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ABSTRACT

Essential oils of the air-dried aerial parts of Alida fragrantissima were analyzed by GC-MS chrargatphy.
The results show that 48 components were identifiethe oils, and main compounds of oils were 4itezol
(15.65%), Linalool (11%), carvone (9.42%p¥:phellandrene (6.2%),-terpinene (5.6%),5-pinene (4.55%),
verbenone (4.42%), cedrol (3.0%) apetymene (2.95%). The antimicrobial activity of war$ extracts from A.
fragrantissima was evaluated against 5 fungi antasteria. Water-soluble extract method | and linfraerial
dried powder were inactive against all tested fuaugdl bacteria. The other extracts were active agfdine five used
fungi except ethanol extract was inactive agairlistested fungi. The crude saponin from aerial drigowder was
inactive against all tested bacteria. Proteus miligbvas the only bacterium that was inhibited hg imost of the
extracts from A. fragrantissima. The only one aottiof fresh flowers soaked in ethanol showed igtagainst all
tested bacteria.
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INTRODUCTION

Six species of the genukchilleaare widely distributed in JordaAchillea fragrantissimas considered the most
important species and is thoroughly studied. Thésitpis used by natives in the region to relievstigantestinal
pains and cure bronchiolitis and by Bedouins f@& pmeparation of antidiuretic drinks, for treatmeifitstomach
ailments and various infections, among them infectf the eye [1]. The common name of the plaritagender
Cotton (English) and Al-Qisum (Arabic). The plamtsha relatively high essential oil content (1.0%)what gives
the plant a characteristic, pleasant aroma [2]lidaresearch indicated the essential oil has dotohial activity
againstEscherichia coliBacillus subtilis Staphyloccocus aure@mdCandida albican$3].

We reported here on the essential oil compositibiAchillea fragrantissimaobtained from the medicinal and
aromatic plant garden of the Hashemite Universiiyrqa, Jordan. The composition determined by medrggs
chromatography (GC) and gas chromatography-massrepeetry (GC-MS) techniques. Additionally, varigpigsint
extracts were tested for its potential to inhibivitro the growth of various bacterial and fungi strains.

349
Pelagia Research Library



Aqed, Hazemet al Der Pharmacia Sinica, 2012, 3(3):349-356

MATERIALSAND METHODS

Plant- Achillea fragrantissimawas harvested from the medicinal and aromatictpimmden of the Hashemite
University, Zarga, Jordan. The taxonomic identityte plant was confirmed by Prof. A. Al-Oglah, Repment of
Biological Sciences, Faculty of Sciences, Yarmoukvirsity, Irbid, Jordan. A voucher specimen frame study
plant had been deposited at the Department of Medi€hemistry and Pharmacognosy, Faculty of Phayma
Jordan University of Science and Technology, Irbmtdan.

The plant material was shed dried under laboratonditions for few days and then ground to passutiin a sieve
of 0.25 mm in a Wiley grinder, then they were kigpa glass jar and stored &Csuntil further use.

Microorganisms- The microorganisms used in all antimicrobial &ssawere Gram-positive bacteria
(Staphylococcus aurelys Gram-negative bacteriaEg¢cherichia coli, Pseudomonas aeruginosa, Klelssiell
pneumoniaand Proteus mirabili$, molds Penicilium spp.Fusarium spp.Aspergillus sppandRhizopus spp.and
yeast Candida albicans

Soxhlet extraction method- Dried aerial parts of the plant were extractedhisoxhlet extraction apparatus with
petroleum ether for separation of crude phenoliomounds and with a methanol for preparation ofualersaponin
fraction.

Successive extraction of 20 g dried aerial partshef plant were extracted continuously for 24 hrairsoxhlet
extraction apparatus with three solvents, staniith 200 ml n-hexane to separate lipids and terjaenavith 200
ml ethyl acetate for separation of more polar coomglp and then using 200 ml ethanol for separatfoihe polar
compounds. Each extract was concentrated at 40-dBder vacuum until a dry residue is obtained. fdsidue
was weighed and stored in a freezer until the tifrtesting.

