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Résumé

Cette étude vise a déterminer l'activité anti-oxydante et anti-bactérienne des extraits
organiques de Moltkia ciliata obtenus a l'aide des deux systémes (acétone/eau) et (méthanol/eau)
(20/80), ainsi que l'estimation de la activité anti-corrosion de l'extrait aqueux . Les résultats de la
séparation chromatographique utilisant plusieurs phases mobiles dont la meilleure était
Méthanol/Chloroforme (3/1), montrent que la richesse des extraits étudiés en composés flavonoides,
utilisant la technologie HPLC et CCM a été montré pour contenir de nombreux composés de référence
en quantités variables. L'estimation quantitative des composés phénoliques et des flavonoides a
montré leur présence en quantités importantes . En comparaison entre les deux systémes, nous
constatons que les extraits obtenus a partir du systéme (acétone/eau) contiennent les plus grandes
quantités de composés phénoliques et de flavonoides par rapport aux extraits obtenus a partir du
systéme (méthanol / eau). L'activité antioxydante a été estimée par plusieurs méthodes (DPPH, RF,
PPM, ABTS, méthode de voltamétrie cyclique), ou tous les extraits ont montré une activité
antioxydante significative, et les différences d'efficacité entre eux peuvent s'expliquer par les
différences de contenu chimique. L'activité antibactérienne a été estimée sur trois souches
bactériennes : Staphylococcus aures, Escherichia coli et Pseudomonas aeruginosa en utilisant la
méthode de diffusion sur les disques . Les résultats ont montré qu'elle avait une activité inhibitrice
limitée contre les souches bactériennes. Détermination de l'activité inhibitrice de I'extrait aqueux sur
la corrosion de l'acier au carbone XC70 en milieu acide (HCl, 0.IN) a différentes concentrations
volumétriques ( 2% a 10%), en utilisant plusieurs méthodes ( méthode gravimétrique (perte de masse)
Spectroscopie d'impédance électrochimique), o les résultats ont montré que l'efficacité d'inhibition
augmente avec l'augmentation de la concentration de l'extrait, avec pourcentage d'inhibition
maximum a 76,26 % a une concentration de 8 %, l'effet de la température sur la vitesse de corrosion a
été étudiée et le calcul de I'énergie d'activation, I'enthalpie, I'entropie, I'énergie libre et la chaleur
d'adsorption, montré que lI'adsorption de l'inhibiteur étudié est physique et présente un comportement
mixte et suit le modéle d'adsorption de Langmuir.

Mots clés : Moltkia ciliata, activité antioxydante, activité antibactérienne, extraction, corrosion.
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Abstract

This study aims to determine the anti-oxidant and anti-bacterial activity of the organic
extracts of Moltkia ciliata obtained using the two systems (acetone / water) and (methanol / water)
(80/20), as well as the estimation of the anti-corrosion activity of the aqueous extract.The results of the
tests phytochemical showed its richness in most of the active compounds, while the extracts of ethyl
acetate and butanol gave the highest extraction yield in both extraction systems, so the study
summarized it. The results of chromatographic separation proved using several mobile phases, the best
of which was Méthanol/Chloroforme (3/1). The studied extracts were rich in flavonoid compounds, and
using HPLC and CCM technology, they were proven to contain many reference compounds and in
different quantities. Quantitative estimation of phenolic compounds and flavonoids showed their
presence in significant quantities. In comparison between the two systems, we find that the extracts
obtained from the system (acetone / water) contain the largest quantities of phenolic compounds and
flavonoids compared to the extracts obtained from the system (methanol / water). The antioxidant
activity was estimated by several methods (DPPH, RF, PPM, ABTS, cyclic voltammetry method), where
all the extracts showed significant antioxidant activity, and the differences in effectiveness among
them can be explained by the differences in the chemical content. The antibacterial activity was
estimated on three bacterial strains : Staphylococcus aures, Escherichia coli and Pseudomonas
aeruginosa using the disk diffusion method . The results showed that it had a limited inhibitory activity
against bacterial strains. Determination of the inhibitory activity of the aqueous extract on the
corrosion of carbon steel XC70 in acidic medium (HCI, 0.IN) at different volumetric concentrations (2%
to 10%), using several methods (gravimetric method (loss in mass), polaraisation curves and
electrochemical impedance spectroscopy), where the results showed that the inhibition efficiency
increases with increasing concentration of the extract with maximum inhibition percentage 76.26% at
8% concentration, the effect of temperature on corrosion speed was studied and calculation of the
activation energy, enthalpy, Entropy, free energy and heat of adsorption, showed that the adsorption of
the studied inhibitor is physical and exhibits a mixed behavior and follows the Langmuir adsorption

model.

