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Article history Abstract

Piper cubeba L. is traditionally recognised as flavouring ingredient in various types of foods
and has been used to marinate meat. Scientifically, it has been reported to possess various
valuable nutritional and pharmacological properties including antimicrobial potential. The aim
of the present work was to determine the antibacterial activity of ethanolic P. cubeba L. extract
against Escherichia coli and its effect on the microbiological quality of raw chicken meat during
storage. Disc diffusion assay was done and resulted in 8.40 + 0.10 mm of inhibition zone. The
bacteriostatic and bactericidal effects of the extract were determined at 0.63 + 0.00 mg/mL and
1.25 £ 0.00 mg/mL of concentration by MIC and MBC methods, respectively. The killing time
was recorded at 2 x MIC (1.25 mg/mL) for 4 h. The application of the extract on chicken meat
samples showed reduction in TPC and E. coli count with the observed optimum condition at
5.00% concentration stored at -18°C for 14 days based on the consistent reduction. Sensory
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Microbial safety attributes acceptability evaluation by 9-point hedonic scale showed acceptable score for colour,
Piper cubeba L. odour, texture and overall acceptability of the treated raw chicken meat samples. The findings
Storagey implies that P. cubeba L. can be listed as one of the alternatives to reduce the bacterial load of
raw chicken meat prior to cooking which is very important in ensuring food safety as well as

reducing the occurrence of foodborne poisoning associated with chicken meat..
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Introduction such as potassium and iron (Fatima et al., 2012). The

pepper contains beneficial phytochemicals such as

Piper cubeba L., also known as ‘kemungkus’
in Malaysia, is the most valuable spices in Europe
since the medieval period. The plant belongs to the
Piperaceae family and Piper genus. It is recognised
as an important source of pepper in the global spice
market. This climbing shrub plant originated from
Indonesia and mostly grown in Java and Sumatera
(Nahak and Sahu, 2011). Traditionally, P. cubeba L.
have been used to marinate and season the meat. It
was also used in traditional medicine for the treatment
of fever, gastroenteritis, dental diseases, gonorrhoea,
syphilis and asthma (Mouid ez a/., 2016). In Malaysia,
the pepper has been used in treating rheumatism,
while in China it was used in traditional medicine due
to its warming properties (Lim, 2012). Scientifically,
researchers have reported various nutritional
and pharmacological properties of the pepper.
Nutritionally, it is a good source of essential elements
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amides, alkaloids (piperine and cubebin), flavones,
flavanones, lignans, neolignans, sesquiterpenes,
terpenes and propenylphenols (Parmar ef al., 1997).
The pharmacological properties of the pepper include
anti-inflammatory, antimicrobial, anti-oxidant, anti-
carcinogen and anti-ulcer. The metabolites and
derivatives of the plant exhibit bacteriostatic and
bactericidal effects through various mechanisms
including inhibiting the bacterial growth, breaking
down the cell membrane and attaching to the bacterial
DNA (Al-Tememy, 2013).

Malaysian poultry production accounts for 90%
in Peninsular Malaysia and the rest in East Malaysia
(Poultry World, 2014). According to USDA (2015a),
Malaysia is self-sufficient in poultry meat production
and about 40% of the meats are marketed to the
consumers through wet market. Chicken meat is
considered as the main source of protein in Malaysian
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diet across all the ethnic groups. It is the most popular
meat among other poultry species (Shafini et al.,
2017). According to the Department of Veterinary
Services (DVS, 2017), per capita consumption
of poultry meat in 2016 was 50.32 kg, which
was the highest among other livestock products.
The meat is perishable and highly susceptible
to microbial contamination where more than 30
genera of microorganisms including foodborne
pathogens have been reported contaminating the
meat. The bacteriological analysis from various
studies have shown the presence of Salmonella spp.,
Staphylococcus aureus, Escherichia coli O157:H7,
Campylobacter spp., Yersinia enterocolitica, Listeria
monocytogenes, Clostridium perfringens, Arcobacter
spp. and Helicobacter spp. on the raw chicken meat
samples (Mead, 2004; Kozacinski et al., 2006; Adu-
Gyamfi et al., 2012). Of the listed bacteria, CDC
(2017) classified five as foodborne pathogens; E. coli
O157:H7, Salmonella spp., Staphylococcus aureus,
Clostridium perfringens and Campylobacter spp.,
with Salmonella spp. and E. coli being identified
as the two most important foodborne pathogens of
public health interest incriminated in chicken meat
globally (Adeyanju and Ishola, 2014).

Contamination of chicken meat with the
pathogens that may lead to foodborne poisoning
is an important public health issue. In the cases of
food poisoning due to E. coli O157:H7 associated
with chicken meat products, symptom such as acute
haemorrhagic diarrhoea may develop (Chang et al.,
2013). Microbiological contamination may occur at
any point of supply chain such as during slaughtering,
post-slaughter ~ handling,  food  preparation,
transportation and storage (Shafini er al., 2017).
Consumption of cross-contaminated or undercooked
chicken meat with high bacterial load will potentially
risk the consumer. Seeing as P. cubeba L. has
abundant nutritional and pharmacological properties,
the use of its extract on chicken meat is believed to
reduce the bacterial load prior to cooking. Therefore,
the present work was conducted to determine the
antibacterial activity of P. cubeba L. extract against
E. coli and to identify the optimum concentration,
exposure time and storage temperature.

Materials and methods

Sample collection

Dried P. cubeba L. berries were purchased at
herbal traditional market, Pasar Baru, Bandung,
Indonesia. The samples were kept in seal plastic
bags at room temperature before further processing.

