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Effect of Phosphorus Concentration on Growth and Antioxidant Properties

in Bacopa monnieri (L.) Wettst. Growing in In Vitro Cultures
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wasndleinwan (Bacopa monnieri (L.) Wettst.) Lﬂumﬂwa\ﬁ'ﬁqm%‘rﬁfm@%@%m: LATHAITNADNNNEN
daarlasiulspdalmmes annisfnuatasewafaudegas Murashige and Skoog (MS) fidaaaidiudusesiunns
Waavlada (P) uansneiu 4 szau ldun % P, % P, P uaz 2 P r;ifamil,'ﬁmﬁﬂmmemiﬁmfmﬁaﬁmﬂuﬁmﬁﬂLﬁﬂ
Aunsuiiuszazinan 6 dlad Lﬁ@?:uzgmmimmmwudq mm@mmL?I@Lﬁ@hgﬁﬁli@Wﬁi Vi P flaniugaanniign
(P<0.05) Aa 39.39 Hadwums HAIB9ANUIUlL uazaudanudn grsa1uis P ﬁﬁhmﬂﬁqm (P<0.05) Aa 16.05 1w/
duilede uaz 7.50 deawileide mud i HATDIANUIUIIN NI H AN LANENITUIZMI9gA9RI1MNS (P>0.05)
Traidlanuausin 4.10-4.60 mﬂ/%mﬁmﬁlﬂ uazHATRITINILLEN kinudEA U iusznigasang (P>0.05)
Tneflsuaunen 1.63-1.88 nen/duiieide mmqnmiﬂﬂmmwmmiﬂumiﬁumLL@vmamu@um@mﬂmmu@Lfm
NI meﬂumummmmLumm’l,ummmmi 2 P depalifiFnnniaes TPC uay TFC mmnm (8.48 pg gallic/g,
16.44 mg luteolin/g mummu) LL@&WMQ’]T‘LA@;M?@’MW? % P wuLsanng saponin quqm Winfiu 4,921 mg saponin/g
dquqm@’]miﬁﬁmwmWmm’Lunﬁiﬁu&\imﬁ,@%m:ﬁwfﬁ ABTS mn‘ﬁ'zgm AR 7987913 ¥ P HAWINTL 79.66% WAy
WU m’mmmin‘luﬂfwﬁuétmwl@%m:ﬁqm%% DPPH lidfAanauansineiuszndnegmsanmng (P>0.05)
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Abstract

Bacopa monnieri (L.) Wettst. is known as a medical plant that can be used to improve human memory.
Furthermore, its plant tissues contain a range of compounds that display antioxidant activities. In this study, the growth
and antioxidant activity of explants of B. monnieri (L.) Wettst. cultivated in Murashige and Skoog (MS) medium with
different phosphorus concentrations, %2 P, 2 P, P and 2 P, were investigated. Explants on the 7 P treatment
demonstrated the maximum plant height, which was 39.39 mm. The highest number of leaves and nodes were found
on the explants grown in the control treatment (P), and these were 16.05 leaves/explant and 7.50 nodes/explant.
Furthermore, there were no significant differences in the number of roots and shoots among the treatments (P>0.05),
which ranged over the values of 4.10-4.60 roots/explant and 1.63-1.88 shoots/explant respectively. As for
the antioxidant activity, the double P treatment (2 P) produced the highest concentrations of TPC and TFC, expressed
as 8.48 ug gallic/g and 16.44 mg luteolin/g, respectively. Compared to other treatments, the half P treatment (7% P)
was observed to have produced explants with the highest saponin concentration (4,921 mg saponin/g) and the highest
content of antioxidant activity as measured by ABTS assay, which was 79.66%. Finally, the said treatments did not

produce any statistically significant differences in the DPPH assay results (P>0.05).
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wasndletrinwan (Brahmi) feanenAnansin Bacopa monnieri (L.) Wettst. a¢luasd Plantaginaceae
(Sosa et al., 2018) ﬂ%TmLﬂumHuiwaﬁuﬁmm:mmqffmu:ﬁﬁﬁuﬁf}Lﬁmmmﬂﬂixmmuﬂmum%mﬁaimmmm
wuldidszmalng funsadduiedugnaunedn arduesurh lifaw fuduludssiseennseiidh lidugld
Aaud1eene danalunde nanuazau dawreddanlunay ReevluBevddecan aenidvtvireduasgeu a1unsm
Lﬁuimiuﬁuﬁ%umzﬁmﬁq memmmLﬁu‘llm"l,ﬁ’i‘luﬁuw"%"fam']ﬂﬁ@fgu?nm“lﬂ&mmﬁ’] (oY aaugasung, 2556;
Jain et al., 2017) ﬁuwmﬁﬁmaﬁmawm%mx (antioxidant) ‘ﬁmmﬂmiﬂ?:ﬂ'ammmaquwmﬁ (phytochemical)
wanengxN i daAaass (alkaloid) nalalasl (glycoside) Wanlousws (flavonoid) wazanliiiu (saponin)
(Mathew et al., 2010) ﬁﬁlqmmﬁm‘ﬁiﬁmﬂﬁuwmﬁﬁmswqmmwmﬂﬂmﬁuimﬁmhLm'aa*'ud?'a‘immm'ﬁ’]L?ﬁlﬂu
(Chaudhari et al., 2017) AnvaansasafldannFunsufiianunsndaansyirinmaludenldandas (Ghosh et al., 2008)
Tnaansdnueuyadass udunsudazlddoayn ilsuneseulslmnlefeanlasdhadoma  (superoxide dismutase)
AzAzIAA (catalase) wazngmnlanesaanding (glutathione peroxidase) TuanesthBunanfinanntwite s
@uua@mvmmmﬂuu (Bhattacharya etal, 2000)

