10.22092/ijmapr.2019.116837.2225 (DOI) Jlems awliz

98.1000/1735- 0905.1397.34.997.92.6.1662.41

:(DOR) Jlioms auls

Q\}i\j)zu) @J)\.: Q\.h\.:f S\ddms @*"ﬁ}’_wl“ FWETYVPN
(VFAY) Q4Y=\ -+« amis 8 oples FF Al

(Nigella sativa L.) 4150kw Jokw CuiS™ 30 3557l 9 05k oslas 4 o bowdion SBZEWL

" elos dlegl 5 Feslilo, Losde O Sl e galo

ol ol anls o&ails «(65,5aS 0aSiasls (6355l (655 55 At ) el ;1S ais gl 2y -

rezazadeh@shahed.ac.ir : S5 S oy olnl g anla o&iils (63,58 suSiails Usbind (J sts sty 55 — Y

VWAV ge igs pdy 'cu\s'

VWAV gl il hol

ol e wals & zils (gl susails skl ¥

\YAF oo sl s '@)\5

oS>

oleys sy e ob 3 oS il sbaals asl e VT eolgle 4 slate 5 sl aUS (Nigella sativa L.) &ssl

uSWJ 03,8 5 s slacS 5 Jdoa oS ol Fole canSa g e alanll WL 55 las 5 culs ol ‘[""".‘- sl
S aland o Slio 5 Jole s, d\-h;}.y P S WIP R I W ey g BYV- TPV - I GO B B
b oylas chle an sl 586 s sl DS A s ol s cjl’ B s Joo 8l O son &%,\‘J’T alsslow Jshe
ez w28 5l ey s 8 Ol (Gl s p 8705 YO ) 5oL ke av ps 5586 5 (3 53 p S ke N 5 /0 jao)
RE TR YV SN -Vt JREPJC SIS KV | @.}T ol Jolome s sl el g5l diy ol s Jleel 51 5,
S bl s,y ol 4 e o)lae 58 a8 plas e ol s s bl ples sbagd oselans),

uj}).,\...h .,\.._..S‘J.’:ULLC-&J‘?& S g 4J‘9.\:m J:"ﬁj’,)“'\‘a" ‘wLﬂfT)‘m)‘aw u“"‘JS‘ V‘LL j)&h}f}ﬁb)@}&ﬁ

G55 2 1 25 BT ) i Wl L ple el @b 5l e slas 5 550l Ylasl sl e ls cdl,

ols les wlselw sl e

551 aS) 25 00 5y Jbe sl g LBl (250 sl (Nigella sativa L) alsslw 108" o3l

Isp 50| 5 Jame (b Ll .(Botnick ef al., 2012)
adllas gl nl by el 550 olS o 35 3l 0l s5s
o L;.:\U' Ol P oalan! vljl.u cusS )'\ S| S
My sl S bl ads s 5l el ave
Sl W sl sas plal 450 e sl
) gl Al b a s 5o ool s 2 &bl byl s
ol ek Bl s s pLS 5 pie &) pon LS 5

doddo
5 Al 6:::\.3 Nigella sativa e U | &lsolonr
A8 e iy ol 650 Al s S cad Y sl sl
s ks, o ol oyl (Zarei ef al., 2017)
wile LS (IS (s LS s gl
Ol el s el (Thymoquinone) ¢ si oS 5o
B Sl oS Ao gl oliea g b s o
3o DS W 5 Sl el (Sl oI



woobas a4 olend 5o L;l.:xa‘c.dli

SRS N 24D sespr S | (MS) S Sl
10 58T 5 & e Sk ¥ (Kinetin) cplS 5 )
adsl a5 5 Gas V) e gl el 5l o o sols s
GoST s MS) mle L 4y L IS (5551 1) g
wj@?ﬁ%ﬁ%)uﬁduw\)\eﬁﬁv\ﬁ%
O PRSTFIRY ORI IRCSWRVCIER Pt SR JN WARUO: WRpO

bl ke casS s (a5 pliabl ¢l

B stemned] g 5lwsslol

S e ae G2 me 5o ke bdsa Ll sl
soln > (Saccharomyces cerevisiae) aiws g
0 e sbedle s oW (Merck) e oS ,a 5l s
YO X chle mhu an 5o 5,805 2 s p SN
0905 o0 Llas gadshe s 515 &) s 0 S0
4 555 b ©idS Sl ey azs S 1 EMS S b
Sdshe o i3 5 Ns ey YHM e oL S
S mle O3l L baises des o b Sles S
S I PN WP ES Y T ST RVt
A S s S o 2

