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SUMMARY

Research background. While the use of chemical preservatives in meat may appear to
be tremendously advantageous, they have long been purported to increase the risk of
incidence of certain types of cancers. Consequently, many people have opted for mini-
mally processed alternatives. This consumer shift has placed substantial pressure on the
food industry to implement more natural alternatives to these synthetic preservatives in
the meat industry. Research on plant extracts as potential agents for food additives is in-
creasing. The bioactive components present in West Indian bay leaf and turmeric essential
oils have a promising potential for use as novel, green preservatives in the meat industry.

Experimental approach. Raw chicken breast samples (28 g) were each treated with dif-
ferent volumes (0.5, 1 and 1.5 mL) of the essential oil of West Indian bay leaf or turmeric
or their mixture (1:1 to make up a final volume of 0.5, 1 and 1.5 mL). Physicochemical, mi-
crobiological and sensory evaluations were performed on the fresh and treated samples
stored for 14 days at 4 °C.

Results and conclusions. The West Indian bay leaf oil had a higher extraction yield and
total phenolic content, while the turmeric oil had a higher total flavonoid content. The
most effective treatments, compared to the control, significantly (p<0.05) minimized the
pH increase by 13.9 % (1.5 mL bay leaf oil), reduced texture loss by 44.8 % (1.5 mL oil mix-
ture) and reduced protein loss by 98.9 % (1 mL bay leaf oil). Most treated samples had re-
duced microbial loads, with the turmeric oil showing the highest efficacy against lactic
acid bacteria, yeasts and moulds. Treated samples had significantly higher (p<0.05) sen-
sory scores than the control on the final day of storage, with the 1.5 mL oil mixture prov-
ing to be the most effective, as the storage life of the chicken breast sample was extend-
ed by 6 days.

Novelty and scientific contribution. This study has shown for the first time that the es-
sential oil from turmeric and West Indian bay leaf can extend the shelf life of raw chicken
breast and highlights the potential of the oil as natural preservative agents in lieu of syn-
thetic alternatives.
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INTRODUCTION

Raw meat with its high water content, nutrients and almost neutral pH is an ideal envi-
ronment for microbial proliferation (7). Preservatives in meat such as nitrites and nitrates
inhibit microbial growth through their innate bactericidal effect (2). Fresh chickens are in-
jected with sodium acetate or sodium lactate at slaughter to prolong shelf-life through
their antimicrobial effect (3). Preservatives such as nitrates appear to be beneficial, but their
unregulated use and overconsumption can be detrimental to consumer health. Nitrates
used in meat processing can react with available secondary amines after reduction to ni-
trites and produce carcinogenic nitroso compounds (NOCs) (4,5). As these harmful effects
have become widely known, consumers have begun to limit their intake of highly processed
meat and instead focused on minimally processed alternatives (6). This shift in consumer
awareness is forcing the food industry to respond and use more natural preservatives.
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Some plant essential oils have been shown to have quite
potent antimicrobial properties, such as lemon (Citrus limon)
and eucalyptus (Eucalyptus globulus), which are used in food
coatings and active food packaging, as they protect against
both spoilage and pathogenic microbes (7). While the anti-
bacterial and preservative properties of the more popular ar-
omatic plants and herbs have led to their increasing use in
the food industry worldwide, this is not the case with the use
of traditional local herbs and spices in the small island devel-
oping states of the Caribbean.

Pimenta racemosa, commonly known as West Indian bay
leaf in Trinidad and Tobago, is a tall, aromatic, arboreal plant
native to both the Caribbean and northwestern South Amer-
ica (8). The volatile compounds in the essential oil of Pimenta
racemosa leaves consist of various phenols, monoterpenes,
sesquiterpenes, diterpenes and esters (9). Eugenol has also
been shown to be the most abundant of these volatile com-
pounds, ranging from 60.4 to 82.9 %, and is thus the source
of most of the antibacterial potential (8). Eugenol, which is
extracted from the essential oil of cloves and cinnamon
leaves, has strong antibacterial and insecticidal properties
(10).

Turmeric (Curcumalonga) is a perennial plant with under-
ground rhizomes that are predominantly oblong, ovate and
short-branched (77). It belongs to the Zingiberaceae family,
and is a close relative of the better known ginger, which has
similar physical properties and strong antioxidant, antibacte-
rial and anti-inflammatory properties (72). The numerous bio-
active compounds found in turmeric, such as sesquiterpenes,
ketones, tumerone, zingiberene, cineole and various curcu-
minoids, are responsible for these biological properties. Pre-
vious research has also shown that curcumin is the main cur-
cuminoid and the primary phytochemical responsible for the
biological functions of turmeric (77).

While the antimicrobial effect of these two essential oils
has already been demonstrated, the effect of West Indian bay
leaf essential oil as a natural preservative and its effect in
combination with turmeric essential oil has not yet been in-
vestigated. In this study, some quality indicators of the essen-
tial oil extracted from West Indian bay leaf and turmeric as
natural preservatives in raw chicken breast samples were in-
vestigated.

MATERIALS AND METHODS

Collection and preparation of plant material

Fresh West Indian bay leaves were collected from a single
large tree on the St. Augustine campus of the University of
The West Indies, Trinidad and Tobago. Approximately 3 kg of
the leaves were carefully harvested and rinsed thoroughly
under cold running tap water to remove all debris and organ-
isms. The leaves were then placed on a kraft drying paper (150
cmx50 c¢m) to air dry for 10 days. After that, 0.95 kg of the
leaves were used for the essential oil extraction. Fresh turmer-
ic rhizomes (9 kg) were obtained from a Farmers’ Market in

Macoya, Trinidad and Tobago. The rhizomes were thorough-
ly rinsed under cold running tap water to remove soil and de-
bris and then air-dried for 5 days until they reached approx.
82.2 % of their initial mass. After drying, the rhizomes were
cut into 0.2 cm thin slices using a Hobart slicer (model 1612;
Hobart Corporation, Troy, OH, USA) and then partially crushed
with a wooden mallet to increase the surface area and facili-
tate the extraction of the essential oil by steam distillation.

The essential oil was extracted from the West Indian bay
leaf and turmeric by steam distillation in a pilot plant (Fig. S1).
The dried leaves (0.95 kg) were placed in a steam distillation
drum and the distillation process was left to run for three
hours. The same procedure was used for the sliced and par-
tially crushed rhizomes (7.4 kg). After the run time of both ex-
tractions had elapsed, the essential oil obtained was collect-
ed in 40-mL amber bottles and immediately refrigerated at 4
°C until needed for the experiments.

Total phenolic content and total flavonoid content

The Folin-Ciocalteu colourimetric method (73) was used
to measure the total phenolic content (TPC) of the extracted
essential oil. The absorbance was measured at 765 nm and
the TPC of the extracted essential oil was expressed in mg of
gallic acid equivalents (GAE) per mL of sample.