Organic solvent extraction method (Cold perculation)- A fifty gram of fresh and dried aerial parts tofers of

A. fragrantissimawere soaked separately in pure ethanol in glassgad kept under laboratory conditions for 3
weeks. The mixture was homogenized and the sugernatas taken and concentrated at 4%z48nder a vacuum
until a dry residue was obtained. The residue weighed and stored in a freezer until the time sfithg.

Phenolic compounds extraction method- Isolation and purification of phenolic compoundsre carried out by the
same procedure mentioned by Tharib and EI-Migidlahd Al-Charchafchet al [5].

Saponin fraction extraction method- Isolation and purification of saponin fraction neecarried out by the same
procedure mentioned by Tharib and El-Migirab [44 &i-Charchafchiet al. [6].

Water extraction methods- Water extraction of the plant was done by twdedént methods. Method one was
done according to Anet al [7]. Water extract was prepared by pouring bagildistilled water (50 ml) on 5 g of
dried powder. The mixture was allowed to stand1f&20 min. Then the mixture was filtered througle deyer of
cheesecloth and the resulting filtrate was cergdtl at 6000 rpm for 15 min. The supernatant wasntaken
filtered through microfilter Millipore (0.2 pm). Ehsterilized filtrate concentrated at 40°@5under vacuum until a
dry residue is obtained. The residue was weighddstored in a freezer until the time of testing.

Method two was carried out as described by Al-Chafchiet al. [8]. Fifty ml of boiling distilled water was poed
on 5 g of dried powder. The mixture was boiled I6rmin. Then the mixture was filtered through denger of
cheesecloth and the resulting filtrate was cergdtl at 6000 rpm for 15 min. The supernatant wasntaken
filtered through microfilter Millipore (0.2 pm). Ehsterilized filtrate concentrated at 40°@5under vacuum until a
dry residue is obtained. The residue was weighedstored in a freezer until the time of testing.

GC/MS analysiss The GC analyses were accomplished with a HP-589@<SH instrument equipped with HP-
WAX and HP-5 capillary columns (30 m 0.25 mm, 0.25%:m film thickness), set to the following conditions:
temperature program of 8D for 10 min, followed by an increase ofGmin to 220C; injector and detector
temperatures at 250; carrier gas nitrogen (2 mL/min); detector dubd;Fsplit ratio 1:30; injection of standards of
0.5 uL). For both the columns, identification of the chesis was performed by comparing their retentiones
with those of pure authentic samples and by meétigeo Linear Retention Indices (LRI) relative ttoe series oh
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-hydrocarbons. The relative proportions of the vidlial constituents, expressed as percentages, aeamed by
FID peak-area normalization (mean of three rep)icas

GC/EIMS analyses were performed with a Varian CP@38as-chromatograph equipped with a DB-5 capillary
column (both 30 mx 0.25 mm; coating thickness 0.2&) and a Varian Saturn 2000 ion trap mass detettw.
analytical conditions included: injector and tramsiine temperatures at 220 and &40respectively; oven
temperature was programmed fromr®QAo 240C at 3C/min; carrier gas helium at 1 mL/min; injection @R uL
(10% hexane solution); split ratio 1:30. Identifioatof the constituents was based on comparisdhefetention
times with those of authentic samples, comparirgjrthinear Retention Indices relative to the seradsn-
hydrocarbons, and by computer matching against cenciad (NIST 98 and ADAMS 95) and home-made library
mass spectra built from pure substances and comfmogknown essential oils [9, 10].

Disc agar diffusion method- Sterile discs were impregnated with the varidaspextracts and allowed to dry, then
kept inside sterile plate within 1 hr after pouring

Minimum inhibitory concentration method- Determination of the minimum inhibitory concertioa (MIC) was

carried out according to the method described bYCN€ (2003) with some modifications. Dilution serigfsthe

extracts were prepared from 2.5 to 0.5 mg/mL i telses and then transferred to the broth in 9@-médrotiter

plates. Final concentrations in the medium wered®250 pg/mL. Before inoculation of the test orgams, the
bacteria strains and yeast strain were adjust8dbtdVcFarland standards and diluted 1:100 (v/Wlireller—Hinton

broth and Sabouraud dextrose agdates were incubated at 35°C for 18-24 h and 4T 8r 48 h for the yeast. All
the tests were performed in broth and repeatedcetwibe MIC was defined as the lowest concentrdtiah showed
clear against a black background (no visible grow@&amples from clear wells were subcultured bytipig on to

Mueller—Hinton agar. Ampicillin, streptomycin, afide solid were used as standard antibacterial tagehereas
nystatin was used as a standard antifungal agdindnfibiotics were purchased from Sigma Aldriche@iical Co.

