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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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wasndletinwand (Bacopa monnieri (L.) Wettst.) Lﬂuzmuvl,m‘ﬁ'ﬁqw“ﬁrﬁm@%@%mz ULATHATINADINNNEN
dqatfeaiulsada b s mnmiﬁﬂmmmmmmaﬁqLL*ﬁ\‘iqm Murashige and Skoog (MS) fipnuddua et B0
waanasa (P) uansnariu 4 s2in ldud % P, % P, P uaz 2 P senaisseyidulnuazansiueyyaassy hiuilaide
sunsuilifluszazinan 6 dlanl Lﬁfaéuzgmmimmmwudq mngmuﬂ@Lﬁlfasl,uzgmmmi Vi P ﬁmmz‘gqmn%m
(P<0.05) Aa 39.39 Hadwms HaredaUIly uazauIudanudn gasanuis P ﬁmmnﬁqm (P<0.05) Aa 16.05 11/
duilede uaz 7.50 feawileide mudy HATD9AUIUIIN TN LI A HLANENTTUIEMg9gR9RIMIg (P>0.05)
IpeflanuausIn 4.10-4.60 iﬁﬂ/%uﬁfa@"a Ay mmmﬁmquﬂfamiﬂwudﬁﬁmmLLmnﬁmrmeud’mmmmmi (P>0 05)
Tefidnuaneen 1.63-1.88 tan/duibeiie m@mnmiﬁﬂmmwmmmiumwumLLﬂvmimu@um@m"slmmu@Lfm
BN me‘lumummmmLu'am@‘l,ummmmi 2 P danalffiiFunouaes TPC uay TFC mmnm (8.48 g gallic/g,
16.44 mg Iuteolm/g ANNANAL) LL@“’W‘].IQ’]‘luﬂm'mW]i 5 P wulsunn saponm mmm Winfiu 4,921 mg saponin/g
ziqumm@ﬁmiwmmmmwmiaiumiﬁm\mumﬂmvmmﬁ ABTS mrmm AR gR9a1ung Vs P HANIL 79.66% Uay
WU mfmmmm‘lumiﬂum@%@fam:mmﬁ DPPH laiflmnnuusansinaniuseninegnsaimng (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, V2 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).

Keywords: Bacopa monnieri (L.) Wettst., phosphorus, antioxidant, in vitro, growth

"anszinalulaginisinems antumaluladnszaauinanidnunnsaIanssly WaaIANSELS Ngamng 10520
! Faculty of Agricultural Technology, King Mongkut's Institute of Technology Ladkrabang, Ladkrabang, Bangkok 10520
*Corresponding author, Email: nongnuch.la@kmitl.ac.th



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

AN

wasndletrinwan (Brahmi) feanenAnansin Bacopa monnieri (L.) Wettst. a¢/luasd Plantaginaceae
(Sosa et al., 2018) ﬁiTmLﬂumHuiwsﬁuﬁmmemmqffwuﬁﬁﬁuﬁf}Lﬁmmmnﬂixmmuﬂ’]mm:%mﬁﬂimﬂmmm
wuldidsznalng funsadduiedugnauneidn arduasurh lifaw fuduludssieseennsiidn lidugld
Aaudeeng Uanalundne nanuazuu dowseddauluway JaeuluFauddiacan aand@a1nvireduisgen 414190
Lﬁuimiuﬁuﬁ%mm:juﬁq memmmLﬁﬂiﬁlié‘luﬁuﬁ?@wmﬁ@fgu?l,qm“lﬂﬁt,lmiqﬁf] (oY aaugasung, 2556;
Jain et al., 2017) ﬁuwmﬁﬁmarﬁ’huwgm%mx (antioxidant) ?im'a’mma‘ﬂ?:ﬂ@mmmaqumaﬁ (phytochemical)
wanengxN i daAaass (alkaloid) nalalasl (glycoside) Wanlousws (flavonoid) wazanliiiu (saponin)
(Mathew et al., 2010) ﬁﬁlqmmﬁm‘ﬁiﬁmﬂs’fuwmﬁﬁmimmmqmmﬂﬂfa\iﬁuimﬁmhLm?’ﬁ?ﬂ‘ia‘ﬂmm'ﬁ’]L?ﬁlﬂu
(Chaudhari etal., 2017) AnvaansasafldannFunsufisanunsadatansyi s ludenldandas (Ghosh et al., 2008)
Tnaansdnueuyadass udunsudazlddoavin ilfunueseulslguleseanlasdhatoma  (superoxide dismutase)
AZAZLAR (catalase) LL@uﬂ@ﬁlﬂVLWIﬂuLWﬂ{ﬂﬂﬂ%Lﬂ@ (glutathione peroxidase) Iumumﬁﬂ?mmﬁumﬂﬁmﬁ@iﬂﬁu&q
ﬂum\mmvmmmmu (Bhattacharya etal, 2000)

