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Apples possess many beneficial properties for the
human health related with their high content in
phenolic compounds. The antimicrobial effect of these
compounds from the skin of two apple varieties, Royal
Gala and Granny Smith, against human pathogens was
examined. The phenolic compounds were extracted with
the following solvents: A, acetone: water: acetic acid; B,
ethyl acetate: methanol: water and C, ethanol: water.
Total phenolic, flavonoid and non-flavonoid contents
were analyzed in the extracts. The antimicrobial effect
was determined using the agar diffusion method. The
highest inhibitory effect of both apple varieties
corresponded to extract A, which contained a high
phenolic content. The Granny Smith extracts with
higher phenolic content presented a superior
antimicrobial effect against the selected
microorganisms: Escherichia coli, Escherichia coli
ATCC 25922, Escherichia coli ATCC 35218,
Staphylococcus aureus ATCC 25923, Staphylococcus
aureus ATCC 29213, Pseudomonas aeruginosa ATCC
27853, Enterococcus faecalis ATCC 29212 and Listeria
monocytogenes. The most sensitive microorganisms
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were Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853 and Staphylococcus aureus
ATCC 29213, whereas the most resistant strains were
Escherichia coli ATCC 35218 and Escherichia coli. The
results obtained demonstrate a direct relationship
between the phenolic content of the extracts and the
antimicrobial effect.

Apples are fruits consumed worldwide in different forms
i.e. fresh, in juices and cider. Their beneficial properties to
human health are related to the high content of phenol
compounds.

Polyphenols are widely common secondary metabolites of
plants, the content of which varies greatly between different
species, and cultivars, and with maturity, season, region and
yield. Polyphenols are classified according to their structure
as phenolic acids derivates, flavonoids, and tannins. Apples
contain many types of phenolic derivates and flavonoids
(flavan-3-ols, flavonols, procyanidins, chalcones, and
anthocyanins) (Mangas et al. 1999; Podsedek et al. 2000;
Shoji et al. 2003).
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Apple pulp contains catechin, procyanidin, caffeic acid and
chlorogenic acid among other components. The skin
contains all the aforementioned substances as well as
flavonoids, not present in pulp, such as quercetin glycosides
and cyanidin glycosides (Escarpa and Gonzalez, 1998; Van
der Sluis et al. 2001).

Epidemiological studies associate phenolic consumption
with lower mortality, especially caused by coronary
diseases. They present multiple biological properties, which
are of growing interest for consumers due to the high
antioxidant, anti-inflammatory, anti allergic, anti
thrombosis and antimicrobial activities (Kanner et al. 1994;
Frankel et al. 1995; Koga et al. 1999; Eberhardt et al. 2000;
Jayaprakasha et al. 2003; Baydar et al. 2004; Shoji et. al.
2004). Furthermore they act as antideposit of triglyceride,
anticholesterolemic, and antiviral agents among others.
Phenolic compounds may affect microbial growth and
metabolism (Alberto et al. 2001; Alberto et al. 2002;
Alberto et al. 2004).

This paper studies the antimicrobial properties of phenolic
compounds from apple skin of two varieties, Royal Gala
and Granny Smith, against pathogenic bacteria to human
beings.

MATERIALS AND METHODS
Apples

Two apple varieties, Royal Gala with a yellowish-red skin
and Granny Smith with a greenish-white skin, were
obtained from Tafi del Valle, Tucuman province,
Argentina.

Polyphenol extraction

The peel of 6 kg of each apple variety was chopped up

finely. Extractions were carried out twice for 8 hrs at 60°C
(Jayaprakasha et al. 2003) with 400 mL of the following
solvents: A, acetone:water:acetic acid; B, ethyl
acetate:methanol:water and C, ethanol:water. Extracts were
then concentrated by drying in a rotatory evaporator at 35°C
to avoid hydrolysis, redox and polymerization reactions that
can alter the sample composition. Afterward, the
concentrates were resuspended in 50 ml methanol and kept
at -18°C, avoiding direct contact with light and oxygen.