S5 Slio 5 ad, o
Lo Jsle 5 00s =S o3Il b Ik s s
Sl Sl dobdl bl [kt a5 ol
RGP PR AN VRN RN P RIS PRRE. ST SRV
(Bradford, 1976) au s 3,583 5 (2o, 4 a gal
Loy i s Solul b s bS5 U 5l
(LQ,J Perkinelmer, lambda 25 Jus) e 55 xSl
el 5515kl 5 oozl U e 56 VFO £ n S5 o
Slis 3L L W J e 6 80, lae ad s SIS
Cdled i gl oslas ) 5 ai plal o
(\44V) Knorr 5 Dornenborg 5, s—b 3la—us) »
Y P RV | N P~ R TR SR H e

a sl ol e Sz gbau )

44A

kS S 3y e e Slaails s S
Seyedtabatabaei ) LSS Luis by Job o Jols slge
<YL CjL“ L olS s psl Wy &l (& Omidi, 2010
sl p gl Sl eslaal 4 plil 45U e sl 5
5 (Submerged culture) _dds <S8 2y, (58] 50)
bsle e o (Blicitor) sl (s 53l aile o5 (5
slral Ul cel bl cwl sas (Precursor)
3580 oS 5 Jshe 53 K ds8,00 5 Si3ds s 2o
sbod sl caldl 5 s & (Namdeo, 2007)
s,las (Zhao et al., 2005) ams o )l 1, 450
D) gsjgv\u&-w ob a S cwl Hpedl S e
a3 e Rl A Jobe e o L bt My s Sk
sa axliz b3l 51 S (Mossera et al., 2012)
s sba S uls 5 oS 5 (a5 bl jese o)las
42l oo (Reaction Oxygen Species) ROS 5..8]
5V ol W5 ROS 2d 4]l (Savitha, 2006)
4l sbedple saiSin s sbos 5 S by
.(Karuppanapandian et al., 2011) el sz &ob

st sl el QLS Ly Lohurs S
Joe Sidmd e plyea (bl s sl
At )\.xffb v W] e s NS e
.(Goraj-Koniarska & Saniewski, 2015)

Sl ool oS ool Coanl 4y an 5 L adlan oy
s e 5 ad) @l csS b 0n e e 5 gl
456 sbed b el shten shela sl
Osisa) e ojlas dle sbobl sb cos
el o ol 558 Lol e (2,6 i)

s oS 51 wlssln S S sen la) w8 ag ol »
IV ISl 5 e o San 5l 03l U e 3 S
Kl 3o oS Jama 4y skl Cody 3L ad e as



55 25 Fes FO 0F0) 0L il an sy
5 ais b Sas o Lot LSl s Gl
AL e S s eledstd (S5 d g Olao
Jeliga 320 5 oilbe Olglie (uilly a0
s SPSS v.24 )\J'é\rj' Sheolaa) U s e u:'<"“"“"°

2 el Excel 1580 5 SaSL b jls ga e 5

olae blin 31 LSl 4 doss Wl

P Y P S PR PACH VISR U ST 1 C{ WS
Al gme olg 4 ede o)las Sl 5y 5oy s
ol s me il s ojlae 5 5,080 Jlam 1
O dsan) cl azalns wbsolew sbadshe 5 055
e b sylas Gl gLl &l ol s
sdd 5 559 Ol 5o 10 CE“ 20 Ll gre Ol sy
chle U e oylae chle mlpl L el
4 s 05 2 Sl S 5 2 S e /0
slas e Sl ) cdle 5o Lz sas wals

A IKe) s samlan 5 o5 (il ) ase

oslas XF s ol e 5 o)l palS Sladss aslialego

la—al a—s e ((MDA) Malondialdehyde)
sslas 5 odnle 1) e sl Sy S5 L1 bl
5 0YYNm ~ o Job 55 ol in e a2 45 e
=il oo bl Sl 5 a8 o3l £ onm
(De Vos et al., 1991) uzs 5 ale \OOMm/cm

