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Abstract. Despite the great therapeutic and industrial valudspidium sativunt.., all scientific reports

have mainly focused on studying its sedglst the first time, the aim of this studly to determine the
effects of extraction methods and solvents on the phenolic cordadtthe antioxidant capacity of
Lepidium sativumL. aefial parts and roots. Different techniques such as macera8omxhlet and
ultrasoundassisted extraction were applied. The antioxidant effects were examined by fouR,sts;
diphenytl-picryl-hydrazythydrate (DPPH), 2,2-azincbis(3-ethylbenzothiazoling-sulfonic acid
(ABTS), reducing power and phenanthroline assays. The greatest cohtetdl phenolic content was
obtained for the methanolic fraction of aerial parts prepared by maceration while the chloroformic
fracion of roots extracted by tHaoxhletgave the highest content of total flavonoidssativumfractions
demonstrated good antiradical and chelating activikiéggh-performance liquid chromatograpifPLC)
profiles revealed the presence of flavonojisnolic acids and other phenolic compounds. However, the
fraction obtained bySoxhlet was the richest in bioactive compounds compared to that prepared by
maceration. Multivariate analysis showed thasatium fractions belong to three distinct typestémms

of their polyphenolic content and antioxidant adyivi

Keywords: Lepidium sativum L. principal component analysisphenolic compoundsHPLC-DAD,
antiradical activity, chelatingapacity

Introduction

Recently, the use of bioactive compounds from roewl plants as therapeutic
agents has been an important area in biomedical and natural products research
(Mgbeahuruke et al, 2017). Typically, bioactive compounds of plants are produced as
secondary metabolites. These compounds can be divided inerthjer categories;
terpenoids, alkaloids and phenolic compounds. Taking into deradion the great
variations among bioactive compounds a@hd huge number of plant species, it is
necessary to build up a standard and integrated approach to scredor ¢l
compounds carrying human health benefits (Azmir et 2013. This approach is
initiated by extraction and followed by the determinationhafquantity and quality of
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bioactive compounds. Technically, various procedwesused in the extractionfo
medicinal plantsncluding maceration, infusion, decoction, hydrsiliation, Soxhlet,
microwave and ultrasourassisted extractionAgwanidg 2015. The choice of an
appropriate extraction method depends on many factors sisthbé#y to heatnatue

of the solventduration of extractionthe requiredfinal volumeand the intended use of
extract eitherfor consumption by humans or for experimental testing (Abubakar and
Haque 2020. Phenolic compounds and flavonoids are responsible foeraev
pharnacdogical properties. Bwever, these compounds have been investigated for their
antioxidant potential which is mediated by their hydroxyl groups that are able to
scavenge free radicals and chelate méfalagmunnithum et 312018).

Oxygen is strongly imolved in the initiationof oxidative stress which, although
useful to the body, can lead also to various pathologies in certain situbyichg
formation of very reactive free radicals which are grouped under the term Reactive
Oxygen SpeciesROS). Thege free radicals are geradly very unstable and will
therefore react quickly with the biological molecules that are nearby (Navepes et
al., 2014). Thus,oxidative stress is a phenomenon caused by an imbalance between the
production and accumulatiorf ROS in cells and tises and the ability of a biological
system to detoxify these reactive produ®&fino et al. 2017). However, the use of
medicinal plants with antioxidant properties has been exploited for their ability to treat
or prevent severdiuman pathologies in which oxidative stress seems to be one of the
causes (ShardRad et al.2020.

Lepdium sativumL. belongs to the Brassicacefenily, it is locally known as Hab
Elrachad and aggarden cress all over the world. This plant is abledglabrous, erect
and annual herb (Ahmad et,&015. It is cultivated as a culinary vegetalerldwide,
particularly for its comestible seed ®illn addition, different parts of this plant,
espeially the seeds, have been shown to have a wide rahgaiological and
pharmacological propertie¥ifti Dixit et al, 2020. Young leaves are eaten raw as a
salad or cooked, whilneir seeds are used, fresh or dried, as a seasoning with a peppery
flavor (ZiaUl-Haq et al. 2012. The seeds are bitter, theogenic, depurative,
rubefacient, galactague, tonic, aphrodisiac, ophthalmic, antiscorbutic and
antihistaminic (Diwakar et al.2010. They are valuable in the treatment of lung
problems such as asthma, coughs and bronchitis as well as skin diseabkeas]ia
dyspepsia and lumbago (Gokavi et a004). Furthermore, the seed paste is applied to
rheumatic joints to relieve pain and swelling ZlaHaq et al.2012. Moreover, it was
assumed that seed$ L. sativumcan be a functional foodsome studieshowed that
adding the extractsf L. sativumto fruits can elevate and improve their nutritive value
and consequently the quality of food. Similarly, other works on seeds revealed the
possibility of using them as nutraceutical food ingredientlewlietary formulation and
as food preservatives (John et 2020. Leavesof the same plant wereported to have
antibacterial, diuretic and stimulant properties (Wright e28l07). Kassie et al(2002
have revealed that the juice of an eidghtrold of the whole plant has chemoprotective
properties against@minc3-methylimidazo [4.5]quinoline)}induced genotoxic effects
and colonic neoplastic lesions in rats. Phytochemical studies demonstratdd that
sativumis a rich source of polyphenols as welleasential ois that have huge medicinal
and pharmaceutical applications (Eddouks ¢t28l05. On the other hand, despite the
great therapeutic value df. sativum,it is observed that all scientific reports leav
focused mainly on studyinigs seeds andot the other parts (leaves, stem, flower and
roots).
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To the best of our knowledge, there are no reports describing the chemical
compositionandthe antioxidant potential of the aerial parts and rootk.dativum.
Therefore this first study was carriedut to elucidate the effect of using different
extraction methods (maceratiogoxhlet and ultrasoundassisted extractionsand
different extraction solvents (hexane, chloroform, methanol and water) on the
chemical composition (particularly phenol, flavéth@nd tannin contents) and also on
the antioxidant activity of aerial parts and rootsLofsativumwhich was assayed by
different models DPPH,ABTS, reducing power and phenanthroline tests). Also, this
study aimed to analyze the relationship betweerygi@nols and the rdgioxidant
capacities of the tested fractions. Furthermore,nie¢hanolic fractions of the aerial
partsobtained by different extraction methods were analylzgdigh-Performance
Liquid Chromatography HPLC-DAD) to determine their phenol composition
profile.

Materials and methods
Plant sampling and preparation

The cultivatedLepidium sativun. sampleswere collected in MarcR021from El
Outayaregion situated betweeh4 *ITN a n d '2895N. Bh3 region is located
in the Northwst of Biskra (Algeria) and it is characterized by an arid climatarty
different plant samples were cleaneddaseparated into aerial parts (leaves and stems)
and roots, and then left to dry at room temperature. After dryness, the two different
organs vere gound separately using a mechanical grinder (Sayona Electric Coffee
Spices Grinder, Australia) to obtairfine powder and thepreserved in the refrigerator
at4° Qor further studes.

Chemicals andreagents

All reagents were of analytical grade.xdee methanoll, 10- phenanthroling
Folin-Ciocalteu reagent, sodium carbonate, aluminum chloride, hydrochloric acid,
potassium ferricyanide, sodium acetate, ferric chloride, potassium persulfate and gallic
acid were purchased from Biochem Chemopharman@. Other chemicals namely
chlorofam, quercetin, vanillin, acetic acid, acetonitri2-diphenyt1-picrylhydrazyl
(DPPH, 2,Z2-azincbis-3-ethyl benzthiazolind-sulfonic, trichloroacetic acid were
bought from SigmaAldrich Gmbh (Germayy).

Extraction mehod

Three extractiortechniques were applied for the extractiorbmfactive compounds
from different parts ol. sativumin order to compare their efficiendgllowing the
protocols of(Karoune et al.2015 Dall' Acqua et al.,2020. These techniqueare
divided into conventnal (maceration andoxhlet extractions) and unconventional
(ultrasoundassisted extractiy.

Maceration

Tengrams (D g) of aerial parts and roots were placed in Erlenmeyer flasks and then
exhausted successively with variousveols of increasing polarity; started with hexane
(to remove pigments and fatty components), followed by chloroform, methanol and
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ended with distilled &ter. Each mixture was left to maceratelerstirring in the dark
at room temperature fordd. The extadion process was performed by using) haL
of each solvat.

Sohletassistedkextraction

In a Soxhlet apparatus,Qlg of each organ of the plant weretmcted first with
100mL of hexane. Then, an exhaustion extraction of the remaining plant materfals wit
chloroform, methanol and distilled water was assessed successively in order to allow the
release of maximum active compounds. The extraction cyctedl&sh for every
solvent. The temperature was fixed 8t°6Cor the solvents except for distilled wate
(100° C) .

Ultrasoundassisted extraction

The ultrasoundassisted extraction was performed in a Bandelin Sonorex Digetec
model (Typ: DT 514, Germany) umg 290 W of power and 35 kHz of frequency.
Aerial parts and rootwere placed in a beaker separatatylsubjected td h extraction
with 100 mL of hexane,chloroform methanol and distilled watesuccessivelyat a
constant temperature 0068 C .

