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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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wasndletinwand (Bacopa monnieri (L.) Wettst.) Lﬂuﬁmguvl,mﬁmmmmamma‘mmuﬂimm‘mﬁmﬁ
(secondary metabolites) ﬁl,ﬂumwﬁuﬂumﬁmv 1w famnaeus (alkaloid) nalalas (glycoside) Wm‘lﬁqu@'ﬂm
(flavonoid) wazanTiliiu ( (saponin) ) S lfiuflugnssyneumdnfiny ldludunsad miﬂm:mmmmmminummm
Murashige and Skoog (MS)wﬂ?mmﬁmmmmmnmqmélivmu loun v MS, 2 MS, MS Llaz 2 MS mmammmuim
LL@”maﬁmu@um'amv‘l,mw,u@Lﬁ@muwmu memmmimmmwum _gPInmT v MS fnsasyininaes
mum@m@mmgm Imﬂumwzgwmmum@m@m’mu 45.50 TaAwAsAwdeEe Sunluwindu 18.15 ludwieide
suadewinty 873 dedwiede Swaumnuinty 653 snAuieide LL@:ﬁﬁmﬁﬂm-LLﬁqmnﬁqm (P<0.05)
fAwindu 01837 niutwinanduileie war 0.0358 nivnURVEWEeEe AuAEL wisuutenTes
mmumﬂ@iuummLmeqnuivmwmmmmi (P>0.05) m@mnmmnmm'mmmm‘lummummimu@umamw
luduieidensud me‘lummﬂu@mmmi v MS genalsiiiBunnmes TPC, TFC uavamanansnluniseiuss
auABAIAILTD ABTS ummmnzgm (19.32 ug gallic/g, 43.89 mg luteolin/g WAz 88.28% ANANAL) A2uLfTuNN
vas lliunud greewnslunguaduan (MS) ﬁﬂ?mmmmemiﬂﬁuqaﬁzgm Wiy 24,666.81 mg  saponin/g
daunsdudiedaeis DPPH 'W'LI']"]ﬂ'.)’m'A’]N’]‘msluﬂ’]ﬂjuéll/xi’méﬂzlj@a@?ﬂﬂﬁﬂ']’mLLﬁ]ﬂ[ﬁi’Nﬁuﬁ‘:Md’]\i@jﬁ]ﬁ‘ﬂ’W’]i‘ (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, 2 MS, MS and 2 MS, on the growth and antioxidant activity of B. monnieri (L.) Wettst. grown in in vitro.
The Va4 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

wasndletinwand (Bacopa monnieri (L.) Wettst.) (Sosa et al., 2018) wuldluuiindentu anunsouiuln
‘luwumum ez UMAN N AL y vinlal (Gohil and_Patel, 2010) muwa‘umLﬂuwmmuvl,mwLﬂuiu@m@ﬂmuqu@ﬂ
LANReR S IUIN Suaes lmnuity Saduesti TuRawadnilugllandy danelundreu Tauluway way
nanaunadndnasaewrizadeng aaneanamutanly aanil 4-5 NAL (1de d1auasduns, 2556; Pushkar et al.,
2015) FunIHRANNTONARSMUNLE lasY AR (secondary metabolites) ﬁLﬂuma[ﬁT’]u@w@me (antioxidant)
Tduanangn 1w dannaeus (alkaloid) Inalalas (glycoside) Wanlaueas (flavonoid) wazanlifiu (saponin)
(Mathew et al., 2010) TaenTUfuuanslszneuvdniing ldunnludunsudl safuanslszneufiiwinAiRaasunns
dagenseualszan uazdoeinganes duaTuANan N3 uardauinwiaIn1siALNAnNI19aR (Devendra et al.,
2018) mu‘wsum\iLﬂuwmuuvl,wwlumawﬂmmmmnum Sluﬂmuuuwmmuu”l,wm@wmmimmmemmmﬂu‘w
DNy ansanpainsunsuiaslsuantoneengaludenndiad niamny il flarasiovianismsa
witlaenidailunnsihdiusing 7 2esiEn e lAnsALANEIRRIMNT wazan nuIndaxluiBIAAe (Thorpe, 2007)
Frawmiifiendulnlwiesnnzdailedetadufieiieen deunsdianunsniinnananasmunue lasRun i ldandas
TuiedefemilduresisaansniuBunanananldandusiumnnlusseznandudy wasdsldiiiens
wzdeiledeioadnieawiniy 'ffim'qm@ﬁﬂﬁn’mwn:lﬁmL?I@Lﬁlfan@fmmLﬂumzmumiﬁzﬁnﬁmimmmumm
mﬂmmﬁuﬁ:ﬁmﬁ@miwmimﬂ’(Hassain etal., 2012)