The chicken meat samples from wet market (GPS
coordinate: 2.984616, 101.669595) and supermarket
(GPS coordinate: 2.983479, 101.662725) were
purchased at Seri Kembangan, Selangor and stored
in the ice box at 4 £ 2°C during transportation. The
samples were immediately processed in less than
1 h upon arrival at Food Microbiology Laboratory,
Faculty of Food Science and Technology, Universiti
Putra Malaysia, Selangor.

Extraction of Piper cubeba L.

The extraction of P. cubeba L. was conducted
following the method described by Rukayadi et al.
(2008) with slight modification. Briefly, 300 g dried
berries were grinded using a dry blender Panasonic
MX-GM1011 (Panasonic Corporation, Osaka,
Japan). The grinded berries were then soaked in
99.8% ethanol (Sigma-Aldrich, Missouri, USA) with
the ratio of 1:10 for 7 d at room temperature and
occasionally shaken every alternate day. At the end of
7 d, the soaked berries were vacuum-filtered through
Whatman filter paper No. 2 (Whatman International
Ltd, Middlesex, England) by EYELA aspirator pump
(Tokyo Rikakikai Co., Tokyo, Japan). The filtrate
was then concentrated by using a rotary vacuum
evaporator Heidolph VV2011 (Heidolph Instruments
GmbH & Co. KG, Schwabach, Germany) at 50°C
and 150 rpm for 30 to 40 min. The temperature was
increased up to 85°C for two times for 30 s during the
concentration process to obtain ethanol free extract.
The crude extract was then stored at 4°C prior to use.

Preparation of Piper cubeba L. extract for treatment

Ethanolic P. cubeba L. extract was made by adding
1.0 mL extract into 99.0 mL 10% dimethylsulfoxide
(DMSO) (R & M Marketing, Essex, UK) to a final
concentration of 1.00% for the use in antibacterial
activity determination of E. coli by disc diffusion
assay (DDA), minimum inhibitory concentration
(MIC), minimum bactericidal concentration (MBC)
and time-kill curve assay. For bacterial enumeration
of chicken meat samples, the extracts were prepared
at 0.00%, 0.05%, 0.50% and 5.00%. The 5.00%
concentration was made by adding 5.0 mL extract
into 95.0 mL 10% DMSO. 0.50% and 0.05%
concentrations were prepared by addition of 99.50
mL and 99.95 mL 10% DMSO into 0.50 mL and
0.05 mL extract, respectively. The 10% DMSO was
used as it was found not to kill most microorganisms
(Yusoff et al., 2015). Sterile deionised water (DIW)
(B. Braun Medical Industries, Penang, Malaysia)
was used as 0.00% ethanolic P. cubeba L. extract
concentration.
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Disc diffusion assay (DDA)

Disk diffusion assay was performed following the
technique described by CLSI (2013). A single colony
of freshly prepared inoculum of E. coli O157:H7
(ATCC 43895) obtained from American Type Culture
Collection (Maryland, United States) was spread on
Miiller-Hinton agar (MHA) by using sterile cotton
swab. Sterile paper disks (6 mm diameter) (Schleicher
and Schuell, Dassel, Germany) were place on the
agar and infused with 20 puL 1.00% of P. cubeba L.
extract for treatment, 1.00% of chlorhexidine (CHX)
(Sigma, St. Louis, MO, USA) for positive control,
and 10% DMSO (R & M Marketing, Essex, UK) for
negative control. The plates were then incubated at
37°C for 24 h.

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC)

The minimum inhibitory concentration (MIC) of
the extract was determined by broth microdilution
method using sterile 96-wells round bottom
microtiter plate (Greiner, Germany) with inoculum
suspension of E. coli was adjusted from 10° to 108
CFU/mL. Column 1 of the well was filled with
200 pL Miiller-Hinton broth (MHB) which served
as negative control. Column 2 served as positive
control, which was filled with medium and 200
pL bacterial suspension. The microdilution was
performed at extract concentrations ranging from
5.000 mg/mL in column 12 to 0.009 mg/mL in
column 3. The plate was incubated for 24 h at 37°C.
The minimum bactericidal concentration (MBC) was
then determined by sub-culturing 10 pL suspension
from each MIC wells onto MHA plate, and incubated
at 37°C for 24 h to evaluate the mean value of MIC
and MBC.

Determination of time-kill curve

Time-kill assay was performed on the E. coli
O157:H7 (ATCC 43895) by using ethanolic extracts
of P. cubeba L. following the method described by
CLSI (2012), with slight modification. The extract
at 0.0 x MIC, 0.5 x MIC, 1.0 x MIC, 2.0 x MIC
and 4.0 x MIC were prepared and added to MHB
containing approximately 10° CFU/mL of inoculum
suspension to a final volume of 1 mL. The mixture
was then incubated at 37°C with 200 rpm agitation.
At 0.0, 0.5, 1.0, 2.0, and 4.0 h, 100 pL of the each
samples were serially diluted and plated onto MHA
by using spread plate technique. The plates were then
incubated at 37°C for 24 h prior to enumeration. The
total plate count (TPC) was recorded and the graph of
log,, CFU/mL versus time was plotted.

