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Effect of Nutrient Concentration in MS Strength on Growth and Antioxidant Properties

in Bacopa monnieri (L.) Wettst. Growing in In Vitro Cultures
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wasndleinwan (Bacopa monnieri (L.) Wettst.) Lﬂuﬁmguvl,m‘ﬁ'mmmmﬁmmﬂmmuai@m‘wﬁmﬁ
(secondary metabolites) ‘ﬁl,ﬂmwﬁmﬂumﬁmv 1w famnaeus (alkaloid) nalalas (glycoside) V\Im‘lhu@m
(flavonoid) wazean il (saponm) e T ulugnslszneumgninyld ludunend mimm:mmﬂummmimmmm
Murashige and Skoog (MS) wﬂ?mmﬁ'}ﬁlﬂ’]mﬂl,mnm\mu 4 szeu loun 4 MS, 14 MS, MS waz 2 MS sangiastyALis
LL@zmsﬁmwga%mﬂu%mﬁ@Lﬁlﬂﬁuwauﬁ Lﬁlﬂéuzﬁmmiwmmwudﬁ gneeIms % MS  Hniawsiyianinges
Juiedennan Tnefanugeeduiladesiiiy 4550 Iaawmsauiede swauluiniy 18.15 luAwilede
suadeinty 8.73 defwiteide Swausnuiniy 6.53 snAuieide Lmzﬁﬁwﬁﬂm-uﬁqmﬂﬁqm (P<0.05)
fAwindu 01837 nfniweinan@uileile ey 0.0358 niTNmTUV IR ALEFL U uILeATes
mumfam@iuum’mLmrmwﬂuivmﬁmmmmi (P>0.05) m@mnm‘mnmm’mmmm‘lumaﬂummimu@umamv
Tduitedansud LLmﬂummﬂuammmi i MS danalifiiunnes TPC, TFC wazanuanansnlunissug
auABAIALTD ABTS ummrngm (19.32 ug gallic/g, 43.89 mg luteolin/g WA 88.28% AINATAL) A2uLfTuNN
gaernlUiunLd  grsemslunguauAn (MS) ﬁﬂ?mmmmemiﬂﬁuzgaﬁzgm Winfiu  24,666.81 mg saponin/g
daunsdufadaeis DPPH wuinaaaansnsalumsdideeyaaass biflaanauansineiuszuinagasenns (P>0.05)
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Abstract

Bacopa monnieri (L.) Wettst. is a medical plant that contains a large number of metabolites including
alkaloids, glycosides, flavonoids and saponins, which are compounds that have a wide range of therapeutic
properties including antioxidant activities. Saponin is the main compound found in B. monnieri (L.) Wettst. This study
was to do with the effects of Murashige and Skoog (MS) medium that contained 4 different nutrition concentrations,
namely 4 MS, V2 MS, MS and 2 MS, on the growth and antioxidant activity of B. monnieri (L.) Wettst. grown in in vitro.
The Va2 MS treatment emerged as the most effective promoter of growth and development as explants grown on it
reached the experimental maximum height of 45.50 mm per explant, the highest number of leaves at 18.5 leaves
per explant, the highest number of nodes at 8.73 nodes per explant, the highest number of roots at 6.53 roots per
explant and the highest values of dry and fresh weight. However, across all treatments, namely Va2 MS, 72 MS, MS
and 2 MS, there were no statistically significant differences in the number of shoots (P>0.05) produced. The study
also demonstrated that the 4 MS treatment led to the highest concentrations of TPC, TFC and antioxidant activity
by ABTS assay (19.32 mg gallic/g, 43.89 mg luteolin/g and 88.28 % respectively). Significantly, the control treatment
(MS) produced the highest saponin concentration, which was 24,666.81 mg saponin/g. Finally, no significant
differences with respect to DPPH assay were found among the various treatments undertaken in this research
(P>0.05).
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AN