nsmniasadiedeluanmilaenide Aenisthienad ieidle wredaung 7 VBINTHUNNE Aelugnnng
mumimmmmwmefammwmimmi Tnenfumadafiinnsldiuaehaunsanenitanisiissuauaesialu Funn
un nsagaNansaanlsaluie Lmvmmmamwummmmmﬂ,uLmuai@mmmmimﬂmﬂ a3l lunns
me,@w,ufamemmﬂim@uiﬂm&mmmm?mn 81981119989 IMHU nInasilu unaaAnFueu meammuﬂ
ANTATLANNITLATEYLALITH wazansvinlfasudei asemnsiinaaninn Flumsmnzreaiiaie Ae anmsfouds
4m3 Murashige and Skoog (1962) (MS) dasannifluamnannziaeioderld 4 fufiananeaia (Hussain et al.
2012; Saad and Elshahed, 2012)

mmmm@ﬁuLﬂu%ﬂﬂ%”wﬁqﬁﬁﬂmmi"]ﬁmﬁifamilﬂ?mLﬁuimmmwsamiﬁﬁﬂ i 575 lulnsaw (nitrogen)
s1mWaanasa (phosphorus) uaza R Inunades (potassium) (ﬂl,ﬁ‘ﬂ NBNATIN, 2546) ImﬁlL@lW’W“”ﬂﬂNﬂ\‘iﬁ’]ﬁlW’ﬂﬂWﬂﬁ‘@
ﬁmwm‘v]mmn‘umi‘mﬂmwm\im'wLﬂumwmumi‘wwmmwmwmmmwumwmmmﬂ\mumiﬁqLm%mmwmm
LazflaRendesiunsyLauNNs U T TesEn s sz naLmaanvEee=A luFulnsvaging (adenosine triphosphate -
ATP) gwisuldlunaasoyivlnuaznisduiiigaesive u@ﬂmnﬁﬁmw'amxlm”mﬁqL‘ﬂum'quﬂi:ﬂ@uﬁz@’]ﬁtymmnimﬁmﬁ%ﬂ
(nucleic acid) wazwWaalwanm (phospholipids) ﬁmuﬁ@“&wudw@mﬂﬁmLﬂum&]mmiﬁz&’ﬁﬁtyﬁi@mm?mLﬁ‘u‘im
109 daevinlinsuasaduaznisimintesdoudszneusing o) sesiaidulyldn amiduilusgannsiiiinase
NN3aaNAeN NINMWNITULALWUGIaSNT (Nell et al., 2009) mwﬁ”\iLﬁm%qﬁum:mumiml,wmﬂvl,@m“ﬂgugﬁ
(primary metabolites) Lme‘zmumi‘LNme@bl,mfvﬁﬂqﬁ (secondary metabolites) 1R9NTBN A (Chrysargyris et al.,
2019) answunualasmond Huansiigairsduniennliumuasdesiuiaesnnanmunden uazanag
hanuandugn andnusiluesiedfinsamildsndan (Akula and Ravishankar, 2011) ansunua lasmReni
ﬁﬁmﬁqmmw"ﬁummmmLn_iq'a'aﬂ”l,rﬁ’fmwmjm i weflu  (terpenes) WuedAn (phenolics) WATEAAIAREA
(alkaloids) wlusu (Murthy et al., 2014) %qmﬂ,umﬁﬁqw%ﬂﬂumaﬁmawa%m: ﬁq&umiﬁﬂmﬂ?mmmmmrammi
waanaiafivanzausdenissioginln  uanfiunnmessnsdueyyedarsudunsud  Aeldslumlagaunniield
‘lumﬂﬁ'ummamLL@:ﬂ?‘mﬁmmmmsﬁ’ﬁumézg@%mﬂuﬁuwa‘umﬁlﬂmwaﬁiﬂmmﬁmmﬂmmmm wazaungnin 14
Uselamfluntensunnel e