Bacterial load enumeration of untreated and treated
chicken meat samples

The chicken meat samples were cut into 2.0 x 2.0
x 1.5 cm with an average of 3 + 1 g per sample. Each
of the samples from wet market and supermarket
were then homogenised in BAGLIGHT BagSysytem
stomacher bag (Interscience, Saint-Nom-la-Breteche,
France) using stomacher machine BagMixer 400-P
(Interscience, Saint-Nom-la-Breteche, France) for 2
min. Serial dilution from 10! to 10-® were performed
by the addition of 1 mL from each samples series
into 9 mL 1% bacteriological peptone water solution
(Oxoid Ltd, Hampshire, UK). For TPC, 0.05 mL of
each dilution was pipetted into Petri dishes with Plate
Count agar (PCA) and incubated at 37°C for 24 h.
The visible colonies formed in the agar were counted
and calculated in logarithm numbers of colony
forming unit per grams (log,, CFU/g) of samples.
For E. coli count, 0.05 mL of each dilution was
pipetted into petri dishes with Eosin Methylene Blue
(EMB) agar. Log , CFU/g of samples was calculated
by observation and enumeration of the presumptive
colonies (green-metallic sheen colonies) that formed
after incubation at 37°C for 24 h.

The raw chicken meat cuts were soaked in filtered
tap water and four different concentrations of P,
cubeba L. extract (0.00%, 0.05%, 0.50% and 5.00%)
at two different exposure times of 5 and 10 min. The
treated samples were individually kept in sterile
universal bottles. All the samples were then stored at
two different temperatures of -18 + 2°C and 4 + 2°C
for 14 d. During storage, the TPC and E. coli count
for treated chicken meat samples were calculated at
0, 7 and 14 days. The frozen stored samples post 7
and 14 days were thawed at 4 = 2°C for 8 h prior
to analysis. The respective treated samples were then
homogenised using stomacher for 2 min, and serial
dilution from 10! to 10° were performed prior to
culturing on PCA for TPC and EMB agar for E. coli
count. The means value of bacterial populations from
each treatment series were calculated in duplicate for
each experiment.

Sensory evaluation

The test was performed for each of the treatments
of raw chicken meat samples following Brasil et
al. (2012), with slight modification. The samples
were treated with filter tap water, 0.00%, 0.05%,
0.50% and 5.00% at 5 and 10 min exposure times. A
group consisting of 30 random untrained panellists
were invited to evaluate each of the treatment
samples presented with ten different 3-digit coded
samples placed in a random order. The evaluation
was conducted based on 9-point hedonic scale for
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acceptance in terms of colour, odour, texture and
overall acceptability. The rating for each sample
ranged from extremely dislike (scale of 1) to
extremely like (scale of 9) as described by Poste et
al. (1991).

Statistical analysis

Minitab® = Statistical Software (Minitab 16)
(Minitab Inc., Pennsylvania, USA) was used to
perform statistical analysis. MIC and MBC data
were analysed by applying two samples T-test with
significant difference determined at 99% confidence
level (p < 0.01) between the treatment and positive
control. For bacterial enumeration of untreated
chicken meat samples, two sample T-test was
performed with significant difference determined at
99% confidence level (p < 0.01) between treatment
groups. Bacterial enumeration in treated chicken
meat samples, the general linear model (GLM) and
variance (One-Way ANOVA) with post-hoc Tukey’s
test were used to determine the significant effect
at 95% confidence level (p < 0.05) between those
treatment groups. Sensory attributes acceptability for
individual score from each treatment was calculated
and analysed using One-Way ANOVA with post-hoc
Tukey’s test to determine the significance effect at
95% confidence level (p < 0.05).

Results and discussions

P. cubeba L. extraction yield

The grinded P. cubeba L. berries extracted using
ethanol by maceration method resulted in slightly
viscous crude oil appearing in blackish brown
colour with 18.0 + 1.0% recovery yield. The ratio
of 1:10 (w/v) for dry weight sample to solvent was
used as an ideal recommendation by Pandey and
Tripathi (2014). According to Lawson ef al. (2010),
the duration of solvent-sample soaking affects the
efficiency of extraction with longer duration results
in higher extraction yield. In the present work, the
grinded berries were soaked in 99.8% ethanol for
7 d. The soaking processed was intended to break
the cell wall of the plants and release the soluble
phytoconstituent. Short period of soaking will have
less sufficient time for the solvent to recirculate
the extract of total available oil in plant extract
compounds (Efthymiopoulos ez al., 2019).

Disc diffusion assay (DDA)

The determination of antibacterial activity
of ethanolic P cubeba L. extract against E. coli
O157:H7 (ATCC 43895) by DDA showed 8.40 +
0.10 mm inhibition zone. Based on the principle,

larger inhibition zone shows the greater antibacterial
activity of the extract. In comparison with the zone
(11.90 £ 0.50 mm) created by chlorhexidine (CHX)
which served as positive control, even though
the inhibition zone of the extract was smaller, the
developed zone indicated the antibacterial activities
of the extract against the tested £. coli. The same
method has also been done by Al-Tememy (2013)
which resulted in 10.00 mm inhibition zone for E.
coli, 13.00 mm for Pseudomonas aeruginosa and
15.00 mm for Staphylococcus aureus, by using 100
uL ethanolic P. cubeba L. extract on the tested disc.
Another study by Al Rdheha Ali et al. (2016) showed
the antibacterial activity of 10%, 20% and 40%
ethanolic P. cubeba L. extracts at 8.30 mm, 13.00
mm and 13.00 mm inhibition zone, respectively.
The study also found that 20% hot aqueous extract
resulted in the best inhibition against the tested FE.
coli at 20.00 mm, followed by cold aqueous at 15.00
mm and ethanolic at 12.00 mm.

