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ABSTRACT

Our study aimed to evaluate antimicrobial, antioxidant and antitumor
activities and currently phenolic of polar extract of Srawberry (Fragaria
ananassa) leaves. Seventeen phenolic compounds were isolated from
methanolic extract of Srawberry leaves and identified as hydrolysable
tannins, flavanol, flavonol glycosides and phenolic acids.

The antioxidant activity was measured by 2, 2' - Diphenyl Picrylhydrazyl
(DPPH) radical scavenging method. The methanolic extract completely
inhibited DPPH at three different concentrations 19, 38, 77 ul which showed
very high antioxidant capacity, which was close to ascorbic acid standard
used. Antimicrobia activities of plant extracts were studied against five
bacterial strainsand five fungal species, 0.1 ml of plant extract (10mg/1
ml) had inhibitory effect for most bacterial spp. and showed no effect
against all fungal spp., Clearly inhibitory effect was obtained against all of
thetested bacterial and fungal strainsat 0.3 ml (10 mg/1 ml) of the extract.
The methanolic extract of strawberry leaveswastested against three human
cell lines; the extract has activity against all cell lines tested.
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INTRODUCTION

Berry fruitsare reported to contain awide variety
of phenolics including hydroxybenzoic and
hydroxycinnamic acid derivatives, anthocyanins, fla-
vonols, flavanols, condensed tannins
(proanthocyanidins) and hydrolyzabletanning®®. These
phenolic acidsare bioactive compounds and they are
widdy distributed inthevegetal world. They take part
inthediary diet and they influence the health. It has
been demonstrated that they act asantioxidants, anti-

inflammatories, antihistaminicsand anti-tumoras. Many
of thesebeneficid effectsareattributed to phenolic ac-
idspresent in vegetablesand fruitd™. Srawberriesare
agood sourceof ascorbic acid (AA), anthocyaninsand
flavonolsand, among thefruits, they have one of the
highest antioxidant activitieseva uated by oxygen radi-
ca absorbance capacity’>8. Ellagic acidwasthemain
phenolic compound in the berries of the genus Rubus
(red raspberry, Arctic bramble and cloudberry) and
genus Fragaria (strawberry); the data of this study
suggested that berries have potential asgood dietary
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sources of quercetin or ellagic acid”. Srawberry
(Fragaria x ananassa Duch.) fruits contain phenolic
compounds that have antioxidant, anticancer,
antiatherosclerotic and anti-neurodegenerative proper-
ties. Phenolicswereidentified asellagicacid (EA), EA-
olycosdes, dlagitannins, gdlotannins, anthocyanins, fla-
vonols, flavanols and coumaroyl glycosides. The
anthocyanidinswere pelargonidin and cyanidin, found
predominantly astheir glucosides and rutinosides™*.
Srawberry cv. Elsanta fruit and flowers contain pre-
formed antifunga compoundswhich differ markedly in
number and activity during flower and fruit devel op-
ment, Using GC-MSS, phenolic and non-volatile ac-
idsand soluble sugarswereidentified and quantizedin
strawberry tree (Arbutus unedo L.) fruits. The phe-
nolicacidsquantizedweregdlic (10.7 mg/gdry weight),
gentisic (1.9 mg/g), protocatechuic (0.6 mg/g), p-
hydroxybenzoic (0.3 mg/g), vanillic (0.12 mg/g) and
mranisic (0.05mg/g). Fructose and glucoseamong the
sugars, fumaricand malic acidsamong thenon-volatile
acidsand gallic acid among the phenolic acidswere
found to be mgjor compounds contributing the taste of
thefruitd?. Significant increasesin theplasmatota an-
tioxidant capacity (TAC) have already been reported
after acute intake of strawberried®.The aim of the
present study was to identify the different phenolic
classes of the polar extract of leaves of the Egyptian
strawberry (Fragaria ananassa) and to investigate
theantimicrobid, antioxidant and antitumor activitiesof
polar extractsfrom leaves of strawberry, for whicha
limited datahave been previoudy published.

