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Food garnishes are often used in an uncooked form. Hence, the chance of contamination is
high. The present research work was carried out to isolate potentially pathogenic and food
spoilage causing bacteria from commonly used food garnishes. Eight such bacteria were
isolated and characterized. In an event of food poisoning, the therapeutic approach would
be to prescribe antibiotics. However, if these bacteria are already resistant to the prescribed
antibiotics, the treatment would be ineffective. To understand whether the isolated bacteria
are already antibiotic resistant, antibiotic sensitivity tests were conducted. It was found that
all eight isolated bacteria were resistant to one or more antibiotics. Due to this resistance to
multiple antibiotics, another approach to counter food poisoning and food spoilage would
be to prevent the initial contamination of the food item to which garnishes have been
added. To address this, several home-based remedies were analyzed for their role as
decontaminants. It was found that many of these decontaminants, especially vinegar and
5% salt in vinegar were effective. Thus, such home remedies can be used for washing food
garnishes before application onto food items to reduce chances of food spoilage and food-

borne infection by antibiotic-resistant bacteria.

Introduction

Garnishes can be defined as substances which
are used to decorate food dishes and
beverages. Garnishes can be Dbroadly
classified into edible and non-edible garnishes
(Lynch, 1987). Edible garnishes are those
which can be consumed along with the food
to which it is added, for example, coriander
on Indian curry dishes. Non-edible garnishes
aid in the visual impact of the food and they
do not impart any flavour to the food. These
are usually discarded by the consumers,
example: cocktails can be garnished with
plastic cocktail umbrellas. Edible garnishes

make food items look more appealing,
complement the food, add nutritional value,
colour balance and enhance the taste of the
food. Some of the edible garnishes include
cloves, cardamom, curry leaves, chilli pepper,
kasuri methi, mint, pepper corns, oregano
powder, coriander leaves, spring onions,
paprika powder, tomato, pomegranate,
coconut, dry fruits, dry chilli, grapes, honey,
lime etc. Along with these garnishes many
other food garnishes are used worldwide in
various food delicacies. Here, our study is
limited only to edible or food garnishes.
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Besides the numerous beneficial aspects of
food garnishes, there are also a few
drawbacks. The drawback of food garnishes
which is of concern to a microbiologist is the
fact that food garnishes are added to a dish
uncooked and thus, potentially capable of
being vectors of microorganisms and cause
food spoilage and food poisoning (Campbell,
2001; Elviss, 2009). A lot of work has been
done on uncooked vegetables, spices and nuts
(Ali, 2014; Andleeb, 2013; Banerjee, 2004;
Ghosh, 2007; Khan, 2012; Nipa, 2011; Roy,
2007; Sago, 2003; Schaffner, 1967;
Shrivastava, 2014). However, not much work
has been done on garnishes so far, except
parsley and mint (Hsu, 2010; Naimi, 2003;
Wu, 2000), even though they have been a part
of our daily food. Methods to improve the
microbial quality of these food garnishes have
also been minimally analyzed. Hence, having
a better knowledge on food garnishes, the
possible microorganisms they harbor, their
types, and in turn the spoilage and poisoning
they cause is essential. Thus, the scope of
research on garnish-borne food spoilage and
food poisoning causing microorganism and on
measures to control them is enormous. We
have restricted our studies to bacterial food
pathogens. Bacteria related food poisoning is
the most common. More than 90 percent of
the cases of food poisoning each year are
caused by Staphylococcus aureus,
Salmonella, Clostridium perfringens,
Campylobacter, Listeria monocytogenes,
Vibrio parahaemolyticus, Bacillus cereus, and
Entero-pathogenic Escherichia etc (Zhuang,
1995).

In the event of contracting food poisoning
from contaminated food items, antibiotics
would be the best bet for treatment of such
diseases. However, the biggest challenge in
antibiotic treatment is the development of
antibiotic resistance in pathogenic
microorganisms.  Infections caused by
resistant microorganisms often fail to respond

to the standard treatment, resulting in
prolonged illness, higher health care
expenditures, and a greater risk of death.
Antimicrobial resistance has been recognized
as an important global health problem over
the past few decades (Kang, 2013; WHO,
2001). Hence, antibiotic sensitivity test must
be carried out in order to choose an antibiotic
against specific bacteria and to determine
whether that particular bacteria is resistant,
susceptible or sensitive to the antibiotic,
which further helps to carry out the treatment
to an infected patient.

