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ABSTRACT

The extracts of many spices and herbs have become popular in food industry in the recent years for their
antimicrobial and antioxidant properties. Ginger (Zingiber officinale roscae) of family Zingiberaceae isa
commonly used spicein India. Thisstudy was conducted to examinethe antimicrobial efficacy of ginger on
few meat borne pathogens in fresh chicken. Staphylococcus aureus was most sensitive to ginger oil
extract followed by Salmonella typhimurium, Escherichia coli 0157, Bacillus cereus, Bacillus subtilis
and Klebsiella pneumoniae. Aqueous extract of ginger had no effect on bacterial counts whereas il
extract of ginger decreased bacterial counts significantly (P<0.01).
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INTRODUCTION

Broiler mest industry in Indiahasshown tremendous
growthin production from 1.08 milliontonsin 2000
to 2.68 million tons in 2009 (FAOSTAT, 2008).
Chicken meat became very popular and it was
attributed primarily to itstaste, health concernsand
nutritional valuefollowed by freedomfromreligious
taboos, comparatively lesspriceand easy availability
(Fairoze, 2001).

I ncorporation of antibiotics, chemica preservatives,
and antimicrobial compounds viz., trisodium
polyphosphate, lactic acid, acetic acid and salt and
storage treatments such as low temperature, heat
and irradiation processes have been tried for
reducing the bacteria loadinmest (Bin Jasass, 2007).
I ncreasing incidences of some pathogens connected
tofood borneillnessacquiring antibiotic res stancehas
been aworry (Shan et al., 2007). This perspective
has put pressure on thefood industry for progressive
removal of chemical preservatives and adoption of
natural alternativesto achievethegoal concerning
microbial food safety (Brull and Coote, 1999).
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Herbs and spices have been added to foods since
ancient times, not only asflavoring agents, but also as
folk medicineand food preservatives(Buchart, 2001).
Inaddition toimparting characteristicflavors, certain
spicesand herbshave proved to prolong the shelf life
of foodsby preventing rancidity through their antioxi-
dant activity and al so through their bacteriostatic or
bacteriocidd activities (Buchart and Golden, 1989).
Herbsand spicesand their componentsaregenerally
recognized as safe, either because of their traditional
usewithout any documented detrimental impact or as
aresult of dedicated toxicological studies(Smidand
Gorris, 1999).

Ginger is used as a spice in many Asian foods,
especidly inIndian cuisneadongwith garlic. A number
of researchershaveinvestigated antibacterial activity
of ginger. Mascolo et al. (1989) reported that the
hydro ethanolic extract of ginger have potent
antibacterid activity against Gram positiveand Gram
negative bacteria and Salzer (1982) reported
inhibition of E.coli, Streptococcus faecalis,
Salmonella typhimurium, Staphylococcus aureus,
Bacillus cereus and Clostridium perfringes by the
useof ginger extractsin meat products. Hencethis
experiment was designed to study the effect of
marination with ginger extractson thebacterial load
of chicken mest.



MATERIALSAND METHODS

Preparation of extracts of ginger: Aqueous
extract (AE) of ginger was prepared as per the
method outlined by Indu et al., (2006). The fresh
ginger was obtained from the local market and
cleaned. In order to obtain the aqueous spice extracts,
about 100g of ginger wasmadeinto pastein sterile
blender with 100 ml of sterile distilled water. The
extract wasthen sieved through afine sterile mudin
cloth and serilized usng amembranefilter (0.45-mi-
cron sterilefilter). This sterile aqueous extract thus
obtained was considered as the 100 per cent
concentration of theextract. Theessentia oil (EO) of
ginger was obtained from M/S Plants lipids Ltd,
Cochin, Kerala. The EO of ginger wasdiluted with
ethanol.

Processing and dilution of samples: All swab
samples collected from each area of carcass and
surface (4 cm X 4 cm) was put into the tube
containing nineml of sterilediluent and agitated for
fiveminutesso asto extricatethe bacteriaattached to
the cotton swab into thediluents. Smilarly, fivegrams
of meat samplewastaken andtriturated in asterilized
mortar and pestle and transferred to 45 ml of sterile

diluents, separately.