ananaud Murashige and Skoog (1962) (MS) uensnsaesiieEeldiunnudauetaumivans
Tunnamnzireaitieflaanunsnin i msasadedeeialduannuanaaiia Weewnn MS uemnsiddaulseney
UBIFNFRIVNIUAT 51609989 IANHU  uaznInaviiuatnaieanasandNfeenisesie  WseIn1Is1neaIuns
mmﬂmwa‘l%‘lumimmmuim mi’mixﬂ_mzmwummﬂﬁumammmwrfm I ww"Lmuﬂ?mmmmmmi@muwmwa
mmwmmma@~vn‘luwsnumamml,mu‘llmwm mwmu@ﬂnummmmiwmww Az Iiavesitaae  daie AT
Ysunussensunietiesiiuliavdaalinisasofiuinviequaineesiautas TnalunauisaiinnisantfFano
29957591 IANN VN RT3 RU TR IARNI AN (Thorpe, 2007; McCauley et al., 2011; Saad and Elshahed,
2012; DelCorso et al., 2014) aINNN9ANHILLY Monfort et al. (2018) wud’]mmmﬂ?mmm@mmmm’éwﬁq
(4 MS) m'\‘imaiﬁﬁmﬁmm?‘mLﬁuimﬁimmﬂﬁmﬁuﬁmmﬁﬂwm?ﬂﬂﬁ (MS) zﬁqum?ﬁﬁﬂé’%ﬁﬁmmmﬂﬁLﬁm‘wram'@
AINERINTS NFAZUAPNAINTVEINITUIABIABIMNTBDNH ALY ( (McCauley et al., 2011) ANNTANEUD Tewari
et al. (2007) wudiiiEn e lulnsiereanesadaaliluisaty Widdads senneniiauaueuiasdi
samvagsledannaifnTnesen ANINAITBNFU  UATNANARNIALTNAAAY  vidadT lATuanse I sNaniAuly
Fesuadusefielfiduiu annsAnmass Monfort et al. (2018) wustNaRldFUsRe VTNl daarin o]
nassoininanadldunnsneiufaildsusmameldifieme uazdusunnasenndag

ma‘LumeVL@m’nﬁﬂqﬁLﬂumiﬁﬁﬂn@%’qﬁummmuLmﬁmﬂiumaﬁ enauauasieduiTiisunawiean
AaiiTn (Felsn videuna) anmuandes iy HUUNH ANHNLAN 1h Mt mded Tanzwin WATEIRNBINNT 909
PINLATEAGING °] Fafunalnaesiimite 1t lunnsseduiudelsauas AT AT IAATL miﬁﬁ*ﬂé’%’ummizﬁmm
?ﬁ'qL?ﬁmmﬁmN@Iﬁ’ﬁmﬁﬂﬁimé’ﬁqmﬁaLume@VL@m‘nﬁﬂgﬁlﬁumﬂﬁu (Rao and Ravishankar, 2002; Murthy et al., 2014)
wunuelasmaegianunsoutisesnidu 4 nguuan < lAun wmesiuess (terpenoids) a1stlsznauiuedn (phenolics
compounds) §anaatisl (alkaloids) WAz NANANTLIITNALANLE (sulphur-containing compounds) (Guerriero et al.,
2018)