(StLouis, MO, USA), and dilutions were preparect@mncentrations ranging from 0.25 to 128 pg/mL ircnatiter

plates.

RESULTS

Chemical composition- The constituents of the air dried aerial parts ssfeatial oils ofA. fragrantissimaobtained
from the aromatic plant garden of the Hashemitevehsity, Jordan, are listed in order of their elation the HP-
Wax and HP-5 columns (Table 1).

In total of 48 volatile compounds, representingl94.of the total composition, were identified in #ie dried aerial
oils. Monoterpene hydrocarbons were found to barthpr one being 4-terpineol (15.65%), linalool¥d)] carvone
(9.42%), p-phellandrene (6.2%)-terpinene (5.6%)p-pinene (4.55%), verbenone (4.42%), cedrol (3%) pnd
cymene (2.95%).

Percentages of A. fragrantissima extracts- The percentages &f. fragrantissimaextracts are shown in Table 2. The
percentage of crude phenolic compound that exdafitam flowering aerial part was 5.5%, the crudeosan
extracts from flowering aerial part gave 4% whiteide saponin fraction extracts from vegetative shgrart was
2.6%. Ethyl acetate extract from flowering aeriattp resulted in 3.2%. On the other hand, ethamoticact from
flowering aerial parts produced 6.1%.

The percentages of water extracts obtained fromstiadking of flowering aerial parts in boiling wat@nethod I)
and from the boiling of plant material with watendthod 1) were 1.6% and 1.0%, respectively. Sagkihplant
materials in ethanol found to produce 10.2% of mtia extract from the flowering aerial parts an8% for the
flowers, while soaking of flowering aerial partsrrethanol gave 18.0% of methanol extract.

Antibacterial activity of the plant extracts using agar diffusion method- Crude extracts from the tested plant were
screened for their antibacterial activity againsbegteria by the agar diffusion method (Table 3)e phenolic
extract tested and showed activity agaiRstmirabilis (16 mm) and no activity against the other bactémia
comparison with the positive control. The saponitract of flowering aerial part showed no activity all tested
bacteria. On the other hand, the saponin extrastegbtative aerial part was considered to be actpeinstS.
aureus(16 mm) only. The data also revealed that ethgtate extract exhibited activity against ofly mirabilis
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(15 mm). The extract from soaking of fresh aeriattpn ethanol showed activity agair$st aureug18 mm) and
moderate activity orP. mirabilis and Psd. aeruginosg14 mm and 11.8 mm, respectively). While extraonf
soaking of fresh flowers in ethanol exhibited taegkst zone of inhibition againSt aureus(20 mm) and also
showed activity againg. coli (13.9 mm),P. mirbilis (14 mm) and. pneumonig13.5 mm) but no inhibitory effect
was exerted on the growth é&fsd. aeruginosaExtracts from soaking of aerial parts in methaeshibited
antibacterial activity againg. aureug14.6 mm) andP. mirabilis (14 mm). Water extracts by either method | or
method Il showed no inhibition activity against t@sted bacteria.

MIC of A. fragrantissima extracts against bacteria- The results through the determination of MIC ([EaB) were
revealed variability in the MIC of each extract sgh the given bacteriaS. aureuswas sensitive to extract
concentrations ranging from 3.125 to 25 mg/ml. $trengest effect of the extract (MIC 3.125mg/ml}svedoserved
for vegetative aerial part, saponin extract andaex$ from both fresh flowers soaked in ethanol aadal part
soaked in methanol. The highest value of MIC (23migwas estimated for aerial part soaked in ethano

Growth ofE. coliandK. pneumoniavere inhibited by extract from flowers soaked thagol with MIC 12.5 mg/ml.

