Aol Al JRanal) 4 i1 5o 4 ) sgan)

AS
-

gil.di Gl g Q,Jl_d\ ‘,_)h:\_“ 510 UEH.LEL OUED

&

Vgl — puadldan Ll daala
Lia 31 3530 A6
3 J ol g8 Balgd gl A g bl
L o1 3SAl 2 Olda
G yhall duia 1A
sl 5 4l dnia 1 aadl
sAulUal) alas |

A 2 )

£ ya5all

dadiicaal) 3) gall el aaal) yaasl g.igh.\l 9 ¢ ragasl) Juladl)
LNl clelial)

1 4 gSal) Adall) alal

sl — adl des ngdll dadls
sl — emdldes nedl) dxals
sl — il aen nedl) dadla
Al 5 — 7l e saald daala
Al ) — 7l e (sualf dadls
~gAsl — mdlden el dadls
sl — adl des ngdll dadls

2022/2021 Apzalad) daud)







za_fo]

— | A r
'r‘ :&u-‘ Ju.:-uld_’;:w \ J

/A
(@

ey A bk psnmesdl _Jes gl () 1)

sty oLl 2l e pllyihally Wi, audd

'y

P

=

f

f

-\] Al \be;d\.(;.\\_;mur,\:‘g\w yol s Yledyl SIS 5

Do gt 3 el e il 1L
: \

@ |

0C

SUepSae Sl ol Je ulll 0,2l

€ ,'

("J)"'ﬁ-’;‘}\ pll eyt gl Sl e

'F " L : 7
‘;} 2l ﬂm\}f_ 5 P IR Y Gaslens i 3loe
‘ et

(\7 \ . .=U3

LY |

oy bVliaistlcdyd  Jo petBllkadl oy 8 SIS

i)
\;)\gg b et e agtlling Glldlinoas s Js sl TR

LS
O

' BRI
. W}UJ (3}5&5):.%4\_‘;‘\;65\49 t@\)& ci.....\:'l).i.‘r'éjj:)

Codllinnel 3 gasle ol m)



o)l R b A
ATl e bl Bt e Ll ik .. e 3
sade ) oy ans il ypdl g g Iy Yl Jomy 5 bl nm

Al Jy 35 B e 1L g g oml

el o esll )

3zt LN Ly 5
Sdlalaylagadl A ads e Aoyl ey )
Sl paeladl e ) B BIAE  Y)

.cb.?@.sf»\&myy\ \_ﬁi\_)l
SIS de ¥ SHles  chias,, Yl e e )
e Y, I
el y Dbl Bl

S N
rha}a-}dl\_f}r:ybwb\__é)‘paniﬁyw
el el e S w Y e el Mol e )
281533 (haSom 39 Ao 8 cpmadl el gyl gyl canadlf) s
ol
P N
3 }‘)\J,;j)\—f#)‘ 25558l Ko (g iy ol s cpluocolan ‘ru’D\_ju:M
(s
Son
Jo sl St eV K8l el e ol
,ﬁ_:.;x,,-.nx\\_j_),fm‘a?u\_fu:;m‘rﬁ\u)ﬂs’.ﬁ\:ﬂugu;\}



Sliin g )slS (aan
Caa Al dpililae
eyaall

sasiial) Jalail) 43yl
s

AL Ll sl s U
) e

Louall 4 giall Gl
@A paliiadl 385
hall el Jaail)
e RIS 48

IS el Y1 aeal
raldiidl e g 1
LISl N gul) dpeS
¢ 1 IS elllall sl
Ll Y aladal 4
e 1 IS o Sl
aliiall

G LAY g el daild
2,2-diphenyl-1-picrylhydrazyl
Caffeic acid

Chlorogenic Acid

Fourier-transform infrared
spectroscopy

Gallic acid

Hierarchical cluster analysis
method
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The percentage of inhibition

The concentration of the extract
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radical by 50%.

Linear discriminant analysis
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Naringin
Principal component analysis

p-Coumaric acid

Partial least squares analysis

Partial least squares-discriminant
analysis

Stone-Geissercx

Quercetin

Coefficient of correlation
Coefficient of Determination

Root Mean Square Error of leave-
one-out Cross-Validation

Rutin

Soft Independent Modeling of
Class Analogies

Standard Normal Variate

Total antioxidant activity

:mg ER/g

:NAR
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:Q’?

:QR

:R?

:RMSECV

:RUT

:SIMCA
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Total Flavonoids Content

Total Phenolics Content

Ultraviolet—visible spectroscopy

Vanillic acid

Vanillin

:'TFC

:TPC

:UV-vis

VA

VAN
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/ pl i el i Sl it
vyl
s -
16. Atriplex halimus L. ikl FRYEW ) il Gl Pl ke e il 3all [20]
KB Ll ¢ 58
Lj‘);‘\” RIS ém ‘.J,,a-}h” Slws c)\c— q_vg_}ﬂ.m]l
‘ Al 53800 adiad ¢ jifka sl
3l gl .
LST) aall O &1 [114]
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Zygophyllum album i 5 et sl e ol b aadl | pdll 315k e s jiall [115]
17. | Zygophyllaceae I P ol e Eg- i el
Matricaria 5 4 i . . - .
P |5l 2 adl . | Y |
18. Asteraceae pubescens (desf) “skA iple o ,:J:j RIS il Sl il 315k e ‘“—U"‘] 120]
Dl Y g el adl
Schultz.
) o . . ) &) ol sl ¢y Sall 2N e o )
X o) e 154 L & S foa — 1a Jlexio
19 Solanaceac Solanum nigrum L. Al ¢ dnle alus e AR S EN st g 5
Jalldl dslaie
A
Erodium ) sl e ad il Gy o Jtlﬁ'rd [116,
20. glaucophyllum el e ’ i s aall B (a5 Jaaa i .Lu;:.dl 117]
Geraniaceae L'Her. Ak,
G taal
el &3 o e s 1201
~ é‘-“ 0""“ l.i‘-‘)'h o=
2. Cleome arabica L. b duie G o ey My Ol oYY (Kase Wil g | (1181
Capparidaceae m
Jsad plas / e ane / [119]
sl L gyl [120]
3 sedl ¢ 3l 3 31 i3Sy Colal 178]
& sell e 5l it 511 e Sl ansS ) Glabias
oLy i) Jla
gl guad
Nl 1 ALaall (L 5}
- A"eurgda‘ . o F s e il B sk e 3 pall
Rosaceae procumoens L. LaSSY e Sl (gl v el [121-
el <3l ¥ Dl A gmal) JSLEA ¢ 58l 5 ) &)yl 123]
Shual) ¢ panagll, gl
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s LY iy ¢ aliiuall ¢ g calias 5 Al bl e dyshanall Bhlid) 8 @blall d ) da sl 1zl L (2-1) Jeaad

