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Foliar application of chitosan elicits growth, multiple shoot production and
pharmacological secondary metabolites in Brahmi (Bacopa monnieri (L.)
Wettst.) cultured under hydroponics
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ABSTRACT: Brahmi (Bacopa monnieri (L.) Wettst.) is a medicinal herb for enhancing cognitive ability, memory and
brain maintenance. Brahmi has important bioactive substances for improving the nervous system which is bacoside
A (bacoside A3, bacopaside X, bacopaside Il and bacopasaponin C). The objective of this research was to study the
effect of chitosan elicitor on growth and accumulation of bacoside A in Brahmi cultured in DFT hydroponic system.
Brahmi plants were sprayed with chitosan at the concentrations of 0, 100, 200 and 500 mg/l every week during the
2" - and 6" weeks after acclimatization. The results showed that chitosan promoted growth by increasing fresh
weight, dry weight and shoot number. All concentrations of chitosan enhanced the accumulation of total bacoside
with highest significantly difference from control. This study emphasizes that chitosan (200 mg/l) can be used as a
safe, economical, and efficient elicitor for promoting plant growth and increasing secondary metabolites or bioactive
compounds of magnificent medicinal plants. This finding can apply to Brahmi cultivating for supply dietary
supplement industry.
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Wsuil (Bacopa monnieri (L) Wettst.) suiigunayulnsegluied Plantaginaceae 13gyluusiiundu Junds wu

19 P

SuvpuveIasisTINYIR veeiusldie wulilaseangranisTininiididny Aeansndy triterpencid saponin ldu
bacoside (1¥U bacoside Al -A3 Waz bacoside B), bacopasaponin (14U bacopasaponin A-F), bacopaside (141 bacopaside
V) (nsnun, 2561) Tasswantietiinaudl tigsaues aunsainwilsaiiinananudenesszuulszamuazanes uas
faflgvsunisdniay neufthandudunanlusivenengsimveduisidunaum lussmdlnedsenunslingd
Tunanessuen wu endeammsmadusiu (mueenan wnndunulne, 2559) Ysemelnemdainidnddnudasony vivli
$ruufthelsranuddesiiuualtuiivgdu fafumnudesnsuandusiaiuommauazendmivinuilsannusndended
wunltufiugedu Yagtunsufignuinurld dundnsasiasuems udtymamnsdusasfivanuaunsalunisouiuay
Arud waniiilidnsugramnssunandusiaiuemaLaze i dllygihanansssumniuaznamzgnusudlufuid
ihfsuuusadin Faasldnaugnidesuutssanu 3-4 Weu udlutigtuainsafiumandensudldlunarfinaueslitud
fonsaeisnsgnuuulelnsluiing (hydroponics) dsanunsalinananganielu 4-6 dUnsiviaty Wkandeviuniuaa
FosnsveInaIngaavMnIsHeT annsnmuatlsalazuadldd vandesdgmansiesiunudagi wazasTanzulinandis
(Abdussalam and Ratheesh-Chandra, 2009) iiuﬁ’jﬂ‘i’fﬁuﬁiumimwﬂ@ﬂﬁaEJﬂ’i’lﬂﬁ‘LJQﬂé?ﬁLam (Maneeply et al., 2018;
Hussain et al, 2010) a1598nqn3n1adinmibudnnidstadefinszvrunisndnsndsnisdiliaruddyod19ds
(Gubbannavar et al., 2013) ﬁi’lmmmﬂﬁﬁ’mixﬁ'u (elicitors) L¥u glycine, ferulic acid, phenylalanine, o-ketoglutaric
acid, pyruvic acid sesluuiiy wueiii3e 51 lalaeu mnueSen wavuasisdyd Wudu awnsaivansyAogilufivuazans
aaﬂqméﬁ’]ﬁmiuagﬂwﬂﬁ (Parale et al, 2010) lalau (chitosan) uanslulelndwesdinmuszneudenglagiiiu
11 90% leannsadniUdenyesdnismndauazueslagldmadudu liduivienyuduazUasnsosiodswandey
(83g5, 2558) lelnguannsntiauszgndlilunisinuas Snaeutinssdunsseniarninadyuesiy sensgduansi
wnuslavivfegil (secondary metabolite) luivayulnsvaneuin (Thakur et al,, 2019) nsldlalaguadouwdnanunse
Jostulsauazuaasld (Benhamou et al., 1994) lalaguanuidudu 2-8 me/l ansnsadnudos (Fusarium graminearum)
Fonelsafadmudemeliiuwdntnad warlalneudufiuwesidudnisienld (Reddy et al, 1999) lalagugn
ﬂmﬂsi’ﬂumimwLf?iyemLﬂfaL?JasziaaLﬁmmm%ﬁy%umaé’a susmswannveaiiedosng 9 msviialalaeu 15 me/t Tu
pIMIIEABEIsansdunsiavesdatdeiaiauiu protocorm-like body (Nge et al,, 2006) iglilalnguar
dudu 0.4 o/l Prefiunmsasgueansymmnelianzinfuazannzedeals msldlalaguulundida 5 ug/) anunse
N3TAUNITIYVRIRUNAT 1A