ALY oo Job 53 o3ss0d a1 Slda

(Hossein Zadeh et al., 2009) sz ¢ 5o 5la]
L I sylae ool sl chle o S5l phataa,
Jalosl Jel) coaul Jolsl Jodoe 5l enla il
S 3 om 5 2 g (V1 S 4 S AS0

c Jsb o QT R é.)u 20 et S 00 S

<l r\.?d\ e g5 958l Kws b g el 00-
sl o 5 5l el gl cobile A wln
Merzlyak et al., ) sz sslacul ¥¥. - -cm™ mol!
(2003

Silosl sasls g bl a 50w
WS b B s Jspsl opon iales]
&,\L-L; A Jj\ )_9.5\5 W rt.?d\ )\J& Aw o ‘}.é.)LA.J
)}LSB}(J&;J)J ";L{\*A\j ~/O ‘Jsvé)j"‘uaj\vq&c

(MSHtiVH) A\J‘aﬁlﬁ-ﬁﬂ J}bwﬂjJGb)Mwa;‘ wJL‘I.J‘_} 6\.1“}.7.(.7—\ J_}.\?

(MS) Sl (Sle

- dr O s polis
Jsd wlles Jedle ~reY H20: o SlauSl
VAYS fO/)\avyE* VAR AV AEYAS o S 90,1 A /ey /0Py ot 5 ylas
o/ eyyns \ATAR A FAAYYVF o/ AVFE 00V L/ EATE vy o8l
</N08F ¥/YAYEFE Y/oq®  /YARFE RO /e eFE N E s lae X 5L
/4 YV /EAD S/ONR-O e/ eeesd G /AYY. [eve o\ ARES Y2 olesl sl
\W/EVAF VY/VYNF W/A00F  4/aVOY  \\/fFav VE/VASY V-/FAVO - () & s g o

TN 570 Jhas Ch“ 3,13 e ls gae e (o Sy ik % ns



e oobae 4y obend 5o sLELl

AA-
AS- 2
AY-
AY -
3
2 A ab
VA
T vse
2wy b
S EEA
VR
FA
£.5
i P -
(H):r;&)féwo)ww
. YT P s Z. . -
;ijﬁ))lsl.wjjwDJLACJW‘SL&;&JJ‘CKSJL.@MW—\ Jg.u
sl e P<0.05 chu): D gime Dol 3 g g saasglas Copline Gy -
.y
2 -,;J):r;f\'ﬂ)')\_ﬂ“
YO b DJ‘J_)}(JS/YOJJ\SL‘J
— bc bed O s p 850 5,00
E-IERRE — bce
3 de
£ € e ]
o \O — —
o0
E
CERE f
0
-0 \,-
A eS8 e et

oSy 3T e 5,6 5 ke o slas Gl oclile 51 0 Sle awlie -Y (K2

Sy sl cdl ol b gl cble 23l

M\J@ PSOOS CL“ B )\Jb;'.su Q}\.ﬂ; S92 AMJQL;".; u)\.ﬂ.\ﬁ d)ﬁ

sl e ede oplae 5 3,0l il lacdale

sad 3lanSly sl b Gl 3 b ol
chle bl 5l a by e slawsl, lade o miw .ol
Loy i 1l jho clile 5 580 ) 0 S Y



., 0

R

R bc

de
ef

mM/gFW

oslas XF s ol e 5 o)l palS Sladss aslialego

— LA BTIE ST
B geul

Df-)ﬁ (’;/9’ 508
cd

A 03 p 8 e e
ol 55T Ol 50T 5 adee ol Cilie Gl 1 Sl anglis ¥ IS

-,Y0

- \0

d
\e I e
ef £
b
.. .,0

nM

sl e P<0.05 CEW 3,13 gae sl 35y samaplas Goslate Gy

a
— WSy sl

b B xS ¥0 5,00

AR S DLW

A S e e
05000 eS| e p 58 5 ek o jlae Giliie gl 1 Kle awlio - K2

qu)Lﬁjj)tsthduvLLﬁ (Y'JSM).)_}J
R BT RA CE“ 0 Obsgae Sl sbnl o

VAR PEY V- VW

sl e P<0.05 CEW 3,13 gae sl 35y samaplas Goslate Gy

sl e ade ojlae 5 5,0 Gl saclale

R DU B T A R IS RE PG
-0 B ] VU] B K- S B VN TU | YN S P S B
RO PRt L I K- XSV ¥y 5 | VS PR S g W)
chle Bl 14 bose plassl Slaie ozt