Phenolic composition determination
Total phenols contenflC)

Following the method of Muller et al2010, the toal phenolic content of the
studied fractions was measured usitige Folin-Ciocalteu reagent. Oné&undred
microliters (1@ pL) of Folin-Ciocalteu (16fold dilution) and BpuL of sodium
carbonate (N& O3, 7.5%) were added tddZ.L of each fraction imethanol o distilled
water . mg/mL, 3 replicats per sample). Then, this mixture was incubated2fbrat
room temperature in the dark. The absorbance was measuresiran T8ing a 9évell
microplate reader (Thermo Scientffit Multiskan Sky Singapore ref: 5111700DP).
Contents results were expressed in micrograms of gallic acid equivalents per milligrams
ofdr y e x t GAELnygDE]. Tihg calibration curve was performed using gallic acid
at different concentrations 06275, 100, 125, 150, 175 and 20 pg/mL.

Total flavonoids contentT{FC)

The content of flavonoids was evaluated using the alumichioride colorimetric
met hod ( T 200% Hifty enicroliteds (® pL) of each extract were mixed with
50pL of al umi n um6HLOh2A%P andlB80@L of 29 S@lium acetate in
wells of a 96well microplate. The microplate was then incubated irk d& room
temperature for 2.B. After incubation, absorbance was determined atrnd.0The
results are expressed i n EQn)oftheuexactawite nt o f
reference to the calibration curve for quercetin (obtained at different coato@ms
from 25 to 2@ pg/mL).

Condensed tannin content{TC)

Tamin content was performed using the vanillin colorimetric method as described by
(JulkunenTiito, 1985. Ten microliters (@ pL) of each plant extractl(mg/mL) were
mixed with 1% pL of 4% vanllin solution (in methanol) and®uL of concentrated
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hydrochloric acid. After 2@nin of incubation, the absorbance was obtained @ngb
Tannin ©ontents were presentells g equi val ent of catechin
EC/mg) usingthe catechin standard oee.

HPLC-DAD analysis

To study the phenolic compounds profile from the methanolic fractiohs sHtivum
aerial parts obtained by maceratiord&oxhletextractionmethodsHPLC analysis was
performed using AgilenHPLC 1100apparatus, coupled withdV detector and diodes
array systemAD), equipped with a quaternary rapid separation pump and Hypersil
BDS-C18 column % um, 250x% 4.6 mm). The molle phase cosisted of eetic acid
(0.2% in water) as solvent A and acetonitrile as solvent B in a linear gradieftrfon 3
at a flow rate of & mL/min. This phase started with 95% of solvent A and ended with
100% of solvenB. The column temperature waet to 8 ° Gnd the injetion volume
was bu L . e wabelength was set to@8m for the detection of phenolic compounds.
Identification of genolic compounds was carried out by comparing their retention
times with that of standard injected in the saoeditions.

Antioxidant actvity evaluation
DPPH radical scavenging assay

The scavenging abilities of. sativumfractions obtained from different extraction
methods were determined according to Bouchoukh €éR@19. This assay consists in
estimating e reduction oDPPHwith a dscoloration generated by the antioxidant to
be examined. Briefly, @uL of each extct at different concentrations (5225, 50,
100, 200, 400 and 80 pug/mL) dissolved in methanol or distilled water were blended
with 160 uL of 0.1 mM DPPHradical solutionm methanol. After @ min of incubation
in the dark, the decrease @PPH absorption vas measured at Bhm using a
microplate readeBHT was used as a positive control. The scavenging effdaP&H
radical was calculatefdllowing Equationl:

AC —AF

DPPH Scavenging ef fect (%) = T

X100 (Eq.1)

where AC andAF are the absorbances of control and fraction at 30 min, respgctive
This activity was expressed B30 (L g/ mL) whi ch corresponds to
that causes®n of inhibition.

ABTSradical scavengng assay

ABTS radical scavengg effect was carried out following the protocol of Re et al.
(1999. ABTS" was prepared by mixin§ mL of 7 mM ABTS and5 mL of 2.456 mM
potassium persulfate and kept in the dark at room temperatures far Then the
mixturewas adjusteavith distilled water untigetting an absorbance of 0.76@.020 at
734 nm. After that, 16 uL of ABTS*'s ol uti on were added to 40 |
various concentrations (18,25, 50, 100, 200, 400 and 80 pg/mL). Methanol anBHT
wereused as negative or giive controls respgively. After 10 min of incubation, the
absorbance was determined a# igh. ABTS" scavenging activity was expressed as
ICso (Mg / mL) . T h e ABTSHreebradical avas detdrmined as belomw
Equation2.
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ABTS scavenging effect = M:;'l X100 (Eq.2

where AO and Al are the absorbaisa# control and fraction at 10 min, respectye

Redicing power activityRP)

Thereducing power effect was assessed according to the method of Qi/2&6)
Ten microliters (D pL) of each extract at differérconcentrations (3.1 6.25, 125,
25, 50, 100 and 20 pg/mL), 40 pL of phosphate buffer (pH 6.6) and B L of
potassium ferricyanide (1%) were added for each well of the microplate. Aftar
incubation at B ° C50 pL of trichloroacetic acid (10%) 4 ®f distiled water and
10pL of f dde r(He@t, 04%)|I were then added respectively to the first
mixture. For comparison, methanol and ascorbic acid were used as negative and
positive contols, respectively. Absorbance was measured at 700 usmg a
microplate reader. In this activity, highabsorbance values mearmgreater reducing
power effet.

Phenanthroline activity (Phen)

Thephenant hroline assay was deshka€zermakaed by
et al. (2008 . Ten mi cr) oflthe tested extratt htOdiffguent concentrations
(3.1%5, 6.5, 125, 25, 50, 100 and 20 pg / mL ) , 503PL2%WYf, FIBCI plL
phenanthrolingl 0 . 5 %) and finally 110 pL -wéll met han
microplate. After ® min incubation at 8° Cthe absorbance was then measured at
510 nm. MethanbandBHT were used as negative and positive controls, rasphyct

Statistical analysis

All data are expressed as Mesastandard deviationSD). Three replicates were
conducted for eachest. Statstical analysis was performed usidgNOVA oneway
followed by Tukeys HSD for multiple comparisons between studied groups.
Correlations between all variables were determined. Moreover, hierarchical cluster
analysis HHCA) and principal component analgs(PCA) were performed to identify
groupings, similaritiesor differences among all analyzed plant fractions according to
statistically independent variables. This analysis was based on the reSIMS,diC,
CTC,DPPH,ABTS, RPand Phen testResultswereconsidered statistically significant
when P-values wee below 0.05.Statistical tests were performed using Statistica
software (version 6, 2001).

Reaults and discussion
Effect of extraction technique and solvents on extraction yields

The effect of diffeent extraction techniques using water, hexane, meithemd
chloroform solvents on the extraction yi@fiL. sativumaerial parts and roots is shown
in Table 1. Globally, results showed that the methanolic fractiorthef aerial pars
prepared by macerah gave significantly B < 0.05 the highest extractiogield by
15.65%. The comparison of the thmedraction methods showed that in general,
maceration was moreeffective than Soxhlet and ultrasoundssisted extraction.
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Conversely in rootsmethanolicand chloroformic fractions obtained I8pxhlet, were
moreyielding productively than other techniggi

Forthe effect of the used parts on extraction yield, results showed that aerial parts of
the plant recorded the highest values than roots. Moreoverthése two parts,
extraction using methanol as a solvanhieved the greatest yield values compared to
other solvents. On the other hand, the evaluation of the extraction yield was less
efficient in ultrasounehssisted extraction. In this study, the estin yield found forl.
sativumaerial part fractions wahigher compared to that of seed extractented by
Aydemir and Becerik2011)

Table1. Extraction yields of L. sativum fractions obtained by different extraction methods

Yields (%)

Extraction Aqueous fraction Hexane fraction Methanolic fraction Chloroformic fraction

method | Aerial parts Roots Aerial parts Roots  |Aerial parts| Roots |Aerial parts Roots
Maceration | 9.03:0.02% | 3.080.0008 | 2.4A40.01* | 0.80t0.0002 | 15.65:0.1* | 2.46t5.6° | 6.29+0.01? | 0.501+0.0(22

Soxhlet 0.64t0.01° | 0.53:0.01° | 1.98:0.01° | 0.39:0.003° | 12.59:0.03 | 8.270.004* | 3.903:0.3* | 0.570.03°
Ultrasound | 1.14:0.1° | 0.302:0.02° | 2.12:0.0®° | 0.2670.01° | 7.6%:0.7° 3.950.3° | 1.82+0.04° | 0.28:0.22

Data are expressed as Mea8D, 3 replicatesper sample Means in each column followed by a
differentletter aresignificantly different P< 0.05, oneway ANOV A followed by Tukeys test)

Extraction efficiency generally depends on the polarity of solvents, temperature,
extraction time and the comptisn of extracts. It has been reported that extraction in
highly polarsolvents resulted ia high extract yield (Nawaz et aR020. In this study,
extraction yields obtained by maceration were found to be high in methanol and water,
two polar solventsthen in nepolar ones (hexane and chloroform), but thiatree was
not accurate in the case of usiBgxhlet and ultrasoundssisted extraction methods
where the fractions prepared using water yielded less than those frpatansolvents.
However, itis necessary to mention that these extraction yields vaheasot stightly
connected to the phenolic composition of the studied samples or their antioxidant
effects because there could be different compounds with antioxidant effects apart from
polypheo | s ( JMonend et@l2019).