Keywords: Moltkia ciliata, Antioxidant activity, antibacterial activity, Extraction, Corrosion Inhibition
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Lithospermum ciliatum Forssk.
Lithospermum angustifolium
Lithospermum callosum Vahl
Moltkia ciliata (Forssk.) Mair
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Espéce ciliata ol
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S g2l yasal ol 0.3 3 ;;
ol (Faady 0.46 4 g
ol & 0.51 5
s 331 adia (331 0.56 6
ol ol 0.71 7
B35 331 0.82 8
ol & 0.89 9
ol & 0.23 1 Sl paliie
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: gl ALalie *

pladl o Jasdli Com Byudsdlall LSl G& e ol lda of W oy Lele ozl mlidl I o0
eaiud | Hlsb¥l o piany LS Al clalaiul Ugmall GlSHll e sue 58T Jacl il s sle/Cgiiw
n- galsive o LS 5 ad @3 Eu> (1/3 Méthanol/Chloroforme) Liuwsi 55 v Jiad cdaci
n-Butanol aleius i Sl€ 11 (sl /Jgilin) alivul jalkiuwe oo b€ 5 «(cls /Jgili)Butanol
UV daulgs cdamsd &1 addl olodl IM5 (g (sLo/Ogin!) Slbivul palitus oo LS 7 (sls /05l
P AL Sl o 30MAl ¢ 1951 w95 Jlaim| i ([31] sl 2 gley aml e e slaie¥Lig

Adgzmagl Al C4 an5ll § OHCs aisosll 3 OH (553 Joi58DMa of 158315 @

Wil e OH JI wazasy Cy gl § OH (g9mes mligSILA 91 Cs aunsll 3 OH go3 Sligdladall yany @
B & ,kaall

3>C5 okl JOH gy ¥ 9idMag5| @

.Cs a9kl @85> OH Uz (g3 aue gf an G5 auogll § OH goomy Joigddls @

s HPLC I Jloateols 2dgieall lSyoll S pudnll gilss . 4

Wilaie 08 oIS ¢ Jelmtll gad o B A8 Spalg 2ads 30 Ogund § Awoleddl LSHL prar Juad o5
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[32]datizll guleadl Jol! aly2 g5Lag,S : (4) JSad!
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1. ascorbic acid; 2.gallic acid; 3. chlorogenic acid; CA. caffeic acid; 4. vanillin; Q. quercetin; 5. Rutin

Tatiiel | golsdl) Jaladl a2 53basS Sllana :(9) s

dwliall LS, L (min) (LAY =dy Sl Uolas R2
Ascorbic acid 4.23 y=2851.73x+212 0.998
Gallic acid 5.29 y =23616x-723 0.998
Chlorogenic acid 13.39 y=39775.06x-188 0.999
Vanilin 21.46 y =80555.42x +321 0.989
Rutin 28.37 y=31189.46 x +184 0.988
quercetin 24.04 y =71439.77x+182 0.989
caffeic acid 16.27 y =70429.77x+102 0.999

G eam k| SUSH Sliimios Blatall ginall Slabatad| 3 2dsidll LS an 2 s o

(10) Joaell 3 e slind] pasiels oy (o / alye9ySie 80-0) cidlelomtll 31,5 S x g B9yl Ailaia py il

HPLC gy adgiall SLSpall o SI1 yoatll :(10) Jgue!