woobas g olend 5o g;l.h’c.dli

bc

ab
o
d
-0
A 030 8 e e

.fajﬁ(’fr’ 5.8
ab B s 8 Y0 580
b D a5 p 89+ 5560

s g 5 58 5 ek ol iz chle 51 &ile aulie —0 S

\f

VY

mM/gFW
o,

-0
A 03 p 8 e e

sl e P<0.05 CEW 3,13 gae sl 35y samaplas Goslate Gy

a W 8v5 k0
] B a5 Y0 500
b O 4 s, 550 5,00

25T Je b ol 5ol 5 edue ol Gl sbckile 3 (Kl anylio -5 IS8

Lot s = 0l 02 70 e 5ol me sl
bl il s ole b gl clBle ) )
clale i 5han Do e s Dl n it
35 pde p S Sl 5 8L 1) o0 S8

0 Js2)

)\.‘Z\J@ PSOOS CL“ B )\Jb;'.:u Q}\.ﬂ; S92 a.;\l.h:.:;;\..i’.’r u)\.ﬂ.\s d)f

05909 HeeSy 0 gee L sied) Clale 21530,
Loy o 055500 demS) s Sl nig 5 S lag Ll 3l

a\aéw@u.(fp)oﬁﬁ»ﬁjrﬁw\



BN
0
ab
¥
s b b
g R
9]
20 .y
=
g
oy c C
)\
-0
A 03 p 8 e e

oslas XF s ol e 5 o)l palS Sladss aslialego

AP P
— o, P Sro sl
1 D39 5L

I oliee 5oL 5 b s slae Cilie glachile ) (Sle anylie -V IS

Sz 539 5 S8 bl el Kb, Gl
i, e oylas (Chen et al., 2001) x5 5 o\S
(Loc et al., 2014) sls )53l ousl olS 551, Jole
Slomme Gl cel e lae L o)l
e BIENKY S ciS bl s orole e
Sblow oS Sas 55 5 aa, S e &S Gosba
5 4 i e ol ikt Bl Lt Sl
5! .(Rahimi Ashtiani et al, 2009) 5 i sl
2 slaedl i sl b ke oslas Ks o
Sy o adl ZEL ulE oS S,
R O L |V Y S A VS PRV
oles oWl 31 &, (Rahimi Ashtiani et al., 2009)
2 ol bey s Ul pslalS) i &S s
Sl e 4l pedple 5o 858 sbags sledl
slaesl e WL b gl (Yuan ef al., 2002)
(Yuan et al., 2002) sloaz J5uSU 05 2l 58] el
L;'.))\J QL“L:; 2 f)b 2 S]]

Arabidopsis thaliana Hyoscyamus niger roseus

Catharanthus

sl e P<0.05 ck.w 3,13 gae sl 35y samaplas Goslate Gy

sl o aie ool 5 3L Gl bkl
Wl dsdb ol o 1) ch 03 bt Sl
wlles Joigle e byl clile l 3L s 3
1 by adllies Joidle sle oo rtn il 2l 3l
e Sk N\ ke sl i) e S8 el Ll
5 o8l Gl glackle (F S2) sy et 2
A3 Js8 ol 5o D pae Sl sl o aske olae
25 T Gl 8 ol sl clale 1
2 p S Fe bl B gl by e Job e op ri
s pie ad e S /0 Chle 5 5 0L
Vv JS)

& >
.

Gk ) s ol anl sl glsl bl ese oslas

2 (Jshe i) 505 il cel Wl o sladss 5
las 205 wle sbasm 4 o aie slajles
GRIA L o M s ke a5 an, ek
oS 3 s o)las (Mossera et al., 2012) sas .