ABNI9ANEN
wssalsinildlunsnanas
Wﬁm"l,ﬁﬁﬁw@uﬁﬁiﬁmmnﬁmﬂﬁﬁmﬂqu{gﬂqLi@lﬁlﬂwa‘?mﬂ,ﬁﬁﬁ NANGRIMNENAARTNTUTTNS NPT
walulaginnsuandnduazlszae anzmalulagnisinems
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LHUNITNARDS

AWLHUNITNARDY LLUU@:NNNH?M(CompIete Randomized Design, CRD) TG]EILW’]:L??ENLﬁﬂ@lﬂwmmuﬂ’m%‘
MS AiflpnududusesFunoumaanasa (P) wansafY 4 seau laund % P, % P, P (AAIUAN) Uay 2 P
TANINARBIAY 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 22.3 223 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

mumaumswmam

Lmﬂummiﬁ\uﬁq@jm MS fifhunaumeanaiauansineiu 4 sz vinnsusu pH 1818 5.62 Taeld Hol 1 N
uaY KOH 1 N ndaanniiufuiaalss (gelrite) 1.6 N3u ﬁmuma%ﬁ@mwLLﬁqmiﬂcgaﬂmmLWﬁngﬂqLﬁmﬁlmmm
6 aeud antAnh il dedumteiiinusulerh (autoclave) igaumnR 121 esriaadud AvNEL 15 Uaws
FaAN319En 1{1aan 15 Wi

sRadeEen Hlunnsinm Tenshduseusesiunsiiindadlduiiedennn 1 wufwas fewn
L’gmmmmiﬁuﬁngm MS TRt FueaaanesauAnsnaTuLILELImaaes it idediuuduReaiieie
Tnainsliuaadunan 12 Falussedu pauaugnugiii 25 espgadas Wuszazinan 6 dlany
nsiiudaya

mmﬁum@mm’%mLﬁuimmm%ulﬁfalﬁaﬁuwmﬁ @zﬁqmﬂuﬁn%@g@mmm’%mLﬁu‘tmfaqmwzgwm%wﬁmﬁlﬂ
ﬁuwauﬁoﬁ”fmmﬁmmwzgwm%w,ﬂ@Lﬁlfaﬁqmmﬂﬁﬁmaﬂmm’ (vernier caliper) ¥nsdaanndaurestuiiedeniing
ﬁumﬂmmsﬁ'qﬁ\ﬂ MS "Lﬂ@uﬁqmmﬁmﬁmm@ﬁwﬁmﬁlﬂ antufuitnenueuly sauaude $1u9usn LL@vﬁmqu‘ﬁ'q
m‘wmuTmﬁuumnm@mmﬂ@umiwm@mummmqm@wmmm 1 dlaf ilusrezionn 6 dUanvl mnuumummmm
T RTr YRS SRR A AP PR AP I me&ummi*mmm

