\‘“ﬂV&Yb)l.o.wxvn)ga st—w’& u‘ﬁ‘ww.\.\.@oswq)ﬂu

D9 U0 0 w3 10 HPol Y il (w y o
Sl g S0 Wl g A Cus bawgs

AT

‘,')//!/4/;!/'.7 4%5‘” aLii.//.: “;jj/j..c"j:./ Q[A:..d":u";/ﬂ

")/f,’/‘f,’/"’- 4;}(’;‘:[:))/’04'& .,l:{..f/ a[.iif/) 46.«.1..’*0 a,@'/) ‘6"?‘;6“4‘*‘ ajj.(
+%

oL e

J/,:’/‘/é’zj"%‘w aL<fJ/) ;&jj}x}u Q[é:j:u";/d

e ot S S 2o b Lo g LS 35 45 ol iyl o 5 U 5 o) Sy S0
K3 okt ey o (Slatigei o3 iyl Ay OpSTL kit o oSl S0 )Ty Ay
gl Ll LS sladisad oy Sl iT ardlls )y Rl slacliST e L;LAULQ‘.‘
Ao g 5 ol L g IS Olpe k) (KK 5 Ulas) Ll Sl albt &Sl S
i 53 o Sl s T s Ll sy 0l 53 38 15 e o 2yse elafT 0 pe sl 0
12— TAC (los 5 0SS (Gllas Lolpd 4o (s AT 20 154 IPM O3js o0 s PH V0 L OLS
88 4ol e jI Ll Sllips &Sy o 13 sl ldis 35 5l Jlasl b .t Josl pid a5 4o
Ll Jie 4 VI adyl Skl jI 2 alyo ESilo- 4,50 43 5 14,0 mol Beta-Carotene/g Protein Sl i @
Ll 5 el gloc S duls OLL 5 ST yo u5yy CLilé ., FYV'mol Beta-Carotene/g Protein
cardllos ) Gl ode] Cows a (Gladoei .oy 1IF)FMQIL < FIO,F 5/ 5 11199 MOIL « FEVIF /i 2
b SWiss ol oSS0 oo 52 Sl Olsie 4 2 arl s ales £ oSy Ko (oYU ol
Ol il il 40 (510 4575 15 by Lolben (lacSilo s Seo jl bzl b i)l A g7 ey s oo OLE

ol oo Sl OT Ol imin Q&/:f'}.{&&@ﬂ M s 030 2l aisei I isslasl s, Il
o b Sl o Sl Mligs Sl 5 SCn £ 47 okt 25 670 ST (Ml (SO S5

KEYWORDS: Beta carotene; Light stress; Microalgae dunaliella salina; Caspian sea microalgae.

+E-mail: sirous.ebrahimi@epfl.ch SISt kg™



YAV (Y 5l FY 593

sbanip 4 e Al cus gl ooslal 03 g
33l Yl Gpae 5 cad G5 lojieas (oomeol il il
oyl balpd 4 (5l balisee S )3 &5 (Syge 53 9d e
0SB Ll aiboo (ials baas o 5l (e (150 § Cunsd
Sl gSee bilisee culS (b 59,k Wyl sladllan
o0l o lawgs 00 Ayl (£5950 dlde )d .l 48,55 &g
0355 Cg J| Joloo 193 lse el g5 anim [Y+] Vet i/
pn b oyl 4 calize ctS jl oslitol dja g o)y
Ol g 4 )d bl o 0358 Cunnj (Rl cusS (glp onds plos
Mg Mg Silag eyl b @ a9 b )
Ll Mgy Sidzg)Sso bawgs (59,51 a5 539,51
ot g bliswe Ojge 4 )35 b)) &85 9 pallb 00

8)5 )8 ey 5 LEReR D90 yg D AT

P8
S Tuo g Sl g S0

VANA Ll Mgy Sil>gySie (alb culS ans sl
Sl b )l )eiS 0 Jlad (55gleiSign 0aSlngy
P by il Sy S bl Gl sladiges dalises diges cuis
PH L plo cuiS lae 13 Sy Seo sladisS ol ans
Mol yguils s odlaiwl cuiS e a5 03l cuiST Y