Effect of extration technique and solvents omPC, TFC andCTC

The amounts of phenolic compounds in all tested fractioris. gativumaerial parts
and rootsarepresented ifrigure 1A. Among all sampleghe methanolicfraction of the
aerial parts prepared by maceration conthirtbe highest quantity of phenolic
compounds followed by the hexane fraction obtainedSbyhlet (149.84+ 2.1 and
125 . 7TGAHimp, respectively). Despite the high polarity of water, #ugieous
fractions were found to be less efficient compared to atbeentswith low polarity.
This result can be explained by the high chemical structure varieties of phenolic
compounds which make them react differently towards the fboalteu reagen
(Abu & al., 2017. It is observed that the amounts of phenolic cammgs in the
aqueous fraction areremarkably enhanced when usisgnification.These results are
in accordance with other studies which revealed an improveiméme photochemical
contents extcted after sonification (Lanez and Ben Hago@d@17). Soxhlet was
recorded to be more efficient than reeation and ultrasourassistecextraction in the
hexane fraction. On the other hand, methanolic and chloroformic fractions extracted by
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maceration exbited higher phenolic contents than those obtainedSbyhlet or
ultrasoundassisted extraction methods. Similar results were found.feativumseeds
which revealed that methanol extract prepared by maceration has maximum total
phenolic content compateéo water and ethanol extracts (Aydemir and Bec@0K 1).
However, the efficiency of the maceration method could be related to the iextract
time which represents an important parameter. Accordingato et al. 2020, the
degradation or polymerizatioreaction of the phenolic compounds could be provoked
by extration duration and the longer extraction time increased the total phenolic
content. Furthermore, high&PC of root fractions were obtained Bpxhletcompared

to the other two applied meths.

The total flavonoid contents oL. sativumfractions obtained o three different
extraction methods are reported kgure 1B. Findings showed that the highest
content of flavonoids was achieved for the chloroformic fraction of roots 426)0
QE/mg), while it is lower for the aqueous fraction of aerial parts prepared by
maceration. Similar results reported thide chloroformic extract of Merremia
borneensisleaves had the highestTFC compared to hexane and water extracts
(Amzad Hossain and ShaR015. Both for aerial parts and roots, there were no
significant differenes (P > 0.05) between the content of flavonoids and the studied
extraction methods ihe hexane fractionOn the other hand, thetal flavonoid
contentswere higher in root fractions thaim aerial parts fractions. Results also
indicated that fractions fra roots preared bySoxhlet exhibited higher contents than
those prepared by maceration or ultraseassisted extraction methods. On the
contrary, these two last techniques were the nedfgtctive methods of extracting
flavonoids from aerial parts tha&oxhlet. Pos#bly, these findings could be related to
the effect of the temperature factor as it had a significant effeCiR& and TFC
according to Alide et al.2020 who reported thathe TFC of aqueous garlic extracts
increased in cooking temperaturen Qhe oppoie, some studies revealed that
excessive temperature might also degrade and decompose some phenolic compounds,
causing lower contents of these compounds (Hasni.e2@21). Thus, this might
explain the significant reduction ofFC in aerial @rt fractims when usingthe
Soxhletmethod. Moreover, from these findings, it is estimated that flavonoids present
in aerial parts were more sensitive to heat than those present inwioiots might
confirm the variations in the phenolic composition betw#&em.

For the determination of the contents of condensed tannin, the results revealed that
in almost allL. sativumfractions obtained with macerah, Soxhlet or ultrasoune
assisted exaction methods were statistically similaP ¥ 0.05 (Fig. 1C) which
means thatthe extraction technique had no effect on the concentratiofCBE.
Moreover, the tannin contents in the hesamdchloroformic fractions (9.2 7.2 and
8.04+0 . 1 CHg/mg, respectively) obtained from aerial parts were important
compared to other analyzed fractions. From obéained results it can be observed
that theCTC are not dependénn the solvent polarityin addtion, the tannin contents
of different fractions fromaerial parts and roots df. sativumwere very low
compared tarPC andTFC contentsBased on the used parts, results indicate that the
high content of tannin was recorded by aerial parts frastioonpared to root
fractions where it was verpw.

In view of TPC, TFC andCTC results, extraction df. sativumusingdifferent parts,
solvents and extraction methods extracted different and diverse groups or classes of
phenolic compouts.
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Figure 1. Effect of extraction techniques and solvents on (A)tdtad phenolic contenfl{PC),
(B): the total flavonoids contenTFC) and (C): the condensed tannin conteitC). Data are
expressed as MednSD, 3 replicates per sampleFor each fraction, means ibars followed by
a different letter are significantlyiffierent (P< 0.05, oneway ANOVA followed by Tukés test)

HPLC-DAD analysis

Methanolic fractions ofL. sativum aerial parts obtained via maceration and
Soxhlet extraction methods were analyzed ByPLC-DAD. Overall, thirty
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compounds were detected anemtified, which belongd mainly to phenolic acids

and flavonoids classefn general, the methanolic fraction obtained $xhlet was

the richest in bioactive compounds compared to that prepared by maceration, as it
had a variable profile. These results aled a differencdrom those obtained from

total phenolic content determation which indicated that fractions prepared by
maceration have high phenolic contenartithose prepared b$oxhlet. This can be
explained by the fact thadPLC analysis is more geific, while spectrophometric

tests are more general and practically @ompound could react witthe reagent
(Prokopiou et al.2021).

Among these detected compounds, eight phenolic acids including syringic, iso
vanillic, resorcylic, vanillic, dinitrgalicylic, nrhydroxycimamic, salicylic and,45-
trimethoxy benzoic acidsfive flavonoids namely catechin, orientin, vitex2rO-
rhamnoside, rutin, quercet®B-D-glycoside as well as aesculetin6, i
dihydroxycoumarin) as coumarin derivatives and reasotcas biphasic phenial
compounds were detected in both fractions amaly@hether prepared by maceration
or Soxhlet.

On the other handl,2-di-hydroxy-benzene and cinnamic acid were discovered
only in the methanolic fraction obtained by maceratibig(2 A). Compounds such
as gallic acid, hydroxyquinone, vanillin anebaisic acid as benzoic acid derivatives
as well as dhydroxycinnamic, caffeic, sinapic, -lBydroxy-4-methoxycinnamic
acids as cinnamic derivatives, plus, luteelhglycoside, quercetin '4glucacside,
myrecetin and caffeine were identified only ihe fraction pepared bySoxhlet
(Fig. 2 B).

By comparing the twddPLC profiles, the results showed a qualitative variability
between the analyzed methanolic fractions obtained by different satrdechniques.
Thus, it is suggested thahe extraction method could fluence the phenolic
composition. Moreover, this variation may be also affected and influencetieby
temperature factor which is appliedtime Soxhlettechnique. According to De ISa et
al. (2010, structural variation of secondary metabolites can H@emed through
enzymatic transformations such as methylation and hydroxylation due to the
temperature effect. In their study, Kim et &0(12 reportedalso thatthe content of
caffeic acid derivatives fronkigularia fescheriincreased when extracted witiot
water.

By comparing our resultso the literature we found that eight of the detected
compounds including gallic, caffeic,ingpic, cinnamic, salicylic, vanillic and
hydroxycimamic acidsas well as quercetin have been previously identified..in
sativumseeds and callus extracts (di-Haq et al.2012 Nayak et al.2012 Elguera
et al.,, 2013 Asad Ullah et al.,2019. Wheras, seventeen compounds namely
syringic, isoevanillic, resorcyic, dinitrosalicylic, 3,45-trimethoxy benzoic, 3
hydroxy-4-methoxycinnamic acids, catechin, orientin, vitei©-rhamnoside, rutin,
aesculetin, resorcinol,1,2-di-hydroxy-benzene, luteold7-glycoside, myrecetin,
caffeine and vanillin, were @htified aml recorded for the first time ih. sativum
aerial pats.

In general, HPLC-DAD analysis showed that the percentage of phenolic acids in
the methanolic fractions obtained by macerationSoxhlet methods in the total
content of phenolic compoundas higherthan that of flavonoids. These obtained
results are in aardance with those obtained by quantitative determination of H&
which revealed low contés
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Figure 2. HPLC profile of methanolic fraction of L. sativuaerial parts obténed by (a) the
maceration and (boxhletassistedextraction methodqA) 1: resorcinol,2: 1,2-di-hydroxy
benzene3: catechin4: resorcylic acid5: vanillic acid, 6: aesculetin/: syringic acid,8:
isc-vanillic acid, 9: dinitrosalicylic acid,10: p-hydroxybenzaldehydé&]1: orientin, 12:
vitexin-2-O-rhamnoside 13: n-hydroxycinnamic acidl4: rutin, 15: quercetin3-B-D-
glycoside 16: salicylic acid,17: 3,4 5-trimethoxybenzoic acid,8: cinnamic acid(B) 1:
gallic acid, 2: hydroxyquinone3: resorcirol, 4: catechin,5: caffeine 6: resorcylic acid,7:
aesculetin8: di-hydroxycinnamic acidd: caffeic acid,10: vanillic acid, 11: iso-vanillic acid,
12: syringic acid,13: dinitrosalicylic acid,14: p-hydroxybenzaldehydel5: orientin, 16:
vitexin-2-o-rhamnoside 1 7: vanillin, 18: n-hydroxycinnamic acid, 19: rutin, 20: sinapic acid,
21: quercetin3-b-d-glycoside 22: luteolin-7-glycoside 23: salicylic acid, 24: 3-hydroxy4-
methoxycinnamic aci®5: o-anisic acid,26:q u e r c -glucbside 2Z:18j4 5-

trimethoxybenzoic aci®8: myrecetin
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Antioxidant activity evaluation

