZ$&NU$! #QJZ! #$Z! &UZ$&N"I&Z! (&QJZ%Q&$J(Z!
W"JN$J(I"JJ$PZ!R(IPIZUZ!$J!UWP"Z$&I$Z!#a$J(&$%&IZ$Z!QYRIW"P$Z1!!

!
?'54"!*C()21)-B&"!#&!'$#&+"!HKIU=7;!5<"%!&(!")!)/$-*!'$#&+"*!#"!0/$#&%)-$(@!

!
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4.3.5!Photobioréacteurs!à!chambre!de!croissance!horizontale!
!
5$Z! :D;! Z"J(! ^QK&IYRUZ! QN$W! #$Z! (RK$Z! #$! N$&&$! #$! ^QIKP$! #IQTj(&$S! #IZ%"ZUZ!
H"&I\"J(QP$T$J(1!>Q!(R&KRP$JW$!%&"N"YRU$!%Q&!P$!%"T%Q]$!#R!TIPI$R!#$!WRP(R&$!QZZR&$!
P$!TUPQJ]$!$(! P$!W"J(QW(! PRTIJ$R[!QN$W! P$Z!W$PPRP$Z!%H"("ZVJ(HU(IYR$Z!$Z(!"%(ITIZU1!5$Z!
ZVZ(jT$Z! Z"J(! ]UJU&QP$T$J(! "%U&UZ! Z"RZ! Z$&&$1! >aIJ'$W(I"J! #$! 5*8! Q! PI$R! #QJZ! RJ!
&UZ$&N"I&! IJ#U%$J#QJ(!R(IPIZU!%"R&! PQ!%&U%Q&Q(I"J!#R!TIPI$R!#$!WRP(R&$1!>Q!YRQJ(I(U!#$!
]Q\! IJ'$W(U$! $Z(! W"J(&�PU$! $J! ^"JW(I"J! #$! Pa$JZ"P$IPP$T$J(1! )$RP$Z! P$Z! TIW&"QP]R$Z!
&UZIZ(QJ($Z!QR!WIZQIPP$T$J(!W"TT$! P$Z!5HP"&$PP$Z!%$RN$J(!k(&$!%&"#RI($Z!%Q&!W$! (V%$!#$!
:D;1!!
!
D,XB!O!)($IJK$&]!o1"<S!-1!4WX$!$(!M1!APPTQJJ1!g800Gh1!
!
50'"'.+'),4/"%#)-!0')+c'*"4#W!-4*-!.#1142%!
!
G-(@/%!()'$#+"%!O!Chlorella!vulgaris!%"R&!#I^^U&$J(Z!TQ&WHUZ!
!
>$!ZVZ(jT$!#$!%&"#RW(I"J!#$!TIW&"QP]R$!%&UZ$J(U!$Z(!W"T%"ZU!#$!G00!XIP"Tj(&$Z!#$!(RK$Z!#$!N$&&$!%&"(U]U!
%Q&!RJ$!Z$&&$1!5$($!ITT$JZ$!Z(&RW(R&$!#$!N$&&$!$Z(!#INIZU$!$J!80!:D;!IJ#U%$J#QJ(ZS!WHQWRJ!"%U&QJ(!QN$W!ZQ!
%&"%&$! RJI(U! #$! W"J(&�P$1! >$!TIPI$R! #$! WRP(R&$! $Z(! %"T%U! i! (&QN$&Z! P$Z! (RK$Z! #$! N$&&$! QN$W! RJ! #UKI(!
]Q&QJ(IZZQJ(!RJ!W"R&QJ(! (R&KRP$J(1!5$!W"R&QJ(! (R&KRP$J(!UNI($! PQ!ZU#IT$J(Q(I"J!#$Z!W$PPRP$Z!$(!%$&T$(!i! PQ!
PRTIj&$!#aQ(($IJ#&$!P$!%PRZ!RJI^"&TUT$J(!%"ZZIKP$!W$PP$Z"WI1!>aQPIT$J(Q(I"J!$J!5*8!Za$^^$W(R$!$J!&$PQ(I"J!QN$W!
PQ!W"JZ"TTQ(I"J!#$!5*8!#$Z!TIW&"QP]R$Z1!AJ$!%Q&(I$!#$! PQ!WRP(R&$!$Z(!%&UP$NU$!#QJZ!WHQWRJ!#$Z!ZVZ(jT$Z!
gT"#$! Z$TI"W"J(IJR$h! P"&ZYR$! PQ! W"JW$J(&Q(I"J! W$PPRPQI&$! #U%QZZ$! RJ$! NQP$R&! %&UQPQKP$T$J(! #U^IJI$1! >Q!
KI"TQZZ$!$Z(! W"JW$J(&U$!%Q&!W$J(&I^R]Q(I"J!%RIZ! ZUWHU$! ITTU#IQ($T$J(!%Q&!Q("TIZQ(I"J1!+U%$J#QJ(!#$! PQ!
($T%U&Q(R&$! $(! #$! PQ! Z"RWH$!Tj&$! #$!TIW&"QP]R$! R(IPIZU$S! P$! ZVZ(jT$! %&"#RI(! QJJR$PP$T$J(! #$! 30! i! /00!
("JJ$Z!TU(&IYR$Z!#$!%"R#&$!#$!Chlorella!vulgaris1!!
!

!!!!!!!!! !!!!!!!!!!! !
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H((%Ollttt1TQ&($XKI"1W"Tl!R(&I(I"JQP|:&"#RW(Zl,J(&"#RW(I"J1QZ%

-4!+4)":,!6*S!-1-1S! ;9:*)*S!-1C1M1S! D*u4!S! M1S! d*A!?S!91! M1!r!-*;9,)S! ;1! g800/h1!
4NQPRQ(I"J! "^! #I^^$&$J(! W$PP! #IZ&R%(I"J! %&"W$ZZ$Z! "J! $JWVZ($#! W$PPZ! "^! Haematococcus! pluvialisO!
$^^$W(Z!"J!QZ(Q[QJ(HIJ!&$W"N$&V!QJ#!QT%PI^IWQ(I"JZ!^"&!KI""QNQIPQKIPI(V1!M1!9%%P1!:HVW"P1S!/BO!/e"8E1!

-IWHI]QJ! 6$WHJ"P"]IWQP! AJIN$&ZI(VS! ,JZ(I(R($! "^! -Q($&IQPZ! :&"W$ZZIJ]1! )I($! IJ($&J$(O!!
ttt1IT%1T(R1$#RlTQ(WHQ&lK"IP1H(TP1!

-*>,!9!?;9-9S!41S!D4>9;D,S!4"<1S!95,4!!C4;!9!+4yS!C1!?1S!;*D>4)!-4+,!9S!91!r!
5<;,)6,S! d1! g800Bh1! ;$W"N$&V! "^! TIW&"QP]QP! KI"TQZZ! QJ#! T$(QK"PI($ZO! %&"W$ZZ! "%(I"JZ! QJ#!
$W"J"TIWZ1!DI"($WHJ"P1!9#N1S!80O!Ee/"G/G1!

-A>>4;"C4A?9S! 91S! >4! ?A=+4yS! ;1S! <4;F=S! 91! r! +A;9!+! :1! g/ee2h1! 5"T%Q&IZ"J! "^!
Q&(I^IWIQP! PI]H(! %H"("KI"&$QW("&Z! QJ#! "(H$&! %&"#RW(I"J! ZVZ($TZ! RZIJ]! Porphyridium! cruentum.! M1!
9%%P1!:HVW"1!/0O!2B"e01!

-A>>C4;"C4A?9S! 91S! >4! ?A=+4yS! ;1! r! :;AF*)6S! M1! g800Bh1! D$J$^I(Z! QJ#! PITI(Q(I"JZ! "^!
T"#$PIJ]! ^"&! "%(ITI\Q(I"J! "^! Porphyridium! cruentum! WRP(R&$! IJ! QJ! QJJRPQ&! %H"("KI"&$QW("&1! M1!
DI"($WH1!/0BO!/GB"/3B1!

-A>>4;"C4A?9S!91S!>4!?A=+4yS!;1S!?A,>>4;-4S!-1S!?A6yu,>>4;S!>1!r!<9u;d>4!o*S!
91!g800Eh1!6H$!Q&(I^IWIQP!PI]H(!%H"("KI"&$QW("&!9>:C*;)1!:"Z($&S!!QJ($ZS!'RIJ!800E1!!

!,4),!?S!D1!g8008h1!<$QP(HV!QP]Q$1!CQRJH"^$&!-Q]Q\IJ$1!/O!/3"/.1!

*>9,y*>9S!-1!g800Bh1!5"TT$&WIQP!#$N$P"%T$J(!"^!TIW&"QP]QP!KI"($WHJ"P"]VO!^&"T!(H$!($Z(!(RK$!
("!(H$!TQ&X$(%PQW$1!DI"T"P1!4J]IJ$1!80O!EGe"331!

:A>yS!*1!g800/h1!:H"("KI"&$QW("&ZO!%&"#RW(I"J!ZVZ($TZ!^"&!%H"("(&"%HIW!TIW&""&]QJIZTZ1!9%%P1!
-IW&"KI"P1!DI"($WHJ"P1!G.O!82."eB1!

;*;;4;S!?1>1S!5<9!?S!5"<1S! >,AS! )"<S! M4CC;d4)S!51S! M,9*S! M1!r!<4+D4;?S! M191! g800Eh1! M1!
!QJ"ZWI1!!QJ"($WH1!!

)5<-,+6!;191S!u,4D4!-1?1S!4;,o)4!!!161! g800Gh1!<$($&"(&"%HIW!HI]H! W$PP"#$JZI(V! ^$#"KQ(WH!
WRP(R&$Z!"^!(H$!%HVW"WVQJIJ"%&"#RWIJ]!&$#!QP]Q!Galdieria!sulphuraria1!DI"($WHJ"P1!DI"$J]1!e0O!.."
2E1!

)5;,D9!S!;1!g/e2Eh1!DI"($WHJ"P"]I$1!6$WHJIYR$!$(!#"WRT$J(Q(I"J!>QN"IZI$&1!8J#!=#I(I"J1!338!:%1!

)64,!D4;?!o1"<S!-1!45o4S!M1!A>>-9!!1!g800Gh1!4[%$&I$JW$!tI(H!(H$!t"&P#"PQ&]$Z(!]PQZZ!(RK$!
%H"("!KI"&$QW("&!^"&!5HP"&$PPQ!WRP(INQ(I"J1!*&QP!%&$Z$J(Q(I"J1!3(H!4R&"%$QJ!u"&XZH"%1!4R&"%$QJ!
Z"WI$(V!"^!-IW&"!9P]QP!DI"($WHJ"P"]V1!-QV!8B&#!("!8G(H1!:"Z(#QTS!?$&TQJV1!
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!

)A<S! ,1)1! r! >44S! )1D1! g800Bh1! 9! PI]H(! #IZ(&IKR(I"J! T"#$P! ^"&! QJ! IJ($&JQPPV! &Q#IQ(IJ]!
%H"("KI"&$QW("&1!DI"($WH!DI"$J]IJ$$&IJ]1!28O!/20"e1!

)AyAo,S!61S!-96)A*S!61S!*<69?A5<,S!o1!r!o*,+4S!o1! g/eeGh1!?QZ! Z%Q&]$#!KI"&$QW("&Z! ^"&!
5*8!^I[Q(I"J!KV!Dunaliella!tertiolecta1!M1!5H$T1!6$WH1!DI"($WH1!38O!BG/"21!

69>D*6S!:1S!6<4D9A>6S!M1-1S!+9A69S!91!r!+4!>9!!*A4S!M1!g/ee/h1!9!W"T%Q&Q(IN$!Z(R#V!QJ#!
TQ(H$TQ(IWQP!T"#$PIJ]!"^!($T%$&Q(R&$S! PI]H(!QJ#!]&"t(H!"^!(H&$$!TIW&"QP]Q$!%"($J(IQPPV!RZ$^RP!
^"&!tQZ($tQ($&!(&$Q(T$J(1!uQ($&!;$Z1!8GO!E3G".81!

69>D*6S! :1S! >4!5o,S! ;1u1! r! +4! >9! !*A4S! M1! g/ee0h1! 5Q&K"J! #I"[I#$! QKZ"&%(I"J!
WHQ&QW($&I\Q(I"J!"^!Q!KI"&QW("&!^"&!KI"TQZZ!%&"#RW(I"J!"^!Phomidium!bonheriO!W"T%Q&Q(IN$!Z(R#V!"^!
(H&$$!(V%$Z!"^!#I^^RZ$&1!M1!9%%P1!:HVW"1!8O!BE/"G01!

6;9F,4)*S! >1S! D4!,64yS! C1! r! +A:4,;*!S! ;1! g/ee8h1! )$tQ]$! (&$Q(T$J(! RZIJ]! ITT"KIPI\$#!
TIW&"QP]Q$1!DI"&$Z1!6$WHJ"P1!E0O!/2B".1!

6;4-D>9dS!;1S!:4;!46S!C1!r!D*A;?46S!41!g8008h1!:Q($J(!Q%%PIWQ(I"J!59!8BeG3881!:&"W$ZZ!^"&!
PI%I#!QJ#!"T$]Q"B!^Q((V!QWI#!$J&IWHT$J(!IJ!QP]QP!WRP(R&$Z1!5QJQ#IQJ!:Q($J(Z!+Q(QKQZ$1!

A1)1!+4:9;6-4!6!*C!4!4;?d1! g800Bh1!*^^IW$!"^!C"ZZIP!4J$&]VS!!Q(I"JQP!4J$&]V!6$WHJ"P"]V!
>QK"&Q("&V1! ;$W"N$&V! r! Z$YR$Z(&Q(I"J! "^! 5*8! ^&"T! Z(Q(I"JQ&V! W"TKRZ(I"J! ZVZ($TZ! KV!
%H"("ZVJ(H$ZIZ!"^!TIW&"QP]Q$1!:&"'$W(!^QW(Z1!)I($!IJ($&J$(O!ttt1J$(P1#"$1]"N1!

F4;!4;9dS!91S!9>D,*>S!M1S!>9))4A;S!51!r!?*+,9S!C1!g800/h1!)WQP$"R%!QJ#!#$ZI]J!"^!Q!%IP"("
%PQJ(!%H"("KI"&$QW("&!^"&!(H$!W"J(IJR"RZ!WRP(R&$!"^!Spirulina!platensis1!DI"($WHJ"P!:&"]1S!/.O!EB/"
B21!

u9>64;S!51S!)64,!9AS!61S!54;-)5<S!!1!r!DA5<<*>yS!;1!g800Bh1!-"J"Z$%(IW!WRP(INQ(I"J!"^!
%H"("(&"%HIW! TIW&""&]QJIZTZ"#$N$P"%T$J(! QJ#! ZWQP$"R%! "^! Q! %H"("KI"&$QW("&! ZVZ($T! tI(H!
(H$&TQP!Z($&IPI\Q(I"J1!DI"T"P1!4J]IJ$1!80gE"3hO!83/"./1!

u969!9D4S!d1!r!<9>>S!+1*1!g/eeGh1!:H"("[VJ(H$(IW!5*8!^I[Q(I"J!($WHJ"P"]I$Z!RZIJ]!Q!H$PIWQP!
(RKRPQ&! KI"&$QW("&! IJW"&%"&Q(IJ]! (H$! ^IPQT$J("RZ! WVQJ"KQW($&IRT! Spirulina! platensis1! 4J$&]V!
5"JN$&Z1!-]T(1!B3g3S!ehO!.8/"E1!

u969!9D4S!d1!r!)9,o,S!<1! g/ee.h1!+$N$P"%T$J(!"^!Q!%H"("KI"&$QW("&! IJW"&%"&Q(IJ]!Chlorella!
Z%1!C"&!&$T"NQP!"^!5*8!IJ!Z(QWX!]QZ$Z1!4J$&]V!W"JN$&Z1!-]T(1!B2O!)Eee")G0B1!

d,-S! M1<1S!o,-S!)1M1S!9<!S!)1<1S!>44S!51o1S!;<,4S!o161!r!>44S!<1o1! g800Eh1!9J(INI&QP!$^^$W(Z!"^!
ZRP%HQ($#!$["%"PVZQWWHQ&I#$!^&"T!(H$!TQ&IJ$!TIW&"QP]Q!Gyrodinium!impudicum!Z(&QIJ!o?0B1!-Q&1!
DI"($WH1!3O!/."8G1!!
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PB!L41')+-4"+'*!$%-!.+'34--%-R!$%-!()'$#+"-!%"!$%-!/'()'$#+"-!!

P@E!I/$#&-)*!D!<5+"&/!5R$&)1"!"F)/5-)*!#"!'-%/$5+4&"*!!
5$(($!Z$W(I"J!^QI(!RJ$!&$NR$!%&UWIZ$!$(!i!'"R&!#$Z!T"PUWRP$Z!QW(IN$Z!$[(&QI($Z!$(!I#$J(I^IU$Z!
i! %Q&(I&! #$Z! QP]R$Z! RJIW$PPRPQI&$ZS! P$Z!TIW&"QP]R$Z1! >aIJ^"&TQ(I"J! %&UZ$J(U$! W"JZI#j&$!
QRZZI!P$Z!QP]R$Z!%PR&IW$PPRPQI&$Z!"R!TQW&"ZW"%IYR$Z!QRZZI!J"TTU$Z!TQW&"QP]R$Z!Q^IJ!#$!
%"RN"I&! Q%%"&($&! #$Z! W"T%Q&QIZ"JZ! $(! ZR%%"&($&! #$Z! "&I$J(Q(I"JZ! #$! ;"+! ZR&! P$Z!
TIW&"QP]R$Z1!5$(($!&$NR$!$Z(!%&IJWI%QP$T$J(!(I&U$!#$!Pa$[W$PP$J(!"RN&Q]$!#R!%&"^$ZZ$R&!M"
-!o"&J%&"KZ(!%RKPIU!$J!"W("K&$!800G!$(!IJ(I(RPU!O!)RKZ(QJW$Z!JQ(R&$PP$Z!#a"&I]IJ$!TQ&IJ$1!
!UQJT"IJZS! #aQR(&$Z! Z"R&W$Z! #$! &U^U&$JW$Z! &UW$J($Z! "J(! U(U! W"JZRP(U$Z! g5+";*-!
:HV("JR(&I(I"Jc9P]R$ZS! 5+";*-!-Q&IJ>I(S! :RK-$#S! 5QTK&I#]$! )WI$J(I^IW! 9KZ(&QW(Z)!
Q^IJ!#$!W"T%PU($&!P$Z!IJ^"&TQ(I"JZ!ZR&!W$!NQZ($!#"TQIJ$!$J!%P$IJ$!$[%QJZI"J1!!

>Q!WPQZZI^IWQ(I"J!]UJU&QP$!#$Z!QP]R$Z!$(!%PRZ!%Q&(IWRPIj&$T$J(!W$PP$!QZZ"WIU$!QR[!$Z%jW$Z!
#$!%HV("%PQJW("J!$RWQ&V"($S!ZRKI(!#$%RIZ!YR$PYR$Z!QJJU$Z!#$Z!T"#I^IWQ(I"JZ!%&"^"J#$Z!
$J! PI$J! QN$W! PaUN"PR(I"J!#$Z! ($WHJ"P"]I$Z!#aI#$J(I^IWQ(I"J!KQZU$Z! ZR&! PQ!]UJ"TIYR$1!>$!
P$W($R&! #UZI&QJ(! Q%%&"^"J#I&! P$! #"TQIJ$! #$! PQ! J"T$JWPQ(R&$! #$Z! TIW&"QP]R$Z! $(!
W"JJQn(&$! P$Z! #$&JI$&Z! #UN$P"%%$T$J(Z! #$! PQ! WPQZZI^IWQ(I"J! #$! W$! NQZ($! ]&"R%$! %$R(!
W"JZRP($&!P$Z!%RKPIWQ(I"JZ!ZRINQJ($Z!O!CQPX"tZXI!et!al.!800Ew!?&\$KVX!et!al.!800Ew!o$$PIJ]!et!
al.!800Ew!9#P!et!al.!800G1!