Antibiotic sensitivity tests help to determine
whether the microorganism in question is
susceptible to a particular antibiotic or not. In
case food spoilage or food poisoning causing
microorganisms are found to be resistant to a
wide range of antibiotics, attempt should be
made to reduce the chance of such
contamination in the first place, especially for
food garnishes which remain uncooked. This
can be done by use of decontaminants to get
rid of or to reduce the number of
microorganisms present on garnishes before
application on to food items. Apart from the
general  decontamination  methods, for
example heat, liquid disinfectants, and
radiation, there are few home remedies, which
can be practiced (Bowles, 1995; Bowles,
1998; Bradley, 2011; Chantaysakorn, 2000;
Delaquis, 1995; Frederick, 1994; Fukao,
2000; Tokuoka, 1994, Tzortzakis, 2010).
These home remedies include various organic
acid, plant extracts etc. The advantage of
using these home remedies as decontaminants
is that they are safer, cheaper and eco-
friendly.

The objective of this study was to analyze
some of the common food garnishes from
different sources from which possible food
pathogens and food spoilage causing bacteria
can be isolated and studied. Following
characterization of the isolated bacteria, effort
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was also made to study the antibiotic
resistance of the isolated bacteria, in order to
evaluate the chance of success of antibiotic
therapy in case of an incidence of the disease.
We also tested the use of different home
remedies, which could be employed at low
cost to decontaminate the uncooked food
garnishes before their application onto food
items.

Materials and Methods
Sample collection

A total of 100 random samples of 16 different
kinds of food garnishes (Table 1) was
purchased from different retail outlets from in
and around Bangalore, India. Approximately
50-100g of unpacked garnish samples were
collected in sterile aluminum foil pouches.
Samples were transported to the laboratory
and analyzed as soon as possible.

Isolation
Different media (BPA: Baird Parker agar

(HiMedia — MO043), BSA: bile salt agar
(HiMedia — M027), EMBA: eosin methylene

blue agar (HiMedia - M317), SSA:
Salmonella-Shigella agar media (Micro
master — DM236), TCBSA: thiosulfate-

citrate-bile salts-sucrose agar (Micro master —
DM253)) were used for the isolation of
bacteria from the samples. The Petri plates
were labelled and six divisions were made on
each plate. On each Petri plate six different
samples of each of the food garnishes were
placed. Sterile forceps and needle were used
for taking small pieces of food garnishes and
plating them on to the media plates. The
plates were incubated overnight at 37°C.
Microscopic examination and biochemical
characterization of the isolates were carried
on the basis of characters given in the
Bergey’s manual (2012): Gram staining,
oxidase  test, catalase test, lactose

fermentation test, glucose fermentation test,
mannitol salt test, indole test, citrate
utilization test, Voges-Proskauer test, H,S
production, Motility test by hanging drop
method and 1% Sodium requirement for
growth.

Antibiotic sensitivity test

Antibiotic sensitivity test was performed for
the following probable bacteria: Citrobacter
diversus, Escherichia coli, Klebsiella,
Staphylococcus aureus, Micrococcus.variens,
Pseudomonas,  Shigella,  Vibrio.  The
commercial antibiotic discs used were:
Ampicillin (HiMedia — SD002 — 10mcg/disc),
Ampicillin cloxacillin (HiMedia — SD113 —
10mcg/disc), Amoxycillin (HiMedia - SD001-
10mcg/disc), Bacitracin (HiMedia — SD003 —
10units/disc), Kanamycin (HiMedia — SD223
— 5mcg/disc), Penicillin (HiMedia — SD028 —
10units/disc), Streptomycin (HiMedia —
SD031-1VL - 10mcg/disc), Tetracycline
(HiMedia —D037 — 30mcg/disc). The test
organism was picked using sterile cotton
swab and swabbed onto sterilized and
solidified Nutrient Agar medium (Micro
master - DM180) in Petri plates. Under
aseptic conditions the antibiotic discs were
placed on the agar plates and incubated for
24h at 37°C. After the completion of
incubation, the plates were observed for zone
of inhibition. The diameter of the zone of
inhibition was measured and the results were
noted.