EXPERIMENTAL

Plant materials

Fresh leaves of strawberry was collected on De-
cember (2007) from Sharkiaa, Egypt. And identified
by Botany Department, Faculty of Science, Zagazig
Universty.

Test micro-organisms

Thebecterid and fungd srainswerepersondly ob-
tained fromthemicrobiology Lab., Botany Department,
Faculty of Science, Zagazig University. Bacterid spe-
ciestested were Psudomonasareuginosa, Kelbseilla
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sp., Salmonella typhi, Saphyllococcus aureus and
E. coli. and fungal specieswere Fusariumoxysporum,
Aspergillusflavus, Aspergillus niger, Cladosporium
sp. and Penicillium sp.

Materialsfor cytotoxic activity

Human tumor cell lines: HEPG2 (liver carcinoma
cell line), MCF7 (breast carcinoma cell line) and
HCT116 (colon carcinomacell line).

Chromatography
Paper chromatography

Sheets of Whatman paper No 1 or 3 MM were
used for two- dimensiond, comparativeor preparative
paper chromatography.
Column chromatography

The separation of the phenolic and flavonoid com-
ponents was performed by column over Polyamide
powder, polyamide6-Sfor CC, Riedd-DeHaen AG,
sedlze- Hannover, Germany.

Physical tests
Ultra-violet spectrophotometricanalysis

Chromatographically, pure materialsdissolvedin
anaytically puremethanol were subjected to UV spec-
trophotometricinvestigationin4 ml capacity quartz cdlls
Zeiss spectrometer PMQ -I1. In case of flavonoids,
AICI,, AICl /HCI, fused NaOAc/H,BO, and NaOMe
reagentswere separately added to methanolic solution
of theinvestigated material and UV measurementswere
then carried out(®'2,

Nuclear magneticresonance spectr oscopic analy-
Sis

NMR spectrawere measured on Jeol ECA 500
MHz NMR Spectrometer at National Research Cen-
ter, Dokki, Cairo, Egypt. 1H chemical shifts(6) were
measured in ppm, relativeto dmso-d6 and converted
toTMSscale.

M ass spectrometric analysis

Theisolated pure compoundswere subjected, in
most casesto Fast Atom Bombardment (positiveand
negative) mass spectroscopic anaysis (FAB-MS) on
MM 7070 E spectrometer (VG andytical). Someother
compoundswere subjected to el ectron spry ionization
mass spectroscopic anaysis (ESI — MS) a Varian
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Mat112-ET Spectrometer. All measurementswere car-
ried out at Institute Fur Chemie, Humbol dt Universitit
zuBelin, Germany.

Methods

Extraction

Twokilogramsof ar driedleavesthoroughly crushed
and exhaustively extracted under reflux over awater
bathwith 5 litersof amethanol / bi-distilled water (3: 1)
mixturefor 3 hours. The solvent was removed under
reduced pressure at about 45 °C. Theresidual finally
yielded 150 g of asticky dark brown material.

For theprimary detection of thephenolic content
in methanolicextract, thefollowing investigations
werecarried out

Two dimengona paper chromatography of theex-
tract was applied on Whatman paper No 1, irrigatedin
the solvent system 6% (acetic acid— water) (HOAc —
6), followed by butanol: acetic: water (4:1:5) reveded
the presence of mainly seventeen phenolic compounds,
corresponding spots gave positive response towards
FeCl,, spray reagent, some of which appeared under UV
light asdark purplespotswhich turned orangeor lemon
yelow or reddish orangewhen fumedwithanmoniava
por or when sprayed with Naturstuff spray reagent!.

A sampleof 33 gm of theextract dissolvedin 50 ml
agueous methanol (3:1) wasfractionated over 300 gm
polyamide6S, Riedd-DeHaenAG Sedlze— Hannover,
Germany. Column (150 X 3.5 cm) and elution with
methanol / bidistilled water mixturesof decreasing po-
laritiesfor gradient e utionled to thedesorption of seven
individua fractions(I-VII) whichweredried, individu-
aly, invacuum, and then subj ected to rechromatography
for severd timesto havethe pure phenolic compounds.
Antioxidant assay

Antioxidant scavenger activitieswere spectropho-
tometricaly determined at 517 nm according to method
adopted by Brand-Williams4, with somemodification
by Duarte-Almeidd®. The experiment wascarried out
intriplicate. Radical scavenging activity wasca culated
by thefollowing formula-

% Inhibition = [(AB -AA)/ AB] x 100
WhereAB isthe absorbance of blank sampleand AA
isthe absorbance of tested extract.