The aluminium chloride colourimetric test (74) was used
to determine the total flavonoid content (TFC) of each essen-
tial oil. The absorbance was measured at 415 nm and ex-
pressed in mg of quercetin equivalents (QE) per mL of sam-
ple. A UV-Visible spectrophotometer (Thermo Scientific
Evolution 60S; Thermo Fisher Scientific, Waltham, MA, USA)
was used for both TPC and TFC determinations. The chemi-
cals used for the analyses were of reagent grade and pur-
chased from Sigma-Aldrich, Merck (St. Louis, MO, USA).

Preparation and treatment of samples

Raw bone-in chicken breasts (2.0 kg) were purchased
from a poultry depot in St. Augustine, Trinidad and Tobago,
and were immediately placed in an insulated cooler before
arrival at the laboratory. After rinsing with potable water, the
breasts were cut to obtain two main sets of samples, one trip-
licate set of eleven 28-gram samples each (for quantitative
analyses), and another set of ten 28-gram samples (for sen-
sory analysis). The ten samples from the set for sensory anal-
ysis were labelled as follows: turmeric 0.5 mL, turmeric 1 mL,
turmeric 1.5 mL, West Indian bay leaf 0.5 mL, West Indian bay
leaf 1 mL, West Indian bay leaf 1.5 mL, mixture 0.5 mL (West
Indian bay leaf 0.25 mL and turmeric 0.25 mL), mixture 1 mL
(West Indian bay leaf 0.5 mL and turmeric 0.5 mL), mixture 1.5
mL (West Indian bay leaf 0.75 mL and turmeric 0.75 mL) and
stored control (untreated sample). Ten samples from the
quantitative sample set were labelled similarly, with the last,
eleventh sample serving as a fresh control breast sample.

Each sample was placed in an individual aluminium foil
sheet (12 cmx12 c¢m) and the amount of the corresponding
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essential oil was aseptically applied to the entire surface of
the samples using a micropipette to ensure uniform applica-
tion as indicated on the sample label. Each sample, including
the control, was then wrapped in the aluminium foil and
placed in a labelled container and stored at 4 °C for a period
of 14 days. The remaining chicken breasts, which were neither
treated with the essential oil nor refrigerated, served as fresh,
unstored control samples (day 0 control).

Physicochemical assessment of samples

Colour

The colour values of the fresh samples (day 0 control)
were recorded with a Konica Minolta Chroma Meter (CR-400;
Tokyo, Japan) in the CIELAB colour space values of L* a* b*
and similarly this process was repeated on day 14 for the
treated and stored control samples at 4 °C.

Texture

Texture was expressed as hardness (N) of the chicken
breast samples using the QTS 7113 texture analyser (CNS Far-
nell, Leeds, UK). The sample was positioned on the platform of
the texture analyser and a full profile was analysed using a TA9
needle probe (1.5 mm diameter) at a constant speed of 1.0
mm/s until a predetermined distance of 15 mm was reached.

pH

A mass of 5 g sample was placed in a sterile stomacher
bag and 50 mL of distilled water were added. The stomacher
bag was then placed in a stomacher blender and the sample
was allowed to homogenise for 1 min. The bag contents were
transferred to a clean 100-mL beaker and the pH of the ho-
mogenate was measured using the pH 211 microprocessor
pH meter (Hanna Instruments, Woonsocket, Rl, USA).

Moisture content

The moisture content of the fresh and refrigerated chick-
en breast samples (2 g of cut samples) was determined using
the convection oven method (Thelco 130D; Precision Scien-
tific, Denver, CO, USA). Samples were placed in a preheated
oven at 198 °C for 1.20 h, after which they were cooled to am-
bient temperature in a desiccator and then weighed. The
mass fraction of moisture in each sample was determined
using the following equation:

w(moisture)= ((M;,iia—Mariea) Minitia)- 100 /1/

where my, . is the mass before drying (in g) and my,,.q is the
mass after drying (in g).

Protein content

The protein content of the samples was determined using
the Kjeldhal method (75). A Gerhardt digestion and distil-
lation system (Gerhardt Analytical Systems, Konigswinter,

Germany) was used, and the nitrogen and subsequent pro-
tein percentages were calculated using the following equa-
tions:

w(nitrogen)= (Vndard = Volank):€(H,50,)-1.4007)/m e 12/

where V;i,4aq aNd Vi are inml, ¢(H,50,) in mol/L and m, . 1
in g, and:
w(protein)=w(nitrogen)-6.25 /3/

where 6.25 is specific factor for the conversion of nitrogen to
protein content in meat.

Microbiological evaluation

The microbiological analyses of the samples were con-
ducted according to the standard enumeration procedures
for total plate count, total yeast and mould and lactic acid
bacteria as outlined in the Bacteriological Analytical Manual
(BAM) (76).

Preparation of culture media

Dichloran Rose-Bengal chloramphenicol (DRBC); De Man,
Rogosa and Sharpe (MRS) and total plate count agars (Oxoid
Limited, Hampshire, UK) were used to enumerate the yeasts
and moulds, lactic acid bacteria, and the total number of aer-
obes, respectively, in each sample (fresh and refrigerated). A
volume of 20 mL aliquot of each agar, prepared according to
the manufacturer’s instructions, was poured into 25 mL VWR
100 mmx15 mm Petri dishes and allowed to set at 4 °C for 24
h before refrigeration to subsequently plate the 11 samples.

Plating of samples and colony enumeration

A mass of 5 g of each cut meat sample (treated and con-
trol) was homogenised with 45 mL of diluent (0.85 % NaCl)
and used to prepare four serial dilutions (107, 102, 10~% and
107%). Using the spread plate method, 0.1 mL of each of the
four prepared sample dilutions was added to a separate agar
plate. The MRS and DRBC plates were incubated at 35 and 25
°C for 72 h, respectively, while the total plate was incubated
at 35 °C for 48 h. The plates were then counted using a Que-
bec Darkfield colony counter (Reichert, Inc., Depew, NY, USA).
Plates with more than 300 colonies were considered too nu-
merous to count (TNTC), while those with less than 30 colo-
nies were considered too few to count (TFTC). The average
number of colonies was used to calculate the colony forming
units per gram of the initial 5-gram sample.

Sensory evaluation

The treated and control chicken breast samples were
evaluated using a 7-point hedonic scale that ranged from
extremely unacceptable (1) to extremely acceptable (7) for
the attributes of odour, colour and appearance at the end
of the 14-day storage, while overall acceptability was ana-
lysed every 48 h over the 14-day storage period. The overall
acceptability parameter was used to indicate storage life
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quality with average sensory scores of less than 3.0 interpret-
ed as spoilage of the sample. The treated samples and control
were evaluated at 10 am by a panel of 30 semi-trained indi-
viduals (15 males and 15 females aged 18-22) made up of stu-
dents from the University of the West Indies, who were not
permitted to touch the samples, but only to visually observe
and smell them. The samples were each assigned a random
three-character code, wrapped in aluminium foil and placed
in uniform, odourless plastic containers at room temperature
((25£1) °Q).