ab Alilall da) Aga gl guall Aglladl) ndall dagds LAY dagda EXgt] A Al s pll PRECIR PRI Lea gl gy ddatill) (LS pal) & all
6l g Genistein , 6-
Ol J e a3 h istei
S90S Sl ) | i O el DPPH 16704528 | L Imgkg | ool o5l ydroxygenistein, [124]
(5:1) ele pratensein (4
methylorobol),
Bl dllaill ola /J 51 - U . . . Sl
1. Retama Retam ’ el S 30/_;0 gl LIV 5k 1 mm L ide 0.5 mg/ml Ssell e 5l i gl LS al) 121]
Web b — T Ier—
i) Tladl ) SINV, S‘mdbls v1.rus, HSY, Ji . ) .
i il J sl Herpes Simplex virus; Polio, L e 6.5mg/ml gl Alaesll LS el alina [88]
3 polio virus
St el DPPH Jlad 0.1692
Saliaal) ddladll Gl Jal AU ’ ‘ L s : KO PPN 2 il
X 2l / Sl i A i, iyl Gk 2 s ne/mL osdll <3l Sy o [125]
Sl Seall
Lotus solimal) Alladl) . ) ) Ji 2000 « i
2. halophylus . Jslis o sl cela ety LY sk L e . lsed) e jadl AdlaesSll SIS ) Calida
. Sl Sl ? ng/dise ?
Boiss
Azukisaponin ;
astragaloside ;
narcissin, nicotiflorin,
Fabaceae kaempferol 3-O-u-L- [126]
il il el e sl rhamnopyranosyl-(1-4)-
LS pall J e S / / / / < ”J:“')ﬂ a-L-rhamnopyranosyl-
5% (16)-p-
, Astragalus Dgluio§¥rgr,1051de
cruciatus Link trihydroxyflavone ;
daucosterol
w1 gl 5 ; 5 mg/mL
cla Jai mem sl = 3l
(%Y1 ]
—_— (127
331 oyl 5 .
Jise Jai ImgmL | s e jall
( 53aY1)
$3laal) il ; ; : :
snd) il / LAkl LY i Ly Ui s o 5l Y g [128]
s Sl ’
Genista saharae
4. C D S Balaall dlladll DPPH Ies0-
osson et Dur. | 338 saladll 4 J silina Jlad . 0.247 . . S el
L s mafml lsel) 2 jadl i gl LS ) [129]
Sl S Sl laad 2l il gl 31.26%
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1,3‘91‘):\.@.“ 1*\}:3'! QUL_I.’!H:KT‘\)EJ:LM'IJJ
&l yaall P"h
ABTS
52,850 Baliaall Alladl) . .
Sl ¢ a5y 5K CUPRAC
alcaall dfladll
sl Slall Jslin 5 JAW Lela Y15l jlasl L e Jlad Hsedl ¢l A gl LSyl [130]
5 Sl
T DPPH
TAC
Isoflavone :
5-O-methyl-8-C-b-
dilid e cilydle / / / o
S all J e - el e sl glucopyranosylgenistein s [131]
8-C-b-
glucopyranosylgenistein
T ETN X DPPH ; :
N Eael el - Ui Jad sl el ( Slpmiall) sl 131]
Aela j¥ls padl jlsal i
Al ol jleal DPPH ] YT e Eedl o
Led A gl LS yall
— Sl el sl Jslisd) Galiine ABTS L he J sl (35 i‘:i umf (132
530830 Babaall Aladl) GOR sl id
3-O-[b-D-
glucopyranosyl(1 —2)-b-
D-xylopyr- anosyl]-
3b,16b,23(R),24(R),25-
pentahydroxycycloartane
3-O-[b-D- [133]
glucopyranosyl(1 — 2)-b-
D-xylopyranosyl]-
A.s!ra{gaiu.f 3b,16b,23(R),24(R)-
5, gombiformis tetrahydroxy-25
Bomel. . . 1H and 13C NMR -
ome SUS e s J e Adlid e lyda and 13C sl e aldl dehydrocycloartane
3-O-[b-D-xylopyrano-
syl]-6a-acetoxy-23a-
methoxy-16b,23(R)-

epoxy-24,25,26,27-

Tetranorcycloartane
3-O-[b-D-xylo-
pyranosyl]-6a-acetoxy-
23a-butoxy-16b,23(R)-
epoxy-24,25,26,27-

tetranorcycloartane
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3-0-[b-D-
glucopyranosyl(1— 2)]-b-
D-xylopyranosyl]-6a-
acetoxy-23a-methoxy-
16b,23(R)-epoxy-
2425.26,27-
tetranorcycloartane

3-O-[b-D-
glucopyranosyl(1 —2)]-b-
D-xylopyranosyl]-23a-
methoxy-16b,23(R)-
epoxy-4,25,26,27-

tetranorcycloartane
S . . colipall (31 Y1 4 gl LS el
0 siladll | ) 2 . J alys
S Balcaall dglladl (70%, viv) Js TEAC _las b Jus Al gl ¢ 3all Sy Salal) 1991
o ga ) adhatl L @l Y L
ol i) 24, )L : LA g3
iyl Rl 55 ! ! S Tl 230 198]
- A, dsad
Antlcho?nisterase 4 e 555K sl i ke Ly ICSO;JfII 10 S / [134]
activity Jitsd ug/ml.
s e Jlad
fead) &l jlasl Ot g paeall Il &) Gy / [135]
. . T RECUS ]
Sliaall Al Las) .
w)ﬁu Br= " Tribolium castaneum ) Jad il e p [136]
&l jdall (Coleoptera- Tenebrionidae)
'"H and “C NMR
LS gl J i kvl 3 gl & gl sl
Furphorbia Sl J e Gyl / / el ¢ sl [137]
guyoniana Bois 1,5-diphenyl-3-styryl-2-
Euphorbiaceae et Reut. pyrazoline, kaempferol,
) ) e 'H and *C NMR ) ) kaempferol 3-O-glucoside,
Sl Je Sl / / olsel) e 5ol kaempferol 3-rutinoside, (101]
quercetin, quercetin 3-O-
ol sglucoside,
S
Balimall Adladll L) .l
S ola Cagadlly LYl o Jlai el ¢ jal / [138]
LSl
52082 3oLl Alladl) SN
ﬂj@mﬁw L ciaally JLEEY) Gy . TJL Jlai i sall s sl Ol 139
Ephedra alata RO : Ty ST o wrioe) =8 i Slal il e | 139
Ll szl
Ephedraceae be S all J ) I Jad
Sl ¢ e P s o - - G e e
’5_\1...".“]& qu / cagadlly Lyl i sl Sl Yl Al g [140]
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Jkasl Lasll
pall il S sl
£ seall
Salaall dllall [ b
_“S;A Jsilia DPPH 2R . PPN il gdl) LS ) [141]
32 alaall Aladll
e o —] =
Sl il J sbise ¢ sl - A Ssed el / [142]
sl hosphomolybdenum, g
(DPPH
sl 5alaall Al ™
cobied Qi (lsa ) . (
sl 53 a0 . sy ) e - e e 52l Al 1330 [143]
P
Sy Seall
: ; sobaall (31 5Y1
530830 salaall Aladl) J 5tz DPPH-TAC- OH'-RP b st ™ i) S ) [144]
J
3208 Balaall ddlasll
(DPPH- OH™- H,0,) -~ "
8 Heliathemum Salimall 4 lladll J il e J sl e 5all Al gal) LS ) [105]
Cistaceae lipii (L) Pers. Sl Sl cagadlly LAY S sl
Effect on the il i g lad
fall lal) () ) e o 0 sl e J Gl o i gl ISl 106
J O il | A 5 :
smooth muscle J ) e ] el 32l [106]
S yall 2y0a3 GC / Ao g Lelilaiy ol laill Cyperene )
. ela d ! P VSIS EN | Al &g 3l [145]
b MS (27.2%)
Sl Zutladl) S0 :
L caadl, L) G " i 5ol e 5l LT 030 [146]
iy il y kb ol J e
Cyperus AT as " ae ol e ICspat 5 . . .
9. yperus SENERRFEN (85%) J (MTT ) ksl R Ml 2l [147]
conglomeratus el pg/mL
Cyperaceae
soliaadl Alladll o i sl e 25,50, 100 5 oSl Sl )l Eaal
‘ (70%) J s el sl el e 3l [148]
JLﬂ_).uaﬂ "ﬁ.“ mg,"kg \LU&_,);C\...Jl
LS e SO J e ; i
5 Adlide Slyde 1D, 2D NMR / / Ssell e all Gl il 5 J gilasiall [107]
A
EPCS 3.13 and )
. N Alternaria spp and rhizopus el <@ 51
il il dliae Al J s 12.50 mg . / [149]
Calligonum spp Jsaall
10. , ml-1
comosum L'her.
Polygonaceae T =
S lad el | gt s DPPH 28 J s e 2l il L5 [150]
28 g4l e al)
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PPM
32080 Baliaall Aullasll DPPH
Salomall Alladll il i hemolysis test P PAIPSEN A gdl) LS ) [151]
Sl anti-inflammatory test
il Ll Jilise ¢ 5iy Writhing test Jad U ke Jlad el < 3l il il S [152]
) S ) [153
(5 sanll 3alaal) Alladl) (70%) J %) Spheroid sprouting assay Jad Jud lsed) & jadl / ’
>l 154]
Al et sla Cytogenetic assay Jai L dad osaall (@Y / [155]
beneficial effects J s iyl Ay Jd - Jlad Glosy Al 5l) LS ) 166]
1 Plantago
' Myrtaceae albicans L.
alaall Aladll ) 2 Jlad K
i il ela g pdadll Cilaliae Ll Jlad L il Gy / [156]
35
Antimicrobial i s . )
i el Caiad)y LY ik L e ekl el 1 ) &g 3l [157]
effects - ) i ”
Jsaall
Limoniastrum
suyoni Acute : AN e . )
12. Plumbaginaceac | 570 o - sl el yaad) aall S S J3ad) sl et Je syl / (158]
Dur. Heamatotoxicity Nl
) . 159
S aladl Al | ) o silise DPPH Jad e Jud sel) ¢ 3l iyl €5 (159,
ABTS 160]
5auE ol el | sl eibipud ) ﬁgf;; Jlai L e Jad ilsell o 32l il [161]
aliaall dullaall . . .
3 Tamarix | =i L e
. ; Sy Seall
Tamaricaceae boveana cla Cagatlly LIy ke / Bl LS jall [162]
sl il L
Jei e i BENTS
iy yhaill
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3