—=> [ul| Paper
Antimicrobial activities
The extract was dissolved in dimethylforamide

(DMF) for antimicrobia investigation at thefinal con-
centration of (10mg/ 1 ml).

Antibacterial activity

Antibacterid activitiesof extract weretested using
pour platetechnique on nutrient agar medium. Cultur-
ing and incubated of different bacterial specieswere
carried out at 27 “C for 24 hours. Extract wastested at
two concentrations0.1 ml and 0.3ml (10mg/ 1 ml).
After theel apse of incubation periods, the diameter of
inhibition zoneswas measured (mm). Mean of 3repli-
cated was calcul ated. Theinhibition zoneformed by
the extractsagainst the particul ar test bacterial strain
determined astheantibacterid activitiesof theextract™.

Antifungal activity

Czepak Dox mediaused for cultivationof fungd soe-
cies. Themedium was seeded with different fungd spe-
cies. After solidification of mediaon plates, makepores
inagar with cup porer (15 mm) diameter. Two concen-
trations0.1 ml and 0.3 ml (10mg/ 1 ml) of theextract
weretransfarredintothewd|. Dimethyl foramide(DMF)
was used only asacontrol. The plateswereincubated
for 7 daysat 30°C. Theinhibition zone (mm) formed by
theextract against the particul ar test fungd strain deter-
mined astheantifungd activitiesof theextract.

M easurements of potential cytotoxicity by SRB
assay

Potentia cytotoxicity of the extract wastested us-
ing themethod of Skehan™. Cellswereplatedin 96-
multiwell plate (104 cellswdl) for 24 hrs. Beforetresat-
ment with the extract alow attachment of cell tothe
wall of theplate. Different concentrationsof theextract
under test (50, 100, 125, 250 and 500 pug /ml) were
added tothecell monolayer. Triplicatewellswere pre-
pared for each individual dose. Monolayer cellswere
incubated with the extract for 48 hrs. at 37 °C and at-
mosphere of 5% CO,. After 48 hrs. cellswerefixed,
washed and stained with Sulforhodamine B strain. Ex-
cess strain was washed with acetic acid and attached
strain wasrecovered with TrisEDTA buffer. Color in-
tensity wasmeasured in an ELISA reader. Therdation
between surviving fractionand extract concentrationis
plotted to get the survival curveof eachtumor cell line
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after the specified compound.

RESULTSAND DISCUSSION

Resultsof phenolic constituentsin methanolic ex-
tract of strawberry leaves

Investigation of thephenolic compoundswasdone
by fractionation of the extract, over polyamide column
and dutionwith methanol /bi-distilled water mixturesof
decreasing polaritiesfor gradient eutionledto thedes-
orption of sevenindividud fractions(I-VII) whichwere
dried, individudly, in vacuum, and then subjected to
rechromatography for severa timesled totheseparation
of seventeen pure phenolic compounds. Fraction|; was
foundto containthreecompounds 1) Gallic, 2) Vanillic
and 3-) p- hydroxy benzoic, fraction II; contain 4) Quer-
cetin-3-O-rutinoside, 5) Quercetin -3-O-
glucopyranuronide and 6) Kaempferol-3-O-
olucopyranuronide, fraction11; contain 7) Quercetin-3-
O- B-glucopyranoside and 8) Quercetin 3-O-0-'C,-
rhamnopyranoside, fraction IV; contain 9) 1-O-gdloyl-
2,3-O-hexahydroxydiphenoyl-“C -B-glucopyranoseand
10) 2,3-O-hexahydroxy- diphenoyl - (o/p)-glucose,
fractionV; contain 11) Catechin, fractionVI; contain 12)
Caffeicacid, 13) Ellagicacid and 14) p-coumaric acid,
fraction V1I; contain 15) Quercetin, 16) Myricetinand
17) Kaempferol. Thestructureof thesecompoundswere
confirmed by chromatographic, UV, MS, H- NMR spec-
trd dataand theresultswerelisedinTABLE 1.