5$&(QIJZ! ]&"R%$Z! #aQP]R$Z! Z"J(! RJIYR$T$J(! ^"&TUZ! %Q&! #$Z!TIW&"QP]R$Z! (QJ#IZ! YR$!
#aQR(&$Z! W"TT$! P$Z! QP]R$Z! N$&($ZS! &"R]$Z! $(! K&RJ$Z! W"T%"&($J(! #$Z! WPQZZ$Z! %Q&^"IZ!
$J(Ij&$T$J(S!#aQR(&$Z! ^"IZ!%Q&(I$PP$T$J(!W"T%"ZU$Z!#$!TIW&""!"R!#$!TQW&"QP]R$Z1!AJ$!
WPQZZI^IWQ(I"J! (&jZ!ZIT%PI^IU$!#$!WHQWRJ!#$Z!]&"R%$Z!#aQP]R$Z!$Z(!#"JJU$!Z"RZ! ^"&T$!#$!
(QKP$QR[!i!PaQJJ$[$!8!Q^IJ!#$!Z$&NI&!#$!&U^U&$JW$!QR!P$W($R&!#$!W$(($!Z$W(I"J!#R!(&QNQIP1!

5.1.1!Cyanobactéries!(Cyanophycées!ou!Algues!Bleues)!
:&"WQ&V"($Z! RJIW$PPRPQI&$ZS! P$Z! WVQJ"KQW(U&I$Z! QRZZI! Q%%$PU$Z! WVQJ"%HVWU$Z! "R! QP]R$Z!
KP$R$Z!Z$!&$(&"RN$J(!#QJZ!("RZ!P$Z!KI"("%$Z!TQ&IJZS!#RPWIW"P$Z!$(!($&&$Z(&$Z1!,P!V!Q!$JNI&"J!
.G00! $Z%jW$Z! #UW&I($Z!TQIZ! Z$P"J! P$Z! (&QNQR[! &UW$J(Z! #aI#$J(I^IWQ(I"JS! IP! JaV! QR&QI(! $J!
&UQPI(U!YR$!800!$Z%jW$Z!#I^^U&$J($Z1!.G!z!#$Z!WVQJ"KQW(U&I$Z!Z"J(!TQ&IJ$ZS!Z"I(!$JNI&"J!
/G0!$Z%jW$Z1!5$&(QIJ$Z!%$RN$J(!NIN&$!$J!$QR!#"RW$!"R!ZQPU$!$(!Z"J(!#"JW!Z%UWIQP$T$J(!
Q#Q%(U$Z!QR[!W"J#I(I"JZ!#$Z!$Z(RQI&$Z1!+aQR(&$Z!Z"J(! ^"&($T$J(!HQP"%HIP$Z!$(!J$!NIN$J(!
YRa$J!TIPI$R!(&jZ!ZQPU!gTQ&QIZ!ZQPQJ(S!-$&!-"&($S!$(W1h1!5$&(QIJ$Z!$Z%jW$Z!TQ&IJ$Z!W"TT$!
Oscillatoria! erythraea! NIN$J(! $J! %P$IJ$! $QR! "WUQJIYR$1! 5$(($! 5VQJ"%HVWU$! $Z(! (&jZ!
^"&($T$J(!%I]T$J(U$! $(! ZQ!%&UZ$JW$! $J!]&QJ#$! W"JW$J(&Q(I"J!#QJZ! PQ!T$&!;"R]$! PRI!Q!
#aQIPP$R&Z!#"JJU! Z"J! J"T1!>Q!TQ'"&I(U!#$Z! $Z%jW$Z! NIN$J(! $J! W"P"JI$Z! %PRZ! "R!T"IJZ!
IT%"&(QJ($Z!$(!Q%%Q&(I$JJ$J(!i! PQ!WPQZZ$!#$Z!<"&T"]"J$Q$1!5$!Z"J(! P$Z!WVQJ"KQW(U&I$Z!
^IPQT$J($RZ$Z!YRI!Z"J(!%Q&^"IZ!NIZIKP$!i!PavIP!JR1!6"R($Z!P$Z!QR(&$Z!QP]R$Z!KP$R$Z!Z"J(!#$!
PQ!WPQZZ$!#$Z!5H&""W"WWQP$Z!$(!J$!^"&T$J(!%QZ!#$!W"P"JI$1!
!
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>$!(QKP$QR!.!%&UZ$J($!P$Z!%&IJWI%QP$Z!KI"T"PUWRP$Z!QW(IN$Z!$(!W$PP$Z!%"ZZU#QJ(!RJ!IJ(U&k(!
UW"J"TIYR$! "K($JR$Z! i! %Q&(I&! #$! YR$PYR$Z! $Z%jW$Z! Z$RP$T$J(! #$! WVQJ"KQW(U&I$Z1! 5$!
]&"R%$! #$! TIW&"QP]R$Z! %"ZZj#$! #$Z! %I]T$J(Z! %H"("ZVJ(HU(IYR$Z! Z$W"J#QI&$Z! YRI!
&$T%PQW$J(! PQ! WHP"&"%HVPP$! b,! W$! ! Z"J(! P$Z! %HVW"KIPIJ$Z1! >$Z! %HVW"KIPIJ$Z! Z"J(! #$Z!
WH&"T"%&"(UIJ$Z! Z"PRKP$Z! &$%&UZ$J(U$Z! %Q&! PQ! %HVW"WVQJ"KIPIJ$! gKP$R$h! $(! PQ!
%HVW"U&V(H&"KIPIJ$!g&"R]$h1!5$Z!#$R[!T"PUWRP$Z!Z"J(!(&jZ!%&"WH$Z!#$Z!%I]T$J(Z!KIPIQI&$Z!
#$Z!TQTTI^j&$ZS!Z"I(!PQ!KIPI&RKIJ$!$(!PQ!KIPIN$&#IJ$!gD&"tJ!et!al.!/ee0h1!>$Z!]&"R%$T$J(Z!
%&"Z(HU(IYR$Z! &$Z%$W(I^Z! #$! W$Z! #$R[! %I]T$J(Z! g%HVW"WVQJIJ$! $(! %HVW"U&V(H&IJ$h! Z"J(!
W"TT$&WIQPIZUZ!#$%RIZ!YR$PYR$Z!QJJU$Z!#QJZ!#I^^U&$J(Z!Z$W($R&Z!#$!TQ&WHU1! ,PZ!Z$&N$J(!
#$! &UQW(I^Z! ^PR"&$ZW$J(Z! #QJZ! %PRZI$R&Z! ($Z(Z! #IQ]J"Z(IWZ! %"R&! P$! #"TQIJ$! KI"TU#IWQP!
QIJZI!YR$! W"TT$!%I]T$J(Z!JQ(R&$PZ!%"R&! P$Z!QPIT$J(Z! $(! P$Z! W"ZTU(IYR$Z! gdQTQ]RZHIS!
/ee.w!D$&T$'"!et!al.!800Bh1!>Q!%HVW"WVQJIJ$!Q!QRZZI!U(U!I#$J(I^IU$!W"TT$!RJ!IJHIKI($R&!#$!
PQ!PI%QZ$!%QJW&UQ(IYR$!WH$\!P$!&Q(!("R(!W"TT$!RJ!W"T%"ZU!]PVW"PI%I#IYR$!g<K"8h!IZ"PU!#$!
Arthrospira! platensis! g<QJ! et! al.! 8003h1!5$(($! QW(INI(U! %"R&&QI(! QN"I&! RJ! IJ(U&k(! #QJZ! P$!
(&QI($T$J(!#$Z!%&"KPjT$Z!#aHV%$&(&I]PVWUTI$! WH$\! PaH"TT$!$J! PITI(QJ(! PQ!#I]$Z(IKIPI(U!
#$Z!PI%I#$Z!QPIT$J(QI&$Z1!

DI$J! YR$! P$! ]$J&$! Arthrospira! QJWI$JJ$T$J(! J"TTU! Spirulina! Z"I(! P$! %PRZ! W"JJR! #$Z!
WVQJ"KQW(U&I$Z! gZR%%PUT$J(Z! QPIT$J(QI&$ZhS! P$! %PRZ! ]&QJ#! J"TK&$! #$! KI"T"PUWRP$Z!
QW(IN$Z!%&"NI$J(! 'RZYRai!%&UZ$J(!#R!]$J&$!Lyngbya1!5$!]$J&$! $Z(! (&jZ! &$%&UZ$J(Q(I^!#$Z!
%&"%&IU(UZ! KI"P"]IYR$Z! #$Z! 5VQJ"KQW(U&I$Z! $J! ]UJU&QP! Z"I(! P$R&! ("[IWI(U1! 5$(($!
WQ&QW(U&IZ(IYR$! P$Z! &$J#! #QJ]$&$RZ$Z! %"R&! Pa$JNI&"JJ$T$J(1!+QJZ! #$Z! WQZ! Z%UWI^IYR$Z!
#aIT%"&(QJ($! %&"PI^U&Q(I"J! W$PPRPQI&$S! $PP$Z! Z"J(! QZZ"WIU$Z! i! PQ! %&"#RW(I"J! #$! ("[IJ$Z1!
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5.1.2!Lignée!des!Algues!Brunes!

>Q!PI]JU$!#$Z!QP]R$Z!K&RJ$Z!$Z(!#INIZU$!$J!YRQ(&$!]&QJ#Z!]&"R%$ZS!P$Z!)(&QTUJ"%IP$ZS!P$Z!
P$Z! 9PN$"PQ($ZS! P$Z! <Q%("%HV($Z! $(! P$Z! 5&V%("%HVWU$Z1! !"RZ! JaQN"JZ! %R! (&"RN$&!
#aIJ^"&TQ(I"J! %$&(IJ$J($! ZR&! P$Z! KI"T"PUWRP$Z! QW(IN$Z! %&"N$JQJ(! #R! ]&"R%$! #$Z!
5&V"("%HVWU$Z1!

Les!Straménopiles!

>$Z!)(&QTUJ"%IP$Z!Z"J(!#INIZUZ!$J!%PRZI$R&Z!]&"R%$Z!#IZ(IJW(Z!#"J(O!

"! >$Z!DQWIPPQ&I"%HVW$Q$!g+IQ("TU$Zh!

"! >$Z!5H&VZ"%HVW$Q$!g9P]R$Z!#"&U$Zh!!

"! >$Z!:HQ$"%HVW$Q$!g9P]R$Z!K&RJ$Zh!

9IJZI! P$Z! #$R[! %&$TI$&Z! ]&"R%$Z! &$%&UZ$J($J(! #$Z! "&]QJIZT$Z! T"J"W$PPRPQI&$Z!
gTIW&"QP]R$Zh! (QJ#IZ! YR$! P$! (&"IZIjT$! $Z(! W"T%"ZU! $ZZ$J(I$PP$T$J(! #aQP]R$Z!
%PR&IW$PPRPQI&$Z!gTQW&"QP]R$Zh1!

Bacillariophyceae!(Diatomées)!

>$Z!+IQ("TU$Z!Z"J(!$[(&kT$T$J(!&U%QJ#R$Z!#QJZ!P$Z!T$&Z!$(!P$Z!"WUQJZ!#R!]P"K$1!4PP$Z!
W"JZ(I(R$J(!PaITT$JZ$!TQ'"&I(U!#R!%HV("%PQJW("J!TQ&IJS!Z"I(!eG!i!e2!z!W$!YRI!&$%&UZ$J($!
B0!000!i!G0!000!$Z%jW$Z1!4PP$Z!Z"J(!&$Z%"JZQKP$Z!#$!PQ!TQ'$R&$!%Q&(I$!#$!PQ!%H"("ZVJ(HjZ$!
"WUQJIYR$1!>$Z!#IQ("TU$Z!Z"J(!QRZZI!^"&($T$J(!&$%&UZ$J(U$Z!#QJZ!P$Z!$QR[!#"RW$Z!$(!P$Z!
TIPI$R[! HRTI#$Z! "_! Pa"J! &$(&"RN$! #$! G0! i! .0! z! #$Z! /00!000! $Z%jW$Z! QW(R$PP$T$J(!
I#$J(I^IU$Z1!

>$Z!#IQ("TU$Z!%"ZZj#$J(!RJ$!%Q&"I!W$PPRPQI&$!Z"PI#$!W"JZ(I(RU$!#$!ZIPIW$S!PQ!^&RZ(RP$!$PP$"
TkT$!$J&"KU$!#$!TRW"%"PVZQWWHQ&I#$Z1!5HQWRJ$!#$Z!W$PPRP$Z!$Z(!W"T%"ZU$Z!%Q&!#$R[!
^&RZ(RP$Z! Za$TK"n(QJ(! PaRJ$!#QJZ! PaQR(&$!W"TT$!RJ$!K"n($!$(! Z"J!W"RN$&WP$1!AJ! ^QW($R&!
PITI(QJ(!#$!PQ!W&"IZZQJW$!#$Z!+IQ("TU$!$Z(!PQ!YRQJ(I(U!#$!ZIPIW$!#R!TIPI$R!!YRI!%$&T$(!RJ$!
QR("&U]RPQ(I"J!#$Z!KP""TZ!#$!W$Z!$Z%jW$Z1!

>$Z!#IQ("TU$Z!Z"J(!#INIZU$Z!$J!#$R[!"&#&$Z! O! P$Z!5$J(&QP$Z!$(! P$Z!:$JJQP$Z1!>$!%&$TI$&!
"&#&$! $Z(! W"T%"ZU! #$! W$PPRP$Z! #$! ^"&T$! ]P"KQP$T$J(! WI&WRPQI&$! $(! i! ZVTU(&I$! &Q#IQP$!
(QJ#IZ! YR$! P$Z! :$JJQP$Z! %"ZZj#$J(! RJ$! ^"&T$! QPP"J]U$! W"TT$! RJ$! %PRT$! QN$W! RJ$!
ZVTU(&I$!KIPQ(U&QP$1!>$Z!5$J(&QP$Z!Z"J(!]UJU&QP$T$J(!%PQJW("JIYR$Z!$(! P$Z!:$JJQP$Z! (&jZ!
Z"RN$J(!K$J(HIYR$Z!W$PQ!U(QJ(!#R$!i!RJ$!YR$Z(I"J!#$!^P"((QKIPI(U!%PRZ!TQ&YRU$!%"R&! P$Z!
TIW&"QP]R$Z!WI&WRPQI&$Z1!?UJU&QP$T$J(S!PQ!(QIPP$!W$PPRPQI&$!#$Z!+IQ("TU$Z!NQ&I$!#$!80!i!G0!
%T!TQIZ!W$&(QIJ$Z!^"&T$Z!W"P"JIQP$Z!^IPQT$J($RZ$Z!%$RN$J(!Q(($IJ#&$!RJ$!P"J]R$R&!#$!8!
TT1!

>$Z!#"JJU$Z!WHITIYR$Z!$(!KI"WHITIYR$Z!ZR&!P$Z!TU(QK"PI($Z!%&ITQI&$Z!$(!Z$W"J#QI&$Z!#$Z!
#IQ("TU$Z! Z"J(! %$R! J"TK&$RZ$Z1! 5$PQ! $Z(! $JW"&$! %PRZ! UNI#$J(! P"&ZYR$! Pa"J! ^QI(! RJ!
&Q%%"&(!QN$W!P$R&!QK"J#QJW$!&$PQ(IN$!#QJZ!P$Z!#I^^U&$J(Z!TIPI$R[!TQ&IJZ!#$!PQ!%PQJj($1!!

03080B/083"&$N/! +,-.!)%! (//#0%/0/#!
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03080B/083"&$N/! +,-.!)(! (//#0%/0/#!

L! Pa$[W$%(I"J! #$! P$R&! ^"&($! ($J$R&! $J! PI%I#$Z! T$TK&QJQI&$Z! ]UJU&QP$T$J(! &IWH$Z! $J!
QWI#$Z! ]&QZ! %"PVIJZQ(R&UZS! P$Z! #IQ("TU$Z! J$! Z"J(! %QZ! &$W"JJR$Z! W"TT$! RJ$! Z"R&W$!
IT%"&(QJ($! #$! KI"T"PUWRP$Z! QW(IN$Z! gF"I&! P$! (QKP$QR! eh1! +$! PQ! #I\QIJ$! #a$Z%jW$Z! #$!
#IQ("TU$Z!W"R&QTT$J(!WRP(INU$ZS!W$PP$!YRI!ZVJ(HU(IZ$!$(!QWWRTRP$!PQ!%PRZ!^"&($!($J$R&!$J!
PaQWI#$!$IW"ZQ%$J(QUJ"mYR$!g4:9h!$Z(!Skeletonema!costatum!go"&J%&"KZ(S!800Gh1!>a4:9!"R!
PaQWI#$! ]&QZ! 80!O! G! n"B! $Z(! RJ$!T"PUWRP$! YRI! %&UZ$J($! RJ! IJ(U&k(! ]&QJ#IZZQJ(! W"TT$!
IJ]&U#I$J(!%"R&!#I^^U&$J(Z!%&"#RI(Z!#$!ZQJ(U!JQ(R&$PZ1!

>a$Z%jW$!Nitzschia!pungens!$Z(!%$R(!k(&$!RJ$!$[W$%(I"J!#QJZ!P$!]&"R%$!#$Z!#IQ("TU$Z1!4J!
$^^$(S! #$R[! (V%$Z! #I^^U&$J(Z! #$! T"PUWRP$Z! %&UZ$J(QJ(! #$Z! QW(INI(UZ! TU(QK"PIYR$Z!
IJ(U&$ZZQJ($Z! "J(! U(U! IZ"PUZ! #$! W$(! "&]QJIZT$1! +aQR(&$! %Q&(S! IP! $Z(! ^"&(! %&"KQKP$! YR$!
%PRZI$R&Z!J"RN$PP$Z!T"PUWRP$Z!#aIJ(U&k(!%RIZZ$J(!k(&$!I#$J(I^IU$Z!i!PaQI#$!#aRJ$!&$WH$&WH$!
Z(&RW(R&U$! YRI! WIKP$! P$Z! ^QTIPP$Z! #$! #IQ("TU$Z! P$Z! %PRZ! ZRZW$%(IKP$Z! #$! %&"#RI&$! #$Z!
W"T%"ZUZ! QW(I^Z1!4J! $^^$(S!#$R[! ^QW($R&Z! %$&T$(($J(!#aQ%%RV$&! W$(($! HV%"(HjZ$! Z"I(! P$!
J"TK&$!IT%"&(QJ(!#$!]$J&$Z!$(!#a$Z%jW$Z!#$!#IQ("TU$Z!$(!P$!(&jZ!^QIKP$!J"TK&$!#$!W$R["
WI!QVQJ(!U(U!QR!T"IJZ!%Q&(I$PP$T$J(!W&IKPUZ1!!
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Chrysophyceae!(Algues!Dorées)!