ma‘ﬂﬂ‘mmim’Nmﬁa‘mu@%@@mﬂummuﬂmﬂmuwmu Lﬁ@éu@mma‘mﬂm@:ﬁwL@ﬁwﬁmﬁ'@ﬁuwmﬁ
mau%mmﬁ 60 aaAuaidaa wu 24 dalue udaniiUfuasden anduihdrednauiaiina 0.20 n snarada
FinaranslanIues 95% 1Bunms 20 fadans Wuszezioan 24 $alug seanldnszaEnseies 1 (Whatman No.1)
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nsaansaianidlnsendauiiiuasazanauanifusnem3lundaignugll 4 esrndadius waziienansaianld
Tl Tunsunffunuanssinueyyadass  Teiun Punndlusasianun (total phenolic compounds, TPC) AaeAT
Wauglaunan (Folin-ciocalteu reagent) (AinuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AnuUasaIn Shirazi et al., 2014) waztsunnsanlUfiugan (total saponin content, TSC) (AatLasan
Vador et al., 2012) mu%@ﬁﬂﬂﬂumﬁLm’wﬁﬂﬁﬁ?‘m’luﬂwﬁm@%@%m‘:ryﬁ”fmﬁdﬁ 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) smuiasann Lim and Mutijaya (2007) Wazn19alAse 2, 2-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay #atliasann Nilsson et al. (2005)
N5AATIZUTaNAN AT

ﬁﬁmﬂ@mmm?zyLﬁu‘llmmema‘ﬁm@%@%mmmﬁuwmﬁﬁﬂqnlummiﬁquﬁﬁqqm MS Aiiannmaanasa
WANANNAUNNALAIILIAINLLITL99U  (Analysis of Variance) mNuNUNIINAReILULgNANYsd (Completely
Randomized Design, CRD) Imﬁmewﬂ,iﬁﬂuﬁammmmnﬁhwmﬂ'nLafﬁlmwdwﬂgmmimmmmuﬁdﬁmm
Duncan’s New Multiple Range Test fiszdupnuideiu 95% uavAIATEANENALTLE (correlation) MNNATUR4
Pearson correlation (two-tailed) test fiatiltlsunsumanamasgniagy

HANTANEILAYIANTOL
Na‘nmﬂ?mmwaﬂwa%'aﬁmﬂsi'mﬁ'u@i'amsm?ryLﬁu‘fmamﬁy’aL?i'aﬁ'uwsuﬁ’luamwﬂaamﬁyfa
mmmﬂ?mmmﬁlmmirﬁi@mm@;wm%mﬁ@Lﬁlfarﬁuwmﬁwudq mmgﬁwaﬁwﬂ@Lﬁlfaiuﬁﬂmﬁ' 0-5 Tifl
ANLANFANTUe WRTRENATYN19aDR (P>0.05) FENINGAIBNNNT a2 ludlnvd 6 wudn 4nIa1vns 4 P, % P, P
uar 2 P ﬁmfnm@m\i%mﬂfmﬁ'@whﬁu 39.39, 34.88, 35.23 uaw 39.14 AaAwATAUHaIEE AAEAL Immﬁgﬁqﬁqm
(P<0.05) 2¢flugnsauns 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°
P 10.00+0.00 10.43 £0.13 20.03+0.45 24.36+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.

nare9LTuNunNeanesaRaa LU uaEafunsNANLdN TudUani 0 way 5 TuTANLANFANeY

35WiN9gATR1MNT (P>0.05) wiludansi 1-4 wudn anualulugasenuns % P Ssusulusnniige Srnwintu 4.00,
6.28, 7.83 uay 10.35 ‘lu/%ul,ﬁmﬁ'@ ANNANAL %aﬁmmLLmnm'NrTu@,m@’mw%'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 Tnagmsanng v P,
Y P WAL P ﬁfﬁ’lmu‘l,umnﬁ@m Lwi%ﬁﬁzgmluqmmmi 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.