Statistical analysis

Statistical analysis of the data was carried out using SPSS
statistical software v. 29.0 (77) to conduct a one-way ANOVA
and Dunnett’s multiple comparison tests to determine
whether treatment differences were significant. The Tukey's
multiple range test was also used to compare the results of
each treatment group to determine if the differences be-
tween treatments were significant. Significant differences
were found at p<0.05.

RESULTS AND DISCUSSION

Yield and phytochemical content of essential oils

The steam distillation technique used in this study result-
ed in the extraction of 20 mL of West Indian bay leaf and 15
mL of turmeric essential oil, corresponding to a yield of 0.02
and 0.002 %, respectively. The total phenolic content (TPC),
expressed as gallic acid equivalents (GAE), and total flavonoid
content (TFC), expressed as quercetin equivalents (QE), of tur-
meric essential oil were determined to be (2.6+0.4) and (3.14+
0.03) mg/mL, respectively, while the TPC and TFC of bay leaf

essential oil were (7.3+£0.2) and (2.2+0.1) mg/mL, respectively.
Phenols and flavonoids are the main classes of the phyto-
chemical components and their total content is a good indi-
cator of how effective an essential oil is as an antimicrobial
agent (78). While not many studies have been conducted on
the total phenolic content of West Indian bay leaf essential
oils, the phenolic content, expressed as GAE, of turmeric es-
sential oil was at the lower end of the range of 2.80-13.40 mg/
mL found in previous studies (79). With the values obtained
for both the total phenolic and flavonoid contents of the West
Indian bay leaf and turmeric essential oils, it was expected
that the bay leaf oil would have a higher antimicrobial activ-
ity and thus be a better preservative as the total phytochem-
ical content (TPC and TFC) was higher than that of the turmer-
icoil.

Effect of essential oil on sample pH

During meat spoilage, the breakdown of proteins and the
formation of amines and ammonia from amino acids cause
the characteristic increase in the pH of meat, which often
reaches values of up to 8.5 (20). The results summarised in
Table 1 show that all treated samples had significantly lower
(p<0.05) pH values on day 14 than the refrigerated control.
These findings are consistent with the results of previous
studies that have shown that the presence of essential oils
can slow the increase of pH of meat during spoilage (27).
Treatment with 1.5 mL West Indian bay leaf essential oil was
the most effective, as the treated sample had the lowest pH,
13.9 % lower than the refrigerated control. This observation
could be a direct result of the differences in the TPC and TFC
values of turmeric and West Indian bay leaf essential oil. Kaur
and Mondal (22) have shown that plant species with a higher

Table 1. Physicochemical parameters of fresh control sample (day 0 at 28 °C), refrigerated control (day 14) and treated (day 14) chicken breast

samples stored at 4 °C

fraer:t?\!\znt pH Hardness/N w(protein)/%
V/mL

Turmeric oil

0.5 (6.78+0.01)¢ (0.58+0.08)< (20.9+1.2)®

1 (6.90+0.01)° (0.79+0.07)<f (21.8+0.8)*®
1.5 (7.01£0.03) (0.80+0.06)<f (22.3+0.6)*°
West Indian bay leaf oil

0.5 (6.82+0.01)% (0.43+0.02)° (21.3+0.3)®

1 (6.62+0.01)¢ (0.72+0.08)% (2498+0.9)°

1.5 (6.32+0.02)° (0.76+0.02)¢f (22.50+0.05)<
Oil mixture

0.5 (6.74+0.01)¢ (0.51+0.02)b¢ (20.9+1.2)®

1 (6.40+0.01)° (0.69+0.04)% (22.6+0.8)*
1.5 (6.36+0.01)° (0.88+0.02) (22.1+0.8)2¢
t/day

0 (fresh control)  (5.91+0.02)° (0.95+0.03)° (24.94+0.08)°
l;‘r(]rtfgl')gerateo' (734+008)9  (0.49+002%  (19.3+0.2)

w(moisture)/% L* a* b*

(23.8+0.3) (67.88+0.02)° (12.54+0.02)¢ (17.15£0.01)d
(24.1+1.5)® (72.2+0.1)¢ (12.09£0.03)¢  (16.72+0.03)>«¢
(25.0+1.0) (70.8+0.6)° (15.23+0.07)" (19.7+0.4)¢
(24.4+1.0)* (67.82+0.02)° (14.02+0.01)° (18.28+0.01)f
(25.6+0.5) (75.65%0.06)° (11.93+£0.01)° (16.36+0.03)*
(26.3+0.2)* (85.48+0.05)?  (12.60+0.05) (18.6%1.1)%
(23.3+0.6)° (67.81+0.04)° (12.68+0.01)¢ (15.64+0.01)°
(26.4+0.2)* (85.3+0.3)9 (14.80+0.05)¢ (18.16+0.01)f
(28.5+1.6)° (83.9£0.2)f (11.00£0.02)* (16.33+0.02)°¢
(78.3+2.7)° (72.22+0.09)¢ (19.62+0.04)' (14.4+0.2)
(23.3+0.4)* (60.24+0.08)° (10.9+0.1) (17.8+0.3)%f

Different letters in superscript in the same column indicate significantly different values (p<0.05)
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phenolic content had a stronger antibacterial effect than oth-
ers, even if their TFC was similar. This supports the results of
this study, as the higher TPC of the bay leaf essential oil ena-
bled it to better suppress the growth of pH-altering proteo-
lytic bacteria than the turmeric essential oil. This resulted in
significantly lower (p<0.05) pH values of the West Indian bay
leaf essential oil samples of 1 and 1.5 mL than of the respec-
tive turmeric essential oil samples. No significant difference
(p>0.05) was observed between the treatments when 0.5 mL
of the oil was used. Furthermore, when the volume of bay leaf
essential oil was increased from 1 to 1.5 mL, the pH decreased
significantly (p<0.05) as the samples were likely exposed to
higher amounts of phenols, which further inhibited the
growth of proteolytic bacteria.

This trend was not observed in the turmeric samples, as
the pH conversely increased significantly (p<0.05) with the
increase of the treatment volume, indicating that higher pro-
liferation of proteolytic bacteria occurred with increasing vol-
ume, albeit to a lesser extent than in the refrigerated control.

The samples treated with the mixture of essential oils had
significantly lower (p<0.05) pH values than the refrigerated
control, and both the 1 and 1.5 mL had a similar effect to the
1.5 mL bay leaf sample. Individually, West Indian bay leaf es-
sential oil was more effective than turmeric essential oil, but
when used in mixture, a synergistic effect was observed. The
sample treated with a mixture of 1 mL (0.5 mL of each bay leaf
and turmeric essential oil) had a significantly lower pH
(p<0.05) than the samples treated with the two individual
volumes of 0.5 mL, while the 1.5 mL mixture was as effective
as 1.5 mL of bay leaf essential oil (highest volume treatment).
The results show that less of each oil was required in the mix-
ture to achieve a similar or even better effect than when the
oils were used individually.