>$Z! 5H&VZ"%HVWU$Z! Z$! #IZ(IJ]R$J(! #$Z! DQWIPPQ&I"%HVWU$ZS! NRZ! %&UWU#$TT$J(S! %Q&!
PaQKZ$JW$!#aRJ$!NU&I(QKP$!^&RZ(RP$1!>$Z!$Z%jW$Z!TQ&IJ$Z!Z"J(!$Z(ITU$Z!i!$JNI&"J!800S!Z"I(!
80! z! #$! ("R($Z! P$Z! $Z%jW$Z! #a9P]R$Z! #"&U$Z1! 5$PQ! $[%PIYR$&QI(! P$! ^QIKP$! J"TK&$! #$!
(&QNQR[!ZR&! PQ!WHITI$!W"JZQW&UZ!i!W$!]&"R%$!#$!TIW&"QP]R$Z1!>$!(QKP$QR!B!#$!PaQJJ$[$!8!
#"JJ$!RJ$!WPQZZI^IWQ(I"J!(&jZ!ZIT%PI^IU$!QIJZI!YR$!P$Z!]$J&$Z!R(IPIZUZ!'RZYRai!%&UZ$J(!%"R&!
P$Z!(&QNQR[!#$!&$WH$&WH$!ZR&!PQ!KI"WHITI$!#$Z!9P]R$Z!+"&U$Z1!

>$R&! W"T%"ZI(I"J! ]UJU&QP$! $J! QWI#$Z! ]&QZ! $Z(! QJQP"]R$! i! W$PP$! #$Z! #IQ("TU$Z! i! %Q&(!
YR$PYR$Z! $[W$%(I"JZ1! >$Z! ]$J&$Z! Ochromonas! $(! Poterioochromonas! Z"J(! ("(QP$T$J(!
#U%"R&NRZ!#$Z!QWI#$Z!]&QZ!/3!OB!$(!4:9!(QJ#IZ!YR$!PaQWI#$!]&QZ!TQ'"&I(QI&$!$Z(!P$!/2!O8!n"3!
"R!PaQWI#$!PIJ"PUIYR$!go"&J%&"KZ(S!800Gh1!

>Q! Z$RP$!T"PUWRP$! QW(IN$! IZ"PU$! #$! W$! ]&"R%$! #$!TIW&"QP]R$Z! 'RZYRai! %&UZ$J(! $Z(! PQ!
-QPHQT$JZIPI%IJ$!9!g6QKP$QR!/0h1!5$!W"T%"ZU!"&I]IJQP!$Z(!RJ! IJHIKI($R&!#$! PQ!%&"(UIJ$!
(V&"ZIJ$!XIJQZ$!g:6oh1!5$!(V%$!#$!W"T%"ZUZ!$Z(!Z%UWI^IYR$T$J(!R(IPIZU!#QJZ!P$!(&QI($T$J(!
#$!W$&(QIJ$Z!P$RWUTI$Z!TVUP"m#$Z!WH&"JIYR$Z!g>5-h!$(!#$Z!WQJW$&Z!%RPT"JQI&$Z!i!%$(I($Z!
W$PPRP$Z1! >$Z! (V&"ZIJ$Z! XIJQZ$Z! Z"J(! #$Z! $J\VT$Z! WPUZ! #R! W"J(&�P$! %"ZI(I^! #$! PQ!
TRP(I%PIWQ(I"J!W$PPRPQI&$1!C&UYR$TT$J(!#$Z!TR(Q(I"JZ!#$!%&"("!"JW"]jJ$Z!$J!"JW"]jJ$Z!
Z"J(! #R$Z! 'RZ($T$J(! i! #$Z! TR(Q(I"JZ! #R! #"TQIJ$! XIJQZ$! &$J#QJ(! P#QW(INI(U! (V&"ZIJ$!
XIJQZ$! W"JZ(I(R(IN$! $(!J"J! &U]RPQKP$! g9Q&"JZ"JS! /ee/w!+&RX$&! et! al.! /eeew!o&VZ(QP! et! al.!
"###$%!
!
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Phaeophyceae!!

>$!%HVPRT!#$Z!:HQ$"%HVW$Q$!W"T%($!$JNI&"J!/!G00!$Z%jW$Z!i!eeS.!z!TQ&IJ$Z1!>Q!YRQZI"
("(QPI(U!#$!W$PP$Z"WI!Z"J(!%PR&IW$PPRPQI&$Z!$(!TQW&"ZW"%IYR$ZS!P$Z!:HQ$"%HVW$Q$!Z"J(!#"JW!
#$Z!TQW&"QP]R$Z!TQ&IJ$Z!W"J(&QI&$T$J(!QR[!QR(&$Z!$TK&QJWH$T$J(Z!#$!PQ!PI]JU$!K&RJ$S!
P$Z! DQWIPPQ&I"%HVW$Q$! g+IQ("TU$ZhS! P$Z! 5H&VZ"%HVW$Q$! g9P]R$Z! +"&U$Zh! %&UZ$J(UZ!
%&UWU#$TT$J(1!

>$Z!:HQ$"%HVW$Q$!Z"J(!%&UZ$J($Z!#QJZ!("R($Z!P$Z!T$&Z!$(!P$Z!"WUQJZ!QN$W!RJ$!%&U^U&$JW$!
%"R&! P$Z! $QR[! ^&"I#$Z! $(! ($T%U&U$Z1! 4PP$Z! Z"J(! Z"RN$J(! #$! ]&QJ#$! (QIPP$S!Macrocystis!
pyrifera!$Z(!P$!%PRZ!]&QJ#!NU]U(QP!#R!T"J#$!QN$W!RJ!(HQPP$!%"RNQJ(!Q(($IJ#&$!.G!Tj(&$Z1!
5$(($!$Z%jW$!$Z(!QRZZI!W"JZI#U&U$!W"TT$! Pa"&]QJIZT$!NU]U(QP!%&UZ$J(QJ(! PQ!%PRZ!&Q%I#$!
W&"IZZQJW$! QN$W! RJ! QPP"J]$T$J(! #$! B0! WT! %Q&! '"R&1! >Q! WQPWI^IWQ(I"J! #$Z! (IZZR$Z! $Z(!
&Q&$T$J(!"KZ$&NU$!WH$\!P$Z!9P]R$Z!D&RJ$Z!W"J(&QI&$T$J(!QR[!9P]R$Z!;"R]$Z!$(!F$&($Z1!

>Q!WPQZZI^IWQ(I"J!#$Z!:HQ$"%HVW$Q$!$Z(!KQZU$!ZR&! P$Z!T"#$Z!#$!&$%&"#RW(I"J!"KZ$&NU$Z1!
AJ$! WPQZZI^IWQ(I"J! ZIT%PI^IU$! $Z(! %&UZ$J(U$! #QJZ! P$! 6QKP$QR! E! #$! PaQJJ$[$! 81! >Q!
ZVZ(UTQ(IYR$!$Z(!(&jZ!QW(IN$!QN$W!P$Z!J"RN$PP$Z!WQ%QWI(UZ!#aI#$J(I^IWQ(I"J!$(!#$!J"RN$PP$Z!
WPQZZI^IWQ(I"JZ!"J(!U(U!%&"%"ZU$Z!&UW$TT$J(!TQIZ!$PP$Z!Z"J(!T"IJZ!%&"%IW$Z!QR!ZRINI!#$Z!
(&QNQR[!ZR&!PQ!KI"WHITI$!#$!W$Z!TQW&"QP]R$Z1!

L! (I(&$! IJ#IWQ(I^S! P$! (QKP$QR!//!%&UZ$J($! P$Z!T"PUWRP$Z!QW(IN$Z!$[(&QI($Z!#$Z!TQW&"QP]R$Z!
K&RJ$Z1! =NI#$TT$J(S! PaU(R#$! #$Z! W"T%"ZUZ! Z(&RW(R&QR[! $(! %PRZ! Z%UWI^IYR$T$J(! #$Z!
%"PVZQWWHQ&I#$Z!#$!W$!]&"R%$!Q!%$&TIZ!#$! (&"RN$&!%PRZI$R&Z! (V%$Z!#aQW(INI(UZ!#aIJ(U&k(1!
!UQJT"IJZS!%PRZI$R&Z!(&QNQR[!&UW$J(Z!"J(!QRZZI!%$&TIZ!#$!WIKP$&!#$Z!T"PUWRP$Z!IZZR$Z!#R!
TU(QK"PIZT$! Z$W"J#QI&$!%&UZ$J(QJ(!#$Z! $^^$(Z! WV("("[IYR$ZS! QJ(I(RT"&QR[S! QJ(IWQJW$&ZS!
QJ(I"QJ]I"]UJIYR$ZS! QJ(I^"J]IYR$ZS! QJ(INI&QR[S! QJ(I"IJ^PQTTQ("I&$ZS! KQW(U&IWI#$ZS!
ITTRJ""T"#RPQ($R&ZS!IJZ$W(IWI#$ZS!QJ(I&Q#IWQPQI&$Z!$(!QJ(I"[V#QJ(Z1!!

:"R&!#I^^U&$J($Z!&QIZ"JZ!($PP$Z!YR$!PQ!^QWIPI(U!#$!&UW"P($!$(!#aI#$J(I^IWQ(I"J!#$Z!"&]QJIZT$ZS!
PaQW(INI(U! WHITIYR$! $(! KI"WHITIYR$! #$Z! TQW&"QP]R$Z! Q! U(U! 'RZYRai! %&UZ$J(! U(R#IU$!
K$QRW"R%! %PRZ! %&UWIZUT$J(! YR$! W$PP$! #$Z!TIW&"QP]R$Z1! ,P! $Z(! $J! $^^$(! IJ(U&$ZZQJ(! #$!
W"JZ(Q($&! YR$! P$! J"TK&$! #$! W"T%"ZUZ! QW(I^Z! $[(&QI(Z! #$Z!TQW&"QP]R$Z! K&RJ$Z! $Z(! (&jZ!
J$(($T$J(! ZR%U&I$R&! i! W$R[! #$Z! TIW&"QP]R$Z1! 5$Z! W"T%"ZUZ! Z"J(! K$QRW"R%! %PRZ!
#IN$&ZI^IUZ!YR$! W$R[!#$Z!TIW&"QP]R$Z!#$! PQ!TkT$! PI]JU$!#$!NU]U(QR[! W$PQ!TQP]&U!RJ$!
KI"#IN$&ZI(U! J$(($T$J(! IJ^U&I$R&$S! Z"I(! /G00! $Z%jW$Z! #$! TQW&"QP]R$Z! W"J(&$! %PRZ! #$!
/00!000!%"R&!P$Z!TIW&"QP]R$Z!#$!PQ!PI]JU$!K&RJ$1!!
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!

5.1.3!Les!Alveolata!

Dinophyceae!(Dinoflagellés)!

>$Z! +IJ"%HV($Z! Z"J(! &$%&UZ$J(UZ! %Q&! RJ$! Z$RP$! WPQZZ$! #$! TIW&"""&]QJIZT$ZS! P$Z!
+IJ"%HVW$Q$!"R!+IJ"^PQ]$PPUZ1!5$(($!WPQZZ$!Z$!#INIZ$!$J!/G!"&#&$Z!W"T%(QJ(!$JNI&"J!/B0!
]$J&$Z! $(! 8000! $Z%jW$Z! #"J(! e0! z! Z"J(! TQ&IJ$Z! g/200! $Z%jW$Zh! $(! 30! z! Z"J(!
%H"("ZVJ(HU(IYR$Z! g/800! $Z%jW$Zh1! >$! (QKP$QR! G! #$! PaQJJ$[$! 8! %&UZ$J($! P$Z! %&IJWI%QR[!
*&#&$ZS!CQTIPP$Z!$(!?$J&$Z!#$Z!+IJ"^PQ]$PPUZ1!!

>$Z!^"&T$Z!RJIW$PPRPQI&$Z!"R!W"WW"m#QP$Z!%"ZZj#$J(!#$Z!(QIPP$Z!T"V$JJ$Z!W"T%&IZ$Z!$J(&$!
G0! $(! /00! %T! (QJ#IZ! YR$! P$Z! ^"&T$Z! ^IPQT$J($RZ$Z! %$RN$J(! Q(($IJ#&$! RJ! i! #$R[!
TIPPITj(&$Z1!:&jZ!#$!PQ!T"I(IU!#$Z!$Z%jW$Z!#$!W$!]&"R%$!%&UZ$J($J(!#$Z!W$PPRP$Z!i!%Q&"IZ!
&I]I#$ZS! PQ! (HjYR$S! ^QI($Z! #$! %PQYR$Z! W$PPRP"ZIYR$Z1!?&{W$! i! P$R&Z! ^PQ]$PP$ZS! W$Z!TIW&""
"&]QJIZT$Z!%$RN$J(!Z$!#U%PQW$&!'RZYRai!RJ!Tj(&$!%Q&!H$R&$1!:"R&!W$&(QIJZ!+IJ"^PQ]$PPUZ!
HU(U&"(&"%H$ZS! P$Z! ^PQ]$PP$Z!Z$&N$J(!i!WQ%(R&$&! P$R&Z!%&"I$Z1!+$!J"TK&$R[!+IJ"^PQ]$PPUZ!
Z"J(!ZVTKI"(IYR$ZS!P$Z!y""[QJ(H$PP$Z!Z"J(!%&IJWI%QP$T$J(!QZZ"WIU$Z!QR[!W"&QR[!QIJZI!YRai!
W$&(QIJZ! T"PPRZYR$Z1! 4PP$Z! Q%%Q&(I$JJ$J(! %&IJWI%QP$T$J(! QR! ]$J&$! Gymnodinium!
&$J"TTU!&UW$TT$J(!Symbiodinium1!

5$!]&"R%$!$Z(!P$!%PRZ!&IWH$!#R!%"IJ(!#$!NR$!#$!PQ!WHITI"#IN$&ZI(U!$(!$Z(!P$!%PRZ!IT%"&(QJ(!
ZR&! P$!%PQJ!UW"J"TIYR$1!4J!$^^$(S! P$Z!#IJ"^PQ]$PPUZ!Z"J(! IT%PIYRUZ!#QJZ! PQ!TQ'"&I(U!#$Z!
IJ("[IWQ(I"JZ!%Q&!PQ!W"JZ"TTQ(I"J!#$!T"PPRZYR$Z!ZRI($!QR[!KP""TZ!#$!P$R&Z!%"%RPQ(I"JZ!
#QJZ! P$Z! \"J$Z! #$! &UW"P($Z! "R! #aUP$NQ]$1! <$R&$RZ$T$J(S! W$Z! %&"PI^U&Q(I"JZ! ("[IYR$Z!
W"JW$&J$J(! RJ! J"TK&$! (&jZ! &$Z(&$IJ(! #a$Z%jW$ZS! $JNI&"J! RJ$! YRQ&QJ(QIJ$1! 5$Z!
%&"PI^U&Q(I"JZ!Z$!%&"#RIZ$J(!]UJU&QP$T$J(!ZRI($!i!PQ!W"TKIJQIZ"J!#$!^QW($R&Z!^QN"&QKP$Z!
g($T%U&Q(R&$S!ZQPIJI(US!JR(&IT$J(ZS!PRTIJ"ZI(US!$(W1h!#QJZ!RJ!Z$W($R&!%Q&(IWRPI$&!#R!TIPI$R!
TQ&IJ1! !UQJT"IJZS! 'RZYRaQR! #UKR(! #$Z! QJJU$Z! /ee0S! PQ! ^&UYR$JW$! #$Z! $^^P"&$ZW$JW$Z!
#aQP]R$Z!("[IYR$Z!Q!QR]T$J(U!(QJ(!#QJZ!Pa$Z%QW$!YR$!#QJZ!P$!($T%Z!ZR&!P$Z!W�($Z!#R!!"&#!
#$! Pa4R&"%$! g<QPP$]&Q$^^S!/eeGh1!:PRZI$R&Z!TUWQJIZT$Z! PIUZ!QR[!QW(INI(UZ!HRTQIJ$Z!Z"J(!
ZRZW$%(IKP$Z!#ak(&$!i!P#"&I]IJ$!#$!W$(($!($J#QJW$!O!!

!! $Z%jW$Z!IJ(&"#RI($Z!%Q&!$[$T%P$!NIQ!Pa$QR!#$!KQPPQZ(!"R!%Q&!P$Z!WRP(R&$Z!TQ&IJ$Z!w!!!
!! IJZ(QPPQ(I"JZ!W�(Ij&$Z!IJ($JZI^IQJ(!PQ!Z(&Q(I^IWQ(I"J!
!!Q%%"&(Z!$(!^PR[!#aQ\"($!QJ(H&"%IYR$Z!#QJZ!#$Z!\"J$Z!Z$JZIKP$Z!i!Pa$R(&"%HIZQ(I"J!w!!!
!!#UZUYRIPIK&$!#$Z!&Q(I"Z!#$Z!JR(&IT$J(ZS!%Q&!$[$T%P$!!l:!$(!!l)I!w!!!
!! W$J(&QP$Z!HV#&"UP$W(&IYR$Z!c!NI#QJ]$Z!$[W$%(I"JJ$PP$Z!w!!
!! QR]T$J(Q(I"J!#$Z!Q%%"&(Z! ^PRNIQR[!#$!ZRKZ(QJW$Z!HRTIYR$Z!$J! &QIZ"J!#$Z!%PRI$Z!

QWI#$Z1!

>$!6QKP$QR!/8!&UZRT$!P$Z!%&IJWI%QP$Z!IJ("[IWQ(I"JZ!HRTQIJ$Z!WQRZU$Z!%Q&!P$Z!("[IJ$Z!#$!
+IJ"^PQ]$PPUZ1!

+aQR(&$!%Q&(S!PaIT%"&(QJW$!UW"P"]IYR$!#$Z!+IJ"^PQ]$PPUZ!$Z(!(&jZ!]&QJ#$!%RIZYRaIPZ!Z"J(!$J!
Z$W"J#$!%"ZI(I"JS!Q%&jZ!P$Z!+IQ("TU$ZS!%"R&!PQ!%&"#RW(I"J!%&ITQI&$!#$Z!"WUQJZ1!

!
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?4.1%4#!AAB!5)+*/+(41%-!+*"'W+/4"+'*-!0#34+*%-!/4#-,%-!(4)!1%-!"'W+*%-!$%!
9+*'X142%11,-!h!

!
6V%$!#aIJ("[IWQ(I"J! :&IJWI%QP$Z!("[IJ$Z!! -"#$!#aQW(I"J! ?$J&$Z!IJW&ITIJUZ!
!
5I]RQ($&Q!CIZH!
:"IZ"JIJ]!g5C:h!

:"PVU(H$&Z!WVWPIYR$Z!
!WI]RQ("[IJ$Z!
!TQI("("[IJ$!
!QWI#$Z!]QTKIU&IYR$Z!
?QTKIU&"P!

9W(INQ($R&Z!#$Z!WQJQR[!
Z"#IYR$Z!$(!WQPWIYR$Z!
gTQI("("[IJ$h!

Dinophysis,!
Gambierdiscus,!
Prorocentrum!

!

+IQ&&H$(IW!)H$PP^IZH!
:"IZ"JIJ]!g+):h!

:"PVU(H$&Z!WVWPIYR$Z!$(!
TQW&"PI#$Z!
!QWI#$!"XQ#QmYR$!
!QT%HI#IJ"PI#$Z!
!#IJ"%HVZIZ!("[IJ$Z!
!%$W(UJ"("[IJ$Z!
!d$ZZ"("[IJ$!

,JHIKI($R&!#$Z!
%H"Z%HQ(QZ$Z!

Dinophysis,!
Gambierdiscus,!
Prorocentrum!

!$R&"("[IW!
)H$PP^IZH!:"IZ"JIJ]!
g!):h!

:"PVU(H$&Z!WVWPIYR$Z!
!K&UNU("[IJ$Z!
!

9W(INQ($R&Z!#$Z!WQJQR[!
Z"#IYR$Z!

Alexandrium,!
Gymnodinium!

:Q&QPV(IW!)H$PP^IZH!
:"IZ"JIJ]!g:):h!

+U&INUZ!#$!PQ!]RQJI#IJ$
)Q[I("[IJ$Z!

