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Figure 2: Formation of (Fe2+—TPTZ) complex from (Fe3+—TPTZ) complex by antioxidants Determination of
antibacterial properties (Xiao ef al, 2020)

wged chile lp 0 () S ke o
Ogem S5 a3 g 0 ooy alai (i 52 50 (X) & Bl
350 Slr OS5 b3 B s 3 (Y T AXH D) abog e
elS (s)l3h (gioxia y9z <y yo w09 p3¥ s |
1,1C30 ,lude ;g5 o el izmin (oS Lol g5 puitiianno
Skl ;o abai 50 Gwgn b (2bogys b, jleslanal L
Rged dmslxe (b3 O)j50 4 pritee o> S L0 e
S g o Sl 0 (6,105l s 003 15 540 alads 9o
O3Sy b3 wd o) (V= AX+B) (505, b
55l b (ged 2le) X o5 p3¥ s 5l 50 (51
Y=AX + B 5,5, dlolro ;0 0+ d3e LY lois

(Xiao et al.2020) o 4wl

A

S Jslowo s o VA-/+ ¢ oal> AF aman S (0
Sz )Lk e ySee 05 FRAP
sled ;0 g oa oals S5 g3 weas aslsl Chlorella
eSSl (SO,L 0 aada VO Daw 4y ol 5l ax 0 YV
W 6;.50).\4‘ )...,09.‘[) 0ay T lea BRIEERC N
aols lgie 4 Hhie Ol g o,labisl lgie 4 Trolox
3 ods Hlade bls cos Trolox clale o solawu!
Xiao et) o olsl s lasbis] cove pay sl o/ =Y/A

.(@al., 2020

IC50 amwloxo
sl e 10+ 4 e a5 o las 5l 2kile) IC50
e o3 g el Lt aiges o (05


http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

e 2L s 5 Sl BT callas

GAe 5 sal50 i

Chlorella vulgaris Sl o Lowdign OLaS ) Jguo
Table 1: Biochemical compounds of Chlorella vulgaris

algae
e Amouns 0
1 Crude protein (%) 0.05+47.02
2 Carbohydrates (%) 0.09+19.08
3 Lipid (%) 0.07+12.52
4 Humidity (%) 0.03+4.67
5 Ash (%) 0.04+7.45
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Figure 4: DPPH free radical inhibitory activity of polysaccharides obtained from Chlorella vulgaris Algae

(P<1+0) 395 s oy (- IYAVE [+ OF ( [FEOE -]+ 3

OB 9 (SIS ebal @ yud

oy glyls il e pp)S s ofo Y clale LBHA Sil> 5l el slaa Sle b 6 S silae
P>/ 0) X505 YIFOEYYF 8 bas ol Sacals 9V VO VO /¥YO cdale & ,o Chlorellavulgaris

5 & USE) og yddes s poS ke VAV/E-A IC50 SonSslasl opud Gl il e o aFle £

P
(7]

Reducing power (%)
= M w
H 0N Ww;n B

o
(=T ]

(Y Jgu e [AeYE Y NNYYENY O N AYARL/AYY)

m polysaccharide m BHA

0/031

- T l T I T I T I 1
3 6

0.375 0.75 1.5
Concentration(mg/mL)

3 lwilw! (ylgie 4 BHA Chlorella vulgaris. j) sdol Cawsas sboay ;5w oy FRAP 15T JG0l, (SoscsS jleo duoyd i S

oolaswl 890

Figure 5: FRAP free radical inhibition percentage of polysaccharides obtained from Chlorella vulgaris. BHA was

\al

used as standard


http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

120 18
#FRAP EDPPH 16 +FRAP mDPPH 1
100 _____,.F""'J-. 14
m — Polysaccharide
= 80 —— =12 Y =2.0491x+4,2179
g - BHA g _ e 00101
g E_— y=110.59x+46.85 glo
g 60 " R® = 0.8066 2, ]
% — z Polysaccharide
S0 m BHA e B ¥ = 0.2647x+0.3745
y=12.217x+43.3729 . R?= 0.9639
20 R?=0.9989 = .
P 4 ol o* +
0 01 0.2 0.3 0.4 0.5 0.6 0 1 2 3 4 5 [ 7
BHA concentration Polysaccharide concentration
A
B