Manzaeiiefielugnmlaenide Aenstnienmad el iegaung 7 VBINTHUNE Aesluaning
mumammmmmmmm'ammvmsmmi Tnauliunafiaiiinnsld e tnsunsaneionisiissunaesialu Funns
un nTaEaNan s AR s Al Lmvmmmim‘wummmmmimLmu@i@mmﬂnmimnmm a7l lunns
me,t,@mmemmmmﬂim@uiﬂmmﬁmmm‘mzm 8179113989 FMAUW nanarily unaANTuau LL‘VIZ\]\‘i’ﬂ'ﬂi‘LLﬂuﬂ
ANIATLANNITLATTYLALITE wazansvnlfanmsuiei St Flumsmnzaeiieie Ae anmstouds
4m3 Murashige and Skoog (1962) (MS) iasnniluemamnziataiieden S A Fuiaran i (Hussain et al.,
2012; Saad and Elshahed, 2012)

mmmmiﬂ’uLﬂu%ﬂﬂqﬁwﬁ'qﬁﬁmmzﬁwﬁmrﬁi@ﬂm@?mLﬁuimmmwaimiﬁiﬁ i 575 lulnsaw (nitrogen)
s1mWaanasa (phosphorus) wazanAInunaLdes (potassium) (mi‘ﬂ NBIATIN, 2546) ‘Emmzawwaawmmmvxlmﬁﬂm@
mwmmmmn‘umimﬂmwmmuwLﬂunivmumimwmmwmmmﬁmwumwmmmmﬂumizﬁ’qme,,w,l,mmmwm
uazflaRendesiunszUaLnn LR e szneuWaamnEees ATy nsagwn (adenosine triphosphate -
ATP) gwisuldlunisaseyiivlnuasnisduiiigaesiie u@ﬂmnﬁﬁwmﬂ@wmvmﬁqLﬂum'quﬂa‘xﬂ@uﬁz%”lﬁtymmmmﬁmﬁ%ﬂ
(nucleic acid) wazwWaalwana (phospholipids) ﬁmuﬁ%wudﬂmﬂﬁmLﬂuﬁmmmiﬁzﬁﬁﬁtyﬁi@mm?mLﬁ‘u‘im
19T daevinlinisuausasuaznsimnzesdandszneusing o) sesiaullldm amisdailusigannsiiiinase
nseanAan NIIWAWISTULALTUGIesNT (Nell et al., 2009) mw;”\iLﬁ'mﬁmﬁumzmumimLmu'avl,@m“ﬂgugﬁ
(primary metabolites) LLﬂxﬂﬁ?::mumi‘LNLLWU@i@ﬁnﬁﬂqﬁ (secondary metabolites) 1BNTBNAE (Chrysargyris et al.,
2019) @nswunualasmani iuansfifgairduiteninlfusmuasiaaiufieminanmianden  Laza1xn9
vhanuAnTuen gaFnussluensiefiusamldandas (Akula and Ravishankar, 2011) ansiunualasvaeni
ﬁﬁﬂnﬁqmmw"‘ﬁ?ummmmLn_iq'a'aﬂ”l,rﬁ’mmﬁﬂziu WU weslu  (terpenes) WWeAN  (phenolics) WATEAAIABES
(alkaloids) Ll (Murthy et al., 2014) %dmﬁaﬁl,uzﬁﬁ‘f:ﬁqmét,ﬁumqiﬁmwaﬂaamz ﬁ\iﬁumiﬁﬂmiﬁmmmmmrfymmi
aawasafivanzausdeniasioinln  uanfiunnmessnsiueyyedarsludunsud  Aeldslamdagaunniield
°lumﬂ’17v|mm§mLL@xﬂ?mﬁfwummsﬁﬁuméag@%mﬂuﬁ’fuwmmﬁlﬂmwar;i@mmﬁmmﬂmmmm wazaangnin 4
g Termadlun1enisunmerls

