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Abstract

Cynara scolymus L. is a medicinal plant frequently used in traatithl medicine for liver diseases. The aim of
this study is to evaluate the antimicrobial acyivitf the different parts of ArtichokéMaximum antimicrobial
activity was observed with methanolic extract olibo phenols for (bract and heart) against Gram thega
bacteria. The MIC values for bound phenols fromrheare (63ig/ml). Whereas, the bound phenols for bracts
was ranged from (312 and 488ml) against Gram negative and (486nl) against Gram positive. Free phenols
of the heart of artichoke showed the lowest MIC4(206 206)ug/mL for microorganism Gram positive and
Gram negative. Therefore, this study indicate thatfree phenolic extract from bracts @fnara scolymus L.
might be of interest within the developing markenatritional ingredients and is capable of yielglimutritional
supplements with antimicrobial activities.

Key words: artichoke wastes, antibacterial effects

1. Introduction

Artichoke (Cynara scolymus L.) represents an important component of the Medihean diet. Artichoke is a
rich source of minerals, a low amount of lipidsstdry fibre and a high proportion of phenolics falchet al.,
2002 &Fratianniet al., 2007). Nutritional and pharmaceutical propertiebath artichoke bracts and heart are
showed high levels of polyphenolic compounds andinn(Luttanizioet al. 2009). In Egypt there is an annual
production of nearly 202458 MT of artichoke (FA@12).

The manipulation of food processing wastes is n@soming a very serious environmental issue. Paals a
leaves are often the waste part of various friitese wastes have not generally received muchtiattenith a
view to being used or recycled rather than disabdrdhis might be due to their unknown benefitahmercial
application.

The artichoke Qynara scolymus L.) canning industry generates large amounts ofalgural waste, represent
(about 80-85% of the total biomass of the plant)stsiing mainly of the leaves, Jimenez-Esetigl., (2003)
stems and the external parts of the flowers (byadtéch are not suitable for human consumption emuld be
used as a source of inulin, phenolics, and shoaladdnsidered as a raw material for the productiofood
additives and nutraceuticals.

Recent studies on artichoke demonstrated theirtthpabdtective potential, especially their hepatapctive
(Gebhardt, 1997 ; Aktagt al., 2000) anticarcinogenic (Wargg al., 2003), and hypocholesterolemic activities
(Lupattelli et al., 2004), antimicrobial (Zhuet al., 2004). The spoilage and poisoning of foods by
microorganisms is a problem that has not yet beendht under adequate control despite the rangehnfst
preservation techniques available. Consumers am@aningly avoiding foods prepared with preserestiof
chemical origin, and natural alternatives are ttegeeneeded to achieve a sufficiently long shééf bf foods
and a high degree of safety with respect to foathd@athogenic microorganisms. In nature, thereadarge
number of different types of antimicrobial composrttiat play an important role in the natural deéent all
kinds of living organisms (Varmarat al., 2011).

The aim of the present study is to evaluate them@t role of artichoke and artichoke by-produgssa source
of health-promoting phenolics associated with theiimicrobial activities.

2. Materialsand M ethods

2.1 Sampling extraction of free and bound phenolic compounds

Phenolic compounds were extracted into free anddbgahenolics according to the methods of Adom & Liu
(2002) ; Sosulskiet al. (1982), respectively, with a slight modificatidfree phenolic compounds of flours (1 g)
were extracted with 10 ml of 80% chilled ethanal 8 min with continuous shaking. After centrifuigat at
25009 for 10 min, the supernatant was collectee Esidue was re-extracted twice with 10 ml of 8t8itled
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ethanol under the same conditions. All supernateset® combined and evaporated to dryness undeceddu
pressure. Then the concentrated slurry was dissolith methanol to a final volume of 10 ml. Thedre
phenolic compounds were then stored at —@antil use. The residue from the extraction offgghenolic
compound was hydrolyzed directly with 20 ml of 2N4OH for 90 min with continuous shaking at €0(Yeh,

et al. 1980). The hydrolysate was acidified to pH 2 (610l) and centrifuged to separate cloudy precipitdhe
clear supernatant was extracted five times withahexat a hexane to water phase ratio of 1:1 to verfree
fatty acids and other lipid contaminants. The l#ted phenolic acids were then extracted six timitls ethyl
acetate at a solvent to water phase ratio of 1hg. gthyl acetate extracts were evaporated to dsyaed then
bound phenolic compounds were dissolved and filledo 10 ml of methanol and stored at (— 4Dyntil use.