Cipe & oS aie Yoeide O &ligy g [VV] 25 od

S gl a4 S e b 0398l Sl S o modu

Dy i dge sl

MgCl..6H;0, 1.5 g; MgS0..7H;0, 0.5 g; KCI, 0.2 g;

CaCl».6H:0, 0.26 g; NaNOs, 0.83 g; NaHCO3, 1.2 g; (pH

adjusted to 7.5 with HCI); KH;PO4, 0.035 g; H3BOs,
0.0006 g

S il @ VY] gdseny Jolore yid b 95 opipen
2y SO dlge Jold a5 s o 03938] S laxs
EDTA 100 mg, ZnS04.7H,O 4.4 mg, CaCl,.2H,0

16.36 mg, MnCl,.4H;0 10.12 mg, FeS0O4.7H,0 9.98 mg,

(NH4)6MO7.024.4H20 3.02 mg, CUSO4.5H20 3.14 mg,

COCl2.6H:0 3.22 mg

e &g (e B0 cldib L) o))l s

e ded Hd NaCl S clale e wab pbol yi Lo Yo e

bawgi (239 9 V72 TPM (yjon j93 39 + O M L plyy g <l

Ol)e2 5 (U3 by 5l

O (o (owidied 9 (oomnd &g pulld

EPRY-I

155598 )3 ol ol iz o ol SIS ()T
s b dsse > gl ] sl TR
jlre S5y i 4 ALSS) cl [V] 29800 0,53 Cawdlyg IS
dlbo.))syl)é JLl 5{>|.} 9 Ou‘ dl.}& ).)A ‘_.):“’L‘i? )L\A)‘)u.:) dalie )
[V 8] 295 00 Gpan lbyw A clgis @ g sy g (ool
Silepals 5 Mg cln @)bs )l od) Y] el
LY F] cwl o plool

o 9 tlardgyiy sloodysl b 5l Wl e o2 39,k s
LQ)MM: Xﬂ' cd.)M:‘uo “";' JL.AJ ).) .qul{ U’.:AJG )9]9 ‘b
ol b My lp (0] d9 olesdon by 4
BLS drjesie dagyl daie Sl (ygman SsSUsS alie
I B g R Sy A N T
LaliSS) 5l g5 i oS il o) by Ce g Jdd @
039 IS B 1yinS GipghiS s 4 i g SEogs oV eosh
& oSS s > cle 4 Bl Jib pla
sdyas clp F oule (Bbg uywd g 98 Ggen
obe 2 [VV] Wil puin g e (Seld]
G & Dl My Koy, So dacSilag S
LS Mg Gl b @i (ne Bl Cugd Sl
¥ INVY] sl oss sl g,k

ol I3l by 53 b e |y Salg San sl cs5ne
g5 b (Y S bame (ol Candge (3,8 4 (V[ VF-Y]
b polb Cudge (3051 4 (S5 S 5 pud plie
sl (Bois) ole et blys b plie copnbge Jlosl oS
Sulag S lodiss (B bl e Sulag S (sgme Ll
hsngS 5 dd 0p3d Slilge & (i b b
oy 1) bgpslyy 5 LALSS) dea 5l 450 glacdsbis
Sl il 3 Je Sl cnyiers I VA] A8 e
355 )Ll Lod 4l g (6 pe i3l

51655 S L Jpnso b 4 Sy San i 5T Al
[V ] ol 43 5 sl (B glacuis” il vl b g S g,Se

(1) Dunaliella salina

93 = ol

(v) Loosdrecht

Yy



VYAV (Y 5,lows Y 593

CLl apslbe cly g ond okilsd jogl SPY 4 SES Y-

(g8 U]

Cc =0.430 A4z + 0.251 Ayzp — 4.376 Augo + 13.216 Auso
18 Jodg IS 5L

Ca=-1.709 As12 + 11.970 Aszz — 2.998 Auso — 5.708 Asgo
asgig)ls” JS 5]

Cl =12.21 A663 -2.81 A646
C2=20.13 Asss — 5.03 Asss
Cxec = (1000 Ag7o — 3.27 C1— 104 C2)/229

ISWS ul“*’ iy 4 Cuc 9 Ca Cc Jm.lw C)‘ll » a5
oy ASeSe)8 S g @ o)l g Sl (slackale
dlon o e slagge Job ) o lie Ar g UM