muummﬂmmmmﬂ?wmmmmmmLmnmqnumnm@immuim WAZANIFN UL ADATLIDIAUNTHE
fnnzdedluanmdsende  Audulsslunifennfisuanan N Ol YA T ERV T QR Bt ety
Iilenasanudainseanana wazdanansniinldafmiduaiieldluniansunmeldandas
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AENITAN RN
wesaulsiinlglunisnaang
wasnldnsninlAunandesl fisnsmnziaeaiiadianssliiin udngasananaiansnislseas naden
walulaginsnandnduazlszae anssmaTulagdnisinems
LHUNISNARDS
NUHBNIMAABILLILIgNANYSD] (Complete Randomized Design, CRD) HAdnuiduduaasiffaunuansaims
wANFNgiu 4 3xAu Tdun 14 MS, 75 MS, MS (ZaALAx) 4az 2 MS 1aNAaeas 20 91 1A 2 fiu
AURADUNITNARDY
WiRNaMNaNdeges MS NHUTNNUEEeMNUANANSTY 4 52AU (Table 1) nn9uliu pH Tild 5.62
Toerld HCI 1 N waz KOH 1 N nasanniiudiniaalssl (gelrite) 1.6 N5 siuauaalasiaza1audnaqns ldasmanmiziaes
X 4 . Y e oy 4, v o d o ¥ 4 % -
Watieawin 6 eaud anuuAnihllisdndesmsdiandeiisaninsulatn (autoclave) esinmeRguugd 121
9ANTALTLE ANNAY 15 Uausfani15198q 1Wunan 15 1w
N S " o X X 4 N R N T - y
wreNTwiaEen g lunisdnsningn131ind e e v unsniandaduduiielEderunn 1 @uRwWms gne
R X 4 o . L e Yoo X e LY X 4
Fuiiaiiianenaandesluemsiudegas MS AN s namsuans1eiy andinllidesduuduaaaiiede
Tadinisliuasdunan 12 daluesiadi AruangamMnin 25 asraaidas Wuszazinan 6 dUaf

Table 1 Nutrients in MS solution.

MS concentration

Ingredients (mg/L)

Y2 MS 2 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 12.4
MnSO,-H,0 5.575 11.15 22.3 44.6
ZnSO, 7H,0 2.15 4.3 8.6 17.2
Kil 0.2075 0.415 0.83 1.66
Na,MoO,-2H,0 0.0625 0.125 0.25 0.5
CuS0,-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

msiutays
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muwmmmﬂmmmmwmmmﬁmm@Lﬂ@mfam@nuﬂmmmﬂm (vernier ~caliper) ynssaandautesduiieded
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AsTiiaay Imﬂuu‘ﬂﬂ‘ﬂ'ﬂm@%dﬂ'ﬂuﬂﬂi%m@@\iLL@"’ﬁ“”WQNﬂ’]?V]@@@\W]ﬂ 7 flaviiduszazinan 6 el anushusiay
mmmmmmmﬂ?mmumuﬂmmLmvm‘wummq meummimmm

miﬂm:mma‘m’mmsmuﬂ%mmﬂummu@m@mu‘wmu LN@Z%HZQWW’W?V]ﬁﬂ'ﬂ\iﬂzﬁ’]L@ﬂ%uLﬂﬂLﬁﬂﬁuWiNﬁ
mw*‘?’ifqmmﬁ 60 aernTaiTea Wi 24 Gl udarh lfuasBen anifniedteuseliinns 0.20 i snaradae
Fvnaraneienues 95% 13unns 20 Saaans iusvasioan 24 alua Aeunldnszaensedies 1 (Whatman No.1)
nsasansainidlasiendauiiduasazasuenifuinen$luanadnfiguingil 4 esinuaidoa uazsinanansariaills
Tl lunsmfsunuanssinueyyadasy  laun Bunndlusarianun (total phenolic compounds, TPC) AaeRa
Wauglaunan (Folin-ciocalteu reagent) (AinuLlasann Lim and Mutijaya, 2007) Usnnaunanlauaeisisa (total flavonoid
content, TFC) (AaLUasaIn Shirazi et al., 2014) waztsuinianlUfiugan (total saponin content, TSC) (AatUasan
Vador et al., 2012) mm%@ﬁﬂﬂlﬂumﬁmmw’ﬂﬁﬁ?mlumiﬁm@%@%miwﬁ”fmf‘ﬁ 2, 2-diphenyl-1-picrylnydrazy!
(DPPH) Aimtkilagann Lim and Mutijaya (2007) Wa¥n11LAsEY 2, 2'-azinobis-[3-ethylbenzothiazoline- 6-sulfonic acid]
(ABTS) radical scavenging assay Aalitlagann Nilsson et al. (2005)
NM5AATIZUTBNAVINADR

ihdeyanamaadyifinlnuazarsdueyyadassaesfunsndiilgnlusfioudegns Ms Aifliunueng
BIMNTUANANAUNIIATIZTAINULILUIMU (Analysis of Variance) ANLNUNNINAABILLILENANYID] (Completely
Randomized Design, CRD) ‘EmmLm%mﬁ?mumﬁummLLﬁmmwmmLfa@mmm\‘imma‘wmmmmﬁmm Duncan’s
New Multiple Range Test mmum’mm@uu 95% WAZAATIZEANANANNUS (correlation) A1NADa8d Pearson