The DPPH inhibition percentages of. sativumfractions obtained wh different
organs and extraction techniques are reportdelgare 3. Overall, results showed that
the percent of intiition increases with increasing fractions concentration. For aerial
parts, results indicated that fractions obtdifey the ultrasoundssisted extraction
exhibited greater inhibitory effects than those prepared by maceratiorSondiet
methods. In conast, theSoxhlet extraction demonstrated the maximum scavenging
effect of DPPH compared to the maceration method foots while the ultreound
method recorded the lowest scavenging percentages. However, the aqueous fraction of
the roots showed nearly ttsame scavenging effect for all tested techniques. On the
other hand, the highest inhibition DPPHradical was obtaed with methaal.
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Figure 3. DPPH scavenging effect of L. sativui) (@queous, (B) hexang;) methanolic and
(D) chloroformic fractons from aerial parts and roots obtained with different extraction
techniquesAF: aqueous fractionHF: hexane fractionMF: methanolic fractionCF:
chloroformic fraction, A: aerial partsR: roots, M:maceration, Ssoxhlet,U: ultrasourd. 3
replicatesper sampleAll data was significant when compared to standard

Similar to DPPHtest results, th&BTS scavenging effect percentagesLofsativum
different fractions raised with increasing concentrations of efeltion ig. 4).
Results showed that thequeous fraction from aerial parts was the most effective in
inhibition ABTS free radicals for all tested methods, and it was even higher than the
positive control BHT (87.3L, 89.85 and 93&%, respectively at a1) 400 and
800 gmL) in the case of usingltrasoundassisted extraction technique (91,.92.79
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and 95.9%, respectively at the same tested concentrations). Contrariwise, the aqueous
fraction from roots exhibited weak efficiency comparedBtdT. However, extraction

with maceration an@oxhletremrded an important scavenging effect in hexane fraction
from aeral parts compared to this obtained with ultraseassisted extraction which

also showed a low and poor effelcikewise, this last method exerts the weald&BTS
savenging capacity fothe hexane fraction obtained from roots while the maceration
method ahieved the highestapacity.
scavenging ability of the methanolic fraction was remarkable and almost similar for
both aeri&d parts and roots at theighest studied concentrations. Moreover, the
effectiveness of cbroformic fractions from both aerial parts and roots to intABTS
radicals was higher with maceration gukhletwhereas it was lesser and weaker with
theultraundassisted extractiomethod.

ABTS scavenging effect (%)
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Figure 4. ABTSscavenging effect &f sativum (& aqueous, (B hexane, (©§ methanolic and

(DY chloroformi fractions from aerial parts and roots obtained with different extraction
techniquesAF: aqueous fractionHF: hexane fractionMF: methanolic fractionCF:

chloroformic fraction, A: aerial parts, R: roots, Nhaceration, Ssoxhlet,U: ultrasound 3
replicates per sampleAll data was significant when compared to standard

Phenanthroline and reducing power assays were tested tstigat the capability of
plant fractions to reduce metallic ire.

The results ofthe phenanthroline assay showed that #ixsorbance values a&f.
sativum various fractions were increased withising concentrations of fractions
(Fig. 5). As shown in thidigure, the positive contrdBHT was more effective than all
tested fractions. For aerial parts, methanolic and chloratofractions obtained by
ultrasoundassisted extraction an&oxhlet methods respectively gave the highest
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absorbance values comparedother fractions. Furthermore, extraction wibxhlet
recorded also great absorbance values for all root fractions aghepsdraction with
ultrasound showed the lowest vedu
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Figure 5. Absorbance values &f sativum (& )@queous, (B)dhexane(Co)dnethanolic and
(D6)&hloroformic fractions in phenanthroline assay at 510 AF.aqueous fractiortiF:

hexane fration, MF: methanolic fractionCF: chloroformic fraction, A: aerial parts, R: roots,
M: maceration, S: soxhlet, U: ultrasour®lrepicates per sampl&ll data was significant

The reducing power of plant extracts was determinsingFe*® to Fe? reduction

when compared to standard

assay, whereby the yellow color of the test solution changes to various shades of green
which dependsmthe reduction capacity dfie tested extract (Qingming et a2010.
The results revealed that ascorbic acid as aipesiontrol was moreffective than all
the tested fractions. In addition, aqueous, methanolic and chloroformic fractions from
aerial parts prepared respectively by macerati@oxhlet and ultrasoundssisted
extraction exhibited theighest absorbance weds at 20Qu g / m L paedtonthe other

fractions Fig. 6).

Ove and above|Csp values were determineftom the inhibition percentagef
DPPH and ABTS radicals curves while #s values werecalculated from the linear
regression graph of absorbance resulting from phenanthroline and reducing power tests
(Table2). Meanwhile, plant fraction with loWCso or AosVvalues is considered to have

potent antioxidant actity.
Forthe DPPHassay, hexan chloroformic and methanolic root fractsiollowed by
and methanolic aerial

aqueous

parts fractions

showed

the

lowest

(ICs0<12.5u g / )waélues referring to sty antioxidant activity. Addibnally, these
fractions present the same capacity aspibative controlBHT. Moreover, methanolic
and hexane root fractions obtained with maceration exhibited also great antioxidant

capacities whictwere characterized by thlow ICso values(ICso=13.9+ 0 .

andICsp=17.73+t0 . 6

67

Mg/ mL

prespentilzely) It is observed also that fractions from roots
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generally have a highddDPPH scavenging effect than those from aerial parts for all
examined extraction techniqudsiom the obtaiedresultsof the TPC, TFC andCTC
analysis, itis suggested tlidhe DPPHscavenging activity was associated with T
which was found to be higher in root fractso
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Figure 6. Absorbance values &f sativum (A pafjueous, (B phzxane, (6 pniethanolic and
(D6 Gchloroformic fractions in reducing power assay at 700 Af.aqueous fractiontHF:
hexane fraction MF: methanolic fractionCF: chloroformic fraction, A: aerial parts, R: roots,
M: maceration, S: soxhlet, U: ultrasound replicates per sampléll data was significant
when compared to standard

The scavenging activity assessed BBTS showed that the aqueous aerial parts
fraction extracted by the ultrasowadsisted extraction was the mogbwerful
(IC50=38.18+t2. 05 png/ mL) c 0 mp drackods but d@s capadityewas t e st e
lower thanBHT as a positive control withCso<1 2 . 5 L.grgdddition, aqueous,
chloroformic and metheolic aerial parts fractions extracted respectively by maceratio
Soxhlet and ultrasoundssisted extraction showedjood antiradical activity
(IC50=67.50+ 1.05,72.44+ 2.8,77.29+ 1.4 g L,mespectively). Conversely ©OPPH
test findings, results reveal@d the main that aerial parts fractions have highBiT'S
scavenging activity than those obtained from roots. ©h&ined results are in
accordance with the amount ®PC andCTC present irthe aerial parts fractions. On
the other hand, aerial parts anatrdractions display different activity againsPPH
and ABTS tests. This difference may due to the fact tABITS radicals detect the
antioxidant capacity of both hydrophobic and hydrophgubstances, whil®PPH
detects primary hydrophobic antioxidafRafinska et al.2019).

Globally, the chelating effect investigation evaluated by phenanthroline showed that
agial parts were more efficiehan roots for all tested techniques. The lowest values of
Aos were obtained by aqueous dtmn prepared with ultrasound
(Aos5=22.11+ 09 ug/mL), followed by chloroformic and hexane fractions prepared
with Soxhlet (Aos=23.20+ 1.7 uyg/mL and As=23.55+ 0.9 ug/mL, respectively).
Furthermore, the methanolic fraction obtained by the ultrasassdéd extraction that
records the highest absorbance presents also a good antioxidant capBdity.
exhibited excellent ardkidant activity fos=9.71+ 0.9 ug/mL) and it is very high
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than the tested fractions. Concerning the reducing power assay, resuteddatat all
fractions ofL. sativumhad low and weak antioxidant activities where thg ¥alues
were very highcompared to ascorbic acid ¢A=6.52+ 0.07 pg/mL). Although the
reduction activities fromL. sativumfractions were less than those observgdtte
positive standard, this study revealed that lthesativumaerial parts and roots have
primarily antioxidam capadiy.

Table2.1Csp and A svalues of antioxidant activity &f sativum fractions obtained with

different extractiortechniques

Extraqtion Samples DPPHICso ABTS ICs0 Phen Aos RP Aos

technique (Og/ mL) (Og/ mL (O0g/ m| (Og/ m
BHT <125 <125 9.71+ 0.9 -

Ascorbic acid - - - 6.52+ 0.07°
AFA 481.82+ 9.48% 67.50+ 1.06™ 26.2+ 0.3ij | 189.41+0.72
AFR 106.3+ 11.079 754.38+ 1.9? > 200 > 200
. HFA 675.67+ 6.12° 174.20+ 5.2 42.06+ 2.2 > 200

Macerdion
HFR 17.73x 06" > 800 > 200 > 200
MFA 414.4 + 209 178.70+ 9.1 144.67+ 6.2% > 200
MFR 13.9+ 0.67" 341.12+57 > 200 > 200
CFA 778.74+ 4632 90.44+ 0.3 51.08+ 1.6" > 200
CFR <125 259.27+ 1.6 161.66% 1.9 > 200
AFA 543.01+ 11 9° 213.11x 22" 26.32+ 851 > 200
AFR 21.34+ 52" 298.65+ 1.4¢ 12399+ 0.3 > 200
HFA 773.06+ 1312 226.96+ 1.99 23.55+ 0.9 > 200
HFR <125 310.21+64° | 158.80+ 2.7 > 200

Soxhlet .