ABNIFANEN
wssalshinldlunsnanas
Wia‘m"l,ﬁfiﬁw@mﬁ*‘?ﬂﬁmmnﬁ’mﬂﬁuﬁnquu?gmLﬁ@lﬁlﬂwa‘a‘mvl,ﬁﬁﬂ NANGRIMENAARTNTUTTNS NPT
walulaginnsuandnduazlszae anzmalulagnisinems



King Mongkut's Agr. J. 2020 : 38 (4) : 449 - 458 451

LHUNITNARDS

AWLHUNITNARDY LLUU@:NNNH?L‘J(CompIete Randomized Design, CRD) TmlLW’]:L??ENLﬁ'ﬂ@lﬂwa‘mmumw}i
MS AiflpnududusesFunoumaanasa (P) wanFaiY 4 svAu laund % P, % P, P (AAIUAN) uay 2 P
TANIINARBIAY 20 9 Tz 2 fu (Table 1)

Table 1 Nutrient solution in the experiment.

) Treatment
Ingredients (mg/L)
YaP %P P (Control) 2P

1. Macroelements NH,NO, 1,612 1,625 1,650 1,700
KNO, 1,995 1,963 1,900 1,774
CaCl,:2H,0 440 440 440 440
MgSO,-7H,0 370 370 370 370
KH,PO, 42.5 85 170 340

2. Microelements H.BO, 6.2 6.2 6.2 6.2
MnSO,-H,0 22.3 22.3 22.3 22.3
ZnS0O,7H,0 8.6 8.6 8.6 8.6
Ki 0.83 0.83 0.83 0.83
Na,MoO,-2H,0 0.25 0.25 0.25 0.25
CuSO,-5H,0 0.025 0.025 0.025 0.025
CoCl,-6H,0 0.025 0.025 0.025 0.025

3. Irons Na,EDTA 37.25 37.25 37.25 37.25
FeSO, 7H,0 27.85 27.85 27.85 27.85

4. Vitamins Glycine 2 2 2 2
Nicotinic acid 0.5 0.5 0.5 0.5
Pyridoxine 0.5 0.5 0.5 0.5
Thiamine 0.1 0.1 0.1 0.1
Inositol 100 100 100 100

5. Sucrose 30,000 30,000 30,000 30,000

mumaumswmm

Lmﬂummiﬁmﬁqqm MS 7isunnmeanaiaunnseis 4 szi vinsusu pH e 5.62 Taeld HCl 1 N
LAY KOH 1 N udsanmisuduiaalsst (gelrite) 1.6 NFu ﬁN@uL‘miﬁﬁ@t@ﬂﬂLLﬁQU?i‘QMi&"ﬂQ@LW’]:ﬁLgﬁdL‘f‘z’ma‘ﬂﬂuﬁm
6 aeud antuAni e @egasuiaiinausilarin (autoclave) %mmﬁ 121 BIANTATER AINAY 15 Uaus
FaAN319Tn 1{1aan 15 Wi

sRadteEen Hlunnefinm Tenshdudeurasdunsfiindaduduiledennn 1 wuAwas fewn
Lﬁﬂ@@@faﬁmaﬁqlﬁqqms MS TRt FuneaaanesauAnsnaTuILELImaaes it idediuudureaiiade
Tnefnslduaadunan 12 dalueriedu muquqmmﬁ‘ﬁ 25 ssAaaltea uszazioan 6 diland
nsiiudaya

mﬂ,ﬁum@mm?tyLﬁuimmﬂﬁuﬁfalﬁ@ﬁuwmﬁ %v‘iqnwﬁuﬁn%aﬂ@m@nmﬂ?ﬁyLﬁu‘lﬁmmmngwm%wf:ﬂ@'ﬂ
ﬁuwauﬁoﬁ”@ﬂmﬁmmwmgwm%w,ﬁ@Lﬁ@ﬁ”ﬂﬂmﬂﬁﬁmamﬂm’ (vernier caliper) y¥nsdaanndaurestuiiedening
v’v’umnmmsﬁuﬁq MS "Lﬁ@uﬁqmmﬁmﬁmm@ﬁulﬁmﬁlﬂ antufuitnenueuly sauaude $1u9usn Lmﬁﬁmu‘ﬁ'q
m‘wmuTmﬁuumn%mmﬂ@umiwm@mumummm@m@mm 1 dlanf ilusrezionn 6 dUanvl mnuummmmm
T RTr YRS SRR AT AIPYPR AP meummi‘mmm