ravesBanauaanesadasuaLiresT e eduneniinud udesi 0-3 uas 5 ”memlmﬂmqnu
FENINGATAINNS (P>0.05) uiludany@ 4 uae 6 nwudranuaudalugrsaivis P mmqum@mnmmm@ﬁmmu
(P<0.05) ludtlnsii 6 muqum@mmmumfamfa‘l,uzgmmmi Vi P, % P, P uaz 2 P #a1uqude winriu 6.70, 6.65, 7.50
uaz 6.13 da/Auiiaiie mugidy Tmﬁmmi@mmﬁuﬁ@Lﬁ@’l,uzgmmmi P ﬁ@?ﬁmu'ﬁ’@mn‘ﬁ'qm (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° 553+0.33 6.70+0.37%
2P 1.00+0.00 1.00+0.00 158+0.11 3.28+0.09 3.58+0.08° 570+0.21 6.65+0.20%
P 1.00+0.00 1.00+0.00 1.40+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+0.00 1.38+0.09 3.08+0.07 3.63+0.10° 528+0.22 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.

naesBnaaaneiafes L ntesTu e efumenanygn Tudilane@ 3 AMUIUIINIUGATBIUIT V5 P
ﬁ'ﬁmqumﬂu’mﬂd’]@;mfmmiﬁlu (P<0.05) efisruausnuiniu 3.05 mn/Auilaide we LAY NUANGINaTETN9g RS
27113 (P>0.05) Tudilansian Taeludlanv 6 fimfmmﬂmm%uﬁzﬂL?ifaslu@,mmvm Vi P, % P, P uay 2 P {Ainiu
4.28,4.60, 4.40 uaz 4.10 i"]ﬂ/%ul,ﬁﬂlﬁ‘ﬂ ANNAAL (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.
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naesBnnsaaneiasesuausenestwile fedunsufinudn  udani 2 ANUIULAA LUGATINNT
i P, % P uaz 2 P S81uautenuniign (P<0.05) urasangalugasanns % P avianuautenwinil 1.40 sen/iu
aude LLﬁi"LszumfmLLmrwr;i’mdezgmmmi (P>0.05) Tudilaian Tneludlani 6 SunugenTeTTale
lugnsa1ms % P, % P, P uay 2 P AU 1.63, 1.88, 1.83 uaz 1.68 ﬂ@m/%w,ﬁmﬁ@ 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 1.53+009 158+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+0.00 120+0.08° 123+0.08 135+0.08 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.

naresLEnueanesasesinniminan-uhaesduile defunnd Lﬁ@émﬁuﬂﬂiﬂﬂﬂﬂﬂLLﬂzquﬂ
NINARDINLIAY ﬁwﬁﬂmm LLﬁ’\‘iGluﬁumm‘wmmmmﬂaiﬁmwLLmﬂm'wﬁ“u@amﬁﬁﬂzﬁﬂﬁmmmﬁﬁiwdwqmmmi
(P>0.05) memummma‘mmmwum gnramT 2P umuuﬂam WATHMINURININYIgA (P<0.05) AWML 0.2428
nfuimingsAuileide waz 0=0.0366 niindwinuiyawiledie suseu (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.