MFA 463.14+ 3.7% 96.28+ 3.9 125.78+ 0.8 > 200
MFR <125 107.27+ 2.1 85.65+ 2.79 > 200
CFA > 800 72.44+ 28" 23.20+1.71 | 169.38+1.2°
CFR <125 178.22+ 2.3 111.91+ 1.2 > 200
AFA <125 38.18+ 2.06" 22.11+09 > 200
AFR 36.8+3.1" 594.31+ 131° > 200 > 200
HFA > 800 > 800 174.18+ 2.2%® > 200

Ultrasound HFR 526.17+ 49.06™ > 800 > 200 ) > 200
MFA <125 77.29+ 1.4™ 30.05+1.011 | 177.51+9.9°
MFR 25.79+ 88" 631.26+ 5.8° > 200 > 200
CFA > 800 > 800 167.61+ 2.6b° > 200
CFR > 800 > 800 > 200 > 200

Data are shown as meamDS, n= 3, Means in each column followed by different lettersnfaare

consi der ed sb,gneway ANOYA followed byOTukBys test),AFA: aqueoudraction

from aerial partsAFR: aqueous fraction from root$JFA: hexane fraction from aerial partsfFR:

hexane fraction from root&JFA: methanolic fraction fronaerial partsMFR: methanolic fraction from
roots,CFA: chloroformic fraction from aerialarts, CFR: chloroformic fraction from roots

Aydemir and Becerikq011) reported that the methanolic extract.obativumseeds
showed chelating effects on*B¢ICso= 137.19u ¢mL) and DPPH scavenging activity
(IC50=31891u g/ mL) . Mor eover, our results were
Rafinska et al. (2019) who shed that seed extracts had the lowest inhibitory
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concentrations for DPPH and ABTS methods and the most iedeeixtraction
technique was maceration and ultrascasdisted extraction.

Correlation between antioxidant activitiegjelds and polyphenolic cdents

Pearsors coefficients were calculated to identify the correlative relationship between
the antioxidah effects assayed by DPPH, ABTS, phenanthroline and reducing power
tests, and the total phenolic compounds contents #dsaweextraction yields irl.
saivumfractions obtained with different extraction techniquish(e 3).

Table 3. Matrix of correlatiin between antioxidant assagstractionyields, TPC,TFC and

CTC
Yield TPC TFC CTC DPPH ABTS Phen

TPC 0.64*

TFC -0.35 -0.14

CTC 0.13 0.58* -0.01
DPPH 0.09 0.35 -0.02 0.52*
ABTS -0.45* -0.69* 0.21 -0.42* 0.10

Phen -0.24 -0.68* 0.14 -0.55* -0.26 0.80*

RP -0.21 -0.39 -0.17 -0.28 -0.13 0.35 0.46*

*Significant

c o rTPC total phadic contentfTHC: tdtak favololsls contenCTC:
condensed tannicontent, Phen: phenanthroliriRP: reducing power

Reailts showed a significant and positive correlation between the extraction iyeeld a
the total phenol contents £10.64, p<0.05), ad a negative correlation witABTS
scavenging activity @& -0. 45, p<0.05). The total phenol content was positively correlated
with the tannin content é 0.58, p < 0.05) andDPPHscavenging activity (& 0.35 while it
correlated negatiyye with ABTS (r=-0.89, p<0.05) and phenanthroline £r-0.63,

p < 0.05) assays. Although many studies repoaestrong association between the total
flavonoid contents and antioxidant activity (Bhardwaj e2&20, ourresults indicated that
the corredtion cefficients between the total flavonoid contents and antioxidant activities
measured bYpPPH,ABTS, phenanthroline and reducing power were very low and weak.
The tannin contents were correlated positively wilRPPH (r=0.52, p<0.05) and
negativelywith ABTS (r=-0.42, p<0.05) and phenanthroline £r-0.55, p<0.05). A
strong, significant and positive correlation was observed between phenanthroliiglahd
(r=0.80, p<0.05). Also, there was a positive and signiiicacorrelation between

phenanthrahe and reducing power £0.46, p < 0.05).

Baxd on the correlation results, tH@PPH scavenging activity ofL. sativum
fractions obtained by different solvents and extraction methods was influenced by the
extraction yield total phenolic as well as byé condensed tannin contents while the
antioxidant capacity evaluated usiA@ TS and phenanthroline assays was found to be
more affected by th@FC. According to Odabasoglu et alRQ05H, the antioxidant
activity determinatn can be influenced also by thele of nonphenolic secondary
metabolites because the applied antioxidant activity methods are not specific to the
phendic group compounds only. Also, individual phenolic compounds may have
different antioxidant activiti® and their interactions with aoromolecules such as

carbohydrates and proteins may be synergistic or antaigonist
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Multivariate analysis

Principal component analysi®CA) and cluster analysiSCA) were conducted to
reveal groupings, similarities or tifences among all tested studigdnt fractions
extracted by three extraction techniques according to their antioxidant capacities
assayedy DPPH,ABTS, phenanthroline and reducing power assays, extraction yield,
total phenol, total flavonoids and comded tannin contentBCA is a mutidimensional
descriptive statistical methdtlat shows the distribution of variables (loading plot) and
samples (score plot). HoweveGA is performed to define how studied samples
clustered together depending on the afales.

In PCA plots, the first tvo principal components axis account for ®£of the total
variance Table 4). PClL describes 44.23% of tad variability with the highest
eigenvalue (3.53) and had high positive loadings of phenanthroline (0.45\Barfsl
(0.43) as well as negative loadsgf total phenol content(.48), tannin content@.37)
and extraction yield-0.30). Since their loadgs had the opposite sign ®C1, the
combination of these variables suggested that the content of polyphenolicurmspo
and extraction yield had nafluence on antioxidant activity assayed by phenanthroline
or ABTS methods.PC2 accounted for 17.67% ofdhotal variance and displays high
positive loadings of extraction yield (0.43) and high negative loading$Gf(-0.56),
tannin content-0.37) andDPPH (-0.48). Thus, it seems that tifi@PPH scavenging
capacity is related to the flavonoids and tannineats not to the extraction yie

Table4. Loadings values of principal component analysis for the polyphenaiteris and
antioxidant activitieof L. sativum fractions obtained by different extraction techniques

Variables Loadings
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
Yield -0.30 | 0.44 -0.16 -0.62 0.24 0.07 0.43 0.25
TPC -0.48 | 0.04 -0.07 -0.18 0.30 -0.12 | -0.79 | -0.03
TFC 0.12 | -0.56 0.47 -0.25 0.57 -0.17 0.16 0.04
CTC -0.37 | -0.37 | -0.22 0.28 0.18 0.73 0.12 0.14
DPPH -0.20 | -0.48 | -0.61 -0.17 | -0.16 | -0.40 0.21 -0.31
ABTS 0.43 | -0.25 | -0.31 -0.30 | -0.16 0.08 -0.28 0.67
Phen 0.46 0.06 -0.17 -0.37 0.16 0.46 -0.16 | -0.60
RP 0.29 0.23 -0.45 0.43 0.64 -0.23 0.05 0.09
Eigenvalues 3.54 1.41 1.14 0.78 0.57 0.34 0.14 0.07
% variance 4423 | 17.68 | 14.28 9.76 7.11 4.22 1.80 0.91

% cumulative variancg 44.23 | 61.91 | 76.19 | 85.95 | 93.06 | 97.28 | 99.09 | 100.00

TPC: total phenolic contenf[FC: total flavonoids contentCTC: condensed tannircontent, Phen:
phenanthrolineRP: reducing power

From the PCA loadings plot Fig. 7A), the studied fractions of different parts Lof
sativumobtained by three different extraction methods were alienatB€inbased on
the differences inheir total pkenolic content, tannin content and also their capacities to
inhibit ABTS radicals and metallic irons. WhiRC2 was associated with the extraction
yield, theTFC, the tannin content and tiPPHscavenging eéct.
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Figure 7. Principal compaent analysis loading plot (A) and score plot (B) for L. sativum
fractions prepared from aerial parts and roots extracted by maceration (with red cebabjlet
(with blue color) and ultrasound (with green color) methbdsed on antioxidant capacities,
extraction yields and phenolic compounds conteEs.aqueous fractionHF: hexane fraction,
MF: methanolic fractionCF: chloroformic fraction, A: aerial parts, R: roots, Mhaceration,
S: soxhlet, U: ultrasound

The projection of studied samples in teeore plot revealed three groupsy( 7B) and
as genal observations, these groups of samples obtained from different plant parts and
prepared by various extraction methods were not well separated. In addition, & sound
that generally these tested saegplwere grouped depending on their similarity in
polyphenolic contents or on their antioxidant activities not according to the applied
extraction methods. Furthermore, this plot generally showed that root fractions are
separated from aerial parts fractiombich meas that they are different in their phenolic
compositions and antioxidant abilities. Moreover, B@A plots showed that groufp
(G1) was distributed on the positive side RE1 and the negative side &C2. The
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comparison based on the responaeables presented in the loading plot showed that the
samples of this group could be divided into two-guups; thel® one inclued all the
fractions from roots obtained by macerati@oxhlet or ultrasounehssisted xdraction
techniques except the rhanolic fraction obtained b$oxhletis characterized by high
ability in scavengingABTS radicals and chelating metallic irons, while ##one which
including hexane roots and aerial parts tfoacs as well as chlorofmic aerial parts
fraction is chareterized by highfFC. Goup2 (G2) including the aerial parts methanolic

and aqueous fractions as well as roots methanolic fraction which were extracted by
maceration an&oxhletmethods were sdated on the negative sicbf PC1l and positive

side of PC2 and were expressed by high extraction yields and total phenol contents. These
observations showed that using methanol and water as extraction solvents could increase
the extraction yields and phdiwoconcentrations. Thehird group (G3) contained the
aerid parts hexane and chloroformic fractions which were positioned on the negative
sides of bothPCl andPC2. This group was characterized by high tannin contents and
DPPHscavenging capacities. Thukese results indicatédat tannin content contributed

very much toDPPHscavenging actity.

