[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1 ]

(DOI):10.22092/1SFJ.2021.123676 Ya()V -4 Y- Slosl o ale alas

3‘9&532— “-dﬁ Ao
St (Sgim0 9 03535 ) Cuild 2 lowdl y g3 (53w &SRS gy il (i y
S b SYG 3 ou (g sl Dunaliella salina ko> 3 y @ 3>

\ES ) !
s sl e c e, STL 0 sl el

“zamini.41@gmail.com

Olxl Olels Llels pbos asle 5 aobsa sl&aal ( Hbise asle suSaily @Ml o3 8 -
el oliin GLe3li 35S et agle SN o lanly o slesT SNt Sliia3 K e ¥

Ol olels (sioslaS ms

VAR g0 5t 1By a3 WA gl bl o fu,ls

ouS>

Wlei 815w sp5m s SN pama 5 ) S g a5 Gl e e S (S Ol 4 S o3l
ol sl Gl e e S T o506 Sl s S T sl ol 5 LT s, o Ol s cal b
o] 5,01 G mn Oy 5 Jgams 2l S350 a0 s S5 a5l (o5 ,lsm «uils g, bl s ool Ooaa
A 5 e S g5 Sl el b SNV asals s PH s STSS L (gileetd g, 3 adllan ol s U0
25238 15 05057 5,5 Dunaliellasaling ;5 oz il s 5 o Sl Olabily s 035,40
3500 Dyyo 4y Gleais By AY-AUA wals 53 PH Gl 5 i a5 508 D353 b o 3l OLE G 0
5 O5a,aa LIS 035580 blie jsale SL ol s5b o Y sl PH G s 5ty dopn 0 0 VA 515 2L 2ol 53l
b 2B ol L5 55 o) bl o e 5L el leasd Ko s U S dles PH U gl ases 5]
PH zol5l ST 50 cdmy o 3 ot odalie (MY doles PH 3) sl ol ol Ve Olss 4 8/A L slas pH
S5 51 GtalesT cal 53 238 S5 s 93T 90 0 55T par 035555 o Sl 5 o e 28
355 o Bl 5 am ey oUW PH 2l L a8 sl Ol bIUT s eslinad aals Olge 4 5o sl
503l (ST AN Olsr o PH (21581 5o b 5l (3l 355 odal Comsiy 5 oll y 3L 2alS s (o) e
cwlin ol laal b, s Dunaliella salina s, o356 ls gl 5 <ol bty b Ol s

A5l

Gy sl wasly lely PH o Dunaliella salina Sl 5, S golS wlid

J gnd 6t g3


mailto:zamini.41@gmail.com
https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.6.13.1
https://isfj.ir/article-1-2407-fa.html

[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1 ]

@i‘dﬁbbﬁ‘)ﬁ&buwuﬁ‘k}w‘)x

O‘J&AAJ Lf.’l'.’v)‘

sl Sl s Sl 5 sie gbaesew Il
Ose 5 dege xS0l 5 clly Sllee b
3hoolatwl pilince ol ol a5 09 a8 5 (IS4 48,04,
5 Sasoe b oyshiie wiz 5 wellS (SOl slacs sl
s 00 CadlS s jeed Cdale T8l eVl il
ol g gl (oS Ses glaane rels
Mercz, 1994, ) ssis o Sl 7 St Olitiv
aS conl ] aba>de B8 a5 (Kwon et al., 2014
5 S8l s 6l b oolial 550 55 OT )
e 5 ol same bl Gl 5 S sll Caan
b oSl anli ail jgade el jl pw oS
b Ogeadlimgn cbale sl Bon Jyame 4 4z
Fos 2o, 0 B-YO clale b pos 1 doyo +/2 Y- ¢/+ 0
Spolaore et al., 2006; Spilling et al., 2011; ) .S
g by o el> J o (Sanyano et al., 2013
Ggedy il pelai el GlasSuSS jl lasSd> 55 (24 5L
5 Syt (IS Cgmy el il (ssleasd
slaghy; ol I ogdee eolinul (Lol 5,989 Sl
» lesS g &5 gilead By, S
el dzgi 0 50 i 4l eolaiul 850 Sl ST
Slge 5l eolinal Jali giluwarsd alisee slacSoss
xS e prnedll b ool slosSlad wiils plars
Loolls L beyst Fp wsle gy oSy
L PH s adloe (SosIl o9y & lajloasd
Sly 8 PH s b Glajloassd 51 lejen oolinl
Sl i85 )18 oolaal 5 )90 Sl iy sloaiss 5l (S 0
do iy oyl 5l S e o 54 (Liu et al.,2013)
lize gladiss o Golaie sbalensly adgi 4 oo
(Milledge and Heaven, 2013) ¢l ool Sil> 5,
Sl 5o 5 Sllllas dajluasd sl colaiwl aiw; o
OB 5 6,l3 olasS (Jle gl el a8 )5 & 50
poll olesd oole alie slacdile 51 (\YAY)
Sidz iy @le 5 welx 56 (s5lelaz sl (Al(SO4)s
OLer g Sl gagine 58,5 solixwl Scenedesmus

