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ABSTRACT

Focd manufacturers and consumers demand additive-free, fresh and full-
tasting food products while maintaining high standards of microbiological safety. The

use of patural antimicrobial system for the preservation of foods could satisfy this -

demand. The use of certain plant extracts can guarantee a good microbiological
safety in foods. There is a little quantitative data on antimicrobial activity of most
plants extracts. Therefore, the growth of eleven foed berne pathogenic bacterial
strains; four Gram negative (Enterobacter {Ent.) aerogenes, Escherichia (E.) coli
Pseudomonas (Ps.}) aerugincsa and Ps. fluorescens) and seven Gram-positive
(Bacillus (B.) cereus, B. firmus, B. pumilus, B. subtilis, Micrococcus (M) luteus, M.
varians and Staphylococcus (S.) aureus) was studied in liquid media in the presence
of some plant extracts (water and ethanolic) rich in total phenolic compounds, namely
black tea, grape seed, green tea, rosemary and reference compounds {caffeine and
catechin).

The ethanclic extracts of black tea, grape seed, green tea. and rosemary
appear to be promising antibacterial agents and couid be used in food industry to
guarantee a good microbiological safety of foods.

Keywords: plant extracts, black tea, grape seeds, green tea, rosemary, growth
inhibition, food pathogenic bacteria. ‘

INTRODUCTION

Many plant extracts possess antimicrobial activities against a wide
range of microorganisms related to food spoilage and safety (Friedman ef al,
2002 and Patrzykat & Douglas, 2003) besides their antioxidant properties
(Basaga et al., 1997) due to catechins {10-30%) and caffeine (1-5%), being
major components of green or black teas (Shatta & Habiba, 1999; Shatta,
.999; Beecher, 2003; Pan et al, 2003 and Auger et al, 2004) and
considered to be responsible for the anticarcinogenic and antimutagenic
properties of tea (Scott ¢t al., 1993; Kuroda & Hara, 18999. Zhu et al, 2000;
Cai et al, 2002 and Gupta et al, 2002). Among tea catechins,
epigallocatechin galtate has been shown to have the strongest antimicrobial
activity (Mabe ef af, 1999 and Amarowicz et al, 2000). .

The aqueous extract prepared from leaves of rosemary (Rosmarinus
officinalis L.) is widely used as a folk remedy for abdominal colic (Al-Hader et
al., 1994} and marketed as powerful antioxidant of lipids in foods (Richheimer
et al., 1996). The major phenolic compounds are rosmarinic acid, glycosides
of luteolin, carncsic acid, methylcarnosic and carnoso!l. The efficiency of the
extract is improved in refrigerated foods, it withstands moderate heat
treatment, therefore, it could be a useful preservative especially in
refrigerated foods (Carlin et al,, 2000 and Del Campo et af., 2000). ‘
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Also, grape seed extract contains simple phenolic acids (p-coumaric,
cinnamic, caffeic, gentisic, feruiic and vanillic acids), trihydroxy stilbenes
{resveratrol and polydatin), and flavonoids (catechin, epicatechin, and
quercetin) in addition to oligomeric proanthocyanidin complex (OPCs).
Hence, the seed offer an inexpensive source of OPCs (Fitzpatrick et al,
1998).

The dramatic increase in the number of reported cases of food-borne
illness necessitates the need for developing new and improved methods of
food preservation. Due to negative consumer perceptions of adificial
preservatives, attention is shifted towards aiternatives that the consumers
perceive as natural.

However, it remains to say that data on the sensitivity of pathogenic
and spoilage bacteria to plant extracts are still limited, therefore, the aim of
the present study is to evaluate the behavicr of some plant extracts (black
tea, grape seed, green tea and rosemary) on the survival and growth of some
food borne pathogenic bacteria.