Analytical determinations

Total phenolic content was obtained with Folin-Ciocalteu
reagent (Singleton and Rossi, 1965). The flavonoid fraction
was obtained by mixing 10 mL of the extract with 10 ml of
diluted HCI (1:3) and 5 ml of an 8 mg/mL formaldehyde
solution. The mixture was left to precipitate for 24 hrs and
then filtered. The non-flavonoid phenol contents were
determined in the filtrate using Folin-Ciocalteu reagent.
The flavonoid content was obtained by the difference
between total phenol and non-flavonoid content. The
phenol content is expressed as the equivalent of gallic acid
per gram of apple skin (mg GAE/g). All determinations
were carried out in triplicate.

Extract clarification

Clarification was carried out with 1 g of activated carbon in
20 ml of each extract. Extracts were shaken and then
membrane-filtered (0.45 w). The clarified extracts without
phenol compounds were used as negative controls in the
antimicrobial activity assays. All extracts were filter-
sterilized (0.22 p membrane) and kept at -18°C.

Microorganisms and culture media

Escherichia coli, FEscherichia coli ATCC 25922,
Escherichia coli ATCC 35218, Staphylococcus aureus

Table 1. Phenolic contents in different extracts (A, B and C) from apple skin.

Apple variety Extract

Phenolic compounds

Totals Flavonoids = Non-Flavonoids
A 6.80*+0.15 | 6.69 £ 0.50 0.11+£0.09
Granny Smith B 5.08 £ 0.08 | 4.96 + 0.50 0.12 £ 0.04
C 3.02+0.08 | 2.89+0.25 0.13+0.10
A 3491014 | 3.27+£0.30 0.22 £ 0.02
Royal Gala B 1.99+0.08 | 1.78 £ 0.15 0.21 £0.05
C 260+0.13 | 2.31+£0.18 0.29 £0.16

* mgGAE/g, A: acetone: water: acetic acid, B: ethyl acetate: methanol: water, C: ethanol: water.
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Table 2. Effect of the apple skin extracts from Royal Gala and Granny Smith varieties against bacterial pathogens.

E coli E coli

S. aureus

P. aeruginosa E. faecalis
S. aureus 9

Extracts  Ecoli prccosg22 ATCC 35218 ATCC 25923 ATCC 20213 A1CC LSS 6 FETEE RS
27853 29212
A 6.0* 7.0 7.0 7.0 10.0 10 9 9
Granny Smith B| 2.0 4.0 - 2.0 3.0 3 - 3
c - 40 - : 10 4 ] -
A - 40 ; 3.0 40 4 4 4
Royal Gala B - 3.0 ] 2.0 2 3 ) 3
c - 20 - 10 1 - -
Inhibition
zone 13 40 12 25 35 40 22 3.2
average
Sebl] 16 20 11 19 18 15 36 34

*+)

A: acetone: water: acetic acid, B: ethyl acetate: methanol: water, C: ethanol: water. Control (+): 1 mg/ml Chloramphenicol. Control (-):

clarified

extracts.

(*) Diameter of inhibition zone in mm. Relative Standard Deviation (RSD) < 0.5 mm.

ATCC 25923, Staphylococcus aureus ATCC 29213 and
Pseudomonas aeruginosa ATCC 27853 were cultured in
common broth and Enterococcus faecalis ATCC 29212 and
Listeria monocytogenes in BHI (Brain Heart Infusion).

Antimicrobial activity

Activity was measured using the agar diffusion method.
Ten ml of soft agar (0.75%) were mixture with 6.0 x 10*
cfu/ml of microorganism and then were sown on a Petri
dish with 10 ml of solidified culture medium (1.5% agar).
Dishes were left to solidify and little holes were punctured.
Twenty pl of each extract was added to each hole and
chloramphenicol (1 mg/ml) was used as positive control.
Plates were incubated for 24 hrs at 37°C for E. coli, S.
aureus and E. faecalis and at 30°C for L. monocytogenes
and P. aeruginosa. Analyses were carried out in triplicate
with a precision of the inhibition zones of 0.5 mm.

Statistical analysis

Statistical analysis was carried out using MS-Excel
software.

RESULTS AND DISCUSSION

Table 1 reveals that the Granny Smith variety contained 49,
61 and 14% more total polyphenols than Royal Gala (in
extracts A, B and C respectively). Moreover, flavonoid
compounds were 51, 64 and 20% higher than in Royal Gala
(extracts A, B and C respectively). In both varieties extract
A contained the highest content of total phenol and
flavonoid compounds.