The growth ofP. mirabilis was inhibited by plant extract concentration raggfrom 3.125 to 25 mg/ml. The
strongest effect again®. mirabilis was reported for extract from the fresh aerialt garaked in ethanol and
methanol, 3.125 and 6.25 mg/ml, respectively. Thghdst MIC value (25 mg/ml) was estimated for pHieno
extracts, while the moderate MIC value (12.5 mghvd)s recorded for ethyl acetate extracts, ethamofiacts and

extract from fresh soaked in ethanol. All the tdgiant extracts showed no effect agaPsd. aeruginosa

Antifungal activity of the plant extracts using agar diffusion method- Crude extracts from the tested plant were
screened for their antifungal activity against Bduby the agar diffusion method (Table 4). Thergilie extract
tested and showed activity agaidspergillus, Candida albicans, Fusariuamd Rhizopus(16.0, 15.2, 15 and 15
mm, respectively). The saponin extract of floweriagrial part showed effect ofispergillus, Fusariumand
Rhizopus(15 mm). On the other hand, the saponin extractegietative aerial part was considered to be active
againstRhizopusand Aspergillus(16 and 15.2 mm, respectively). The data alsoaledethat ethyl acetate extract
exhibited activity against all tested fungi (15.énjn The extract from soaking of fresh aerial pareithanol showed
moderate activity ofRhizopus, Aspergillus, C. albicaasdFusarium(24.0, 18.0, 16.0and 16.0 mm, respectively).
While extract from soaking of fresh flowers in atbhexhibited the largest zone of inhibition agaiR&izopus,
Fusarium, Aspergillus, C. albicarend Penicillium (24.0, 22.0, 22.0, 20.3, 20.0 mm, respectivelyr&ts from
soaking of aerial parts in methanol exhibited amigfal activity againdRhizopug15.0 mm). The extracts by ethanol
and by water either by method | or method Il showednhibition activity against all tested fungi.

MIC of A. fragrantissima extracts against fungi- All the plant extracts with the exception of ethBc and water-
soluble (method | and Il) extracts, exhibited funidal effect against all tested fungi, the MIC b&tabove plant
extracts ranging from 3.125 to 12.5 mg/ml (Table 4)

The strongest MIC value (3.125 mg/ml) was estimdtecextracts of aerial dried powder (with flowerd)crude
phenolic againsAspergillusspp. andRhizopusspp., of crude saponin agai@&ndidaalbicans Peniciliumspp. and
Rhizopusspp. and of ethyl acetate extracts aga@edida albicansPeniciliumspp. andAspergillusspp.; finally
fresh flowers soaked in ethanol agaiRsniciliumspp. only.

The moderate MIC value (6.25 mg/ml) was estimatadektracts of aerial dried powder (with flowerd)aude
phenolic againsFusariumspp. only, of crude saponin agair@sandida albicansAspergillus sppand Fusarium
spp. and of ethyl acetate extracts agastarium sppandRhizopusspp.; soaked in methanol agaiR&nicilium
spp. andRhizopusspp.; aerial dried powder (without flowers) of d@eusaponin againsCandida albicans
Peniciliumspp. andrusariumspp.; finally fresh flowers soaked in ethanol age@andida albicans, Fusariuspp.,
Aspergillusspp. andRhizopusspp..

The slight effect of MIC (12.5 mg/ml) was estimatied three extracts of aerial dried powder (withviers) of
crude phenolic again§andida albicangndPeniciliumspp., soaked in methanol agai@stndida albicanspp. and
Aspergillus spp.; finally aerial dried powder (without flowgrsf crude saponin againgtspergillus spp. and
Rhizopusspp..
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DISCUSSION

Chemical composition

Aromatic and medicinal plants @fchillea produce a wide variety of volatile terpene hydrboas (aliphatic and
cyclic) and their corresponding oxygenated isopitrderivatives and analogues. Mixtures of thesestauizes,
which are known as essential oil, can be isolateoh fdiverse parts of plants by steam distillatibh][ The volatile
constituents of soméchillea species have been analyzed using GC/MS, Twentg dmmponents making up
81.6% of the oil were characterized with camphoyraene, 1,8-cineole, beta-caryophyllene and linab@ing the
major constituents [12].