Judxi g 4 35 U BHA (@ «Chlorella vulgaris sbos )5le Ly (W1 Scals cudlzd g DPPH o  Swcod Hl0g05 17 JCo
O3S )
Figure 6: Correlation diagram between DPPH and reducing activity A: Chlorella vulgaris polysaccharides B: BHA by
regression analysis
o3T s Jyoly sleo sacadled ICS0 jluado ¥ Jguo
Chlorella vulgaris s ;5L b
Table 2: IC50 value of free radical scavenging

JU St T plss
YV Sw,lesb il lyls Chlorellavulgaris o, Sl L

VA ).‘ - sols S b oawlie o E. coli JURRVAR activities of Chlorella vulgaris polysaccharide
¥ C ‘ IC50 (mg/mL)
LE coli ais, pmie Cuulys 5 0 gl STl el Parameters BHA c\:/zll(g);;erlilsa
(Y JS5) weo s DPPH free radical
inhibition power 0.028 22.342
The reducing power 3.816 45.79
1 —4— Control +
0.8 -
&
s 06 -
o
L=}
=] 04 -
O
0.2 -
D T T T T T T T T T 1

Time(h)

Chlorella vulgaris s ,5Lo b (29,550 0o Cdl2d crunns gl g E. coli 0oy S :Y ST
Figure 7: E. coli growth curve to determine the antimicrobial activity of Chlorella vulgaris polysaccharide

(32,3 \YIOY E£+/Y) od g (doyo VA/-A +H/+9) -
oluS 5 (Y+V1) o Ken 4 Prabakaran a5 wog
Slyime Syso a4 |y Chlorella > oloriign

bl ufsn olesdan SLoS 5 ()8 lhe )0
£f


http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

TY (6) V- Gl 3 pale elas

3 Baiged plad Cdz polie g ol (yed Jlogli £ o
Bl b (Sauals @ a8 cal sad ools Ll VIS
4o bl il cdale gol;sl L Chlorella vulgaris
p S e # 0t IVAY Saials & ,08 o YL Gadios o)
hey el 03gr (e gl Py O32) e
o5 i S ool (Fald Glaes| il Jenily
P RVON 1 11 Y OV PP SNC 21 KV P JURPC SO
onl .o eolazwl Chlorella vulgaris gl o )S1s L
ol Grie) asla 58 4 aslew g8 bl Gulul
Chlorella  Jslxe w,5lody jpa> o « (FE*
G55y 5mT 9IS b sl e 2l VUIGarTS
Oygo 4 a5 ams LSis 1) ekl FVE PR RNV Xy
Sg g0 0lg Lagili Voo o Qi iSlas b (un X,
Y-+ M) o, s Wang (EI-Naggar et al., 2020)
5 i alal, SlanST ST cudls a5 ol )lis
Ois 5 gy 4 S o)l (Swals Joily b e
9 Ogrdsinl Cosdge g ud Sldlgw a0 o JoSUge
s (Wangetal., 2008) s s  Sows (505555 Slaiil
oo a0 by (ol (T iy st
SWew S 4 olg e |, Chlorella vulgaris
oS SlonST T ples s aS ols o laay )51 L
(El-Naggar et al., 2020) .5 -

2l Sz, a5 wols glas (V- - F) Gross 4 Pulz
Wi o 3l I8 gelanSTs JIGol) sla i (o e
A 3 s sladobe 5 GanSI T SloShees
PUIZ ) oS o £las of5T 150l gilonnST (sl il
.@nd Gross, 2004

Chlorella vulgaris «,5ls L ¥ JS& 4 4z L
b awslie o E.COll oo YV Sus)losb 51 slls
BetoS 50 091 (yemwlisSSl el VA 5l Ly ol ciS
pinke &5 0b ole (Y-Y+) ol Kea 5 Mirzadeh
ooy Sl b b 5SL s cudlad o L5 slapasiSe
9 ontsn b o 55 lid (6 pdd9di ot Juld
s 31 65 sl i 513 Sl g (SIS 35 slovoon
@l og sk o)lgs ol (l8l 5 SlS'si slaol
as ols plas (VYY) Les 5 Zhang  adlas