citloy @y | (SopSI sileazsd by, 5l (VYAF)

! Electro-Coagulation-Flotation

FPRVTS

S840 Ol 50 Gapl Slegdee et 51 S
algl 4 bgrye (Jarme S ) Plass 5l slaj !
5 Ged slcSgn I ol 05 anuSlss e
Gy oS O )8 s 0 5 Sludl sl dld nle
3 eolatwl auF b pl o el Gux gk
T hed slocSan Nl Gl 4 Sl
Borowitzka and Borowitzka, 1988; ) ail
lsll> 5, .(Moheimani, 2013; Ali et al., 2014
9 055 i |y ()8 wemSTies igd Bk 5l a0l
ool (gl cwlin ag) ain w03gisy 4 o] o b
ooiie 5 00linje) Wpsl el sy glacS g o
adg OV s 5 6,05 OTAA Wl
Coje diz Sis ol ple 4 Cond bS5,
il g sl 0y @0 Olion o] alozr 514570 s o3
95 &3Y Slagme) )3 (y9n 9 S (Jlo Job ples 5o
Mercz, 1994; Spolaore et ) 5,5 o Lol ;50 bl b
.@l., 2006

aS Cwl ool ol soie Gl a5yl gy b
sle plo @ oo ool Gl sl bSils,
Y sleanze Jdo 4 Ll s 550 5 SS9
Ll ol Jpame o5 Ced g (s Oml sloa] b
LT &l gl (slos i bk easbin ploo b s
> el cnl s g el a8, Sse 655,000
Cakmak et al., 2014, Morowvat and Ghasemi, )
bl loSilrp, oy gam gleanls 2016
oadss g gl g 5 oeogis) (0,5 S kil
JALw 6\;.&::"\5}? uL.Lo.c ML’@ L&boé)sijé )-.’.L“’ 9 Q—éj)
0-04) SzsS e glodsle Ldis 5 slaex
S dly o a5 o 3y Lo 1 skt 5 (09,5
6;51(:0-? Sllas -»‘e.—‘u,-ﬂ N W A S
Ly 5 o)l s JB @55 @ 5l ke aogis;
elaitl sgra 1) g 5 glaag e aoys Yo-F
Vandamme et al., 2015; Widowati et ) aas o
slazdl 31 o oplpls @l 2017; Maji et al., 2018

e


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.6.13.1
https://isfj.ir/article-1-2407-fa.html

[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1 ]

ISy Jlgte iled) by, Sl eslinul b (oeg 4o
oals Mol JONNSON ceis asee .ol plxil b oS
oal gilwalls Sl CiS gly Olss oS L
Jolis S oo ags glp oY olge ol eolail
3 NaHCO; KH,PO, KNO; uasle coadly Sk
sCOC|2.6H20 ‘ZnC|2 k_«uqu‘s)im 9 FeC136H20
MnC|224H20 ‘CUC12.2H20
9 D AnS Lo.i».w/“ &./5].«») )| NH46M070244H205
dgax> 4o ciS e PH Lo 518 oolatwl 9,90
bixe e (Ben-Amotz, 1999) ai olas VIO
3 9 weeas gl JKiws o oud asle cuis
Job 0 Slzp, ctS frizren 0l (6,105 Jly
Sad o S bl ase Ll s ol ol ' (glo )
VALY slos 5 4l » @pe o 0 Jgag,Sun TV o
2l sl Shy Grizes wb oo las ol 5 (o 4z
L oo Lalls D. salina > 5, <S> o9 g
Al g emlie (s yed 4 jeome O jahl gSius S
obdily g Sejlail 9 PH Ol s Jlos! ‘_}Z\.?.Lo)“i