2.2 Total phenolic content (TPC)

The total phenolic content (TPC) of free and borterlic extracts of different parts of artichoke swa
spectrophotometrically determined by Folin Cioaalteagent assay using Gallic acid for the prepamadif
calibration curve (20 — 120 mg/l) according to @&tonet al.1965). A suitable aliquot (1 ml) of each extract o
standard solution was added to 25 ml volumetriskfl@ontaining 9 ml of distilled water. One milidi of Folin
Ciocalteu's phenol reagent was added to the mixdnceshaken. After 5 min. 10 ml of 7 % J8&®; solution
were added to the mixture. The solution was dilute#5 ml with distilled water and mixed. After irzation for
90 min. at room temperature, the absorbance wasrdieied at 750 nm with Spectrophotometer (Unicum UV
300) against prepared reagent as blank. Total pleecontents in samples were expressed as mg gatlt
equivalents (GAE)/g dry weight. All samples weralgred in triplicates.

2.3 Total flavonoid content (TFC)

Total flavonoid content (TFC) of free and bond ptlen extracts of different parts of artichoke was
spectrophotometrically determined by the aluminititoride method using quercetin as a standard i&hist
al., 1999). One ml of extract or standard solutiomefgetin, 20—120 mg/l) was added to 10 ml volurodtaisk,
containing 4 ml of distilled water. To the flask0nl 5 % NaNQ was added and after 5 min 0.3 ml 10 % A ClI
was added. At 6th min, 2 ml 1M NaOH were added thedtotal volume was made up to 10 ml with didille
water. The solutions were mixed well and the abmoch was measured against prepared reagent bl&i0 at
nm by using spectrophotometer (Unicum UV 300). Titavonoids in sample were expressed as mg quarcet
equivalents (QE)/ g fresh weight. Samples wereyaedl in triplicates.

2.4 Antimicrobial activity

The antimicrobial activities were carried out acling to the conventional disk diffusion test (Greend, 1983)
using cultures oBacillus subtilis NRRL B-94,Escherichia coli NRRL B-3703,Psedumonas aeruginosa NRRL,
Saphylococcus aureus NRRL, Aspargillus niger NRRL313, andCandida albicans NRRL477. The bacterial
strains were cultured on nutrient medium, while flnegi and yeast strains were cultured on malt omed&
yeast medium, respectively. Broth media includexdighme contents except for agar. For bacteria east,ythe
broth media were incubated for 24 h. As fungus,itfeeh media were incubated for approximately 48vith
subsequent filtering of the culture through a thiyer of sterile sintered Glass G2 to remove mgciEhgments
before the solution containing the spores was €seithoculation. For preparation of plate inocubeti 0.5 ml of
inoculate were added to 50 ml of agar media (50&i@) mixed by simple inversion. The agar was poimtxl
120 mm Petri dishes and allowed to cool to roomptenature. The sterile filter paper disk (2mm innaéger)
was saturated by sample. The saturated filtermpsipel to evaporate solvent and fixed on the sarfs# agar.
The microbial growth inhibition zone was measurégraincubation at 30 °C at the appearance of tharc
microbial free inhibition zones, beginning withid B for yeast, 24—48 h for bacteria and 48-72 hdogus.
Both antimicrobial activities could be calculatedsamean of three replicates.

2.4.1 Minimal inhibitory concentration (MIC)

The culture medium (25 ml) was poured into Petshds (9 cm in diameter) and maintained at 45 °C tinat
samples were incorporated into the agar. The samwpdee added as 50, 100, 200, 300, 400, 500 and§ad.
The different microbial strains were layered byngsan automatic micropipette to place 30 pL overgtrface
of the solidified culture medium containing a saenffter the microorganisms were absorbed intoather, the
plates were incubated at 30°C for 24-48 h. MIC determined as the lowest concentration of articleieacts
inhibiting the visible growth of each organism twe tagar plate.