correlation (two-tailed) test sivtilt/sunsupananasdiagy

HANNSANEWAZ ATl

Nmmﬂ?mmmﬁlmmsﬁlLmnrshaﬁuﬁi'amim?mLau‘immLﬁ'aLﬁaﬁuweumuamwﬂmm’%

naTe B NI N IRRANg TR T e e funssiinLn mwmmm%”wﬂmﬁ@L’fﬁluﬁmww,l,mnrfmﬁu
szwinagara TR ludtanii 1 Tnelugnse s v MS uaz 2 MS frugeesiuile fenniign (P<0.05) i
WU 10.42 uag 10.43 fadmms/auideide paddy ”Luzﬁ“ﬂmw 2 aufedlanViil 5 wud Augeresiuieiiely
4R9"9NT % uaz ¥ MS flaaugeannndtemnsgnadu (P<0.05) Geagludasszudng 17.7-37.74 uay 17.88-35.73
SedunsAuieie Ausau wazludlavii 6 wudn 4n9819113 ¥4 MS, 75 MS, MS uaz 2 MS ﬁmm@;wm?ﬁ”utﬂfmﬁ@
Winriu 45.50, 41.03, 33.98 waz 30.74 Sediums/Awiieifle musiy Tmﬂmﬁzgqﬁlzgm (P<0.05) 2¢/lugnsa1ms v MS

LL@:ﬁ@ﬂﬁunqmaﬂmmi MS uax 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 £056° 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+051° 29.51+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

HavesNIisIne M ssiea I luresEuie e funsanud Twdlavi 0-2 auswluzesmuiie tie il
AYNNLANFANNAUITNINNgRATRIUNT (P>0.05) Tudin1vin 3-6 wudﬁwmuiw@ﬁwﬁ@Li@‘l,uqmmmi Yo MS Hanu0u

lunnfige wazludda1in 6 anunluvesduilodialugnsannisi v MS, % MS, MS uay 2 MS JAwinniu 18.15,
12.50, 13.53 uaz 13.40 lu/Auiiieitia muansu (Table 3)
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e Y X4 o2 e et e
HATB9LETNNUB IR N sFiaa wIuTeTa e EasunsNinLd)  Fudaauuandnesiuludlanim 3 Taelu
AM3871113 V5 MS Hanuqudaninian (P>0.05) HA1winAy 3.28 da/duiieite wasludlan1vi 4-6 wudn anuaudeves

a Q
12 v

%w,ﬁ@@'@‘luzgmmmi Va MS ﬁ'ﬁmfm%mﬂﬁqm (P>0.05) Teludai 6 'ﬁﬂmu%mﬂﬁwﬁﬂLﬁlfasluzgmmmiﬁ
1A MS, % MS, MS uaz 2 MS SAwiniiu 8.73, 6.10, 6.68 uaz 6.25 Fa/duiileitle musau (Table 4)

mmmﬁ?mmmammiﬁi@ﬁqmumﬂmﬁmﬁ@Lﬁlﬂﬁuwauﬁ @"f]uqumﬂﬁlmﬁmmLLmﬂﬁmﬁm:mNQﬁmmma
Tk nviT 1 Imwudﬁﬁmua"mmm%mﬂ@Lﬁlfa‘luzgmmma‘ 2MS ﬁ'ﬁf]uauifmmﬂﬁqm (P<0.05) HAWINTL 0.98 377/
Tuiteiile seanludilany@ 2 wuin MUIUINUGATBINIT V4 MS ﬁ@"’mam’mmnﬁ@m Srnwiniu 2.48 mnduiteide
ﬁiﬂLﬂQQ1ﬂwu§uz§mﬂﬁimm@@q Tneiludilaniil 6 ﬁmqumnm@ﬁwﬁ@Lﬁ@’luzgmmmi‘ﬁ Vi MS, ¥ MS, MS uaz 2 MS
AN 6.53, 4.58, 4.53 waz 3.70 sn/auiiieifie mugsL (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 2.83+020 560+029 7.90+0.35 11.00+056" 14.80+0.80° 18.15+0.90°
12MS  0.00+0.00 265+020 520+029 6.70+0.30° 820+0.36° 10.50+0.45° 12.50+0.53"