wasndleinwani (Bacopa monnieri (L.) Wettst.) (Sosa et al., 2018) wuldluuiindentu anunsouinln
Tuwumum LAz UMAN N AL y vinlal (Gohil and_Patel, 2010) [ﬂuwa‘umLﬂuwmmﬂwmLﬂuvl,mmmjmmmﬂ
LANReR S IUIN Suaes lmnuity Saduesi TuRawadnilugdldnady danelundreu Tauluway way
nanaunadndnasaeurizadeng aaneenamutanly aanil 4-5 NAL (Tde d1auasduns, 2556; Pushkar et al.,
2015) FuNIHRANNTONARSMUNLE lasY AR (secondary metabolites) ﬁLﬂuma‘[ﬁT’]u@%@me (antioxidant)
Tdvanangy 1w dannaeus (alkaloid) nalalas (glycoside) Wanlaueas (flavonoid) wazdnlifiu (saponin)
(Mathew et al., 2010) TaemnTUfuuanslszneuvdniing ldunnludunsudl safuanslszneufiiwinfiRaasuns
agenseualszan uazdaeinganes duaTuANNan N353 uardauinwiaIn1siALNAnNI19aR (Devendra et al.,
2018) muwsum\iLﬂuwm@uﬂmmhmmﬂmmqmmnmxﬂ Tuﬂ%uuuwmuﬂwmmvmuﬁ‘mmmemmmﬂuw
DN ansannainAunsniaslifuantonetgeludonndlad niswng el flarasiovionismsan
witlaeniailunnsihdausing 7 vesiEn e lFNsAANEIRRIMNg LazanInundaN luiBInAAe (Thorpe, 2007)
Frawminiendulnlwiesnnzdailededaduiieiisendouasdianunsniianananaswunue lasmRuntldandas
fuieidefewilduresisaansaduBuanananidendusumnnlussesnandudy wasdsldiiians
wzdgiledeioadniaemniy fiaz@'m@ﬁﬂﬁmﬂww:@yﬂaLﬂ@lﬁlaﬂmﬂmLﬁuﬂizmumiﬁﬁnﬁm”lwqmmumiu
mmm&ﬁuq’ﬁmﬁmwwﬁw’(Hassain etal., 2012)

mm@ﬁuﬁq Murashige and Skoog (1962) (MS) LﬁummimmLu@Lﬂ@mimiUﬂq’muﬂm@ﬂNLLWiumﬂ
Tunnamn et feanunsni it msaas e dereialdnainansaiia Weean MS uewnsiiddaulsene
UBIFFRIVNIUAT §I6NUN998Y AANHU - uaznInavi gt ne feaINAeInIsIeING  WseIn1Is1naIuns
m@ﬂLﬂuLwaiﬁumsmmLmuim mmsvumuwuﬁLL@JL%‘Lumimumwﬁm I wmmimsmﬁmmﬁmmmiamqmewa
Wammmmma@vmﬂuwwmimmmuimmm m@“mu@ﬂnummmmam@wn lRnzadlaznarasitaag daie Ay
Punuanensunisetiesinuliazdaalinisasniuinveguninaesiautay TnalunauisaiinnisantFano
2DIFNFD NN TV N LRUTR LARN9N RN (Thorpe, 2007; McCauley et al., 2011; Saad and Elshahed,
2012; DelCorso et al., 2014) a1nNMsANH129Y Monfort et al. (2018) wm"]mmmﬂ?mmﬁ’lﬁl@’mwmﬂ?‘wﬁa
(4 MS) :/31'\1ma“lﬁﬁmﬁmim?mlﬁuimﬁ”lﬂLLmﬂrﬁi’Nﬁuﬁmmﬁ’mm?ﬂnﬁ (MS) zdfaum?ﬁﬁﬂﬁé‘“ummmmﬂaiLWW‘W@M’@
ANABINTS NFAZUAPNAINIVENNITTIABIRBIMITABNH AU ( (McCauley et al., 2011) AINNTANENUD Tewari
et al. (2007) wudRaREinseuinsawsenaswaiadeaal Uittty Wildideds aennendauaneuuaydy
uvagildugansAningeqn ANNANTBNFU  LATNANARNIAUINANAY  vidad g lAiianse Nty
fesuadusefielfiduiu annmsAngaaes Monfort et al. (2018) wudtaildFuaneunsanniiulildanari 1o
masgoyininanadldunnsnetufiafldfusnemeldifieme uazdusunnadesnda

mﬂmmwﬂaﬁﬁqﬁﬂqﬁLﬂumsﬁﬁmzﬁ%’ﬁﬁumm@uLmvl,f’imﬂluvm@“ NBAPLIALE AR AT TR
F9T1Fm (1Talsn siraunAg) aNNIIAREN 11U QIUUNH AHLAN v Ausfumnnsed tavewin WAZERABINNT P
PINLATEAGNG °] Fafunalnaesiinite 1t unnseduiudelsAuaTAI AT AT IAA T m@ﬁﬁﬂﬁ%’ummnﬁumn
?ﬁlqﬁﬁmdﬁmm@lﬁ’ﬁﬂﬁmm%’wmsmme'aVL@m‘nﬁﬂgﬁlﬁumﬂﬁu (Rao and Ravishankar, 2002; Murthy et al., 2014)
wunuelasmaegianunsoutisesndu 4 nguuan < ldun mesiuesd (terpencids) a1stlsznauiuedn (phenolics
compounds) §an1aatisl (alkaloids) kaz NANANTLIITNALANLE (sulphur-containing compounds) (Guerriero et al.,
2018)

muumiﬂﬂmmmmﬂ?wmmmmmmLmnmqnummﬂfaimmuim WAZANIFN UL ADATTIBIAUNTHE
fnnzdedluanmdsende  Audulsslunifensfisuanan waiNS N nTeAn TR e AR e luf N
Iilenarannudainsenana wazdianansniinldafmiduaiieldluniansunmeldandas