Bacterial count: Different bacterial pathogensin
fresh chicken meat wereenumerated asper themethod
given by APHA (1992). The reference strains of
Escherichia coli (MTCC 452), Staphylococcus
aureus (MTCC3103), Salmonella typhimurium
(MTCC 1251), Escherichia coli 0157 (MTCC
452), Bacillus cereus (MTCC), Bacillus subtilis
(MTCC), Klebsiella pneumoniae (MTCC) were
obtained from the Institute of Microbial Technology
(IMTECH), Chandigarh. The cultures were
maintained at 4°C in Brain Heart Infusion broth and
weretested for purity, morphology and biochemical
charactersevery 15 days.

Testing antibacterial sensitivity Preparation of
bacterial cultures: The bacterial pathogens
viz.,Escherichia coli, Staphylococcus aureus,
Salmonella typhimurium Escherichia coli 0157,
Bacillus cereus, Bacillus subtilis, Klebsiella
pneumoniae were inoculated into Brain Heart
Infusion broth and incubated at 37°C overnight. The

inoculum was centrifuged at 8000 rpm for 20 min.
The supernatant was discarded and the pellet was
mixed in asterile normal saline and centrifuged at
8000 rpmfor 10 min. The cellswere washed twice
with normal saline and the concentration of cells
was matched to the Nephel ometer tube No.4 which
gave a cell concentration of 10°cells/ ml of the
culture. This culture was used asinoculum for the
seeded platesin determining antimicrobia activity.

Test to determine antibacterial activity of AE of
Ginger: The disc diffusion method was used to
determinethe antibacterial activity of thebothAE
and EO of ginger. 0.1 ml (approximately 10°cells/
ml) of the tested microorganisms grown in liquid
growth media at 37°C was inoculated on Muller
Hinton agar and then spread uniformly onthe entire
surface of petri dish using a glass spreader. Then
sterilefilter discsof 8 mm diameter (HiMedia) with
25ul of AE and EO of ginger wereplaced by pressing
gently. The plateswereincubated at 35+ 1°C for 48
hr. After the incubation the inhibition zones were
measured in millimeter. The sengitivity of theAE and
EOwasclassified based on diameter of inhibition zone
as per the procedure of the Moreiraet al. (2007).
The experiment wasrepeated in duplicate and the
resultswereinterpreted asbelow:

Non Sensitive: diameter lessthan 8 mm;
Sensitive: diameter between 9- 14 mm

Very Sensitive: diameter between 15- 19 mm;
Extremely Sengitive: diameter morethan 20 mm

Test to determine Minimum Inhibitory
Concentration of (MIC) EO of Ginger: As per
the procedurefollowed by Moreiraet al. (2005), agar
diffusion assay was used to determine MIC of the
ginger extract. 10 ml of fresh bacterial culturewas
added to 100 ml of tryptic soyaagar maintained at
45°C in abeaker to giveafina concentration of 107
cells/ml of medium and the culturewasthoroughly
mixed. Infresh petri plates, nutrient agar was poured
and was allowed to solidify and placed in a
refrigerator for 10 min. Holesof 8 mm diameter were
punchedinto agar to createwellsintowhich 25 pl of
the EO of ginger was placed after sealing the bottom
of thewell with adrop of sterileagar of 1 per cent to



ensurethat radia diffusonfromthewell gaveaclear
and easly measurablezone of inhibition. Theplates
werethenincubated at 37° Cfor 24 hr. Theinhibition
zoneswere measured after theincubation period. The
resultswereinterpreted asfollows:

-lessthan 8 mm; + 8-9 mm; ++ 10-13 mm;
+++ 14-17 mm

Evaluation of ginger as decontamination agent
in chicken carcass

Toevduatetheefficacy of ginger asdecontamination
agent in chicken meat, two concentrations of
agueous extract (100 and 75 percent) and three
concentration of essentia oils(1:50, 1:100 and 1:250)
of ginger were selected based on the MIC and
antimicrobial activity. Chickenwholeleg and breast
sampleswere procured from themarket individually
for each of thetreatment. Initial microbial counts of
the sampleswere assessed. The same sampleswere
then dipped into different concentrations of agqueous
and essential oils of ginger and were alowed a
contact time of 3 minutes (contact time was
standardized based on the efficacy of theextractsto
reduce bacterial countsand the sensory evaluation).
Then sampleswere drawn from each of thetreated
sample and microbia counts were evaluated and
expressed as log,, cfu/g of meat sample. The
differenceinlogvauesbeforeand after trestment was
used as a guide to assess the antimicrobial and
decontamination ability of spice extracts. All the
experimentswererepeated thrice.