When mixed essential oils are used, their effects can
sometimes be synergistic and lead to an enhanced antibac-
terial response (23). The enhanced effect of the mixtures of 1
and 1.5 mL of essential oils could lead to a stronger inhibition
of the proteolytic bacteria that typically alter the pH in meat.
No significant difference (p>0.05) was observed when the
volume of mixed oils increased from 1 to 1.5 mL, suggesting
that the synergistic effect probably decreased as the maxi-
mum efficacy peaked at the 1 mL. It is possible that the in-
creased volume of the less effective turmeric oil had a dimin-
ishing effect on the efficacy of bay leaf oil.

Effect of essential oil on sample texture

As expected, the refrigerated untreated sample showed
the highest decrease in average hardness, which was almost
50 % compared to the fresh control (Table 1). During spoilage,
autolytic breakdown of protein myofibrils and the effects of
biofilm formation contribute to the softening of the meat tex-
ture (24). In particular, the proliferation of bacterial species
such as Lactobacillus spp., Leuconostoc spp. and Pseudomonas
spp. probably caused the formation of biofilm on the meat
surface, which had a negative effect on the texture (25).

All treatments with the essential oil above 0.5 mL signifi-
cantly reduced (p<0.05) softening compared to the refriger-
ated control, indicating that the 0.5 mL does not have enough
antibacterial potency to delay the textural changes in the
samples. Only ata volume of 1 mL of each treated sample was
such an effect observed, where more bioactive phytochem-
ical elements were present to slow down the changes in tex-
ture. Furthermore, while anincrease from 0.5 to 1T mL resulted
in a significant difference (p<0.05) in the hardness of the sam-
ples, no further significant effect (p>0.05) was observed
when the volumes were increased from 1 to 1.5 mL, except
in the case of mixed oil treatment, where the 1.5 mL sample
retained significantly greater (p<0.05) hardness than the 1 mL
sample. Additionally, apart from the previously determined
ineffective volume of 0.5 mL, no statistically significant dif-
ference (p>0.05) was observed between the turmeric and bay
leaf oil treatments.

The hardness of the samples treated with 1 and 1.5 mL
was significantly higher (p<0.05) than of the stored control,
and significantly lower (p<0.05) than the hardness of the fresh
sample, except for the sample treated with 1.5 mL of essential
oil mixture, which retained 92.7 % of the total hardness of the
initial fresh sample. Thus, while no synergistic effect of the
single oils was observed at the other lower volumes, there
was a synergistic effect at the highest volumes used.

Effect of essential oil on protein content

The protein mass fraction of the fresh sample was close
to the previously reported values of 22.8—-23.3 % (26). Due to
microbial action, protein oxidation and autolytic processes
occur, whereby the protein content of chicken breast de-
creases during spoilage (27). Table 1 shows that the stored
control had the lowest protein mass fraction at the end of the
14-day storage period, which was a decrease of 5.63 % from
the initial value of the fresh sample.

The treated samples all had higher protein mass fraction
on day 14 than the stored control, but only the protein mass
fractions of the samples treated with 1 and 1.5 mL West Indi-
an bay leaf essential oil and samples treated with 1 mL essen-
tial oil mixture were significantly different (p<0.05) from the
stored control. Furthermore, the sample treated with 1 mL
West Indian bay leaf essential oil had the highest protein mass
fraction of all the treated samples and was not statistically
different (p>0.05) from that of the fresh sample, indicating
that it could reduce the protein loss of the sample by 98.9 %
compared to the refrigerated control.

The ability of an essential oil to prevent protein oxidation
and degradation depends largely on its phenolic content (28).
In this study, the higher TPC of West Indian bay leaf essential
oil enabled better preservation of protein content in the sam-
ples. Al-Hijazeen (28) showed that the rate of protein oxida-
tion decreased as more essential oil was used on a sample,
and thus became exposed to more phenolic substances,
which effectively attenuated the changes in protein content.
This trend was not consistent for the bay leaf samples, as the
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retained protein initially increased with volume increase from
the 0.5 to 1 mL, but then decreased at the volume of 1.5 mL.
Conversely, the trend was consistent for the turmeric sam-
ples, as the values increased with higher volumes. However,
none of the values obtained were significantly different
(p>0.05) from each other.

The effects of the mixed essential oil treatments were not
enhanced, as the protein mass fraction of the samples was
not significantly different (p>0.05) from those of the single
oils at any of the corresponding volumes. Thus, in terms of
protein oxidation, West Indian bay leaf and turmeric essential
oil did not have any synergistic or additive effect when used
together.

Effect of essential oil on moisture content

The moisture content of the sample of the original fresh
chicken breast was close to the values (72—74 %) determined
in a previous study (27). It was expected that the moisture
content of the samples would decrease rapidly by day 14 due
to evaporation during prolonged storage and the loss of wa-
ter-holding capacity (WHC) that occurs during microbial and
autolytic protein degradation, which causes pH changes (29).
As shown in Table 1, all samples had a final moisture mass
fraction in the range of 23.3-28.5 %, a decrease of about one
third of the moisture mass fraction of the original fresh chick-
en breast sample. All treated samples had a higher moisture
mass fraction at the end of refrigerated storage than the re-
frigerated control. The sample treated with 1.5 mL of mixed
essential oils had the highest moisture mass fraction com-
pared to the other treatments.

Heydari et al. (30) showed a linear relationship between
pH and WHC, i.e. as the pH decreased, the WHC of the meat
also decreased, resulting in higher water loss and lower mois-
ture content of the sample. This resulted in protein structure
loss that occurred with a change in pH and reduced the effi-
cacy of the water binding capacity. However, in this study, this
expected trend between the pH and moisture mass fraction
of the samples was generally not observed, except for the
treatment with turmeric oil. As mentioned above, only the pH
of the turmeric samples increased with the increase of oil vol-
ume (from 0.5 to 1.5 mL). This trend of pH increase with simul-
taneous increase in moisture mass fraction of the turmeric
samples was also reported by Hedyari et al. (30).

The higher protein mass fraction in the treatments with
1 and 1.5 mL of West Indian bay leaf essential oil and with 1
mL of essential oil mixture was expected to contribute to a
higher WHC and thus these samples were expected to have
higher moisture mass fraction. This was observed, but these
higher values were not statistically significant (p>0.05). How-
ever, the treatment with 1.5 mL of essential oil mixture result-
ed in the highest moisture mass fraction (p<0.05). The effect
of the oil on moisture retention was stronger when a 1.5 mL
of oil mixture (0.75 mL of each bay leaf and turmeric essential
oil) was used than with the individual volumes of 1 and even
1.5 mL.