MIC and MBC values of P. cubeba L. extract

MIC 1is considered as the gold standard in
determining the susceptibility of microorganisms
towards antimicrobials (Andrews, 2001). It is defined
as the lowest concentration or the highest dilution
of the antimicrobial agent that visually inhibits the
growth of microorganisms after overnight incubation
(Talaro and Chess, 2012). The lowest concentration
of antimicrobial agent that did not show any growth
of microorganisms was considered as the MBC
(Aamer et al., 2014). In the present work, the MIC
and MBC values of ethanolic P. cubeba L. extracts
against E. coli O157:H7 (ATCC 43895) were
determined, and the results for both test are presented
as in Table 1. Based on the results, even though P,
cubeba L. extract required higher concentration
(0.63 £ 0.00 mg/mL) to inhibit the growth of the
bacteria, and lower concentration (1.25 + 0.00 mg/
mL) to express the bactericidal effect as compared
to the positive control, statistically both MIC and
MBC values of extract and the control showed no
significant different. The findings suggested that the
antibacterial effect of P. cubeba L. extract used in the
present work was performing as effectively as the
commercial antibiotic towards the tested E. coli.

Study on MIC values of P. cubeba L. extract
using acetone, chloroform, ethanol and aqueous
as solvents against E. coli also has been done
previously and resulted in 0.50, 0.50, 1.00 and 1.00
mg/mL concentrations, respectively (Al-Tememy,
2013). Another study by Rukayadi er al. (2013)
gave the MIC and MBC values for methanolic P
cubeba L. extract against E. coli (ATCC 25922) at
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3.20 and 6.40 mg/mL, respectively. In comparison
with the ethanolic extract of other herbs and spices,
the MIC and MBC against E. coli (ATCC 11303)
were identified at higher values such as 10.00 mg/
mL (MIC), 10.00 mg/mL (MBC) for Origanum
vulgare L. (oregano), 10.00 mg/mL (MIC), 20.00
mg/mL (MBC) for Salvia officinalis L. (sage), 10.00
mg/mL (MIC), 10.00 mg/mL (MBC) for Syzygium
aromaticum (L.) Merrill & Perry (clove), 20.00 mg/
mL (MIC), 40.00 mg/mL (MBC) for Rosmarinus
officinalis L. (rosemary), and 20.00 mg/mL (MIC),
> 40.00 mg/mL (MBC) for Apium graveolens subsp.
dulce L. (celery) (Witkowska et al., 2013).

Table 1: Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of P. cubeba
L. extract against £. coli O157:H7 (ATCC 43895).

Ethanolic P. Control
cubeba L. extract (chlorhexidine)
MIC (mg/mL) 0.63 +0.00? 0.08 £ 0.00?
MBC (mg/mL) 1.25+0.004 1.59 +£0.05*

Data are expressed as mean + SD. Small letters represent significant
differences of MIC between ethanolic P. cubeba L. extract and control
groups at p < 0.01. Capital letters represent significant differences of
MBC between ethanolic P. cubeba L. extract and control groups at p
<0.01.

E. coli killing time

Time-kill curve is frequently used to evaluate
antimicrobial effect by monitoring the growth and
death of bacteria over wide range of concentrations
(Foerster et al., 2016). In the present work, the result
for time-kill curve of the extract against E. coli
O157:H7 (ATCC 43895) is plotted and presented in
Figure 1. Based on the plotted curve, the numbers
of bacteria for the sample incubated from 0 to 4 h

937

without P. cubeba L. extract (0.0 x MIC) increased
with time. The results were similar with the sample
treated with 0.5 x MIC (0.31 mg/mL) with slight
log reduction for the first half an hour of incubation.
The findings shows the antibacterial activity of the
extract; however, the concentration was not enough
to prevent the growth of bacteria for the following 1
to 4 h.

In comparison with the samples treated with 1 x
MIC (0.63 mg/mL), 2 x MIC (1.25 mg/mL) and 4 x
MIC (2.50 mg/mL), the TPC decreased accordingly.
The bacterial growths were inhibited at 0.63 mg/mL
of the extract concentration. Bactericidal activity
which referred to the MBC that kill 99.9% of the
initial inoculum (Canillac and Mourey, 2001) and
reduction of > 3 log,; CFU/mL of the viable colony
count (Scheetz et al., 2007) was seen in the sample
treated with 2 x MIC incubated for 4 h with 3 log
reduction. The finding shows that P. cubeba L. extract
required 4 h to express the bactericidal activity
against E£. coli O157:H7 (ATCC 43895) at 1.25 mg/
mL of concentration. In contrast, Ramli et al. (2017)
had reported the bactericidal activity of Syzygium
polyanthum (Wight) Walp. (Indian bay leaf) on E.
coli at 4 x MIC (5.00 mg/mL) for 4 h of incubation
time. Therefore, the results from the present work
revealed that the bactericidal effect of P. cubeba L.
extract was more effective to kill E. coli as it requires
lower extract concentration. Another study by Zulfa
etal. (2016) and Zainin et al. (2013) on Cymbopogon
citratus (DC.) Stapf. (lemongrass) and Boesenbergia
rotunda (L.) Mansf. (lesser galangal) have shown the
bactericidal effect against E. coli at 2 x MIC (2.50 mg/
mL) and 2 x MIC (0.04 mg/mL) at 2 h, respectively.

