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Table 1: Qualitative analysis of Haematococcus
microalgae used in this study

(1) &) 3ot (S o0bo yo w0 y3) Jobw oS 55
\AS T
VIO Slyrs S
YO/0 F e
- J5 adess )5
Y il ST
[V otk
<[+ VA Oyl
- o155, loasss S
“IVA el Sl
- s
- oY g
- b J3s,15

iged 1 slp S50 g oolitul )90 B9 90 4 x5 b
b oS IR owin 99e diged Vooalope cnl o
50 .00,8 s 1S5 0 o il Sl cdale Sk
23 e ke V0w sl 5l sl dee ¥ 5l s,
dilp waolyd zlael 1 solaiul b3l gles o
PR ghS Ve (S8 )0 aiBo Ve Dde 4 genlSiign
Loy mbe sl sl cal> o nl 5l amy 285 ploxl
O Do 4 4a By 0 590 B e o adiges Sea yiile
R R la..\;u zlsl Jos 0l ngﬂéa.? 48,85
aiz Sk il 5l ol gl Pl talejl glel 5o
ooliiasl b puiliFln] clale c8l )3 Cgm g wiad oS
)90 fogil FVA zoe Jobo )0 yagidy il olKiws |
Sarada et al., 2006; Dong et ) ss,5 1,8 solainl

Ve

la. C‘)M‘ 9 (MET'ACE) ug—a—u}‘ l.u 0‘).0.2 JyL».A
u,':}s) as ol ul.m.‘ E'L:Lu ] 009y l)9.....p Qé‘j) )l oslazul
obeasly cpyies (HCI-ACE) gwbogwl  (ooS 5
Sy oy VA (g, cnl 5o (o mel sliS]
Celled e (YL 9S8 (hg, b (2l alaS,
5 1, (OPPH ol JIGol, sl gy L) (Sl 5
oLea g MOlINO aalllas o (ao, YYIY) ols las
Sz S 5l ulSls] gzl (YA
sl P> 5l eolaw! L Haematococcus pluvialis
@ Jsibl 5 oyeiwl a8 ols olis s .cd F alol | jlxe
Trhe S, glisl Sqa Pl cnfoslhe Glye
2o il jlad Ol ass S Jiegh o s
Dgy oo cmnd iul38l b aS oo clilys 2l sl Gy,
8L B s g sk gl

Selrs Ko 31 el (giloalls 5 00,5 Sslo
ovsy 9o 5l eolazwl L Haematococcus pluvialis
Ll s HCIL )l ) (oS 5 5 (0ol 000
M.JL’.9 9 C‘)?b..m‘ aé)'Lg (GO J.>‘)A L ] (le
S0 5y 90 o b g A, Sl ]
28,5 waly> 3 L)l

Boigy g 39

oyl 35 L] 1 ycian!

Haematococcus Sl>g,Se alls j04 angs 5l am
S 56D Bygw byl ldégsp <8, 5l pluvialis
‘_,;)L\.o...w O‘}A .\J).> 9 (w‘ 04 4.‘:‘)1 \ Jﬁ\.\} o UT
gl oy, amlie a4 Cewd Gl 95
‘b‘.\B‘ J.J>9)La o..\.w).").) (_g).w‘ )09.' )‘ u.a.u‘)fb.w—‘
Prardy obond b gy 4 (Dliass ST s ol
g o o lal il Slinl zlsenl cya el D
s P> 5l aal colainl s a5 wo 5 oSt
OBl zl el Gisy o 5yl Jless b ol ped Calisee
9 oebel mer S e plaxl VL plend) L

! Generally Recognized As Safe or GRAS


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.8.4
https://isfj.ir/article-1-2590-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1401.31.3.8.4 ]