A\

YYIFY) Ol jormgs S JLis a4y eao s FOITY (gl (i
A0y et (o, YANY) S oz g (aey
(Prabakaran et al., 2019)
a5 wisls 5,55 (Y-Ye) olkes 5 EI-Naggar
izl Glse 4 Joke Glaejlps o lolaes S
Jos ool 0233 DLoS 5 lgie a4 Jobo o 5 g LSl
5zl oo5L (El-Naggar et al., 2020) oS5 o
@lize sbaeS ol 5o o Blody JW cu)
033b ol asllas yo .l oglae Chlorella
O Loy s plowl €l O (39, & a5 6l oy Lol
adllas ;o 4S5 90,0 el oty S 59 oS
Sl a,bledy esib (Y4YA) K 5 Song
el sty Sa5 59 2,0 4/8Y Ly a5 Chlorella sp.
08 Syl a4 Conl suls aslin ISl S DPPH
390 b SlaS 5 S0, e sl 2Ulss (2Ll sl
2, iy S, S5 DPPH 5,5 o 108 solial
S50 698 i le Sy shls 59,05 o0 0934 el
ool jgas 0 Ky ol el gl OVY g0
e ey addllas cpl 0 wedie sxe bl
Y S s mli 5 ob awylie BHA L DPPH IS,
et a4 ol o onmline el ead sl lis
sla ol b sbedle,s DPPH s ke
-7 als ,o Chlorella vulgaris > 51 1,5l
15803 593 & atly o 2 s 53 0.5 oo TV
£ 35 2o, 10/2Y DPPH Lo cudled o 5L 4 il
SLen g Lit adlas y3 canl 039 yid oo 0 o5 oo
Szl gloa Slad Sloogas (ow)p 2 (V-TT)
ol & 2lelB 5 05 Sl gl el g, 4 Chlorella sp.
s, Bloh gliial bl e oS W) s
Colled 5 oot 58 olss oL 3B L Chiorella
(Liuetal, 2023) cs,5 L o1, Slowsl 5l
o5l e oS|G S (Faals @8
2l bl 5 SlowsT 6T @08 el jo ol e
0S50, b b pe eSSy (1S1y Sy yo el als
Sals @Hud ol e xS ST sl Juls oS el
Chlorellavulgaris <> 5l =1 5enl sloas Sl L


http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

e 2L s 5 Sl BT callas

Gt 5 o3l siay

polysaccharides from Chlorella pyrenoidosa
and its anti-ageing effects in Drosophila
melanogaster. Carbohydrate Polymers,
185:120-126.
DOl:0rg/10.1016/j.carbpol.2017.12.077

El-Naggar, N.E.A., Hussein, M.H., Shaaban-
Dessuuki, S.A. and Dalal, S.R., 2020.
Production, extraction and characterization of
Chlorella vulgaris soluble polysaccharides
and their applications in AgNPs biosynthesis
and biostimulation of plant growth. Scientific
Reports, 10(1):3011.

Elsalhin, H.E. and Abobaker, H.M., 2019.
Antibacterial study of Chlorella vulgaris
isolated from fresh water. EPH-International
Journal of Applied Science, 5(3):23-27.
DOl:org/10.53555/eijas.v5i3.115

Hussein, H.J., Naji, S.S. and Al-Khafaji,
N.M.S., 2018. Antibacterial properties of the
Chlorella vulgaris isolated from polluted
water in Irag. Journal of Pharmaceutical
Sciences and Research, 10(10):2457-2460.

Liu, F., Chen, H., Qin, L., Al-Haimi,
A.AN.M., Xu, J., Zhou, W., Zhu, S. and
Wang, Z., 2023. Effect and characterization
of polysaccharides extracted from Chlorella
sp. By hot-water and alkali extraction
methods. Algal Research, 70:102970.
DOl:0rg/10.1016/j.algal.2023.102970