MATERIALS AND METHODS

Plant material

Black and green tea leaves were obtained from a local market,
rosemary leaves from the Horticulture Experimental Station, Faculty of
Agriculture, Suez Canal University, Ismailia. Grape seeds were manually
separated from Vitis vinifera variety Roumy Ahmer fruits at the laboratory.

Extraction
Preparation of the water extracts

Boiling water was added (300 ml) to tea [eaves (50 g), and rosemary
(35 g) separately in a 500 ml conical flask and stirred by a magnetic baron a
hot plate at 90 °C for 10 min. The extracts were filtered and analyzed in
triplicale for their phenolic contents and their antibacterial capacity.
Preparation of ethanolic extracts

Ground air-dried rosemary, ground grape seed, green and black teas
were macerated in ethanol (35 g / 300 mi 95% ethanol). The extracts were
filtered through Whatman No. 1 filter paper in a Buchner funnel to remove
coarse particles, The residue was re-extracted with ethanol 93%. The
extracts were pooled and evaporated under vacuum at 40 °C.
Determination of total, free and conjugated phenaolic contents .

Total polyphenols (TP) and free polyphenols (FP) determined in the
water and ethanolic plant extracts spectrophotomertically according to the
Folin—Ciocalteau colorimetric method (Snell and Snell, 1953 and Singh ef al.,
2002). Conjugated polyphenols (CP) were determined by difference (TP -
FP). The amount of phenolic compouds was calculated from a standard curve
of gallic acid (Sigma Chemical Co., St. Louis, Mo., USA) prepared at the
same time. The results were expressed in gram(s) of gallic acid equivalents
(GAE) per 100 g of extract (g GAE/100 g DM).
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Antimicrobial preparations

Water and sthanolic extracts of black, green tea, rosemary and grape
seed (ethanolic only) and two reference compounds catechin hydrate, 98%,
(Sigma Chemical Co., St. Louis, Mo., USA), and caffeine anhydrous (Alfa
Asar, A Johnson Matthey Company, 30 Bond Street, Word Hill MA 01835
8044, USA) were used for the experiments at the concentrations given in the
Table (1). The solutions of additives were sterilized by filtration through a
sterile 0.20 pm cellulose nitrate filter {Sartorius, AG. 37070 Goettingen,
Germany) and then added at the selected concentrations (Table 1) to the
growth media.

Table (1): The concentrations of plant extracts and reference

compounds
Extract | Concentration {ppm} in medium

Black tea

Water extract 500, 750 and 1000

Ethanolic extract 500, 750 and 1000
Grape seed

Ethanolic exiract 250, 500 and 1000
Green tea

Water extract 500, 750 and 1000

Ethanolic extract 500, 750 and 1000
Rosemary '

Water extract 250, 500 and 1000

Ethanolic extract 250, 500 and 1000
Reference compounds

Caffeine 125, 250 and 500

Catechin 250, 500 and 750

Microorganisms and cuiture media

The following strains and their source were as follows: Gram-
negative bacteria: Entrobacter (Ent.) aerogenes ATCC 135050, Escherichia
(E.) coli ATCC 15130, Pseudomonas (Ps.) aeruginosa DSM 50071 and Ps.
fiorescens DSM 50090. Gram-positive bacteria: Bacillus (B.) cereus DSM
31, B. firmus ATCC 14575, B. pumilus ATCC 14884, B. subtilis DSM 10,
Micrococcus (M.) luteus ATCC 15307, M. varians ATCC 15306 and
Staphylococeus (S.) aureus ATCC 6538,
These strains were obtained from the American Type Culture Collection,
Rockvilie, Maryland, USA (ATCC) and the German Collection of Micro-
organisms, Braunschweig, Germany (DSM). All these strains were checked
up and stored on Brain Heart Infusion (BHI, LAB M, Topley House, 52 Wash
Lane, Bury, Lancashire, BL9 6AU, UK.) slants at 4 °C then sub-cuitured twice
in Brain Heart Infusion Broth (pH 7.4+ 0.2) and incubated at 22 °C (for Ps.
aeruginosa and Ps. flucrescens) and 37 °C (for the rest of strains) for 24 h
befare use.
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Determination of bacterial growth and inhibition activity