Effect against Gram-positive bacteria

The growth ofS. aureuswvas inhibited very effectively bjA. Fragrantissima Crude saponin extracts showed the
strongest effect (MIC 3.125 mg/ml). This observatigas consistent with the result in which saponimbited the
growth of several strains &taphylococc[13]. The mode of action of antibacterial effe€saponin seems to be on
membrane properties. This explanation was in ageeemvith that obtained by Killeeet al. [14]. They reported
that the mode of action of antibacterial effectsaponin seems to involve membranolytic propertiagier than
altering the surface tension of extracellular mediiThe crude phenolic extracts showed no effec®.caureusThe
variation in the degree of antibacterial effectpbinolic extracts might be related to the diveraitgl variability
among different forms of phenolic compounds orteslgo the number of OH group present in phenaiopound.

If the inhibitory activity of phenolic extract rdsed from increasing hydroxyl group number, thee #xtract
activity of the present investigation was in agreatmwith the idea that more highly oxidized phenals more
inhibitory to microorganisms [15, 16], and thisding disagree with the result obtained by Chadtatl [17] Which
mentioned that that less hydroxyl groups number mase toxic to microorganisms. It was found thadugr of
phenolic extract has been reported to exhibit actrial activity agains$. aureug18].

Both ethyl acetate and ethanol extracts showedfaot@gainss. aureusThe mechanism thought to be responsible
for ethanolic inhibition could be by disruption oficrobial membrane [19]. The crude ethanolic exteerted
slight to moderate activity againSt aureug20, 21]. This activity might be due to the preserf sesquiterpene
lactones in their fractions [22]. It was found thhe ethanol soluble fraction yields terpenoid wwhighowed
excellent activity agains. aureus

Ethanolic and methanolic extracts Af fragrantissimahad been shown slightly and highly effect respetyi
againstS. aureusThe differences in their activities might be tethto different substances dissolved in ethandl an
methanol. Several investigations have been conduotdetermine the activities of methanolic exti@ot indicated
the inhibitory action in the development®faureug23].

No activities were shown for water extracts (methadd Method Il) fromA. fragrantissimaagainstS. aureus

Effect against Gram-negative bacteria

Escherichia coliPseudomonas aeruginosadKlebsiella pneumoniare resistant to all various plant extracts. The
exception was water soluble extract method Il agjdin coli and K. pneumoniathe results showed slight effect
against both above bacteria. This finding was inti@ry with various previous works. Sehal [24] reported that
saponin extracts can inhikit vitro growth of E. coli. Kazmi et al [25] described bacteriostatic effect of some
phenolic compound againBsd. aeruginosa

Crude phenolic extracts fror. fragrantissimashowed slight effect againgt mirabilis (MIC 25 mg mt"). This
result is in agreement with Nishiret al [18]; they recorded that group of phenolic extraad been exhibited
antibacterial activity againgt. mirabilis.

Crude saponin extract showed no activity agaismirabilis This resistance might be due to its phospholipids
membrane, since gram-negative bacteria having aer ophospholipids membrane carrying the structural
lipopolysaccharide components. This makes thewallimpermeable to lipophilic substance [26].

A moderate effect of ethyl acetate and ethanolitaess of the tested plant observed agdmshirabilis This might
be related to the different kind of compounds dissb in ethyl acetate; and might be related todhersity and
variability among different kind of ethanolic extta compounds.
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In this study ethanolic and methanolic extract®\ofragrantissimahad been shown strong effect (MIC 3.125 and
6.25 mg mt', respectively) againg®. mirabilis These identical activities might be related teniical substances
dissolved in ethanol and methanol. These resulte vire contrast with others [23]. They indicated tthess
inhibitory action was exerted by methanolic extrantthe development d®. mirabilis. This variation might be
related to the different component of methanolizast.