Ll co o gello g
LAY asls o pH Gl 50 ol gadss o
QLIS 5 eyt dnS g 0 Voo oV Joloee 3l ool
Sz citS e gilwa Glie p 03900
S99 LS..J} U?i“’ )L‘B )é L..».".w )'{.Jl)sé C,wus.) Sad
P Sl (y9n slediges 285 8 o)
Sred Soolaygre o waib 8 Sl 5B
9 <ol &0 oLi:;iLcﬂ lod yo g aizy, Gxolii.{Lo)"l
el dix Goe 4 eolgr ey Sl S A
Wiges plos caiS lae PH cl> () jo a5l
/\/Y &5..\> )\) 9 QLAMSJ 6)"‘"] s_§.> ;99).'4 )\) R &v)j.'
Gld oYb b oy <SS how b pH)
Lo ;00 sl Glp G A Sl g (6 S o)l
bt 4 powdnS g 0ne (gileais Wy, o oLS
yobie & PH Ol s ‘_}i}.}.LA)'T Glp ol aslsl cuns

! Batch culture
1)

YL 5 e S eslawwl Chlorella sp. Sll>5,
sl V8 by ol b1 eogiigs cils el
g olddome 50,5 Cud ardo Ve ley Saw o adl
el T oyl g5l Sy a5 windiee s 040
il oo 5 Oyl B ol Srae (e

Lo olatdl 5 il GlasSlrn, cewnd o
el 55,1 b g jeeie 495 o Dunaliella salina
Sleogas oog Ll Jdo @ js Sl 55 ol Geizeo
Ahmed ) sl oo conlin cns; S gus 05 5150 0505
aols &8 pl ) s ple et al, 2017
e Jolse Sl pl 53 O Vb b Joos
S She ol sl je wad 5 Lo (gyen Wil
Sos 4SSy plge a4 U el G 58 panie
arg o9 L bWl il 00 o
olyor 4y 43S cpl dA 0,5 1,8 (o)l B aies sy
slaaiss dguse 93> VIS 5 Lyl (oSl s,
Sox gleS il wilioe bis po gl ogl g
Sz 5 Wil )0 Mbgs Sl ) 0aisS ass
ol e jos sl ol polae eVl JLsl plalls
syl 4ty ol ofsy 5 sy Jpams b Sl
Aasen et al, 1969; ) oS o as,e Sk
a>g5 L .(Borowitzka, 2013; Ahmed et al., 2017
S olgre a4 Ll gy Sl iy (55l ol
by Sllee 2l 55 g han lp celie 468
Olie spp S b adllas (ol Sl (nl 03535
olesily p PH Hods SO L jluasd by, 536
o N 2z el g 0 e g by
b b el Sl SYE 5l ead gslulae

Bovgy g 91ge
Sel 2y (o9 dge iS5 ilecallS (sl paiged
D. S>3, o9 argw 5l gyl0 0 aiges - D. salina
(Sype azb,0) L) YB3 vaY Jle,e salina
5 S35 Do el Gr0 seekS) e o &l
Slidss 35,0 el oKisle;l 4 bbaiges
Glooals Slles 5 JEl Jlelr 550 leal (SO


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.6.13.1
https://isfj.ir/article-1-2407-fa.html

[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1 ]

M“AJ?C)L“"‘:“JJ:'LS:)L“‘GAJU:&JJL;‘“JJ:’