1 slod 5 50T (slmals o oles 48 W3l e S 4y p3Y
285 plosl ()6 55

o g baxa
99 i gl (w1

o5 b3l ke e » o9 A5 S gl cnl
o ialejl b yp iy fsld (glacueY ) odlitl | g
b g Jlosl Sulag Sue 5905 93 12 2 (sl yo 93 500
bl o (635 03l Hb dw lawsio oud wlyl gl 0> 5 A LIS
LED  lagly Js abje
il Jlesl a3 3 )15 W)l p5 0+« pmol photons/m's

9 O b Gyl glaceY by @dd gy 5
oy, LS 51 88l <yee 4 ¢ VO-+ pmol photons/m's
D LSy dl> e 93 50 (gl Sllas Lulyd a8 plo]
&S 03l g Chond opl 1> Sds 9,800 Ay yliue
&GS glan Llodd (B)IS 6Tan 5 )9 @l bl
3 mdid 9y 0 Srg o5 Jlesl Iy iy ol als ye 5
il Sl g ,Se balises 5 LAl CuiS WsS g3 ym
Loy 51 g &S (gyeb d cdd 00> (Sl Hlwo s L cdale
S ouds AT A gt S odgr clale uli8l dian 40
D9y dabyd bl Sy Sie by (KeSa oy n ol 5
SebrgySee @ Cund bdgle S 5 Jleel 1S
Mo diy 0939 b iid Jlasl 3l g Lol (5 i Ll Mligs

e Py 085 )3 ygioad (i Sl oy

O (o (owidied 9 (oomnd &g pulld

35 035 b g [] (b Gl §) i (slaus
9 GAD LS, .Mb e plssl 8-+ umol photons/m's
0393 S jl L cwgmaber 430 Y8 = YA Lilesl clad 5
sy pIY (i 0 (G 0357 ClalE oS0 g 0jg) (S (5K

A5 o3y iolj8l V8« + pmol photons/m's 4 ,g5 <o

a3 0358 5 50 It

ok dliws 3o ylacs b sy )30 ¢ gtamsj 0355 (5 303l (4l
(Leica, American) (5,5 csSesssSee b g ioles Y lasg
sl ub case ol ul & @d)S bl ailjyy ©jge 4
Osped MBS joy Sl e AU 6 Job g uSejlul
oo 185 (32 Sl 35 S Lo (OD) Oligy g5 apudly
zse Job 0 S 5 e b (550jlul L alis) ok 4,
( Pharo 300, Merck, Germany ) yiogidg yiSuwl bawgs yiogil SA+
aaly Cls e b by Jolo sl [IY &Y &F] )5 sl
89 dudld & (olge > sl SO @ piY aib s
ok 3l ladiges ly il 38y S o oV I ke
b5 e ool

Omig s & 0 i
9 2 039 Camnj Hlahe b (couiis Cad (pBigp e
JSE g 1) SibgySee SUS iy by Yo - 00
Olee wBep Jie (605 ojlul L oassyy [VO] aad e
O Olie (s Sl D903 (qwyp |y 0dg Cansj (sl yis
Sygo Cpds b posl diged (g9 2 olesd Gl MLl 0395 Cany

oo 5 03B 518 e O )0 Slag S 3l il o o)) &
IV %] b5 plool Mgy (og) illas laals o 4y

LAty WGT
s Gged 3l yud Juo ¥V i) lSS ) lise (65051850 (gl
Hettich-EBA20, ) jgu il O+ v+ rpm ;o3 b 4dds & o &
doyd A gl i) Jeo ¥ 0l s 09y Joloee 4 g ( Germany
2)kgd (g S (Kod Ay Sed by Joloe g 035541
ploulyw b Seaty Sl Devr TPM jod b dddd O o &
FA- Ve F5e FTY BV o oo Job 0 ds ol