Cluster analysis @A) using Wards and Euclidean distance as measurements of
similarity between studied samples was employ@d. dendrogram revealed that
saivum different fractionswere divided into three cltexs @ 50% of similarity Fig. 8).

Cluster 1 was formed generally by root fractions as well as by aerial parts aqueous and
methanolic fractions obtained by the ultrascasdisted extraction method. Mover, this
cluster cou be divided into two sublusters;a and b. Cluster 2 was included both aerial
parts and root fractions extracted by ultrasound using hexane and chloroform solvents. All
fractions from plant aerigdartsobtained by maceration asdxhletextractions teahiques

were clustered together (Gher 3), indicating that these two techniques have some
similarities and the same effect on the phenolic contents and antioxidant activities.
Additionally, this cluster an be also separated into two listers (c and )d As
illustrated, sukxluster (c)was composed of fractions prepared using water and methanol,
whereas sulsluster (d) was formed by those prepared using hexane and chloroform. Thus,
the CA results confimed the clustering presented in Bf@A score pot.

AFAM
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MFAM
MFAS Cluster 3
HFAM
HFAS (d)
CFAM
CFAS
HFAU
CFAU
GERU |_| Cluster 2
HERU||—
TAFRM|
HFRM ](E)|
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Figure 8. Cluster analysis of Lsativum aerial parts and root fractions obtained with different
extraction methods and solvents
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Conclusion

The effect of different extraction techniques and solvents on the contents of
bioactive compounds, as well as thre antioxidant activity have beenvestigated.
Our study indicated that. sativumaerial parts and roots are good sources of phenolic
compounds and they showed irgsting antioxidant propertiesThus, it can be
recommended to use themasatural foa preservativeFurthermoreHPLC analysis
revealed for the first time the presenceseventeen compoundkat wererecaded
and identified in the aerial parts of this speci@kbally, the results oPCA and CA
indicated that the quantitative variations phenolic compounds contents and
antioxidant activity were significantly related to the used parts of plant, solaadts
extraction methds.
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ANOVA tables

Extraction yields of L. sativum fractiondt@ined by different extraction methods

APPENDIX

Yields (%)

Extraction
method

Aqueous fraction

Hexane fraction

Methanolic fraction

Chloroformic fraction

Aerial parts

Roots

Aerial parts

Roots

Aerial parts

Roots

Aerial parts

Roots

Maceration
Soxhlet
Ultrasound

9.03+0.022
0.64+0.01°
1.14:0.1°

3.08+0.0008%
0.53:0.01°
0.302:0.02°

2.47+0.012
1.98:0.01°
2.12+0.0°

0.80+0.0002
0.39:0.008°
0.26%0.01°

15.65:0.17
12.59:0.03°
7.6%0.7°

2.46£56°
8.2°#0.0042
3.950.3°

6.29+0.012
3.903:0.3*
1.82+0.04°

0.5010.02%
0.5%0.03%
0.28:0.22
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DETAILED REPORT
Groups Nsuanrl]b;;:f Sum Mean Variance
AAM 3 2.709%8 0.9033L 0.00037005
AAS 3 0.1883 0.06279333 | 8.95745E05
AAU 3 0.342% 0.1142 2.88889E34
VARIANCE ANALYSES
ot | ot | Geeeel | Mt | proabiy | Crealyale o
Betweengroups| 1.33162848 2 0.66581422 | 4345744%8 3.28301E10 5.14325285
Within groups | 0.00091926 6 0.00015321
Total 1.33254775 8
DETAILED REPORT
Groups Numberof samples um Mean Variance
ARM 3 0.925% 0.30842 3.249E-07
ARS 3 0.16033 0.05344333 0.0001049
ARU 3 0.0905 0.03016667 3.3333E09
VARIANCE ANALYSES
Sourceof variation Sumof squares | Degree ofreedom| Average of squareq F Probability Critif;' '\:/alue
Betweengroups 0.14297982 2 0.07148991 203808767 | 3.18E-09 | 5.14325285
Within groups 0.00021046 6 3.5077E05
Total 0.14319028 8
DETAILED REPORT
Groups Number osamples Sum Mean Variance
HAM 3 0.742%6 0.24748®67 0.00029479
HAS 3 0.59619 0.19873 0.0001475@
HAU 3 0.636%7 0.21232333 1.24633E07
VARIANCE ANALYSES
Sourceof variation Sumof squares | Degree of freedon Average of square F Probability
Betweengroups 0.00379845 2 0.00189928 12.87828099 0.0067445%
Within groups 0.00088485 6 0.0001474%
Total 0.0046833 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
HRS 3 0.1183 0.039%6 4.6683E06
HRU 3 0.0791 0.02636667 | 3.3333E07
VARIANCE ANALYSES
Sourceof variation Sumof squares foegergsn?f Aggﬁgsm F Probability | Critical value for F
Betweengroups 0.00472921 2 0.00236461 | 140704721 | 9.6308E09 5.14325285
Within groups 1.0083E05 6 1.6805E06
Total 0.00473929 8
DETAILED REPCRT
Groups Number of sampleg Sum Mean Variance
MAM 3 4.691 156366666 | 0.01501633
MAS 3 3.7698L | 1.25660333 | 0.00053602
MAU 3 2.308% 0.769%3 0
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VARIANCE ANALYSES
32::;;0: Sumof squares 2;9(;3;? A;’g;i?,g of F Probability Critical value for F
Betweengroups 0.96218137 2 0.48109068 | 9280080551 | 3.07083E05 5.14325285
Within groups 0.03110473 6 0.00518412
Total 0.9932861 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
MRM 3 0.73208 0.24402667 1.2162E05
MRS 3 247567 0.82522333 3.0928E05
MRU 3 1.186® 0.3953% 9.25E-08
VARIANCE ANALYSES
Sourceof variation Sumof squares Dfreegggsn?f AggLi?,gSOf F Probability | Critical value for F
Betweengroups 0.5454794 2 0.27271397 18948.035 | 3.967E-12 5.14325285
Within groups 8.6365E05 6 1.4394E05
Total 0.54556576 8
DETAILED REPORT
Groups Nsua?]bjgg Sum Mean Variance
CAM 3 1.8875L 0.62917 7.77259E05
CAS 3 1171@8 0.39034333 0.061H776
CAU 3 054723 0.18241 0
VARIANCE ANALYSES
sgrlijgt:i?r: Sumof squares foegéggrgf Average of squares| F Probability |Critical value for F
Betweengroups| 0.29986895 2 0.149934473 7.32155609 | 0.02455438 5.14325285
Within groups 0.12287099 6 0.02047848
Total 0.42273993 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
CRM 3 0.1506 0.0502 4E-08
CRS 3 0.172719 0.057573 0.00061675
CRU 3 0.08683 0.028% 0
VARIANCE ANALYSES
Sourceof variation Sumof squares foeggggn?f A\slgﬂzggsm F Probability | Critical value for F
Betweengroups 0.0012242 2 0.0006521 3.22038737| 0.11217898 5.14325285
Within groups 0.00123358 6 0.0002056
Total 0.00255778 8