O‘J&AAJ Lf.’l'.’v)‘

(Perezetal., 2017) oo s & S>> oS

PH Sal38l S5 b gilward (fog) pib (o
& 039565 @z w9 (22 G 2 (LS

ou (53!
S5 53l e e Sz (ales] an Al pe o
ez ol 5 oz sy 2B PH e
ol sl s (b osd yslaer Silzin; oo5is;
GLPH L3 al> e jo cails y plosdl, b azgs b slace
el bl wzals 65U Gleadl, 48 (A-V)) LIS
WS O Do 4y Ter o IPM 90 b 5oy y5le o)
5 oolatwl g wels e 4 (Labofge 200 Jow)
3 ead cubley Sd> eogig) b ool jluassd
L Gl s el 5 oL PH slales
s 5y55 (Rl sl Yoo /D pgisel Lo S o
plon sl eolaiul b eogis) cqiinnds I o 0l
oyulidgd ol 5 il ax 0 -0+ sles o (! Jalteb)
s3] b baigas oy sloowul 5IUT 5 25l 0s
el (Pal et al., 2013) o,ece mole Jasl g,
Pn eSS ke 00 ol sy 4 asdls ol ay ol
o 8 a3l HySO4 woys ¥ (gl Jsibie Sl
a o5l az 0 Ae Gles jo dises gl oL
BT sloo ;o bdigad Ly 50l (IG5 el VD S0
A aslsl ol 4 g% -0l ) e Vg aiad S
a0 Ve gles jo celn ) S @ ldiges o)bgo
A EUC TSNS RWERR RV VI KR TSP gt JX gigied
Sz Sl Gladiged 4y el oy Ol ) Lo
.Bligh and Dyer, 1959) was lax JT 56 0 Sls
Biws 4 oy sloal T ol JT5B
(GC-2010; Shimadzu, Tokyo, ;5 3,5 sileg,S
LS5l SO a4 jamme oSiws cpl ol 5,5 Japan)
5L, T sles 9 090 (Shimadzu AOC-20i) IS4
9 Sl a4z, VP o i aled 5 gl
3B Olgre gy 5l ad pelais oIS (Hle 4z 0 Y -

Sl WY b jles ase o LSS lalyd cole,
ok CBLE L (5550 10 ) jole iS55 S
3 S mle ciS lasrs g A Al (Sen
G ) byl b S by e gladnd 5950 VY
PA- 5o sk o batises OD) plis 5 end i
yegigdy iSawl  oiws 5l eslatwl L iegil
(Evolution™ 300 UV-Vis Spectrophotometer)
slcdale 0538 b ladiges PH 5 0l (5,505l
s (NaOH) o oSg,0m Voo +/V-) il
PH olass 5l ey 2285 & j50 (HCD (35,000 0,15
Gg,ks (WTW 330i) o pH olKiws I oolinwl L
ol Ojgods GBI sles o S Lo (gol> slasd
Sl sleosg ez g olasl Wis, (e il B
wsls o sleddly sl lp e S Cow Cdoay
L et & g olassl oley 5l cels cin 23S 5l ey
Ol ladnd slajgie (SBS Cond Sl (5)l0 paiged
S 8,8 sz gl PAY zge Job 4o o] OD
Sy by b plee lp &5 6% pals
S5l b Lanlis o o 09 Lanlis o o 0l a8 S
Lol amlie g plids 5B 50 Sil> cbile s
Sleily oy ol dulre gt cl> s adyl clale
b3 sbealal, Glae Sl Lalis co o 5 Sl
ODi - ODt
R = (%
PH, 5l L3: 0D Sl> 5, cuisloy slely R

(Teixeira et al., 2012) pH ,.% ;| ox :ODt

) x 100

CF = 0ODiVi- ODtVt

B ODiVf
o3> Vi 3 ODI (s 5l o diges (5,9 i :ODt
ST peled Sel> x> g fegll PAL o adsl 6598

Jlod 5l am Wiged (6598 iz ODU (GGluasd (o533

! Optical density
WY


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.6.13.1
https://isfj.ir/article-1-2407-fa.html

[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1 ]

-

Pl

D. salind 09 gw (o55wg S Olualice
ez Hld Y sl 3 ends (55lulu

Mdbgs (oopr A (@sSwg S gl ) JSD o
sl 0 00l Lt L) Y 5 s (g5lolaz Ll
N Selzn,y ol IS (g5 e cnalin L
Sy 4 el Jicdg 5y SHE g b Ss
ol ge dalie LB o8- (o0l

ol dwlio b o,z sbhawl ol solatwl ol
A asiie g2 e slas laibinl b ped ol
Wosls (g lol Julex 9 4 3265 bs
obyly 5IGT 51 eolaiwl b leeols o 4w
@B slajlesd o doy0 O Jleisl maw jo (Sl
RNyl esls g 5 a5 sl 285 &9
ST 1580 o5 5l Il loges pum 5 sl 9 SPSS 16
A oolawl Yoy - uﬂ.:‘).vg
®
®e