(1) Optical Density

Yy

(Y) Lowry Protein Assay

g5 = oole



YAV (Y 5l FY 593

gl g ORI Gliee g o odimy (U loge 93 b oS
Sy (Sl

Ol 3 6o U5 B eims plis ¥ JSS el
Lflo Mg (a6 Si50i 3> g Sl3l & 48l g g S
(39 055 Jlosl b asbis 535 by s dse
)7 4l dged » 9 14,0 mol Beta-Carotene/g Protein 4, 59,4
Jw, YYY mol Beta-Carotene/g Protein 4 Yo
OB Jlasl 5 g 0392 dilan w55 93 pa 53 by K
Sl g)Sie 3 iy 4y dopd FA 5 VY dgis > g8l il 38
A (26,04 blese (i Jlesl g il o XS,

Ol Glie Il ead plsl K> slaiagh
sl 08 ()15 5 (g Al by SilgySie )3 )9 i L

) sy popiloSituol Sl Seo S 5| oy VAT VS 5

adol yo a9 PH VD 5 Luguwdw 450 VY gy
Dges Jlesl 1y &+ pmol/m's g5 s 55 A+ pmol/m's
51w ¥e mglg DW a4 WY 1 iolesl cpl o 59,8 lise
29 @b G5 586 58 V] oY Geitmes e gy 4
b it plo b plojen SrgySee bawg (59 St Mg
Olise il oximd i odel Cawd Ay A Dged oy
g Yy OS5 Sl g Sue 3 Al zed (575,51
Sde g9y led g 58 Bl (6550 0ad plosl Limghy
p3h SB ) oas b rlile Mllps > igS by goow

Ol il p ) e
ogmmw 4393 YY (clod ¢ YFOS pmol photons/m's g5 <o 5

ol W oz plp my Ll e [Ye] el cunday
)9 b Lilidl b Ldlw MGy y> AYA pglcell by YY
YY) Casl o 5 )55 55 VYo e WSy BAL
S Coge & o9 e b Sl e (riomen y S
SelgSue bawgi 0dd 0p3d 59,y Hlade 3l a3l
M) oliSpe 5 VaSil lawgy UV-A g a5 Jlee! 5l ookl b
25 il el UV-A 5 OPAR ye sl 5l lojen

Ol)e2 5 (U3 by 5l

O (o (owidied 9 (oomnd &g pulld

f
A
Yo AaAAS
: 00000
a ¥ 4 0
J e 0o 0
; A A A
5y 't
Y 2
= Q
[= ]
~ N Q A Gyle Sty
: 0 LBk

. A\l ¥ 4 A Ve VY i
(590) ool

S5 Oyl ((yloj o 31 (690 Apudld i Glime =SS
oA g laliseo (GLadiged (Jolw wad)y w1 i g, 5

Dy LSl g)See Al &5 4 s (yieS clale (4l
9 90 My Casl pasiie S5 Jl &S S8 plan Sl ol L
bl duglie BB lioxen 5 093 Sl

Sebrg)Se > dBl ga aBign i & b ol
Sl i ool > dmiByd dloe W) e oaimd Ui
S B erp 350 38 Jebly oal e Lol
Ay olgS ¥ S jo oads edly L ool Cuwd 4 (slrases
oAl g )3 a2l bl SulagSee 9o 93 2 0
5o e O35 Jlasl j S 5 Jgl s po p> Ll Mligo
39) 2 QM5 et 0398 (YL cale 4 SlagSee )
R ey % Camd (Sgn RIBN wxdy g Jlesl gl
Wged 93 3 ) (lign Olise @ids g @i jg) 53 IS 0l
AU By e oble <ol ol m g b i3l
hodel Cuwd 4 sladoi Dy Sulsg)Sho cldale bls il
Gilae als g blise (sladiges 3 (nlign Oliee b yuss
D (69 Al Cla e jlodel Cuwd 4 (slrass

Ly Olyee odimd Ui Mg oA JdglS ol
Oialed 1SS )3 dosliy dontiyy Al SulagSue (sladiges
b cwlize sy Jgl alspo j0 Judg S liae ccunl i 03l
Bl g Gl g e olise Sl esal s 4 (sladons
Jlael 5 o Lol 05 00 Lol i 305 25 Jlosl plSin
Bl Gl (o8 o b Al meod Lol e i