Ligyaall Slaleiull

Al sLS, L (pg/g) BEM AEM BEA AEA
Rutin 217+ 01 7.72 + 0.01 1.19+ 0.1 8.22+ 0.1
Vanillin 036+ 0.2 0.66 + 0.02 0.45+ 0.03 1.55+ 0.11
Caffeic acid 0.70 + 0.01 0.73 +£0.12 0.85+ 0.12 1.01+ 0.01
Quercetin 2.72 +£0.03 784 + 0.1 2.88+ 0.13 8.22+ 0.02
Gallic acid 031 +£0.11 0.59 + 0.13 0.35+ 0.01 0.78+ 0.11
Chlorogenic acid 5.33 +£0.12 555 + 0.1 6.01+ 0.01 6.12+ 0.03
Ascorbic acid 0.58 +0.02 0.59 + 0.02 112+ 0.2 113+ 0.1
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m BEM
m AEM
m BEA

W AEA

Lgaall lalaiudl § (ng/mg) s Adsisdll SLSyell (@S pudnll mls ms g5 dln Siesi : (5) JSAII

sailidl Adsle *

Haliie cleeSs Teamyll SLSL ared Bgiaadl Slaliiud) lyinl Lok Juazdl gl S5 o miats

@ ¥ oS alimiue piay B SlieSh i 959501 (e (tituo STl (BN (e g (39l gy o

0yl e wies [33] Acdariall Eu s e L)Ll sila CEMS| at 1ag sl (o 213 AST Dl allas DS
s3istaes Salwa Ali Kawashty Ly aLs a1 Zulydl gl aa Lples i L) il

43| gie Laums [34] Moltkia ciliara =\lad J 53U palziud! e (2016)
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129 y=3.54x+0.0392

R?=0.99

1 -

0.8 -

0.6 -

0.4 -

0.2 A

Absorbance

0 T T T T T T 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

C(mg/ml)

(Gallic acid) AJLall (oot gulidll ge=idl 2 (6) JadI
5 o Tgunall claliniull § c¥ gl AeS puds o3 LIl nand gwledll gonil| Walae Hlamadl
(1) gl § dmin ol ilid! e Juamiid (mg GAE/g DWE) 4 Lie aeadll

(TPC) cliabiiuall 2 ¥ gl 2uaS : (11) Jguzell

TPC (mg GAE/g DWE) lghbd EES
117.18 + 0.072 AEM (MeOH/H,0)
73.09 + 0.10 BEM
151.47 + 0.120 AEA (At/H,0)
146.57 + 0.110 BEA
s poludl Addlie *

oaliiudl 039 e plyt TGS JBI Jaals ulal e alre AL dgindl) SLSHL 2nS i
151.47 ) 9 (73.09 £ 0.10 mg GAE/g DWE) (s Jgu—ze Il 8 &5 gu Ll bl cmmgl o5 > AL
0 Bywias A (ot Aalasl aperr (§ k¥ Silicwl palsiue Jxw do> (£ 0.120mg GAE/g DWE
WLie oY siall e deS ST e (Acetone/H,0) podliriu! allas oiljalitun oz (> B ¥ gl

(MeOH/H,0) joMsiwd! allss olbaliiue
s (v SBL (3N Slilyd) Gy ae dgyid | Slbaliiucell o¥ gl I gginll deeS d5ylin wic

Moltkia aurea =\ e (2021) sgiglang Nilufer Orhan L ald (&) dulyud! milis o0 J31 lanes &5.1."31 goREs)
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S5l padl ol paad Ay (@STI puad! ;G Jyadll
Jdslid! palerul! Ll (376.53 1 34.19 mg GAE/g DWE) 3 S palieiud| 3 40l c¥giall deeS cipud o

[35](369.40 £34.3 mg GAE/g DWE) 4
> glys udd Elsholtzia ciliara ol e (2020) egiglacy Lauryna Pudziuvelyte L ald &I 4wyl Lol
1.91) 5 (61.25% 1.91 mg GAE/g DWE) (o &Ll el3 o calise L 2ol & laliius ! o giall 4 s

[36] Moltikia cliata &\ olalsia Ldas] &1 oo J51 0B 29 (94.67 + mg GAE/g DWE

2 ASN &l 9 SNATN AeeS 4yl ilis .6

1.2 4 y = 26.76x -0.35 ]
R®>=0.98
1.0
8 0.8
[
©
2
2 0.6
e}
<
0.4 -
0.2
T T T T T T T T T
0.02 0.03 0.04 0.05 0.06
C (mg/ml)

(Rutin) ¢xig U guleddl gl (7) JSid!
Lee maid] 03 G Lgantl Slalimiud ] § ol gAY 2aS yauds o3 (9l (owled! gomid | &slacy &laiwdl
-(12) Jguadd! § aipsl| milid! (e Jyaziid (mg RE/ g DWE) 4

(TFC) o byabitiunel] 2SI oot g 85aT1 2aS :(12) Jgue)!