Mirzadeh, M., Arianegjad, M.R. and
Khedmat, L., 2020. Antioxidant, antiradical,

and antimicrobial activities of
polysaccharides obtained by microwave-
assisted extraction method: A

review. Carbohydrate olymers, 229:115421.
DOl:0rg/10.1016/j.carbpol.2019.115421

& oile, ! b Cordyceps cicadae oISl L
S5l llad g5l Jsbo sLié 5 Jsho ol
a3 cn I3y ok (5 8455 5 25 oo JLasl 1, 595
ok izl b ol g sl Dlauls @y e oS
S5 0n ol Fya 4y e gl 5 5 00
Chlorella vulgaris  slews oS5 aslas cpl o
4 Chlorella vulgaris « Slo L 5 ws 5 asis
Chlorella  w,5lu L o zlsel glo O o,
S Candlys g cusls Jb St st ewsls vulgaris
S50 sl Sl b opl aas s 1, B Coli ws,
B0 JO CURRC XYV KVOWK 1 BOCT] IV - [ VN
,» Chlorella vulgaris S>3, sleas Sl L
O o 3l 0 Py abuly (e sladeSa
3 glos s il (g5l 155 w05 dualys ol sla SIS0,
Olye 4 wilgiee 5 wies Jld ey LSS
5 2l slge yo solaul gl de slaglansT sl
gy ) (sl

1 30 g RS
Sl $59955T oSyl () Sen acgaze 5l IS
5 2ileil Sligas olo)l 3 LSl o cyz @ 55
pll sl Jlods gty sl LS 51y Jlo colos
anled go (G10,08 ¢ ,Sis dilenens o oSS sla oo

F W
Acurio, L.P., Salazar, D.M., Valencia, A.F.,
Robalino, D.R., Barona, A.C., Alvarez,
F.C. and Rodriguez, C.A., 2018.
Antimicrobial potential of Chlorella algae
isolated from stacked waters of the Andean
Region of Ecuador. IOP Conference Series,
Earth and Environmental Science., lop
Publishing, 151:012040. DOI:10.1088/1755-
1315/151/1/012040
Chen, Y., Liu, X.,, Wu, L., Tong, A, Zhao, L.,
Liuy, B. and Zhao, C., 2018.
Physicochemical characterization of
\f2


https://doi.org/10.1016/j.carbpol.2017.12.077
https://doi.org/10.1016/j.carbpol.2017.12.077
https://doi.org/10.53555/eijas.v5i3.115
https://doi.org/10.1016/j.algal.2023.102970
https://doi.org/10.1016/j.carbpol.2019.115421
http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

Prabakaran, G, Moovendhan, M.,
Arumugam, A, Matharasi, A,
Dineshkumar, R. and Sampathkumar, P.,
2019. Evaluation of chemical composition
and in vitro antiinflammatory effect of
marine microalgae Chlorella vulgaris. Waste
and Biomass Valorization, 10:3263-3270.
DOI:10.1007/s12649-018-0370-2

Pulz, O. and Gross, W., 2004. Valuable
products from biotechnology of
microalgae. Applied  Microbiology and
Biotechnology, 65:635-648.
DOI:10.1007/s00253-004-1647-x

Sedighi, M., Jalili, H., RANAEI, S.S.0. and
Amrane, A., 2016. Potential health effects of
enzymatic protein  hydrolysates from
Chlorella  vulgaris.  Applied  Food
Biotechnology, 3(3):160-1609.

Silva, J., Alves, C., Pinteus, S., Reboleira, J.,
Pedrosa, R. and Bernardino, S., 2019.
Chlorella. In Nonvitamin and nonmineral
nutritional supplements. Academic Press.
Part 3 Plant and Algae Extracts, pp. 187-193.
DOI:10.1016/B978-0-12-812491-8.00026-6

Soleimani, S., Yousefzadi, M. and Arman, M.,
2022. Antioxidant compounds in seaweed
and their use in different industries. Journal
of Plant Process and Function, 1:77-98. [In
Persian]

Song, H., He, M., Gu, C., Wei, D., Liang, Y.,
Yan, J. and Wang, C., 2018. Extraction
optimization,  purification,  antioxidant
activity, and  preliminary  structural
characterization of crude polysaccharide
from an arctic Chlorella
sp. Polymers, 10(3):292.
DOI:0rg/10.3390/polym10030292

Vazirzadeh, A. and Moghadzadeh, H. 2018.
Optimizing the growth and amount of fat and