OLKana 5 s 0m

S 5 o b ol sl 5l Jol> (l3Se JI Pl cd 5
S 03gamme 40 PH o lats b jlagie O 5l eolaxwl L g
)69, 5l eolawl b wanl,d slesl jo .o ool giciud
3l Ograilimga 5 ploxl (S1n Pl (BT les o
Sz g o osls yrals ) L Ve g Ladss &l
Sl oS osbl BSgles S g 4 Gy
ERIEC R S SO JCE I S I B
Ji8dws 5l oolawl b oolawl 0,90 (ygim b oolazw!
flow Jols calisee lo ol )b pudas 5l am g ol
(ogil FVP) Luils )8 (ads o o Je +/70) rate
Vo) &5 Ol 5 (S5 gl az 0 Yo) et sleo
Ly ez o (PDA) (s g5 5 (g S
ol cadladss aiges 3l Je Ve o) F ool
Jos b bl 55 cuz (S S elStl
VoV ced) oemlplife bl o gileals
G5 b e diBo Tr Do 4y (ool s>
oz V4 YD 4 B s @) gkl by IS
a8 1V Soe 4 gilwalls Jes ol plol (o>
3 il LB 3l sl gz 20,5 ol
(oS liwl 0098 calal ) ol ool ol 5 alal)
Sl N T Pl o cadiz! sunl pliSlan] lade
OeliFlewl o8 Gl ¥osae g colaiul 550 SOl

sl 555 ot Sl Sn 5o

() gl ypesl B il Sl = [t Sl o0g3/V o M) /¥ Y - -

Ko )| solazuwl L, ‘J.»_‘B dJ.>J.e o 6)5T¢o? Lgl.d:J)L‘i

29,5 6lys 2,8 5,69,

ol Sl (GlasT (T el o)
oz yoiwl

DPPHL 51 Jis0l, ylpe codlsd

Bl a0l Wi, oolial 5,90 (glaciale
Yoo g Voo Ve b glosl 6l laigle]
ol pSolal ln o e 2SS
ang5 DPPH e 3 sladgl Syl ozl DPPH

' 2,2-diphenyl-1-picrylhydrazyl

.(@l., 2014; Sun et al., 2015; Liu et al, 2018
o eolitwl b abal, 51 sl Slen] cdale pons cp
(Liuetal., 2011)

C=Alu
=0 coolitl 3,50 zge Jsb =A (uiliSli] cdale =C
ool B i
So ooSalal b oadsl Jled i il pgs N, o
Pl S ke Ve Yoo ¥ S Sl 2 e
a0 Voo sles 5o bglde (pols )13 5 weSeSsilen
JEWOURIBR /PN £ IOV RN VERLIN VR PRp-J DYUURR [ s e
Pl 5o yile B3 by, alice 9 00l 3 cyguaibiwg
shie Ol L asye g9 ladiged oy yile 5l w08
Joe Cules o 5 wad ekl boame 5 pdies
alios ¢ ygil loslatul b sdelcawsds gy 7l Pl
Ot (8 fagidy Sl (g, b g 285 plowil (LS b
Sarada et al., 2006; Dong et al., ) oo clale
.(2014; Liu et al., 2018

il (055 Sgbo b gy

5 oeliSll alassy 0,5 Sl b 5lsyaen jshiie
el b e ol yslgs 5 yulsise glapyd Jos
ooliiul s oS L (Y4Y) o, Ken g Dewati os,
g Jlp 1oV ogw ol byle ool finsy oS
Az 0 VY gloo jo cel ¥ Do a4 ilaSs, (sol> o lace
Ol 3 am b edls L5 L olKe 5 o5 sl
olfiws 3l eolatwl b ol Sliw] cdale g 00 ol s
00,8 213 el FYA o0 Jsbo 5 fogideiSonl

RUCH [T TIPS TIPS
Chen 5 Yuan s, 5l cusliStn] giloalls cqs
oL 4 Sun 4 (Y++V) Sim 4 Kang  «(Y---)
ondydg ae ojlac b oolitul ;s oS L (Y4)0)
Ollolas ViV s 4 lSll] gl
593 00 Geiyle by wad bolre (iRl ki
ploul GloSS ) (g5lulas a3 @i 3o O o 4y F-0 -0
5 05 spleer OliSe B ek ile 5l aa 2dS
sl 5Bl LS e, b ssluls anls

VoY


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.8.4
https://isfj.ir/article-1-2590-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1401.31.3.8.4 ]

