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Figure 1- Effect of 0.5 mg Lt BAP with 0.5 mg L' NAA in MS medium on callogenesis of Purslane
A) 3 weeks after culture; B) 11 weeks after culture
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Figure 2- The effect of different concentrations of NAA and BAP on callus size of Purslane
A) from the left: 0.1 mg L BAP with 0.1 mg L* NAA in MS and %:MS media; B) from the left: 0.3 mg Lt BAP with 0.3 mg L
NAA in %2MS and MS media; C) from the left: 0.5 mg L BAP with 0.5 mg L NAA in %MS and MS media.
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Table 1- Intermediate effects of culture type and hormone treatments on callus size, fresh and dry weight, and percentage of
calluses derived from stem specimen of Purslane

coiShow  NAA BAP wjai wo Wy S 59 5 039 w0311
N (mgL~  (mgL Callogenesis Dry weight of callus ~ Fresh weight of callus Callus size
Medium 1 1
) ) percentage (mg) (mg) (mm)
0 0 4.76de 0.00c 0.0l 0.1ij
0 0.1 4.7de 0.33c 23.31 0.1ij
0 0.3 4.76de 0.46¢ 50.0kI 0.3h-j
0 0.5 9.52c-e 1.13c 156.6h-I 0.89-j
0.1 0 4.76de 0.05c 0.0l 0.1ij
0.1 0.1 19.02cd 6.23c 636.6d 7.14d
0.1 0.3 23.76¢C 2.16¢ 243.3f-j 3.ef
MS 0.1 0.5 23.76¢C 3.00c 302.0e-i 2.8e-g
0.3 0 9.52c-e 0.33c 3.3kl 0.09-j
0.3 0.1 19.02cd 3.10c 343.3e-g 3.1ef
0.3 0.3 23.76¢ 55.33b 1243.3c 15.6¢
0.3 0.5 23.76¢ 3.40c 386.6ef 3.3ef
05 0 19.02cd 1.56¢ 176.6g-1 1.1f
0.5 0.1 23.76¢ 3.06c 320.0e-h 2.3e-i
0.5 0.3 23.76¢C 3.70c 406.6ef 3.3ef
0.5 0.5 90.46a 75.33a 1826.5a 21.6a
0 0 0.00e 0.0c 0.0l 0.0j
0 0.1 4.76de 0.33c 13.31 0.1ij
0 0.3 4.76de 0.46¢ 56.6KkI 0.3h-j
0 05 9.52c-e 1.13c 150.0h-1 0.8¢-j
0.1 0 4.76de 0.03c 3.31 0.1ij
0.1 0.1 14.28c-e 4.53c 450.0e 6.0d
0.1 0.3 19.02cd 2.03c 223.3f-k 2.0e-j
UM 0.1 0.5 19.02cd 2.73c 290.0e-i 2.5e-h
0.3 0 4.76de 0.33c 46.6kI 0.3h-j
0.3 0.1 14.28c-e 2.90c 313.3e-i 2.3e-i
0.3 0.3 19.02cd 55.66b 1193.3c 15.0c
0.3 0.5 23.76¢ 3.36C 386.6ef 3.5e
05 0 9.52c-e 1.06¢ 126.6i-I 0.6¢-j
0.5 0.1 19.02cd 2.80c 310.0e-i 2.6e-h
0.5 0.3 23.76¢C 3.30c 360.0e-g 2.8e-g
0.5 0.5 76.16b 65.66a 1617.0b 17.6b

Bl gl sme MBI (P < 0.05) Sl (slacals w905 Bollae waiidl o S ke By S slyb JBlis otw a0 & olanSibe
Means followed by at least one similar letter are not significantly different (p< 0.05), based on Duncan’s multiple range test.



"y a8 )5 ol gl cus culS e g lwaiays

et g5gM6 3iiger yome JS 2 yatie ojbae 5 55 (lhione
9 (¥7) SLllsgal V1 i o5 gl il (V) a5yl 2
JHe B S i e sl il) st (595!
Jsis yosio ojuas (5l5 cod caigipds Sl 5 Sl Jlais!
sbaassS g il g (i dbul 395 o0 a5 (D) Canl 03
Ll jomie Yleasl cpasin ojlae il o K28y (jens]
5 =L lag] (B ole i) 5 okd del Siigeuls i
A e il 8l ) (i Ol 5 aiile) 458 scddplio (g5t
cblas o oge it (L8 OluS 5wl 03l L by awyp (VR)
Lol ol 0 5 04 gliptis Jslgs ol o plals
(b S hass ((2)Bas Gl wile (g (SSgom syl
Ol ol b s e L 353 I Dledlas 5 (g oo
LS sl (Pl 3dgigMe (lyome Gl 58 (S dons