ma‘ﬂﬂ‘mmim’mmsmu@%@@mﬂmmu@m@muwmu Lﬁ'fa‘z?i”uzgmma‘mm@m@:ﬁﬂL@ﬁwﬁmﬁ'@ﬁuwsuﬁ
mau%mmﬁ 60 aaAnuaidaa wu 24 dalue udanilUfuasden aanduihdrednauiaiinn 0.20 n snarada
FinaansianIuen 95% 1Bunms 20 Saaans Whisseziaan 24 $alus seanldnsvansnseiLes 1 (Whatman No.1)
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nsaansaianidlnsendauiiiuasazanauanifusnm3luedaignugll 4 esrndadius waziienansaianld
Tl Tunsunffunuanssinueyyadass  liun Punndlusarianun (total phenolic compounds, TPC) AaAT
Wauglaunan (Folin-ciocalteu reagent) (AnuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AnuUasaIn Shirazi et al., 2014) waztsunnsaniUfiugan (total saponin content, TSC) (AaLLasan
Vador et al., 2012) mu%@ﬁﬂﬂﬂumﬁLmﬁxﬁﬂﬁﬁ“&ﬂﬂuma‘ﬁf}u@%@%m:ﬁ”fsﬁ% 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) smiasann Lim and Mutijaya (2007) Wazn19alAse 2, 2-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay #atiasann Nilsson et al. (2005)
N5AATIZUTaNAN AT

ﬁﬁmﬂ@mmﬂ'ﬁmLﬁu‘llmLmzmaﬁm@%@%mmmﬁuwauﬁﬁﬂqnlummiﬁlqLL“ﬁqqm MS Aiiannmaanasa
WANANNAUNIALAIILIAINLLITL99U  (Analysis of Variance) mNuNuNIINAResLULgNaNYsd (Completely
Randomized Design, CRD) IngAinszsfilfenifiaunnuuansinesasiiadnssuinaganimaaesnnaisges
Duncan’s New Multiple Range Test TssdumaTesy 95% WaLALATEANaMdLTLE (correlation) MNXNATUR4
Pearson correlation (two-tailed) test Ainailtlsunsumanamasgiagy

NANSANEILAZAATl
Nmmﬂ‘%mmw'ﬂﬂwa?ﬂﬁumnﬁi'lqﬁ'urfi'amsm?‘mLﬁu‘immLﬁ”'aL?i'ar;fuw'sumuamwﬂaamﬁyfa
mmmﬂ?mmmﬁlmmiﬁi@mmqwm%mﬁﬂLﬁlaﬁuwmﬁwudﬂ ﬁQﬁuzgqm@q?;uLﬂfaLﬁﬂuﬁﬂmﬁﬁ 0-5 Tfl
ANLANFANSTUH WA ATYNINATR (P>0.05) FENINGAIRIVNT Lazlud a6 wudn gnIa1ms % P, % P, P
uaz 2 P ﬁmngwm%uv’f‘:@@'mviﬁu 39.39, 34.88, 35.23 uaw 39.14 AndunsAuiiaitia aaAAL Imﬂmﬁ'zgqﬁqm
(P<0.05) 2¢flugnsanus v P (Table 2)

Table 2 Effect of phosphorus on height (mm/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures.
Experiment period (week)
Treatments
0 1 2 3 4 5 6
VaP 10.00 + 0.00 10.09 +0.10  19.67 +0.71 24.65+0.87 30.15+1.10 34.83+1.25 39.39 + 1.59°
2P 10.00+0.00 10.43 £0.13 20.03+0.45 2436+0.58 28.23+0.66 32.07+0.64 34.88+0.80°
P 10.00 +0.00 10.25+0.10 18.01+0.61 22.33+0.73 27.14+0.89 30.78+0.81 3523 +0.97™
2P 10.00+0.00 10.16+0.06 19.08+0.59 23.93+0.90 28.08+1.12 3356 +1.45 39.14 +1.91%°
P-value ns 0.106 0.098 0.163 0.167 0.057 0.033

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

nare9LTuNuNeanesaRaa 1w uluasTuaEafuneNAN LY TudUani 0 way 5 TuTANLANFAeY

35WiNgRIR1MNT (P>0.05) wriludansi 1-4 wudn anualulugasenuns % P Ssrusulusnniige Senwintu 4.00,
6.28, 7.83 uay 10.35 Iu/%uLﬁaLﬁlﬂ ANNANAL %'qﬁmmumnﬁmﬁu@mmmﬁ'u (P<0.05) a2 ludlanvi 6 wud
qneenung % P, % P, P uaz 2 P Hanuauly iy 14.25, 14.05, 16.05 waz 12.75 luAwileide Tneigmannmg v P,
%P uay P ﬁfﬁ’]mu‘l,umnﬁqm Lwi%ﬁﬁqmiuqmmmi P (P<0.05) (Table 3)
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Table 3 Effect of phosphorus on leaf number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in
in vitro cultures.