Flasks of BHI broth containing various concentrations of additives
(Table 1) and control (without additives) were moculated with a priori
prepared cultures at 1% level (initial counts, 10%-10” cfu mr™*) and incubated
at 22 and 37°C. Triplicate flasks were treated for each additive at each
concentration. The growth of each culture was monitored in two ways, by
measuring its absorbance at 600 nm (ODggs) by @ Spectronic 20D (Milton Roy
Company, USA) at intervals for a total period of 72 hrs, and by plating on BHi
agar (1.2% wiv) at 0, 3, 6, 9, 12, 24, 48, 72 hrs suitably diluted aliquots of the
culture (viable counts). All experiments were repeated thrice.

Growth analysis
The growth percentage of 12 h culture equais
(OD-OD1ohest / (OD=-ODy)contro X 100,

Where: OD is the optical density at 600 nm, tis time after 12h, to is the initial
time 0 h, test makes reference to the culture grown with additive(s} and
controf makes reference to the culture grown without additives (Nazer et al.,
2005). These variable indicates how much the growth is reduced in the
presence of additives. A time of 12 h was chosen for the best discrimination
of growth curves.
The inhibition percentage of the examined plant extracts was
calculated as follows:
Inhlbltlon %= [Log N,-Log Ni/LogN,] x 100,
Where: Log Ny: Log cfu mr* of the sample at the last hour (72" hr).
Log N;: Log cfu ml™ of control without additives at the last hour
(72 hr)

Statistical analysis

The results are presented as means + standard deviation from three
replicates of each experiment. A P-value < 0.01 is used o denote significant
differences among mean values determined by analysis of variance (ANOVA)
(CoStat program ver. 3.03, 1986).

RESULTS AND DISCUSSIOM

Results of the present study are given in Tables (2-5) and Figures (1-2).

Phenolic content

There is a wide range of phenolic (total, free and conjugated)
concentrations in the plant extracts (water and ethanolic) analyzed as shown
in Table (2). The values vary from 12.19-24.19, 7.73 - 18.96 and 4.46 - 549
g GAE 100 g of water extracts from black tea, green tea and rosemary,
respectively. While ethanolic extracts of the black tea, grape seed, green and
rosemary were 19.20-36.66, 13.16-25.84 and 4.66-10.82 g GAE 100 g,
respectively Table (2). The difference between the extracts containing the
lowest total phenolic content (rosemary water extract and grape seed
ethanolic extract) and highest total phenolic content (black and green teas,
ethanolic extract) was found to be more than 1.5-2-folds.
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Table (2): Total, free and conjugated polyphenols in the tested plant

extracts ,
Polyphenols {g GAE) 100 g~ extract

Plant extracts Total | n Free | Conjugated
Black tea

Water exiract 2419 18.96 523

Ethanolic extract 29.82 19.57 10.25
Grape seed

Ethanolicextract | 1920 [ 14356 | 466
Green tea

Water exiract 21.28 15.79 5,49

Ethanolic extract 36.66 25.84 10.82
Rosemary

water extract 12.19 7.73 4.48

ethanolic extract 2273 13.16 9.57 |

Gram-negative bacteria

The growth percentage at 12 h was plotted versus concentration for
each extract (Figs. 1 A and 2 A). The evolution of the growth percentage was
not linear in most cases. The ethanolic extract of rosemary and grape seed
led to a rapid decrease of the growth percentage, followed by green tea and
black tea.

Tables (3 and 4) show that the water solutions of reference caffeine
and catechin had no effect against Enf. aerogenes and E. coli. But the
ethanolic extract of grape seed and rosemary give an inhibitory effect with the
following inhibition percentages 55.59 and 75.95; 46.44 and 71.82,
respectively at 1000 ppm.