Biological activates of strawberry leave extracts

Assay for antioxidant capacity

Themethanolic extract of strawberry completely
inhibited DPPH absorbance at three different concen-
trationsused (19, 38 and 77ul), (Figure 1) and (TABLE
2). The percentages obtained can be considered asa
full absorbanceinhibition of DPPH, becauseafter com-
pleting thereaction, thefinal solution aways possesses
someyellowish color and thereforeits absorbancein-
hibition compared to col orlessmethanol solution can
not reach 100%. Permanent residual absorbancere-
sultsin upto 7% of thetotal absorbanceinhibition.

Resultsof antimicrobial activity

Antibacterial activity

Data in Figure 2 evaluate that Saphyllococcus
aureusisthehighest resi stance speciesto the extract at
3 mg concentration under investigation. Moreover both
concentrationswereresulted dramaticinhibitory effects
toKelbsidla sp., Salmonella typhi, Escherichia coli
specieslessthan the higher concentration one0, 3ml
(20 mg/ 1 ml). Themaximum inhibitory responsesare
indicated after the treatment of Pseudomonas
aeroginosa, Kelbseilla sp., Salmonella typhi with
highest concentration of methanolic extract. Thesere-
sultsindicated that these three speciesarehighly sens-
tive against extract when compared with thetwo other
species Saphyllococcusaureusand Escherichia-coli.
Theseresultsagreement with that obtained by Ayoola?,

TABLE 1: Chromatographic and spectral analysisof the phenolic compoundsfrom methanolic extract of strawberry leave

(Fragaria ananassa).

Compd UV Amax
N ) Rf values (x 100) (nm) MS 'H- NMR Spectral Data (DM SO-dg)é (ppm)
0.
MeOH

44 (H20),55 (HOAC) ] ]
1 72 (BAW) 272 170 6.98 (s, H-2 and H-6)

0 (H20),77 (HOAC), 7.32 (s, H-2), 6.64(d,J=8 Hz,H-5), 7.24(d, J=8 Hz, H6), 3.69(O-Me at
2 276 168 o

90 (BAW) position 3

0 (H20),36 (HOAC),

3 84 (BAW) 253. 138 7.8(d, 379 Hz), 6.8(d, J=9 Hz).
6.18 (d, J=2.5Hz,H-6),6.37 (d, J-2.5 Hz,H-8),7.55 (d, J=2.5 Hz,H-2"), 6.85

0 (H20),48 (HOAC), 359, 299*, (d, J=8 HZ,H-5’),7.56 (dd, J=25&8 HZ,H-G’),S.?)Z (d, J=8 HZ,H-l”), 3-