Effect ofextradion technique and solvents @PC

TPC @&E/mg dry extract
Extraction Aqueous fraction Hexane fraction Methanolic fraction Chloroformic fraction
method | Aerial parts Roots Aerial parts Roots Aerial parts Roots Aerial parts Roots
Maceration 50.98+7.6b | 4.56:3.1b | 94.35:8.2b | 0.93t0.09c | 149.84t2.1a | 9.2715a | 114.0%¢165a | 26.122.6a
Soxhlet | 39.5:09b |16.470.7a| 125.7G5.6a | 21.76:2.7a | 115.0%183b | 25.55:34a | 111.863.7a | 32.826.5a
Ultrasound 79.47.3a |12.16t0.7a| 18.2+t4.08c | 6.38t1.04b | 116.4849b | 1638+1.04b | 24.58:1.3b |2..91+0.01b
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DETAILED REPORT
Groups Nsljan:an;gf Sum Mean Variance
AAM 3 15294 50.98 591996
AAS 3 1185 395 0.8848
AAU 3 23842 79.473333 285637333
VARIANCE ANALYSES
sgﬁ;fgg Sumof squarey 2?89;&?(;: A\S/glr;?gsm F Probability Critical value for F
Betweengroups| 25415278 2 12707639 43004704 0.0002773@ 5.14325285
Within groups | 17729667 6 295493778
Total 2718824® 8
DETAILED REPORT
Groups Number ofsampés Sum Mean Variance
ARM 3 1368 456 10.0828
ARS 3 4942 16.4733833 0.61853333
ARU 3 365 12166667 0.56333333
VARIANCE ANALYSES
Sourceof variation Sumof squares foeggdegrgf A\slglziggsd F Probability | Critical valuefor F
Betweengroups 218336567 2 109168133 29073389 | 0.00081832 5.14325285
Within groups 22529333 6 3.75488889
Total 2408656 8
DETAILED REPORT
Groups Number of samplel  Sum Mean Variance
HAM 3 28306 94.353333 67.2401333
HAS 3 37712 12570667 313665333
HAU 3 54.6 182 16.2948
VARIANCE ANALYSES
Sourceofvariation| Sumof squares Tegerggrg A\s/gtzi?:sm F Probability Critical value for F
Betweengroups 18340.0451 2 917002253 23942312 1.89514E06 514325285
Within groups 22980283 6 38300489
Total 1856.848 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
HRM 3 1.88 0.62666667 0.28093333
HRS 3 6528 2176 7.8388
HRU 3 1916 6.38666667 1.09293333
VARIANCE ANALYSES
Sourceof variation | Sumof squares fogggn?f A\s/gLaagrssm F Probability | Critical value for F
Betweengroups 71613476 2 358067378 116600%4 | 1.5782E05 5.14325285
Within groups 18425333 6 3.07088889
Total 734560089 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
MAM 3 44952 14984 46272
MAS 3 32218 | 107.393B3 | 343696133
MAU 3 3201 1067 1311804
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VARIANCE ANALYSES
Sourceof variation Sumof squares Dfreeggciem()f A\S/gjgigf F Probability Critical value for F
Betweengroups 36632598 2 183162991 | 114595348 | 0.00893105 5.14325285
Within groups 959007467 6 1598345/8
Total 462226728 8
DETAILED REPORT
Groups Néjar?nbpelégf Sum Mean Variance
MRM 3 27.82 9.27333333 248253333
MRS 3 76.66 255533833 119817333
MRU 3 3201 106.7 1311804
VARIANCE ANALYSES
sgrl:;(t:gor: Sumof squares foeggggrgf Average of square F Probability | Critical value for F
Betweengroups| 1634L.7753 2 817088764 1683045/ 5.371E-06 5.14325285
Within groups 291289383 6 48548222
Total 16633.0646 8
DETAILED REPORT
Groups Nsuanrl]b;ggf Sum Mean Variance
CAM 3 32792 109306657 203020133
CAS 3 33558 11186 137872
CAU 3 7374 24.58 1.7812
VARIANCE ANALYSES
Sourceof variation| Sumof squares foeg;ggn?f A\s/glrjzgrgsm F Probability Critical value for F
Betweengroups 148®@.926 2 740146238 1015807%58 | 2.36052E05 5.14325285
Within groups 437177®7 6 728628144
Total 15240.103 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
CRM 3 7838 26.126667 6.86093333
CRS 3 98.46 3282 434992
CRU 3 8.74 291333333 | 0.00013333
VARIANCE ANALYSES
Souce of variation Sumof squares foegerggn?f Aggﬁgsm F Probability | Critical value for F
Betweengroups 147806827 2 739034133 44024844 | 0.00025965 5.14325285
Within groups 100720833 6 16.7867556
Total 15787888 8
Effect d extraction technique and solvents OrC
TFC
Aqueous Hexane Methanolic Chloroformic
fraction fraction fraction fraction
Aerial parts | Roots | Aerial parts Roots Aerial parts Roots Aerial parts Roots
Maceratior] 0.98:0.06b |14.74:04b| 10.45:0.3a | 1095+0.3a | 4.9G+0.6b 15+0.3a 10.45:12b | 12.08:1.5ab
Soxhlet | 2.41+0.2a |17.24#0.1a| 21.52t13a |20.3Gt106a| 4.19:0.1b |[14.22t02ab| 19.8%05a |26.04t118a
Ultrasound 2.12t05a [13.27#03c| 20.44t92a | 17.1%02a | 19.9Gt9.1a | 9.13t4.0lb | 25.1%42a | 4.16t3.6b
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DETAILED REPORT
Groups Number of sample{ Sum Mean Variance
AAM 3 2.9552 0.98506667 0.00401186
AAS 3 7.23207 241080 0.06027589
AAU 3 6.366 2122 0.30566233
VARIANCE ANALYSES
sgrlijz:\(t:i?r: Sumof squares Dfreegggsrgf A\S/;;Zis()f F Probability Critical value for F
Bg'ig’:’;‘;” 3.40836121 2 17041806 | 138195448 0.00567441 514325285
Within groups 0.73990017 6 0.1233167
Total 414826138 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
ARM 3 44.232 14.744 0.19661131
ARS 3 51.6427 17.2142333 0.03404464
ARU 3 39.8123 1327067 0.1216764
VARIANCE ANALYSES
Sourceof variation Sumof squares foe%ce';gf A\SISL‘;?:SO]C F Probability | Critical value for F
Betweengroups 238233885 2 11911693 1014244 | 2.3711E05 5.14325285
Within groups 0.70466471 6 0.11744412
Total 2452832 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
HAM 3 31366 10.4553833 161101964
HAS 3 64.5624 21,5208 1.76977177
HAU 3 6134815 204493833 86.4825356
VARIANCE ANALYSES
Sourceof variation Sumof squares foegersgn?f A\s/gtzi?:sm F Probability | Critical value for F
Betweengroups 22347322 2 111736%61 3.73022337| 0.08856769 514325285
Within groups 17972664 6 29.9544423
Total 403200176 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
HRM 3 328659 10.9553 0.10770268
HRS 3 60.9283 20.3092267 113753674
HRU 3 515982 17.1994 0.05622483
VARIANCE ANALYSES
Sourceof variation Sumof squares fogggn?f A\s/gLaagrssm F Probability | Critical value for F
Betweengroups 13616329 2 68.0816146 1.79291735| 0.24522455 5.14325285
Within groups 227.835202 6 37.972837
Total 363.998432 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
MAM 3 14.723 490766667 |0.39878287
MAS 3 1258921 419640333 |0.0258228¢
MAU 3 597142 199047333 |83362%673
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VARIANCE ANALYSES
Sourceof variation Sumof squaes | Degree ofreedom| Average of squareg F Probability | Critical value for F
Betweengroups 47216936 2 236084768 8.45304614 0'0129721 5.14325285
Within groups 16757376 6 27.928%77
Total 639743381 8
DETAILED REPORT
Groups Numberof sampleg Sum Mean Variance
MRM 3 45 15 0.12677539
MRS 3 426874 14.2291333 0.072%676
MRU 3 27.419% 9.13984667 16.1406369
VARIANCE ANALYSES
Sourceof variation Sumof squares Degree of Average of F Probability |Critical value for F
freedom squares
Betweengroups 60.8364713 2 304182356 558485281 | 0.04267418 5.14325285
Within groups 32679%97 6 5.44655995
Total 9351581 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
CAM 3 31366 10455333 1.611019@
CAS 3 594373 198124333 0.34031186
CAU 3 75.3391 25.113®33 18445&77
VARIANCE ANALYSES
- Degree of Average of - -,

Sourceof variation Sumof squares freedom squares F Probability | Critical value for F
Betweengroups 330499% 2 16524925 24304884 | 0.00132631 5.14325285
Within groups 40.7943783 6 6.79906305

Total 37129428 8

DETAILED REPORT

Groups Number of sample Sum Mean Variance

CRM 3 36.2499 120833 2.25794881

CRS 3 781427 26.047%67 14134481

CRU 3 124909 4.16363333 | 13154@81

VARIANCE ANALYSES

Sourceof variation Sumof squares Degree of Average of F Probability | Critical value for F
freedom squares

Betweengroups 73662842 2 368314201 7.04873755| 0.02660904 5.14325285

Within groups 313.515(86 6 5225296
Total 10501434 8
Effect of extraction technique and solventsGiiC
CT