Mo Sz Gl Sl QUls e jslite 4 (il
0dgdze ;0 odddnys Jale zse Job DPPH IS,
Ao,y g S8l egide iSwl 1 oolaiul b gl OVY
Ceron ) wo 5 acwle o3 adal; 3 ,b 5| DPPH L
@ 3,0 49 gl 5l et al., 2007; Tan et al., 2021

o oolaiwl dald lgie

o Vo 4 B 30,8 L YYIO (o iy au0 )8
ol I3 ax 0 F sles yo g ddlsl ws,0 4 Jibil 5l 2
A ] )y Sn Ve amy alo e s
(Ve 4 V) DPPH o038, Byse 5l i Lo Y4 &
Vo e g Gigen Vb 50 50 Jol> Jolore 5 adlSl
sl al> e ool eols (18 SG U S o adds

(1) crl S wT LDPPH 5ol los <08 = [(aales do—diges i) aals wdslx) -«

L otlSll gzl (0o5) ol ¥ Jgax o
9 (ACE ‘L)}"'”)‘ J)l?) »)).D.».A u,os) 99 )‘ solawl
o 5 Soyd ol gl Sl i) (S S
aliee J>lpe 0 (HCI-ACE (gl Pl bzl 3!
) gl 5 ady) silegalls 5 088 gl el
Dl o oddline Jgaz (pl ;o aS 5 eblen el oal
4 S 9y 5 oSl gl ojl) Gl
P<100) el 0yaie g,y 5l i )l s Ojee
Silw s g 0,8 Sale L as ol ascie aslsl o
4 GeliStl silegalls 5 gl wis) sl 5 &yl
Sled 5o Wg)y nl g wbiee Gl slalaadle LB b
Ql}fc P<-/-0) S| P Ogpinn 09..;.4.4)‘ 9 HCI 65L>
FAED G A\YIP0 51 gl [l jo sl Sliw] z1 Sl
5 HCl g5l> Jlas o a5 Jlojo ails al58l as o
ol a8l sl AYIPO a4 YVPO 3l as o ol el
Sewigim b Sl e 51 adgl gl sl Cdlee
Om y &S ouds o calizee sladilaSs,) oSG a5 o]
(AE) 0095 oYL S slylo sl Slew] slo il gl
(SIS ey s eSSy ale o151 s
O JSo) il sgzg O oyie, T g >

4 Echinenone
5 a-Carotene

VoY

(FRAP) s b duw (p] (g9 (SoaS bl @ ya8
o9y ol eolatll b G j8 e (Saels ©pad o
$ly2d )5 pll sy SWlIL (YY) oK 5 IrNA
Jole 51 e <10 Tl el ol ploxl
Nao /Y Slawd BL 51 o L YO L oslSld
Aoy Vel asbiws,d d L YO 5 (PH=F/7)
a3 Ve o 4 ol 5 le a0 00 sles jo 9 byl
ol 5l am o eols 18 oBiulesl sles yo T 5l e g
)+ el Kl 5,156 551 2l e VIOl
30 550 Yoo 150 10 4280 Vo Do 4 g a8lsl byl
B Glesl olemil al>ye 0 005 5oh il aido
o2l IS 2 s VIO 5 ke ST s VIO L 5,
S8l )3 yagls Voo Jgb o () i g bglsee Yge +/)
JL- U KVOWL 3 4] RV | PLIPRCT XA BTy | PR EgR W
5 BHT' 5 BHA! csiae glacns! sl g0 5l ol
20,5 oolatnl aslie cgz o 0 p 5 Lo Ve clale

Wosls 5 kol Jukoxs 9 41 3255 bs
b5 Ll ol SIS b B s ol ey,
Tad by by 5T Sl bosls Ll g 4o jslaie
A ookl oy A0 Glebl e 4o STl g3l 4
)‘)‘e‘f)" 9 osls ,.Jl.,T (_glj.a SPSS G)L"] )‘)S‘ra).» )|

! Butylated hydroxyanisole
2 Butylated hydroxytoluene
3 One way Anova


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.8.4
https://isfj.ir/article-1-2590-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1401.31.3.8.4 ]

C_\:JLa_Q K) G‘).:sl‘.u‘ QJ:)L) Ls_il:i‘.))‘ K) 4.4.“.:‘:9.0 Q“)ls.o.& K) 6‘)14.4

elissls s s pilod Salorg 3o 3l (55w allS 5 (09,5 Sl (g yimsl il Y10 3 (il 3 Ll ol 50 Y Jouir
(55 32 p 5 heo)

Table 2: Amount of astaxanthin in different stages of extraction, saponification and purification from Haematococcus
pluvialis microalgae (mg/g)
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The lowercase and uppercase letters in the column and row indicate significant differences between the data, respectively

(p<0.05). n=5, Initial amount of astaxanthin = 3% dry weight of algae
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Figure 1: HPLC analysis of carotenoids extracted from the Haematococcus microalgae. Above diagram: Control cell.