,JHIKI($R&Z!#$Z!WQJQR[!
Z"#IYR$Z!

Alexandrium,!
Gymnodinium,!
Pyronidium!

f!9#Q%(U$!#$!o"&J%&"KZ(S!800G1!

>$!(QKP$QR!/B!#$!PQ!%Q]$!ZRINQJ($!IJ#IYR$!YR$PZ!Z"J(!P$Z!W"T%"ZUZ!$(!#QJZ!W$&(QIJZ!WQZ!P$Z!
$[(&QI(Z! QW(I^Z! I#$J(I^IUZ! 'RZYRai! %&UZ$J(! #QJZ! T"IJZ! #aRJ$! #I\QIJ$! #$! ?$J&$Z! #$!
+IJ"^PQ]$PPUZ1! 9N$W! QR!T"IJZ! /B0! ?$J&$Z! #I^^U&$J(ZS! P$Z! (&QNQR[! #$! &$WH$&WH$! $(! #$!
W&IKPQ]$Z!i!N$JI&!#$N&QI$J(!%$&T$((&$!#aI#$J(I^I$&!RJ!J"TK&$!K$QRW"R%!%PRZ! IT%"&(QJ(!
#$!T"PUWRP$Z!QW(IN$Z!%"ZZU#QJ(!RJ!%"($J(I$P!W"TT$&WIQP1!

Crypthecodinium! cohnii! $Z(! QW(R$PP$T$J(! R(IPIZU$! #$! ^Qp"J! IJ#RZ(&I$PP$! %Q&! Pa$J(&$%&IZ$!
-Q&($X!DI"ZWI$JW$!5"&%1! %"R&! %&"#RI&$! RJ$! HRIP$! &IWH$! $J!+<9! g"TU]Q"Bh! YRI! $J(&$!
$JZRI($!#QJZ!PQ!^"&TRPQ(I"J!#$!PQI(Z!TQ($&JIZUZ!g%"R&!%PRZ!#$!#U(QIPZS!N"I&!P$!ZI($!,J($&J$(!
#$!Pa$J(&$%&IZ$!ttt1TQ&($XKI"1W"TlH"T$1QZ%1!

>Q!TQ'"&I(U!#$Z!QR(&$Z!W"T%"ZUZ!QW(I^Z!$[(&QI$J(!#$Z!#IJ"^PQ]$PPUZ!Z"J(!WV("("[IYR$Z!QN$W!
#$Z! QW(INI(UZ! QJ(I^"J]IYR$ZS! QJ(IJU"%PQZIYR$ZS! QJ(I(RT"&QR[! $(! QJ(I"P$RWUTIYR$Z1! +$!
%PRZS! #$Z! TQW&"PQW("J$Z! $[(&QI($Z! #aRJ! ]$J&$! #$! #IJ"^PQ]$PPUZ! ZVTKI"(IYR$!
gSymbiodiniumh! Z"J(!#$!%RIZZQJ(Z!NQZ"W"JZ(&IW($R&Z1!5$!]&"R%$!#$!TIW&"QP]R$Z! Z$TKP$!
#"JW! %&UZ$J($&! RJ! ^"&(! %"($J(I$P! %"R&! Pa"K($J(I"J! #$! W"T%"ZUZ! #aIJ(U&k(! %"R&! P$Z!
$J(&$%&IZ$Z!KI"%HQ&TQW$R(IYR$Z!"%U&QJ(!#QJZ! P$!TQ&WHU!#$Z!%&"#RI(Z!%HQ&TQW$R(IYR$Z!
$(!#$Z!TU#IWQT$J(Z1!

http://www.martekbio.com/home.asp
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Les!Haptophytes!

>Q!TQ'"&I(U!#$Z!$Z%jW$Z!#$!W$!]&"R%$!Z"J(!TQ&IJ$ZS!Z"I(!$JNI&"J!G001!>$Z!<Q%("%HV($Z!
TQ&IJ$Z! %"ZZj#$J(! ]UJU&QP$T$J(! RJ! $["ZYR$P$(($! #aUWQIPP$Z! "&]QJIYR$Z! "R! WQPWQI&$Z! i!
Pa"&I]IJ$!#$Z!]&QJ#Z!#U%�(Z!#$!W&QI$!#R!5&U(QWU1!>$!6QKP$QR!3!#$!QJJ$[$!8!%&UZ$J($!RJ$!
WPQZZI^IWQ(I"J!ZIT%PI^IU$!#$!W$!]&"R%$!#$!TIW&"QP]R$Z1!

MRZYRai!%&UZ$J(S! IP!$[IZ($! (&jZ!%$R!#$! (&QNQR[!ZR&! PQ!KI"WHITI$!#$!W$Z!TIW&"QP]R$Z!$(! IPZ!
("RWH$J(!T"IJZ!#$!/0!z!#$Z!$Z%jW$Z!#UW&I($Z1!>$!(QKP$QR!/E!IJ#IYR$!P$Z!T"PUWRP$Z!QW(IN$Z!
$[(&QI$J(! #$! W$! ]&"R%$! #$! TIW&"QP]R$Z1! @R$PYR$Z! $Z%jW$Z! %$RN$J(! UN$J(R$PP$T$J(!
%&UZ$J($&!RJ!IJ(U&k(!%"R&!PQ!%&"#RW(I"J!W"TT$&WIQP$!#a4:91!

+$R[!^"&T$Z!#$!]PVW"ZI#$!#UT"J(&$J(!RJ$!QW(INI(U!HUT"PV(IYR$!(&jZ!IT%"&(QJ($!#"J(!P$Z!
Q%%PIWQ(I"JZ! %"($J(I$PP$Z! #QJZ! P$Z! Z$W($R&Z! #$! TQ&WHUZ! (&jZ! #IN$&Z$Z! gTU#IWQP$ZS!
%HQ&TQW$R(IYR$ZS! Q]&"QPIT$J(QI&$Z! $(! W"ZTU(IYR$Zh! Z"J(! %"ZZIKP$Z1! !UQJT"IJZS!
PaR(IPIZQ(I"J!#$! W$Z! W"T%"ZUZ!#$N&Q! k(&$! (&jZ! &j]P$T$J(U$!i! WQRZ$!#$! Pa$[(&kT$! ("[IWI(U!
%"R&!P$Z!%"IZZ"JZ!$(!P$Z!QR(&$Z!QJITQR[!QYRQ(IYR$Z1!!
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5.1.4!Lignée!des!Algues!Vertes!

>Q!PI]JU$!N$&($!Z$!#INIZ$!$J!(&"IZ!$TK&QJWH$T$J(Z!O!P$Z!?PQRW"%HV($ZS!TIW&"QP]R$Z!#RPWIW"P$Z!
&$%&UZ$J(U$Z!%Q&!RJ$! YRIJ\QIJ$!#a$Z%jW$Z! Z$RP$T$J(w! P$Z!5HP"&"KI"J($Z! g9P]R$Z!F$&($Z! $(!
%PQJ($Z! ($&&$Z(&$Zh! $(! P$Z! ;H"#"KI"J($Z! g9P]R$Z! ;"R]$Zh1! +QJZ! W$(($! Z$W(I"JS! Z$RP$Z! P$Z!
5HP"&"KI"J($Z!$(!#$Z!;H"#"KI"J($Z!Z$&"J(!(&QI(U$Z1!

Chlorobiontes!(Algues!vertes)!

>$Z!5HP"&"KI"J($Z!Z$!#INIZ$J(!$J!%PRZI$R&Z!]&"R%$Z!O!

"! P$Z!APN"%HV($Z! YRI! Z"J(!#$Z! QP]R$Z! N$&($Z!RJIW$PPRPQI&$Z! "R!TRP(IW$PPRPQI&$Z! gB! 3.e!
$Z%jW$Zh!#"J(!P$Z!#$R[!%&IJWI%QP$Z!WPQZZ$Z!Z"J(!P$Z!O!

"! 5HP"&"%HVWU$Z! %&IJWI%QP$T$J(! W"T%"ZU$Z! %Q&! #$Z! TIW&"QP]R$Z! g/! 000!
$Z%jW$Zh1!

"! APN"%HVWU$Z! PQ&]$T$J(! &$%&UZ$J(U$Z! %Q&! #$Z! QP]R$Z! %PR&IW$PPRPQI&$Z! "R!
TQW&"QP]R$Z1!

"! P$Z!:&QZIJ"%HV($Z!Z"J(!#$Z!QP]R$Z!RJIW$PPRPQI&$Z!^PQ]$PPU$Z!%PQJW("JIYR$Z!TQ&IJ$Z!"R!
#RPWIW"P$Z!g/20!$Z%jW$Zh1!!

"! P$Z!)(&$%("%HV($Z!&$]&"R%$J(!P$Z!%PQJ($Z!($&&$Z(&$Z!$(!W$&(QIJZ!]&"R%$Z!#aQP]R$Z!#"J(!O!

"! P$Z!oP$KZ"TI#I"%HV($Z!Z"J(!#$Z!QP]R$Z!^IPQT$J($RZ$Z!gE0!$Z%jW$Zh1!

"! P$Z!5"PU"WHQ$("%HV($ZS!QP]R$Z!U%I%HV($Z!#$!%PQJ($Z!QYRQ(IYR$Z!#a$QR!#"RW$!
g/G!$Z%jW$Zh1!!

"! P$Z! yV]JUTQ("%HV($Z! Z"J(! #$Z! QP]R$Z! TQ'"&I(QI&$T$J(! #RPWIW"P$ZS!
RJIW$PPRPQI&$Z!"R!^IPQT$J($RZ$Z!gE000!$Z%jW$Zh1!

>$!6QKP$QR!.!#$!PaQJJ$[$!8S!%&UZ$J($!RJ$!WPQZZI^IWQ(I"J!(&jZ!ZIT%PI^IU$!#$Z!%&IJWI%QR[!]$J&$Z!
#a9P]R$Z! F$&($Z1! +$Z! .!200! $Z%jW$Z! #aQP]R$Z! N$&($Z! Z$RP$T$J(! /B! z! Z"J(! TQ&IJ$ZS! Z"I(!
$JNI&"J!/!/00!$Z%jW$Z1!!

>Q! W"T%"ZI(I"J! #$! P$R&! UYRI%$T$J(! %H"("ZVJ(HU(IYR$! gWHP"&"%HVPP$Z! a! $(! bh! JUW$ZZI($!
K$QRW"R%!#$!PRTIj&$S!$PP$Z!Z$!&$(&"RN$J(!#"JW!&Q&$T$J(!Z"RZ!8G!Tj(&$Z!#$!%&"^"J#$R&1!>$Z!
TQW&"QP]R$Z!NIN$J(! QRZZI!#QNQJ(Q]$! $J! $QR[! WQPT$Z!#QJZ! P$Z!KQI$Z! QK&I(U$Z! $(! P$Z! &INQ]$Z!
%&"(U]UZ!#$Z!NQ]R$Z1!

>$Z!%I]T$J(Z!Z$W"J#QI&$Z!TQ'$R&Z!#$Z!QP]R$Z!N$&($Z!Z"J(!&$%&UZ$J(UZ!%Q&!%PRZI$R&Z!(V%$Z!#$!
WQ&"(UJ"m#$Z1!>$Z!%&IJWI%QR[!WQ&"(jJ$Z!Z"J(!Pa$!$(!P$!""!WQ&"(jJ$!(QJ#IZ!YR$!P$Z![QJ(H"%HIPP$Z!
]UJU&QP$T$J(! %&UZ$J(Z! $J! ^"&($Z! W"JW$J(&Q(I"JZ! Z"J(! PQ! PR(UIJ$S! PQ! \UQJ[QJ(HIJ$S! PQ!
NI"PQ[QJ(HIJ$!$(! PaQZ(Q[QJ(HIJ$1!>Q!WQ%QWI(U!QJ(I"[I#QJ($!$(!QJ(I&Q#IWQPQI&$!#$!W$Z!%I]T$J(Z!
$Z(! &$W"JJR$! #$%RIZ! %PRZI$R&Z! QJJU$Z1! >$R&! &�P$! %&IJWI%QP! $Z(! #"JW! QZZ"WIU! i! PQ!
%H"("%&"($W(I"J!#$!PQ!W$PPRP$!"R!#$!Pa"&]QJIZT$1!5$(($!%&"%&IU(U!#$Z!%I]T$J(Z!WQ&"(UJ"m#$Z!
#$! %IU]$&! Pa"[V]jJ$! ZIJ]RP$(! QIJZI! YR$! #aQR(&$Z! ^"&T$Z! #$! T"PUWRP$Z! "[V#QJ($Z! $Z(!
&$WH$&WHU$!%Q&! P$Z! ^"&TRPQ($R&Z!#$!%&"#RI(Z!#$! ZQJ(U!JQ(R&$PZ1!@R$PYR$Z!TIW&"QP]R$Z! gH.!

03080B/083"&$N/! +,-.!*)! (//#0%/0/#!
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pluvialisS!Muriellopsis!Z%1!$(!Dunaliella!Z%1h!Z"J(!QW(R$PP$T$J(!WRP(INU$Z!i!]&QJ#$!UWH$PP$!%"R&!
^QI&$!Pa$[(&QW(I"J!$(!W"TT$&WIQPIZ$&!P$R&Z!%&IJWI%QR[!WQ&"(UJ"m#$Z!g6QKP$QR!/Gh1!!

>aQR(&$! (V%$! #$! T"PUWRP$Z! U(R#IU! WH$\! P$Z! QP]R$Z! N$&($Z! $Z(! &$%&UZ$J(U! %Q&! P$Z!
%"PVZQWWHQ&I#$Z! TQ(&IWI$PZ1! 5$Z! W"T%"ZUZ! Z(&RW(R&$PZ! Q%%Q&(I$JJ$J(! i! #$R[! ]&"R%$Z! Z$!
#IZ(IJ]QJ(!%Q&!P$Z!ZRW&$Z!#$!KQZ$!YRI!P$Z!^"&T$J(!$(!P$R&Z!(QR[!#$!ZRP^Q($1!@R$PYR$Z!$[(&QI(Z!
#$! %"PVZQWWHQ&I#$Z! IZ"PUZ! #$! 5HP"&"%HVWU$Z! "J(!T"J(&U! #$Z! QW(INI(UZ! #aIJ(U&k(! %"R&! #$Z!
Q%%PIWQ(I"JZ!$J!ZQJ(U!HRTQIJ$!$(!QJITQP$!g6QKP$QR!/Gh1!

:Q&! "%%"ZI(I"J! i! W$! YRI! $Z(! "KZ$&NU! 'RZYRai! %&UZ$J(! WH$\! P$Z!TIW&"QP]R$ZS! P$Z!T"PUWRP$Z!
QW(IN$Z! I#$J(I^IU$Z! WH$\! P$Z! RPN"^IWU$Z! gTQW&"QP]R$Zh! Z"J(! ]UJU&QP$T$J(! QZZ"WIU$Z! QR[!
TU(QK"PI($Z!Z$W"J#QI&$Z!g6$&%jJ$ZS!QTIJ$ZS!%$%(I#$Z!$(!#U&INUZ!Z"R^^&UZh!#$!W$Z!"&]QJIZT$Z!
g6QKP$QR!/3h1!5$PQ!$Z(!W"HU&$J(!QN$W!PQ!W"T%"ZI(I"J!WHITIYR$!#$!W$!]&"R%$!#aQP]R$Z!%RIZYR$!
Pa$ZZ$J(I$P! #$Z!TU(QK"PI($Z! Z$W"J#QI&$Z! #$Z!9P]R$Z! F$&($Z! $Z(! W"J(I(RU! #$! ($&%jJ$Z! $(! #$!
#U&INUZ!Q&"TQ(IYR$Z! go"&J%&"KZ(S!800Gh1!9W(R$PP$T$J(S!QR!%PRZ!80!z!#$Z!$Z%jW$Z! W"JJR$Z!
#a9P]R$Z! F$&($Z! gTIW&"! $(! TQW&""QP]R$Zh! "J(! ^QI(! Pa"K'$(! #$! &$WH$&WH$Z! WHITIYR$Z1! 5$PQ!
ZI]JI^I$!YR$!W$!]&"R%$!#aQP]R$Z!%"ZZj#$!("R'"R&Z!RJ!]&QJ#!%"($J(I$P!%"R&!PQ!#UW"RN$&($!#$!
T"PUWRP$Z!QW(IN$Z1!!
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QJ#!ZVJ!%H$J"(V%$1!M1!-$#1!FI&"P1!32g/hO!e8"21!

5969d44S! ?1S! 5<9>46S! -1S! 64)64S! M1! r! 5*+*-,4;S! >1! g/e20h1! 4^^$W(Z! "^! Q! %"PVZQWWHQ&I#$!
$[(&QW($#!^&"T!Q!&$#!QP]Q!gD"JJ$TQIZ"JQP$Zh!"J!T"J"JRWP$Q($!%HQ]"WV($Z!IJ!Z$N$&QP!&"#$J(Z1!DRPP1!
9ZZ"W1!9JQ(1!g!QJWVh1!3Eg/2GhO!8/."8B1!
+4!>9!!*�4S! M1!r!+4!:9AuS!!1! g/e22h1!6H$!%"($J(IQP!"^!TIW&"QP]QP!KI"($WHJ"P"]VO!Q!&$NI$t!"^!
%&"#RW(I"J!QJ#!RZ$Z!"^!TIW&"QP]Q$1!DI"($WH1!9#N1!3O!.8G".01!
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!

+4>!59-:*S!M191S!;*+;,?A4yS!<1S!-*;4!*S!M1S!F9;?9)S!-191S!;,F9)S!M1!r!?A4;;4;*S!-1?1!
g800/h1!>R($IJ!%&"#RW(I"J!KV!Muriellopsis!Z%1! IJ!QJ!"R(#""&! (RKRPQ&!%H"("KI"&$QW("&1! M1!DI"($WH1!2G!
gBhO!82e"eG1!!

+,9)S!:1C1S!),@A4,;9S! M1-1! M&S!F4!+;A)5*>*S!>1C1S!+4! M4)A)!!4,F9S!61S!?9?>,9;+,S!91;1S!
-9;9)5<,!S!-1!r!;,D4,;*"+*"F9>>4S!;1-1!g800Gh1!9J(IQJ]I"]$JIW!QJ#!QJ(I(RT"&QP!%&"%$&(I$Z!
"^! Q! %"PVZQWWHQ&I#$! IZ"PQ($#! ^&"T! (H$! Z$Qt$$#! Sargassum! stenophyllum1! 5QJW$&! 5H$T"(H$&1!
:HQ&TQW"P1!G3gEhO!EB3"E31!

+;Ao4;S! DSS! 69>:9yS!-S! r! ;4)69S! +1! g/eeeh1! 5PIJIWQP! $^^IWQWV! QJ#! ZQ^$(V! "^! QJ! QKP! Z%$WI^IW!
(V&"ZIJ$!XIJQZ$!IJHIKI("&!QZ!(Q&]$($#!(H$&Q%V!^"&!WH&"JIW!TV$P"]$J"RZ!P$RXQ$TIQ1!DP""#!eES!B321!

+A9;64S!-141S!!*)4+9S!+1?1S!!*)4+9S!-1+1S! 6A>,*S! )1S! :AM*>S! 5191!r!+9-*!64S! 41D1!
g800/h1! ,JHIKI("&V!$^^$W(!"^!ZRP^Q($#!]QPQW(QJZ! ^&"T! (H$!TQ&IJ$!QP]Q!Bostrychia!montagnei!"J!Herpes!
simplex!NI&RZ!&$%PIWQ(I"J!in!vitro1!:HV("T$#1!2g/hO!GB"21!