(0) 28l o 28y oS e 5l Jols 15 @l 5

Cd B adie o jlas & Lids gl il
FRAP 3 DPPH (5031 (ulel ys Ladiag Slaseas) 2337

oylias i liseo ol b ine y5U 5 (STs Waodly o)y
O30l b (p<0.05) wisb o any SlawsST 51 cld p pese
S a8l iy Slaws] 5T el «pesre o)lac clale
Ul38l LDPPH ICs0 yolde 4o sxe LidlS .cusly sald & s
Yoo clale o ialS cpl il snd odalin st ojlas clale
VAB) yid 33 p35 (o 00+ (owizmen g () (oo )3 p35 (e Y/ +A)
ICa o 350 15 sine Uyl o & s (sl oo 3 1.5 o
=l VY (DPPH ICs0 500 oy yisiias) S0l (sladiy ;5 DPPH
25aS) yasin oas i) 3 5 oo 000 b d e (slatisel
(Y Jssa) 29 (DPPH ICs0 /500

s mine b5l (Sl Slanlie Gubyly 4jps 5 Job b
u»L.wl)) Ltbde k_s"l"\’l‘““f‘k_s“j G| Y- u»)‘)ﬁl Ry D)La.c ))_3)15
ol P FRAP jlaio il (p<0.05) 15b 0 FRAP (j505]
Dy b re Jald 4 Caus peste o)l edlitul 350 slacdale
ay sl 5T cud b w)lae cdale (al3l L iolesl opl )
9 3500 A s (63 xe Sygo 4 FRAP 5051 olulys
o sl sl cnd )b oyt 8l il aals 4 o
PS5 03 ool Jgo 55500 YAVIY) 2id 13 25 o 04+ lale 58
Jow P FRAP g o iaS @ Caws &S el Gl (Sis 50
(Y Jgi2) 292y

a%ﬁglwﬁMadeﬁacg@xﬁh
Laddiay S g3 390 5 i

IS 8 lge g2 soliine b jesko o s Gilieo ol
ojlas clale (15l L aS slasSa (p<0.05) wisly ladiy
eadl Giliel L aluS ol we iS4 eske
O3l a5 5l sesce o)las i) 3 p S e YO 5 WV slaclale
6|9_bm clale 90 aﬁ)lf Lol IRVATY) Ll L:adwu J...e dlybu
o=l gl ioli8l gy Sxe Cjao 4 sald 4 s |y ST Ji8
P erShe b sl ) b SLS 5 Gl i Gle]
0 P Ao > SB dwl )5 Lo FEYNY) posio o)las s
39 3 ime Lanjlos plw L )] ool a8 155,5 osnliie (S
(¥ o)

cdale ol38l b oS cwl (pl Whe bodld (wyp jl Jols ol
o8l by (e Cjgo 4 JS 459593 lgine et 0)las
72 do golaw plad )3 J5 28892 e ]38l (p=0.05) <L
Sl (p i Do I dme Bl 4 Cond ] 43 p)5 Lo VT
FYIVO) jid 33 p S Ao 00+ clale (g BgiaM8 LS 5
ol 0yeS 9 392 bgiye (S (g p)S0o 53 st 355 5 oo
2 Gyl V¥ 2gas oli8l ( IS jebay il sles dali jleg 4
)3 S e 00 b Cou sladty A5pgM 5 Jib (lgie
(Y Jods) 4 osalie ald &) Cons posee o)las

) My S ye S lisa S, cerevisiae pesce o)lac
9 u.:,l._:m .)I9_A 6l_bwAL.)9 Mwuo] dl.m.h.w‘ )I UA-\.{)J 9 ol Al
4y ot oyluas | Jols @l 31V aib o aslsl olyS s
0l Al Soyd 4 joib 45 3 oo 00 s SLuS 5yl
slecJglio ade (158l o sl Cpa 03yl 0ylac 51.(0) cusl
ialidl o]y yede oyluas 3 (Vo VY) oK g 03l Sl
OBl el oS sladiy (sadgigWo 5 (8 LS Gl
L 595gMe (lgima iol33l (YN F) o) an g 43 anl)] (¥0) 13,8
10l jose ojlas jlos o (shgw sl Jlegld 53 1y gl
uLmLf )9 )—A?RA D)L«&C )LM ‘)_i.{.) u.u&9)) 2 .(&) J-’.)}od
Sloiome il 8l 4, , > (Melissa officinalis) 4 g0 b
S 3y (S y o (Y4) 25 (5 e ) el S oy
2 0380555 Slge JoU5 by 035 e olsS 5 e85 203 ol
sl glacdplio agjos Ly i 5 oLS gla Jobo STy
539k cnly oSy (Y0) kmd )15 13k o |y n (slyiome
Fimw oo sl 51 (3,5 JLb 3 )bjl oo o)lias 45
B (1Y) 29 555 ie DS 5 Sl & e deaSgigHe