Effect of essential oil on sample colour

Vital et al. (37) showed that the L* value (lightness) of beef
samples decreased during storage, but it was lower in the
samples treated with rosemary and oregano essential oil.
They attributed this decrease to structural changes in the
meat proteins that are oxidised during storage, which can
lead to increased light scattering, and thus a decrease in the
overall lightness of the sample. Most likely, the antioxidant
and antibacterial effects of the administered oils reduced the
protein structural changes, resulting in a smaller decrease in
the L* value. Similarly, on day 14, all treated samples had sig-
nificantly higher (p<0.05) L* values than the refrigerated con-
trol (Table 1). For each type of oil treatment, addition of 0.5
mL resulted in the lowest L* values, but as the volume of each
oil increased, the L* values increased significantly (p<0.05),
with the samples treated with 1.5 mL of West Indian bay leaf
oil and 1 mL of essential oil mixture having the highest val-
ues. As more oil was used, fewer protein structural changes
occurred, resulting in lower light scattering and a higher L*
value. Furthermore, the samples treated with 1 and 1.5 mL of
essential oil mixture had significantly higher (p<0.05) L* val-
ues than the samples treated with the corresponding single
oils, indicating that the treatment with oils mixture had a
stronger effect on the lightness of the samples.

During meat spoilage, a characteristic greenish colour de-
velops, which is partly due to the microbial production of hy-
drogen sulphide, hydrogen peroxide and sulphomyoglobin
(7). In this study, it was expected that the essential oil would
prevent or at least minimise this colour change by inhibiting
microbial growth, and that the stored control sample would
show this expected colour change. The a* values of the sam-
ples measured the degree of redness (positive a* values) or
greenness (negative a* values). Table 1 shows that although
the a* values of all stored samples decreased compared to
the fresh control, none of the samples showed negative val-
ues (green hue) indicating the presence of sulphomyoglobin.
Although the refrigerated control had the lowest a* value,
which was twice as low as the initial value of the fresh sample,
it still did not show the expected green colour. This indicates
that even after 14 days of storage, green-coloured sulphomy-
oglobin was not formed.

As already mentioned, the redness of the samples de-
creased, indicating that the initial protein oxymyoglobin, that
gives bright red colour to the fresh samples, was transformed
during storage into the duller, reddish-brown metmyoglobin
pigment. This occurred because the iron from the haeme
group of the protein-pigment complex was oxidized by pro-
longed exposure to atmospheric oxygen, resulting in a colour
change (32). Apart from the sample treated with 1.5 mL of es-
sential oil mixtures, the samples all had significantly higher
a*values (p<0.05) than the refrigerated control. These results
support a previous study showing that the antioxidant prop-
erties of the essential oil were able to delay the oxidation of
the haeme group, allowing the treated meat samples to show
more stable colours (28). Although the treatment with 1.5 mL
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of turmeric essential oil showed the highest a* values, no
clear trend was observed across the administered volumes of
each type of oil treatment. Additionally, no clear trend of a
synergistic, enhancing effect was observed when the individ-
ual oils were used in combination, as only the treatment with
1 mL of oil mixtures had a higher a* value compared to the
treatment with 1.5 mL.

All samples showed increased b* values at the end of stor-
age compared to the fresh sample. However, when the vol-
umes of each oil increased from 0.5 to 1.5 mL, no distinct,
uniform trend was observed as the values fluctuated. As a
result, the [*and a* values were used to give insight into how
the essential oil affected the colour of the samples during
storage.

Microbiological assessment of samples

Total plate count

The total plate colonies of the fresh sample (Table 2) were
considered too few to count (TFTC), while the stored control
was deemed too numerous to count (TNTC) at the end of the
storage period. Similarly, all samples treated with turmeric
essential oil were considered TNTC at the end of storage,
while the majority of the other essential oil samples had low-
er total bacterial loads than the stored control sample.

The total phenolic content (TPC) of the essential oil has
been shown in previous studies to be the main reason for its
antibacterial activity (22). Since West Indian bay leaf essential
oil had a much higher TPC than turmeric essential oil, it is
understandable that these samples had much lower CFU/g
values than the turmeric essential oil samples. The sample
treated with 1.5 of mL West Indian bay leaf essential oil had

Table 2. Microbiological load of fresh control (day 0 at 28 °C), refrig-
erated control (day 14) and treated (day 14) chicken breast samples
stored at 4 °C

e Meotalplatey LI CENS
treatment (CFU/g) (CFU/qg) (CFU/g)
V/mL

Turmeric oil

0.5 TNTC 2.4310° 6.95-10°
1 TNTC 1.09-10° 1.27107
1.5 TNTC TFTC TFTC
West Indian bay leaf oil

0.5 TNTC 1.01-107 1.80-107
1 1.66-10° 1.4310° 1.88:10°
1.5 1.3710¢ 8.50-10* 1.60-10°
Oil mixture

0.5 1.27-108 4.65-10° 6.30-10°
1 2.62:107 2.23-10° 3.60-10°
1.5 1.10-107 TFTC 5.70-10*
t/day

0 (fresh control) TFTC TFTC TFTC
lgr(];fgl')geramd TNTC TNTC TNTC

TNTC=too numerous to count, TFTC=too few to count

the lowest count. As the volume of bay leaf essential oil in-
creased, the CFU/g values decreased further due to exposure
to the higher TPC, which exerted a stronger antibacterial ef-
fect. It was not observed that the effect of the oils was en-
hanced when used in mixture, as the samples did not show
lower bacterial loads than the samples treated with the bay
leaf essential oil, although the bacterial load decreased with
higher volumes of the oil mixtures. It can therefore be as-
sumed that the addition of the ineffective turmeric essential
oil had a diminishing effect on the efficacy of the West Indian
bay leaf essential oil when they were used in mixture.

Lactic acid bacteria

Table 2 shows that all treated samples had a much lower
lactic acid bacteria (LAB) load than the stored control, which
had a load considered to be TNTC. This observation is sup-
ported by the results of a previous study which showed that
the presence of oregano oil (1 %) in combination with modi-
fied atmosphere packaging was able to keep the initial LAB
load in a chicken breast sample relatively constant at 3.66
CFU/g even after 15 days of storage, while the load in the con-
trol sample approximately doubled after only six days (33).

While the total plate count results showed that turmeric
essential oil was ineffective in reducing the total aerobic bac-
terial load of the samples, it was found to be most effective
against LAB. As shown in Table 2, the antibacterial efficacy of
the essential oil was clearly evident as all treated samples had
a much lower LAB load than the stored control. At each vol-
ume, the samples treated with West Indian bay leaf essential
oil had a higher LAB load than the samples treated with tur-
meric essential oil, suggesting that the former was not as ef-
fective in reducing the LAB growth. As observed earlier, tur-
meric essential oil had a higher total flavonoid content (TFC)
than West Indian bay leaf essential oil, including various cur-
cuminoids (77). Curcuminoids such as curcumin have been
shown to be very effective against Gram-positive bacteria
(34) so that the proliferation of Gram-positive LAB in the
chicken breast samples would have been effectively inhibit-
ed after exposure to turmeric essential oil.