Decontaminant test

The nutrient agar and Luria Bertani (LB) agar
(HiMedia M1245 and MB053) media were
prepared and autoclaved. Discs were made
out of filter paper and sterilized.
Decontaminants i.e., 5% baking soda, 5% salt
in distilled water, commercial fruit and
vegetable wash (Ingredients: sorbitol ester,
purified aqua), vinegar (Glacial acetic acid
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4%-  commercially  obtained),  baking
soda+salt (5% salt and 5% baking soda in
distilled water), baking soda+vinegar (5%
baking soda in vinegar), salt+vinegar (5% salt
in vinegar), vinegar+salt+baking soda (5%
salt and 5% baking soda in vinegar) were
prepared and autoclaved except the
commercial wash, which was used as
obtained. The autoclaved nutrient agar and
LB agar media was poured into the plates.
The test organism was picked using sterile
cotton swab and swabbed on to the agar
medium  (Citrobacter, Escherichia coli,
Klebsiella and Micrococcus were swabbed
onto LB plates and Pseudomonas, Shigella,
Staphylococcus aureus and Vibrio were
swabbed onto NA plates. The discs were
immersed in the decontaminants and were
placed on the media plates using sterile
forceps. One disc was kept as control, which
was not immersed in any of the
decontaminants. The plates were incubated
for 24-48 h at 37°C. After the completion of
incubation, the plates were observed for zone
of inhibition. The diameter of the zone of
inhibition was measured and the results were
noted.

Results and Discussion

Most food garnishes studied were found to
harbour potentially pathogenic and/or
spoilage causing bacteria during initial
screening

Initial screening was done to check whether
the test food garnishes contain any potentially
pathogenic and spoilage causing bacteria.
Sixteen food garnishes were initially
considered for screening. A total of hundred
random samples of these sixteen food
garnishes (Table 1) were analyzed on
different media. After incubation, most of the
food garnishes yielded colonies on the
different media analyzed. Out of the sixteen
food garnishes analyzed, four food garnishes,

i.e. black pepper, dry chilli pepper, honey and
kasuri methi, did not show any growth or
showed only minimal growth (Figure 1) and
were therefore eliminated from further
studies. The observed result for these four
garnishes could be due to the fact that these
four garnishes have also been documented as
spices and condiments with antimicrobial
properties (Israili, 2014; Keskin, 2011;
Reddy, 2004; Yadav, 2014). For each of the
twelve remaining food garnishes, colonies
with different characteristics were chosen for
further characterization.

Eight different potentially pathogenic
and/or spoilage causing bacteria were
isolated from twelve different types of food
garnishes

The twelve food garnishes selected following
the initial screening (Figure 1) were used for
the isolation and characterization of
susceptible pathogenic bacteria on different
media. Media play a major role in isolating
the organisms because several selective and
differential media are there, which could be
helpful in selecting a particular organisms i.e.,
E.coli, Shigella, Vibrio etc. or in
differentiating between two organisms. We
used several media: Baird Parker Agar, Eosin
Methylene Blue agar, Nutrient agar, TCBS
agar, Salmonella Shigella Agar in the present
study. The isolated colonies  were
characterized according to the Bergey’s
Manual (2012) using microscopic staining
and biochemical tests. Based on these tests,
eight bacteria were tentatively identified
(Table 2)- Citrobacter diversus, Escherichia
coli, Klebsiella oxytoca, Micrococcus varians,
Pseudomonas, Shigella,  Staphylococcus
aureus and Vibrio. The tentative designation
is due to the fact that these organisms were
characterized only on the basis of phenotypic
characteristics  (staining and biochemical
tests) (Bergey's manual, 2012) and not by
genotypic methods including 16S rRNA
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analysis (Clarridge, 2004). Genotypic analysis
was not included because the objective of the
study was to aim at eliminating any
potentially pathogenic or food spoilage
causing bacteria that may be present on food
garnishes rather than target and eliminate
specific bacteria. All the isolated organisms
are known to cause food poisoning and/or
food spoilage (Adams, 2000; Arslan, 2011,
Doran, 1999; Drake, 2007; Frost, 1995; Lund,
1993; Sabota, 1998; Silbernagel, 2001; Wogu,
2014).