+F,;S!,1S!5<9d*6<S!;1S!)*+"-*;,9<S!A1S!)<9!dS!)1S!!d)o9S!91S!)69;oS!91<1S!-9+9;S!y1!r!
9;9+S! )1-1! g8000h1! )"PRKP$!%"PVZQWWHQ&I#$! QJ#! KI"TQZZ! "^! &$#!TIW&"QP]Q!Porphyridium! Z%1! QP($&!
IJ($Z(IJQP!T"&%H"P"]V!QJ#!&$#RW$!Z$&RT!WH"P$Z($&"P!IJ!&Q(Z1!D&1!M1!!R(&1!2EgEhO!E3e".31!

4*!)4*!S! M1S! :*>>4S! M141u1S! >44S!<1o1S!<dA!S! )1-1!r! 5<9!?S!-1! g800Bh1! 7QJ(H"%HVPPZ! IJ!
-IW&"QP]Q$O!C&"T!DI"ZVJ(H$ZIZ!("!DI"($WHJ"P"]IWQP!-QZZ!:&"#RW(I"J!QJ#!9%%PIWQ(I"J1!M1!-IW&"KI"P1!
DI"($WHJ"P1!/Bg8hO!/3G".E1!

C9D;4?9)S! M1S!?9;5,9S!+1S!C4;!9!+4y"9>*!)*S!-1S!;*5<9S!91,1S!?*-4y":A4;69)S!:1S!
4)5;,D9!*S! M1-1S! *64;*S! 91! r! 5*>>S! M1-1! g/eeeh1! In! vitro! IJHIKI(I"J! "^! (H$! &$%PIWQ(I"J! "^!
HQ$T"&&HQ]IW! Z$%(IWQ$TIQ!NI&RZ! gF<)Fh! QJ#!9^&IWQJ! ZtIJ$! ^$N$&!NI&RZ! g9)CFh! KV! $[(&QW(Z! ^&"T!
TQ&IJ$!TIW&"QP]Q$1!9J(INI&QP!;$Z1!EEg/hO!3.".B1!

C9>o*u)o,S! :1?1S! o96yS!-141S! o!*>>S!91<1S!@A,??S!91S! ;9F4!S! M191S! )5<*C,4>+S!*1! r!
69d>*;S!C1M1! g800Eh1!6H$!$N"PR(I"J!"^!T"#$&J!$RXQ&V"(IW!%HV("%PQJX("J1!)WI$JW$1!B0GgG328hO!BGE"
301!

C9;,9)S! u1;1S! F9>4!64S! 91:1S! :4;4,;9S! -1)1! r! -*A;9*S! :191! g8000h1! )(&RW(R&$! QJ#!
QJ(IW"Q]RPQJ(! QW(INI(V!"^! ZRP^Q($#!]QPQW(QJZ1! ,Z"PQ(I"J!"^! Q!RJIYR$! ZRP^Q($#!]QPQW(QJ! ^&"T! (H$! &$#!
QP]Q$! Botryocladia! occidentalis! QJ#! W"T%Q&IZ"J! "^! I(Z! QJ(IW"Q]RPQJ(! QW(I"J! tI(H! (HQ(! "^! ZRP^Q($#!
]QPQW(QJZ!^&"T!IJN$&($K&Q($Z1!M1!DI"P1!5H$T1!8.GgB2hO!8ee"B0.1!

C9;,9)S!u1;1S!!9y9;46<S!;191!r!-*A;9*S!:191! g800/h1!+RQP!$^^$W(Z!"^! ZRP^Q($#!+"]QPQW(QJZ!
^&"T!(H$!&$#!QP]Q$!Botryocladia!occidentalis!%&$N$J(IJ]!(H&"TK"ZIZ!QJ#!IJ#RWIJ]!%PQ($P$(!Q]]&$]Q(I"J1!
6H&"TK!<Q$T"Z(1!23g3hO/GE0"31!
?4;4)<S!)1S!-9-*!6*FS!91!r!u4,!)64,!S!M1!g8008h1!)RP^Q(I"J!"^!$[(&QW$PPRPQ&!%"PVZQWWHQ&I#$Z!
"^!&$#!TIW&"QP]Q$O!%&$%Q&Q(I"JS!WHQ&QW($&I\Q(I"J!QJ#!%&"%$&(I$Z1!M1!DI"WH$T1!DI"%HVZ1!-$(H"#Z1!G0g8"
BhO!/.e"2.1!

?*!y9>4)! +4>! F9>S! 91S! :>969)S! ?1S! D9),>,*S! 91S! 59D4>>*S! 91S! ?*;;*5<964?A,S! M1S!
)A9dS!,1S!F,54!64S!C1S!:*;6,>>*S!41S!M,-4!4y!+4>!;,*S!-1S!;4,!9S!?1?1S!r!:4>94yS!C1!g800/h1!
)W&$$JIJ]! "^! QJ(ITIW&"KIQP! QW(INI(I$Z! IJ! &$#S! ]&$$J! QJ#! K&"tJ! TQW&"QP]Q$! ^&"T! ?&QJ! 5QJQ&IQ!
g5QJQ&V!,ZPQJ#ZS!)%QIJh1!,J(1!-IW&"KI"P1!Eg/hO!BG"E01!!

?;y4DdoS!+1S!o96yS!-141S!o!*>>S!91<1S!@A,??S!91S!;9F4!S! M191! )<*C,4>+S!*1S!69d>*;S!
C1M1;1!r!C9>o*u)o,S!:1?1!g800Eh1!;$Z%"JZ$!("!W"TT$J(!"J!�6H$!$N"PR(I"J!"^!T"#$&J!$RXQ&V"(IW!
%HV("%PQJX("J�1!)WI$JW$!gB03hO!8/e/W1!
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!

?A4;,!S!-1S!<A!6>4dS!-141!r!*>9,y*>9S!-1!g800Bh1!Haematococcus!QZ(Q[QJ(HIJ$O!Q%%PIWQ(I"JZ!
^"&!HRTQJ!H$QP(H!QJ#!JR(&I(I"J1!6&$J#Z!DI"($WHJ"P1!8/gGhO!8/0"31!

?Ay-9!S!)1S!?96*S!91!r!59>>4M9S!M1-1!g800/h1!9J(I"IJ^PQTTQ("&VS!QJQP]$ZIW!QJ#!^&$$!&Q#IWQP!
ZWQN$J]IJ]!QW(INI(I$Z!"^!(H$!TQ&IJ$!TIW&"QP]Q$!Chlorella!stigmatophora!QJ#!Phaeodactylum!
tricornutum1!:HV("(H$&1!;$Z1!/GgBhO!88E"B01!

?Ay-9!S!)1S!?96*S!91S!>9-4>9S!-1S!C;4,;4"?9;9D9>S!-1!r!59>>4M9S!M1-1!g800Bh1!9J(I"
IJ^PQTTQ("&V!QJ#!ITTRJ"T"#RPQ("&V!QW(INI(I$Z!"^!%"PVZQWWHQ&I#$!^&"T!Chlorella!stigmatophora!QJ#!
Phaeodactylum!tricornutum1!:HV("(H$&1!;$Z1!/.g3hO!33G".01!

<9>>4?;94CCS!?1-1!/eeG1!<Q&T^RP!QP]QP!KP""TZO!9!]P"KQP!&$NI$t1!,JO!Manual!on!harmful!marine!
microalgaeS!%%1!/c881!4#1!%Q&!?1-1!<QPP$]&Q$^^S!+1-1!9J#$&Z"J!$(!91+1!5$TK$PPQ1!,*5!-QJRQPZ!QJ#!
?RI#$Z!!"1!BB1!A!4)5*S!:Q&IZ1!

<9!S!>1o1S!>,S!+171S!7,9!?S!>1S!?*!?S!71>1S!o*!+*S!d1S!)AyAo,S!,1!r!*oA+9S!<1!g8003h1!
,Z"PQ(I"J!"^!%QJW&$Q(IW!PI%QZ$!QW(INI(V"IJHIKI("&V!W"T%"J$J(!"^!Spirulina!platensis!QJ#!I(!&$#RW$!
%"Z%&$J#IQP!(&IQWVP]PVW$&"P$TIQ1!dQXR]QXR!yQZZHI1!/83g/hO!EB"e1!

<9;*A!"D*A<4+M9S!C1S!>,!+4!-4d4;S!C1S!>AS!<1S!)*;,9S!51S!M*y4C*!F,5yS!M1!r!
D*,))*!"F,+9>S!51!g8008h1!In!vitro!$^^$W(Z!"^!^RWQJZ!"J!-+9"-D8B/!(RT"&!W$PP!Q#H$ZI"J!QJ#!
IJNQZI"J1!9J(IWQJW$&!;$Z1!88gEhO!882G"e81!

<9)>,!S!51S!>9<9d4S!-1S!:4>>,?;,!,S!-1!r!5<4;-9!!S!M151!g800/h1!In!vitro!QJ(I"<,F!QW(INI(V!
"^!ZRP^Q($#!W$PP"tQPP!%"PVZQWWHQ&I#$Z!^&"T!]QT$(IWS!WQ&%"Z%"&IW!QJ#!($(&QZ%"&IW!Z(Q]$Z!"^!(H$!
-$#I($&&QJ$QJ!&$#!QP]Q$!Asparagopsis!armata1!:PQJ(Q!-$#1!3.gEhO!B0/"G1!

<4;!9!+4y"5*;*!9S!91S!!,4F4)S!,1S!-45o4)S!-1S!5<9-*;;*S!?1!r!D9;;*!S!D1>1!g8008h1!
9J(INI&QP!QW(INI(V!"^!Spirulina!maxima!Q]QIJZ(!H$&%$Z!ZIT%P$[!NI&RZ!(V%$!81!9J(INI&QP!;$Z1!G3gBhO8.e"
2G1!

<,;9<9)<,S!61S!-96)A-*6*S!-1S!<9y4o,S!o1S!)94o,S!d1S!A,S!-1!r!)4d9S!61!g8008h1!9W(INQ(I"J!
"^!(H$!HRTQJ!IJJQ($!ITTRJ$!ZVZ($T!KV!)%I&RPIJQO!QR]T$J(Q(I"J!"^!IJ($&^$&"J!%&"#RW(I"J!QJ#!!o!
WV("("[IWI(V! KV! "&QP! Q#TIJIZ(&Q(I"J! "^! H"(! tQ($&! $[(&QW(! "^! Spirulina! platensis1! ,J(1!
,TTRJ"%HQ&TQW"P1!8gEhOE8B"BE1!
<*!M*<S! o1! ,1S! -96)A-*6*S! <1S! )<,-,yAS! <1S! **d9-9S! o1S! 69!9o9S! o1S! *+9S! d1S!
69o969S!;1S!M*<S!61S!)A?9S!o1S!-,d9-*6*S!61S!>,*S!-1!r!<969!*S!)1!g8000h1!5&V"%&"($W(IN$!
QW(INI(I$Z! "^! ]&"R%! B! PQ($! $TK&V"]$J$ZIZ! QKRJ#QJ(! %&"($IJZ! ^&"T! Chlorella! vulgaris! 5"8.1! DI"ZWI1!
DI"($WHJ"P1!DI"WH$T1!3Eg2hO!/3G3"3B1!

<A9!?S!y171S!-4,S!7161S!7AS!+1<1S!7AS!)1D1!r!>AS!M1d1!g800Gh1!:&"($W(IN$!$^^$W(Z!"^!%"PVZQWWHQ&I#$!
"^! Spirulina! platensis! QJ#! Sargassum! thunbeergii! "J! NQZWRPQ&! "^! QPP"[QJ! IJ#RW$#! #IQK$(IW! &Q(Z1!
yH"]]R"!yH"J]!dQ"!yQ!yHI1!B0gBhO!8//"G1!

<A9!?S!71S!y<*AS!<1!r!y<9!?S!<1! g8003h1! 6H$! $^^$W(! "^! Sargassum! fusiforme! %"PVZQWWHQ&I#$!
$[(&QW(Z!"J!NIK&I"ZIZ! &$ZIZ(QJW$!QJ#! ITTRJ$!QW(INI(V!"^! (H$! ZH&IT%S!Fenneropenaeus! chinensis1!CIZH!
)H$PP^IZH!,TTRJ"P1!80gGhO!.G0".1!

<A>4,<4>S!-1!r!9;9+S!)1-1!g800/h1!4^^$W(!"^!Porphyridium!Z%1!%"PVZQWWHQ&I#$!"J!TQPI]JQJ(!W$PP!
(&QJZ^"&TQ(I"J!KV!-"P"J$V!TR&IJ$!ZQ&W"TQ!NI&RZ1!9J(IWQJW$&!;$Z1!8/gBDhO!80.B"21!!
<A>4,<4>S! -1S! ,)<9!AS! F1S! 69>S! M1! r! 9;9+S! )1-1! g8008h1! 9W(INI(V! "^! Porphyridium! Z%1!
%"PVZQWWHQ&I#$!Q]QIJZ(!Herpes!simplex!NI&RZ$Z!in!vitro!QJ#!in!vivo1!M1!DI"%HVZ1!-$(H"#Z!G0g8"BhO!/2e"
8001!
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!

<A>4,<4>S! -1S! 69>d)<,!)odS! -1S! )*A:;A!S! d1! r! 4;Ao<,-*F,65<S! F1! g800Bh1!
)%$W(&"ZW"%IW!$NQPRQ(I"J!"^! (H$!$^^$W(!"^!Q! &$#!TIW&"QP]QP!%"PVZQWWHQ&I#$!"J!H$&%$Z"IJ^$W($#!F$&"!
W$PPZ1!9%%P1!)%$W(&"ZW1!G.gEhO!Be0"G1!

,o4+9S!o1S!o,69-A;9S!91S!-95<,+9S!<1S!u969!9D4S!-1S!!4?,)<,S!<1S!<,;9*o9S! M1!r!
!9o9!*S!61!g800Bh1!4^^$W(!"^!Undaria!pinnatifida!guQXQT$h!"J!(H$!#$N$P"%T$J(!"^!W$&$K&"NQZWRPQ&!
#IZ$QZ$Z! IJ! Z(&"X$"%&"J$! Z%"J(QJ$"RZPV!HV%$&($JZIN$! &Q(Z1!5PIJ1!4[%1!:HQ&TQW"P1!:HVZI"P1!B0g/"8hO!
EE"21!
,)<,<9;9S! o1S! *d9-9+9S! 51S! -96)A)<,-9S! ;1S! -A;969S! -1! r! -A;9*o9S! 61! g800Gh1!
,JHIKI("&V! $^^$W(!"^!%"&%HV&QJS!%&$%Q&$#! ^&"T!#&I$#! �!"&I�S!"J! W"J(QW(!HV%$&Z$JZI(INI(V! IJ!TIW$1!
DI"ZWI1!DI"($WHJ"P1!DI"WH$T1!3eg/0hO!/28E"B01!

,u9)<,-9S!-1S!-*;,S!M1S!6,!?S!71S!-96)A!9?9S!61S!<9d9)<,S!o1S!)<,!*+9S!+1S!)9,6*S!<1S!
)9!o9u9S!A1!r!<9d9)<,S!61!g800Gh1!9J(I"[I#QJ(!QJ#!QJ(INI&QP!QW(INI(I$Z!"^!%PQZ("YRIJ"J$Z!^&"T!
(H$! K&"tJ! QP]Q! Sargassum! micracanthumS! QJ#! Q! J$t! WH&"T$J$! #$&INQ(IN$! W"JN$&($#! ^&"T! (H$!
%QZ("YRIJ"J$Z1!DI"P1!:HQ&T1!DRPP1!82g8hO!B.E".1!

M4CC;4dS! )1u1S!-95! 69F,)<S!<1)1S!+A!>9:S!u151S!F4)oS!-1!r!?;*4!4u*A+S!o1! g/eeeh1!
*WWR&&$JW$! "^! AF9"! QJ#! AFD"QKZ"&KIJ]! W"T%"RJ#Z! IJ! /G8! Z%$WI$Z! g803! Z(&QIJZh! "^! TQ&IJ$!
TIW&"QP]Q$1!-Q&1!4W"P1!:&"]1!)$&1!/2eO!BG"G/1!

o9!?S! <1)1S! o,-S! <1;1S! DdA!S! +1)1S! )*!S! D1u1S! !9-S! 61M1! r! 5<*,S! M1)1! g800Eh1! 6V&"ZIJQZ$!
IJHIKI("&Z!IZ"PQ($#!^&"T!(H$!$#IKP$!K&"tJ!QP]Q!Ecklonia!stolonifera1!9&WH1!:HQ&T1!;$Z1!8.g/8h!O!/883"B81!

o44>,!?S!:1M1S!9;5<,D9>+S!M1-1S!C9)6S!!1-1!r!:9>-4;S!M1+1!g800Eh1!5"TT$J(!"J!�6H$!
$N"PR(I"J!"^!T"#$&J!4RXQ&V"(IW!%HV("%PQJX("J�1!)WI$JW$1!B03O!8/e/K1!

o*>4!+4;S!9191S!:AM*>S!5191S!+9-*!64S!41D1S!-96A>4u,5yS!-151S!54;4y*S!91)1! g/ee.h1!
6H$!ZVZ($T!"^!ZRP^Q($#!QP%HQ"g/""�Bh"PIJX$#!+"TQJJQJZ!^&"T!(H$!&$#!Z$Qt$$#!Nothogenia!fastigiataO!
Z(&RW(R&$ZS!QJ(IH$&%$(IW!QJ#!QJ(IW"Q]RPQJ(!%&"%$&(I$Z1!5Q&K"HV#&1!;$Z1!B0Eg/h!OGB"301!
o*;!:;*D)6S!M"-1!g800Gh1!)RKZ(QJW$Z!JQ(R&$PP$Z!#a"&I]IJ$!TQ&IJ$!O!5HITI"#IN$&ZI(U!c!
:HQ&TQW"#IN$&ZI(U!c!DI"($WHJ"P"]I$Z1!=#I(I"JZ!645!r!+*5S!>9F*,),4;1!>"J#&$S!:Q&IZS!!$t!d"&X1!
/2B0!%Q]$Z1!,)D!!O!8".EB0"0.8/"E1!

o*69o4"!9;9S!41S!oA)<,;*S!-1S!y<9!?S!<1S!)A?9u9;9S!61S!-,d9)<,69S!o1!r!!9?9*S!
91!g800/h1!5Q&"($J"I#Z!Q^^$W(!%&"PI^$&Q(I"J!"^!HRTQJ!%&"Z(Q($!WQJW$&!W$PPZ1!!R(&1!/B/g/8hO!B0B"31!

o;d)69>S!?1u1S!<*!)9u4oS! )1S!>,6yS! MS!r!DA5<+A!?4;S!41! g8000h1!6H$! Z$P$W(IN$! (V&"ZIJ$!
XIJQZ$!IJHIKI("&!)6,G./!IJHIKI(Z!ZTQPP!W$PP!PRJ]!WQJW$&!]&"t(H1!5PIJ!5QJW$&!;$Z1!3g2hO!BB/e"831!

oAy!46)*F9S! 6191S! y9:*;*y<46)S! 61)1S! D4)4+!*F9S! !1!1S! )<4F5<4!o*S! !1-1S!
yFd9?,!6)4F9S! 61!1S! -9-94FS! 91!1! r! -*-*6S! 91:1! g800Bh1! ,TTRJ"Z(ITRPQ(IJ]! QJ#!
QJ(IW"Q]RPQ(IJ]! QW(INI(V! "^! ^RW"I#QJ! ^&"T! K&"tJ! QP]Q$! Fucus! evanescens! "^! (H$! *XH"(ZX! )$Q1!
9J(IKI"(1!oHITI"($&1!E2gEhO!//"B1!
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]$J&$Z! $(! $Z%jW$Z! Z"J(! #IZ%"JIKP$Z! #QJZ! P$Z! KQJYR$Z! #aQP]R$Z1! 4J! W$! YRI! W"JW$&J$! P$Z!
5VQJ"KQW(U&I$ZS!Z$RP$T$J(!#$R[!]$J&$Z!"J(!U(U! I#$J(I^IUZ!#QJZ! P$!?"P^$!#R!)QIJ(">QR&$J(!
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QR!TIPI$R!#$Z!QJJU$Z!e0!gDU&Q&#"6H$&&IQRP(!et!al1S!/eeeh1!!UQJT"IJZS!%PRZI$R&Z!$Z%jW$Z!#$!
W$!]&"R%$!%$RN$J(!k(&$!"K($JR$Z!#QJZ!P$Z!#I^^U&$J($Z!KQJYR$Z!#aQP]R$Z!i!(&QN$&(!P$!T"J#$1!