(V) Zhen Li
(v) Eustigmatos cf. polyphem
(v) Jahnke

93 = ol

(f) Mogedas
() Photosynthetically Active Radiation

YY¥



VYAV (Y 5,lows Y 593

s 09 8 adlas (gl [YY] 98 e Jobo a3 5 <l
$lges 5 Pl Sl (8 SlrgySen diged 4 )
S SalrgSee iged 5 0ad onill ygi oS oig) Ly L
Ol 09l Y] ety w8y Vb e lacas )3 55,8k
Ol Glayegpl ged Glie n )y Cad e
a5 ol Mly> Sy Sm 3 Al fgn SergySin
303 S8 ool 42 )3 &S (puily5 &y s pog ] Cannd) (5,
(i Bl or  yagil @5 4 oSy AS g il o9l
(Y+—0+ umol photons/m's) oS b (sla)lie ,3 Cauws oyl
(¥++=)¥d+ umol photons/m’s) Y b (sla,lide b dwslée )
TP sl o Ll

wges jl 59,k glyiel g9y » 63503 (vgk (nixen
) Sl B <535 51 005 4385 il My Sy S
odel Candts ol lime ol o plisl 39, ¢ b
iy & Jolie P g Slow 395 ST (63 ()8 5l ealizal b
[YV] Cal o 4,155 YFO pg/ g dry biomass ¢ V10

SeatS > (5g) ke Mg 03)1uS sla (owyp 3929 b
Sloypdd dlgo g5y p (S s slraddllas ST (B
O) g0t cdiges lgie 4 a0 plodl laliseo (clacais 5
oSy Suo S ol Ll sbol b [A] hlSan
Gl Jo 3 cpl 250 Cawndey |y diaolis (YU (glanylado 0485 &y B
Sl Mg gl bl SibgSee 51 a8t &
ol 04 oaliil

& oy3d (g sdalde il ik Cuenl gl S
Olie 4 Cand B el S See > iyl i
sl el el Ll Mg Sodirg S 1> aidly oo 5,51
Sl 9,80 0 59yl YU (glopsdd cudyls onimd ol
Sl ooy anlyd 5l eadd dug lalises

S 5 A%
Sl 980 53 04 03 (g Sl Hlude hmgdy cpl
bylys 5wl bl sl ¢ Ll Mgy B
Sl 285 L8 wyp )90 488 G g (Jgeme A
5 455 9y, g8l zesw Cubld g Ady ool Cand @
ey ol 5 Jleel bl oSl geas il

e Py 085 )3 ygioad (i Sl oy

O (o (owidied 9 (oomnd &g pulld
Vfeo
VYoo A AAA 3 3
o 0 ©O o]
% Yoeoo 6
i3 2¢8
;g Aee R
—~ e
<, oo Q
2 e
é Foo
Yoo 4 Ul Wbgs
¢ P sk

. A ¥ 4 A e V'Y ¥

(590) ool

bliseo gLaisS |5 (g 2o (liue 31 (835 T il Y JSCS

.uﬂjl&s
Yo
A
A
Y A AD o
A (o]
3, Ao0
AT o ©
i 0 8
g Ve 6 A A
S (o]
3. ]
I 1°) 4 Ldle Yss
92 S TP

< Y F 5 A e Y F

(595) olo;

g hlisee sdiss 5@ Jadg IS oo (w2 (5399 S Wl Y S

oA

Yo
a o©
g‘ ¥ ° A
By O a A
2 QA
X oo?®
ig A A
; \o
S oo® i’
© > 99 A Ll WUgs
S
~ Q s riT

Y ¥ I A ks V'Y ¥

(590) ool

bl sBaisS 10 (g 5Ly geod (lie 2 (S)9 i WU =F JS
)

(V) Peter R. Mooij

YYd

R = (sole



aS g ol (£59eSTgn wladss 1yl by

Sy ke et (Vb hesly gl ol glaames cnlple

o3 o LS AlS CulSTLawlie 1) 5 dalyd Silag S
Wl e g8 Slhles glaaiza b bl gla cuiS g, ol )

Do go S 55 B ekl 3)90 (59,0 Mg mite plgie 4 oan]

Lolod Cow ygd

oD <% S5

P82 X0 e ol & IOV sl s )l rpm Rounds per minute « 53 o cs
&\

[1]

(2]

(3]

[4]

[5]

6]

[7]

8]

[9]

Prieto A., Canavate J.P., Garcia-Gonzalez M., Assessment of Carotenoid Production
by Dunaliella salina in Different Culture Systems and Operation Regimes, Journal of
Biotechnology, 151(2): 180-185 (2011).