King Mongkut's Agr. J. 2020 : 38 (4) : 459 - 467 461

aa =
18N1TANTN
wssaulalin g lunsnaaas
wasnlnsninlAunandesl fiRnsmnziaeaiiiadianssoliiin udngasananaansnislseas naden
walulaginsuandnduazilseas anzmalulaginiansms
WHUNITNARDY
NUHUNNINARBIRLLANANYSD] (Complete Randomized Design, CRD) Anudnduaesiffunusinaiis
wAnFngiu 4 sxAu Tdun 1 MS, 75 MS, MS (ZaALAx) 4az 2 MS 1anAaeas 20 91 1A 2 fiu
TUABUNITNARDY
WiRENeMNaNdegRs MS NHUSNNUEERMNSUANENNAY 4 s2AU (Table 1) nnisdsu pH Tls 5.62
Tneld HCI 1 N uaz KOH 1 N sdsanifwdniaalas (gelrite) 1.6 i mmum@im@ymﬁLmemi@Mmmmme,@m
dedlerunn 6 aeud mﬂuumuﬂﬂmmmfammamwmuqmnmui@m (autoclave) ikainiTaiignnd 121
asAiTaTaa AT 15 Uaudienanei uaan 15 wi
S - N 2 T ., R G R - y
wistndieien i lunsinelnenishduie tevesunsnisdnduduiedenn 1 wuhiwns e
A . 4 - A TV A S
FuieEiafinananaesluamsnawdgns MS MBI msuansinaniy antui llpesliuuduaaiieds
Tradinsliuasdunan 12 daluesiad AruAngamnin 25 esrmiaaidag Wuszaziia 6 4laf

Table 1 Nutrients in MS solution.

MS concentration

Ingredients (mg/L)

Y2 MS ¥ MS MS (Control) 2 MS
1. Macroelements NH,NO, 4125 825 1,650 3,300
KNO, 475 950 1,900 3,800
CaCl,-2H,0 110 220 440 880
MgSO, 7H,0 92.5 185 370 740
KH,PO, 42.5 85 170 340
2. Microelements H,BO, 1.55 3.10 6.2 124
MnSO,-H,0 5.575 11.15 22.3 44.6
ZnSO,7H,0 2.15 4.3 8.6 17.2
Kl 0.2075 0.415 0.83 1.66
Na,MoO,-2H,0 0.0625 0.125 0.25 0.5
CuS0O,-5H,0 0.0063 0.0125 0.025 0.05
CoCl,-6H,0 0.0063 0.0125 0.025 0.05
3. Irons Na,EDTA 9.3125 18.625 37.25 74.5
FeSO, 7H,0 6.9625 13.925 27.85 55.7
4. Vitamins Glycine 0.5 1 2 4
Nicotinic acid 0.125 0.25 0.5 1
Pyridoxine 0.125 0.25 0.5 1
Thiamine 0.025 0.05 0.1 0.2
Inositol 25 50 100 200
5. Sucrose 7,500 15,000 30,000 60,000

msiiutays

mimum@mimmLmuimﬂwum@mﬂmuwmu %mmmumﬂm@mmmimmmuimmmmmmmmum@m
muwaummﬂmmmmmmmmmum@Lﬂfammmmmmmﬂm (vernier ~caliper) ynssaandautesduiieded
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AaTiiy Imﬂuuwnmmm\m@umimmmLmva‘mmqmimm@mmn 7 famiiduszazioan 6 dUannd anushusiay
11mmmmmmmﬂ?mmumuﬂmLmvm‘wummq meumma‘mmm

mmﬂmma‘m’mmsmuﬂ%mmﬂmmu@mfamu‘wmu Lméuzgmmawmm%ﬁqLm%?/ul,ﬁfal,ﬁlﬂﬁuwsuﬁ
mw*‘?’ifﬂqmmﬁ 60 BernTaLTea Wi 24 Gl udari lduasBen annifinhAretnauia3nm 0.20 ni anafadat
Fvnaraneenues 95% 13unns 20 Jaaans iusvasioan 24 dalua Aeunldnszaensedies 1 (Whatman No.1)
nsasansainidlasiedauiiduasazasuenifuinen$luanadnfiguingil 4 esinuaidoa uasinanansariaills
T lunsmfFunuanssinueyyadasy  laun Bunnflusarianun (total phenolic compounds, TPC) AaeRa
Wauglaunan (Folin-ciocalteu reagent) (AinuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AaLUasaIn Shirazi et al., 2014) waztsuinanlliiugan (total saponin content, TSC) (Aatasan
Vador et al., 2012) mu%\iﬁﬂﬂﬂumﬁmmzu’ﬂ@ﬁ?ﬁmﬂuﬂ’m’hu@w@%miw’ffmﬁ% 2, 2-diphenyl-1-picrylnydrazyl
(DPPH) Aimtkilagann Lim and Mutijaya (2007) Wazn11LAsI¥y 2, 2'-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay aalitlagann Nilsson et al. (2005)
NSAATIZUTRNANINEDA