Stz 5ld SV 3 o (5 3lulazr Ll Slig gogs &y g 31 JSCis
Figure 1: Native strain of Donalila salina isolated from Lipar-Chabahar lagoon

Lo es o (P00 0) aid cdsline (gjluans
Sy g dle J5 cdle a VeV el o pH cuis
S8 @ 4z e 9eaSg 50 (0538l g el e S,
(SSU 5 o,k g3l UK 5 o8 Sy b pl)]
el Jokw olwl Wy, o g ol

P=>+/+0)
599538 b aS sanl aals o PH s ooyl b
Wi bl £ Jolee PH U gladisas 4y (59,000 2,8
3O 0dd aiy bbaiged yo gl Loolasl gz
Syge 4 ool 5w osmlion sl (6 50d o (sl 950
Lye oyl S aiale 3l oS Lame o el
J31s slge o o315 o ok (cond oo 3 S5l
sl Bl caS lama 3 a4 il o g Jolu
Sl i) sladshe dges (255w S Dlaalive o9
PH & o b Jslw ol a5 ols oLz D. Salina

WY

Gl sLPH o gilwasd ylodily aws lio
=V Jslore leslainl b #-V Y asels o PH &l s 56
Olyee 2 0o S5 5 oo S5 000 Yo +/)
Wlligs Camgd S Salz iy, S Lo (gLt
ond 03ls L ¥ USE Lo Sl eS 56 o Ll
o Gladises &5 ol lis adyl Slaslie el
L G ds polep e slBislesl sles jo S>3,
(il &g gy u‘)*" ouisS s oole )1 oolal pos
P>/ 0) ais ovnlive Ll casS lame jo (5 lo sno
slinil S5, A=A azels ;5 PH Ll b o5 > o
odern mady Slaody 5 9,5 Rl 4 ggp0 (Joke
Ly 5 g3tz ol aple 28,8 IS Jsko
5 doyn YA L smolidl Wy as oly las L8
PH ;o a0 4+ sgum b ((oamb laxe ,0) PH=AY
W pH JEYL 4 /A pH 1 sty aalsl A/A LS

2 S Gl g il (Bl ol e3gi JoSis W


https://dor.isc.ac/dor/20.1001.1.10261354.1399.29.6.13.1
https://isfj.ir/article-1-2407-fa.html

[ Downloaded from isfj.ir on 2026-06-28 ]

[ DOR: 20.1001.1.10261354.1399.29.6.13.1]

|y 095 Clled L 5 5 92l (6o Sl (s

dsle s

A
q.
A
= Y-
3
5 B
2 s
k|
22 €.
N
3 T.
&
Y.
A\

7 YV VA AY 1 AX 4% 9A Y Y ¥ YR Y
pH

Figure 2: Trend changes in D. salina microalgae harvest efficiency with pH changes
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Abstract

Today, microalgae are considered as an important source for the production of biofuels and
pharmaceutical products. However, the lack of an efficient and economical method for
dewatering and harvesting their biomass is is an important challenge to achieve this goal. The
important issue for choosing the harvesting method are species characteristics, final product
value and energy consumption. Therefore, in this study, the effect of flocculation method with
pH change technique (range 6 to 11) using sodium hydroxide and hydrogen chloride on
harvesting efficiency, and fatty acid content of Dunaliella salina was tested. The results of
this study showed that with the addition of sodium hydroxide and increasing the pH from 8.2
to 9.8, the flocculation process increased upwards from 18 to 90% and then remained constant
until: pH 11. In contrast, increasing hydrogen chloride and creating an acidic environment up
to: pH equal to 6 had no effect on clot stimulation. The highest coefficient of biomass
concentration was observed in alkaline treatment with pH: equivalent to 9.8 which was 10
times the initial concentration (at pH equal to 8.2 the effect of alkaline pH induction technique
and the centrifuge technique on the fatty acids content of biomass was tested. In the next
stage, the effect of alkaline pH induction technique and the centrifuge technique on the fatty
acids content of biomass was tested. The analysis showed that the percentage of lipid and
fatty acids of harvested biomass were significantly different from each other. Based on the
obtained results, the flocculation method by increasing the pH by 9.8 is a simple and
relatively inexpensive technique with high efficiency and is suitable for harvesting Dunaliella
salina microalgae for specific purposes.
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