Ben-Amotz A., Shaish A., Avron M., The Biotechnology of Cultivating Dunaliella for
Production of B-Carotene Rich Algae, Bioresource Technology, 38(2): 233-235 (1991).
Borowitzka L.J., Borowitzka M.A., Commercial Production of B-Carotene by Dunaliella
salina in Open Ponds, Bulletin of Marine Science, 47(1): 244-252 (1990).

Moulton T., Borowitzka L., Vincent D., "The Mass Culture of Dunaliella salina for
B-Carotene: from Pilot Plant to Production Plant", Twelfth International Seaweed Symposium.
Springer (1987).

Celekli A., Dénmez G., Effect of pH, Light Intensity, Salt and Nitrogen Concentrations on
Growth and B-Carotene Accumulation by a New lIsolate of Dunaliella sp., World Journal of
Microbiology and Biotechnology, 22(2): 183-189 (2006).

Ribeiro B.D., Barreto D.W., Coelho M.A.Z., Technological Aspects of -Carotene Production,
Food and Bioprocess Technology, 4(5): 693-701 (2011).

Branyikova, Microalgae—Novel Highly Efficient Starch Producers, Biotechnology and
Bioengineering, 108(4): 766-776 (2011).

Mooij P.R., Survival of the Fattest, Energy & Environmental Science, 6(12): 3404-3406
(2013).

Chisti Y., Biodiesel from Microalgae, Biotechnology Advances, 25(3): 294-306 (2007).

[10] Mulders K.J., Phototrophic Pigment Production with Microalgae: Biological Constraints

and Opportunities, Journal of Phycology, 50(2): 229-242 (2014).

[11] Ashok P., Biofuels from Algae, (2014).
[12] Borowitzka M.A., Borowitzka L.J., Kessly D., Effects of Salinity Increase on Carotenoid

93 = ol

Accumulation in the Green Alga Dunaliella salina, Journal of Applied Phycology, 2(2): 111-
119 (1990).

Yvs


https://www.ncbi.nlm.nih.gov/pubmed/21111012
https://www.ncbi.nlm.nih.gov/pubmed/21111012
http://www.sciencedirect.com/science/article/pii/096085249190160L
http://www.sciencedirect.com/science/article/pii/096085249190160L
http://www.ingentaconnect.com/content/umrsmas/bullmar/1990/00000047/00000001/art00024
http://www.ingentaconnect.com/content/umrsmas/bullmar/1990/00000047/00000001/art00024
https://link.springer.com/chapter/10.1007/978-94-009-4057-4_14
https://link.springer.com/chapter/10.1007/978-94-009-4057-4_14
https://link.springer.com/article/10.1007/s11274-005-9017-0
https://link.springer.com/article/10.1007/s11274-005-9017-0
https://link.springer.com/article/10.1007/s11947-011-0545-3
https://www.ncbi.nlm.nih.gov/pubmed/21404251
http://pubs.rsc.org/-/content/articlelanding/2013/ee/c3ee42912a/unauth#!divAbstract
http://www.sciencedirect.com/science/article/pii/S0734975007000262
http://onlinelibrary.wiley.com/doi/10.1111/jpy.12173/full
http://onlinelibrary.wiley.com/doi/10.1111/jpy.12173/full
https://books.google.com/books?hl=en&lr=&id=2bZhJIq7-N0C&oi=fnd&pg=PP1&dq=ASHOK,+P.,+Biofuels+from++algae.+2014.&ots=fQX818oGui&sig=Jb9HlgdFfD1QHh7oU7S-KWz7m4I#v=onepage&q&f=false
https://link.springer.com/article/10.1007/BF00023372
https://link.springer.com/article/10.1007/BF00023372

yyay .y b)l.o*s v 2,90 e yg)lsl.’b. Dks)b)ﬁﬂﬂ Mﬁi} W u‘ﬂ'ww.\%swdﬁw

[13] Ben-Amotz A., Production of B-Carotene and Vitamins by the Halotolerant Alga Dunaliella,
in Pharmaceutical and Bioactive Natural Products, 411-417 (1993).