nswulalagumsluaduiunishilalagumsiusindunishidegasinundiiug nv.61 ausansedunisasey
uazmsaisansningd iun asuszneufiueauaznsamalednls shliiisnananuazdielidriumulsauasusasld (g
W19 wazANE, 2560) 1INNIIANYIVEY Salimgandomi and Shabrangi (2016) wuirnsdanulelaguiininududy 50-100
LM @ansanseiuasiiuea Warlwees uazansiueuyadassluesiiudg Mentha piperita L.) Wiy uarlelaenulod
Tnugnalsainnandudu 200 uaz 500 me/t ﬂizﬁumﬂwﬁﬂuaaqﬁu (Yin et al,, 2012) msnumstualglalawiu (100
way 400 mg/\) a@unsanszRunInlsani3in (rosmarinic acid) waztAr0d7iu (quercetin) luayulns Dracocephalum

kotschyi \iiuTuusaa 13 win wazetiialiu (apigenin) luasngunaliesdniinuandfsuue sdvivinaniudy 16

¥
av A= 1

Wi (Kahromi and Khara, 2021) datuuideifajadunisiiunaninuasUsinaasuilaledeluayulnsmsudivgnlag
szuulalaslufindarglalaenu FeananuisasiuuSunansuiivaziindsunaaisuinlenelaazidulsslesiog1auinse
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smsAnEn
dnswavaslalnwIunanIsa3yVaINIUdl
ihgeansudennUszaa 8 cm ﬂqﬂiuﬁzuulaimﬂﬂﬁﬂéuw‘fﬁﬂ (deep flow technique: DFT) lagldasazans
ﬁmmmiﬂ‘{qgm Hoagland $iA1A15lw#n (electrical conductivity: EC) WAy 1.5 mS/cm way pH iy 5.8 Tvnwsuil
wigneldszuulelasluindidunan 1 dUnsi ileidunisuivaniw (acclimatization) ndsnnsusvanmdasadueny
Mazass vnswulalaeumsluanududy 0, 100, 200 way 500 me/l luSunsnuesduanifl 2, 3, 4, 5 ua 6 (M N
nsUfvanin) Tuiinmassydulavemsudlutudl 2 ndmaiulalpeumndy WWud dwidnan dndnuis anugs $1uam
gam ANUNI1E ALY Tﬂafﬂ%@'ﬁ' 4, 5 uay 6 HUANEen wazlinsgiliunusiningaaslsiladie aaalsiladd
Aaelsadsin uazualsiiuoes dusuniswieulalag ldlaeddlalneu (dlalnguanuiem vvia wilsauel s18n)
muUSuaufifesns (100, 200 waz 500 me) Wiuhndu 50 ml tiludsuuaioniulininuiou (hot plate) seauiionds
unsnexdRnionaviotdumeyievasanenUszain 10 ven auldiditu mndudfuindusasnenindumey (ias
T duaeyiu 15 m) aumserareidnuae duienadvieeuiahlusuuimasdu 1,000 ml
NFAATIEAUTUIUTIATAY
vrlumsudl 0.05 ¢ luuagelnsaudifuauasiBon antuiuansazats 80% acetone : ethanol Tudasidau 1:1