This observed trend of turmeric oil proving to be a more
effective oil treatment could explain the observed trends in
pH results. While the general trend was that as the volume of
essential oil increased, the corresponding pH decreased, this
was not observed in the samples treated with turmeric oil.
These samples showed slightly increasing pH values as more
oil was used. This could be partly due to the fact that turmer-
ic essential oil does not inhibit the growth of proteolytic bac-
teria as effectively as the other oils, but also due to an effec-
tive inhibition of LAB growth in the sample. Since LAB growth
was lower in the samples treated with turmeric oil, this would
mean that the LAB-induced decrease in pH during storage
would also be lower and the samples would have slightly
higher pH values than the others. The use of oil mixtures was
effective, as shown by the low bacterial load, but not more
effective than the individual oils.
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Yeasts and moulds

The ability of the essential oil to delay yeast and mould
growth has been observed previously (35), where the pres-
ence of the essential oil reduced the yeast and mould count
of treated samples by at least 50 % at the end of storage com-
pared to control samples. As observed for LAB, since yeast
and mould are usually found in spoilt meat samples, their
load in the fresh sample was considered to be TFTC, while the
load in the refrigerated control was considered to be TNTC.

In general, treatment with turmeric essential oil was the
most effective against yeasts and moulds, as it was the only
one (at the volume of 1.5 mL) that reduced the number of
yeasts and moulds to TFTC. Gul and Bakht (72) reported that
higher volumes of turmeric essential oil reduced the fungal
counts by almost 50 % in treated samples compared to the
untreated ones. It was also shown that turmeric essential oil
contains saponins in addition to flavonoids and phenols (36).
The study also showed that saponins are active antifungal
compounds, which could explain why the turmeric oil in this
study was so effective against yeast and mould in the treated
samples. However, in contrast to previous observations, the
sample treated with 0.5 mL of turmeric oil had a lower load
than the sample treated with a higher volume (1 mL), which
was inconsistent and may be due to human error. No major
synergistic effect was observed when the mixtures of oils
were used.

Sensory characteristics of the samples

Odour ratings

Table 3 shows the odour ratings of the refrigerated con-
trol and treated samples on the last day (day 14), with the con-
trol receiving an average odour score of 1.0 (unacceptable).
With the exception of the samples treated with 0.5 mL of tur-
meric and 0.5 mL of West Indian bay leaf essential oil, all oth-
er treated samples received significantly higher (p<0.05)
scores than the control on the last day. Due to the antimicro-
bial properties of the oils highlighted previously, the results
showed that the treatments with essential oil (except the
treatments with 0.5 mL West Indian bay leaf and 0.5 mL

turmeric oil) could have delayed microbial-induced off-
odours, as reported by Chouliara et al. (33). The volume of 1.5
mL of each essential oil generally gave the best results, except
in the case of West Indian bay leaf essential oil, where the
samples treated with 1 mL of the essential oil received the
highest scores with the average score of 3.4 on the last day.
The pungency and strong odour of the West Indian bay leaf
essential oil at the highest volume (1.5 mL) could explain the
lower rating by the panellists. The samples treated with tur-
meric essential oil received the lowest scores among all treat-
ed samples, and although an increase in the volume of oil
resulted in a slight increase in the scores at the final day, the
ratings were not significantly different among the volumes
(p>0.05).

Heydari et al. (30) reported in a similar study that samples
treated with higher concentrations of essential oil were gen-
erally rated better by the panellists. This trend was only ob-
served for the treatments with the essential oil mixtures, as
the final score increased with increasing volumes. The sam-
ples treated with 0.5 mL of oil mixture received a low score
of 1.8, possibly due to the small amounts of each oil used
(0.25 mL each of West Indian bay leaf and turmeric essential
oil), but it was observed to still slightly outperform the indi-
vidual 0.5 mL of turmeric and West Indian bay leaf essential
oils, both of which received scores of 1.5 at the end of storage.
The samples treated with 1.5 mL of oil mixture not only re-
ceived the highest score among all treated samples (3.6), but
also a significantly higher score (p<0.05) than the samples
treated with 1.5 mL of individual oils, suggesting that con-
sumers found the odour of the samples more appealing
when the oils were used in mixture.

Colour parameters

Similar to the odour results, the refrigerated control sam-
ples received the lowest ratings by the panellists for the col-
our appearance, with an average score of 1.4 on the last day.
Only the samples treated with 0.5 and 1 mL of West Indian
bay leaf essential oil and 1.5 mL of the essential oil mixture
received significantly higher (p<0.05) colour scores than the
control on the last day. Heydari et al. (30) found that although

Table 3. Sensory scores of chicken breast samples stored at 4 °C on the last day of storage

Treatment V(oil)/mL Odour
Turmeric oil 0.5 (1.5+0.6)*®
1 (1.7+0.8)°
1.5 (1.9+0.9)°
West Indian bay leaf 0.5 (1.5£0.8)*®
ol 1 (3.4£0.9)%
1.5 (2.9+0.9)
Oil mixture 0.5 (1.8+0.8)°
1 (2.6+0.8)°
1.5 (3.6+1.0)°
Refrigerated control 0 (1.040.0)°

(t=14 day)

Colour Appearance Overall acceptability
(1.5+0.7)° (1.4+0.5) (1.5+0.6)°
(1.8+£0.9) (2.1£0.9)° (1.940.7)b<d
(1.5+£0.6)° (1.6+0.7) (1.6+0.7)%<
(2.5+0.9)° (21+0.8)° (2.1£0.8)«
(2.7+0.8)° (2.6+0.6)° (3.0+0.8)¢
(1.9£0.8)° (1.8+0.8)*° (2.4+0.7)¢
(1.8+0.8)? (1.5+0.6)° (1.9+0.8)><
(1.7£0.8)* (1.8+0.7)® (1.9£0.6)><
(2.7£0.6)° (3.1£0.8)¢ (3.4+0.9)
(1.4+0.5) (1.4+0.5) (1.3+0.5)

Different letters in superscript in the same column indicate significantly different values (p<0.05)
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Table 4. Overall acceptability scores of refrigerated control (day 14) and treated (day 14) chicken breast samples stored at 4 °C