Aqueous fraction Hexane fraction Methanolic fraction Chloroformic fraction

Aerial parts Roots Aerial parts Roots Aerial parts Roots Aerial parts Roots
Maceratior] 1.3%#05a | 0.86t0.4a | 9.20t7.2a 0.52t0.4a 1.85t0.5a 0.48t0.4b 8.04t0.1a | 0.42+0.3a
Soxhlet | 1.26t05a | 0.7t04a | 4.05t29a | 0.530.06a | 1.0#02a | 1.21+0.06a | 7.31*0.1a | 0.59t0.2a
Ultrasound 0.26t0.2a | 0.18t0.0la | 0.01t0.0la | 0.28:0.00la | 0.10t0.06b | 0.11+0.007b | 0.09t0.1b | 0.13t0.(Ra
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DETAILED REPORT
Groups Number of sample Sum Mean Variance
AAM 3 3.9316 1.31053333 0.27063481
AAS 3 3.8681 1.28936667 0.28138917
AAU 3 0.8038 0.26793333 0.04461634
VARIANCE ANALYSES
Sourceof variation Sumof squares foeggggn?f A;/(?Laa?':sOf F Probability |Critical value for F
Betweengroups 2.13078884 2 1.06539442 5.35696818 | 0.04626127 5.14325285
Within groups 1.19328066 6 0.19888011
Total 3.324®695 8
DETAILED REPORI
Groups Number of sample Sum Mean Variance
ARM 3 2595 0.865 0.20335107
ARS 3 21169 0.70563333 | 0.19500622
ARU 3 0.5456 0.18186667 | 0.00015125
VARIANCE ANALYSES
Sourceof variation Sumof squares foeg;ggn?f A\SISLZ?:; of F Prabability | Critical value for F
Betweengroups 0.76640041 2 0.3832002 2.88475773| 0.13248844 5.14325285
Within groups 0.79701709 6 0.13283618
Total 15634175 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
HAM 3 27.6047 9.20156667 | 52625838
HAS 3 121608 4.0536 8.61182119
HAU 3 0.04673 0.01557667 | 0.00014343
VARIANCE ANALYSES
Sourceof variation Sumof squares foeggdegn?f A\S/ce‘lrjaaggs()f F Probability | Critical value for F
Betweengroups 127.189606 2 63594828 31154671 | 0.11805241 5.14325285
Within groups 122475637 6 20412861
Total 249665242 8
DETAILED REPORT
Groups Number osamples Sum Mean Variance
HRM 3 15754 0.52513333 0.16383776
HRS 3 16144 0.53813333 | 0.002860%
HRU 3 0.8595 0.2865 2.59E-06
VARIANCE ANALYSES
Sourceof variation Sumof squares foe%'ggn?f A\S/gaigrg;’f F Probability | Critical value for F
Betweengroups 0.1204342 2 0.0602171 1.08368324| 0.39646753 5.14325285
Within groups 0.33340241 6 0.05556707
Total 0.45383662 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
MAM 3 5.5604 185346667 | 0.32176945
MA'S 3 3.0575 1.01916667 | 0.06801342
MAU 3 0.30628 0.10209333 2.88E-05
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VARIANCE ANAL YSES
Sourceof variation Sumof squares foeggggn?f A;/(?Laa?':sOf F Probability | Critical value for F
Betweengroups 4.60438854 2 230219427 | 17.7177422 | 0.00303624 5.14325285
Within groups 0.77962335 6 0.12993723
Total 5.3840119 8
DETAILED REPORT
Groups Number of sample Sum Mean Variance
MRM 3 14681 0.48936667 | 0.19658841
MRS 3 3.6438 1.2146 0.00473692
MRU 3 0.3481 0.11603333 | 5.0573E05
VARIANCE ANALYSES
Sourceof variation Sumof squares Dfree%r;sn?f A\s/ZLaagrisOf F Probability | Critical value for F
Betweengroups 1.87218989 2 0.93609494 | 13945457 | 0.00554883 5.14325285
Within groups 0.40275181 6 0.0671253
Total 2.274A17 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
CAM 3 241219 8.04063333 0.0251401
CAS 3 219462 7.3154 0.39048192
CAU 3 0.2998% 0.099% 0.02275593
VARIANCE ANALYSES
Sourceof variation Sumof squares ?fe%ggn?f A\SISLE;?SSM F Probability | Critical value for F
Betweengroups 115643134 2 57.821%69 395696678 | 4.2603E07 5.14325285
Within groups 0.87675591 6 0.14612599
Total 1165199 8
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
CRM 3 1.2877 0.42923333 | 0.12683669
CRS 3 1.795 0.59833333 | 0.07868233
CRU 3 0.4145 0.13816667 | 0.00042356
VARIANCE ANALYSES
Sourceof variation Sumof squares foe%’c?grr?f A\s/gtzigr:sm F Probability | Critical value for F
Betweengroups 0.32506798 2 0.16253399 | 2.36765966| 0.1745&%77 5.14325285
Within groups 0.41188518 6 0.06864753
Total 0.73695316 8
DPPH scavenging actiwt
DETAILED REPORT
Groups Number of sample) Sum Mean Variance
AAEM 3 144548 48182667 96.874@33
AAES 3 162903 54301 1423575
AAEU 3 374 12466667 0.00333333
RAEM 3 3189 1063 613089
RAES 3 5373 1791 489108
RAEU 3 11041 36.803333 9.65663333
AHEM 3 202694 675646687 187503333
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AHES 3 23192 77306667 171630433
AHEU 3 2403 801 3
RHEM 3 532 17733333 0.39263333
RHES 3 374 12466667 0.00333333
RHEU 3 157851 52617 24069981
AMEM 3 124325 414416657 437.867@3
AMES 3 138942 46314 138033
AMEU 3 374 12466667 0.00333333
RMEM 3 417 139 0.4564
RMES 3 376 125333833 0.0033333
RMEU 3 7737 2579 788947
ACEM 3 225583 75194333 322740163
ACES 3 2401 80033333 0.33333333
ACEU 3 2401 80033333 0.33333333
RCEM 3 376 125333833 0.00333333
RCES 3 377 12566667 0.01333333
RCEU 3 2401 800.333R3 0.3333333

VARIANCE ANALYSES

Source of variation | Sourceof variation Sumof Degree of Average of F Probability
squares freedom squares
Betweengroups 79152112 23 344@2.657 122877421 | 7.384E-59 1.75675938
Within groups 1343.6665 48 279972218
Totd 792595979 71
ABTSscavenging actiwt
DETAILED REPORT

Groups Number of sample| Sum Mean Variance
AAEM 3 20252 67.506667 1.10903333
AAES 3 639354 213118 4901772
AAEU 3 11454 3818 42348
RAEM 3 226314 75438 3.7429
RAES 3 89595 29865 21027
RAEU 3 178293 59431 1730239
AHEM 3 52261 17420333 27.627@833
AHES 3 680388 22696 3.9459
AHEU 3 2400 800 0
RHEM 3 2400 800 0
RHES 3 93065 310216687 419289833
RHEU 3 2400 800 0
AMEM 3 53612 178706667 839304333
AMES 3 28885 96.283333 155532333
AMEU 3 23189 77296667 2.06333333
RMEM 3 102338 34112667 329086333
RMES 3 32182 107.273383 454423333
RMEU 3 189379 63126333 336966333
ACEM 3 27132 9044 0.1273
ACES 3 217.32 72.44 7.9657
ACEU 3 2400 800 0
RCEM 3 77783 25927667 266083333
RCES 3 53468 178226667 5.70403333
RCEU 3 2400 800 0
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VARIANCE ANALYSES
Sourceof variation Sumof squares Dfreegggsn?f A;/(?Laa?':sOf F Probability | Critical vdue for F
Betweengroups 58982868 23 256444.725 13623.426 | 6.5403E84 1.75675938
Within groups 903542677 48 18823858
Total 589913223 71
Phenanthroline activity
DETAILED REPORT
Groups Number of sample Sum Mean Variance
AAEM 3 75.2 25.066667 3.91583333
AAES 3 7896 26.32 73.8604
AAEU 3 66.34 22113333 0.94823333
RAEM 3 600 200 0
RAES 3 387.21 12907 77.3175
RAEU 3 600 200 0
AHEM 3 1262 42.0666567 5.13403333
AHES 3 70.65 2355 0.8175
AHEU 3 56351 187836657 561616233
RHEM 3 600 200 0
RHES 3 46353 15451 591631
RHEU 3 600 200 0
AMEM 3 43403 144676657 39593@33
AMES 3 38237 127456657 8.83053333
AMEU 3 90.15 30.05 1.0333
RMEM 3 600 200 0
RMES 3 25696 85.6533B33 7.63103333
RMEU 3 600 200 0
ACEM 3 15325 51083333 2.87163333
ACES 3 69.62 23206667 3.11663333
ACEU 3 50902 169673383 16.3441333
RCEM 3 48498 16166 3.7119
RCES 3 33574 11191333 159203333
RCEU 3 600 200 0
VARIANCE ANALYSES
Sourceof variation Sumof squares foegergsn?f A\s/g[%grssm F Probability |Critical value for F
Betweengroups 36509 23 15872.5652 439126PD4 3.5351E48 1.75675938
Within groups 17349953 48 36.1457361
Total 36683.995 71
Reducing power activity
DETAILED REPORT
Groups Number of sample| Sum Mean Variance
AAEM 3 56824 18941333 0.58023333
AAES 3 600 200 0
AAEU 3 600 200 0
RAEM 3 600 200 0
RAES 3 600 200 0
RAEU 3 600 200 0
AHEM 3 600 200 0
AHES 3 600 200 0
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AHEU 3 600 200 0
RHEM 3 600 200 0
RHES 3 600 200 0
RHEU 3 600 200 0
AMEM 3 600 200 0
AMES 3 600 200 0
AMEU 3 600 200 0
RMEM 3 600 200 0
RMES 3 600 200 0
RMEU 3 600 200 0
ACEM 3 600 200 0
ACES 3 53426 17808667 228175@3
ACEU 3 600 200 0
RCEM 3 600 200 0
RCES 3 600 200 0
RCEU 3 600 200 0
VARIANCE ANALYSES
Sourceof variation Sumof squares foegéggrgf A\Slgﬁzggsm F Probability | Critical value for F
Betweengroups 16447838 23 71512399 7.50276128| 2.5779E09 1.75675938
Within groups 457510533 48 9.53146944
Total 21022943 71
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