10.0 1
2.0 +
8.0 ¢+
7.0 ¢+
-l
5 6.0 ——0.0% MIC
S 501 ——0.5x MIC
g’ 4.0 + ——1.0x MIC
- 5 —a—2.0x MIC
’ ——4.0x MIC
20 +
1.0 +
0.0

0.0 0.5 1.0

2.0 4.0
Time of Incubation (hours)

Figure 1: Time-kill curve plot of E. coli O157:H7 (ATCC 43895) for 0 x MIC, 0.5 x MIC, 1.0 x MIC, 2.0 x MIC and 4.0
x MIC of ethanolic P. cubeba L. extract at 0 to 4 h incubation time.
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Bacterial load of untreated chicken meat samples

The enumeration of bacterial load of untreated
raw chicken meat samples from wet market and
supermarket were done by calculating the log,
CFU/g for TPC and E. coli count. Based on the
findings, the bacterial load for wet market chicken was
significantly higher as compared to the supermarket
chicken. The TPC were recorded at 4.56 & 0.26 log
CFU/g for wet market and 3.60 + 0.00 log,, CFU/g
supermarket samples, and 3.60 + 0.00 log CFU/g
and 1.30 + 0.00 log , CFU/g for E. coli count of wet
market and supermarket samples, respectively. In
comparison with the study by Yusoff et al. (2015),
the results for TPC and E. coli counts from chicken
meat sample from wet market and supermarket
showed no significant difference at 6.17 £ 0.02 and
5.90 + 0.05, respectively for wet market, and 6.12 +
0.01 and 5.97 + 0.04, respectively for supermarket
samples. However, the study shows higher bacterial
contamination in the chicken meat samples from both
types of retail outlets.

Generally, wet market is occupied by small-scale
sellers, less equipped facilities, and concentrated
with various kind of goods. Most of the sources of
chicken meats are from free-range and small-scale
farming which undergo backyard slaughtering
without health inspection by veterinary authorities.
The chicken meats are only substantially sterilised on
healthy animal (Swartz, 2002). Without inspection,
there is a possibility that the slaughtered chicken
is a diseased chicken that may harvest pathogenic
microorganisms. On the other hand, supermarkets
are usually organised into aisles, clean, well
ventilated, have well-equipped facilities and under-
controlled environment. Systematic arrangement and
hygienic conditions in supermarkets are better than
those in the wet market (Adu-Gyamfi et al., 2012).
All the chickens supplied to the supermarket were
slaughtered at designated abattoir. In Malaysia, a
number of designated and licensed abattoirs that
complied with necessary food hygiene and sanitation
requirement have been certified with Veterinary
Health Mark (VHM) certification by the Department
of Veterinary Services, Malaysia (DVS, 2012). This
factor contributes to the bacterial load of the chicken
meat samples. In the present work, even though the
bacterial load obtained for wet market samples were
significantly higher than supermarket samples; the
bacterial level was still within the acceptable safety
level. According to Fifteenth Schedule (Regulation
39, Table 1) of FOSIM (1985), the TPC level for
unsafe chicken meat for consumption is above 10°
CFU/g as compared to 10* CFU/g found in the
present work.

Total plate count (TPC) of treated chicken meat
samples

The TPC results for wet market and supermarket
samples at 5 and 10 min exposure times stored at
4°C and -18°C for 0, 7 and 14 days are presented
in Table 2. Statistically, the significant effect of P
cubeba L. extracts was detected in the treatment
group and interaction between treatment groups with
storage duration. Based on the findings, the TPC
for the treated wet market and supermarket samples
stored at 4°C showed identical bacterial survival
trend. The bacterial load for the samples at 0.05%,
0.50% and 5.00% extract concentrations decreased
upon application of the treatment at 5 and 10 min
exposure times. However, the number of bacteria
started to significantly increase from day 0 onwards.
In preventing the spoilage of meat product, one of the
most important factors is by controlling the storage
temperature (Fung et al., 2008). Generally, storage of
chicken meat product at 4°C will reduce the growth
rate of the bacteria by minimising the chemical and
biochemicalreactionofthemicroorganisms. However,
the recommended temperature is only acceptable
for storage within one to two days (USDA, 2013).
Specifically for chicken parts, FDA (2017) suggested
the duration of storage is maximum for two days at
refrigeration temperature (4°C), and nine months at
freezer temperature (-18°C). In the present work, the
samples treated with minimal extract concentration
at 0.05% started to produce off-odour on day 7 for
both wet market and supermarket samples at 7.26
+ 0.15 log,, CFU/g and 6.45 + 0.21 log,, CFU/g,
respectively. The bacterial counts for those samples
exceeded the safe bacterial limits for fresh chicken
meat at 10° CFU/g according to Fifteenth Schedule
(Regulation 39, Table 1) of FOSIM (1985).

In contrast with the samples stored at -18°C, both
treated wet market and supermarket chicken meat
samples showed reduction of bacterial count upon
storage. At 0.05% extract concentration, the TPC
of the samples decreased until day 7, and started
to increase for the following days. However, for
the samples treated with 0.50% and 5.00% extract
concentration, the bacteria count continuously
decreased until day 14. For supermarket samples that
has lower bacterial load than wet market samples, no
macroscopic colonies were detected on the incubated
PCA plate for the samples treated with 0.50% P,
cubeba L. extract concentration in 10 min exposure
time, and 5.00% extract concentration in 5 and 10
min exposure times, stored in freezer at day 14 of
storage. Briefly, frozen storage is recognised as one of
the cold preservation techniques that advantageously
preserves the nutritional and sensory values of foods;
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but the temperature does not eliminate harmful
microorganisms, because as soon as temperature
becomes favourable, the bacteria will resume
their activity (Hiramatsu et al., 2005). However,
according to Speck and Ray (1977), by lowering the
temperature, it is able to control the microbiological
activity during frozen storage by limiting the
microbial growth and water activity (a ). In addition
Tedeschi and De Paoli (2011) also mentioned that
at frozen temperature, most bacteria have poor
survival rate due to the damage caused by ice crystal
formation and electrolyte fluctuation. In the present
work, with the addition of antibacterial activity of
P. cubeba L., at 0.50% and 5.00% concentrations,
the bacterial were unable to survive upon storage at
frozen temperature for two weeks.