L! (I(&$! #aIJ^"&TQ(I"J! N"IWI! YR$PYR$Z! ]$J&$Zl$Z%jW$Z! #$! TIW&"QP]R$Z! Q%%Q&($JQJ(! QR[!
]&"R%$Z!#$Z!+IJ"^PQ]$PPUZ!g/hS!#$! PQ!>I]JU$!D&RJ$!g8h!$(!#$Z!5HP"&"%HVWU$Z!gBh! I#$J(I^IU$Z!
#QJZ! P$! )QIJ(">QR&$J(! gDU&Q&#"6H$&&IQRP(! et! al1S! /eeeh! $(! #IZ%"JIKP$Z! #QJZ! RJ$! KQJYR$!
W"TT$&WIQP$!`0""(Ubb//3(B.+2%1'eB')2bf!O!

/h! Prorocentrum! compressum,! P.! lima,! P.! mexicanum,! P.! micans,! P.!
minimum,!Amphidinium! carterae,!Gymnodinium! Z%.,!Gyrodinium! sp.,!
Ceratium! longipes,! Alexandrium! fundyense,! A.! ostenfeldii,! A.!
tamarense,!Gonyaulax!spinifera,!Pyrocystis!lumula,!$(W1!

8h!Cyclotella!striata,!Detomula!confervacea,!Minidiscus!trioculatus!Porosira!
glacialis,! Skeletonema! costatum,! Thalassiosira! gravida,! T.!
nordenskioeldii,! T.! antarctica,! T.! hyalina,! T.! oceanica,! T.! pseudonana,!
Melosira! nummuloide,! Chromulina! Z%.,! Ochromonas! Z%.,! Dinobryon!
balticum,! Pseudopedinella! Z%.,! Dictyocha! speculum,! Hemiselmis!
virescens,! Teleaulax! acuta,! Imantonia! rotunda,! Emiliania! huxleyi,!
Chrysochromulina!polylepsis,!$(W1!

Bh! Brachiomonas! Z%1S! Eutreptiella! gymnastica,! Dolichromastix! temulepis,!
Nephroselmis!pyriformis,!Tetraselmis!Z%1S!$(W1!!

4J!W"JWPRZI"JS!P$!#UN$P"%%$T$J(!#aRJ$!$[%$&(IZ$!#$!%&"#RW(I"J!#$!TIW&"QP]R$Z!$J!TIPI$R!
W"J^IJU! g%H"("KI"&UQW($R&ZlKI"&UQW($R&Zh! #QJZ! PQ! &U]I"J! #R!@RUK$W!TQ&I(IT$! %$&T$((&Q!
#a"RN&I&!PQ!&$WH$&WH$!#a$[(&QI(Z!#aIJ(U&k(!"R!#$!T"PUWRP$Z!QW(IN$Z!#QJZ!P$!NQZ($!T"J#$!#$Z!
TIW&"QP]R$Z! $["(IYR$Z1!94*-! #*! /'*"%W"%! $%! $,V%1'((%3%*"! $#)4.1%R! 1%-!3+/)'412#%-!
'XX)%*"!+/+!#*!$%-!(1#-!X')"-!('"%*"+%1-!$&4((#+!4#!$,V%1'((%3%*"!$%-!.+'"%/0*'1'2+%-!
34)+*%-B!

K"*!)"%2($+$4-"*!#"!0/$#&%)-$(!

+aRJ$! TQJIj&$! ]UJU&QP$S! P$Z! #"JJU$Z! %"&(QJ(! ZR&! P$Z! ($WHJ"P"]I$Z! #$! %&"#RW(I"J! #$!
TIW&"QP]R$Z! #UT"J(&$J(! #$%RIZ! RJ$! #I\QIJ$! #aQJJU$Z! RJ! QNQJW$T$J(! ($WHJ"P"]IYR$!
&$TQ&YRQKP$!#$!PQ!%&"#RW(I"J!W"J(&�PU$!#$Z!TIW&"QP]R$Z!gN"I&!Z$W(I"J!Eh1!!

+QJZ!Pa"%(IYR$!#R!#UN$P"%%$T$J(!#R&QKP$!$(!W"T%U(I(I^!#R!Z$W($R&!#$Z!TIW&"QP]R$Z!#QJZ!
P$! @RUK$W! TQ&I(IT$S! W$Z! QNQJW$T$J(Z! ($WHJ"P"]IYR$Z! Z"J(! (&jZ! IT%"&(QJ(Z! %RIZYR$! PQ!
%&"#RW(I"J! &I]"R&$RZ$! #$!TIW&"QP]R$Z! i! PaQI#$! #$Z! ($WHJIYR$Z! (&Q#I(I"JJ$PP$Z! $J!T"#$!
"RN$&(!TkT$! Z"RZ! Z$&&$Z! J$! %$R(! k(&$! Q%%PIYRU$! UW"J"TIYR$T$J(! #QJZ! J"Z! W"J#I(I"JZ!
WPITQ(IYR$Z!J"&#IYR$Z1!

>Q! ($WHJ"P"]I$! #$Z! KI"&UQW($R&Z! %$R(! k(&$! R(IPIZU$! %"R&! RJ! T$IPP$R&! W"J(&�P$! #$! PQ!
%&"#RW(I"J!#$!KI"TQZZ$Z!#$!TIW&"QP]R$Z!$(!#$!W$&(QIJZ!#$! P$R&Z! W"T%"ZUZ!#aIJ(U&k(1!>$Z!
($WHJ"P"]I$Z! QW(R$PP$Z! Za"&I$J($J(! N$&Z! RJ$! "%U&Q(I"J! %&UW"JIZQJ(! $J(&$! QR(&$Z! PQ!
Z(U&IPIZQ(I"J!#$Z!UYRI%$T$J(ZS!RJ$!%QZ($R&IZQ(I"J!"R!RJ$!Z(U&IPIZQ(I"J!#R!TIPI$R!#$!WRP(R&$S!
RJ$!"%U&Q(I"J!$J!K"JJ$!%&Q(IYR$!#$!^QK&IWQ(I"J!$(! PaIJ^"&TQ(IZQ(I"J!W"T%Pj($!#R!W"J(&�P$!
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#$! PQ! %&"#RW(I"J1! +$Z! ($WHJ"P"]I$Z! #$! #I^^U&$J(Z! (V%$Z! Z"J(!TQIJ($JQJ(! #IZ%"JIKP$Z! $(!
TkT$!Q%%PIYRU$Z!%"R&!PQ!%&"#RW(I"J!#a$[(&QI(Z!$(!#$!T"PUWRP$Z!QW(IN$Z1!

)"RZ! ("R($Z! &UZ$&N$Z! #$! PQ! #IZ%"JIKIPI(U! $(! #$! PQ! NQPI#I(U! #$Z! #"JJU$Z! &$(&"RNU$Z! %"R&!
#I^^U&$J($Z!$Z%jW$Z!#$!TIW&"QP]R$ZS!P$Z!#"JJU$Z!#$!%&"#RW(INI(UZ!T"J(&$J(!#$Z!&UZRP(Q(Z!#$!
K"JJ$Z! %$&^"&TQJW$Z! QN$W! W$&(QIJZ! (V%$Z! #$! ($WHJ"P"]I$Z! #$! %&"#RW(I"J1! >$Z! &UQW($R&Z!
%&UW"JIZQJ(!P$Z!Q%%&"WH$Z!(&Q#I(I"JJ$PP$Z!#$!%&"#RW(I"J!TIW&"KI$JJ$!$J!ZVZ(jT$!QI&"PI^(!gi!
K"RWP$!#$!&$WI&WRPQ(I"J!#QJZ!RJ$!W"P"JJ$!i!KRPP$h!$(!$J!T"#$!#IZW"J(IJR$!g^$#"KQ(WHh!Z"J(!
P$Z!%PRZ!%&"#RW(I^Z1!9+V%)-!2)'#(%-!(),-%*"%*"!$%-!4V4*/%3%*"-!/'*-+$,)4.1%-!4V%/!/%-!
4(()'/0%-! "%/0*'1'2+Z#%-! $,T6! X')"%3%*"! 4((1+Z#,%-! ('#)! 14! ()'$#/"+'*! $&%-(@/%-!
#*+/%11#14+)%-! 4#")%-! Z#%! 1%-!3+/)'412#%-B! F%-! "%/0*'1'2+%-! $'+V%*"! p")%! (),/'*+-,%-!
('#)!$%!X#"#)-!$,V%1'((%3%*"-!$%!()'$#+"-B!

>$! WH"I[! #$Z! TIW&"QP]R$Z! #aIJ(U&k(! #"I(! Za"&I$J($&! N$&Z! #$Z! Z"RWH$Z! &UZIZ(QJ($Z! QR!
WIZQIPP$T$J(! Q^IJ! #ak(&$! W"T%Q(IKP$! QN$W! P$Z! ($WHJIYR$Z! #$! WRP(R&$! i! HQR($! #$JZI(U! $(! i!
PaR(IPIZQ(I"J!#$!W$J(&I^R]$RZ$Z!W"TT$!($WHJIYR$!Z(QJ#Q&#!#$!ZU%Q&Q(I"JlW"JW$J(&Q(I"J1!+$!
%PRZS! P$Z! "&I$J(Q(I"JZ! #$! %&"#RW(I"J! #$N&"J(! NIZ$&! #$Z! Z"RWH$Z! ZUP$W(I"JJU$Z! %"R&! P$R&!
WQ%QWI(U! i! W&"n(&$! $J!T"#$! HU(U&"(&"%H$! gZQJZ! PRTIj&$h1!+$Z! $[$T%P$Z! #$! W$!T"#$! #$!
WRP(R&$!#$!TIW&"QP]R$Z!"J(!U(U!&$(&QWUZ!$(!%$&T$(($J(!PQ!%&"#RW(I"J!W"TT$&WIQP$!i!]&QJ#$!
UWH$PP$!#aQWI#$!]&QZ!#$! (V%$! "T$]Q"B! g4:9! $(!+<9h! $(! PQ!%&"#RW(I"J! $[%U&IT$J(QP$!#$!
%I]T$J(Z1!

5$Z! #I^^U&$J(Z! UPUT$J(Z! #$N&"J(! k(&$! W"JZI#U&UZ! #QJZ! PQ! TIZ$! $J! vRN&$! #$! ("RZ! P$Z!
J"RN$QR[! (&QNQR[! ;"+! #$! %&"#RW(I"J! #$! TIW&"QP]R$Z! Q^IJ! #ak(&$! W"T%U(I(I^! P$! %PRZ!
&Q%I#$T$J(!%"ZZIKP$!#QJZ!RJ!TQ&WHU!"_! Pa$[%"&(Q(I"J! &$%&UZ$J($! PQ!%&IJWI%QP$!Z"R&W$!#$!
&$N$JRZ1!

4J! &$]Q&#! #$! W$Z! #I^^U&$J($Z! W"JZI#U&Q(I"JZ! #$! TQ&WHUS! #R! WH"I[! #$Z! Z"RWH$Z! $(! #$!
PaQNQJW$T$J(! #$Z! ($WHJ"P"]I$Z! #$! %&"#RW(I"JS! PaQ%%&"WH$! ]UJU&QP$! #$! PQ! ;"+! ZR&! P$Z!
TIW&"QP]R$Z!#$N&QI$J(!IJWPR&$!#$Z!%&"'$(Z!"R!#$Z!QW(INI(UZ!(V%IYR$Z!QR[!q!(HUTQ(IYR$Z!s!#$!
%&"#RW(I"JZ!TIW&"KI$JJ$Z1!5$Z!(HUTQ(IYR$Z!Z"J(!%&UZ$J(U$Z!#QJZ!P$!6QKP$QR!/e1!

!! 95-()-"(!")!'-*"!D!R$&/!#,&("!35(B&"!#"!*$&%2"*!$/-4-(5+"*!

5$(($!QW(INI(U!W"J#RI(!i!PQ!%&U%Q&Q(I"J!#$!WRP(R&$!JUW$ZZQI&$!i!PaIJ"WRPQ(I"J!#$Z!%&"#RW(I"JZ!
%"R&!PQ!;"+!$(!%"R&!P$Z!%&"#RI(Z!TIZ!$J!TQ&WHU1!>aQW(INI(U!R(IPIZ$!P$Z!&UZRP(Q(Z!"K($JRZ!#R!
(HjT$!q!(V%Q]$!$J!ZU&I$!#$!Z"RWH$Z!"&I]IJQP$Z!IZ"PU$Z!s1!4J!^QI(S!W$(($!QW(INI(U!&UWR&&$J($!$Z(!
JUW$ZZQI&$!%"R&!TQIJ($JI&! P$Z!&UZRP(Q(Z!#$!&$WH$&WH$!#$! (&QNQR[!QJ(U&I$R&Z!#aIZ"P$T$J(!$(!
#$! (V%Q]$!#$! Z"RWH$Z1!>aIT%QW(!#aRJ$! ($PP$!QW(INI(U!$Z(!#aRJ$!NQP$R&! IJ$Z(ITQKP$!#QJZ! PQ!
NQP"&IZQ(I"J!#$Z!&UZRP(Q(Z!#$!&$WH$&WH$!$(!#QJZ! P$!W"J(&�P$!#$!YRQPI(U!#$Z!QW(INI(UZ!#$!;"+!
&$PIU$Z!i!PQ!%&"#RW(I"J!W"TT$&WIQP$!W"TT$!($PP$1!

!! AC054"!"(!*1/-"!#"*!*$&%2"*!$/-4-(5+"*!

,P! $Z(! UNI#$J(! YR$! #I^^U&$J(Z! TQ&WHUZ! #"J(! W$R[! #$! PaQPIT$J(Q(I"J! QJITQP$! g$[1!O!
QYRQWRP(R&$h!$(!W$R[!i!HQR($!NQP$R&!Q'"R(U$!%"R&&QI$J(!JUW$ZZI($&!#$Z!Z"RWH$Z!#I^^U&$J($Z!
#$Z!Z"RWH$Z!(&Q#I(I"JJ$PP$Z!^"R&JI$Z!%Q&!P$Z!KQJYR$Z!#$!TIW&"QP]R$Z1!,P!^QR(!QRZZI!W"JN$JI&!
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!

YR$! P$Z! Z"RWH$Z! WIKPU$Z! Z"I$J(! $[QTIJU$Z! $J! W"T%Q&QIZ"J! QN$W!#$Z! Z"RWH$Z! $J#UTIYR$Z!
Q^IJ!#$!%&UN$JI&!("R($!IJ(&"#RW(I"J!J"J!#UZI&U$!#QJZ!Pa$JNI&"JJ$T$J(!#aQ%%PIWQ(I"J1!,P!^QR(!
QRZZI! ($JI&! W"T%($! #R! ^QI(! YRaIP! %$R(! $[IZ($&! $J(&$! P$Z! Z"RWH$Z! #aRJ$!TkT$! $Z%jW$! #$!
]&QJ#$Z! #I^^U&$JW$Z! #$! %$&^"&TQJW$Z! #$! W&"IZZQJW$! $(! #$! %&"#RW(I"J! #$! TU(QK"PI($Z!
Z$W"J#QI&$Z1!5$WI!%$R(!"WWQZI"JJ$&!RJ$!NQ&IQ(I"J!IT%"&(QJ($!#$Z!&$J#$T$J(Z!#a$[(&QW(I"J!
#$! W"T%"ZUZ! #aIJ(U&k(! $(! #"JW! #$Z! W"~(Z! #$! %&"#RW(I"J1! :Q&! $[$T%P$S! 1&#"+1+-4"+'*! (4)!
+*4$V%)"4*/%! $&#*%! -'#/0%! $+XX,)%*"%! '#!3#"4*"%! $&#*%!3p3%! %-(@/%! $%!3+/)'412#%!
(%#"! 4V'+)! $%-! ),(%)/#--+'*-! *,24"+V%-! %"! /'r"%#-%-! $4*-! 1%! /4$)%! $&#*%! ()'$#/"+'*!
),2#1+@)%!/'33%)/+41%!$%!.+'34--%!%"!$%!()'$#+"-!6!X')"%!V41%#)!4T'#",%B!G*!)%24)$!$%-!
/'*-+$,)4"+'*-!(),/,$%*"%-R!1%-!-'#/0%-!$'+V%*"!p")%!+-'1,%-R!/1'*,%-!%"!"Y(,%-B!!!

>Q!#IN$&ZI(U!#$Z!Z"RWH$Z!#aRJ$!$Z%jW$!%$R(!k(&$!#IZW&ITIJU$!i!PaQI#$!#$!($WHJIYR$Z!NQ&IU$Z1!
+I^^U&$J($Z!($WHJIYR$Z!#$!KI"P"]I$!T"PUWRPQI&$!%$RN$J(!k(&$!R(IPIZU$Z!Q^IJ!#$!#U($&TIJ$&!P$Z!
#I^^U&$JW$Z!$J(&$! P$Z! Z"RWH$Z!#aRJ$!TkT$!$Z%jW$!#$!TIW&"QP]R$1!5$Z!TU(H"#$Z! IJWPR$J(!
Pa"K($J(I"J!#a$T%&$IJ($!]UJU(IYR$! g$[!O!;QJ#"TPV!9T%PI^I$#!:"PVT"&%HIW!+!9!R(IPIZQJ(!
P$!:5;!q!%"PVT$&QZ$!WHQIJ!&$QW(I"J!sh!QRZZI!KI$J!YR$!#$Z!QJQPVZ$Z!#$!ZUYR$JW$!%Q&(IWRPIj&$!
#$! ]jJ$Z1! 5$Z!TU(H"#$Z!T"PUWRPQI&$Z! QZZ"WIU$Z! i! #$Z!TU(H"#$Z! WHITIYR$Z! %$&T$(($J(!
#aU(QKPI&! RJ$! $T%&$IJ($! Z%UWI^IYR$! i! WHQWRJ$! #$Z! Z"RWH$Z! #$!TIW&"QP]R$1! M%-! ),-#1"4"-!
$&#*%! "%11%! "0,34"+Z#%! -%)'*"! %W(1'+",-!(4)! 14! -#+"%!('#)! 1&4/"+V+",!$%!34+*"+%*! %"!$%!
/'*")k1%!$%! 14!Z#41+",!$%! 14!.4*Z#%!$%!3+/)'412#%-B!E*%! "%11%!.4*Z#%!$%!3+/)'412#%-!
-%)4!#"+1+-,%!$4*-!1%-!4**,%-!6!V%*+)!$4*-!1%!/4$)%!$&4((1+/4"+'*-!+*$#-")+%11%-R!+*/1#4*"!
1&4Z#4/#1"#)%B!

!! =0)-'-*5)-$(!#"*!%$(#-)-$(*!#"!0/$#&%)-$(!