Bacteria isolated from the food garnishes
in this study were resistant to one or more
antibiotics

To determine whether the isolated bacteria
were resistant to any antibiotics, antibiotic
sensitivity tests were performed using the disc
diffusion method (Serrano, 2004) against
eight different antibiotics. The zones of
inhibition were measured and the results were
interpreted (Table 3) as R (resistant to the
particular antibiotic), S (sensitive to the
particular antibiotic) or 1 (intermediate
sensitivity to the particular antibiotic). It was
found that all eight isolated bacteria were
resistant to at least one of the tested
antibiotics (Figure 2). Citrobacter diversus
was found to be resistant to all tested
antibiotics except Kanamycin and
Tetracycline. Escherichia coli was found to
be resistant to  Ampicillin-cloxacillin,
Amoxycillin,  Bacitracin, Penicillin  and
Tetracycline. Klebsiella oxytoca was found to
be resistant to all tested antibiotics and only
sensitive to  Streptomycin.  Micrococcus
varians was found to be resistant to
Ampicillin, Ampicillin-cloxacillin,
Kanamycin, Penicillin and Streptomycin.
Pseudomonas was found to be resistant to
Ampicillin, Ampicillin-Cloxacillin,
Amoxycillin, Bacitracin and  Penicillin.
Shigella was found to be resistant all tested
antibiotics except Kanamycin.
Staphylococcus aureus was the only organism

that was found to be resistant to only one of
the tested antibiotics. Vibrio was resistant to
Ampicillin, Bacitracin, Kanamycin, Penicillin
and Tetracycline and sensitive to Ampicillin-
Cloxacillin, Amoxycillin and Streptomycin.
Thus, the isolated bacteria from garnishes
were found to be resistant to one or more
antibiotics, which implies that these bacteria
have developed resistance to the antibiotics
and therefore, would be ineffective for
therapeutic purposes. Antibiotic resistance by
pathogenic bacteria is showing to be a threat
to human and animal community and our
results only corroborate our drift towards a
post-antibiotic era (Alanis, 2005). Hence,
there is a growing need to reduce the chance
of contamination by these bacteria
beforehand.

Vinegar and 5% salt in vinegar were found
to be the most effective decontaminant for
bacteria isolated from food garnishes used
in this study

In an attempt to reduce chances of
contamination of food items following
addition of food garnishes, several home-
remedies were tested for their role as
decontaminants. The decontaminants used
were baking soda, salt water, vinegar,
commercially available fruit and vegetable
wash and different combinations of two or
more of these (Table 4). The test method was
similar to the disc diffusion method used for
the antibiotic sensitivity assays.

The results were interpreted by the measured
zones of inhibition (Figure 3). It was observed
that most of the tested decontaminants were
effective against Citrobacter diversus. For
Escherichia coli, vinegar, 5% baking soda in
vinegar and 5% salt in vinegar were effective.
For Klebsiella oxytoca, only vinegar and salt
water were effective. Vinegar, 5% baking
soda in vinegar and 5% salt in vinegar
produced measurable zones of inhibition for
Micrococcus varians.
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Table.1 Selected food garnishes for screening and subsequent isolation along with their
scientific names, total number of samples and their results on each medium in %.