ﬁﬁmﬂ@mmm?m;lﬁuimLL@:miﬁm@%@%m:mfmﬁuwmﬁﬁﬂ@uﬂummiﬁqLw“ngm MS  AfifFunnignn
BN TUANANAUNIIAIZTAINKLIILI. (Analysis of Variance) mmLLmumiwmmLmu@;muymﬁ (Completely
Randomized Design, CRD) TmmLm%miﬁﬂumﬁumwmmnmwmmmam TUINTANINAABIAINTDL09 Duncan’s
New Multiple Range Test mvmumwmauu 95% UAYIAIEWANAUANNUS (correlation) A1N3TU89 Pearson
correlation (two-tailed) test Mg ltlsunsupaniiomasgniagy

HANNSANEILAZIANTL

narasBinusinensiuanssiudanseiydularanidadesunsuilluanwilaanida

mmmﬂ?mmmmmmiﬁi@mmmmm’%uﬁ:@Lﬁlfmﬁ’fuwmﬁwudw m’m@mm%mﬁﬂLé@ﬁ‘uﬁmmumnﬁ%ﬁu
i”mwmmmmimumlumﬂmw 1 Toelugmsening v MS uaz 2 MS ummmmmmumﬂm@mnmm (P<0.05) e
Wi 10.42 uaz 10.43 fadimms/auiiefie g ‘luﬁﬂmw 2 auedLlansif 5 widn mwmm@wummmiu
ARNTDIUIT V4 WAT V2 MS uquqmnmﬁmmizﬂm@u (P<0.05) mmﬂumw:mw 17.7-37.74 WAz 17.88-35.73
Sedunduieide Ausau wazludllevi 6 wudh grsanuns Y MS, v MS, MS uaz 2 MS ipnngeaasiuileide
Winriu 45.50, 41.03, 33.98 Az 30.74 Dediuas/auiieide aus iy Tmmﬁﬁ@qﬁ'@m (P<0.05) 2gjlugnsa1ug v MS

LL@:ﬁ@ﬂﬁqm‘LuQm@ﬁmi MS uaz 2 MS (Table 2)

Table 2 Explant height (mm) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths.

Experiment period (week)
1 2 3 4 5 6
“%MS  10.00+£0.00 1042+0.15° 17.17 £0.56° 22.25+1.02"° 29.19+1.41* 37.74+2.04° 4550 + 2.51°
%MS  10.00+0.00 9.92+0.09° 17.88+0.37° 22.99+0.51" 2951 +0.63° 3573+0.73° 41.03+0.77°
MS 10.00+0.00 9.96+0.13° 1559+0.48° 19.85+0.73° 24.77 +0.76° 29.80+0.74° 33.98 + 1.14°
2MS 10.00 £0.00 10.43 +0.14° 16.47 +£0.52*° 20.37 £ 0.81°° 23.75+0.84° 26.82+1.07° 30.74 + 1.27°
P-value ns 0.005 0.010 0.018 <0.001 <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.

Treatments

HavesLiNIue R ssiea wIluesuieEasiunsnanudn luddavi 0-2 Swauluaesauiede il
AYNNLANFANNTUITNINNgRAIRIUNT (P>0.05) Tudnvin 3-6 wudﬁwmuslum@ﬁmﬁ@Li@‘luzgmmmi Yo MS Hanunu

lunnfige wazludda1in 6 anuwluvesduilodialugnsanuisi v MS, % MS, MS uay 2 MS JAwiniu 18.15,
12.50, 13.53 uaz 13.40 lu/Aniiieitia mauadu (Table 3)
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e Y X4 o2 e et e
HaTB9ETNNUB AN sFiaa wILTeTa e EiasunsNinLd)  Fudauuandnsiuludlanm 3 Taelu
AM3871113 V5 MS Hauqudaninian (P>0.05) HA1winAy 3.28 da/duiieitie wasludlan1vi 4-6 wudn anuaudeves

a Q
12 v

%w,ﬁ@@'@“luzgmmmi Va MS ﬁ'ﬁ’]mu%mﬂﬁqm (P>0.05) Teludani 6 ﬁmau%mﬁulﬁﬂLﬁlﬂiuz_gmmmﬁ‘ﬁ
14 MS, % MS, MS uaz 2 MS SAwiniiu 8.73, 6.10, 6.68 uaz 6.25 Fa/duileite musau (Table 4)