mnmmmzmmmammLmuimfmLu@meuwwwﬂ@ﬂu@ﬂmimmem MS wuﬂ?mmﬂamﬂmmmnmq
iU 4 szau uszazinan 6 duanif LuaaummmiwmmwummmmmmLuama‘Lummmmi Vi P ummmmmnm
A 30. 39 mmum daure9auauly uazanuiutenudn gnseus P mmmﬂ‘w@m e 16.05 luAwileiEe uas
7.50 deAuiieie AUAFL WANATEIILILIIN memquﬁfamvl,uwmmmmu,mnmnu@mwuﬁmﬂmmqmm
(P>0.05) immmmmm? memmumﬂ@w 410460 nAwiaide FEUINGAIBINNT LL@"@’]‘L&Q%EI@WM;W]
1.63-1.88 F.I’ﬂm/“ﬁul,u’ﬂl,?;l’ﬂ (Table 8) AINNITANEIUBY Figas et al. (2016) ‘wﬁm:mmmmvxlﬂmw'ammmnmaﬂu 3 9¥AU
(MS, MS+P uaz MS-P) mma‘mmmuimL.La“iﬁmmmmm (pigment) Tunsdaiaziilasaassulaansdy
(Helichrysum arenarium (L.) Moench) ’lu@mwﬂ@@mm@wum mum@msnwme,amiummmmwvluyl,mL@NWMW@?@
u@mﬁmmmmuimLL@mmmfmmmnu@ﬁrmzgmfmmarmummmxlﬂaw'ammiﬂ uazi B nnaaane S aTIRLT
fadenasiotFunnmenselsilad a uaz b WANIugE A nnsAnEITe Ramezani et al. (2009) ARNEHATRg
Waanwasasan I nesALR  UTuNNaNgs uaziBinashfmenssmeludulvszn wodn seavesailuasienis
\wstyiAvlnaesitinaaraanasanNgesiu ANgaastenan uaziBuinnaalilagluly iasannweanie favinlif
Winlaleuldsd  (coenzyme) ARgTeetUnTTINUNITUd AN T T A lunsdua e ey aeldun
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adenosine triphosphate (ATP) Way nicotinamide adenine dinucleotide phosphate (NADP) Lﬂuwﬁw’mmﬁzﬁwﬁ’u
nrzuaumsdaimziuasasimive s iaulaeenlad anvvidlumsdunmeilaiu uasiuesilsznausing 1
fidndnylusssumi HeNANTANNTANE1I8Y Stewart and Lovett-Doust (2003) dwvinmisAnsuavesifunns
Weanasaniifenanant0ssuILaen Sl UAZANAITBIFUANNITEN Calendula officinalis L. (Standard Pacific)
WL ﬂ?mmmmﬂ@@ﬂ@ﬁ*ﬂﬁmn%ﬂﬂmm@ﬁﬂﬁmmamLm:mm?a;ﬁu‘ﬂmmﬁumqG“mﬁ%u TnenaaInIsANE
FananalmINNAAARBITUILNNTANENT8Y Chrysargyris et al. (2016) fiFnenaresBunnulnsaulasaanesade
anmurnaTAuln nsazansife s uarlinsunresansinueyyagass a‘f;uﬁqﬂ?‘mmum@mmwmmﬁqﬂu
wonszmeluua AR LN LﬁmmmmmmﬁmﬁLﬁu'%uslummzmmmﬁlmmﬂﬂﬁm@rﬁifﬂmm@;\irﬁ’fu ANENa LY
wazpamesi A mees  saanaanMsAnEduansliiiuingnsdon wazTunseausann i
AN3azANE81RaNINNARaNT AT tYAL TN TAY 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)
VaP 39.39 + 1.59° 14.25 + 0.88" 6.70 £ 0.37%° 4.28 +0.26 1.63+0.11
%P 34.88 + 0.80° 14.05 + 0.52%° 6.65 + 0.20% 460+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%° 12.75+0.51° 6.13 £ 0.26" 4.10£0.32 1.68 £ 0.1
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.

Nammﬂ?mmw'ﬂawa%'aﬁLusmsiwﬁ'usiamwmmeﬂumsé’uﬁgaLLaxr;\"mme'ags&aEmwmLﬁ’ﬂ@i'ﬂﬁuw'mﬁ
lusgmwilaaaida