>$Z! "K'$W(I^Z! #$Z! %&"'$(Z! #$! W$(($! (HUTQ(IYR$! NIZ$J(! PQ! TIZ$! $J! vRN&$! #$! J"RN$PP$Z!
%&"#RW(I"JZ!$(! PQ!&U#RW(I"J!#$Z!W"~(Z1!+QJZ! Pa"%(IYR$!#aRJ$!TIZ$!i! PaUWH$PP$!ZRKZUYR$J($S!
W$(($! (HUTQ(IYR$! #"I(! $[%P"I($&! RJ$! Q%%&"WH$! #$! #U%IZ(Q]$! QWWUPU&U$! #$Z! W"J#I(I"JZ!
"%(ITQP$Z! #$! W&"IZZQJW$! q! KI"#I&I]U$Z!s! $J! %$(I(Z! N"PRT$Z! ("R(! $J! ($JQJ(! W"T%($! #$Z!
PITI(Q(I"JZ!W"TKIJU$Z!#$Z!NQ&IQKP$Z!IJ#RZ(&I$PP$Z1!!

9W(R$PP$T$J(S!#QJZ! W$!#"TQIJ$!#$!%PRZ! $J!%PRZ! W"T%U(I(I^S! P$Z!"K'$W(I^Z!#$!;"+!#"IN$J(!
NIZ$&! (&jZ! &Q%I#$T$J(! PQ!TIZ$! $J!TQ&WHU!#aRJ!%&"#RI(1! :1! 4((4)4u"! /14+)%3%*"!Z#&+1! %-"!
.%4#/'#(!(1#-!+*",)%--4*"!('#)!#*%!%*")%()+-%!$%!()'$#/"+'*!$%!3+/)'412#%-!$&4$4("%)!
$%-! "%/0*'1'2+%-! %W+-"4*"%-! (1#"k"! Z#%! $%! "%*"%)! $&+*V%*"%)! #*! *'#V%4#! "Y(%!
$&,Z#+(%3%*"-! $%! ()'$#/"+'*! `%WB!U! 9,V%1'((%3%*"! $&#*! *'#V%4#! "Y(%! $%!
(0'"'.+'),4/"%#)fB!4PP$!#"I(! $[%P"I($&!RJ$! ($WHJ"P"]I$!#$!%&"#RW(I"J! $[IZ(QJ($! $(! $[I]$&!
RJ$! NQPI#Q(I"J! P"&Z! #$! PQ!TIZ$! i! PaUWH$PP$1! >$Z! "&I$J(Q(I"JZ! #"IN$J(! NIZ$&! RJ$! Q%%&"WH$!
T"IJZ! &IZYRU! #$!TRP(I%P$Z! RJI(UZ! P"&ZYR$! PQ! %&"#RW(I"J! QR("(&"%H$! gQN$W! PRTIj&$h! $Z(!
%&UW"JIZU$! gQI&"PI^(! QN$W! Q%%&"WH$! Z$TI"W"J(IJR$h! "R! P"&ZYR$! Pa$J(&$%&IZ$! NIZ$! #$! ]&"Z!
N"PRT$Z!#$!%&"#RW(I"J!$J!T"#$!HU(U&"(&"%H$!g$[!O!^$#"KQ(WH!$J!&UQW($R&!(&Q#I(I"JJ$Ph1!!

+QJZ!RJ!W"J($[($!#aRJ$!%&"#RW(I"J!W"J^IJU$!$(!W"J(&�PU$S!RJ$!Q%%&"WH$!#a"%(ITIZQ(I"J!%Q&!
W"JW$%(I"J! $[%U&IT$J(QP$! TRP(I^QW("&I$PP$! #"I(! k(&$! %&UW"JIZU$1! >aQ%%&"WH$! RZR$PP$! #$!
Pa"%(ITIZQ(I"J!#$!($WHJ"P"]I$Z!#$!%&"WU#UZ!$Z(!#$!W"J#RI&$!#$Z!$[%U&I$JW$Z!QN$W!NQPI#Q(I"J!
#aRJ$!NQ&IQKP$!i!PQ!^"IZ1!:"R&!PQ!&$WH$&WH$!^"J#QT$J(QP$S!W$(($!Q%%&"WH$!$Z(!P$!%PRZ!Z"RN$J(!
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'RZ(I^IU$1!-kT$!ZI!W$(($!Q%%&"WH$!$Z(!ZIT%P$!i!%PQJI^I$&!$(!i!$[UWR($&S!W$!Ja$Z(!%QZ!RJ$!K"JJ$!
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78/(;!70/-:%!7+#(/('!\JM!&28957(%*]!!
78/(;!70/-:%!7$E/(/('!\OG!&28957(%*]!!
78/(;!70/-:%!7:9#$#E/('!\IT!&28957(%*]!!
78/(;!70/-:%!7:9#$?/0!#0/-!\MT!&28957(%*]!!
78/(;!70/-:%!*G:?'/('!\JR!&28957(%*]!!
78/(;!70/-:%!3+,?#8/0!70/-!\JM!&28957(%*]!!
78/(;!70/-:%!3+,?#8/('!\OT!&28957(%*]!!
78/(;!70/-:%!3+G0/('!\JI!&28957(%*]!!
78/(;!70/-:%!q/:?/-/('!\MO!&28957(%*]!!
78/(;!70/-:%!^:;+',0/('!\JT!&28957(%*]!!
78/(;!70/-:%!@',0/('!\JO!&28957(%*]!!
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q'$I:xD;?#(/0#+:%!D/+I'$$G!\EEE!&28957(%*]!!
q'$I:xD;?#(/0#+:%!D+#0<!*;1;:1!\EVH!
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q'$I:xD;?#(/0#+:%!*1#8;8/+'!\OR!
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q'$I:xD;?#(/0#+:%!e01/(#0'#!\EEV!
&28957(%*]!!
q'$I:xD;?#(/0#+:%!e91'-$#!\GG!&28957(%*]!!
q'$I:xD;?#(/0#+:%!eB'(/(E!"$/8$;:'!\OR!
&28957(%*]!!
q'$I:xD;?#(/0#+:%!e[?$#0?:!\EHH!&28957(%*]!!
q'$I:xD;?#(/0#+:%!3/(E'$!\TT!&28957(%*]!!
q'$I:xD;?#(/0#+:%!3/(<E;!D/+;I#!\EEJ!
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q'$I:xD;?#(/0#+:%!�#B#!\OT!&28957(%*]!!
q'$I:xD;?#(/0#+:%!@/0;$/0'!\IG!&28957(%*]!!
q'$I:xD;?#(/0#+:%!.#0#!\GG!&28957(%*]!!
q'$I:xD;?#(/0#+:%!.#/?#<'!\JR!&28957(%*]!!
q'$I:xD;?#(/0#+:%!./+<!n1/:?+'!\EVE!
&28957(%*]!!
q'$I:xD;?#(/0#+:%!"/('!D#$<!e[?$#0?!\OO!
&28957(%*]!!
q'$I:xD;?#(/0#+:%!4'-!*+;B'$!\IJ!
&28957(%*]!!
q'$I:xD;?#(/0#+:%!4'/:1/!\GM!&28957(%*]!!
q'$I:xD;?#(/0#+:%!=#}!"#+8'??;!\EVI!
&28957(%*]!!
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q'$I:xD;?#(/0#+:%!�'#:?!\MV!&28957(%*]!!
"$;?'/(%!=;G!\IM!&28957(%*]!!
=9'0/#+?G!^(E$'-/'(?:%!P)qn"!\OG!
&28957(%*]!!
=9'0/#+?G!^(E$'-/'(?:%!7+91#!@/9;/0!70/-!\MR!
&28957(%*]!!
=9'0/#+?G!^(E$'-/'(?:%!7:?#[#(?1/(!\IR!
&28957(%*]!!
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D/;!='$#'! B,)1; ! ! "1#$8#01'8!@#I;$#?;$/':!
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*1#$+':!D;}8#(!j!*;Z! H+(()89; MI! ! "1#$8+/('!^(0Z! F(+,39); NY!
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p;;-!^(E$'-/'(?!
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NY!
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p,(0?/;(#+!p;;-:!*;$9Z! E8>(3-0/+K8; N<! ! n$/#$0;!^(-,:?$/':!^(0Z! W)682; N<!
3*^!m,?$/'(?:! B:,(38>)12; CA! ! �#?:;(!^(-,:?$/':! I89:-/,6; CA!

q#?1#}#G!7++/'-!"$;-,0?:!
^(0Z!

F+:8/)38 B)((26; 
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e[?$#0?:!@?-Z! =2,)(); !  ! !
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7:/#8'$/0#!^(?r+Z!^(0Z! H),,38>/+8 ?),D; 
N<!

c9?/",$'!D$#(-!*1'80;!
^(-,:?$/':! L+- A8>2(2-; CA!

D#??+'*1'8!J/:?$/I,?/;(!
^(0Z!

S)8 C(2128/2; 
CA! c$0#:!^(?r+Z!^(0Z! F()892,-; N<!

D^!m,?$#0',?/0#+:! L+8> B2)40; CA! c$E#(/0!IG!m#?,$'! L+8> B2)40; CA!

D/;!='$#'! B,)1; ! "1#$8#01'8!@#I;$#?;$/':!
^(0Z! =2),86; N<!

D,0<?;(!=0;??!m,?$/?/;(!
^(0Z! F)3,.32(9; N<! "1#$8+/('!^(0Z! F(+,39); NY!

Jm"!^(?r+Z! C3/6 O. 
I89:-/,6; CA! 4/#!^(?r+Z!@@*! W03JJ)86; N<!

e#$?1$/:'!m,?$/?/;(#+:!^(0Z! ?2/)(:1); CA! ='#?'01!D/;9$;-,0?:!*;$9Z! S0,2K-L:,6; MA!
e+/[/$!^(?r+Z!;F!m'}!.'[/0;!
^(0Z! L)- C,:42-; NM! =;F?!3'+!n'01(;+;E/':!^(0Z! L+- A8>2(2-; CA!

p;$?,('!D$/-E'!*;Z!^(0Z! N2K H692 ?),D; 
NY! =?#$}':?!D;?#(/0#+:! R)840+ C+,9+*); 

CA!

p,(0?/;(#+!p;;-:!*;$9Z! E8>(3-0/+K8; N<! =?#,I'$!"'$F;$8#(0'!
^(E$'-/'(?:! F:((2,/+8; CA!

3*^!m,?$/'(?:! B:,(38>)12; CA! =?$G<#!D;?#(/0:! H3((-L+,+:>0; N<!

q#?1#}#G!7++/'-!"$;-,0?:!
^(0Z!

F+:8/)38 B)((26; 
CA! =?$G<#!D;?#(/0:! H3((-L+,+:>0; N<!

.#G9$;!^(-,:?$/':!^(0Z! ?:,40)-2; NY! �#?:;(!^(-,:?$/':! I89:-/,6; CA!
m,?$/01'8!4':;,$0':!*;Z!W)(8:/; CA! �$/E1?!3$;,92!n1'! C,+K(26; LA!
m,?$/+#(-!3$;,9!^(0Z! T+,,)842; CA!    
!
m;?'!%!*'??'!+/:?'!(X':?!9#:!(A0'::#/$'8'(?!'[1#,:?/B'Z!
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7!j!7!m,?$/?/;(#+!^(?r+Z! R),928 R,+*2; 
CA!

 mq�!@#I;$#?;$/':!^(0Z! S)8/) F2 SJ,38>-; CA!

7J.! D24)/:,; IL!  m,?$/+#(-!3$;,9!^(0Z! T+,,)842; CA!

7qJ!^(?r+Z!@@*! A/()8/); RA!  c9?/",$'!D$#(-!*1'80;!
^(-,:?$/':! L+- A8>2(2-; CA!

7+F#!*1'8! =38>- ?+38/; NY!  "#0/F/0!4#/(I;}!^(?r+Z!^(0Z! C3/6 +. I89:-/,6; CA!

78#[!m,?$#=;,$0'!^(0Z! C3/6 +. I89:-/,6; 
CA!

 "#$$G!m,?$#0',?/0#+:! C0288)3; !

78'$/0#(!^(E$'-/'(?:! A8)0231; CA!  "1#$8#01'8!@#I;$#?;$/':!
^(0Z! =2),86; N<!

7:/#8'$/0#!^(?r+Z!^(0Z! H),,38>/+8 ?),D; 
N<!

 "1#$8'-!.'-/0#$'! B)8>)(+,2; =),8)/)D)!

D#??+'*1'8!J/:?$/I,?/;(!
^(0Z!

S)8 C(2128/2; 
CA!

 qZ!4'/:8#(!*;$9Z! O,)8>2; N<!

D+,'!*#+/F;$(/#!*;Z! R)840+ S)8/) 
M),>),3/); CA!

 4/#!^(?r+Z!@@*! W03JJ)86; N<!

D;?#(/0:!n$#-/(E!@@*! B(+K38> R+4D; 
NC!

 =#(8#$<!@@*! R,228-L+,+; NC!

*1#$+':!D;}8#(!j!*;Z! H+(()89; MI!  =0#(-/(#B/#(!p;$8,+#:!
^(0Z! S2((2,-*3((2; ?A!

*"D!^(?r+Z!^(0Z! B),/+8-*3((2; ?A!  ='#?'01!D/;9$;-,0?:!*;$9Z S0,2K-L:,6; MA!
*G#(;?'01!*;$9Z! =)3(:)-=+8); HI!  =;F?!3'+!n'01(;+;E/':!^(0Z! L+- A8>2(2-; CA!
p#I$/*1'8!^(0Z! F)3,.32(9; CT!  =;,$0'!*;(('0?/;(:!@@*! B2,D2(26; CA!

p#+0;(!n$#-/(E!^(?r+Z! E)-/ F)3,.32(9; 
BT!

 =?#,I'$!"'$F;$8#(0'!
^(E$'-/'(?:! F:((2,/+8; CA!

p;;-!^(E$'-/'(?!
=;+,?/;(:!@@*! B():*2(/; NY!  =?'++#!@#I:!@@*! ?),)1:-; N<!

3+;I#+!.#$<'?/(E!
7::;0:Z! H)6K),9; CA!  =?$G<#!D;?#(/0:! H3((-L+,+:>0; N<!

3."!@#I:!;F!78'$/0#! A8)0231; CA!  =?$G<#!D;?#(/0:! H3((-L+,+:>0; N<!

q#?1#}#G!7++/'-!
"$;-,0?:!^(0Z!

F+:8/)38 B)((26; 
CA!

 n$/#$0;!^(-,:?$/':!^(0Z! W)682; N<!

q,(#(!�/(E+;(E!D/;)
$':;,$0'!*;Z!@?-Z! C0)8>-0); !  K#+'(:#!^(?r+Z! E:-/3-; FL!

^D*!^(?r+Z!@@*! W3(/+8; CT!  �#?:;(!^(-,:?$/':! I89:-/,6; CA!
&4!@#I;$#?;$/':!^(0Z! B:,8)L6; BC!  �$/E1?!3$;,92!n1'! C,+K(26; LA!
.'$#!"1#$8#0',?/0#+:! H)K)33; USA    

m#(V/(E!...! N)8T38>; !    
!
m;?'!%!*'??'!+/:?'!(X':?!9#:!(A0'::#/$'8'(?!'[1#,:?/B'Z!
=;,$0'%!}}}Z('}1;9'Z0;8x!2!MOOP!
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!
.#$01A:!-':!(,?$#0',?/\,':!v!0$A('#,[!'?!$A:'#,[! Nfg!

*#$E/++!':?!,(!9$;-,0?',$!-'!9$;-,/?:!-X#+/8'(?#?/;(!1,8#/('!'?!#(/8#+'Z!@X'(?$'9$/:'!#!!
NMb2OOO! '89+;GA:! -#(:! PR! 9#G:Z! @':! 9$/(0/9#+':! ,:/(':! -'! (,?$#0',?/\,':! :;(?!
+;0#+/:A':!#,[!C?#?:)5(/:2!#,!D$A:/+2!'(!D'+E/\,'!'?!#,[!"#G:)D#:Z!@'!01/FF$'!-X#FF#/$':!
'(!MOOb!A?#/?!-'!!SM2R!8/++/#$-:!5=J!'?!-'!hN2O!!'(!MOOPZ!@':!9$;-,/?:!(,?$#0',?/\,':!
$'9$A:'(?'(?! '(B/$;(! ba! -,! 01/FF$'! -X#FF#/$':! '?! '(B/$;(! ga! -,! 8#$01A! ?;?#+! -':!
/(E$A-/'(?:!-'!(,?$#0',?/\,':Z!!
!

p;;-!j!q'#+?1!799+/0#?/;(:!!
D#</(E!#(-!0'$'#+:! .'#?2!";,+?$G!#(-!^(E$'-/'(?:!

!!
I#</(E!8/[':2!I#$:2!I$'#-:!j!$;++:2!0#<':2!9/':!j!
9#:?$/':2!0'$'#+:2!0;;</':!j!0$#0<'$:2!9#:?#2!
(;;-+':!j!-,89+/(E:2!?;$?/++#:!!

!!
'EE:!j!'EE!9$;-,0?:2!9$;0'::'-!8'#?:2!9$;0'::'-!9;,+?$G!

! !
D;/::;(:! "1#$8#0',?/0#+:!

!!
#+0;1;+/0!I'B'$#E':2!0#$I;(#?'-!:;F?!-$/(<:2!F$,/?!
I'B'$#E':!j!-$/(<:2!F$,/?!V,/0':2!$'#-G!?;!-$/(<!
?'#!

!!
91#$8#0',?/0#+!9$;-,0?:!

! !
*1;0;+#?'!#(-!*;(F'0?/;(:! "$'9#$'-!F;;-:!

!!

01'}/(E!E,82!01;0;+#?'2!F;(-#(?:!j!0$'#8:2!
E,88G!j!V'++/'-!0#(-/':2!1#$-!0#(-/':!
8#$:18#++;}:!j!(;,E#?:2!9#((/(E!j!0;#?/(E:2!
9;}-'$:!j!8/[':2!$'?#/+!0;(F'0?/;(#$G!

!!

0#(('-!F$,/?:!j!B'E'?#I+':2!0;(-/8'(?:2!F$;>'(!j!
$'F$/E'$#?'-!8'#+x'(?$'':2!V#8:!j!V'++/':2!9$'9#$'-!:/-'!-/:1!
j!8#/(!-/:1!8/[':2!9,--/(E:xE'+#?/(:x(;()I#<'$G!-':'$?:2!
:#+#-!-$'::/(E:2!:;,92!:#,0':!j!E$#B/':!! !

J#/$G! =(#0<:!

!!
01'':'2!-/92!-$G2!0;(-'(:'-2!'B#9;$#?'-2!/0'!
0$'#8!j!F$;>'(!(;B'+?/':2!8/+<)I#:'-!
I'B'$#E':2!G;E,$?!

!! 0'$'#+!:(#0<:2!01/9:2!F$,/?!:(#0<:2!E$#(;+#2!9#$?G!8/[2!:(#0<!
I#$:!

!
q'#+?1Z!m,?$/?/;(#!#(-!c$E#(/0!

!

!! F,(0?/;(#+!I'B'$#E':2!F,(0?/;(#+!F;;-:2!:9;$?!
-$/(<:2!B/?#8/(:!j!:,99+'8'(?:!

! !

!!