mmmﬁ?mmmﬁ;mmaﬁi@ﬁqmumﬂmm%uﬁ@Lﬁlﬂﬁuwauﬁ ﬁwuqumﬂﬁlmﬁmwLLmﬂﬁmﬁm:udNQmmmi
AT 1 Imﬂwudﬁﬂmumﬂmﬁmﬁ@Lﬁlﬂluzgmmm? 2MS ﬁ'ﬁﬂmumﬂmﬂﬁqm (P<0.05) HAWYINTL 0.98 377/
Tuiteitle seanludilans@ 2 wuin MUIUIINUGATBINIT V4 MS ﬁ@"’mam’mmnﬁ@m frniniu 2.48 mnduiteide
ﬁimﬁm”l,ﬂw?:uzgmmmmm Tneiludilaniil 6 ﬁmqummﬂﬁm{f‘:@Lﬁ@’luzgmfmmi‘ﬁ Vi MS, ¥ MS, MS uaz 2 MS
AN 6.53, 4.58, 4.53 Az 3.70 sn/auiiieifie mussL (Table 5)

Table 3 Explant leaf number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

1 2 3 4 5 6
1/4MS  0.00+0.00 283+020 560£029 7.90+0.35 11.00+056" 14.80+0.80° 18.15+0.90°
1/2MS  0.00#0.00 265+020 520+0.29 6.70+0.30° 820+0.36° 10.50+0.45° 12.50+0.53"

MS 0.00+0.00 235+0.19 465+022 623+0.20° 883+0.37° 11.33+0.50° 13.53+0.59°
2MS 0.00+0.00 290+0.22 510+027 6.83+0.33> 865+044° 1125+059° 13.40+0.63"
P-value ns 0.231 0.106 0.002 <0.001 <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.

Treatments

Table 4 Explant node number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)
1 2 3 4 5 6
1/4 MS 100£0.00 1.00£0.00 1.13+0.06 288+0.14° 4.33+0.14° 6.85+0.37° 8.73+0.39°
1/2 MS 100+ 0.00 1.00+0.00 1.15+0.05 328+0.12° 375+0.09° 4.78+0.24° 6.10+0.46°

Treatments

MS 1.00+0.00 1.00+0.00 1.05+0.03 215+011° 395+0.08° 555+023° 6.68+0.25°
2MS 1.00+0.00 1.00+0.00 1.05+0.03 210+0.07° 348+0.12° 4.88+0.25° 6.25+0.28°
P-value ns ns 0.319 <0.001 <0.001 <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.

Table 5 Explant root number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

1 2 3 4 5 6
1/4MS  0.00+0.00 0.45+0.09° 248+027° 355+0.31° 468+035 578+047° 6.53+0.46
12MS  0.00+0.00 050+0.13° 1.95+0.17" 285+0.18° 343+0.21° 4.13+0.18° 458+0.19°

MS 0.00+0.00 0.45+0.10° 1.33+0.18° 265+0.14° 328+021° 4.08+0.28° 4.53+041°
2MS  0.00+0.00 098+0.12° 173+022° 245+0.15° 275+0.13° 325+0.16° 3.70+0.16°
P-value ns 0.003 0.003 0.002 <0.001 <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.

Treatments
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mmmﬂ?mmm[ﬁlmmir;i@fﬁﬁmummmﬁuﬁ@Lﬁlﬂﬁuwmﬁwud’] fpnnauananaiuludlai@ 3 uaz 5
4RIavT Vs MS ﬁﬂ«i’mqummmﬂﬁm‘ﬂ@Lﬁlfamrﬁ%zgm At 1.38 uaz 1.53 sendwileide wiludlenii 0-2,
4 Ay 6 VL%JfIﬂQ'WﬁJLLEmﬁﬁdﬁuﬁ‘;‘md’]\i’zgjﬁ]i@’]wli (P>0.05) Taeludilavi 6 luudargnsaung v MS, % MS, MS uag
2 MS Hanuquseawindy 1.58, 1.35, 1.53 waz 1.58 EI@L*’I/%‘LAL&@LE‘;@ AINANAL (Table 6)

Table 6 Explant shoot number (number/explant) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with
different MS strengths.

Experiment period (week)

Treatments
1 2 3 4 5 6
1/4MS  0.00+0.00 0.00+0.00 1.33+0.08 1.38+0.08" 1.38+0.08 153+0.10° 1.58+0.10
12MS  0.00+0.00 0.00+0.00 1.15+0.05 1.15+0.05° 1.18+0.07 125+0.08° 1.35+0.12
MS 0.00+0.00 0.00+0.00 1.15+0.05 1.15+0.05° 1.15+0.05 1.28+0.09° 1.53+0.11
2MS  0.00+0.00 0.00+0.00 1.25+0.08 1.33+0.08° 135+0.08 150+0.08" 1.58+0.09