mmmmaﬂumﬂué’f\iLLmﬁﬁumiﬁmﬂ%@Emxﬁnm%w,f':ﬂLﬁ@ﬁuwmﬁLﬁ@éuqmnﬂiwma@q (Table 9) wudn
s TPC luuslazgmeanmnsiipanunnsineiuet witedAnymeada  (P<0.05) Tmaqua’mwﬁﬁﬂ?mm TPC
mm’ﬁqm A9 gR991113 2 P HAINTL 8.48 ugGallic/g Fuileile 1B TFC wudn luusiazgasansiAnuuANsneiY
athaiifudfoymaada (P<0.05) TnsgrsavnafidiSanns TEC annfige Ae gasenwns 2 P fldwinfu 1644 mg
luteolin/g f‘?ﬁ”uv’f‘:@lﬁ'a LmzﬁrﬁHLsJLLMﬂﬁiNfTumr]rTuzgma’mw v, P RflAIAL 15.07 mg luteolin/g %mﬂ@@'@ IR Uelat!
saponin Wudﬂul,wi@zqmmmiﬁmmmeﬁmﬁumiwﬁﬁfﬁziwﬁmmmﬁﬁ (P<0.05) Imﬂ@jmmmiﬁﬁﬂ?mm saponin
aNigen Ae gReanns v P AL 492114 mg saponin/g Tuiiieifie usliflpsuansnetsnniugasamns v P
SaflAnwini 4,634.40 mg saponin/g Fuileidle

ﬁf;wmwminfl,umiﬁu&q@%@%mzﬁqﬁ% DPPH Lﬁ@gu@mn’mwmmwudw mmmmiﬂumiﬁugﬁ@%@
BasrlunngmaannslifimnnuansineiuedwiidedrAnynwada (P>0.05) Tnalugresanms % P gns % P A3 P uas
4ms 2 P 1Avinriu 88.96, 89.27, 86.65 Uax 88.70% ANNAAL LL@:miﬂ”uéz\m%@Emzﬁfmﬁﬁ ABTS W91 ANAINNTE
‘Lumiﬂ”‘u5’@awsﬂﬂﬁmﬂmlﬁimzﬂmﬁmmiﬁmfmLLMﬂﬁiwqﬁu@ﬂﬁqﬁﬁﬂzﬁwﬁmmqmaﬁ (P<0.05) Imﬂ@‘mmmiﬁﬁmm
mmsﬂumaﬂ“uﬁg\‘m%@ﬁm:mﬂ:f;qm AR 4R3a11N3 %5 P HAWINTL 79.66% el lHANuANsiumniLgmsanmng
2 P AafiAuinriL 68.33% (Table 9)
NSAATIERANENANNUS (correlation analysis) m’aamiﬁmﬂgga%mﬂu%ymﬁv@L?i'aﬁ'uw'a‘uﬁ

HAANNNTRLATIZIAN correlation WugNLBRNuaes TFC Hanudniusiulu@suaniuliunnmes TPC uay

ANANNN D luNN9ELaL AR ATz AR ABTS Hpuduusiulwdauaniulsunnaes 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@mﬁnmmumarﬁ’ﬁuwga%m:’lulﬁ@Lﬁ@f?’fuwmﬁﬁﬂ@‘ﬂiummiﬁqLLﬁngm Ms  Afiunoumeslada
wANGINNU 4 3TAL LTUsTETaaT 6 éﬁ”ﬂmﬁﬁ@éuqmmimmmwudﬁ Qmmmﬁﬁﬂ?mm TPC mn‘ﬁqm A9 4R901M3
2 P grrewnsfifiiunn TFC wnfiga e grsanuns 2 P uazilenlaiuansefuanniugnsemns v P gaaatmsiiil
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ABTS WU gRI81mns %% P ﬁmmmminél,umiﬂ"ﬂ&qawqﬂ@%mmmﬁzgm wazen liuanseiuniugnsanms 2 P
mum?ﬁu&m%@?ﬂmxﬁqsﬁdﬁ DPPH w91 ’Lunmgmmm?ﬁrﬁmmwmaa’Lumiﬁu&m%@%mﬂﬁLmemrTu@ﬂ'Nﬁ
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Zhong, 1999) mefnm’f@qmiﬁw@mmmmﬁml,wi@mﬁmﬁl,l,mnmqﬁu

=
dagUuan1sAnm
= o e a a o a L S a
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