Experiment period (week)
1 2 3 4 5 6
Vi P 0.00+0.00 343+0.33" 495+023° 7.08+0.37" 940+054® 11.30+066 14.25+0.88%
VP 0.00+0.00 4.00+0.28 628+028 7.83+025 10.35+041° 11.73+043 14.05+052%

Treatments

= 0.00+0.00 265+0.19° 528+028° 6.63+022° 895+0.39° 1248+063 16.05+0.83
2P 0.00+0.00 320+0.16™ 495+018° 665+022° 810+025° 10.83+043 12.75+051°
P-value ns 0.003 0.001 0.008 0.003 0.188 0.015

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

HavesBanaulaanesadaduanTresT e eduneniingdn udlesi 0-3 uaz 5 ”Lmummummqnu
FENINGRATAINNS (P>0.05) uludi a4 Ues 6 nwudauaudalugasaimis P ummm@u’mmmmaémmmu
(P<0.05) iumﬂmw 6 mmum@m@wumfaLﬂ@‘luzgmmma‘ Vi P, V5 P, P Uaz 2 P Januaude windu 6.70, 6.65, 7.50
uaz 6.13 da/Auiiaide mugisy Tmﬂfﬁmqwﬂ’@mm%w,ﬁ@Lﬁlﬂluzgmmm? P ﬁ@"ﬁmuﬂ”@mnﬁqm (P<0.05) (Table 4)

Table 4 Effect of phosphorus on node number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures.

Experiment period (week)

Treatments
0 1 2 3 4 5 6
Va P 1.00£0.00 1.00+0.00 1.48+0.11 3.15+0.09 3.48+0.12° 5.53+0.33 6.70+0.37%
% P 1.00+0.00 1.00+0.00 158+0.11 328+0.09 3.58+0.08° 570+0.21 6.65+0.20"
P 1.00+0.00 1.00+0.00 140+0.10 3.28+0.11 4.03+0.09° 6.10+0.26 7.50+0.39°
2P 1.00+0.00 1.00+000 1.38+0.09 3.08+0.07 3.63+010° 528+022 6.13+0.26
P-value ns ns 0.519 0.327 0.001 0.154 0.025

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

naesinaaanaiases I ntesTue deunaninin Tudilae 3 AUIUIN 1UGATRINIT V5 P
ﬁ'ﬁwmumﬂmnﬂd’wgmmmi%'lu (P<0.05) Fefldwausniiaiy 3.05 sn/auitaidle W LN LA HUAN FIN9sEUINag R
27113 (P>0.05) Tudilansian Taeludilanvid 6 ﬂ-i’ﬁmm’mm@\i%w,ﬁ@Lﬁlﬂiu@,m?mm@ Vi P, % P, P uay 2 P iAwiniu
4.28, 4.60, 4.40 ua 4.10 SMN/AUBIER AR (Table 5)

Table 5 Effect of phosphorus on root number (number/explant) of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures.

Experiment period (week)
0 1 2 3 4 5 6
Ya P 0.00+0.00 0.95+0.13 178019 2.73+0.20° 3.28+0.22 3.73+0.22 4.28+0.26
%P 0.00+0.00 0.93+0.15 1.95+0.19 3.05+0.17° 365+0.16 4.03+0.20 4.60+0.24

Treatments

P 0.00+0.00 048+0.11 125+0.16 215+0.16° 293+0.19 3.75+0.16 4.40%0.15
2P 0.00£0.00 110+0.19 168+021 245+0.18° 3.03+021 355+0.32 4.10+0.32
P-value ns 0.070 0.149 0.016 0.051 0.547 0.539

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.



454 INTANTINHATNIZAANLNAN 2563 : 38 (4) : 449 - 458

naesBnnsaaneiasesuausensestuile fedunsufinudn a2 ANUIULAA LUGATINNT
i P, % P uaz 2 P Sa1uautenunign (P<0.05) urasangalugasanns % P avianuautenwinil 1.40 sen/iu
aude LLﬁi"Lszum’mme;iqﬁwdwzgmmmi (P>0.05) Tudilanvian Tneludlanni 6 SunugenTeTTele
lugnsa1mng % P, % P, P uay 2 P {Ainfiu 1.63, 1.88, 1.83 uaz 1.68 ﬁfam/%wf:@@'@ AINANAL (Table 6)

Table 6 Effect of phosphorus on shoot number (numbers/explant) of Bacopa monnieri monnieri (L.) Wettst. grown

in in vitro cultures.

Experiment period (week)

Treatments
1 2 3 4 5 6
Va P 0.00+0.00 0.00+0.00 120+0.08° 125+0.08 133+0.09 1.53+0.09 1.63+0.11
V2 P 0.00 £0.00 0.00+0.00 1.40+0.09° 1.43+0.08 153+0.09 158+0.08 1.88+0.09
P 0.00+0.00 0.00+0.00 1.10+0.05° 1.20+0.07 120+0.07 1.58+0.10 1.83+0.10
2P 0.00+0.00 0.00+0.00 1.20+0.08° 123+0.08 135+008 1.48+011 1.68+0.11
P-value ns ns 0.035 0.155 0.061 0.852 0.257

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

navesLFnueanesasediun s minan-uestuilede sund Lﬁ@émé’ummm@@m@ﬁuqm
NINARDINLIA fiﬁuﬁﬂ@m LLﬁ’\iGuﬁummmﬂmmmmﬂﬂﬁmmmerﬁiﬁ\ﬁu@mqﬁﬁﬂzﬁ’]ﬁmmmﬁﬁiwdwqmmmi
(P>0.05) LLMLN@@u@mﬂ’]iV]m@'ﬂﬂwum gAreM3 2 P umuunm AT MINUINNANTIAR (P<0.05) HAWINTL 0.2428
nfimninanduileide ez 00,0366 niiniwinudyawilede mugs (P<0.05) (Table 7)

Table 7 Effect of phosphorus on weight (g) of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro cultures.