U595 1 ml wdahludumiesdi 10,000 rpm uaan 5 min aaanzdulaUIuins 200 ul asly 96-well plate Nt
inlUinr1gAnauLaI81A3 89 microplate reader 1A211812IAAY 441, 645 WAy 663 nm 1AINITAANG ULAST L2
AuUsunaelsiladio Aaslsiladd aaslsiladsiu uazualsiiusud mugnsauans (Porra et al, 1989; Ramirez-
Mosqueda and Iglesias-Andreu, 2016)

Chlorophyll a = (12.25 Aggs — 2.25 Aggs) X V/100 x W

Chlorophyll b = (20.30 Ags — 4.91 Aggs) x V/100 x W

Chlorophyll a + b = (7.34 Ages +17.76 Ages) x V/100 x W

Carotenoid = (4.46 A44; - Chlorophyll a + Chlorophyll b) x V/100 x W

V meda Usinnsvessivhazaneiildaninans

W mneils Yviinanvemsufifldaite
nsAAsIzRaIsUlalgale drewmaiia HPLC

a

thiunsufaneudegouanieufigumaf 40 °C Wunan 57 fu sunsudfitudnuisnsd vhawsenuuadelngs
IﬁazLﬁgmLLﬁaLﬁuiﬁuIa@mﬂaﬂm%u Mniudmsufiiunaziden 0.1 ¢ adunaen 15 ml udufuamiuea 3 ml fefidls 1 hr
ndsantuily sonicate luan 15 min ivdanlalifigungd 4 oC laililauuas ndurhnmsadndidn 2 ads udan
ansazanefiatalisiuiuudiusuuiinasuiiu 10 ml ¥inisnsesnau nylon syringe filter 1117 0.45 um wdufiuansazans
Ainseslaluvinden ﬁﬂmﬁuﬁﬁqquﬁ 80 °C waziasazaen baluiins1e¥nans bacoside A3, bacopaside I,
bacopaside X tag bacopasaponin C lagldinaila HPLC (High Performance Liquid Chromatography) #284A3 09 HPLC
§ve Agilent 1260 TtmoanU RP-18 column Lagdl 0.2% phosphoric acid : acetonitrile (65:35) vJu mobile phase T4
8818111398 30 min 198n5Mn15929 1 mUmin Taed3unaiidn fe 10 ul warld UV detector ifuip3osmsiaindaao
fim1ue1IAA W 205 nm (Phrompittayarat et al,, 2011) LﬁEJ‘Uﬁuaﬁmiﬂl%éiammsgmﬁﬂszﬂauéha bacoside A3,
bacopaside Il, bacopaside x e bacopasaponin C

n5AsEidayan1eaa

ﬂwsﬁa;ﬂaﬁlﬁuﬁmwﬁmmLlfdiﬂmu (Analysis of Variance; ANOVA) wazil3euifisuanuuansisvesniaded

SRR 95% Tagldlusunsy SPSS statistics 17.0
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Han1sAnLazIasal
lalagunseAunsRsy eIl

idletheeansuilinugnidesmeszuulelasiuiinduuuiian (OFT) wdsanasuszegUsuanm 1 duavinuiisingen

nuinaEsuifuluansazatesine s antulgnidemsudisellenduna 6 daniuazimsulalagumidduliiun

wsudluynduamicaaduni 2 audsduanvin 6 namameaeanudl lalawuaunsansedunsasyvensuivilinsuid

a

Uminan wazuninuiaiudu Inslalagiuauidudu 200 me/L vinliwsuiiduiniings (84.75 ¢/plant) waztnuninuiig

o w

(7.99 ¢/plant) WnnigamuANeedided1Ayneata sesundelalagiuarandudy 500 me/l awnsaiudmingn

o @

(62.90 g/plant) waztminus (4.58 o/plant) usiliiunnensegdidedAgnieaifianyaniuau (Table 1) Feaenndaaiu
UIT8989 Waewthongrak and Saleh (2020) $1891U31115350A UNA 1Lzl ainAnea1sazatelalag1un ULty 0.5
me/ml dUnviay 1 ade dewiles 4 §Uavt ildiminutedurewzidomadnnindy uazniswunisludislalagud
nsgdunaasy Filiuaundemaihiwiinundu (Sathiyabama et al, 2016) uaglinaluvusaderiulufivsdindu 9 1y