Jlad

Ay gladl dpadd) Aalis e Slula Ay gladl dpad) jlgal el e 5l Ll g 3 [163]
330 3alozmall lladl) i U DPPH Jsd Lnda Jus el sal A gl S Ll (164]
bzl il ) _ .
; N b sy LSS i e I e =i el s sl A ) S 5l [165]
14, raganum Silap Seall
nudatum Del.
Balucaxll dglladll . . .
B ﬁm J sy g el L) Jud B dad Hsell = 5ol i gl S [166]
—
_ ) 530800 5aliaall Alaill L DPPH Jud b Jlad RSN ] g 30 [167]
Bassia muricata i ABTS
15. P
Chenopodiaceae L) :“LSI;U ""l“:::’j‘jl Jsidd sty LY sk It L Jad el e 5l il Sl [168]
Salaall Adladll 3 L jed A idll S Sl
J{JU K - e Ji Lt 13.511?;? 14 Ll eal il LS ) (169]
- o i S e . P .
6. Amplca;hahmu.s G ol il ) W fadl el Jled R Jlad S i il LSl [170]
3alima il gl : . ; i gl S yal)
: L f’i i Jdslise cagadlly LY S Jud L e b sl el il s [171]
Y lagdis A0
( 53 cla / / / 5 mg/mL el e 3l /
sgophy T [127]
17. Zygophyllaceae | 2 g;')p hy !i“m ) Tl 208 | mg/mL
album L. (53t Jsbise / / i el e 3l /
520800 Balaall G lladl J sl DPPH-TAC- OH°-RP Jad L ia Active Stem iy SN T gl S | [172]
aa i) Jagdii s
( 3%aYl) ele / / / 5 mg/Ml sel) e jadl / [127]
g oY) daads 00 | me/mL
o ( 3%aY1) J siline / / / mg/m el s sall / [173]
Matricaria
18. pubescens (desf) TR EE Foes 55 A5
Schultz R, e s sin, sl y S e b Ui i Gl el | Sl A s | [174]
el
e S e
=€ | “ o )
= )‘l ,Jﬂh': cle / / ! salanl el e 3all Al @ [175]
Lies )
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D Sl e Jla
Laaall adlall Lzl cla Ly g s A el e 3all g gl LSyl [176]
300 oLl Alladl Lo FRAP Jus U e J el el i gl L) [177]
saliaae Ol jlaidl) .
. ;j ' / / / / / PPN Al ) [178]
328 Baliaall A Lasl) sl el Jiil DPPH , RP, J= R b el s 3adl il A 5 ) sl LS all [179]
19 Launaea
: ifoli soliae &l " sasan . {menl Jaé EEE Jud . . e i
resedifolia O. K. L J st Ry LYyl sl e 5all Sl ganall [180]
S el I e Lo ; v ) B S
el Adlife Cilde 1D, 2D NMR / / / sl e 3all 3aaa LS jo ag ) [181]
solma il Ldl SINV, Sindbis virus; HSV,
il ):ﬂ J sl Herpes Simplex virus; Polio, Jld Lt 6.5mg/ml, il il EED 5 A il IS ) [88]
e polio virus
2 S S e e A, s 1D, 2D NMR / / / PPN i g (182
- Solanum nigrum | sias <l . e il i) Ot L 1133 to L e 183)
Solanaccac L. el = T e 49.35 mM - e
il dladll ¢ o, ol L Slga) Jld
Rl I A e - L i g / [184]
G el Cpndlisa 5]
e ' g = :
Slalias il il Jsise i)y Y iy Jlai 2y J BT / [185]
Sl _Suall S
Erodium 52,800 Baliaall AlLadl) DPPH (FRAP) ABTS® . .
el /J siline [Fpye Lad . S .
21. Geraniaceae glaucophyllum e ) (2}:};0)' . : Jad 2 J B IRIBT Al LS Ll Calida [116]
L'Her. ~'—’l-.'3)&_ul*. : cuiadlly )l
Aiaa J.ﬁij
N ™ .. - sl Lad . . . .
g S o B I d @f ) sl 35571 Ala Sl S ) i [186]
Ay 2 sl st / . U yeie - Ssiall Al Alsal S 5l it
Cleome arabica - . o i e [119]
22, B Sl e i e 1D, 2D NMR / / / S (3) ol (1) <k X(12)
dac : Alpas : Qs
Capparidaceae
J e , . .
$00E 5oLl lladl) > DPPIF Juni [ ok
- o e sadl iy glavall 4 sl S | [187]
Slalime il Lad) € L gl a Jai I Jlad
y Iy Ly
iy S cagadl)y LIy 6k
dne . A 4% (DPPH, ABTS), reducing ] ] ]
23. Neurga’a ; 50 Balimall Alladl) I 5 dsiie power assay (FRAP, It Lo Je S Sl S 5 3 gl LS el [78]
Rosaceae procumoens . CUPRAC),
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phosphomolybdenum

520800 saliall dlladll RIAR S sl Allall ol sl
o Lad
(20:80) [FRYER, J sl e 3all Sl S ¢ A gl LS Sl [122]
Al Bpandl ol jlaal MTT assay
Slabias il gl PN . R T I TP, . Jlad . .
iy il Adlia e ciluie il plaill saliadl) dulladll laal L i P PN / [188]
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Al Juadl)