\a

chlorophyll of the microalgae Chlorella
vulgaris in different levels of nitrogen,
phosphorus and photoperiod using central
composite design (CCD). Scientific Journal
of lIranian  Fisheries, 27(3):85-95.
DOI:10.22092/I1SFJ. 2018.117018

Wang, J., Zhang, Q., Zhang, Z. and Li, Z.,
2008. Antioxidant activity of sulfated
polysaccharide fractions extracted from
Laminaria japonica. International Journal of
Biological Macromolecules, 42(2):127-132.
DOl:org/10.1016/j.ijbiomac.2007.10.003

Xiao, F., Xu, T., Lu, B. and Liu, R., 2020.
Guidelines for antioxidant assays for food
components. Food Frontiers, 1(1):60-69.
DOI:10.1002/fft2.10

Yu, M., Chen, M., Gui, J., Huang, S., Liu, Y.,
Shentu, H., He, J., Fang, Z., Wang, W. and
Zhang, Y., 2019. Preparation of Chlorella
vulgaris  polysaccharides and  their
antioxidant activity in vitro and in
vivo. International Journal of Biological
Macromolecules, 137:139-150.
DOI:10.1016/j.ijbiomac.2019.06.222

Yuan, Q., Li,H.,Wei, Z., Lv, K., Gao, C,, Liu,
Y. and Zhao, L., 2020. Isolation, structures
and biological activities of polysaccharides
from Chlorella: A review. International
Journal of Biological Macromolecules, 163:
2199-2209.
DOI:0rg/10.1016/j.ijbiomac.2020.09.080

Zhang, Y., Wu, Y.T., Zheng, W., Han, X.X,,
Jiang, Y.H., Hu, P.L., Tang, Z.X. and Shi,
L.E., 2017. The antibacterial activity and
antibacterial mechanism of a polysaccharide
from  Cordyceps cicadae. Journal of
Functional Foods, 38:273-279.
DOl:org/10.1016/j.jff.2017.09.047


https://doi.org/10.1016/B978-0-12-812491-8.00026-6
https://doi.org/10.3390/polym10030292
https://doi.org/10.1016/j.ijbiomac.2007.10.003
https://doi.org/10.1016/j.ijbiomac.2019.06.222
https://doi.org/10.1016/j.ijbiomac.2020.09.080
https://doi.org/10.1016/j.jff.2017.09.047
http://isfj.ir/article-1-2760-fa.html

[ Downloaded from isfj.ir on 2026-01-01 ]

Iranian Scientific Fisheries Journal Vol.32, No.5

Antioxidant and antibacterial activities of the polysaccharides extracted from Chlorella
vulgaris in vitro

Yaghoubzadeh Z.1*; Safari R.

* za_yaghoub@yahoo.com

1-Caspian Sea Ecology Research Center (CSERC), Iranian Fisheries Science Research Institute
(IFSRI), Agricultural Research, Education and Extension Organization (AREEO), Sari, Iran

Abstract

Chlorella vulgaris is a freshwater green microalgae, which is a rich source of novel structural and
biologically active metabolites. In this research, the extraction of Chlorella vulgaris
polysaccharides was done by hot water method and the crude polysaccharide yield was
approximately 5% of dry weight. Antioxidant activity of the polysaccharide extracted by the
methods of inhibiting 2, 2-diphenyl-1-picrylhydrazyl radicals (DPPH) and reducing power in 5
concentrations (0.375, 0.75, 1.5, 3 and 6 mg/ml) was investigated. The obtained polysaccharides
had antioxidant activity. The highest DPPH inhibition activity was 15.91% at 6 mg/ml and the
highest reducing power was 0.781 at 6 mg/ml (absorbance at 600 nm). DPPH free radical
inhibition and BHA reduction power at the concentration of 0.031 mg/ml were 39.78% and 3.65,
respectively. The value of IC50 for DPPH free radical inhibition and reducing power of Chlorella
vulgaris polysaccharides was 22.342 and 45.79, respectively. Also, the polysaccharide of
Chlorella vulgaris had an inhibitory effect of 21% on E. coli compared to the control culture after
18 hours of incubation. C. vulgaris microalgae polysaccharides contain a wide range of bioactive
compounds, in food supplements they will be an effective mediator in scavenging free radicals
and have the potential to be created as natural antioxidants for use in food and medicine
industries.
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