MS 000+0.00 235+0.19 465+022 623+020° 883+0.37° 11.33+050° 13.53+0.59°
2MS 0.00+0.00 290+022 510+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 2.88+0.14° 4.33+0.14° 6.85+0.37° 8.73+0.39°
1/2 MS 1.00+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+0.11° 3.95+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[ﬁlmmﬁér;i@'ﬁmfauﬂ@mm%uﬁ@Lﬁlﬂﬁuwmﬁwud’] fpnnauananaiuludlaoi@ 3 uaz 5
4RIanvT Vs MS ﬁﬂ«i’ﬁmummmm%m‘ﬂ@Lﬁlau’mﬁz\gm Ay 1.38 uaz 1.53 sendwileide wiludlenii 0-2,
4 Ay 6 VLlifIﬂQ’mLLﬁlﬂﬁl‘Nﬁuﬁ‘zﬁd’]\i@Jﬁlilei (P>0.05) Taeludianvi 6 luudargnsanng v MS, % MS, MS uag
2 MS Hanuausanviniy 1.58, 1.35, 1.53 waz 1.58 EI@@/%‘LAL&@LE‘;@ ANNANAL (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+0.00 125+008 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?mmmﬁymmﬂfifaﬂ?mmﬁmﬁﬂmm-uﬁwaﬁuﬂﬂ@'@ﬁumuﬁ mau@urﬁfumiwﬁmmLL@xLﬁfa?é”uzgm
mimmmwmﬁ fi’mﬁﬂmm LLﬁ\iLLiﬂL‘émﬂwmﬁmmmﬂﬂﬁmmLLmﬂﬁmﬁu@ﬂ'wﬁﬁmﬁﬂﬁmmmﬁﬁ (P>0.05) uiile
mummmmmmwum muunm’lummfmmi Y MS uax % MS uumuﬂmmﬂmm (P<0.05) umm'mu 0.1837
uaz 0.1904 ﬂiuumuﬂm/ﬂjummm mummu Lmvufmummluma@’]mi Ve MS uumummqmnmm (P<0.05)
flAwini 0.0358 niuhwinutemuieie (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.

mnﬂﬂiﬁﬂmmmm?zyLﬁuimmL"f':ﬂLﬁlﬂﬁuwwmmmwﬂ@ﬂm%ﬂLﬁﬂ?ﬁ”u@mmwmmluﬁﬂmﬁﬁ 6 WL
4n981MT MS "Lu'mmmuﬁ“umm’i‘mlﬁuimmLﬁ@@i@ﬁuwwﬁ LﬁlﬂL‘ﬁﬂuﬁuzgmmm@ﬁ'@mﬂ?‘mmmamm@m Va win
(Va MS) zﬁ'w@ﬁﬂiﬁwﬁ@Lﬁlﬂﬁmm‘%mﬁu‘ﬂmﬁﬁqm (P<0.05) TnginavasANge HANwiniu 45.50 fadnsduieiie
suailuwiniu 18.15 ludwileide suaudewiniu 8.73 deduiledle warauausnuinty 653 mnawiede
LLm'@i’mqummmﬁuLﬁ@Lﬁlﬂvl,u'ﬁmmLLmﬂﬁmﬁ“uideQmmmi (P>0.05) (Table 8) wazitwiinas-ueaiiaiie
ﬁuwmﬁﬁﬁqm (P>0.05) AMNNN3ANEIABY Monfort et al. (2018) %qﬁm:mmmmiﬁmmmammiﬁl&hﬁuhmmi
Aquda Ms FaNANARUa9asALsZNaUANTENATY (volatile fraction composition) inlugilusn (Ocimum basilicum L.)
dlemnzidesdiulsznluewmnaiauds Ms ﬁﬁﬂ?mmmamma‘ummmﬁu Ifun 74 MS, 15 MS, MS uaz 2 MS WU
ﬁuim:wﬁLWﬁzL?:ﬂﬂuzgmmmi MS uay % MS ﬁma‘m?‘m;ﬁuimﬁﬁqm WATANNNN9ANETBY Assis et al. (2012)
AAnmmamnsanieidefunzaiafiunus (Anacardium  othonianum  Rizz) luenvnsiiauwda MS AfiBanm
g1R@TuANGai liun v MS, 15 MS uaz MS wud L‘ﬂumﬁ'@ﬁ'waﬁyﬂﬂuqmmma‘ Vi WAT %5 MS HANEIT8
Fuileide wazm e luAndnlugasanns MS uaznnsAnenaey Baque et al. (2010) AN naveiunm
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ﬁ']rﬂfa’]maéslumman\um MS ludiuee (Morinda citrifolia L.) WUiNgRsenwng % MS Hénsnisiaseyiinlmues
Fuileitle son thwinas Lmvufmuﬂmemmﬂmmﬂummmmimﬂ?mmmmm‘mim 1.5 Az 2.0 111 (1.5 MS waz
2.0 MS mIua1AL) AINN13AN®Iaed Saad and Elshahed (2012) nana91 Lmummmﬂ?mmmammimLu;m@m
zﬁ\m@ﬁﬂﬁ’mm?ﬁyLﬁu‘imaﬁulﬁﬂlﬁ@ﬁﬁu iesannenmsiiauds Ms Lﬂummiﬁﬁdmﬂixﬂ@wmmﬁlmmwﬁﬂ
8161211179090 ABUT1944 e Bunaednduuasnsnesiluehafiemeseanadeanisuediia (s
VLﬁ’fﬁ*Uﬁ'wymmm"NLﬁmwalﬂuﬂ@ﬁmﬁ’qﬁﬂﬁzﬁm@ﬁiﬂﬁm’]mm?mtﬁu‘im TA9aai9109WT  N1aNELIRETUNUFNG
(organs) NMIAFNITULALNUE UaYNIIazaNTasansuunLe lasRnn %qumr?’fmmimﬁ;mmﬂ@ﬁmﬁ%umﬁwﬁu
AN AT 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° 1.58 £ 0.10
12MS  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+041° 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?mmmqmmsﬁumnsiNfTusi'aﬂ'nummin"lumsé’ﬁ.l§QLLa:ﬁﬂuﬂqs@qga§ﬂi:maqLﬁ'al,?i'aﬁuwsuﬁ
lusgmwilaaaiia