As recorded folE. coli andPsd. aeruginosano activities were shown for water soluble exsagnethod | and
method Il) from extracts of tested plant agafsinirabilis

Table 1. Chemical composition of A. fragrantissima essential oil

Components LR} | LRI % Identification
santolina triene 910 | 1010 | 1.1 MS, Rle
a-thujene 932 | 1016 | 1.45 MS, RI, ST
a-pinene 941 | 1029 | 1.45 | MS,RI, ST
a-fenchene 953 | 1054 tre MS, RI
camphene 955 | 1071 tr MS, RI, ST
benzaldehyde 963 | 1491 tr MS, RI, ST
sabinene 978 | 1112 | 2.35 | MS,RI, ST
B-pinene 981 | 1126 | 455 | MS,RI, ST
2,3-dehydro-1,8-cineole 992 - tr MS, RI
yomogi alcohol 997 | 1401 | 1.0 MS, RI
a-terpinene 1020 | 1183 | 2.4 MS, RI, ST
p-cymene 1028 | 1274 | 2.95 MS, RI, ST
limonene 1033 | 1198 | 1.0 MS, RI, ST
santolina alcohol 1035 | 1413 | 2.15 MS, RI
B-phellandrene 1035| 1199 | 6.2 MS, RI, ST
1,8-cineole 1039 | 1204 | 0.65 MS, RI, ST
y-terpinene 1064 | 1252 | 5.6 MS, RI, ST
cis -sabinene hydrate | 1070 - tr MS, RI, ST
cis -linalool oxide 1075 - tr MS, RI
linalool 1101 | 1547 | 11.0 | MS,RI, ST
trans -sabinene hydrate 1103 - tr MS, RI, ST
a-thujone 1106 | 1428 2.4 MS, RI, ST
B-thujone 1106 | 1446 | 1.6 MS, RI, ST
myrcenol 1118 | 1588 1.4 MS, RI
fenchol 1123 | 1584 | 1.05 MS, RI
chrysanthenone 1125 - tr MS, RI
cis-p-menth-2-en-1-ol | 1127 - tr MS, RI
trans-p-menth-2-en-1-o| 1142 - 0.5 MS, RI
camphor 1145| 1522 | 1.6 MS, RI, ST
cis -chrysanthenol 1164 - tr MS, RI
borneol 1175| 1796 | 1.7 MS, RI, ST
4-terpineol 1182 | 1607 | 15.65| MS,RI, ST
p-cymen-8-ol 1185| 1838 | 0.25 MS, RI
a-terpineol 1193 | 1698 | 2.0 MS, RI, ST
methyl chavicol 1197 - 0.32 MS, RI, ST
verbenone 1208 | 1716 | 4.42 MS, RI, ST
carvone 1246 | 1741 | 9.42 MS, RI, ST
isobornyl acetate 1285| 1582 | 1.0 MS, RI
thymol 1292| 2187 | 0.32 | MS,RI, ST
carvacrol 1298 | 2219 tr MS, RI, ST
a-terpinyl acetate 1350 - tr MS, RI, ST
B-caryophyllene 1419 | 1604 tr MS, RI, ST
germacrene D 1491 | 1691 | 1.42 MS, RI
bicyclogermacrene 1496 | 1493 | 0.5 MS, RI
d-cadinene 1524 | 1731 tr MS, RI, ST
caryophyllene oxide 1578 | 2071 | 0.5 MS, RI, ST
cedrol 1603 | 2143 | 3.0 MS, RI
B-eudesmol 1651 - tr MS, RI
Total identfied 94.1

dlinear retention indexes (apolar column)
Plinear retention indexes (polar column)
‘trace amounts < 0.1
fidentification: MS=mass spectrometry, RI=retentiodéx, ST=pure reference compound
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Effect against fungi

There was fluctuation in the activity of differegtracts of the tested plant against all testedifurhe activity of

crude phenolic extract againsspergillusspp. andRhizopus sppwas strong (MIC 3.125 mghifor both fungi).

The mode of antifungal action of phenolic extradgimh be related to their ability to inactive adlwes, enzymes,
cell envelope transport proteins [27] or relatethiosnumber of OH groups [17].