2.5 Satigtical Analysis

The statistical analysis was performed accordingStedecor & Cochran (1989) for comparison between
different mean values, LSD test at 5% level wagly&uncan 1995). Differences were considered Sicanit
whenp < 0.05.
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3. Resultsand Discussion
3.1 Phenolics and Flavonoids contents
The artichoke Qynara scolymus L.) canning industry generates large amounts ofalgural waste, represent
(about 80—-85% of the total biomass of the plantjsesting mainly of the leaves, stems and the eatgrarts of
the flowers (bracts) which are not suitable for lmntonsumption and could be used as a source I, inu
phenolics, and should be considered as a raw rabferi the production of food additives and nutratasls.
Data presented in (Table 1) indicated that theclaolie (bracts) showed a higher content of tota fyeenolic
compounds FTPC (14.16 mg/gDW) followed by the audle (heart) which contained only 9.06 mg/gDW.On
the other hand both inner and outer parts of askehshowed the lower content of the bound phenolic
compounds (5.35 and 4.2 mg/gDW, respectively).
Previous studies showed that the artichoke (bracisjained higher amount of phenolic compoundsaleith
higher amount of minerals and dietary fibres.Asle of phenolics, the artichoke (bracts) shouldspeshigher
free radicals scavenging activity than the artieh@keart), These results were supported by thétsesfuPerez-
Garciaet al., 2000 who found that nutritional and pharmaceltpgroperties of both heart and bracts are linked
to their special chemical composition which incleddgh levels of polyphenolic and inulin which pess
potential antioxidant activity (Perez-Garetzal. 2000).
Lattanzio et al., (2009) mentioned that the therapeutic propertiage been ascribed to the cynarin (1,3-
Odicaffeoylquinic acid)content of these extracts.various pharmacological test systems, articholactb
extracts have exhibited hepatoprotective, antinagenic, antioxidative, antivacterial and anti-Hibtivities.
Similar results found by Sallaet al., (2005 & 2008) who found that artichoke by-prodoontained (8.1 mg
Tannic acid/g DW). Lattanzi@t al., (2009) found that by-product of artichoke areyveich in phenolic
compounds and hence can regarded as a functiardl fo
In addition, the total flavonoids contents (TFC)frefe and bound phenolic extracts of artichoke tsrand heart
are shown in (Table 1). The flavonoid content of free phenolic extracts was higher than that ient
phenolic extracts.
The total flavonoids concentrations of free phenaii artichoke bracts extracts was significantlghgr (9.85
mg/g DW) when compared to artichoke heart (5.91gniyV).
In conclusion, among the two fractions of artichdke (bract and heart) was found to contain thédsy
content of flavonoids and phenolic of free phendidract. Significantly different was observed fre ttotal
flavonoids of the different parts of artichoke.

Table 1. Total phenolic and total flavonoids conififree and bound methanolic extracts of diffénearts of

artichoke.

Extracts TPC mg/g TFC mg/g

Free phenolic extract 9.06' + 0.06 5.9°°+0.12
Heart

Bound phenols extract 5.35 +0.08 4.17+0.15

Free phenols extract 14.16+0.08 9.85'+0.12
Bract

Bound phenols extract 4.20'+0.07 2.06'+0.11
LSD at 0.05 0.14 0.23

All values are the mean of three replicateSBx All values with the same letters are not digantly different at
p>0.05

3.2 Antimicrobial activity

The spoilage and poisoning of foods by microorgasiss a problem that has not yet been brought under
adequate control despite the range of robust prasen techniques available. Consumers are inargbsi
avoiding foods prepared with preservatives of clvamdrigin, and natural alternatives are therefugeded to
achieve a sufficiently long shelf life of foods aachigh degree of safety with respect to food bqraiogenic
microorganisms. In nature, there are a large nurobdifferent types of antimicrobial compounds tpédy an
important role in the natural defence of all kimafsliving organisms. Data presented in (Table X)vstihe
antimicrobial activity of different types of pencdi methanolic extracts (free and bound) of artiehiotacts and
heart against different species of Gram positiBaci|luss ubtilisand Saphylococcus aureus) Gram negative
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(Escherichia coli andP. aeruginosa) bacteria and the funguggergillus niger, and Candida albicans). The
antimicrobial effects of both extracts of artichogeesented variable inhibition effects against pgémic
bacteria, and fungus. The antimicrobial activitybolund phenolics methanol extracts from artichotects are
found to be very effective in inhibiting the growtii all the tested bacteria giving a range of 22Z7055mm
inhibition zone diameter (Table 2).