Bottom diagram: Cells treated with hydrochloric acid and acetone. Diagrams: 1: Free astaxanthin, 2: Lutein, 3:
Canthaxanthin, 4: Echinenone, 5: a-Carotene, AE: Astaxanthin esters
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Figure 2: Astaxanthin esters with free form

0080

00354

2844

om§

om !
2 °°“°§

ooas§

ooxoé

00084

0000 st

ROCH FLICIW ICSIRV TIW R T
Figure 3: Astaxanthin standard


https://dor.isc.ac/dor/20.1001.1.10261354.1401.31.3.8.4
https://isfj.ir/article-1-2590-en.html

[ Downloaded from isfj.ir on 2026-06-20 ]

[ DOR: 20.1001.1.10261354.1401.31.3.8.4 ]

OLKana 5 s 0m

] 44
] ©
02 =
|
015
-~
2
o~
3 oW i
008 : .
- "
Py R W ey
0% 100 200 100 0

S (1) 700 a0 200 1000

(20 oS 3 3 s 00y S 33L0) (3995 95 gilod Salox g ySono ool gpleo o jlae 40 il Sl (sl 3 1 S0 :F IS
Figure 4: Diagram of astaxanthin forms in soaped extract of Haematococcus microalgae (soaped with sodium
hydroxide)
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Table 3: DPPH free radical scavenging activity of soaped astaxanthin in different concentrations (%)
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Table 4: Reducing power of ferric of soaped astaxanthin in different concentrations (Ab at 700 nm)
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Abstract

The aim of the present study was to extract, saponify and purify astaxanthin pigment from
Haematococcus microalgae (Haematococcus pluvialis) and evaluate its antioxidant activity (DPPH
free radical scavenging activity and reduction of ferric ions). For extraction, two single (extraction
using acetone solvent or ACE) and combined (extraction by pretreatment with hydrochloric acid and
then extraction with acetone or HCI-ACE) methods were used. According to the results, amount of
extracted astaxanthin (mg/g) by two methods of acetone (ACE) and hydrochloric acid pretreatment
(HCI-ACE), in the extraction, saponification and final purification stages were 4.09 (13.65%), 8.49
(28.30%), 14.59 (48.65%) and 9.49 (31.65%), 13.59 (45.30%) and 25.09 (83.65%), respectively.
DPPH free radical inhibition activity of extracted astaxanthin with two ACE and HCI-ACE methods
(50 to 300 pg/ml) ranged from 66.25 to 76.26% and 85.39 to 94.06%, respectively. These values for
ferric ion reduction power were in the absorption range of 0.61 to 0.75 and 0.78 to 0.92 at the
wavelength of 700 nm, respectively. The pigment extracted using the combined method (compared to
the single method) had significantly more antioxidant activity (p<0.05). In addition, in both tests,
increasing the concentration of astaxanthin up to 100 ug/ml, the trend of antioxidant activity was
recorded as increasing and then constant (no significant difference between the concentrations of 200
and 300 pg/ml). Comparison of the antioxidant activity of astaxanthin with synthetic antioxidants
showed that the pigment extracted by combination method (at high concentrations) had the activity
closer or even more than BHA and BHT. According to the findings, the combined method (acid-
acetone) compared to the single method (acetone) can improve the extraction efficiency and
antioxidant activity of this pigment. Therefore, the method used for the extraction and purification of
astaxanthin potentially affects its extraction efficiency and antioxidant activity, and by choosing the
extraction optimum method, the mentioned two indicators can be improved in the pigment.

Keywords: Haematococcus microalgae, Astaxanthin, Extraction efficiency, Antioxidant
activity
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