AR 5l o)lads FF alr (65,9LaS @luo g ple) (SLEL pole &y

WY

3 DPPH (o0l bl 48,5 diy lapn1 81 b 3 S aigig¥ JS 8 slgio 1y o lene i SACilé 55T - g

FRAP

Table 2- The effect of different concentrations of yeast extract on total phenol, flavonoid content, and antioxidant capacity of
Purslane calluses based on DPPH and FRAP

o 0 luas glachle FRAP DPPH 1C%0 S5 2gigdhd J5
Concentrations of yeast extract  (ymol Fe gl DW)  (mg ml) Total flavonoid Total phenol
(mg LY (mg QE 100g* DW) (mg GAE 100g DW)
0 568.6d 2.45a 30.29¢ 483.21c
125 649.0c 2.37a 32.03c 553.07b
250 698.3b 2.08b 38.06b 589.68b
500 787.0a 1.85b 42.25a 664.12a

85 (gl xe M (P S 0.05) Sl (claels kx> 0] Ballas isb o Syt gy o s Bl gt sb p0 oS LlauSike
Means followed by at least one similar letter are not significantly different (p< 0.05), based on Duncan’s multiple range test.
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Introduction: Purslane (P. oleracea) is considered as valuable plant due to its high antioxidant compounds
and important fatty acids such as omega-3 and 6. Phenolic and flavonoid compounds are one of the most
important constituents in the purslane. Phenolics are a large group of natural plant compounds with antioxidant
and Anti-inflammatory properties. Flavonoids, as a subset of phenolic compounds, have a wide range of effects
on plants, including antioxidant activity and improve resistance to environmental stresses. Callus culture is one
of the important strategies for the production secondary metabolites, which are difficult to produce chemically.
Plant growth regulators including auxins and cytokinins play a crucial role in the stages of plant growth. Various
combinations of these two hormones are used to make the desired changes in the cultures. Studies suggest that
the accumulation of secondary metabolites can be increased by the application of different elicitors in medium.
Researchers reported an increase in the content of secondary metabolites such as phenol and flavonoid
compounds in calli treated with elicitors such as yeast extract. The purpose of this study was to determine the
best explant, medium and hormonal treatment for calli induction of purslane. The effect of different levels of
yeast extract on total phenol and flavonoid content and antioxidant capacity of purslane calluses was also
investigated.

Materials and Methods: Seeds of purslane plant were cultivated in a solid 1/2MS medium for the
preparation of sterile seedlings. The explants from sterile seedlings including to leaves, 1 cm stem specimens and
terminal buds, were placed on MS and 1/2MS medium containing 0, 0.1, 0.3, and 0.5 mg L* BAP and NAA.
After five months, calluses were evaluated for callogenesis and some morphological traits such as color, texture,
and size, fresh and dry weight. This experiment was conducted based on completely randomized design with
three replications. In the second experiment, the calluses obtained from the previous stage were transferred to
MS medium with selected hormone treatment of the first experiment (0.5 mg L' NAA and BAP) and different
levels of yeast extract (0, 125, 250, and 500 mg L). Total phenol and flavonoid contents of the calluses were
determined by Folin-Ciocalteau and aluminum chloride methods, respectively. Furthermore, Ferric reducing
antioxidant power (FRAP) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assays were used to determine the
antioxidant activities.

Results and Discussion: The results showed that 1/2MS medium was suitable for sterile seedling production
from purslane seeds. Based on the present study, only stem explants in a medium containing BAP and NAA,
produced durable calluses. The color of the resulting calluses were green and had a constant and firm texture.
The highest callus percentage (90.46%), the size (21.6 mm), and fresh (1826.5 mg) and dry weight (75.33 mg) of
calluses belong to MS medium containing 0.5 mg L BAP and NAA. Results of the second experiment showed
positive and significant effects of yeast extract on the total phenol, flavonoid contents and antioxidant activities.
The highest content of total phenol (664.12 mg GAE 100g* DW), flavonoid (42.25 mg QE 100g™* DW) and
FRAP data (787 umol Fe g DW) were obtained from the calli treated with 500 mg I yeast extract. The
maximum DPPH ICs (2.45 mg ml*) was also observed in control. The formation of callus associated with plant
species, hormonal composition, the stage of development, and the type of explants. Auxin and cytokinin as plant
growth regulators are key factors for controlling cell division in tissue culture. In most studies, callus formation
in purslane plant were induced in medium containing auxin and cytokinin. The presence of green calluses
derived from purslane explants can be due to the formation of chloroplastids in the cells of the callus tissue that
rapidly produce chloroplasts under light conditions. In the second experiment, increased phenolic and flavonoid
compounds with yeast extract treatment probably resulted in increased antioxidant activity.

Conclusion: In the present study, 1/2MS medium is suitable for the production of sterile seedlings from
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purslane seeds. MS medium containing 0.5 mg I BAP and NAA is the best treatment for calli induction from
stem specimens. The concentration of 500 mg L of yeast extract is introduced as the most effective
concentration for increasing the phenolic and flavonoid content and antioxidant activity in the purslane calluses.

Keywords: BAP, NAA, Phenol, Portulaca oleracea, Yeast Extract