4 42 (BAW) 266 259 010 3.75(m, Hz,H-2"-67),4.35(broad s, Av, =4),3-3.75 (mH-
1°.2°°,5°),0.97 (d, J=6 Hz, CH3—rhamnose)
" 7.6 (dd, J=2.5,8Hz, H-6), 7.55 (d, J=2.5Hz, H-2),6.86 (d, J=8Hz, H-5),
5 67 (Hgg)(’é'i(\z?p‘c)' 255é52$ o 478 645 (d, JF2.5Hz H-8),6.2 (d, J=2.5HzH6), 5.5 (d, JIF9HzH1""),3.2, 3.9 (m,
glucuronic acid protons hidden by H20 protons signd).
72 (H20),45 366 8 (d, J=8Hz, H-2and H-6"), 6.84 (d, J=8Hz, H-3and H-5),6.4 (d, J=2.5Hz,
6 (HOACQC), 350’ 462 H-8),6.2 (d, J=2.5Hz, H-6), 5.48 (d, JF9Hz H-1""), 3.2, 3.8 (m, sugar
42(BAW) ) protons overlaping with OH protons).
Natural Products
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Compd. Rf values (x UV Amax 1y _
e 100 e MS H- NMR Spectral Data (DM SO-dg)s (ppm)
17 (H20).34 16a 621(d, =25z, Fi-6), 643 (d, =25z, F-8), 756 (4, =25z H2), 6:89 (d,
7 (HOAC), 256, 356 128 Hz H5),7.56 (dd, J=2.5 & 8 Hz H6),5.5 (d, J=8Hz H17), 3.2-3.8 (m, H-2""-
45 (BAW) H-6"")
Quercetin moiety: 6.17 (d, J=2.5 Hz,H-6),6.36 (d, J=2.5 Hz, H-8), 7.256 (d,
o Z(ag*/fg))' gg 2927531 ws  F25H2) 682 (d, F8HZH-5), 7.251(dd, 125 and 8 Hz, H-6)
(BAV\;) 248 " Rhamnose moiety: 5.20 (Avy, = 4 Hz,H-17), 3.1- 3.9 (m, overlapped with
water proton resonances, H-2”-H-6).
66 (H20),78 Glucose moiety: 6.12(d, J=8, H-1), 4.87(t, J=8, H-2), 5.15(t, J=8, H-3), 3.2
9 (HOAC), 255, 362 - 3.8 (m, H-4),3.2-3.8(m, H-5) 3.3-3.8(m,H-6) Galloyl moiety: 7.02 (s, H-2 and
22 (BAW) H-6). Hexahydroxydiphenoyl: 6.48 (s,H-3), 6.15 (s, H-3).
66 (H20)78 250 Glucosemoiety: 25(d.J=3.5,0-H-L"). 464 (d, 38 Hz, - H-L), 444(dd, =8,
0 HOAS (nflotion) - 75 BH2). 468 (dd =35 and B Hz, a-H-2), 483 (1 75 Hz, p-H-3),
2 (B AV\I’) 5.08 (t, =8 Hz, a-H-3%) , 3.3-3.8 (m, H-4’-H-6") , Hexahydroxydiphenoyl:
6.32,6.323,6.45 and 6.46 (s, H-3 and H-3)
33 (H20),54 78 451(d, J27.3 H-2). 3.84 (m, H-3), 2.33 (ax, dd J=16.0, 7.9, H-4) 2.68 (eq,
11 (HOAC), 300 dd, = 16.0, 5.3 H-4) 590 (d, k= 2.2, H-6), 5.72 (d, J=2.2, H-8),6.74 (d, J=
60 (BAW) 1.9, H-2), 6.7 (d, J=8, H-5",6.61(dd, J= 8, 1.9, H-6")
" Z%g'ng%"‘E’ 218,245,298, o0 6.2(d, = 16Hz, p-H), 6.76( J=7.5 Hz5H) 6.88 (dd, J=7.5 Hz and 3=2.5 Hz,
oL (A 325, 6-H), 6.98(d, J= 2.5Hz, 2-H), 7.48 (d, J= 16Hz, a-H).
43(H20)45 66 410 6.2 (d, J= 15Hz, a-H), 6.72( J=8 Hz,3-H and 5-H),7.32 (d, J=8 Hz,H-2and, 6-
13 (HOAC) 302 H), 7.52 (d, J=15Hz, B-H)
,90 (BAW)  1:52(d »BH).
0 (H20), 9
14 (HOAC), 48 255,362 164 7.48 (s, H-5 and H-5")
(BAW)
5 %flng%J o5 266 370 app | 019(d J=25 H-6),6.4(d,J=25, H-8), 7.64(d, =25 H-2). 658 (d, J
oA =85, H-5", 7.53 (dd, J =2.5 &8.5, H-6")
6 (OHg*AZS)'fS o5 376 a1g  619(d J=25 H-6) 64(d, J=25, H-8),7.64(d, J=25 H-2), 688 (d,J
' : =85, H-5", 7.53 (dd, J =2.5 &8.5, H-6")
(BAW)
0 (H20), 10 . . e o e
. Horg 8 268,30 28 O4(0.325H-8), 618(d, J=25, H-6) 814 (d, I8, H-2 and H-6), 6.9 (@
BA) J=8, H-3" and H-5")

TABLE 2: Antioxidant activity curve of methanolic and
aqueous methanolic extracts strawberry leaves.