TFC (mg RE/g DWE ) lgb¥! ENES
66.86 + 0.08 AEM (MeOH/H,0)
32.90 £ 0.12 BEM
109.15 + 0.01 AEA (At/H,0)
92.72 + 0.032 BEA
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e (Acetone/H,0) (oMl allas &lalieius Goios (no § <l o3MATl oy Btine deaS (adlietud | dalasi
(MeOH/H,0) sodsiwd! allas cilialiatunes 4ylin eSS 4S|

Al a1 Ay IS Ayl by any ae dsgyul| Slbialiiuell ol s8all ST gginll deeS @ylin wic
Siyod > Lylate Ladsms Moltkia coerulea S\a s (2016) o giglasg Mohammad Reza Farahpour &> LJ! L
[37] (82. 51 0.81 mg QE/ g DW ) 5 i ol psuald 770 Jgslis¥! (yalieiand | § sl g8MaT) &S

SN 90 9o LeS Slbialieiud | 3 AT ol 980Tl ¥ g all AeS Aylin Ul (e Baylad | mlidd! Ligaded

.(8)
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olaleiad| § TFCy TPC &)lis : (8) JSad!
Lo g9 Lo goele JShn Brdipe cbiabiviud | praze!d g gdally Jguadl sgiell oof (8) JSad! UM (oo Lasdls
i el o 35, Lallg [38] asladl clbalsiulf s BuwsSW sball LLA 3 palus Jale 0985 o Ses
Sl g 8ally Al gisdll LS oo leaSII ST e (9205 (5o / Ogiaed) AUALIT (pa Lple Jhazel csbializiad | o
Ashafa L a8 A1 dlyudl pe 38 5 1iag (e / Jgilina) pllasd! e ke Juazell csbialimiud | o 55lally

[39] Felicia muricata =\ s (2010) sgiglass
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atinlly AsleasSl ST (e i A1 (2009) 9L cssins SS. gaalall oles o sama sl e -[13]
a3 yall el . (Solanum nigrum) ol cie Sla(Hedag &) 9ly sled) Sbaliiue § &l glall 4l

314- 3034eiiall ¢ 3aaadl ( 50 ulxll ‘ﬁj.\a.u

Aasle Aelysll B ool R iy Aubaell poleo¥ la] Bl Gall (2004) 5 olsny -[19]

71-68: o Ay s Y Aasd| .50l

Slo o Bl any slaig Blhs¥ Anglially dul glall Sl el e gig eSS dulys (2012) .7 ((gyldadl -[4]
A7-1:040 (2) 4.:La¥ | olad 289801 daale Alma .y

alad adgiall albaleiwd) JSTlls LuSlls 3uwsSW saball 8,04l 4wlys (2018) 0 ol -[16]
ASyg dnals ¢y 9385 Wlwy.Limoniastrum guyonianum (Dur)

Al o 3duyS g, olaad), idad! one 1Bl olbaliiwd 4 beS gl duwlyull. (2020) ). adds -[27]
23l sy9iSs luy . 315l

Oleriud Auny | p ) Aadll cpo il (g Jgwmg HSE pudtll AleasSoieall 2wy | 1.(2015) .@;55)4.:-[28]
Haloxylon scoparium Pomel (Remth ): 9l yzall gadadd) cdall §

A3yg dnal> cly9iSs Wy . Traganum nudatum ( Thamran)
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Jleaiuly aeitll &gl 2cuddl Glus @3 A=734nm 25l Job wic Oelll puue I Gu3¥1 (0 ABTS i gsSII
Slalaiully bl oSpeld 170=F(C) 7Sy WYy dapiald &gl &udld Gled! Gomilll gy diag (1) A8l

 Aiggaall

80

y =7142.80 x + 7.48 =
2

70 R =0.99

60 o

30 +

20 +

10 H

T T T T T T T T T T
0.000 0.002 0.004 0.006 0.008 0.010
C(mg/ml)

BHTJ gsLeall (gqomilll 2 (9) JSCad!