Regarding the non-flavonoid fraction the content was very
low compared to the total polyphenols: 2 to 4% for Granny
Smith and 6 to 11% for Royal Gala.

Table 2 shows the effect of the different apple skin extracts
on human bacterial pathogens. Clarified extracts, controls,
did not show any antimicrobial effect. The mayor inhibitory
effect for both varieties due to the phenolic compounds
from the skin was observed in extract A, which contained
the highest phenolic contents. E. coli ATCC 25922, P.
aeruginosa ATCC 27853 and S. aureus ATCC 29213 were
the most susceptible microorganisms, whereas E. coli
ATCC 35218 and E. coli were the most resistant bacteria
regarding the apple skin extracts.

The effect of identical concentrations (7 mg GAE/ml) of
the apple skin extracts of both varieties on pathogenic
bacteria is shown in Table 3. The controls, clarified
extracts, did not show any antibacterial effect. These results
confirm that extract A from Granny Smith was the most
effective antibacterial agent. S. aureus ATCC 29213 and P.
aeruginosa ATCC 27853 were the most susceptible
microorganisms and E. coli and E. coli ATCC 35218 the
most resistant bacteria.

Jayaprakasha et al. (2003) have reported the antimicrobial
activity of acetone: water: acetic acid and
methanol:water:acetic acid extracts from grape seed. Both
extracts were active against Bacillus cereus, Bacillus
coagulans, Bacillus subtilis, S. aureus, E. coli and P.
aeruginosa. The authors evaluated the free radical
scavenging activity of these extracts; the data obtained
revealed that the extracts were free radical inhibitors and
primary antioxidants that react with free radicals. They
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Table 3. Inhibitory effect of 7 mg GAE/mI of skin extracts from Royal Gala and Granny Smithapples against bacterial pathogens.

E coli Ecoli  S. aureus S. aureus | P. aeruginosa E. faecalis

Extracts E coli ATCC ATCC ATCC
25922 35218 25923
A | 3.0* 4.0 35 4.0
Granny Smith B - 2.0 - -
C - - - -
A - - - 2.0
Royal Gala B - - - 1.0
C - 1.0 - -
Inhibition zone average = 0.5 1.2 0.6 1.2
Control (+) 16 20 11 19

ATCC ATCC ATCC L. monocytogenes
29213 27853 29212

4.5 4.0 5.0 1.0

- 1 - -

3.0 2.5 2.5 -

2.0 1.0 2.0 2.0

2.0 3.0 1.0 1.0

1.9 1.9 1.7 0.7

18 15 36 34

A: acetone: water: acetic acid, B: ethyl acetate: methanol: water, C: ethanol: water. Control (+): 1

mg/ml Chloramphenicol. Control (-): clarified extracts.

(*) Diameter of inhibition zone in mm. Relative Standard Deviation (RSD) < 0.5 mm.

found that acetone:water:acetic acid extract was better
radical scavenger than methanol:water:acetic extract.

Baydar et al. (2004) reported that acetone:water:acetic acid
and ethyl acetate:methanol:water grape seed extracts
inhibited the fifteen bacteria used as test organisms

(Aeromonas  hydrophila, B. brevis, B. cereus, B.
megaterium, B. subtilis, E. faecalis, E. coli, Klebsiella
prneumoniae, L. monocytogenes, Mycobacterium

smegmatis, Proteus vulgaris, P. aeruginosa and S. aureus)
and they attributed the inhibitory effect to their phenolic
composition. The grape seed extracts had high total
phenolics compared with those of bagasse (berry without
seed and juice), which did not inhibit any of the bacteria
tested. The authors attributed the inhibitory effect of the
extracts to their phenolic composition.

Based on our results it may be concluded that the most
effective extraction method for polyphenols from apples is
with acetone:water:acetic acid. The Granny Smith extracts
are more effective as antibacterial agents than those from
Royal Gala. Moreover, there is a direct relationship
between phenolic content and antibacterial effect.

The antibacterial effect of apple polyphenols demonstrated
in this study can be added to the already known beneficial
biological properties of these compounds to the human
health, thus making this fruit even healthier.
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