Statistical Analysis: The dataobtained in the study
wereanayzed datitically for significance asper the
procedureoutlined by Snedecor and Cochran (1994).

RESULTS &DISCUSSION

In vitro antimicrobial activity of aqueous extract
(AE) of ginger on various bacterial pathogens:
Themean + SE vauesof antibacterid activity interms
of zoneof inhibition (mm) for different concentrations
of AE of ginger are presented in Table 1. Results
revealed that agueous extract of ginger even at 100
per cent concentration did not produce significant zone
of inhibition againgt thetest organismslikeEscherichia
coli, Staphylococcus aureus, Salmonella
typhimurium, Escherichia coli O157, Bacillus

cereus, Bacillus subtilis and Klebsiella pneumoniae.
Theresultswerein closeagreement with Indu et al.,
(2006), who found that ginger extract did not show
any antibacterial activity against Escherichia coli,
Salmonella, L. monocytogenes and Aeromonas
hydrophila. However, the results recorded in the
present study were on contrary to the findings of
Sureshetal., (2004) and L akshmanaperuma swamy
and Srinivasan (1993) who observed that ginger
extract had moderate anti-microbial activity against
common food borne pathogens.

Table 1: In vitro antimicrobial activity of aqueous extract
of ginger on bacterial pathogens determined by Disc
Diffusion Assay (Zone of Inhibition in mm) (mean+SE)

Bacterial Pathogens 100 per cent 75 per cent
Salmonella typhimurium _ e
Escherichia coli _ —_—
Staphylococcus aureus 07+0.58 2.5+0.50
Escherichia coli 0157 —_— —_—
Bacillus subtilis —_— —_—
Bacillus cereus 03+0.73 —_—
Klebsiella pneumoniae 6.75+0.48  —

Minimum Inhibitory Concentration (MIC) of oil
extract of ginger against various bacterial
pathogens determined by Agar Diffusion Assay:
The MIC of essential oil of ginger against various
bacterial pathogensis presented in Table 2. Among
thereference organisms, Staphylococcus aureus was
found to be most sensitive at a MIC of 1:1300,
followed by Salmonella typhimurium, Escherichia
coli, Bacillus cereus, Bacillus subtilis and Klebsiella
pneumoniae at aMIC of 1:1000. E.coli 0157 and
fieldisolatesof Salmonella, Staphylococcus aureus
and E.coli werefound to beless sensitiveat aMIC
of 1:700. Depending upon the results obtained, two
magor clustersof bacteria pathogenswerefound. One
cluster consisted of Staphylococcus aureus,
Salmonella typhimurium, Escherichia coli,
Bacillus cereus, Bacillus subtilis, and Klebsiella
pneumoniae, which were more sensitive to the
actionof EO of ginger. The second cluster comprised
of E.coli 0157 and field isolates of Salmonella,
Staphylococcus aureus and E.coli, which were
comparatively less sensitiveto the action of EO of
ginger. Similarlrly Dorman and Deans, (2000) and



Kaemba and Kunicka (2003) opined that Zinger
officinaleis was effective against Gram positive and
Gram negative bacteria.