SO Balaall Adladl) a2y 3 N 5 Jsndll  JSY (ggiaal L (7-1T) Jgaad

Sample TPC TFC PPM Sample TPC TFC PPM
code | (mg GAE/g) (mgQE/g) (mg GAE/g) code (mg GAE/g) (mg QE/g) | (mg GAE/g)
01:01 3,293 1,626 42.715 16:46 4,292 0,001 5.494
01:02 4,129 1,014 14.533 16:47 3,089 1,014 25.700
01:03 4272 1,381 44.310 16:48 4,027 1,693 1.595
02:04 12,799 1,581 49.805 17:49 2,966 1,113 3.190
02:05 14,941 1,637 38.461 17:50 4,517 1,136 18.078
02:06 13,615 2,750 37.398 18:51 4,598 0,402 18.787
03:07 3,905 1,003 12.938 18:52 12,207 0,825 7.621
03:08 2,844 0,480 26.763 18:53 4,394 0,001 7.444
03:09 4,619 0,468 2.126 19:54 15,716 6,389 56.008
04:10 2,456 1,526 41.474 19:55 9,147 4,119 36.511
04:11 3,803 2,917 34.562 19:56 11,514 3,328 46.437
04:12 3,089 0,914 15.242 20:57 5,945 1,192 18.433
05:13 | 14,268 2,015 134.881 21:58 7,087 0,569 17.192
05:14 | 16,328 1,737 130.095 21:59 9,188 1,336 66.111
05:15 9,963 1,492 34.562 21:60 6,026 0,791 16.129
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8 silag 8l g Al Julatl) AU Juail)
06:16 5,700 3,974 21.623 22:61 10,636 0,591 23.218
06:17 5,985 2,204 72492 22: 62 5,292 2,594 19.496
06:18 5,659 4,185 68.415 22:63 8,719 0,613 12.938
07:19 | 17,307 1,503 60.085 23:64 4,353 1,281 23.750
07:20 4,823 0,335 50.159 23:65 3,497 0,724 58.844
07:21 | 12472 0,858 103.863 23:66 5,781 1,381 24.282
08:22 48,650 1,648 145.693 24:67 3,762 0,190 11.875
08:23 42,652 0,424 73.378 25:68 9,984 5,209 106.876
08:24 23,917 1,348 46.260 25:69 9,412 4,341 76.036
09:25 | 41,061 2,294 87.025 25:70 8,739 6,200 33.321
09:26 34,900 0,925 89.152 26:71 5,455 0,958 77.632
0927 | 44,121 0,702 45.373 26:72 4,823 0,758 69.478
10:28 | 31,922 0,224 96.242 26:73 9,249 2,939 2.126
10229 | 41,632 0,023 80.290 27:74 4,884 2,783 47.678
10:30 | 48,813 1,503 121.942 27:75 4,374 1,526 56.008
11:31 42,489 3,629 68.769 27:76 4,170 1,247 91.634
11:32 | 42,693 0,980 62.034 28:77 8,943 0,346 25.522
11:33 44,529 2,071 62.211 28:78 8,821 2,739 60.439
12:34 10,759 0,847 57.603 28:79 6,536 0,535 6.203
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Al Juadl)

12:35 9,963 0,652 64.870 29:80 9,657 0,535 12.761
12:36 11,820 0,268 20.737 29:81 11,718 0,034 14.711
13:37 15,247 0,446 93.583 29:82 9,310 0,146 7.444
13:38 11,860 0,351 S1.754 30:83 42,530 0,847 96.596
13:39 19,102 1,002 43.601 30:84 48,854 1,092 113.612
14:40 17,552 2,783 54413 30:85 48,935 0,947 126.550
14:41 15,369 3,985 49.805 31:86 6,801 1,225 18.078
14:42 48,731 4252 3.013 31:87 8,556 1,359 104.041
15:43 10,494 0,190 79.758 32:88 8,923 0,068 44.133
15:44 6,801 0,373 10.634 33:89 3,741 0,947 42.006
15:45 12,228 0,869 12.229 34:90 22,264 0,090 172.279
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)2 silag Sl g Audall Jalatl

Al Juadl)

g yaal) il 55l Al gl Galeal) 585 2(9-11) Jyaadl

Sample Gallic Acid | Chlorogenic | Vanilic Acid | Caffiec Acid | Vanilin | p-Comaric Rutin Naringin | Quercetin | Total
code (ng/g) | Acid (ng/g) (ng/g) (ng/g) (ng/g) | Acid (ng/g) | (ng/g) (ng/g) (ng/g) | (mg/g)
01:01 49,322 210,182 41,354 3,552 33,562 187,393 1059,366 = 74,514 | 1464,591 | 3,124
01:02 40,036 113,815 31,034 2,669 ND 80,158 578,496 15,512 | 699,330 | 1,561
01:03 19,597 76,049 0,873 23,484 ND 137,024 691,416 19,052 | 9477,205 | 10,445
02:04 55,218 422,008 172,033 24,290 54,689 4346,100 38,751 | 4143,516 | 976,813 | 10,233
02:05 131,728 536,109 439,664 83,020 | 295252 | 15258,875 | 136,420 | 1217,916 | 498,334 | 18,597
02:05 109,095 218,398 142,806 15378 | 87,589 4204,481 40,868 | 6531,875| 284,675 | 11,635
03:07 103,253 80,822 30,512 7,682 ND 41,350 ND 468,115 ND 0,732
03:08 40,723 66,448 26,138 14,096 13,182 5,746 13,474 522,101 | 2219,692 | 2,922
03:09 111,490 ND 5,028 17,800 ND ND 27,708 25,842 | 6327,502 | 6,515
04:10 121,958 375,232 223,677 157,631 ND 75,531 137,564 | 455,772 | 1936,811 | 3,484
04:11 112,412 ND 5,990 ND 11,868 9,258 22,740 38,340 | 683,631 | 0,884
04:12 112,438 42,511 ND 3,500 ND 52,983 97,882 177,811 | 1932,871 | 2,420
05:13 ND 134642,751 321,684 626,270 412,058 | 14014,507 713,879 | 552,887 | 408,506 |151,693
05:14 ND 98744,122 364,587 723,869 253,945 | 16903,643 266,138 | 1442,056 | 527,524 | 119,226
05:15 ND 79503,596 415,124 560,138 321,717 | 9345,142 101,265 | 1468,249 | 240,319 | 91,956
06:16 ND 103,928 421,055 662,315 ND 230,540 173,984 | 4302,905 | 1930,936 | 7,826
06:17 59,461 10,413 22,008 38,674 ND 15,905 ND 995,511 | 2257,283 | 3,399
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8 silag 8l g Al Julatl) (A Juail)
06:18 ND 319,086 439,642 856,893 ND 18,365 347,385 | 1607,431 | 2285,235 | 5,874
07:19 160,451 68,498 33,892 193,624 ND 21,594 75,433 830,394 | 2529,371 | 3,913
07:20 106,062 57,863 ND 97,692 ND 14,438 72,165 1403,303 ND 1,752
07:21 203,039 44,126 ND 129,232 7,226 ND 110,766 106,321 | 1322,623 | 1,923
08:22 158,892 134,678 22,115 ND 8,149 24,209 71,873 ND 1082,247 | 1,502
08:23 DN 1059,515 18,532 72,940 8,719 180,733 52,224 ND ND 1,393
08:24 304,409 815,084 215,778 ND 33,365 15,400 93,484 ND ND 1,478
09:25 724,102 138,565 ND ND 425,189 41,673 42,752 390,474 | 1843,105 | 3,606
09:26 73,334 99,312 0,280 ND ND 18,592 32,433 119,366 | 2592,062 | 2,935
09:27 901,143 1249,038 ND 0,188 ND 35,478 286,946 505,919 | 2393852 | 5,373
10:28 16,726 220,051 20,324 ND 22,674 34,702 16,949 | 5160,999 | 958,892 | 6,451
10:29 79,033 542,239 36,922 ND ND 45,528 18,050 19,062 | 1543,603 | 2,284
10:30 18,046 42,317 ND 3,985 ND 41,156 0,000 2309,345 | 1102,486 | 3,517
11:31 366,182 739,312 ND ND ND 53,739 66,941 976,201 | 1382,370 | 3,585
11:32 557,828 95,380 27,942 39,550 ND 0,000 63,971 2044,058 ND 2,829
11:33 978,545 380,983 30,785 ND ND 0,000 908,066 | 5107,033 ND 7,405
12:34 65,204 1715,430 ND ND ND 150,690 19,699 28,866 ND 1,980
12:35 ND 35,966 3,491 ND ND 29,603 25,370 72,223 | 3319,036 | 3,486
12:36 57,190 553,252 ND 61,249 ND 50,656 26,606 54,626 | 3494967 | 4,299
13:37 94,976 21,343 51,683 10,437 0,000 31,526 629,754 150,710 | 798,775 | 1,789
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() 8 gilag Sl g Aual) Julal)

Al Juadl)