The antibacterial activity of P. cubeba L. also
has been reported in various studies (Choi and
Hwang, 2003; Silva et al., 2007; Singh et al.,
2008). The research by Rukayadi et al. (2013) have
shown the inhibition and bactericidal effect of P

cubeba L. against Pseudomonas aeruginosa, E.
coli, and Staphylococcus aureus at 6.40, 3.20 and
1.60 mg/mL MIC and 12.80, 6.40 and 3.20 mg/mL
MBC, respectively. The antibacterial activity of P,
cubeba L. derivatives such as (-)-O-methylcubebin,
(-)-O-benzylcubebin and (-)-hinokinin have also been
reported effective against Porphyromonas gingivalis
and Bacteroides fragilis with 50 pg/mL and 100 pug/
mL MIC, respectively (Rezende et al., 2016). Another
study by Khan and Siddiqui (2007) has also reported
the effectiveness of antibacterial activity of P. cubeba
L., P retrofractum Vahl., P. longum L. and P. nigrum
L. against bacterial pathogens such as Staphylococcus
aureus, Salmonella Typhi, Pseudomonas aeruginosa,
E. coli and Bacillus megaterium.

E. coli count of treated chicken meat samples

E. coli is a rod-shaped, Gram-negative bacterium
from the family of Enterobacteriaceae. Besides
Salmonella spp., E. coli is another most important
foodborne pathogens of public health interest

Table 2: Total plate count (TPC) of chicken meat samples treated with Piper cubeba L. stored at 4°C and -18°C for 0, 7
and 14 days storage time.

Day 0 Day 7 Day 14
teri;;)erfiire Tr;?:)il;m Exposure time (min) Exposure time (min) Exposure time (min)
5 10 5 10 5 10
Wet market chicken
Tap water ~ 5.30 £ 0.00** 5.30 £ 0.00 7.60 £ 0.00** 7.69 £0.13*4 8.87 £0.39* 8.80 +0.28*
0.00% 4,53 +£0.16" 4.53 £ 0.04®4 7.35+0.09®4  7.35+£0.05*  8.45+0.21* 8.30 £ 0.00*
0.05% 3.95+0.07 3.93 £ 0.46* 726 +0.15%  7.00+£0.104  8.10+0.13**  7.71£0.01*8
0.50% 3.65+0.07% 3.62+0.01A 6.70 £ 0.02¢4 6.87 £ 0.044 8.04+0.12¢4  7.52+£0.15"
4°C 5.00% 3.48 £ 0.08% 3.46+0.174 5.73 £0.03% 5.65+0.06%  7.71+£0.53**  6.49 +0.04*
Supermarket chicken
Tap water ~ 3.60 £+ 0.00*® 3.60 £ 0.00** 6.69 £ 0.55* 6.90+£ 043  744+0.13**  7.43+0.02
0.00% 3.30 +0.00% 345+£0.21%4 6.54 +0.34%4 6.75+£0.21*  7.40+0.14*4  7.41+0.05*
0.05% 2.92£0.12¢4 2.86 £ 0.05% 6.45+£0.21* 6.30+£0.00  7.29+£0.30*  7.12+£0.10**
0.50% 2.71 £ 0.04¢4A 2.68 +0.03" 6.25+0.01**  6.19+£0.01®  7.00+£0.14**  6.96 + 0.08"*
5.00% 2.66 +0.03% 2.56 £0.08" 5.69 +£0.38* 539+0.13**  6.84+£0.03*  6.18+0.04®
Wet market chicken
Tap water ~ 5.30 £ 0.00** 5.30 £ 0.00 545+£0.21* 5.54 +£0.34* 5.62+£0.06*  5.61 £0.22%
0.00% 4.53+£0.16" 4.53 +£0.04A 4.70 £0.07% 475+0.13%* 489+0.16  493+£0.21*
0.05% 3.95+£0.07¢4 3.93 +£0.46A 3.73 £0.034 3.70 £0.00¢4  3.94+£0.06**  3.80+0.17°*
0.50% 3.65+0.07¢ 3.62+0.01A 3.63+£0.08 3.60+£0.01%  3.58+0.039  3.48+0.14"
8oC 5.00% 3.48 +0.08% 3.46+0.174 3.45+0.05 3.38+£0.024  340+0.07%  326+0.17"*
Supermarket chicken
Tap water ~ 3.60 + 0.00*® 3.60 £ 0.00*A 3.83 +£0.02* 3.72+£0.084  4.02+0.02*4  4.00+0.03
0.00% 3.30 +0.00% 345+0.21%4 3.74 £ 0.09*4 3.65+£0.07  3.89+£0.09*4  3.92+0.02*
0.05% 2.92£0.12¢A 2.86 £ 0.05% 2.84 £0.34 2.75+£0.21  3.23+0.04**  3.08 £ 0.00®
0.50% 2.71 £ 0.04<44 2.68 +0.03 2.45+0.21 2.30+0.00*  2.30+0.00  0.00 £ 0.00%
5.00% 2.66 +0.03% 2.56 +0.08* 2.30 £ 0.00%8 2.30+£0.00¢4  0.00+0.00®  0.00 +0.00%

The analysis was done using Tukey Post-Hoc Analysis. Data are expressed as mean + SD. Small letters represent significant differences of TPC

between exposure times at p < 0.05. Capital letters represent significant differences of TPC between treatment groups at p < 0.05.
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implicated in chicken meat globally (Adeyanju and
Ishola, 2014). It has been isolated worldwide from
chicken meat and recommended to be totally absent
from the meat before such can be considered fit for
human consumption (Adesiji et al., 2011). As the
bacterium is the intestinal microflora of the chicken,
the presence of E. coli implies the cross-contamination
of faecal material from the intestine to the meat during
slaughtering (Singleton, 2004). The existence on the
chicken meat may also be due to the unhygienic food
preparation practice, environmental contaminants or
from contaminated carcasses (USDA, 2015b). In the
present work, the presence of E. coli was detected by
the growth of green metallic sheen colonies on the
incubated EMB agar. The results for £. coli count for
wet market and supermarket samples at 5 and 10 min
exposure times stored in 4°C and -18°C for 0, 7 and
14 days are presented in Table 3.