Initial weight Final weight
Treatments
Fresh weight Dry weight Fresh weight Dry weight
VaP 0.0123 + 0.0002 0.0014 +0.0000 0.1094 + 0.0035° 0.0275 + 0.0006"
2P 0.0123 + 0.0002 0.0014 £+ 0.0000 0.1372+0.0013" 0.0272 + 0.0003"
P 0.0123 + 0.0002 0.0014 = 0.0000 0.0926 +0.0020° 0.0247 +0.0012°
2P 0.0123 + 0.0002 0.0014 £+ 0.0000 0.2428 + 0.0019" 0.0366 + 0.004°
P-value 1.000 1.000 <0.001 <0.001

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

mnmmﬂmmmammLmu‘lmmLuam@muwmwﬂ@niummimmem MS RfBanaumlaaness Lufmm\i
iU 4 9eau uszazinan 6 duanif Lumu@mmiwm’aqwummmmmmLufamﬂmmmmi Vi P mmmmmnmm
A 30. 39 mmmm daure9auauly uazanuIutenudn gneeus P ummmnm e 16.05 lumwileiEe uas
7.50 deAuiiaie AUAFL WANATEIILILIN Lmvmmuﬂfamvl,uwmmmmu,rfmmqﬂu@mquuﬁmﬂmmqmm
(P>0.05) ?”MQ’N’&I;’I?@’]W]? Tmﬂmmfaumﬂ@w 410460 nAwiaide FEUINGAIBINNT LL@“@’]‘HQ%E@WSEV]
1.63-1.88 ﬂfam/mul,umﬂfa (Table 8) AINNIFANEIUBY Figas et al. (2016) wﬁm:mmmmvxlmﬂamml,mnmaﬂu 3 9¥AU
(MS, MS+P uaz MS-P) mma‘mmmuimLmvaﬁmmmmm (pigment) Tunsdaumnziiiasresuigansdu
(Helichrysum arenarium (L.) Moench) ’lu@mwﬂ@ﬂm‘n@wmq mmmmmwLWﬁvLam”Lummmmwvlm”LmLmuw‘amw'am
mﬁmmmmmu‘ﬁmLL@mmumfmrﬂmnu@ﬁrmzgmfm'marwummmlmvxlmmﬂﬂ uazi B neaaane S aTILT
fadenasiotFunnmenaelsilad a ez b WiANIugE annaAnE1Tes Ramezani et al. (2009) ARNEHATRg
Waanwaiasan I nasALR  UTuNnNangs uaziBinashifmenssmeludulvszn wudn seavesailiuasienis
winyiAv et inaardanasannngesiu ANgaastenan waziBuinnaalsilagdiuly iasannweaniasavinlif
nalalaultsl  (coenzyme) ARtTesTUN TN IUA AN WE TN Al lunsdua s aeldun
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adenosine triphosphate (ATP) Wa¥ nicotinamide adenine dinucleotide phosphate (NADP) Lﬂuwﬁ\‘m’mﬁﬁzﬁw%’u
nrzuaumsdainmziuasasimive il s iaulaeenlad anvvldlumsdunmeilaiu uasiuasilsznausing 1
fidndnylusssumi LNANTANNTANE1I8Y Stewart and Lovett-Doust (2003) davinmisAnsuavesifunns
Weanasaniifenanant0ss uILaen Sl UAZANAITBIFUANNITEN Calendula officinalis L. (Standard Pacific)
W90 ﬂ?mmmmﬂmﬂaﬁ*@ﬁmn%ﬂﬂmm@ﬁﬂﬁmmammemm?a;ﬁuimmﬁum’mG“mﬁﬁu TnenaaInIsAnNE
FananalmINNAeARRBIIUILNNTANENT8Y Chrysargyris et al. (2016) fiFnenareBunnulnsauaseanesade
anwurnnEeTAuln nsazansifeIuns uarlinsuntesansinueyyagass muﬁaﬂ?‘mmm:@mmwmmﬁqﬂu
wonszimeluua AR LN Lﬁmmmmm@wm"mﬁLﬁu'%uslummzmmmﬁlmmﬂﬂﬁmrﬁifamm@;qr?’fu ANENa LY
wazpamesiuluduAmees  saanaanMsAnEdauansliiiuingnsdon wazTunsedusann i
AN3azANE51AANINNARaNT AT tYAL TTaINTAa e L