13:38 245,354 9,887 95,106 ND 14,271 20,075 181,779 | 240,301 | 2172,440 | 2,979
13:39 216,119 37,711 70,707 3,366 ND 15,670 468,057 | 76,774 | 0,000 | 0,888
14:40 112,141 ND 29,049 ND ND ND 107,924 12,436 | 566,477 | 0,828
14:41 202,231 ND 150,290 0,000 53,969 ND 807,227 | 1832,437 | 1243,422 | 4,290
14:42 219,217 ND 211,611 161,899 76,817 12,959 207,867 81,604 | 754,370 | 1,726
15:43 ND 1192,735 18,845 22,197 ND 243,002 | 250,128 | 87,167 ND 1,814
15:44 121,311 74,664 35,758 ND ND 5,318 302,914 71,531 548,345 | 1,160
15:45 ND ND 57,818 ND ND 57,190 340,634 | 16,626 | 195,130 | 0,667
16:46 51,151 38,800 3,310 ND ND 69,692 32,703 123,464 | 795,791 | 1,115
16:47 136,523 103,817 5,323 ND ND 4,348 152,374 | 166,324 | ND 0,569
16:48 ND 139,201 17,681 6,062 ND ND 9,821 129,181 | 559,610 | 0,862
17:49 ND 21,851 ND ND 6,808 18,984 265,613 | 1085,846 | 1012,856 | 2,412
17:50 39,213 95,490 ND ND ND 18,584 208,371 41,488 | 1055948 | 1,459
29:80 ND 67,556 26,824 27,076 30,419 ND 47,925 | 400,361 | 218,150 | 0,818
29:81 44,187 62,829 ND 9,645 18,038 4,986 25,881 270,963 ND 0,437
29:82 ND 77,720 11,190 7,109 35201 | 108,552 35,198 | 373,776 | 1687368 | 2,336
18:51 ND 461,740 47,027 ND ND 288,975 166,757 | 954,002 | 161,708 | 2,080
18:52 ND 123,489 116,118 ND 33,443 | 410,239 | 391,494 1175417 | 1093,032 | 3,343
18:53 ND 706,060 30,917 ND ND 169,019 141,039 | 1199,009 | 611,926 | 2,858
19:54 ND 275,430 26,393 ND 15,140 12,551 26,244 90,645 | 2472,899 | 2,919
L) 5 5
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8 silag 8l g Al Julatl) (A Juail)
19:55 3,661 220,743 2277,954 ND 73,789 53,488 2312,059 33,830 ND 4,976
19:56 ND 326,656 1411,460 ND 41,446 75,127 1432,057 = 48,485 ND 3,335
20:57 5,673 56,709 1085,038 ND 41,402 36,808 1087,095 = 78,404 | 315,942 | 2,707
24:67 0,000 18,472 3,276 ND 7,599 ND 214,618 87,001 | 2165,494 | 2,496
32:88 30,160 108,535 15,148 ND ND ND 142,631 79,292 | 1833,809 | 2,210
21:58 266,941 22,802 29,479 ND 14,315 ND 223,422 134,775 | 1879,501 | 2,571
21:59 ND 221,906 10,517 ND 1585,827 79,640 363,132 20,517 | 1050,818 | 3,332
21:60 ND 207,127 8,974 9,838 940,597 84,853 230,443 48,764 ND 1,531
28:77 ND 200,166 507,580 ND ND 72,064 772,065 45,193 | 2358,879 | 3,956
28:78 54,670 62,765 8,624 ND 97,149 ND 03,988 30,951 536,639 | 0,885
28:79 11,609 ND 88,698 ND ND 140,442 29,434 31,106 | 9158,605 | 9,460
22:61 1174,028 755,015 8,163 15,271 ND 72,993 ND 12,911 215,682 | 2,254
22:62 34,491 884,939 8,587 ND 5,488 380,649 63,971 63,306 | 403416 | 1,845
22:63 8,943 53,958 85,554 177,875 82,993 ND 128,944 127,014 | 2283,882 | 2,949
23:64 ND 44,154 ND 127,269 ND 145,570 22,094 86,671 ND 0,426
23:65 ND 26,070 46,778 129,191 ND ND 49,908 60,509 ND 0,312
24:66 ND 33,963 ND 36,797 332,968 ND 158,734 97,177 156,129 | 0,816
25:68 ND 16,229 82,505 43,996 106,886 ND 172,669 291,666 | 2301,697 | 3,016
25:69 187,868 41,366 105,601 ND 595,476 ND 161,214 = 289,065 ND 1,381
25:70 38,302 559,354 35,493 ND 0,000 10,191 41,543 125,311 ND 0,810
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8 silag 8l g Al Julatl) (A Juail)
26:71 33,723 262,488 ND 25,449 5,182 ND 119,542 127,334 ND 0,574
26:72 ND 23,033 ND 2,750 ND 17,133 21,504 108,561 ND 0,173
26:73 ND ND 20,139 ND ND 58,301 78,894 152,278 | 1662,656 | 1,972
27:74 ND ND 30,173 ND 54,536 ND ND 160,111 | 2137,970 | 2,383
2775 ND 21,186 47,854 ND 75,931 ND ND 105,124 | 2881,352 | 3,131
27:76 230,475 3236,437 ND 675,020 ND 598,594 773,387 201,146 | 1402,151 | 7,117
30:83 491,063 2381,537 ND 58,906 ND 1265,469 5097,641 | 1800,857 | 2759,011 | 13,854
30:84 298,798 580,475 ND 706,930 ND 271,963 350,654 118,118 | 1885,376 | 4,212
30:85 211,364 113,058 3,682 ND 49,744 10,728 122,762 = 551,226 | 2437,802 | 3,500
31:86 57,102 261,445 9,291 47,822 76,311 39,733 267,773 861,830 | 2018,820 | 3,640
31:76 79,227 294,724 18,692 ND 8,400 ND 92,830 150,999 | 1119,996 | 1,765
33:89 37,852 21,777 9,813 ND 401,015 79,479 ND 84,432 708,753 1,343
34:90 88,700 199,086 111,969 34,485 49,320 18,260 36,178 12,075 | 1561,541 | 2,112
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8 silag 8l g Al Julatl) (A Juail)
gyl Akl @il Galisd DPPH lial gt . (10-11) Jsed)
Sample Sample
Equation R? 1Cso Equation R? ICso