Total % Positive on Each Medium
Sl Food Garnish Scientific No.
No. Name of BPA | BSA | EMBA | SSA | TCBSA
Samples
1 Black pepper Piper nigrum 2 0 50 0 0 50
2 | Cardamom Elettaria 8 13 (0@ 13 | 13| 13
cardamomum
- Capsicum
3 Chilli pepper AnnuUMm 8 75 10(2) 75 88 88
4 Coconut Cocos nucifera 8 100 | 75 75 88 75
5 | Coriander | Coriandrum 8 88 | 100 | 1200 | 100 | 88
sativum
6 | Curryleaves '\k"“”.""Y‘?‘ 8 88 |0(2)| 88 |100| 75
oenigii
7 Dry chilli Capsicum 2 0 0 0 0 50
pepper annuum
8 Grapes Vitis vinifera 7 43 29 14 14 29
9 Honey Honey 1 0 0 0 0 0
10 | Kasuri methi Trigonella 2 0| o 0 0 50
foenum
11 Mint Mentha 8 50 | 100 100 | 100 100
NUti ar_1d dry (Prunus dulcis,
ruits :
(Almonds Ana_cardlum
12 ' occidentale, 8 63 | 0(2) 0 25 50
Cashew nuts, . i
Dry fig, Dry Flcus_c_arlca,
: Raisins)
grapes)
13 Onion Allium cepa 8 25 (52% 50 25 25
14 | Pomegranate Punica 7 86 |0@)| 57 | 8 | 100
granatum
. . Allium 100
15 | Spring onion fistulosum 8 38 @) 50 63 50
16 |  Tomato Solanum 7 g6 | 190 100 | 29| 71
lycopersicum 1)

() indicates the number of samples used for the indicated garnish sample on the indicated medium.
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Table.2 Characterization of isolated bacteria

— e
o [<B) Q I} [@) [5) > o <
Isolated £ £ 2| 3182 €|la|lw|l2|8|Ek 23
. Source o c S|S|8|v|ls5|sS||E|8S|E|8E5%
Bacterium O 'S X| 8| 8| | R I s/ 2|2 |€2ocP
5 |[O|lo|2 |~ |© s| 0|2 o =
St
Citrobacter diversus C,M - rods - + | + | + -
Escherichia coli C,0,S T, Cu - rods - + | + -
Klebsiella oxytoca P, Gc - rods - + |+ |+ |+ | -
Micrococcus varians N + cocci + - +
Pseudomonas Cu - rods + -
Shigella G - rods - - -
C,Co, M,G ]
L ) b L + + +
Staphylococcus aureus S T, Cu. Ge cocci
o C,0,S5T,Cu
) ) ) 1 ) - + + +
Vibrio Ge, Ca rods

(Ca — Cardamom, C — Coconut, Co — Coriander, Cu — Curry leaves, G — Grapes, G¢ — Green chilli, M — Mint, N —
Nuts and dry fruits, O — Onion, P — Pomegranate, S — Spring onion, T — Tomato)

Table.3 Antibiotic sensitivity test of isolated bacteria from food garnishes against the indicated
antibiotics along with zone of inhibition in diameter (mm)

SIS= (5§82 |E| 2%

Isolated Bacterium = | 3¢ 2| = g8 ] S
§ &0 5|8 8|8 2|

. . R R R R S R R S
Citrobacter diversus 0) (0) ® | © | @) a9y!| © | @y
Escherichia coli S R R R S R S R
(17) | (16) [ (19)] (©) | (21) | (15) | (20) | (11)

Klebsiella oxytoca R ! R R R R S R
0 | (1) [ (18) | (9) | (12) | (24) | (28) | (13)

Micrococcus varians R R S S R R R S
(24) | (27) [(21) ] (15) | (12) | (12) | (0) | (19)

Psuedomonas R R R R S R S S
(10) | (10) | (1Y) ] (©) | (19) | (13) | (21) | (23)

Shigella R R R R S R R R

© | (10) | 8 [ (0 [(200| ©O) | (O | (0

Staphylococcus aureus S R S S ! S S S
(36) | (31) | (23)](18) | (16) | (45) | (39) | (25)

Vibrio R S S R R R S R

(19 | (22) [(24)] (0) | (0O [(17)|(22)] (0)