mmmma‘ﬂumiﬁu&amezﬁmm?ﬁm@%@%imm?;wf:@Lﬁ@ﬁuwmﬁLﬁleéuzgmm?mmm (Table  9)
WU ‘ﬂ?mm TPC ”me'mmmsmmafﬁmmLmeNﬁu@ﬂNﬁﬁﬂzﬁﬁﬁmmmﬁﬁﬁu (P<0.05) Tmmmmmmaﬁﬁiﬁmm
TPC 11nfign Aa grsa g v MS St 19.32 pg galiclg tianas TFC nudnluudazgmsanvsiinasuansineiu
atidtdAtyneainiy (P<0.05) Tnsgasenvnsfiihfinnns TFC wniige Ae greawing v MS ey 43.89 mg
luteolin/g uazwudnfianns saponin Tuusazgrsensiiarmuanaiuedeiiliddmieainty (P<0.05) Taagns
'ﬂ’]mi‘wu‘]ﬁu’]m saponin mnmm An ARNTAUNT MS ummm‘u 24 ,666.81 mg saponin/g

mmummaa”l,ummumﬂum@mmmﬁ DPPH Lmaummﬁwmmwmq mmmmmiumwumﬂum
BasrliiAnuansniuetwiliteddnynieatia (P>0.05) seudnegaesenns Taelugnsenng % MS, gns % MS,
4ns MS uazgms 2 MS HeAwinfiu 88.93, 88.51, 88.62 Uay 89.12% AINAAL masﬁu&mum%mvﬁwﬁ% ABTS
WU mfnmmmm“lum@ammum@mﬂuumvmmmmmmmLLmﬂm\mu@mmuﬂmﬂmmmam (P<0.05)
T,mmm?mmimmmmmfm”Luﬂﬂmummm‘ﬂmvmﬂmm AD 4R9RNT Vs MS HAWiNTiL 88.28% (Table 9)
NSAATIEUANENRNNUS (correlation analysis) m’aamimuﬂgs;‘la@mﬂuﬁuLumﬂﬂmuwsuu