sz (Kim et al,, 2005) wazdason (No et al, 2003) Wugu

Table 1 Effect of foliar application of chitosan on growth of six-week-old hydroponically grown Brahmi using deep

flow technique system

Parameters of growth
Concentrations of

Fresh weight Dry weight Shoot length Shoot number Leaf size
chitosan (mg/0)
(g/plant) (¢/plant) (cm) per plant (cm?)
0 43.32+8.68" 3.27+0.85" 105.39+10.64  50.20+10.35° 1.42+0.25
100 44.01+11.18° 3.38+1.25° 100.44+13.38  53.29+9.95" 1.43+0.17
200 84.75+27.35° 7.99+2.63° 95.45+32.42  81.50+30.32% 1.52+0.41
500 62.90+17.79 * 4.58+1.56° 105.53+10.00  95.80+25.38° 1.39+0.22
F-test ** ** ns ** ns
CV. (%) 48.1 49.7 62.0 40.6 50.3

Means+SD in the same column followed by the different letters are significantly different by Tukey’s multiple compare test,

ns indicated not significantly different, * indicated significant difference at P<0.05 and ** indicated significant difference at P<0.01

laloenuduanstinmiigmiranlimanuasiienszdunisiaiauasifiunandalufivvatssin annanismaasiy
§ailalasunsgdunnaiguomsuifivgnidsdussuulel asluindlidunadminasuasiadnuianfugedu fodl
Lﬁaaaa1ﬂIﬂiaa%waﬂﬂimmﬂixﬂauﬁqaﬁwmanq‘iﬂmﬁu (B-1,4 D glucosamine waz B-1,4 N-acetyl-D-glucosamine) &1
flulnsiaududinUszneusiuauinn Peduasunisduaszsinaslsiladiiudy Zhang et al (2018) s1891uinlalngn
nsrdunsuanseenvesduiiisdtesiunsruiunsdanneimeuas aansafinuiinuesnaclsilad uaziiunszuiunis
deseidsuas wazdmuinisnuielalpeulituimildiugumgiadlussazunnneavilian SPAD vedludigatundy
F7ldlasulalaenu (@991 wazAnE, 2556) wazndlalduiuei (Vanda coerulea) nsidsaiedadiolasulalneui
aaelsiladie Aalsladtuazaaelsiadsufiniy (Nag and Kumaria, 2018) lalagnugagiemunuiuunuedduvesnisveu

wazlulasiau 13ansaaneemis wenantalagiuagldiduaisnszdunisaigluannzuniuds uhunldussnay
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@ v =

L@ EMEVRINYIINANIZLATEAR 9] LUULABINUTIBIIUTOI Ma et al. (2012) inuinnsiilalagunnmant1ianavinlneau

a  ax

ndflasuanuAuasyRTY Meilidosnnlealagutsiiugnssueuyadase usnaasuwnuslaviniogieansiveand

U
= <@

afngdduiuliduiiy dauaudfmiousndesiulsa inifidunudearnvalsald dsudahliiedainuwdws
WwigAvlalad inandngs lalnwiudeaunsadiluussgndldnisnmisinuasiaegefiuss@niam (Katiyar et al., 2015)
' < v & oA YY) = v a av vy
ag9l3finy MnnanImeaekandbiiuInionnududuredlalngugs (500 mg/l) dnansedunisiasgyveansuiilaves
nlalagiuaduty 200 me/l Nadeailosnnlalagiuiianududuganseduusunaensauiudu (Czekus et al,
2021) uardnuin1sidenniueny (senescence) (Vaseva et al,, 2018) wazilosanlalaguiissduszneuiduinianglagn
funfilulesududndssnoudnunnn lalawuiinnududugedserailbidiudualulasauluguifivilUdusslovd

19 FefinarensuanieanueeduingltasnunsdaasIzsensay (Khan et al., 2015)

v oy
o A v

nsAnwASTmutauI nsudnlasunisnumslumglalaguiinisuangeaiindu Inglalaguiniududy
500 mg/L vivbvinsufididnuaugeaLiintu (95.80 shoot/plant) 1MnNNTYAAIUAL (50.20 shoot/plant) ae1aiitudAgy1aaia
(Table 1 uaz Figure 1) d@ulalaguAuidudu 200 mg/l @unsadniinisuanseatindularuiulaglidiuiugen