Similar with the TPC results, the statistical
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analysis for E. coli count showed significant effect
of P cubeba L. extract for treatment group and
interaction between treatment groups with storage
duration. There was no significant reduction of E.
coli count between the samples treated with 5 and 10
min exposure times. For wet market samples stored
at 4°C, the E. coli count significantly decreased
after application of the extract at 0.05%, 0.50% and
5.00% concentrations. However, the E. coli count
started to increase upon storage from day 0 to day
14. According to Nortjé et al. (1990), fresh meat is
subjected to continuous refrigeration temperature
during storage, but certain spoilage microorganisms
are able to survive and grow at low temperature.
Furthermore, as mentioned by McKellar er al.
(2012), storage temperature is one of the important
factors that affects the growth and distribution of E.
coli. Most of E. coli survived after 22 to 24 months
of storage at 4°C with original populations between

Table 3: E. coli count of chicken meat samples treated with Piper cubeba L. stored at 4°C and -18°C for 0, 7 and 14
days storage time.

Day 0 Day 7 Day 14
tetig);?agt?lre Tr;?(t:;;m Exposure time (min) Exposure time (min) Exposure time (min)
5 10 5 10 5 10
Wet market chicken

Tap water 3.60 +0.00¢4  3.69+0.13*A 378 +0.00* 3.81+0.04* 4.06+0.09 4.19+0.06"

0.00% 3.60 £0.004  3.66+0.06* 3.70+£0.02** 3.69+0.13** 4.01 £0.06* 4.08£0.02**

0.05% 294 +£0.19*  292+0.14*  3.26+£0.03"* 320+£0.01" 3.66+0.08"* 3.54+0.13

0.50% 2.86+0.07°* 2.81+0.05** 3.19+0.01° 3.14+£0.02°* 3.52+0.02%* 346+0.11%

4G 5.00% 2.64+£0.00 2.60+0.03** 3.13+0.11° 2.98+0.10" 3.27+0.104 3.20+0.08"

Supermarket chicken

Tap water 1.30 £0.00®®  1.30+0.00  1.30+£0.00® 1.30+0.004 1.69+0.13*4 1.84+0.09*4

0.00% 1.30+£0.00®  1.30£0.00>* 1.30+0.00°® 1.30+0.00** 1.45+0.21* 1.60=+0.00"

0.05% 0.00 £0.00®  0.00£0.00  0.00+£0.00®* 0.00+0.00** 0.00=£0.00°® 0.00=£0.00*

0.50% 0.00 +0.000%  0.00 = 0.000¢* 0.00 +0.00®  0.00+0.00%  0.00+0.00°®  0.00 + 0.00*

5.00% 0.00 £0.00<®  0.00£0.00*  0.00=£0.00® 0.00+0.00* 0.00=0.00°® 0.00=£0.00*

Wet market chicken

Tap water 3.60+0.00¢4  3.69+0.13*A  3.60+0.00* 3.69+0.13* 3.88+0.07** 3.99+0.10"

0.00% 3.60 +£0.004  3.66+0.06* 3.45+0.21* 345+0.21* 3.70+0.03** 3.73+£0.12*

0.05% 294 £0.19**  292+0.14* 237+£032"  220+£043* 249+0.16" 2.38+0.00"

0.50% 2.86+0.07°* 2.81+0.05*4 221+0.194 2.13+0.184 2.11+0.05*4  1.30+0.00®

18°C 5.00% 2.64+£0.00* 2.60+0.03** 1.30£0.00¢® 1.30+0.00°* 1.30+0.00* 0.00 £+ 0.00%

Supermarket chicken

Tap water 1.30 £0.00®®  1.30+0.00  0.00=+=0.00® 0.00+0.004 0.00+0.00® 0.00=+0.00*4

0.00% 1.30 £0.00°®®  1.30+0.00**  0.00£0.00¢¢  0.00=+0.00* 0.00+0.00® 0.00+0.00¢

0.05% 0.00 £0.00®  0.00£0.00*  0.00+0.00®® 0.00+0.00*  0.00£0.00" 0.00 =+ 0.00%

0.50% 0.00 £ 0.00®®  0.00+0.00¢  0.00+0.00¢¢  0.00=+0.00* 0.00+0.00® 0.00+0.004

5.00% 0.00 £0.00<®  0.00£0.00**  0.00+0.00°®® 0.00+0.00>* 0.00=0.00°® 0.00=+0.00"

The analysis was done using Tukey Post-Hoc Analysis. Data are expressed as mean + SD. Small letters represent significant
differences of E. coli count between exposure times at p < 0.05. Capital letters represent significant differences of E. coli count
between treatment groups at p < 0.05.
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10* and 10* CFU/disk (Hiramatsu et al., 2005). As in
the present work, even though the extract expressed
their antibacterial activity on the treated samples, the
applied concentration with exposure time was still
not enough to prevent the growth of E. coli upon
storage at 4°C.