Other strains, namely Ps. aeruginosa and Ps. fluorescens were more
sensitive against ethanolic plant extracts as well as catechin. The inhibition
percentages were 98.19 and 94.09 (black tea); 100 and 99.24 (grape seed),
88.49 and 80.40 (green tea) and 94,14 and 86.07 (rosemary). Caffeine did
not show any effect, while catechin inhibited Ps. fluorescens by 77.99% at
750 ppm (Table, 4).

Gram-positive bacteria

Fig. 2B show that the growth percentage was not linear in most
cases (ethanolic extracis) when the concentration of extracts increased.
Water extracts as well as caffeine and catechin promoted the growth of some
bacterial strains.

Water extracts and caffeine in most cases (B. cereus, B. firmus, B.
pumilus, B. subtilis and S. aureus) showed no activity (Tables 4 and 5). Oniy,
the water extracts of black and green tea exhibited an inhibitory effect against
M. luteus, 85.39 and 67.23%, respectively at 1000 ppm.
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Table {3): The effect of some plant extracts on the growth of some
Gram-negative food borne pathogenic bacteria.

Inhibition percent
ems tested Ent. . Ps. Ps.
aerogenes coli aeruginosa | fluorescens |
acktea, water extrag om | 000001 | 000£001° | 40.2¢£051° | 2805+ 001°
750 ppm 0.00 % 0.01° 0.00+0.07° 4264+ 052" | 2855+ 335
1000 ppm 000+001" ] 000+001" | 4664021 [ 3232+ 0.01
anolic extract 600 1086+297° 1 1515+ 001" [ 70892445 | 5304+ 485
750 ppm 1645+ 0.66° | 20082 0.38 | 89.04x 062" | 77.62001°
jGWEpm 341 +3.7971 31.25+ 0197 [ 9819+ 1827 [ 94.09 + 1.22
ape seed e‘h""°'§53‘;;"‘r'n“ 2369+ 064" | 985+001° | 7294+ 3.08° | 53.84+ 079
500 ppm 24672023 1439+ 001" [ B5.002 001" | 9332+ 058"
5 1000 ppm 59073 [ 4644+ 1.447 T100.00+ 0017 [ 99.24 + 0.09"
reentea, water extract, a a b 3
500 ppm 0.00+ 0.01 0.00+ 0.01 46,47 £ 2.68 3384 + 092
750 ppm 000+001" | 000+0.01° [51.37+118"° [ 38.94+ 0.01°
1000 ppm 0.00+ 0.01° 0.00+ 0017 | 5637 +0.07" | 4314+ G.46"
ethanolic extract 500 ppm 000+0.01" | 568%341" | 63.77+1.30° : 37.20+ 0.6%
750 ppm 1842+ 263" 568+038" [7877+1397 [ 68.76+0.017
1000 ppm [ 19.74+1.98" | 1288+ 227 | 8849+ 0.96" | 80.40+£ 1.0/
Rosemary, water e’gg%";pm 243+243° | 000:001° | 000£001° |13.41+244"
500 ppm 521+ 1.04° 0.00+0.01° 556+0.70° [15.24+183™
1000 ppm 660382 | 000x001" [ 161021727 | 2012+ 0017
anolic extract 250 ppm 0.00 £0.07° 0.00+ 001" | 4340 + 001" 6017+ 406"
500 ppm 2730+099° [ 1515+ 076" [ 5032+ 028" | 8229+ 2 35
1000 ppm [ 75.895+5.837 | 7182+ 081" 1 9414+ 3567 [ 9607 + 0 227

Within each column and for each extract, means having the same superscripts are not

significantly ditferent at p< 0.01

Table {(4): The effect of caffeine and catechin on the growth of some
food borne pathogenic bacteria.