(R: resistant, S: sensitive, I: intermediate) The inhibition zone size (diameter in mm) interpretation was based on HiMedia
instruction sheet (the following values are upper and lower cut-off lines for R and S, respectively): 13 and 17 (for
Enterobacteriaceae), and 28 and 29 (for others) for Ampicillin; 16 and 22 (for E.coli), and 35 and 37 (for S. aureus) for
Ampicillin cloxacillin; 19 and 20 for Amoxycillin; 8 and 13 for Bacitracin; 13 and 18 for Kanamycin; 26 and 47 (for
Enterobacteriaceae), and 19 and 28 (for others) for Penicillin; 11 and 15 for Streptomycin; 14 and 19 for Tetracycline (Banerjee,
2003)
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Table.4 Decontaminant test of isolated bacteria from food garnishes against the indicated
decontaminants along with zone of inhibition in diameter (mm)

5 > >
-g - . g - _cgu ~ c:cs % £
288 s|850s|f5 £
Isolated Bacterium 2122|212 |t8|s¢ Rl
AR IEEIE M N
0 E|"F e |5 |52
O >
Citrobacter diversus 07108 1 |11 0 1.1 1.1 0.8
Escherichia coli 0 0 (11] 0 0 1.3 1.1 0
Klebsiella oxytoca 0 |08] 1] 0 0 0 0 0
Micrococcus varians 0 0 [11]038 0 1 1.1 0
Pseudomonas 0 0 (07] 0 0 0 1.2 0
Shigella 0| 01080 0 0 0.7 0
Staphylococcus aureus 0|0 (13| 0 0 0 1.4 0
Vibrio 0| 01110 0 0 1.2 0

Figure.1 Distribution of positive isolates from indicated food garnishes on respective medium.
* indicates samples that were eliminated from analyses following the initial screening
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medium

Food Garnishes
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Figure.2 Graphs (A-H) showing the zones of inhibition for indicated bacterium against indicated
antibiotics. Red data labels indicate antibiotic resistance to the particular antibiotic. (Antibiotics:
Amp — Ampicillin, Amp Cx — Ampicillin Cloxacillin, Amox — Amoxycillin, Bac — Bacitracin,
Kan — Kanamycin, Pen — Penicillin, Strep — Streptomycin, Tetra — Tetracycline)
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Figure.3 Graphs (A-H) showing the zones of inhibition for indicated bacterium against indicated decontaminants.
(BS- baking soda, SW- salt water, V- vinegar, CFVW- commercial fruit and vegetable wash)
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vegetable wash was only found to be effective
against M. varians. Only vinegar and 5% salt
in vinegar were found to be effective against
Pseudomonas,  Shigella,  Staphylococcus
aureus and Vibrio. Hence, vinegar and 5%
salt in vinegar were found to be the most
effective against the isolated bacteria from
food garnishes. These results agree with the
observed antimicrobial activity of vinegar
(Frederick, 1994; Lingham, 2012) and can
now be said to be useful for food garnishes as
well. Since both vinegar and salt are
consumable items, it can be safely
recommended to use these for washing food
garnishes before application on to food items.
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However, scope for optimization of these
decontaminants still exist.

Addition of 5% salt to the vinegar did not
have any additional effect on the zones of
inhibition. Interestingly, addition of 5%
baking soda to vinegar did affect the
antibacterial action of vinegar on few isolates.
These behaviors need to be investigated in
future in order to optimize the use of the
decontaminants. The present study was a
qualitative one wherein the presence of a zone
of inhibition was analyzed as a possibility that
the tested substance or combination of
substances would act as a decontaminant.
Further studies using these decontaminants by
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measuring  their ~ minimum inhibitory
concentrations and by analyzing their
potential in reducing the microbial load would
further corroborate their role as effective
decontaminants.

In conclusion, we have shown that food
garnishes harbour a wide variety of
potentially pathogenic and/or food spoilage
causing bacteria. These bacteria are generally
resistant to multiple antibiotics. As food
garnishes are mostly used in an uncooked
form, chances of food spoilage and food-
borne infection is very high. Therefore,
instead of relying on antibiotic treatment
following an infection, home remedies can be
used for washing food garnishes before
application on to food items, thus, reducing
such chances of food spoilage and food-borne
infection.
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