% Inhibition
M ethanolic A
solution (pl) Ascorbic e?r?eouls M ethanolic
of thesubstanceadded  acid Methanoiic - srawberry
to 3ml DPPH of strawberry
0 0 0 0
10 92.15 23 49.92
19 98.8 26.16 56.69
38 98.27 44.96 91.42
77 98.35 93.53 94.58
100 98.37 81.5 94.73
| :: r_’f = il _'_'_f‘_"ixii" —e— A markic azid
50 / .._f—"-’_'f' il 2 tbaaalic af

Figure 1 : Antioxidant activity curve of the extracts of
strawberry.

and ayad™. A yoola; reported that, the alcoholic ex-
tractsof clove, ginger, peppermint spearmint and thyme
werethe most effectivethan agueous extracts against
E.coli isolated.

TABLE 3: Antibacterial activity of methanolic and aqueous
methanolic extractsof strawberry leaves.

Inhibition zone diameter (mm)

bacterial strains Methanolic  Aqueous methanolic

0.1ml 03ml  0.1ml 0.3ml
Pseudomonas aeroginosa  _ 10 _ 6
Kelbsiellasp. 5 10 2 18
Salmonellatyphi 3 10 10 21
Staphyllococcus aureus _ 2 5 15
Escherichia coli 3 8 _ 9
Antifungal activity

Thetwo extractshad different antifunga activities
against thetested fungd strains. M ethanolic and aque-

——————, Natural Products
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Antibacterial activity curve
lomonas
nrcgm

Figure2: Ant|bacter|al act|V|ty of themethanolicand aqueous

P —
methanolic extract of strawberry

Inhibition zone

Salmonella
nnnnn

ous methanolic extracts of strawberry leaves showed
noinhibitory activity againg dl speciesat 0.1 ml concen-
tration, but at 0.3 ml concentration showed inhibitory
activity againg al species(Figure3) and (TABLE4).

TABLE 4: Antifungal activity of methanolic and aqueous
methanolic extractsof strawberry leaves.

Inhibition zone diameter (mm)

fungal strains Methanolic ~ Aqueous methanolic
0lml 03ml 0.1ml 0.3ml
Fusarium oxysporum _ 5 _ 9
Aspergillus niger _ 10 _ 10
penicillium sp. _ 8 _ 5
Cladosporium sp. _ 5 _ 45
Aspergillus flavus _ 2 _ 3

Jl“]l]lu

Cladasporium sp.

Aspergillusniger  penicillium sp. Aspergilius flay

................

Figure3: Antifungal activity curve of the methanolic and
aqueousmethanolic extract of strawberry leaves.

Resultsof anti tumor activity

Themethanolic extract of strawberry leaveswere
tested against threehuman cdll lines[HEPG2 (liver car-
cinomacdl line), MCF7 (breast carcinomacell line) and
HCT 116 (coloncarcinomacdll lineg)]. Theresultsshowed
that the extract has activity against all cell linestested
(TABLEDS) and (Figure4). 1C50 of HEPG2=120 ug/

TABLE (5) Cytotoxic activity of themethanolic extract of
strawberry leavesagainst colon, breast and liver carcinoma
cell lines.

Conc. pg/ml HCT MCF7 HEPG2

0.0 1.000000 1.000000 1.000000

50.0 0.882024 0.927359 0.694252

125.0 0.539317 0.591482 0.493754

250.0 0.426975 0.325955 0.211873

500.0 0.411150 0.248703 0.194443
Natural Products

1
0.8
MCF7
0.6
HCT
0.4 HEPG2

Conc. pg/ml

survival fraction

o 50 125 250 500

Figure4: % of survival fraction of colon, breast and liver
carcinoma cell lines against concentration (ng/ml) of
methanolic extract of strawberry leaves.

ml, MCF7=170 ug/ml and HCT= 165 pg/ml.
CONCLUSION

Theresultsof thisstudy suggest the possibility of
using these extractsasnatural food preservativesand
potential sourcesof antibacterial, antifungal and anti-
oxidant ingredientsfor thefood and pharmaceutica in-
dustry.
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