P-value ns ns ns 0.040 0.053 0.050 0.363

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

mmmﬂ?mmmﬁlmmir;ifaﬂ?mmﬁmﬁﬂmm-uﬁw@ﬁwﬁmﬁlﬂﬁuwauﬁ muﬁlurﬁfumiwmmLL@:Lﬁ@?é”uzgm
ﬂ’]i‘V]m@‘ﬂ\‘l‘W‘Llfj’] fi’mﬁﬂ@m LLﬁﬂu:mL’S"mmmﬂ@mmmﬂﬂﬁm’mLLﬁmMﬁqﬁuﬂﬂ'ﬁqﬁﬁﬂzﬁﬁﬁmmmﬁﬁ (P>0.05) uAiile
mummmmmmwum muuﬂm‘lmm@ﬂmi Yo MS way 2 MS mumunmmnmm (P<O 05) umwrm‘u 0.1837
wae 0.1904 ﬂmu’muﬂmﬁnum@m@ mumm_l LL@uu’mumLm‘Lummmmi Ya MS uu’mummamnmm (P<0.05)
flAwin 0.0358 iUy duiteie (Table 7)

Table 7 Explant weight (g) of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths.

Initial weight Final weight
Treatments . - ] -
Fresh weight Dry weight Fresh weight Dry weight

1/4 MS 0.0123 + 0.0002 0.0014 + 0.0000 0.1837 + 0.0038° 0.0358 + 0.0014°
12 MS 0.0123 £ 0.0002 0.0014 + 0.0000 0.1904 + 0.003" 0.0284 + 0.0004"
MS 0.0123 + 0.0002 0.0014 + 0.0000 0.1658 + 0.0026" 0.0273 + 0.0004°
2 MS 0.0123 + 0.0002 0.0014 + 0.0000 0.0761 + 0.0022° 0.0224 + 0.0006°

P-value ns ns <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.

" - - D e ¥ 42 ol el .

annsAnuanisiasnyitinrecietasunsniluan nlasada e duganismeaadludilanin 6 wudn
gneang MS umnzaniunsasiulnresiiatiesiunead Wanauiugniannianlinimuane s v win
(V4 MS) danavinliruiatiainsasyiAulnangs (P<0.05) Tnanaaiaangs HAWINAL 45.50 Hadmnsmuiliaite
. e 2 X 4. v e v 2 X . e 2oy 4
auauluwindgy 18.15 Tu/Awdlaie anuaudeawindiy 8.73 da/Muilawia WATAIUININWINAL 6.53 n/auiieite

o 2 X 4y e . o% v X

widwIutenrasTukeLEa lidANLANFANIWIENd1NgRIaIuns (P>0.05) (Table 8) uazdunutinan-uivaeiiiaite
FUNINARNQA (P>0.05) ANN9ANHILEY Monfort et al. (2018) HeAnENATaLFNIBIRBIMNINFeIUlWeUNS
Aauds MS AanananasasAlsznauansanAny (volatile fraction composition) inulusiulusenn (Ocimum basilicum L.)
Wamnziassulnszni luanmanauds MS ARUEunua e wswansneiu 1iun 7% MS, % MS, MS uaz 2 MS wud
Fulisennmnziasslugasaing MS uaz % MS dnsisyiiulnangn uazainnisdnsues Assis et al. (2012)
AANHINITINZLAE DDA UNTHNTNNIUG  (Anacardium  othonianum  Rizz) lue vnsnauds MS finisunond
8192 MTuANEaiL IiuA 74 MS, % MS uaz MS wudn eitleiniziaedlugnsonms v uaz v MS HRpa1ugened
Futladie wazAnedluandnlugasenns MS uaznisAnmnaey Baque et al. (2010) MANMINATAILENINL
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ﬁﬁmmmislumman\um MS luduee (Morinda citrifolia L.) WUdNgRsenwng v MS Hénsnisiaseyiiulpues
fuileitle snn thwinas Lmvm‘wuﬂmemafmmmﬂummmmamuﬂ?mmmmmmam 1.5 Az 2.0 111 (1.5 MS WAz
2.0 MS AINANAL) AINNN9ANEIT8Y Saad and Elshahed (2012) na1qdn Lmummmﬂ?mmmammimLLm@u
mmm‘hlﬁ’mm?tyLﬁuimmm%mﬁmﬁlﬂﬁﬁu iesanenmsiiauds Ms Lﬂummiﬁﬁmwixﬂ@wmmﬁ;mmwéfﬂ
81612111 79090E ABUTN944 e Bunaednduuasnsnesiluehafemeseanndeanisuediia (s
VLﬁ’fﬁ*Uﬁ'wyawqa@ﬂfmLﬁmwmﬂuﬂ@ﬁﬂﬁqﬁﬂﬁzﬁqmﬁiﬂﬁmmmm?rgtﬁu‘lm TA9aai909WT  N1aRRLIRETUNUFNG
(organs) NMIAFNITULALNUE UAYNIIAzaANTaIaNTNINLS lasv RN %qmﬁm’f@qmim&;mmwmﬂﬁ%umnrﬁmﬁu
AN WAT AN (Sivakumar et al., 2005; DelCorso et al., 2014; Monfort et al., 2018)