o3l ese Salvia miltiorrhiza 5 Coleus blumei



woobas g olend 5o L;l.:ra‘c.dli

2012. Distribution of primary and specialized
metabolites in Nigella sativa seeds, a spice with vast
traditional and historical uses. Molecules, 17(9):
10159-10177.
- Bradford, M., 1976. A rapid and sensitive method for
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding.
Analytical Biochemistry, 72: 248-254.
- Chen, H., Chenaa, F., Chiub, F.C.K. and Lob, CM.Y ",
2001. The effect of yeast elicitor on the growth and
secondary metabolism of hairy root cultures of
Salvia  miltiorrhiza. Enzyme and Microbial
Technology, 28(1): 100-105.
- De Vos, C.H.R., Schat, H., De Waal, M.A.D., Vooijs,
R. and Ernst, W.H.O., 1991. Increased resistance to
copper-induced damger of the root plasma
membrance in copper tolerant Silene cucubalus.
Physiology Plant, 82: 523-528.
- Dornenborg, H. and Knorr, D., 1997. Evaluation of
elicitor- and high-pressure-induced enzymatic
browning utilizing potato (Solanum tuberosum)
suspension cultures as a model system for plant
tissues. Agriculture Food Chemistry, 45: 4173-4177.
- Goraj-Koniarska, J. and Saniewski, M., 2015. The
effect of sugars in relation to methyl jasmonate on
anthocyanin formation in the roots of Kalanchoe
blossfeldiana (Poelln.). Acta Agrobotanica, 68(2):
173-178

Hossein Zadeh, M., Kiarostemi, K.H., Elkhanizadeh,
M. and Sabora, O., 2009. Investigation on
allelopathic effects of wild barly on protei,
carbohydrate contents and some wheat enzyme
activities. Iranian Journal of Biology, 22: 392-406.

- Karuppanapandian, T., Moon, J., Kim, C. and
Manoharan, K., 2011. Reactive oxygen species in
plants: their generation, signal transduction, and
scavenging mechanisms. Australian Journal of Crop
Science, 5(6): 709-725.

- Loc, N.H., Anh, N.H.H.T., Khuyen, L.T.M. and An,
T.N.T., 2014. Effects of yeast extract and methyl
jasmonate on the enhancement of solasodine
biosynthesis in cell cultures of Solanum hainanense
Hance. Bioscience Biotechnology, 3(1): 1-6.

- Merzlyak, M.N., Solovchenko, A.E. and Gitelson,
A.A., 2003. Reflectance spectral features and non-
destructive estimation of chlorophyll, carotenoid and
anthocyanin content in apple fruit. Postharvest
Biology and Technology, 27(2): 197-211.

- Mossera, M., Kapela, R., Aymesa, A., Bonannob,
L.M., Olmosa, E., Chevalota, 1., Marca, 1. and Marc,
A., 2012. Chromatographic fractionation of yeast
extract: A strategy to identify physicochemical
properties of compounds promoting CHO cell

ol 3l eey Rauwolfia canescens s Dacus carota
W 4 Cewd 4yl glbedale Wy ol
cely Sl ool (Yue ef al., 2016) cul sos J 8
s Taxus chinensis S 5 JsuSb lsime i3l
.(Namdeo, 2007) <l saz Taxus brevifolia

JL{W U5 S olsea LS s 5,60
Ll bl sl ool s xS s ssie alis
Mo IS oS Zu5 e b s )
2 a3l 6ol 5l sluss (Tognetti ef al., 2013)
g oo anle wBlgs ol cble mlnl b
oS Sd plie sl 5,8l (Pollock e al., 2003)
1 S e i LSl sl el Lo s 3,138 o ]
G s 5 s e sl s 5o L0l
saSJ xS 5,8 (Wind et al., 2010) s,ls 5,0
S W IS A | R P CRCER
ol e il ASSO esn e Al
lagealy 5 ams o Gl a8 555, mhaw s Sliss
SE | I PRS TN W SR | JUR VR U5, SOt P
oy opl sl 4 ax 5 L (Tognetti et al., 2013)
Sodige Cadly ez cpl omion Oliie glas sl
ol Yhan! ool Johe CoiS L3 ek oylas o
slpe cale gl bdshe S5 5 sslansl 25 sl
e o )las 3 3pmse Il olse ggw )l sas 4 gl
oY el i 2le s 035 (g e S8
Madghe sz 53 LS50 o) S Sl A )
R VRTINS S IV O U PP ORI W RN
W s o) G805 2 5B 1 gy 5 1 a2l
A ol e ooe 02 Aol e ag Olides 4 5l
O B S 91 LW JC I AR R I
Sl azals 6 ze ol 3 wlseln syl bS5

solaiw! 8590 &9l

- Botnick, I., Xue, W., Bar, E., Ibdah, M., Schwartz, A.,
Joel, D.M., Lev, E., Fait, A. and Lewinsohn, E.,



AREYA) oslas XF s ol e 5 o)l palS Sladss aslialego

1-10. culture. Process Biochemistry, 47(7): 1178-1185.