Caffeine

Catechin

Strains tested

125 ppm 250 ppm

500 ppm 250 ppm_ 500 ppm 750 ppm

Inhibition percent

Gram-negative strain

Ent. aerogenes Sor oott  Goi oot o3 sey
£ col 000¢ _0.004‘_- 000 % 610+ 650+ 691+
0.01 0.01 0.01 5.09 3.26 3.66
Ps. seruginosa 28:3;‘i 28:3?‘! 2;,..28.1 3?:33‘; 4%2%"1 48.';2’1
Ps. fuorescens IR S
Gram-positive strain
> corm O SmE omr R
& s SRFORF oRr Gwr om: ok
8. pumilus Dol C5or e gort  Det  ver
B. subtiis 036" ‘0sp  ‘omy  isa  iser iz
M. luteus R O kY
M. varians Bort 00 Gor oo oor o
S. aureus 0%015 %%qlat %%25 2?:255 2?_'-;'35 23'33;‘

Within each row and for each
significantly different at p< 0.01

compound, means having the same superscripts are not

2170



(A ¥4

Black tea Green tea Rosemary ‘4
—— Enl. asrogenes ;

—— E, coll

—i— Py, seruginoss I

—¥— Py fivarescent !

.
=1

Growth percantags [%}
2 B

Growth percentage {%)
g B

B

i
20 i
—a ) * ——a
. * 3
a] K
0. . . a- T S ol . e e e,
500 750 1000 500 750 1000 %0 500 1000
Concentration [pprity Concentratian [ppm) Concentration [ppm)
-
) . o
Caffeine Catechin -
.
.
120 . .s
100 =
g 7 z !
PRI
§ H ;
] FH
£ oo B ¢
i A—v——.—._‘_\_‘ L
=
£ w. §
3 2
[+] <
0
o —_— -
125 %0 500
Concentration [pam} Concantialion [ppn}

Fig (1 A): The cffect of aqueous plant extracts (hlack, green and rosemary) and reference compounds (caffeine and catechin)
on the growth percentage at 12 h of some Gram-negative food pathogenic bacteria.
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Table (5): The effect of some plant extracts on the growth of some

Gram-positive faod horne pathogenic bacteria.
Inhibition percent

it tested B. B. B. B. M. M. S.
ems teste cereus firmus pumilus subtilis  luteus varians aureus
Black tea, water extract 000+ 000+ 000z 7312 000+ 3583x 000z

500 ppm go1®  po1* 001 385 00t 2710 Qo1
750 000+ 000+ 000% 1038+ 3244: 4212+ 0.00%
ppm 0.01° 001* 001" 039" 030° 547*° 001
1000 1351+ 000+ 000 1826+ B539+ 4875+ 000%
PPM  501* o001 001° 287 051° 146 001°

ethanolic extract 2220+ 841t 6486+ 3327+ 6685+ 4875+ 2649%
500 ppm 158° 065" 254 212° 0.78° 218" 054

750 2673+ 858+ 6830+ 4092+ 6792+ 6708: 3B11%
ppm z252° 191° 182" 170" ged® 109 Q27

t000opm 0379% 6447+ 8377: 5864 8521+ T7385: 56.891
PP 241° 13t 283 335 0450 313 34¢°

Grape seed ethanolicextract 3108+ 1190t 5645+ 3962 7119+ 6401+ 33962
250 ppm 387 001 1.09° 2.70° 0.01° 258" 247
6162+ 1476+ 6377:t 4500+ 7869+ 6714: 3811+

500 ppm 001° 001® 102 033 048° 172 242
9568+ 7425+ 8138+ 0315t 8348+ 8052+ 67.03%
1000 ppm

2.47° 4.95" 0.45° 077" 2.41% 3547 182"
Green tea, water extract, 000+ 000+ O0O0Dx 923+ 3085+ 23073+ 000