Crude saponin extracts exhibited strong activitgiastCandida albicansPenicilliumspp. andrhizopus spp(MIC
3.125 mg mif for both fungi). This observation was consisteithwhe result in which saponin inhibited the grbwt
of severalCandida specie$28]. The mechanism of the antifungal activitielssaponins seems to be through
disruption of fungal membranes. This finding wasisistent with other investigation recorded by Kewket al.
[29]. They reported that the major mechanism of @h&fungal activities of saponins apparently imea their
ability to complex with sterols in fungal membrarzesl cause loss of membrane integrity. It was fahatlsaponin
derivatives inhibited the growth @f. albicang[30].

A strong activity was recorded from extract of akdried powder by ethyl acetate from the testexhiphgainst
Candida albicansPeniciliumspp. andAspergillusspp. (MIC 3.125 mg rii for three fungi).The mode of action of
ethyl acetate could be related to their abilitylier membrane properties. The mechanism thoudi te@sponsible
for ethanolic inhibition could be by disruption wiicrobial membrane [31]. Also this activity mighe ldue to the
presence of sesquiterpene lactones in their fre{i22].

Peniciliumspp. was strongly inhibited by fresh flowers soakedthanol (MIC 3.125 mg ). This strong activity
might be related to the nature of substances disddh ethanol or due to susceptibility of the futgthe plant
species.

Table 2. Various extracts of Achillea fragrentissima. Weight of aerial partsand flowerswas 20 g

Part of plant tested Type of extract Weight of extract (%)
Aerial dried powder (with flowers) 1) Crude phenolic 55
2) Crude saponin 4.0
3) Ethyl acetate extracts 3.2
4) Ethanol extracts 5.4
5) Soaked in methanol 18.0
6) Water-soluble extract method | 1.6
7) Water-soluble extract method Il 1.0
Aerial dried powder (without flowers) 8) Crude saponin 2.6
Fresh Aerial (with flowers) 9) Soaked in ethanol 10.2
Fresh flowers 10) Soaked in ethanol 9.3

Table 3. Antibacterial activity of various extracts of Achillea fragrantissma by agar diffusion and M1C

methods
Type of Extract | Gram-positive Gram-negative
St. aureu E.coli P. aeruginos P. mirabilis K. pneumoni
ADM MIC ADM MIC ADM MIC ADM MIC ADM MIC
1 - - - - - - 16 25 - -
2 - -
3 18 125
4 - - - - - - 15 12.5
5 146 3.125 - - - - 14 6.25
6 - - - - - - - -
7 - -
8 16.0 3.125 - - - - -
9 18.0 25 - - - - 14 3.125 -
10 20.0 3.125 139 125 1138 - 14 125 135 125
+ve control 12.0 13.0 - 13.0 - 13 - 13.0
-ve control - - - - - -

Where, ADM: Agar diffusion method; MIC: Minimal ibkion concentration
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Table 4. Antifungal activity of various extracts of Achillea fragrantissima by agar diffusion and MIC methods

Type of extract| Candida albicans| Penicilium spp.  Fusarium sgp.  Agillas spp. | Rhizopus spp|
ADM MIC ADM MIC | ADM MIC ADM MIC ADM MIC

15.2 12.5 14.0 12.5 15.0 6.25 16.0 3.125 | 15.0 | 3.125
14.3 6.25 12.0 | 3.125| 15.0 | 6.25 | 15.0 6.25 | 15.0 | 3.125
15.0 3.125 15.0 | 3.125| 15.0 6.25 15.0 3.125 | 15.0 6.25

14.0 12.5 130 | 6.25 | 14.0 | 6.25 14.0 12.5 150 | 6.25

14.2 6.25 13.0 6.25 | 14.0 | 6.25 15.2 12.5 16.0 | 125
16.0 3.125 | 152 | 3.125| 16.0 | 3.125| 18.0 | 3.125| 24.0 | 3.125
10 20.3 6.25 20.0 | 3.125| 22.0 | 6.25 22.0 6.25 240 | 6.25
+ve control 12 - 12 - 12 - 12 6.25 12 -
-ve control - - - - - -
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