[14] Eonseon J., Lee C.-G., Polle J.E., Secondary Carotenoid Accumulation in Haematococcus
(Chlorophyceae): Biosynthesis, Regulation, and Biotechnology. Journal of microbiology and
biotechnology, 16(6): 821-831 (2006).

[15] Lamers P.P., Carotenoid and Fatty Acid Metabolism in Nitrogen-Starved Dunaliella salina,
a Unicellular Green Microalga, Journal of Biotechnology, 162(1): 21-27 (2012).

[16] Lamers P.P., Carotenoid and Fatty Acid Metabolism in Light-Stressed Dunaliella salina,
Biotechnology and Bioengineering, 106(4): 638-648 (2010).

[17] Beer L.L., Engineering Algae for Biohydrogen and Biofuel Production, Current Opinion
in Biotechnology, 20(3): 264-271 (2009).

[18] Markou G., E. Nerantzis, Microalgae for High-Value Compounds and Biofuels Production:
A Rview with Focus on Cultivation under Stress Conditions, Biotechnology Advances, 31(8):
1532-1542 (2013).

[19] Li Z., A Novel Potential Source of p-Carotene: Eustigmatos cf. Polyphem (Eustigmatophyceae)
and Pilot p-carotene Production in Bubble Column and Flat Panel Photobioreactors,
Bioresource Technology, 117: 257-263 (2012).

[20] Salehizadeh H., Van Loosdrecht M., Production of Polyhydroxyalkanoates by Mixed Culture:
Recent Trends and Biotechnological Importance, Biotechnology Advances, 22(3): 261-279
(2004).

[21] Johnson M.K., Johnson E.J., MacElroy R.D., Speer, H.L., Bruff B.S., Effects of Salts on the
Halophilic Alga Dunaliella viridis, Journal of Bacteriology, 95(4): 1461-1468 (1968).

[22]Vishniac W., Santer M., The thiobacilli. Bacteriological Reviews, 21(3): 195-213 (1957).

[23] Hejazi M., Holwerda E., Wijffels R., Milking Microalga Dunaliella salina for p-Carotene
Production in Two-Phase Bioreactors, Biotechnology and Bioengineering, 475-481 (2004).

[24] Garbayo I., Effect of Abiotic Sress on the Production of Lutein and p-Carotene
by Chlamydomonas acidophila, Process Biochemistry, 43(10): 1158-1161 (2008).

[25] Lopez C.V.G., Protein Measurements of Microalgal and Cyanobacterial Biomass, Bioresource
Technology, 101(19): 7587-7591 (2010).

[26] Finn B., Harvey L.M., McNeil B., Near-Infrared Spectroscopic Monitoring of Biomass,
Glucose, Ethanol and Protein Content in a High Cell Density Baker's Yeast Fed-Batch
Bioprocess, Yeast, 23(7): 507-517 (2006).

[27] Waterborg J.H., The Lowry Method for Protein Quantitation, in: "The Protein Protocols
Handbook", 7-10 (2009).

[28] Eijckelhoff C., Dekker J.P., A Routine Method to Determine the Chlorophyll a, Pheophytin a
and B-Carotene Contents of Isolated Photosystem Il Reaction Center Complexes,
Photosynthesis Research, 52(1): 69-73 (1997).