500 ppm 001" 0017 oo 0.01° 082 156°  001°
Q00+ 000+ Q00+ 1077+ 5515 3762+ 00Ck

750 ppm 001° 001" 001" 231° 070° 021° 001
1000opm 000 000 000: 1385: 6723+ 4577+ 649%
pp 0.01* 001" 001" 539" 108  240° 054
ethanolic extract 13.06t 000 000t D854t 2857+ 4688+ 1784+
500 ppm 1350  001*  001° 077 149 042" 218
750ppm 15994 000% 69.83: 3931+ 3155+ 5417+ 2041+
PP 383 001 0235 023 001" 001 137
1000 ppm 2387¢ 000% 75221 90.19: 4405: 87.08: 32702
PP 1.81° 001" 065  0.81* 080" 073 027
Rosernary, water extract 981+ Q00 000+ 1500=% 131667+ 4771+ 7.78%
250 ppm 187 001  00%°  192* 598"  251° 001
1308+ 000+ 000t 2231+ 2262+ 5332: 1007+
500 ppm 114 o;®  o001* o077 0.01° 323 o091°

13.08+ 429+ 000x 2355+ 2500+ 5927+ 17.96%#
1000 ppm 0.47° 1.9%° 0.01* 423 1.19° 0317 180°

ethanoic extract 8932+ 8322+ B5C4:x 78B1+ 7798+ 78965+ 3006+
250 ppm 455 1.48° 0.8s? 0.04° 1.31° 529° 438°

9181+ 91.36+ 8884+ 8735+ 8494+ 9000: 8089+

500 ppm 3427 196 232 2200 089" 477" 280°
1000 ppm 9387% 9689: 8246: $300: 9083: 93.40: 90.05:

0.72? 0.49° 2.07° 0.15° 032" 007° 227
Within each column and for each extract, means having the same superscripts are not
significantly different at p< 0.01

The ethanolic extracts of grape seed and rosemary in particular
exhibited an inhibitory effect and a clear selectivity towards the Gram-positive
microgrganisms. Among the extracts, the ethanolic extract of rosemary was
the most efficient followed by grape seed, black and green teas. The data
given in Table (5) indicate a good antibacterial activily of ethanolic grape
seed and rosemary extracts against 8. cereus (95.68 and 93.87%), B. firmus
(74.25 and 96.89%), B. pumilus (81.38 and 89.46%), B. subtilis (93.15 and
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93.00%), M. futeus (83.48 and 90.93%), M. varians (80.52 and 93.49%) and
S. aureus (67.03 and 90.05%) at 1000 ppm, respectively.

Again, some inhibitory effect of the ethanolic black and green teas
extracls appeared. The inhibition percentages of black tea ethanolic extract
were 63.79 (B. cereus), 64.47 (B. fimus), 83.77 (B. pumilus), 58.64 (B.
sublilis), 85.21 (M, luteus) and 56.89 (S. aureus). For the green tea ethanolic
extract, the inhibition percentages were 75.22 (B. pumilus), 90.19 (B. subtilis)
and 87.08 (M. varians). These results agree with Hara and Ishigami (1989)
who reported that Japanese green tea had antibacterial activity against S.
aureus and B. cereus. Also, Del Campo et al. (2000) reported that Gram-
positive bacteria were more sensitive to bactericidal effect of green.tea
catechins, than Gram-negative bacteria. Moreover, the same authors
reported that lipopolysaccharides forming the cell wall of Gram-negative
bacteria presumably acted as a barrier to the penetration of phenolic
compounds. But, ikigai ef al. (1993) clamied catechins disrupt cell membrane
integrity, causing leakage from liposomes.

Conclusively, the antibacterial activily of aqueous extracts is
considerably lower than that of the ethanolic extracts. These results are in
agreement with Pandit and Shelef, (1994) who reported that the antilisteria!
activity of the ethanolic extract of rosemary was higher than that of the
aqueous extract, Moreover, Del Campo et al. (2000) repcried that ethanolic
extracts seemed to be the most active against most of the strains. Rasemary
and grape seed extracts have a promising antibacterial effect that could be
used in food industry. This may lead {0 a renewed interest in the use of
natural products (grape seed and rosemary) as decontaminants.
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