81.50 shoot/plant 91n913F8v8e Acemi et al. (2018) nuinlalawuiiddluswnsineidesaiedogns MS H18nseAuUN1s

v

wANEaRvaIRny3 (lpomoea purpurea) asningamuaNegsiitudfyneadn nsuanensenangentuluiadeniia

q

Froiunandniiv 3nnan1snaaeuandliiuinlalaguduaiunisesguemsuiilaensyfunsunnisuvuaveansuduin

v '
=< =

Fu Fserafeatostunisheusinsusesiuudy o aeluiiy wu lelaladu eondu wazdueisadu Tnamnzlelnlaiy
\Dusesluuddnpimifinszdunisuanmdng fegatu 6-benzylaminopurine (BAP) %2803z funIuangenyesdsie
\a0s (Merremia quinguefolia) 19 \ilosanlalnladufiunumdifglunsdunsey DNA n1suUaeed uagauaung
Fuaszilusiuiifedestunsaadulealuia wasiisnsnulioudsunsldlalasuuarlelnlafunuitlalaey

a a '

ansadniinisunngeataadusedns nnganitlelalaiu lnglalaerwiminiviieuasvitatenisindivent (bud-

v
=

breaking agent) ¥ilsia1d1a1a3yduls §9 Colman et al. (2019) syydnbalagululasnifi@a (chitosan microparticle)
nszfumsianuveslelalafuwazmsuaniesnvesdu lalasuddniinisuansosnvesduiimusumsdanseisesluueen
FuiifianandRnseiunisuiiead wazdudanmsvhauvesedlusioenduseniivadmaliszduoonduiiuiu (Li et al, 2019)
WAENTEAUNITYINNUVBIRBNTY (Colman et al,, 2019) wennitlalamudiaunsadniliifuusinavessesluuiuve
\SaaU %aLﬂuaaﬁmumsﬁummﬂqLﬁnaa‘miuﬁ’u (Moenne and Gonzalez, 2021)

oslsfiniy mafnwadsinuinswulalasnddfunsudlugnanududulifnadonugauassuiavesly
(Table 1 waz Figure 1) donAdasiuauIsbass Chamnanmanoontham et al. (2015) finuinsuawdatindeutunis
wusundn 2 adafiony 2 way 4 FUavidaelalasuiliaugeesiutindessin (LPT123) ldunnsnsesnedidodidry
maaddtugaeuay faifisenunouniilalasuausadasiunisaiylaoiinaugaesdos (nana uasamz, 2560)
wagluszmle (Kim et al, 2005) wazlalagiuanududu 0.5 wag 1.0 me/ml viliugiemadaidanuauwazdnuuly

wnnIYeeIuANeE1wived1Ayn19ata (Waewthongrak and Saleh, 2020) 31nn1sAnwIeuaNinuIdenssylalagu

p1alifinanseAunssyuasisnelianizUnfednstnau uilinatuienlasuanuasen (Ma et al, 2012)

o
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5cm

Control 100 mg/I 200 mg/I 500 mg/I

Figure 1 Growth of six-week-old Brahmi plants grown in deep flow technique hydroponic system after

treated with different concentrations of chitosan

lalagusausunuaaalsiad uazualsiivasd

Usinunaslsiladvionaslsiladrigestsawudidumaimeinilsi doniinnesiieasvioutssansamnns
dumaszdsauasasiiy nssyivlawaznisnouaussvasiivieanzndeune 9 dmsulalaeudaduaisnszgunis
Winuesfiviifeuhuldduaiulifivinondnuniu mnnsinsgiviinusning wuifinueselsiladiolunsufidiuiy
ndsnldsulalpsulunneudutu lnewuhlalpeuanududu 200 me/t nezduliuinueaslsiadioiistugean (7.7
ug/sFW) Felndiestunsudiiilasulalneu 100 me/ luvusadntudsinaraslsiladtiuunliuiuundannlasulala
g1u Tnslawglalagiuaundadu 200 me/l wag 100 me/l awaUSinaaaelsiladsu (aaslsfladiouasd) ifindugaan
(10.9 pg/eFW) lumsufifilasulalneruamududu 200 me/l sosaandolalaguauidiudy 500 me/l (103 pg/sFW) dau