code (mg / mL) code (mg / mL)
01:01 y=4,1552x + 36,079 0.8376 3.3502 16:46 y =10.555x + 38.431 0.6454 1.0960
01:02 y =4,597x + 37,743 0.7957 2.6663 16:47 y=13.416x +47.634 0.9207 0.0753
01:03 y=11.502x + 40.14 0.9735 0.8572 16:48 y=16.25x +35.454 0.9115 0.8951
02:04 y =15.309x + 0.8269 0.9086 3.2120 17:49 y=7.8771x +33.5 0.7471 2.0946
02:05 y=12.645x + 48.551 0.4653 0.1145 17:50 y =16.966x + 37.095 0.9663 0.9663
02:06 y=5.867x + 65.638 0.9866 0.7241 18:51 y =8.0531x + 32.898 0.4959 2.1236
03:07 y=11.459x + 30.334 0.7583 1.7162 18:52 y=4.7283x + 27.599 0.8307 4.7376
03:08 y =24.666x + 14.904 0.7121 1.4228 18:53 y=10.071x + 33.6 0.9712 1.6284
03:09 y=21.283x + 24.647 0.8872 1.1912 19:54 y=12.048x + 33.915 0.554 1.3350
04:10 y =34.028x + 25.241 0.9566 0.7276 19:55 y =19.934x + 40.69 0.5695 0.4670
04:11 y=4.5978x + 16.868 0.5996 1.9641 19:56 y=40.768x +41.793 0.8262 0.2011
04:12 y=1.7925x +29.32 0.7078 11.5369 20:57 y =13.599x + 20.764 0.9884 2.1498
05:13 y = 38.081x + 38.529 0.9368 0.3093 21:58 y =20.555x +27.424 0.6054 1.0983
05:14 y=17.732x + 32.366 0.9244 0.9944 21:59 y=29.033x + 14.19 0.9672 1.7875
05:15 y =27.965x + 34.649 0.9942 0.5489 21:60 y =7.1699x + 34.796 0.7237 2.1205
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8 silag 8l g Al Julatl) (A Juail)
06:16 y=10.986x + 33.012 0.7472 1.5463 22:61 y=9.7057x + 39.11 0.9071 1.1220
06:17 y=21.893x +10.375 0.875 1.8099 22: 62 y =13.346x + 32.208 0.9601 1.3331
06:18 y =48.076x + 15.161 0.7236 0.7246 22:63 y=10.617x + 32.355 0.9652 1.6619
07:19 y =21.057x + 22.883 0.9876 1.2877 23:64 y=28.3513x + 32.382 0.5045 2.1096
07:20 y = 15.034x + 40.387 0.9924 0.6394 23:65 y=19.624x + 33.853 0.9542 0.8228
07:21 y =50.633x - 0.6279 0.9698 0.9998 23:66 y=8.1919x + 10.71 0.9345 4.7962
08:22 y=5.234x + 47.691 0.762 0.4411 24:67 y=16.817x + 28.825 0.6493 1.2591
08:23 y =19.097x + 33.26 0.9252 0.8765 25:68 y=22.264x +31.876 0.9777 0.8144
08:24 y =25.737x +9.4251 0.9525 1.5765 25:69 y=7.259x +49.876 0.8281 0.0170
09:25 y=12.118x +23.784 0.667 3.3502 25:70 y=12.69x + 14.633 0.9841 2.7869
09:26 y =74.589x + 17.505 0.7276 0.4356 26:71 y=18.831x +23.979 0.6594 1.3818
09:27 y=70.655x + 6.6178 0.9891 0.6140 26:72 y=15321x +43.897 0.9648 0.3983
10:28 y =25.388x + 18.824 0.7196 1.2279 26:73 y=11.217x + 28.963 0.7152 3.3502
10:29 2774 y=23.764x + 23.83 0.9591 1.1012
10:30 y=84911x + 6.8511 0.9844 0.5081 27:75 y=12.789x + 9.0148 0.9942 3.2047
11:31 27:76 y=39.571x +47.821 0.9446 0.0550
11:32 28:77 y=31.58x +6.6289 0.9939 1.3733
11:33 28:78 y=11.189x +22.872 0.7882 2.4245
12:34 y=22.113x + 38.578 0.7878 0.7228 28:79 y =8.7431x +20.045 0.6174 3.4261
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8 silag 8l g Al Julatl) (A Juail)
12:35 y=156.973x +27.374 0.6479 0.8265 29:80 y =4.8729x +43.062 0.7773 1.4237
12:36 y =49.654x + 38.947 0.9648 0.2226 29:81 y =4.2895x + 49.488 0.9014 0.1193
13:37 y=56.432x + 13.817 0.8824 0.6411 29:82 y =7.2896x + 39.875 0.977 1.3889
13:38 y =37.028x + 21.099 0.5831 0.7805 30:83
13:39 y =29.847x + 18.413 0.5963 1.0582 30:84
14:40 y=62.735x + 33.357 0.5242 0.2652 30:85
14:41 y=4,1552x + 36,079 0.6391 0.8782 31:86 y=9.9082x + 27.704 0.6953 2.2502
14:42 y =9.6071x +48.975 0.6164 0.1066 31:87 y=37x+19.577 0.9362 0.8222
15:43 32:88 y =19.834x + 8.6936 0.966 2.0826
15:44 y=24.084x +34.211 0.8947 0.6555 33:89 y = 8.6287x + 23.646 0.7228 3.0542
15:45 y=19.414x +34.988 0.9345 0.7732 34:90 y=12.807x + 28.956 0.612 1.6431
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Abstract

Medicinal plants are globally valuable sources of herbal products, which could vary significantly in contents. The clas-
sification, identification and discrimination of these closely-related plants is a crucial task to ensure the quality of the raw
materials. In this research, an easy and accurate analytical method for classifying different plants was developed using Fourier
transform infrared (FTIR) spectroscopy coupled with chemometrics analysis. Ninety samples of Algerian plants (region of
El-Oued) were collected and analyzed using FTIR spectroscopy (4000-500 cm ™), principal component analysis (PCA), and
hierarchical clustering (HCA) analysis to determine the differences and similarities between them. Based on FTIR data, the
HCA and PCA distributed successfully the samples tested in separate and clear informational groups. Onto light of these
results, the developed method could be used for the identification and discrimination of closely-related plant species.
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sapiens coexisted (Simion et al. 2019). Herbal medicine
plays a major role in modern human life, having significant
effects on disease treatment and being gradually accepted in
many countries by people (Zou et al. 2007; Gad and Bou-
zabata 2017).

Algeria is well known for its medicinal plant resources.
There is a great variety of flora related to Algeria’s large size
and climatic diversity between the North, where the climate
is the Mediterranean, Atlas mountains in the middle, and the
Sahara in the South (Hamza et al. 2019).

Medicinal plants are tools for traditional medicines and
produce many modern medicines indirectly (Hosseinzadeh
et al. 2015). Plants are rich in bioactive compounds (Jamila
et al. 2019), and the main classes of herbal compounds are
flavonoids, polyphenols, glycosides, tannins, diterpenoids,
resins, alkaloids, and many more (Simion et al. 2019).
Herbal medicines are considered slightly toxic and mild
compared to pharmaceutical drugs (Dibong et al. 2011). To
analytical chemists, a pharmacognostic study of medicinal
herbs remains difficult as herbs are a complex mixture pro-
cess (Hamdan et al. 2004).

As an instrumental research process (Fan et al. 2013)
and classification of medicinal plants, many analytical tech-
niques such as spectroscopy [ultraviolet-visible (UV-Vis),
Fourier transform infrared (FTIR), nuclear magnetic reso-
nance (NMR), and mass spectrometry (MS)] and chromatog-
raphy [thin-layer chromatography (TLC), high-performance
liquid chromatography (HPLC), and gas chromatography
(GC)] were used (Rohaeti et al. 2015). FTIR is one of the
most effective analytical techniques (Bunaciu et al. 2011).
It is a fast, simple, high-resolution analytical method (Kim
et al. 2004) tool for determining the functional groups in a
sample, producing a spectrum between 4000 and 500 cm ™'
by stretching and bending molecular vibration (Basyirah
etal. 2019). Although herbs contain a wide variety of chemi-
cal constituents, due to the variation in species and content
of chemical components, their IR spectra were found to be
different (Lu et al. 2008).

Discrimination in the FTIR spectra by visual inspection
is not simple because the structure of the FTIR spectra is
very complex (Rohaeti et al. 2015). Nowadays, multivariate
chemometrics analysis has been widely used in conjunction
with FTIR spectroscopy (Nurrulhidayah et al. 2011) evolv-
ing computer technology (Hamdan et al. 2004). Recent stud-
ies suggest that in conjunction with chemometrics methods,
FTIR spectroscopy can provide a viable alternative analyti-
cal approach for rapid and environmentally-friendly research
(Kachel et al. 2019; Matwijczuk et al. 2019; Oniszczuk et al.
2019; Sadowska et al. 2019).

Because of the aforesaid, the main objective of this study
is to explore the ability of FTIR spectroscopy as efficient
available techniques for the classification and authentication
of the plants collected from different geographical origins.

@ Springer

According to the infrared spectra, the samples were classi-
fied by applying the PCA, HCA analyses.

Materials and methods
Sample collection

Initially, 90 samples from 34 plants belonging to 20 differ-
ent families were collected from March to May 2018 from
Oued Souf region (South-east of Algerian Sahara). Their
detailed information is listed in Table 1. The identification
of plants was carried out with the help of Dr. Youssef Helles
book (ISBN: 978-9961-933-05-3) (Hallis 2007). The surface
soil was removed. Then, the samples were dried at room
temperature. After that, each sample was pulverized with an
electric grinder, successively. The powders for each sample
were stored in airtight cans and stored at room temperature
to protect them from light until further analysis.