HAANNNTAATEIAT  correlation  WudNFunmuaes TFC  Hanuduiusiuludauoniinffunnaes TPC
dqutlsunnizes TPC ﬁmmzﬁ“uﬁuﬁ’ﬁﬂuﬁqmﬂﬁummmmm‘lum@gué?m%@%mmm ABTS LAZAYNATNIT
‘Lumiﬂ”uﬂ"”’amésg@%mmm ABTS HanudaiusiuludeuanivuiFunnes TFC uaz TPC (Table 10)

HARNNNSANTEN LL@mﬂﬁLﬁudﬁmmmmmhmiﬁugﬁLmzﬁmmaﬂwaﬁmﬂuf‘?ﬁyuﬁ:@Lﬁ'@‘wmﬁ lugmsanmg
Vs MS danaliiiiiFunnsmes TPC, TFC memmmmm'luma‘ﬁu&\mum%m:ﬁ%ﬁ% ABTS ﬁmmﬂ‘ﬁmm dauifFunn
ya11 L9 grsemnslunguatuAu (MS) m_l?émmmmsm‘lﬁﬂuummm mnmmm:rwm Monfort et al. (2018)
fiAnmuaTasaspaLANNI ATy FLln giprasensmeuieifie uazensiawde MS AenanaAnuesesdilsznen
volatile fraction Fnulugulvsznn Wamnzdgsfilmznnlugmsiouds Ms wuﬂ?mmmﬁlmmﬂmﬂmmu Teun
Vi MS, % MS, MS uaz 2 MS Wi lugnaans MS fiinisantliunnisinenmsas v wh, 7 v uaz MS fuandnves
aqrtlsznauat 21-23 1in Lwiﬁ’fuimzmﬁLWW:Lgﬂqiugm3@WﬁﬁﬁﬁLﬁmﬂ?mmmammﬂﬂu 21791 (2 MS) HnanARYe3



466 INTANTINHATNIZAANLNAN 2563 : 38 (4) : 459 - 467

avFilsznauaiftes 15 18a Gauansneiugasnsiiu q aann1afinEnaes Wu et al. (2006) fifnngnazuinden
Tunssaesdusnlaunde (Echinacea angustifolia DC.) PN gL A RPN Tan WA B oy
Fuednlumn wodn grsewns % MS waz % MS fiiunnananasiuesuaciaatiuessgeninlugreansiia
Bannumnndy wazaInnadnetes Baque et al. (2010) wudn Winnaesansunuelasmioniludusedidgn
lugnsamns % MS uaz 2 MS ﬁﬂ?mm@q%mLﬁmﬁﬂuﬁugmmma‘%‘u Monfort et al. (2018) na129UTNULDY
mﬁ;mm?ﬁﬁﬂﬁé’uLﬂuﬁﬁwﬁqﬁm'\iﬂmﬁi@ﬂ?‘mmm?mLmu'a"l,@m’nﬁmqﬁ 1w Usunnaeseanad@  (phosphorus)
lumsa (nitrate) wazASlulainan (carbohydrate) fudu uenaniuudaufisammaaiiszwinsiiaiuamsunden
sluma‘l,m:ﬂ@mﬂLﬂu%nuﬁlqﬁﬁﬂﬁmm@ﬁi@ﬂ?mmmimLmu'ai@m’nﬁﬂgﬁ annsinenludnedid Idiuinnsia
Bnnusmeunsnniulbliddaasreinaell wasimusiazaiefianuseinssnemsluBunnduansiei
(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° 8893+0.77  88.28+221°
1/2 MS 8.52 +0.04° 18.45 +0.09° 570226 +8899° 8851+0.17  60.89 + 1.53°
MS 11.08 +0.29° 20.55 +2.33° 24.666.81+72099" 8862+020  74.81+598°
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).

aguean1sAnmn
mnmiﬁm:mmmmﬂ?mmmr;qumwi@mm?mlﬁ‘uimmewrﬁ’ﬁu@%@%mmmLﬁ@ﬁlfaﬁuwmmummw
ﬂ@fam%mﬁ@?:ummiwmmwudw ARTMNINEINNIANUSINNIENNEIINTAY Y4 I T09gATTMNT MS lugmsans
wmlumimmmuim funuaes TPC, TFC LL@yﬂQ’m@’m’]?ﬂluﬂW?ﬂUﬂ\i@uN@ﬂ@?meﬂQﬁ ABTS veviwileide
Funsnfiafige LLmiuwmﬂﬂ?ﬁmmmmmm‘mLufmmaﬂummmmmuﬂamm@wum@meuwmu g fifunns
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