V(essential oil)/mL

Time
0.5 1 1.5 0.5 1.5 0.5 1 1.5
day Turmeric oil West Indian bay leaf oil Oil mixture Control
0 (70£0.0°  (7.0£0.0)*  (7.0£0.0*  (7.0+£0.0*  (7.0+0.0) (7.0+£0.0)*  (7.0+£0.0*  (7.0+0.0*  (7.0+0.0)*  (7.0+0.0)?
2 (6.1£0.5)%  (6.4+0.6)° (6.2+0.6)% (5.7£0.5)>¢  (5.5+0.6)° (5.4+0.5)° (5.9+£0.6)¢ (5.7+£0.6)°° (5.9+0.6) (5.0+0.5)
4 (4.7+0.7)°4  (51£0.6)%"  (5.5£0.5) (4.5+0.5)> (3.9+0.8)9 (3.6+£0.6)9 (5.4+0.6)* (4.9£0.6)¢ (5.0+0.6)% (4.3+0.6)*
6 (3.0+£0.6)* (3.840.6)  (4.0+0.6)  (4.2+0.6) (3.5+0.8)> (2.9+0.8)* (4.0+0.8)¢ (4.1+0.7)¢  (4.9+0.6)°  (3.1£0.4)*®
8 (2.5£0.5)®  (2.7+0.7)*®¢ (2.7£0.6)**°  (3.7£0.6)° (3.0£0.6)*d (2.4+0.5)° (3.2£0.7)%¢ (3.4+1.0)% (3.5+1.1)%  (2.3+0.8)*
10 (2.0£0.6)> (2.4+0.7)¢  (2.0£0.6)* (2.4+0.7)¢ (2.8+0.5)¢ (2.0+0.6)> (2.8+0.4)¢ (2.4+0.6)¢ (3.4+0.7)°  (1.7£0.5)®*
12 (1.4+0.5°  (2.3+0.8)°  (1.6+0.6)* (2.2+0.6)°  (2.8+0.5)° (2.3%x0.7)> (2.2+0.5)°® (2.3+£0.6)° (3.5+0.9)  (1.4+0.6)
14 (1.5+£0.6)*®  (1.9+£0.7)°«¢  (1.6£0.7)*c (2.1£0.8)¢  (3.0+0.8)° (2.4+0.7)¢ (1.9£0.8)* (1.9+0.6)> (3.4+0.9)°  (1.3+0.5)

1=extremely unacceptable, 2=moderately unacceptable, 3=slightly unacceptable, 4=neutral, 5=slightly acceptable, 6=moderately acceptable,
7=extremely acceptable. Different letters in superscript in the same row indicate significantly different values (p<0.05)

the control sample in their study had the lowest colour score,
the colour scores for the treated samples increased as more
essential oil was used. This trend was not observed in this
study, as no significant correlation was found between the
oil volumes and the colour ratings of samples on the final day.
The reason for this could be that in the previous work a col-
ourless essential oil (lavender oil) was used, while in this study
we have used oils that were predominantly yellow in colour.
The yellow colour of the oils would have given the samples a
similar yellow hue and could have influenced the panellists’
ratings. This would explain why the samples treated with the
highest volume (1.5 mL) of West Indian bay leaf and turmeric
essential oil received the lowest scores, as the amount of yel-
low colour imparted to the samples was considered undesir-
able and associated with spoilage by the panellists. Further-
more, as the mixture of 1.5 mL of essential oils contained only
0.75 mL of each oil, it was rated highly, as the samples were
less yellow.

Appearance of meat samples

As the meat samples spoiled during storage, their ap-
pearance was undesirable, mainly because of surface slime
and mould growth that occurred in some cases. The refriger-
ated control sample received the lowest rating from the pan-
elists on the last day. Only the samples treated with 1 mL of
turmeric essential oil, 0.5 and 1 mL of West Indian bay leaf
essential oil, and 1.5 mL of essential oil mixture received sig-
nificantly higher (p<0.05) ratings.

For the individual West Indian bay leaf and turmeric es-
sential oil treatments, the samples treated with 1 mL received
a significantly higher (p<0.05) appearance scores on the last
day than the samples treated with other oil volumes. The vol-
ume of 1.5 mL did not receive significantly higher (p>0.05)
scores than the 0.5 mL, which probably meant that 0.5 mL
was too low to prevent microbial-induced changes in appear-
ance, while 1.5 mL was too high and would have given pan-
ellists some unfavourable changes, such as increased oily tex-
ture of the sample.

However, similar to the previous sensory results, the treat-
ment with 1.5 mL of essential oil mixture received the highest

scores on the last day, which were significantly higher
(p<0.05) than the highest rated individual oil treatments on
the final day. This showed that the use of smaller amounts of
the oil mixtures (0.75 mL each) was effective in reducing the
microbial-induced changes in appearance without imparting
an undesirable oily texture to the samples.

Overall acceptability

The overall acceptability of the samples was perhaps one
of the mostimportant sensory parameters analysed, as it con-
sidered the previous sensory parameters and gave an insight
into the overall perception of quality, including shelf life,
based on the panellists’ scores on the last day of storage. As
expected, the refrigerated control received the lowest score
of 1.3 on the last day, indicating that it was perceived as unfit
for consumption by the panellists. As can be seen in Table 4,
the refrigerated control samples received a spoilage rating of
less than 3.0 on day 8 of storage, while 50 % of the treated
samples received a higher score.

With the exception of the samples treated with 0.5 and
1.5 mL of turmeric essential oil, all treated samples received
a significantly higher (p<0.05) scores than the control on the
last day. This observation is supported by previous work re-
garding overall acceptability, where meat samples treated
with essential oil were consistently rated significantly better
than untreated control samples during extended storage (37).
The highest rated samples were those treated with 1 mL of
West Indian bay leaf and 1.5 mL of essential oil mixture, both
of which were rated significantly higher (p<0.05) than the
other treatments and were not perceived as spoilt by the pan-
ellists at the end of the storage period. As the control was
considered spoilt by the panellists on day 8, these treatments
with essential oil extended the shelf life of the samples by a
further 6 days.

CONCLUSIONS

The results of the study indicate that the essential oils
of West Indian bay leaf and turmeric can be used as poten-
tial natural meat preservatives. The oils were found to have
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significant effects on the quality parameters and shelf life of
the stored chicken breast samples. Regarding the physico-
chemical properties of the samples treated with essential oil,
although the oils were ineffective on moisture content, there
was a significant effect (p<0.05) on the other properties. All
treatments significantly delayed pH changes, while all treat-
ments except the treatments with 0.5 and 1.5 mL of essential
oil mixture significantly delayed texture and colour changes,
respectively. The treatments with 1 and 1.5 mL of West Indian
bay leaf essential oil, and 1T mL of essential oil mixture were
the only ones that significantly reduced the loss of proteins.