!!
!
K/?#8/(:!#(-!=,99+'8'(?:!
e[9+;$'!?1'!B'$:#?/+'!/(E$'-/'(?:!#(-!'[9'$?!<(;}+'-E'!*#$E/++!;FF'$:!?;!B/?#8/(!#(-!:,99+'8'(?!8#(,F#0?,$'$:%!
*1;0;+#?'!#(-!0;0;#!!
p;;-!:?#$01!!
c/+:!#(-!:1;$?'(/(E:!! !
=;G!9$;?'/(!!
=}''?'('$:!!
@'0/?1/(!!
*#$E/++!q'#+?1!#(-!p;;-!n'01(;+;E/':!
7!+'#-/(E!-'B'+;9'$2!9$;0'::;$!#(-!8#$<'?'$!;F!:0/'(0')I#:'-2!1'#+?1!9$;8;?/(E!/(E$'-/'(?:!F;$!F;;-!#(-!-/'?#$G!
:,99+'8'(?!/(-,:?$/':!};$+-}/-'Z!"$;-,0?:!#(-!:'$B/0':!/(0+,-'%!
c9?#p+'[�!01;(-$;/?/(!!
*;$;�/:'�!91G?;:?'$;+:!!
=;+,I+'!F/I'$:!! 7-B#(?#=;G�!!
=;G!/:;F+#B;(':!!
n;0;91'$;+:!!
7:0'(-�!?$'1#+;:'!!
4'E'(#:,$'�!3+,0;:#8/('!
*#$E/++X:!4e3em7=54e�!J)3+,0;:#8/('!qG-$;01+;$/-'!/:!#!(;():1'++F/:12!(;()#(/8#+2!�;:1'$!-'$/B'-!9$;-,0?2!
9$;-,0'-!F$;8!#!$'('}#I+'!$':;,$0'Z!!
!
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!

!

?4.1%4#!AB!F14--+X+/4"+'*!-+3(1+X+,%!$%-!/Y4*'.4/",)+%-h!

5PQZZ$Z! *&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!
5"WW"]"J$Q$! 5H&""W"WWQP$Z! 5H&""W"WWQW$Q$! Anacystis,!Aphanothece,!Microcystis!

!"Z("WQW$Q$! Anabaena,!Nodularia,!Nostoc!
;INRPQ&IQW$Q$! Calothrix,!Isactis,!Rivularia!!"Z("WQP$Z!
)WV("J$TQ(QW$Q$! Plectonema,!Scytonema,!Tolypothrix!

*ZWIPPQ("&IQP$Z! *ZWIPPQ("&IQW$Q$! Lyngbya,!Oscillatoria,!Phormidium,!
Spirulina!

:P$R&"WQ%ZQP$Z! 5HQTQ$ZI%H"JQW$Q$! Dermocarpa,!Entophysalis,!Hyella!

<"&T"]"J$Q$!

)(I]"J$TQ(QP$Z! )(I]"J$TQ(QW$Q$! Hapalosiphon,!Kirtuthrix,!Stigonema!
!

?4.1%4#!=B!F14--+X+/4"+'*!-+3(1+X+,%!$%-!Q4/+114)+'(0Y/%4%h!

*&#&$Z! CQTIPP$Z! :&IJWI%QR[!]$J&$Z!
DI##RP%HIQW$Q$!! Biddulphia!ZVJ1!Odontella,!Isthmia!
5HQ$("W$&QW$Q$!! Bacteriastrum,!Chaetoceros!
6HQPQZZI"ZI&QW$Q$! Skeletonema,!Thalassiosira!
5"ZWIJ"#IZWQW$Q$!! Coscinodiscus,!Cylotella!

!
!
5$J(&QP$Z!

-$P"ZI&QW$Q$! Melosira,!Podosira!
5VTK$PPQW$Q$!! Amphora,!Phaeodactylum!
+IQ("TQW$Q$! Asterionella,!Fragillaria,!Rhabdonema!
!QNIWRPQW$Q$! Diploneis,!Gomphonema,!Haslea,!Navicula!
!I(\ZWHIQW$Q$! Cylindrotheca,!Nitzschia,!Stauroneis!

!
!
:$JJQP$Z!

;HI\"Z"P$JIQW$Q$! Rhizosolenia!
!

?4.1%4#!KB!F14--+X+/4"+'*!-+3(1+X+,%!$%-!F0)Y-'(0Y/%4%h!

*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!
5H&VZQT"$KQP$Z! 5H&VZQT"$KQW$Q$! Chrysamoeba,!Rhizochromulina!

5H&"TRPIJQW$Q$!! Chromulina,!Chrysapis!
5H&VZ"W"WWQW$Q$! Chrysococcus!

!
*WH&"T"JQ#QP$Z!

*WH&"T"JQ#QW$Q$! Ochromonas,!Syncrypta!
:Q&TQP$Z! 6&I%Q&TQW$Q$! Tetraparma,!Triparma!
:$#IJ$PPQP$Z! :$#IJ$PPQW$Q$! Actinomonas,!Pedinella!

:$PQ]"%HVW$Q$! Aureococcus!)Q&WIJ"WH&VZI#QP$Z!
)Q&WIJ"WH&VZI#QW$Q$! Nematochrysopsis,!Sarcinochrysis!

)VJR&QP$Z! -QPP"T"JQ#QW$Q$! Mallomonas,!Synura!

!

!

|||||||||||||||||||||||||||||||||||||||!

f!9#Q%(U$!#$!o"&J%&"KZ(S!800G1!

03080B/083"&$N/! +,-.!%&)! (//#0%/0/#!



!

?4.1%4#!OB!F14--+X+/4"+'*!-+3(1+X+,%!$%-!504%'(0Y/%4%h!
!
*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!

5PQZZ$!#$Z!5VWP"Z%"&$Z!

5VZ("Z$I&QW$Q$! Bifurcaria,!Bifurcariopsis,!Caulocystis,!Cystophora,!
Cystoseira,!Halidrys,!Hormophysa!

CRWQW$Q$! Durvillea!
CRWQW$Q$! Ascophyllum,!Fucus,!Pelvetia!
<ITQJ(H$QPIQW$Q$! Himanthalia!
<"&T"ZI&QQW$Q$! Hormosira!

!
!
!
CRWQP$Z!

)Q&]QZZQW$Q$! Cystophyllum,!Hizikia,!Sargassum,!Turbinaria!
5PQZZ$!#$Z!,Z"]UJj&$Z!

5R(PU&IQP$Z! 5R(P$&IQW$Q$!! Cutleria!

+IW(V"(QP$Z! +IW(V"(QW$Q$! Dictyopteris,!Dictyota,!Dilophus,!Glossophora,!
lobophora,!Padina,!Stypopodium,!Taonia,!Zonaria!

4W("WQ&%QW$Q$! Ectocarpus,!Feldmannia,!Hincksia,!Ishige,!Spongonema!4W("WQ&%QP$Z!
;QP^ZIQW$Q$! Ralfsia!
5PQ#"Z($%HQW$Q$! Cladostephus!)%HQWUPQ&IQP$Z!
)%HQW$PQ&IQW$Q$! Chaetopterus,!Sphacelaria!

6IP"%(U&I#QP$Z! 6IP"%($&I#QW$Q$! Tilopteris!
5PQZZ$!#$Z!<U(U&"]UJj&$Z!

5H"&#Q&IQW$Q$! Analipus,!Chordaria,!Cladosiphon,!Levringia,!Mesogloia!
5"&VJ"%HPQ$W$Q$! Leathesia,!Myriactula!5H"&#Q&IQP$Z!
)%$&TQ("WHJQW$Q$! Nemacystus,!Stilophora!

+$ZTQ&$Z(IQP$Z! +$ZTQ&$Z(IQW$Q$! Desmarestia!
9PQ&IQW$Q$! Alaria,!Ecklonia,!Egregia,!Eisenia,!Undaria!
5H"&#QW$Q$! Chorda!
>QTIJQ&IQW$Q$! Cymathere,!Laminaria,!Pleurophycus!

>QTIJQ&IQP$Z!

:HVPPQ&IQW$Q$! Saccorhiza!
+IW(V"ZI%H"JQW$Q$! Dictyosiphon!
:RJW(Q&IQW$Q$! Hydroclathrus,!Punctaria!+IW(V"ZI%H"JQP$Z!
)WV("ZI%H"JQW$Q$! Colpomenia,!Petalonia,!Rosenvingea,!Scytosiphon!

)%"&"WHJQP$Z! )%"&"WHJQW$Q$! Iyengaria,!Perithalia,!Sporochnus!
!
!
!
!
!
!
!
!
!
||||||||||||||||||||||||||||||||||!
f!9#Q%(U$!#$!o"&J%&"KZ(S!800G1!
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!

?4.1%4#!PB!F14--+X+/4"+'*!-+3(1+X+,%!$%-!9+*'X142%11,-h!
!
*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!

+$ZT"WQ%ZQW$Q$! Desmocapsa!+$ZT"T"JQ#QP$Z!
<Q%P"#IJIQW$Q$! Haplodinium,!Pleromonas!
?P"$"#IJIQW$Q$!! Gloeodinium!+IJ"W"WWQP$Z!
)(VP"#IJIQW$Q$! Stylodinium!

+IJ"%HVZQP$Z! +IJ"%HVZQW$Q$! Amphisolenia,!Dinophysis!
+IJ"(&IWHQP$Z! +IJ"(&IWHQW$Q$! Dinoclonium,!Dinothrix!

?VTJ"#IJIQW$Q$! Amphidinium,!Gymnodinium,!Gyrodinium!
:"PVX&IXQW$Q$! Polykrikos!?VTJ"#IJIQP$Z!
:(VWH"#IZWQW$Q$! Ptychodiscus!

!"W(IPRWQP$Z! !"W(IPRWQW$Q$! Noctiluca!
5$&Q(IQW$Q$! Ceratium!
5&V%(H$W"#IJIQW$Q$! Crypthecodinium,!Hermidinium!
?"JI"#"TQ($W$Q$! Gambierdiscus,!Goniodoma,!Pyrodinium!
?"JVQRPQW$Q$! Alexandrium,!Gessnerium,!Gonyaulax,!Protoceratium!
*Z(&$"%ZI#$Q$! Ostreopsis!

:U&I#IJIQP$Z!

:$&I#IJIQW$Q$! Glenodinium,!Heterocapsa,!Peridinium,!Scrippsiella!
:&"&"W$J(&QP$Z! :&"&"W$J(&QW$Q$! Exuviella,!Prorocentrum!
:V&"WVZ(QP$Z! :V&"WVZ(QW$Q$! Pyrocystis!

!

?4.1%4#!<B!F14--+X+/4"+'*!-+3(1+X+,%!$%-!J4("'(0Y/%4%h!

*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!
5QPWI"Z"P$JIQW$Q$! Acanthosolenia,!Navisolenia!
5$&Q("PI(HQW$Q$! Ceratolithus!
5"WW"PI(HQW$Q$! Coccolithus,!Emiliania!
<$PIW"Z%HQ$&QW$Q$! Helicosphaera!
<VT$J"T"JQ#QW$Q$! Hymenomonas,!Ochrosphaera!
;HQK#"Z%HQ$&QW$Q$! Discospaera,!Rhabdosphaera!

!
!
!
5"WW"PI(H"%H"&QP$Z!

)V&QW"Z%HQ$&QW$Q$! Syracosphaera!
,Z"WH&VZI#QP$Z! ,Z"WH&VZI#QW$Q$!! Chrysotila,!Dicrateria,!Isochrysis!
:QNP"NQP$Z! :QNP"NQW$Q$! Diacronema,!Pavlova!

:HQ$"WVZ(QW$Q$! Phaeocystis!:&VTJUZIQP$Z!
:&ITJ$ZIQW$Q$! Chrysomulina,!Prymnesium!

!
!
!
!
!
!
|||||||||||||||||||||||||||||||||||||!
f!9#Q%(U$!#$!o"&J%&"KZ(S!800G1!
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!

?4.1%4#!oB!F14--+X+/4"+'*!-+3(1+X+,%!$%-!F01')'.+'*"%-h!

*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!
?&"R%$!#$Z!APN"%HV($Z!
Classe!des!Chlorophycées!

+RJQPI$PPQW$Q$! Dunaliella!
<Q$TQ("W"WWQW$Q$! Haematococcus!F"PN"WQP$Z!
F"PN"WQW$Q$! Chaetopeltis!
5HP"&"W"WWQW$Q$! Characium,!Chlorococcum,!Coccomyxa,!Skkidion!5HP"&"W"WWQP$Z!
4J#"Z%HQ$&QW$Q$! Chlorochytrium,!Codiolum,!Gomontia!

5HQ$("%H"&QP$Z! 5HQ$("%H"&QW$Q$!
Arthrochaete,!Chaetophora,!Entocladia,!Periplegmatium,!
Pseudendoclonium,!Stromatella,!Tellamia,!Ulvella,!
Uronema,!Zygomitus!

9W&"ZI%H"JIQP$Z! 9W&"ZI%H"JQW$Q$! Acrosiphon,!Spongomorpha,!Urospora!
5HP"&"WVZ(I#QP$Z! 5HP"&"WVZ(I#QW$Q$! Halochlorococcum!
oP$KZH"&TI#IQP$Z! )(IWH"W"WWQW$Q$! Stichococcus!
:HQ$"%HIPQP$Z! :HQ$"%HIPQW$Q$! Phaeophila!
6$(&QZ%"&QP$Z! 6$(&QZ%"&QW$Q$! Palmophyllum!
6&$J($%"HPIQP$Z! 6&$J($%"HPIQW$Q$! Sporocladus!

Classe!des!Ulvophycées!

5PQ#"%H&QP$Z! 5PQ#"%H"&QW$Q$!! Chaetomorpha,!Cladophora,!Rhizoclonium,!
Spongomorpha!

:&QZI"PQP$Z! :&QZI"PQW$Q$! Prasiola!
-"J"Z(&"TQ(QW$Q$! Blidingia,!Monostroma!APNQP$Z!
APNQW$Q$! Enteromorpha,!Ulva!
D&V"%ZI#QW$Q$! Bryopsis,!Derbesia,!Trichosolon!
5QRP$&%QW$Q$! Caulerpa!
5"#IQW$Q$! Codium!
<QPIT$#QW$Q$! Halimeda!

D&V"%ZI#QP$Z!

A#"($QW$Q$! Avrainvillea,!Chlorodesmis,!Penicillus,!Rhipocephalus,!
Tydemania,!Udotea!

+QZVWPQ#QP$Z! +QZVWPQ#QW$Q$! Acetabularia,!Cymopolia,!Dasycladus,!Neomeris!
)I%H"J"WPQ#QW$Q$! Boodlea,!Cladophoropsis,!Siphonocladus!)I%H"J"WPQ#QP$Z!
FQP"JIQW$Q$! Dictyosphaeria,!Ernodesmis,!Valonia!

?&"R%$!#$Z!:&QZIJ"%HV($Z!
Classe!des!Prasinophycées!

5HP"&"#$J#&QW$Q$! Cymbomonas,!Dolichomastix!!
:V&QTIJ"JQ#QW$Q$! Pyramimonas,!Tetraselmis!

!
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?4.1%4#!_B!F14--+X+/4"+'*!-+3(1+X+,%!$%-!D0'$'(0Y"%-h!

*&#&$Z! :&IJWI%QP$Z!^QTIPP$Z! :&IJWI%QR[!]$J&$Z!
)"RZ"WPQZZ$!#$Z!DQJ]I"%HVW$Q$!

DQJ]IQP$Z! DQJ]IQW$Q$! Bangia,!Porphyra!
4&V(H&"%$P(I#QP$Z! 4&V(H&"(&IWHIQW$Q$! Erythrotrichia!

:"&%HV&I#IQP$Z! :"&%HV&I#IQW$Q$!
Acrotylus,!Asterocystis!g�!ChroodactylonhS!
Porphyridium,!Stylonema!g�!GoniotrichumhS!
RhodosporaS!

)"RZ"WPQZZ$!#$Z!CP"&I#$"%HVW$Q$!
9W&"WHQ$(IQP$Z! 9W&"WHQ$(IQW$Q$!! Acrochaetium,!Kylinia,!Rhodocorton!

5$&QTIQW$Q$!! Aglaothamnion,!Anotrichium,!Centroceras,!Ceranium,!
Crouania,!Microcladia,!Plumaria,!Ptilota,!Spyridia!!!!!!!!!!!

+QZVQW$Q$! Dasya,!Dictyurus,!Heterosiphonia!!!!!!

+$P$ZZ$&IQW$Q$! Cryptopleura,!Delesseria,!Hypoglossum,!Martensia,!
Myriogramme,!Pantoneura,!Phycodris,!Polyneura!

5U&QTIQP$Z!

;H"#"T$PQW$Q$!
Acanthophora,!Amansia,!Chondria,!Digenea,!Halopitys,!
Laurencia,!Murrayella,!Polysiphonia,!Rhodomela,!
Vidalia!

5"&QPPIJQW$Q$! Amphiroa,!Bossiella,!Corallina,!Fosliella,!Jania,!
Lithophyllum,!Marginosporum,!Melobesia,!Porolithon!!!!!

5&V%("J$TIQW$Q$! Cryptonemia,!Grateloupia,!Halymenia!!!!!!!
+RT"J(IQW$Q$! Constantinea,!Dilsea,!Dumontia,!Farlowia,!Neodilsea!
4J#"WPQ#IQW$Q$! Endocladia,!Gloiopeltis!
?P"I"ZI%H"JIQW$Q$! Gloiosiphonia!!!!!!!!
oQPPVT$JIQW$Q$! Callophylis,!Kallymenia!
:$VZZ"JJ$PIQW$Q$! Peyssonnelia!
;HI\"%HVPPI#QW$Q$! Chondrococcus,!Ochtodes!

5&V%("JUTIQP$Z!

u$$XZIQW$Q$! Constantinea!
?$PI#IQW$Q$! Acanthopeltis,!Gelidiella,!Gelidium,!Pterocladia!!?UPI#IQP$Z!
uR&#$TQJJIQW$Q$! Wurdemannia!
5QRPQWQJ(HQW$Q$!! Catenella,!Rhabdonia!!
CR&W$PPQ&IQW$Q$! Furcellaria!
?I]Q&(IJQW$Q$! Chondrus,!Gigartina,!Iridaea!!!!
?&QWIPQ&IQW$Q$! Gracilaria,!Gracilariopsis!
?VTJ"%HPQW$Q$! Schizymenia!
<V%J$QW$Q! Hypnea!
:$(&"W$PI#QW$Q$! Mastocarpus!
:HVPP"%H"&QW$Q$! Ahnfeltia,!Gymnogongrus,!Phyllophora,!Schottera!
:P"WQTIQW$Q$! Plocamium!
:"PVI#QW$Q$! Polyides!
;HI\"%HVPPI#QW$Q$! Cystoclonium,!Portieria,!Rhodophyllis!

?I]Q&(IJQP$Z!

)"PI$&IQW$Q$!
Agardhiella,!Anatheca,!Eucheuma,!Kappaphycus,!
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!

Meristotheca,!Sarconema,!Solieria,!Turnerella!
)%HQ$&"W"WWQW$Q$! Caulacanthus,!Phacelocarpus,!Sphaerococcus!

D"JJ$TQIZ"JIQW$Q$!! Asparagopsis!gFalkenbergia)S!BonnemaisoniaS!Delisea,!
Ptilonia!!!

5HQ$(QJ]IQW$Q$! Galaxaura!g�!TricleocarpahS!Scinaia!!!

<$PTIJ(H"WPQ#IQW$Q$! Helminthocladia,!Liagora!

!
!
!UTQPIQP$Z!
g!UTQPI"JQP$Zh!

!$TQPIQW$Q$! Nemalion,!Trichogloeae!

:QPTQ&IQP$Z! :QPTQ&IQW$Q$! Palmaria!
5HQT%IQW$Q$!! Champia,!Lomentaria!;H"#VTU&IQP$Z!
;H"#VT$JIQW$Q$! Botryocladia,!Ceratodictyon,!Fauchea,!Rhodymenia!

!
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