Table 2. Antimicrobial activities of free and boumgithanolic extracts of different parts of articeok

Diameter of inhibition zone (mm)
Extracts Bacteria Fungus
E. P. . B. A. niger C.
coli aeruginosa aureus subtilis abbicans
Free phenolic extract 135 8.55 8.8 8.45 12.7 11.25
Heart
Bound phenols extract | 24.4 19.85 21.75 20.3 18.85 21.2
Free phenols extract 8.2 7.45 9.45 9.3 11.55 9.85
Bract
Bound phenols extract | 27.55 21.7 24.5 25.35 24.2 22.7

The maximum inhibitory effect of bound phenolicssw@bserved o Coli (27.55B. subtilis (25.35) and S.
Aureus (24.50), meanwhile, it was moderate agaisteruginosa (24.50) more than those of free phenolic
extracts against pathogenic bacteria from differpatts of artichoke (Heart and bract). The antidak
activities against both gram positive and gram tiegabacteria may indicate the presence of broazttsp
antibiotic compounds or simply metabolic toxinsglant extracts (Moniharapon & Hashinaga, 2004).alrot
phenolics generally possess antimicrobial actiwitisvhich provide chemical barriers for invading
microorganisms. On the other hand, flavonoids imhiacterial growth by inhibition of DNA, cytoplasm
membrane function and energy metabolism. Gallid arid pyrogallol as phenolic compounds, daidzein as
isoflavonoid and rutin and myricetin as flavono#ds effective as antibacterial agent (Dorman & B3e@004).
Similar pattern was observed with fungus growthe Tdound phenolic extract of the bracts and heart of
artichoke exhibit antifungal activities as indichten Table (2). Such observation was supported roypi
&Adedayo (1999), who found that polar solvent estrhas high antifungal activity against a wide mrgf
fungal isolates includindspergillus niger and Candida albicans. Antimicrobial activity may involve complex
mechanisms, like the inhibition of the synthesicelf walls and cell membranes, nucleic acids amodefns, as
well as the inhibition of the metabolism of nuclideids (Oyaiziet al. 2003). The results of the present study are
in agreement with Zhet al., (2004 & 2005) who found that the thebutanol extract of artichoke leaf extract
exhibited the most significant activities agairesten bacteria species, four yeasts and four méldgnicrobial
activities may be attributed to the presence ofplie compounds chlorogenic acid, four caffeoyldguiacid,
cynarin, and four flavonoids, luteeolin-7-rutinosjctyaaroside, apigenin-7-rutinoside.

3.3 Minimum inhibition concentration (MIC)

MIC results are given in (Table 3).The bound phienektract from the heart was the most effective on
against bacteria 0.63—-0.83pg/ml followed by bouretrmlic extract of bract 102-136ug/ml. The testing
antibacterial activity of bound phenolic extrafitsm bract of artichoke exhibited thit Coli were the most
sensitive bacteria to the bound phenols heart ex{dIC = 63.g/ml).The variation in the effectiveness of
different extracts against different strains mapete on the differences in the cell wall permegbiif these
microbes (Dorman &Deans, 2004).

The antimicrobial activities of free and bound pbienmethanolic extracts in different parts of elntbke can be
related to their content of flavonoids and phenalsch have been found effective antimicrobial sabses
against a wide array of microorganisinsvitro (Varmanuet al. 2011). The activity of free and pound phenolic
compounds extracts is probably due to their abititcomplex with extracellular and soluble proteémsl too
complex with bacterial cell walls (Dorman & Dea2€§04). The Minimum inhibitory concentrations (MIGj
different types of phenolic extract from differgmarts of artichoke againgtspergillus flavus and Aspergillus
Niger are shown in Table (3).
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Table 3. Minimum inhibition concentration (MIC) &iEe and bound phenolic methanolic extracts otdéiit
parts of artichoke.

MIC (pg/ml)
Extract Bacteria Fungus
E. cali P. . aureus B. A. niger C.
aeruginosa subtilis abbicans

Free phenolic extract 204 306 306 306 306 306
Heart

Bound phenols extract] 63 63 84 84 105 105

Free phenols extract 312 468 468 468 468 468
Bract

Bound phenols extract| 102 102 102 136 136 136

The bound extract exhibited fungi toxicity agaitsith species; however, the toxicity was higher ragah.
niger andC. Abbicans. Both fungi are pre-harvest pathogens of severpbiant food crops. Both fungi produce
aflatoxins, which are a potent hepatotoxic andinagen.

4. Conclusion

The results obtained from this study indicated fivasence of various phenolics and flavonoids, tteyewith
other metabolites that are probably involved indh&bacterial, activities, support the traditionadicinal use
of artichoke by-products and provide grounds fottfer establishing its use as a functional food A extracts
showed very good activities that are comparabla thi¢€ commercial antibiotics.
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