For frozen storage of wet market samples, the .
coli count continued to decrease after the treatment
except for the samples treated with 0.05% extract
concentration that started to increase from 2.37 =+
0.32 log,, CFU/g at day 7 to 2.49 = 0.16 log,, CFU/g
at day 14 for 5 min exposure time, and from 2.20
+ 0.43 log,, CFU/g to 2.38 £ 0.00 log,, CFU/g for
10 min exposure time. Frozen temperature is well
established capable to avoid microbial growth.
According to Casarin et al. (2009), the temperature
is able to inactivate part of the bacterial population,
and the magnitude of its effect will vary according to
the type of food. In the present work, the antibacterial
effect of P. cubeba L. extract was enhanced with the
frozen storage temperature. However, 0.05% extracts
concentration was still insufficient to keep reducing
the E. coli count for wet market samples at frozen
temperature until day 14.

For supermarket samples, all E. coli were unable
to survive upon application of P. cubeba L. extract.
At 4°C, only the control samples showed increase
in bacterial number post day 7 of storage. While at
-18°C, even the existing E. coli from the original
load did not appear on the EMB agar at day 7 of
storage most probably due to the growth limitation
effect under frozen temperature. The antibacterial
activity of P. cubeba L. on E. coli has been reported
in several studies. Al-Tememy (2013) reported that
aqueous extract produced higher antibacterial effect
on E. coli and P. aeruginosa at 15 mm inhibition zone
than S. aureus at 8§ mm. For acetone and chloroform

extracts, the inhibition zones were at 10 and 12 mm
for E. coli, 13 and 10 mm for P. aeruginosa, and
16 and 11 mm for S. aureus respectively. Ethanolic
extract of P. cubeba L. extract resulted in 10 mm (E.
coli), 13 mm (P. aeruginosa) and 15 mm (S. aureus)
inhibition zone. The metabolites of P cubeba L.
such as alkaloids, phenols and flavonoids contribute
to the antibacterial activities of the extract. Upon
treatment, the alkaloid will attach with bacterial
DNA before exhibiting the bactericidal effect, while
the phenol compound inhibits the microbial growth
by precipitation activity on the microbial enzyme
(Mar et al.,1991). Another antimicrobial mechanism
as stated by Reed (1995) is through the composite
of flavonoids hydroxyl group with cell wall proteins
prior to break down the cell membrane of bacteria.

Sensory attributes acceptability evaluation

The evaluation of colour, odour, texture and
overall acceptability were performed based on
9-point hedonic scale with the range of extremely
liked (scale of 9) to extremely disliked (scale of 1),
followed by statistical analysis. The result for means
+ standard deviation for the scale is presented in
Table 4. Based on the statistical analysis, the data
shows no significant different (p > 0.05) between all
the attributes tested. The results for colour, odour,
texture and overall acceptability were at the range
of 5 (neither like nor dislike) to 6 (slightly like) for
all the samples treated with P. cubeba L. extract at
different concentrations. Similar preferences were
also obtained for the control samples treated with
tap water and 0.00% extract concentration. However,
the mean for samples treated with 0.05% extract
concentration with 10 min exposure time showed
the ‘slightly like” score for all the attributes tested as
compared to other samples. In the present work, it was

Table 4: Sensory attributes acceptability of raw chicken meat treated with P. cubeba L. at different exposure times.

Exposu.r ¢ time Treatment groups Colour Odour Texture Overau.
(min) acceptability
Tap water 6.03 +£1.69* 5.83 +£1.60* 5.80 + 1.54* 597 +1.56*
0.00% 5.80 £ 1.54° 5.87+£1.78 6.00 £ 1.51° 6.00 + 1.55°
5 0.05% 5.67 £2.02° 533+ 1.67* 5.93 +1.68° 5.50 +1.43¢
0.50% 6.23 + 1.46° 593+ 1.64° 6.27 £ 1.44 6.10 + 1.40°
5.00% 5.97 £ 1.65° 597+ 1.67° 580+ 1.71° 5.90 + 1.54°
Tap water 5.57 +£1.94 5.60 + 1.69° 5.60 +1.71° 5.53+1.61°
0.00% 6.07 +1.84° 573 +£1.31° 5.97 + 1.54¢ 6.00+1.31°
10 0.05% 6.07 £1.74° 633+1.61* 6.33 + 1.86° 6.30 +1.71°
0.50% 5.73 +£1.80° 5.70 £ 1.60° 5.60 + 1.65° 5.77 +£1.43¢
5.00% 5.93 + 1.60° 5.67 +1.90° 6.33 + 1.56° 5.97 £ 1.50°

The analysis was done using Tukey Post-Hoc Analysis. Data are expressed as mean + SD. Small letters represent significant differences of sensory
attributes acceptability of raw chicken meat treated with P. cubeba L. between treatment groups at p < 0.05.
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shown that the application of P. cubeba L. extract on
the chicken meat was neutral to positively accepted
by the consumers in terms of all the attributes tested.

Conclusion

In conclusion, the antibacterial activity of the
ethanolic extract of P. cubeba L. was effective against
E. coli, and the application in chicken meat samples
resulted in reduction of bacterial count. P. cubeba L.
at the optimum condition can be used as one of the
alternative approaches to reduce the bacterial load of
raw chicken meat samples prior to cooking. As the
chicken meat is categorised as perishable food and
recognised as the main source of protein in Malaysian
diet, the reduction in bacterial load is very important
in ensuring the food safety as well as reducing the
occurrence of foodborne poisoning associated with
chicken meat.
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