- Wind, J., Smeekens, S. and Hanson, J., 2010. Sucrose: - Namdeo, A.G., 2007. Plant cell elicitation for
metabolite and signaling molecule. Phytochemistry, production of secondary metabolites: a review.
71(14-15): 1610-1614. Pharmacognosy Reviews, 1: 69-79.

- Yuan, Y., Li, Ch., Hu, Z. and Wu, J., 2002. A double - Pollock, C., Farrar, J., Tomos, D., Gallagher, J., Lu, C.

oxidative burst for taxol production in suspension
cultures of Taxus chinensis var. mairei induced by
oligosaccharide from Fusarium oxysprum. Enzyme
and Microbial Technology, 30(6): 774-778.

- Yue, W., Ming, Q.L., Lin, B., Rahman, K., Zheng,

C.J., Han, T. and Qin, L.P., 2016. Medicinal plant
cell suspension cultures: pharmaceutical applications
and high-yielding strategies for the desired
secondary metabolites.  Critical Reviews in
Biotechnology, 36(2): 215-232.

- Zarei, A., Zohrabi, S. and Boomeh, F., 2017.

Evaluation of different growth stages of Nigella
sativa L. and assessment of crop coefficient (Kc).
Iranian Journal of Medicinal and Aromatic Plants,

and Koroleva, O., 2003. Balancing supply and
demand: the spatial regulation of carbon metabolism
in grass and cereal leaves. Journal of Experimental
Botany, 54: 489-494.

- Rahimi Ashtiani, S., Hasanloo, T. and Bihamta, M.R.,

2009. Using yeast extract as an approach to increase
flavonolignans content in cell suspension culture of
milk thistle plant via elicitation mechanism. Journal
of Medicinal Plants, 4(32): 108-119.

- Savitha, B.C., Thimmaraju, R., Bhagyalakshmi, N. and

Ravishankar, G.A., 2006. Different biotic and
abiotic elicitors influence betalain production in
hairy root cultures of Beta vulgaris in shake-flask
and bioreactor. Process Biochemistry, 41(1): 50-60.

33(4): 597-607.

- Zhao, J., Davis, L.C. and Verpoorte, R., 2005. Elicitor
signal transduction leading to production of plant
secondary metabolites. Biotechnology Advances,
23:283-333.

- Seyedtabatabaei, E. and Omidi, M., 2010. Plant Cell
and Tissue Culture. Tehran University Press, 392p.

- Tognetti, J.A., Pontis, G.H. and Martinez-Noél, M.A.,
2013. Sucrose signaling in plants: A world yet to be
explored. Plant Signaling & Behavior, 8(3): €e23316-



Iranian Journal of Medicinal and Aromatic Plants, Vol. 34, No.6, 2019 1006

Biochemical responses to yeast extract and sucrose in
black cumin (Nigella sativa L.) cell culture

S. Anbarestani!, A.R. Rezazadeh?" and A. Rezaei’

1- M.Sc. graduated of Agriculture Biotechnology, Faculty of Agriculture, Shahed University, Tehran, Iran
2*- Corresponding author, Faculty of Agriculture, Shahed University, Tehran, Iran, E-mail: rezazadeh@shahed.ac.ir
3- Faculty of Agriculture, Shahed University, Tehran, Iran

Received: December 2017 Revised: May 2018 Accepted: October 2018

Abstract

Black cumin (Nigella sativa L.) is a medicinal plant belonging to the Ranunculaceae family.
The seeds of Nigella sativa, also known as black seed, are used in traditional medicine as a
natural remedy for several illnesses including asthma, inflammation, diabetes, and hypertension.
The cell culture of this plant is important because of its active ingredients and significance in
medicine. In this research, the effects of fungal elicitor (zero, 0.5 and 1 mg/L), and sucrose
(30, 45 and 60 g/L) on the cell culture of black cumin was investigated as a factorial experiment
in a completely randomized design with three replications. The cell growth characteristics and
biochemical traits were assayed. The results showed that fungal elicitor and sucrose increased
the membrane lipid peroxidation, protein concentration, phenol contents, hydrogen peroxide,
and anthocyanin whereas peroxidase activity was significantly decreased compared to control.
Generally, sucrose and fungal elicitor increased the growth and activity of the cell and increased
the protein production by increasing oxidative stress in cells and increasing the entry of
substances into the cell and stimulating metabolism.

Keywords: Nigella sativa L., fungal elicitor, sucrose, suspension cultures, biomass, oxidative
stress.