v '
v a

welsfiuossnuinlanumuaandudu 200 me/l waz 100 me/l nszduuTanaualsiiusedfintulusefuiviniu (Table
2) egslafimuuiunuseainglunsudfildsulelneuiutuudliunndsegiideddgmaadatugnmunu Ssaenadosiy
sATeves Chen et al. (2023) Msmuinnsriundlusglalauiinaiisyinanaslsiladuesasulng Pinellia termate
ulsiunnsinsegrafidudrdnynaadiffugaaiuay uke Al Kahtani et al. (2020) Sawuinununaelsiiadiouaznaslsilad
Jueswinvy (sweet peppen) fladgngldannzunalasulalneulifiamuunndsegiifodfymeadffuyaniua
winmsrumdludaslalnsuinanseduliviinausningaaslsiiadio uasnaslsiiaddiiudulundnmmuildsumnueien
WY WAZAINNNIANEIVEY Zhang et al. (2002) nutlalpeuinafinusinaraslsiiaduosiundrtadneldaniivudsls
71319 Chamnanmanoontham et al. (2015) gslduansliifiuinlalnguanunsafisuiuinvesaaolsiiad vinlinis
duaseiouaniiutu fuulalasumusofiussdnsnmmsdaeseideuaiiaanisUuniuazanmizieion waziis
nsazanansduvissfisndusonsisedinaeldarnnzieioald Ssanlaswairswedlalneuuszneusenglaeiiuinnin
90% fifinyorilufinarionisduanevinaelsladifindu uonani lalasudansedumsnanteenuesiusiuvaneiing
Lﬁ'mﬁﬁaaﬁ%ﬂﬁﬁwmwﬂaﬁmﬁ'ﬁqLLaxmsﬁ’mu‘uaﬂﬂadiwmaﬁ Wy LOC 0s09g17740 chlorophyll A-B binding protein

P lAnUseansnsdAsIEvinewaIwazdNananL ALYy (Chamnanmanoontham et al,, 2015)
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Table 2 Effect of foliar application of chitosan on chlorophyll a, chlorophyll b and carotenoid contents of Brahmi

leaves
Concentrations of Pigments (ug/gFW)
chitosan (mg/l) Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoid

0 7.1£0.7 2.9+0.3 9.9+0.9 4.0+0.4
100 7.6+£0.9 3.2+0.4 9.7+1.3 4.3+0.5
200 7.7+1.3 3.3+0.6 10.9+2.0 4.3+0.7
500 7.3£0.7 3.0£0.2 10.3+£0.8 4.2+0.4

F-test ns ns ns ns

CV. (%) 453 a5.7 45.4 45.1

Means=SD in the same column followed by the different letters are significantly different by Tukey’s multiple compare test (P<0.05),

ns indicated not significantly different.
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Figure 2 HPLC-chromatograms of control Brahmi shoot extract which show some derivatives of bacoside
A; bacoside A3, bacopaside Il, bacopaside x and bacopasaponin C at various retention times 21, 22, 26 and 29 min

respectively. l=bacoside A3, 2= bacopaside Il, 3= bacopaside x, 4= bacopasaponin C

Table 3 Effect of foliar application of chitosan on bacoside A accumulation

Concentrations of Bacoside A (mg/gDW)
chitosan Bacoside A3 Bacopaside I Bacopaside X Bacopasaponin C Total bacoside
(me/l)
0 0.19+0.07° 0.34+0.13° 0.29+0.13° 1.16+0.41° 1.98+0.15°
100 0.35+0.14° 0.63+0.18° 0.43+0.17%° 2.19+0.54° 3.60+0.92°
200 0.40+0.13° 0.81+0.17° 0.45+0.17° 2.04+0.49° 3.71£0.75°
500 0.41+0.15° 0.80+0.25° 0.43+0.14%° 1.82+0.67° 3.47+0.69°
F-test *x *x * % *x
CV. (%) a6.7 39.4 53.9 56.7 41.1

Means£SD in the same column followed by the different letters are significantly different by Tukey’s multiple compare test,

* indicated significant difference at P<0.05 and ** indicated significant difference at P<0.01
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