FTIR spectral data pre-treatment

In this study, all samples were analyzed by FTIR spectros-
copy without chemical treatment. Baseline correction (pre-
process spectra) pretreatment was applied to remove scatter
effects from spectra by centering and scaling each spectrum.
Pre-treatment of spectral data is a major step preceding che-
mometrics analysis to reduce the effect of light dispersion,
the variance of baseline, systematic noise.The FTIR data sets
(1818 x 90 datasets) from Shimadzu IR solution software
for FTIR data from normalized and smoothing were saved
in file .CSV and copied manually to Microsoft Excel 2007
as two data sets (rows: samples; and columns: wave num-
ber) for extracting their numerical values from spectra files.
Then, All FTIR spectral data were subjected to unsupervised
pattern recognition by PCA and HCA which are conducted
by Orange3-3.13.0-Python36 Pro 2018 (University of Lju-
bljana, Slovenia).

Chemometrics analysis

PCA is one of the multivariate data analysis techniques that
support a complementary role with HCA by both summing
up data and minimizing data. These are quantitative methods
that are used to examine interrelations between numerous
factors and describe them in terms of their causes (Oniszc-
zuk et al. 2019).

Principal component analysis (PCA)

PCA is an exploratory approach that decreases the data
matrix dimension and compresses the details into a few new
variables called key components, linear combinations of the
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Table1 Code of the samples

Sample code Species

Applications in folk medicine

Family

1:1 Astragalus gysensis Del

1:2 Astragalus gysensis Del

1:3 Astragalus gysensis Del

2:4 Retama Retam Webb

2:5 Retama Retam Webb

2:6 Retama Retam Webb

37 Lotus halophylus Boiss

3:8 Lotus halophylus Boiss

3:9 Lotus halophylus Boiss

4:10 Astragalus cruciatus Link

4:11 Astragalus cruciatus Link

4:12 Astragalus cruciatus Link

5:13 Genistasaharae Cosson et Dur
5:14 Genistasaharae Cosson et Dur
5:15 Genistasaharae Cosson et Dur
6:16 Astragalus gombiformis Bomel
6:17 Astragalus gombiformisBomel
6:18 Astragalus gombiformisBomel
7:19 Eurphorbia guyoniana Bois and Reut
7:20 Eurphorbia guyoniana Bois and Reut
7:21 Eurphorbia guyoniana Bois and Reut
8:22 Ephedra alata DC

8:23 Ephedra alata DC

8:24 Ephedra alata DC

9:25 Helianthemum lipii (L.) Pers
9:26 Helianthemum lipii (L.) Pers
9:27 Helianthemum lipii (L.) Pers
10:28 Cyperus conglomeratus

10:29 Cyperus conglomeratus

10:30 Cyperus conglomeratus

11:31 Calligonum comosum L'her
11:32 Calligonum comosum L’her
11:33 Calligonum comosum L'her
12:34 Plantago albicans L

12:35 Plantago albicans L

12:36 Plantago albicans L

13:37 Limoniastrumguyonianum Dur
13:38 Limoniastrumguyonianum Dur
13:39 Limoniastrumguyonianum Dur
14:40 Tamarix boveana

14:41 Tamarix boveana

14:42 Tamarix boveana

15:43 Traganumnudatum Del

15:44 Traganumnudatum Del

15:45 Traganumnudatum Del

16:46 Bassia muricata (L.)

16:47 Bassia muricata (L.)

16:48 Bassia muricata (L.)

17:49 Atriplex halimus L
17:50 Atriplex halimus L

Headache

Analgesic, antiseptic and anti-inflammatory

Pain reliever

Against stomach ulcer, hypertension, diabetes and bites of

scorpion

Cold, respiratory system problems

Scorpion stings and snake bites

Against snake bites

Cold, influenza, respiratory problems, hypertension

Treat skin lesions

Antiemetic

Scorpion stings and snake bites

Diabetes

Scorpion stings and snake bites, constipation, anemia

Antiseptic, burn, illnesses of the kidney, diarrhea, anemia

Rheumatism, skin diseases, against diarrhea

Analgesic, antiseptic and anti-inflammatory

Anti-inflammatory

Fabaceae (Leguminose)

Euphorbiaceae

Ephedraceae

Cistaceae

Cyperaceae

Polygonaceae

Plantaginaceae

Plumbaginaceae

Tamricaceae

Chenopodiaceae
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Table1 (continued)

Sample code Species Applications in folk medicine Family

18:51 Zygophyllum album L Diabetes, purgative and laxative, indigestion, diuretic Zygophyllaceae
18:52 Zygophyllum album L

18:53 Zygophyllum album L

19:54 Brocchia cinerea Vis Diabetes Asteraceae
19:55 Brocchia cinerea Vis

19:56 Brocchia cinerea Vis

20:57 Launaea glomerata (Coss.) Hook

21:58 Marricaria pubescens (desf) Schultz  Scorpion stings and snake bites, diuretic

21:59 Matricaria pubescens (desf) Schultz

21:60 Matricaria pubescens (desf) Schultz

22:61 Moltkia ciliara (Forsk.) Maire Boraginaceae
22:62 Moltkia ciliata (Forsk.) Maire

22:63 Moltkia ciliata (Forsk.) Maire

23:64 Silene villosa forsk Caryophyllaceae
23:65 Silene villosa forsk

23:66 Silene villosa forsk

24:67 Atractylis flava L Diabetes Asteraceae
25:68 Solanum nigrum L Effective in diuretic, chronic enlargement of liver, dysentery and Solanaceae
25:69 Solanum nigrum L piles

25:70 Solanum nigrum L

26:71 Malcolmia aegyptiaca Spr Brassicaceae
26:72 Malcolmia aegyptiaca Spr

26:73 Malcolmia aegyptiaca Spr

27:74 Marthiola livida DC

2775 Marthiola livida DC

27:76 Matthiola livida DC

28:77 Launaeare sedifolia O. K Diuretic Asteraceae
28:78 Launaeare sedifolia 0. K

28:79 Launaeare sedifolia O. K

29:80 Salsola foetida (sel) Chenopodiaceae
29:81 Salsola foetida (sel)

29:82 Salsola foetida (sel)

30:83 Erodium glaucophyllum L’Her Diarrhea, cold, influenza and problems of respiratory system Geraniaceae
30:84 Erodium glaucophyllum L°Her

30:85 Erodium glaucophyllum L’Her

31:86 Cutandia Dichotoma (forsk.) Trab Oxytocic and astringent Poaceae
31:87 Cutandia Dichotoma (forsk.) Trab.

32:88 Onopordon macracanthum schousb. Asteraceae
33:89 Cleome arabica L Rheumatism, diuretic Capparidaceae
34:90 Neurada procumbens L Analgesic, antiseptic and anti-inflammatory Rosaceae

original variables (Luna et al. 2013). The first main compo-
nent, PC1, represented the maximum combined variance.
The second one, PC2, was orthogonal with the first, cover-
ing as much of the residual variation as possible, and so on,
until the full variance was taken into account. The interrela-
plotting the PCs and analyzing sample trends, groupings,
similarities, and differences (Xu et al. 2019).

@ Springer

Hierarchical cluster analysis (HCA)

The objective of HCA would be to find the perfect clus-
tering of multivariate observations in the same sense that
the clusters are different from each other even if the cluster
2021). Using the average cluster building linkage process,
HCA was used to organize the samples into groups (Roshan
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et al. 2013) and the Euclidean method measured the distance
between clusters (Mohamad Asri et al. 2018) as a calculation
of similarity.