Table 8 Explant growth of six- week -old Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS

strengths.
Height Leaf number Node number Root number Shoot number
Treatments
(mm/explant) ~ (numbers/explant) = (numbers/explant)  (numbers/explant)  (numbers/explant)

1/4 MS 4550 +2.51° 18.15 + 0.90° 8.73+0.39° 6.53 + 0.46° 158 +0.10
1/2 MS 41.03+0.77° 12.50 + 0.53" 6.10+0.46° 458 +0.19° 1.35+0.12
MS 33.98 + 1.14° 13.53 +0.59" 6.68 + 0.25" 453+0.41° 1.53+0.11
2MS 30.74 £ 1.27° 13.40 + 0.63" 6.25 +0.28° 3.70+0.16" 1.58 +0.09

P-value <0.001 <0.001 <0.001 <0.001 0.363

Mean+SE values within a column followed by the different letters were significantly at P<0.05.

Nammﬂ?mmmmqmmeﬁlmnﬁhaﬁuﬁi'aﬂ':nummen‘lumsé’uély’umw’humiaugaamwmLﬁm?i'as’fuwsuﬁ
lugnwilaanida

mmmmm“lumsﬁu&qLL@m”mm?ﬁﬁu@%@%mm@ﬁuﬁ@Lﬁ@?’fuwmﬁLﬁﬂéuqmﬂﬁ?wma@q (Table  9)
WU ﬂ?mm TPC ‘lmm'mmmmmiﬁmmLLMﬂﬁiNfﬁ“u@ﬁiNﬁﬁﬂdﬁﬁmmmﬁﬁﬁu (P<0.05) Tmmmmm?ﬁﬁﬂ?mm
TPC mrmm Aa 4RA3aIUNg 4 MS HAwvini 19.32 ug gallic/g i TFC Wi s azgasemsiANLaNFNeTY
ataNTEAATUNNATIRAY (P<0.05) ‘Emﬂammmiwmﬁmm TFC mm/mm AR 4R381919 YV MS AR 43.89 mg
luteolin/g uazwLd"1FR4 saponin TuudazgasamsiianuanseinetwlidAnyneadiany (P<0.05) Tnegas
fmmi‘wuﬂ??mm saponin mﬂmm An ANTA1UIT MS ummm‘u 24 ,666.81 mg saponin/g

mmmmia’l,um?ﬂum@ummmwmﬂfm DPPH LN@’&%@@H’]?VI@@@Q‘WU% mmmmmiumwm\mum
Baselifauunnsinaiuetalie Ay eada (P>0.05) sendegasenmns Tealugnsanns % MS, 4ms % MS,
4ns MS uazgms 2 MS HeAwinfiu 88.93, 88.51, 88.62 Uay 89.12% ANAAL maﬁu&aum%mwﬁﬁ% ABTS
WU mfn34mmmlummumaum@@mﬂuummmmmmmmumnm\mu@mmuﬂmﬂm‘mmmm (P<0.05)
Immm@mm@mmmmma‘m”Lunﬂiﬂumﬂum@mvmnmm AR 4R3819N3 Vs MS HANWNAL 88.28% (Table 9)
NSAATIERANENTNNUS (correlation analysis) m@amimu@ggmmﬂuﬁum@Lﬂ@muwsuu

HARINNITIATIZIAT  correlation WuINLBNIMIEY TFC  Haduduiusiulwdeuaniuiffanmaes TPC
dqutlsunnizes TPC ﬁmmzﬁ“uﬁuﬁ'ﬁﬂu@wmﬁummmmm‘lum@gungg@%mmm ABTS LAZAYNATNIT
‘Lun’wﬂ”uﬂ"”’miésqu@%imm ABTS HanudisiusiuludeuaniuiFunnes TFC uaz TPC (Table 10)