Table 8 Effect of phosphorus on growth of six- week -old Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures.
Height Leaf number Node number Root number Shoot number
Treatments
(mm/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)  (numbers/explant)
YVaP 39.39 + 1.59° 14.25 + 0.88™ 6.70 + 0.37% 4.28 +0.26 1.63+£0.11
7P 34.88 + 0.80° 14.05+ 0.52% 6.65 + 0.20™ 4.60+0.24 1.88 £ 0.09
P 35.23 + 0.97™ 16.05 + 0.83° 7.50 + 0.39° 440+ 0.15 1.83+0.10
2P 39.14+1.91° 12754051 6.13 + 0.26" 4.10+0.32 1.68 +0.11
P-value 0.033 0.015 0.025 0.539 0.257

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Nmmﬂ?mmw'ﬂﬂwa%"aﬁLu;mr;haﬁ'usi'aﬂ'n'mmu'lin’lun']sémé’au,azt;’f']um'i'aggaammml,ﬁ@L?;'alﬁ'uw'a‘uﬁ
Tuannilaanids

mmmmm’lumiffug\imeﬁmms?’hu@%@%mmm%mﬁ@Lﬁ@ﬁuwwﬁLﬁ'faéu@mmiwmm (Table 9) wudn
3810 TPC SLuLLﬁi@:zgmfmmiﬁm’mLuﬁmﬁiﬂqﬁu@ﬂwﬁﬂfm@ﬁﬁﬁymmaﬁ (P<0.05) Imﬂqua’mwﬁﬁﬂ?mm TPC
mm’ﬁfqm A9 gR9an13 2 P JAINAL 8.48 ugGallic/g Sudieiie 1Bunnu TFC wudn luusiazga sl AuuANFNeiY
athaiifudfoymaada (P<0.05) TnegasesidiSanns TEC annflge A grsenwns 2 P fldwiniu 1644 mg
luteolinig TwilaiEle wazAnllusnsieiuRnniugnsening v P AAinty 15.07 mg luteolin/g Fuieie 1Bunn
saponin WugnluwsargRsasiaNuAnsNiuatin e Anynneatia (P<0.05) Tmﬁ@;m@ﬁmiﬁﬁﬂ?mm saponin
N Ae geanns v P AL 492114 mg saponin/g Tuiteifie usliflpetuuansneiusnniugmsamns v P
SafAnyinL 4,634.40 mg sapopin/g duiee

v
a '

PNANNIn luNNItudeyyaasyAneds - DPPH Lﬁ'fmuqmmswmmwmw mmmmmiumifj“ugmwm
dasrlunngmaannslifimnnuansineiuedwiidedrAnynwada (P>0.05) Tnalugnesanms % P gns % P A3 P uas
4ms 2 P 1Avinriu 88.96, 89.27, 86.65 UWax 88.70% ANNAAL LL@xﬂﬁigUé’/dﬂléH@’?ﬂﬁizﬁQﬂaaﬁ‘ ABTS W91 AHNAINNTE
‘Lumiﬂ”‘u5’\1awm%mﬂuuﬁim@‘mﬁmmiﬁmwLLMﬂf}iNﬁu@ﬂNﬁﬁm@wﬁmmqmaﬁ (P<0.05) Imﬂ@‘mmmiﬁﬁmm
mmsﬂumaﬂ“uﬁg\m%@%m:mﬂﬁzﬁm AR 4RIaNUN3 %5 P HAWINTL 79.66% el lHANuANsiumniLgmsanmng
2 P AafiAuiniL 68.33% (Table 9)

NSAATIERANENANNUS (correlation analysis) maaawﬁmagga%mﬂu%mﬁv@L?i'aﬁ'uw'a‘uﬁ

HAANNNTRLATIZIAN correlation WugNLBaNuaes TFC Hanudniusivlu@suaniuliunnmes TPC uay
mfnu'&Wmsnium@ﬁugmwm?ﬂmmm ABTS Hpnuduiusiuludeuaniudinnnes TPC (Table 10)
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Table 9 Effect of phosphorus on antioxidant activities of Bacopa monnieri monnieri (L.) Wettst. grown in in vitro

cultures after 6 weeks.

TPC TFC Saponin
Treatments i . ) DPPH (%) ABTS (%)
(ug gallic/g) (mg luteolin/g) (mg saponin/g)
Va P 6.18 + 0.05° 12.68 + 0.40° 4,634.40 + 61.75% 88.96 + 0.80 52.83 £5.25°
Vo P 7.85+0.04° 15.07 + 0.73% 4,921.14 + 77.23° 89.27 £0.08 79.66 +0.16°
P 6.49+0.13° 13.93 + 0.60™ 4,179.56 + 147.65° 86.65 + 2.37 57.85 + 4.96™
2P 8.48 +0.08° 16.44 + 0.35° 4,367.43 + 61.75% 88.70 £ 0.15 68.33 + 5.24%°
P-value <0.001 0.007 0.003 0.484 0.012

Mean+SE values within a column followed by the different letters were significantly at P<0.05, ns is for non-significant.