Yy (i3 - sols


https://link.springer.com/chapter/10.1007/978-1-4899-2391-2_11
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_2006_v16n6_821
http://www.koreascience.or.kr/article/ArticleFullRecord.jsp?cn=E1MBA4_2006_v16n6_821
https://www.ncbi.nlm.nih.gov/pubmed/22750089
https://www.ncbi.nlm.nih.gov/pubmed/22750089
https://www.ncbi.nlm.nih.gov/pubmed/20229508
http://www.sciencedirect.com/science/article/pii/S095816690900072X
http://www.sciencedirect.com/science/article/pii/S0734975013001250
http://www.sciencedirect.com/science/article/pii/S0734975013001250
https://www.ncbi.nlm.nih.gov/pubmed/22617035
https://www.ncbi.nlm.nih.gov/pubmed/22617035
http://www.sciencedirect.com/science/article/pii/S0734975003001630
http://www.sciencedirect.com/science/article/pii/S0734975003001630
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC315107/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC315107/
https://www.ncbi.nlm.nih.gov/pubmed/13471458
https://www.ncbi.nlm.nih.gov/pubmed/14760687
https://www.ncbi.nlm.nih.gov/pubmed/14760687
http://www.sciencedirect.com/science/article/pii/S1359511308001979
http://www.sciencedirect.com/science/article/pii/S1359511308001979
http://www.sciencedirect.com/science/article/pii/S0960852410007637
https://www.ncbi.nlm.nih.gov/pubmed/16710834
https://www.ncbi.nlm.nih.gov/pubmed/16710834
https://www.ncbi.nlm.nih.gov/pubmed/16710834
https://www.ncbi.nlm.nih.gov/pubmed/20512668
https://link.springer.com/article/10.1023%2FA%3A1005834006985
https://link.springer.com/article/10.1023%2FA%3A1005834006985

[29] Hartmut K., Determinations of Total Carotenoids and Chlorophylls b of Leaf Extracts
in Different Solvents, Analysis (Peach, K & Tracey, MV, eds), 4: 142-196 (1983).

[30] Wu Z., The Effects of Light, Temperature, and Nutrition on Growth and Pigment
Accumulation of Three Dunaliella salina Strains Isolated from Saline Soil, Jundishapur
Journal of Microbiology, 9(1): 1648-1663 (2016).

[31] Pisal D.S., Lele S., Carotenoid Production from Microalga, Dunaliella salina, Indian Journal
of Biotechnology, 4: 476-483 (2005).

[32] Jahnke L.S., Massive Carotenoid Accumulation in Dunaliella bardawil Induced by Ultraviolet-
A Radiation, Journal of Photochemistry and Photobiology B: Biology, 48(1): 68-74 (1999).

[33] Mogedas B., p-Carotene Production Enhancement by UV-A Radiation in Dunaliella Bardawil
Cultivated in Laboratory Reactors, Journal of Bioscience and Bioengineering, 108(1): 47-51
(2009).

[34] Borowitzka L., Moulton T., Borowitzka M., "The Mass Culture of Dunaliella salina for Fine
Chemicals: from Laboratory to Pilot Plant”, Eleventh International Seaweed Symposium,
(1984).

[35] Lers A., Biener Y., Zamir A., Photoinduction of Massive B-Carotene Accumulation by
the Alga Dunaliella bardawil Kinetics and Dependence on Gene Activation, Plant Physiology,
93(2): 389-395 (1990).

[36] Orset S.C., Young A.J., Exposure to Low Irradiances Favors the Synthesis of 9-cis p,
B-Carotene in Dunaliella salina (Teod.), Plant physiology, 122(2): 609-618 (2000).

[37] Hosseini S.R.P., Tavakoli O., Sarrafzadeh M.H., Experimental Optimization of SC-CO;
Extraction of Carotenoids from Dunaliella salina, The Journal of Supercritical Fluids, 121:
89-95 (2017).

g3 - ole YA


http://www.biochemsoctrans.org/content/11/5/591
http://www.biochemsoctrans.org/content/11/5/591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833956/
http://nopr.niscair.res.in/bitstream/123456789/5775/1/IJBT%204(4)%20476-483.pdf?utm_source=The_Journal_Database&trk=right_banner&id=1416774376&ref=08d3270e0abb8634096623065480a634
http://www.sciencedirect.com/science/article/pii/S1011134499000123
http://www.sciencedirect.com/science/article/pii/S1011134499000123
https://www.ncbi.nlm.nih.gov/pubmed/19577191
https://www.ncbi.nlm.nih.gov/pubmed/19577191
https://link.springer.com/chapter/10.1007/978-94-009-6560-7_18
https://link.springer.com/chapter/10.1007/978-94-009-6560-7_18
http://www.plantphysiol.org/content/93/2/389.short
http://www.plantphysiol.org/content/93/2/389.short
http://www.plantphysiol.org/content/122/2/609.short
http://www.plantphysiol.org/content/122/2/609.short
http://www.sciencedirect.com/science/article/pii/S0896844616304363
http://www.sciencedirect.com/science/article/pii/S0896844616304363