Laid 331 gl HSA e pad s (2) Jod! § g 58 LeS Tatitd] liomil Audasell c¥lakl cya 1Csg b ol o3

Al a8¥) Jatall Sl gad 4 J5Y) degdlly ABTS g1 izl e 50%

BEA BEM AEA AEM BHT Slieadl
0.193 0.322 0.091 0.163 0.007 1Cs0

bl addlic
Lugyull clbaleiudl 3l 395 S sslas wblid BHT J of Lple Juaxll mladl I w0 sty
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Ao BuwsS Baliae Adlad clles Lal Abladl uds o obilad cbabiiud| oy de 2aslu olulys @l o b
e (2014) s535langHelena Hendrychova L ald (a1 dlyudl Lag oo cLidalys § Lple Juazmill maluadly &L

.[48] Bergenia ciliata =L

: 4leasSo 3 SI Ad ol 0y Fous¥l pioedl Japtis 8508 yyuds milis .2

e laug § Al ghag eellilgall Aol duwgyuk! SLSpell leasSoy ST doludl dulys JI @latll o3

Ssaa 0.1cm) Hhad 13 (CV) 23l O90,SIl (0 (Spuan Fod U39 0.1M S5, (TNBHFP) zlll 3925 39 DMF
KCl o addl (ECS) Jlogd601 (g o0 Bylie g bl gk | Lol (Lol

([-1600-0] Jlll sus tues (2 La3Il 09,8l idad e nzmasS ¥l ¢ Lanylg BuusSY Adlady o SII Jlome sty Lio
(i SI) ouleddl CSAI o SO Aaladl Ajing llidgall Slimill sy o3 100 MV/s zud! dcpu

Aiyls e Ialorel BSOSl 2llaall oS o5 Camy «Ailudl Jagyddl ks coms Zuugyok| Slaliniud s
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[51] Aelinally
OSos Lo 929 cAileasSI) Gplall § dunds AileasSy p S| Adylall sda § Slialiiuell ducla 1 5yudll cusys O LS

Byl arer § Aeelo ¥ 550l e Wggudl laill SLSHLI LA o s

s bladl 48de . 3

(Bylall il BuuSSU Saliall 8yuilly ol giMall A4Sy c¥ginall 2asS oy bl ¥l Jalas g lpduiuls pgds

. (3) Jguzt! é Lasla étu."j

AETAC 9 AEAC 5 IC50 3 TFC g TPC ¢y bl ¥l Jalaa 2 (5) Jou!

IC5o O, ABTS AETAC AEAC DPPH TFC TPC
0.09 0.66 0.93 0.936 0.78 0.989 1 TPC
0.2 0.71 0.91 0.97 0.92 1 0.989 TFC
; piliall adlie *
:%WM‘@M'&GM‘

days blayl: 0.0 <R <0.49
Lwgis byl : 0.50<R < 0.69
39 bla,l: 0.99<R < 0.70
2L bl =R:1

@ Bas2oll adsiaall LS oo B Aud o e Sy 1da g TFCH TPC o 598 g5k bolisyl A8dle 2529 puaiy
A 988 SliSye (A Slhaleiwll
Adlaal LSMie] AiliasSsyeSs auileasS Gyl Sutay Lgnall wilalintuall BuwsSI Saliall Adlaall yyuds pbbof
S o 1 A (g BuwSW Baliall ddlaally c¥aiall A4S p bLa! AMe Awlyp Lulls s
o §93 3yl oLyl e 3929 ity Lele hazll @lidl M (g BiuSH Bsbiall adlaslly ol gdMlall

sda e Wosud! (£ SLSH ol of Jus Lo 8BS Saliall adlasll ulid! 2acll Gylall (aay s TFCSTPC
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Crinh (mm/y) | 0.19 | 1.12 2.25 5.66 | 19.42 | 25.99 | 36.15