Table 10 Correlation between different antioxidant parameters of Bacopa monnieri monnieri (L.) Wettst. grown in

in vitro cultures after 6 weeks.

Parameters TPC TFC Saponin DPPH ABTS
TPC 1
TFC 0.864° 1
Saponin 0.180 -0.056 1
DPPH 0.184 0.173 0.153 1
ABTS 0.659 0.501 0.501 0.065 1

" Correlation is significant at the 0.01 level (2-tailed) and " correlation is significant at the 0.05 level (2-tailed) (Pearson correlation).

m@mﬂnmmeumaﬁmwga%mﬂwﬁ@Lﬁlfas’fuwwﬁﬁﬂ@.ﬂiummiﬁqLL%QW MS  AfiFunuearlada
wanFnaii 4 szt Wussezinan 6 zﬁ"ﬂmmﬁfaéuqmmiwmmwudw gP70 s TiHBN0d TPC wnfiga Ao grsatung
2 P gesewnsfifiiunns TFC annilga Ae qreenwns 2 P uasilenlduansinafusnniugnaaims v P grsanunsiia
3unms saponin 1NNTige A gRsanuns v P uazienbluansneiuanniugasaams v P msdudeayaanszdasia
ABTS WU gRsa1mns % P ﬁmmmmiﬂumiﬂ"ﬂéﬁ@gﬁg@%@i:yﬁﬂ%@ wazdAnliuAnseiuNiLgRsanmg 2 P
mum?fﬁu&\m%@?ﬂmxﬁwﬁ% DPPH w191 Tunmgmmmiﬁﬂmummimiumiﬁu&mﬁ@%mﬂajLmﬂﬁmﬁu@ﬂ'ﬁqﬁ
HadAynaia  (P>0.05) (Table 9) TmﬂﬂﬂﬁLL@”@V\IMV\I@?@Lﬂumﬁlﬂi:ﬂ@uﬁzﬁﬁﬁmﬁiamm?ryLﬁuimmﬁmmz
Lﬁm%’mﬁum:mumamme'avl,@m’vﬁﬂﬂmﬁmmﬁm (Murthy et al., 2014) AINNTANENUBS Nagella and Murthy (2011)
‘ﬁﬁﬂ‘iﬁN@ﬂ]‘ﬂ\?ﬁﬂﬂﬂ’]ﬁ’]?ﬁﬁﬂLL@:me\iﬂiuiﬁl?L@%ﬁi'ﬁ]ﬂ%‘@x@ﬂﬂ’m%’m"lw WATNANARLDY  withanolide-A lulanime
(Withania somnifera) Wuqn AnafiN BT e A UWaawaLTy 2 winlugrsa1us MS auisavinliinnsazanaes
withanolide-A lulasduiAeifnanniuetinadiulédn  uilunnduiuiienfeeislmduinmenialsunnmeams
ﬁmmmﬂifaﬂLﬁluﬂ?mmmm?ﬁqmamme'aVL@m‘nﬁﬂgmﬁ’mnm?ﬁﬂmmm Bramble and Graves (1990) 7iAn®A
uareswaanefaseansasyunuarN1sHARaI8aAaaE A s uNUNeN91TRN (Coffea arabica) NUI1gRI81MT MS
‘ﬁﬁmmmﬂ?mmml@mwm“@mmm@ﬁﬂﬁmm?zmwﬁ@mmﬂmﬂuﬁumuﬂmawﬁﬁﬁ@jﬁu 30104895 IHBIMNINAN
?NLﬂuﬂ@f«ﬁvﬂzﬁ’qﬁtﬁmN@m'@mmmmmm@%qmwLL@:mmammmﬁﬂqmuﬁﬂnﬁLWW:Lgﬂﬁu@nqwﬂa@mL%@ (Wu and
Zhong, 1999) Lmzmm?’ffaqmiﬁﬂr};mmmmﬁml,l,ﬁi@mﬁmﬁl,l,mnﬁmﬁu

=
dagUuan1sAnm
= o Ao a a o a LG S a

annsAnEanuaeseanasanisenisasydninuaranssinueasasrresTuiediofunsni luanin
daandeluszazionn 6 dlanif eduganimmaasanudnlugnsannis % P HAANgerediiiaitiasunsuiliinign
HAiniy 39.39 fadwas navasaaulunazawutanuinlugasamis P #aruaunnniige dawintu 16.05 lu/
2 x4 v 2 X 4 o . y " K =
TulalEe war 7.50 de/Auiteiia mua1AY LavkatesanIsueyyaass luiladasunsninugy dsunniues
nanuauazBanuan lusadanipgangalugnsanms 2 P 1aA1winiu 8.48 ug gallic/g uaz 16.44 mg luteolin/g
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