Results and discussion
Discrimination by FTIR spectral analysis

Discrimination by FTIR spectral analysis of the charac-
teristic peaks of all samples appeared in the infrared spec-
troscopy is shown in Fig. 1. Chemically interesting FTIR
regions, called spectrum, were established including: fatty
acid dominated by O-H (3300 cm™); amide dominated by
C=0 amide I and N-H amide II protein and peptide groups
(1375-1315 cm™"); combined area (1250-1030 cm™");

2600 3000 3500

1500 2000
Wave Numbres (cm™)

4000

Fig.1 FTIR spectra for the different samples

polysaccharide range (1200-900 cm™'); and true fingerprint-
ing (600 cm™"). Detailed FTIR assignments of the charac-
teristic infrared bands across species of samples are given
in Table 2.

Principal component analysis (PCA)

PCA allowed us to visualize a given dataset with respect
to several main components, while accounting for possibly
the highest possible percentage of the set’s variance. After
applying the PCA, the initial set of variables is reduced
to a number of hidden variables of principal components
(PC). The score plot reveals that the greatest impact on the
variance of the analyzed spectra registered for our plants
samples was related to the first tow principal components.
Figure 2 present the score plot for the principal components
PC1 vs. PC2. The results for all samples and the first two
principal components PC1 and PC2, which jointly accounted
for 98.7 % of the data matrix variance (PC1=92.6% and
PC2=6.1%). Plants samples were clearly classified into
three groups (Fig. 2). Group C 1 (1:1, 1:2, 1:3, 2:4, 2:5, 2:6,
3:7, 3:8, 3:9, 4:10, 4:11, 4:12, 5:13, 5:14, 5,15, 6:16, 6:17,
6:18, 7:19, 7:20, 7:21, 8:22, 8:23, 8:24, 9:25, 9:26, 9:27,
10:28, 10:29), Group C 2 (11:31, 11:32, 11:33, 12,34, 12,35,
12:36, 13:37, 13:38, 13:39, 14:40, 14:41, 14:42, 15:43,
15:44, 15:45, 16:46, 16:47, 16:48, 17:49, 17:50, 18:51,
18:52, 18:53), and Group C 3 (19:54, 19:55, 19:56, 20:57,
21:58, 21:59, 21:60, 22:61, 22:62, 22:63, 23:64, 23:65,
23:66, 24:67, 25:68, 25:69, 26:72, 26:72, 26:73, 27:74,
27:75, 27:76, 29:80, 29:81, 29:82, 30:83, 30:84, 30:85,
31:86, 31:87, 32:88, 33:89, 34:90). Only the sample (10:30)
belonging to the Group C 1 was detected in the Group C 3
as well. Another sample (25:70) belonging to the Group C
3 was also detected in the Group C 2. Further, the samples

Table2 Assignment of Infrared absorption bands for the studied samples

Frequency (cm™') Band assignment

References

4000-3500 O-H stretching vibration of hydroxyl groups, water vapor, amine N-H stretching

2900-2850 Methyl (-CH,) and methylene (-CH,) symmetric and asymmetric stretching vibration

~ 2340 Stretching of N-H bonds in proteins, which is known as the amide A band, stretching of hydroxyl
groups

~ 1730 C=0 carbonyl stretching of esters

~ 1600 C—C stretching in aromatic structures, N-H deformation and C—N stretching

~ 1400 Stretching of bonds in CH; in lipids and aromatic compounds, bending of bonds in CH, in lipids and
proteins

1375-1315 O-H bending polysaccharide, Amide III

1250-1030 Phosphodiester groups of nucleic acids and phospholipids and to the C-O absorption of glycogen and
other carbohydrates.
other carbohydrates.

1000-500 Vibration and bending vibration of alcohols containing hydroxyl groups and benzene rings.

Lee et al. (2017)
Rohaeti et al. (2015)
Lee etal. (2017)

Fanetal. (2013)
Anjos et al. (2017)
Leeetal. (2017)

Leeetal. (2017)
and Zeghoud
etal. (2021)

Ami etal. (2013)
and Petrakis and
and Petrakis and
Polissiou (2017)

Fan et al. (2013)
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Fig.2 PCA score plot using the FTIR data matrix {500-4000 cm™)

(28:77, 28:78, 28:79) belonging to the Group C 2 were also
observed in the Group C 3. The above grouping of the ana-
lysed plants may be due to the physicochemical properties
of the respective plants samples” content (also demonstrated
by the shift of the relevant infrared bands, Fig. 2; Table 2).
Where differences in the intensity and location can be identi-
fied of vibration.

Hierarchical cluster analysis (HCA)

HCA dendrogram was performed to classify samples based
on the similarities of their physicochemical properties. The
results obtained are shown in Fig. 3 which depicts the clus-
tering pattern of the data set containing 18 samples in the
Leguminose family, 3 samples in the Euphorbiaceae family,
3 samples in the Ephedraceae family, 3 samples in the Cista-
ceae family, 3 samples in the Cyperaceae family, 3 samples
in the Polygonaceae family, 3 samples in the Plantaginaceae
family, 3 samples in the Plumbaginaceae family, 3 samples
in the Tamricaceae family, 11 samples in the Chenopodi-
aceae family, 3 samples in the Zygophyllaceae family, 12

4 springer

samples in the Asteraceae family, 3 samples in the Boragi-
naceae family, 3 samples in the Caryophyllaceae family, 3
samples in the Solanaceae family, 6 samples in the Brassi-
caceae family, 3 samples in the Geraniaceae family, 2 sam-
ples in the Poaceae family, 1 sample in the Capparidaceae
family, and 1 sample in the Rosaceae family.

All samples were aggregated into four clusters with a sim-
ilarity level of 55.9 %. Cluster C 1 is represented in a single
sample (25:68) as an anomaly., Cluster C 2 is represented
in the samples (1:1 into 10:29), Cluster C 3 is represented
in the samples (19:54 into 34:90, and 10:30, 12:35, 12:36)
except the specimens (25:69, 25:70, 26:71), whereas Cluster
C 4 is represented in the samples (11:31 into 18:53) in addi-
tion to the samples (25:69, 25:70, 26:71).

These results were coherent to some extent with the
results obtained using PCA, with the presence of some
anomalies of some samples. The findings from PCA and
HCA based on vibration of functional groups presented in
the samples revealed obvious clustering of the plant samples
according to the origin of the plant (family), which indicated
differences in the sample’s physicochemical properties.
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The clear differences of vibration in terms of their inten-
sity and position could be identified, even though a more
precise demarcation was required to be achieved between
the samples.

Conclusions

From this research, the samples studied from the different
geographical origins and varieties have varied and compli-
cated chemical mixtures according to the FTIR analyses.
Relative intensities and shapes of the absorption peaks,
and general information on chemical composition and
structural differences can be obtained for the ninety sam-
ples taken from the plants belonging to different families.
Further, the PCA, HCA chemometrics tools applied in this
study produced good exploratory and predictive results. It
can be concluded that FTIR combined with chemometrics
can be used to classify plants from different family origins
the similarity in their chemical composition, as an effective,

specific, fast, non-destructive, non-polluting method. This
research provides a promising method for discriminating
similar herbs.
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Abstract

The efficiencies of plants medicines depend on the amount of active components in them,
which could vary significantly in contents. Therefore, Identification of biologically active
substances this a very important issue. This study aimed to adopt a simple method for
classification of the herbal medicines samples obtained from El Oued (South- East Algerian).
90 samples were analyzed by FTIR, UV spectroscopy, and HPLC chromatography. Methanol
extracts of these samples were evaluated for flavonoids, phenolic compounds, and antioxidant
capacity. Caffeic acid, chlorogenic acid, vanillic acid, p-coumaric acid, gallic acid, quercetin,
rutin, vanillin, and naringin were identified as main phenolic compounds in extracts by High
Performance Liquid Chromatography (HPLC) analysis.

The principal component analysis (PCA), hierarchical clustering analysis (HCA), and
partial least squares (PLS) were utilized to assess the differences and similarities between
collected samples. Based on FTIR, UV, and HPLC data, the HCA and PCA distributed
successfully the samples tested in separate and clear informational groups depending on their
total chemical compounds content. These findings are also confirmed by PLS analysis.
Keywords: UV-Visible spectroscopy; FTIR; HPLC; Multivariate data analysis; chemometrics.
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