HARNNNNSANTEN LLzﬁm”LﬁLﬁudﬁmmmmmlumiﬁug“\iLL@:&’ﬁumm%@Emz’lu%wf:@Lﬁlﬂwmﬁ lugmsanmg
Vi MS danaliidiSunnaes TPC, TFC Lmvmmmmm’lumiﬁmj;\mum%m‘”ﬁfm?ﬁ ABTS ﬁmmﬂ'ﬁmm dqutsnnn
a1 L grsanunslunguatuan (MS) m_l?rmmmmsnﬂﬂuummm mﬂmmn‘mmm Monfort et al. (2018)
mmm:mmmmmam‘uﬁmmimmmu‘ﬂm finveemnnagaiiadie uazewnstauds MS RenanAnesesriszney
volatile fraction Tmulugulmszmn Wemnzidesdulnszmluemnsiouds Ms wuﬂ?mmmﬁlmmﬂmﬂmmu e
4 MS, % MS, MS uaz 2 MS wudn lugnsanvng MS ﬁﬁmmmﬁmmﬁmmmim Y Wi, Vo 1911 waz MS ANanan1es
adAtlsznauas 21-23 1in Lwiﬁ’fuim‘xwﬁLWW:L‘%&]Q‘Lugma‘@qma‘ﬁLﬁuﬂ?mmma@’mmﬂu 2171 (2 MS) HuaKARYe3
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asFilsznauaiftes 15 18a Gauansneiugaentsiiu q aann1efinEnaes Wu et al. (2006) fidnngnazundan
Tunsnsaesdusnlaunde (Echinacea angustifolia DC.) PN gL A RPN I8 Tan WA B oy
Fuednlumn wudn grsewns % MS waz % MS fiiunnnananvasiuesuaciaaliuessgeninlugreansiia
Bannumnndy wazaInnadnetes Baque et al. (2010) wudn Winnaesansunuelasmioniludusedidgn
lugnsamns % MS uaz 2 MS ﬁﬂ?mm@.ﬁ@mLﬁmﬁﬂuﬁmgmmma‘%'u Monfort et al. (2018) na1a9UTNUTDY
mﬁlmmﬁﬁﬁﬂﬁé’uLﬂuﬁﬁwﬁq‘ﬁmr:mﬁi@ﬂ?mmm?mLmu'a"l,@m’vﬁmgﬁ i Usunnaeseanasd  (phosphorus)
humsa (nitrate) wazAflulainan (carbohydrate) iudu uananiuudaufisammaaiiszwinsiaiuamsuanden
slumnm:ﬂ@ﬂnLﬂuﬁnuﬁqﬂﬁﬂﬁmm@ﬁi@ﬂ?mmm?mLmu'ai@m’nﬁmgﬁ annsinenludnedid iduinnsia
Bnnsmaunsnniulbliddaaneinanell wasimusiazaieiianuseinissnemsluBunnduansiei
(Sivakumar et al., 2005)

Table 9 Antioxidant activities of Bacopa monnieri (L.) Wettst. grown in in vitro cultures with different MS strengths

after 6 weeks.

Treatments Total phenolic content Total flavonoid content Total saponin content DPPH ABTS
(TPC) (ug galliclg)  (TFC) (mg luteolin/g) (TSC) (mg saponin/g) (% inhibition) (%inhibition)
1/4 MS 19.32+0.32° 43.89 + 0.53° 6,859.12 + 459.85°  88.93+0.77 88.28 £2.21°
1/2 MS 8.52 +0.04° 18.45 + 0.09° 5,702.26 + 88.99" 88.51+0.17 60.89 £ 1.53°
MS 11.08 £ 0.29° 20.55 + 2.33" 24,666.81 £ 720.99"  88.62 +0.20 74.81 +5.98°
2MS 10.98 +0.23° 20.98+0.73° 6,117.55+231.68° 89.12+0.04  69.40 + 3.96™
P-value <0.001 <0.001 <0.001 0.712 0.006

Mean+SE values within a column followed by the different letters were significantly at P<0.05.

Table 10 Correlation between different antioxidant parameters of Bacopa monnieri (L.) Wettst. grown in in vitro
cultures after 6 weeks.

Parameter TPC TFC Saponin DPPH ABTS
TPC 1
TFC 0.974" 1
Saponin -0.145 -0.240 1
DPPH 0.138 0.186 -0.111 1
ABTS 0.870" 0.811° 0.133 0.132 1

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

aguaan1sAnmn
mﬂmiﬁm:mmmmﬂ?mmmrﬁ;mmiﬁifanwm?mlﬁuimmewﬁmfa%@%mmmLﬁ@ﬁ@ﬁuwwmmmw
ﬂ@fam%mﬁ@é%ummiwmmwudw 4RTMNINEINNIANUSINNIEINEIINTAY Y4 N T09gATATMNT MS lugmsans
wmlumimmmuim funnuaes TPC, TFC LL@yﬂfJ’m'&’mﬁ?ﬂluﬂﬁﬂ“ﬁluﬂ\muN@ﬂ@?yﬂQﬂ']ﬁ ABTS veviuileide
Funsniianige LLmiuwmﬂﬂ?mmmmmm‘mmemaﬂummmmmuﬂﬂmm@wum@meuwwu g ifunns
Gumsmiﬂuu‘l,umul,ummmL‘ﬂumiﬂizﬂ@umn‘l,umuwmﬂuqmfafmwﬂuﬂqumuqu (MS) WugnHisun e Tiiiu
’&\‘1‘17%'&9]
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