IE (%) 76.25 | 71.66 | 62.23 | 58.56 | 45.24 | 37.28 | 25.66
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G90ySI1 ¥ 9all IS Lot o day g < astell Jainll gLl e (4 Jsuzdl) Qads § Adludl wedll Jus.[40]
J41] ylpeld 20 9o gyud ! Tagill Al gy
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mo9 ls [42] Glind ol GliasS Lal 098G o) (Ses 1y csuall s e lladll 17kl &paad [las
Langmuir, Temkin : & JW) 3054631 7z 3lad dwlys o3 (0 ULt 51 U adasl A wig darill 3485 oo 48N
Lele ozl mld! padel JUI| Jouzxlly Frumking

AT g Lal) a2l el sl AudadS Bl o : (4) Jpu!

it | LSy
Ox.. O (% inv/v)
0.5 0.48 2.0
0.71 0.70 4.0
0.69 0.67 6.0
0.76 0.76 8.0
0.73 0.73 10.0

(HCI, 0.1 N) svaaa Jawgll § Moltkia ciliate &sLid U1 palsiuweld 517631 7 3las dlys gailis 2 (5) gz

AT § g Ll A lad Al

B ddasedl Walall R2
Langmuir Am c/0=121c+1.29 0.99
Cr ¢/0=1.19¢ +1.51 0.99
Temkin Am Log(8/c) =-1.670 +0.24 0.54
Cr Log(®/c) =-1.540 +0.138 0.54
Frumkin Am Log(8/(1- )c)=-0.480 -0.05 0.14
Cr Log(8/(1- 8)c)=-0.350 -0.15 0.19
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C % (V/V)
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Totall LTSS 33299 ik & yly yuslall : (6) Janll

Ea(kf.mol?) A H*(kf.mol") AS*().mol .K)
Blank 58.66 56.67 -14.29
8% (v/v) of inhibitor 76.95 72.38 -42.38
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AEA S. aureus AEA E. coli

AEA P. aeruginosa

BEA S. aureus BEA E. coli




AEM S. aureus AEM E. coli

AEM P. aeruginosa
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adoud! dalall olaell

1. Chihi Soumaia, Rahim Oumlkheir, Gheraf Noureddine, Séminaire International sur Les Plantes
Médicinales (SIPM): L'effet inhibiteur des extraits Flavonoides d' Euphorbia guyoniana contre la

corrosion dans un milieu H,50,15%, Université d’El-Oued, les 17 et 18 janvier 2018.

2. Chihi Soumia and Rahim Oumelkheir, The second international symposium medicinal plants and
materials (MPM-2019), The inhibitory action of the aqueous extraction of Moltikia ciliate on the
corrosion of carbon steel in acid medium, Tozeur (Tunisia) on February 15 to 17, 2019.

3. Chihi Soumia ,Rahim Oumelkheir, Ali Douadi and Rabab Zatout ,The second international
symposium on Materials Chemistry, In Vitro Antioxidant Activity of Different Polarity Extracts and

metabolites isolated from Moltkia ciliata growing in Algeria,16-20 May 2021,Boumerdes-Algeria .

dud o Aalatl ol

1. Chihi Soumia and Rahim Oumelkheir, 1" Séminaire National sur Biodiversité et Valorisation des

Produit Biologiques dans les Région Arides et Semi-Arides, Université d’El-Oued, les 6 et 7 Mars 2019.

s dodadl &by diidlo ¥ LaL

Volume 30~ No. 04A/2021 pages 4118-4129 Fresenius Environmental Bulletin E
W
| .

THE INHIBITORY ACTION OF THE AQUEQOUS
EXTRACT OF MOLTKIA CILIATA AS AN OVERPRODUCT
ON THE CORROSION OF CARBON STEEL
INA SOLUTION OF 0.1N HCI

Soumaia Chihi'?, Oumelkheir Rahim®*, Ali Douadi’

Pollution & Waste Treatment Laboratory, Department of Chemistry Faculty of Mathematics & Matter
Sciences,Kasdi Merbah University BP. 511, Ouargla, 30000 Algeria
2El-Oued University, VTRS Laboratory, B.P.789, El-Oued 39000, Algeria