Evaluation of AE and EO of ginger as
decontamination agent: Results of efficacy of
decontamination by AE & EO of ginger aregivenin
Table 3. Analysis of variance revealed that AE of
ginger at 100 per cent and 75 per cent concentrations
did not have any effect in terms of viable log
reduction with respect to the bacterial pathogens,

whereas, essentid oil of ginger had resultedinahighly
significant (P<0.01) reduction of bacterial countin
different dilutions with respect to TVC,
Staphylococcus aureus, E.coli and Salmonella
counts. Dilutionsof EO of ginger at 1:150 and 1:250
concentrations brought about asignificant (P<0.01)
decreasein bacteria count compared to 1:500. Based
ontheresultsit was observed that 1:150 concentra-
tion wasthe best among the different trestmentsused.
Negbenebor et al., (1995) reported that the initial
psychrotropic aerobic countsof beef pattieswerenot

Table 2: Minimum Inhibitory Concentration (MIC) of oil extract of ginger against various bacterial

determined by Agar Diffusion Assay

Bacterial pathogens

1: 150 1:250
Salmonella typhimurium +++ ++
Escherichia coli +++ ++
Staphylococcus aureus +++ ++
Escherichia coli 0157 ++ ++
Bacillus subtilis ++ ++
Bacillus cereus +++ ++
Klebsiella pneumonia ++ ++
Salmonella( F) ++ —+
Escherichia coli ( F) ++ ++
Staphylococcus aureus( F) ++ ++

——Lessthan 8 mm + 8to 9 mm ++ 10to 13 mm

pathogens
Essential Oil of Ginger

1: 500 1: 700 1: 1000 1: 1300
++ + + _
++ + + _
++ ++ + +
+ N - N
++ + + _
++ + + _
++ + + _
+ - - -
++ _ —_ —_
++ + + _

+++ 14t017 m

Table 3: Effect of aqueous extract (AE)& essential oils (EO) of ginger in reducing pathogens of chicken meat in

the form of adip (Mean + SE)

TVC E. coli Salmonella Staphylococcus
Before Treatment 5.68 + 0.02 3.35+£0.05 3.12 £ 0.17 4.63 + 0.04
100 Per cent
AE of ginger After Treatment 5.65 £ 0.02 3.32£0.05 3.09 £0.17 4.59 £ 0.05
log reduction 0.03 £ 0.012 0.03 £ 0.012 0.03 £ 0.012 0.03+ 0.012
Before Treatment 5.67 £ 0.03 3.50 £ 0.04 3.19+£0.15 4.59 £ 0.02
75 Per cent After Treatment 5.65 + 0.03 3.42 £ 0.05 3.18 £ 0.15 457+ 0.02
AE of ginger .
log reduction 0.01 = 0.042 0.02 £ 0.012 0.02 £ 0.012 0.02 £ 0.05?
Before Treatment 5.65 +0.02 3.33£0.02 3.04 £ 0.17 4.87 £0.12
E&gé ginger After Treatment 5.14 £ 0.04 3.130.06 291+ 0.17 430+0.13
' ' log reduction 0.49+ 0.05 0.22 + 0.05° 0.13 £ 0.01° 0.57+ 0.03°
) Before Treatment 5.66 £ 0.03 3.45 + 0.06 3.24 £ 0.02 4.63 £ 0.05
EO of ginger After Treatment 5.30 + 0.03 3.34 + 0.07 3.17+ 0.02 4.16 + 0.05
1:250 conc.
log reduction 0.037 + 0.01°¢ 0.12+ 0.012 0.07 £0.012 0.47 + 0.04°%¢
) Before Treatment 5.72 £ 0.02 3.55+ 0.02 3.26+ 0.24 4.70 £ 0.03
EO of ginger
1:500 conc. After Treatment 5.51 £ 0.06 3.45+ 0.01 3.19+0.24 4.51 £ 0.05
log reduction 0.21+ 0.03° 0.09 + 0.012 0.07 £ 0.012 0.19 + 0.03°

ab,c significant at Pd<0.01

-40-



sgnificantly affected by theaddition of ginger extract,
however after 6 daysof storageat 5-7°C, theginger
treated sampleshad mean log bacteria countsof 6.8
CFU/g compared to control with 8.2 CFU/qg.

Thereforeit was concluded that the EO of ginger de-
creased bacterial count significantly whereasAE of
ginger had not much effect. Thismight beduetothe
fact that active principle of ginger Di- allyl- di-sul-
phide and gingerols are insolublein water and are
extracted only during solvent extraction process
(Shelef, 1983)
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