The microbiological analyses showed that the oils gener-
ally reduced the microbial load of the samples at the end of
storage, with turmeric essential oil proving more effective
than West Indian bay leaf essential oil against lactic acid bac-
teria, yeast and moulds, but ineffective in the reduction of
total plate count. In addition, sensory analysis showed that
the average hedonic ratings of the treated samples on the fi-
nal day (day 14) were predominantly higher than those of the
control, with the treatments with 1.5 mL of essential oil mix-
ture and 1 mL of West Indian bay leaf essential oil proving to
be the most effective. These volumes were rated highest for
‘overall acceptability’ and were found to extend the shelf life
and acceptability of the samples by six more days compared
to the stored control. The results of this study clearly demon-
strate the meat preserving potential of West Indian bay leaf
and turmeric essential oils when used individually or as a mix-
ture.

ACKNOWLEDGEMENTS

We are grateful to the laboratory staff of the Food Science
and Technology unit of the Chemical Engineering Depart-
ment (UWI) for their assistance in the completion of this
study.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

SUPPLEMENTARY MATERIALS

Supplementary materials are available at: www.ftb.com.hr.

AUTHORS’ CONTRIBUTION

Both authors contributed to the conceptualization of the
work. C. John developed the methodology, carried out the
formal analysis, investigation and data analysis. R. Maharaj
wrote, reviewed and edited the manuscript.

ORCID ID

C. John @ https://orcid.org/0009-0001-8858-2839
R. Maharaj ® https://orcid.org/0000-0002-7312-5969

REFERENCES

1. lulietto MF, Sechi P, Borgogni E, Cenci-Goga BT. Meat spoil-
age: A critical review of a neglected alteration due to ropy
slime producing bacteria. Ital J Anim Sci. 2015;14(3):316-26.
https://doi.org/10.4081/ijas.2015.4011

2. ZhangY, Zhang Y, Jia J, Peng H, Qian Q, Pan Z, Liu D. Nitrite
and nitrate in meat processing: Functions and alternatives.
CRFS. 2023;6:100470.
https://doi.org/10.1016/j.crfs.2023.100470

3. Tangkham W, Comeaux J, Ferguson CE, LeMieux, FM. Effect
of sodium lactate and sodium acetate on shelf-life of raw
chicken breasts. Afr J Food Sci. 2012;6(13):375-80.
https://doi.org/10.5897/ajfs12.050

4. Bernardo P, Patarata L, Lorenzo JM, Fraqueza MJ. Nitrate is
nitrate: The status quo of using nitrate through vegetable
extracts in meat products. Foods. 2021;10(12):3019.
https://doi.org/10.3390/foods10123019

5. Gassara F, Kouassi AP, Brar SK, Belkacemi K. Green alterna-
tives to nitrates and nitrites in meat-based products-A re-
view. Cri Rev Food Sci Nutr. 2016;56(13):2133-48.
https://doi.org/10.1080/10408398.2013.812610

6. Shakil MH, Trisha AT, Rahman M, Talukdar S, Kobun R, Huda
N, Zzaman W. Nitrites in cured meats, health risk issues, al-
ternatives to nitrites: A review. Foods. 2022;11(21):3355.
https://doi.org/10.3390/foods11213355

7. Azadbakht E, Maghsoudlou Y, Khomiri M, Kashiri M. Devel-
opment and structural characterization of chitosan films
containing eucalyptus globulus essential oil: Potential as
an antimicrobial carrier for packaging of sliced sausage.
Food Packaging Shelf. 2018;17:65-72.
https://doi.org/10.1016/j.fpsl.2018.03.007

8. Contreras-Moreno BZ, Velasco JJ, Rojas JDC, Méndez LDC,
Celis TM. Antimicrobial activity of essential oil of Pimenta
racemosa var. racemosa (Myrtaceae) leaves. J Pharm Phar-
macogn Res. 2016;4(6):224-30.

9. Adjou ES, Degnon RG, Dahouenon-Ahoussi E, Soumanou
MM, Sohounhloue DCK. Improvement of fermented fish
flour quality using essential oil extracted from fresh leaves
of Pimenta racemosa (Mill.) J. W. Moore. Nat Prod Biopros-
pect. 2017;7(4):299-305.
https://doi.org/10.1007/s13659-017-0132-z

10. Marchese A, Barbieri R, Coppo E, Orhan IE, Daglia M, Naba-
vi SF, et al. Antimicrobial activity of eugenol and essential
oils containing eugenol: A mechanistic viewpoint. Crit Rev
Microbiol. 2017;43(6):668-89.
https://doi.org/10.1080/1040841x.2017.1295225

11. Nissar T, Igbal M, Raza A, Safdar M, Iftikhar F, Waheed M.
Turmeric: A promising spice for phytochemical and

FTB| Food Technology & Biotechnology

April-June 2024 | Vol. 62 |No.2 159


http://www.ftb.com.hr
https://orcid.org/0009-0001-8858-2839
https://orcid.org/0009-0001-8858-2839
https://orcid.org/0000-0002-7312-5969
https://orcid.org/0000-0002-7312-5969
https://doi.org/10.4081/ijas.2015.4011
https://doi.org/10.1016/j.crfs.2023.100470
https://doi.org/10.5897/ajfs12.050
https://doi.org/10.3390/foods10123019
https://doi.org/10.1080/10408398.2013.812610
https://doi.org/10.3390/foods11213355
https://doi.org/10.1016/j.fpsl.2018.03.007
https://doi.org/10.1007/s13659-017-0132-z
https://doi.org/10.1080/1040841x.2017.1295225

C. JOHN and R. MAHARAJ: Preservative Effects of West Indian Bay Leaf and Turmeric Essential Oils

13.

15.

16.

19.

20.

21.

22.

23.

antimicrobial activities. Am Eurasian J Agric Environ Sci.
2015;15(7):1278-88.
https://doi.org/10.5829/idosi.aejaes.2015.15.7.9528

. Gul P, Bakht J. Antimicrobial activity of turmeric extractand

its potential use in food industry. J Food Sci Technol. 2015;
52(4):2272-9.
https://doi.org/10.1007/513197-013-1195-4

Chandra S, Khan S, Avula B, Lata H, Yang MH, EISohly MA,
Khan IA. Assessment of total phenolic and flavonoid con-
tent, antioxidant properties, and yield of aeroponically and
conventionally grown leafy vegetables and fruit crops: A
comparative study. Evid Based Complement Alternat Med.
2014;2014:Article ID 253875.

https://doi.org/10.1155/2014/253875

. Ghafar F, Tengku-Nazrin TN, Mohd-Salleh MR, Nor-Hadi N,

Ahmad N, Azahari A, et al. Total phenolic content and total
flavonoid content in Moringa oleifera seed. Sci Herit J.
2017;1(1):23-35.
https://doi.org/10.26480/gws.01.2017.23.25

Nielsen SS, editor. Food analysis. New York, NY, USA: Spring-
er; 2010.

Bacteriological analytical manual (BAM). Silver Spring, MD,
USA: US Food and Drug Administration; 2023. Available
from: https://www.fda.gov/food/laboratory-meth-
ods-food/bacteriological-analytical-manual-bam.

. SPSS, v. 29, IBM Inc., New York, NY, USA; 2022.
18.

Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological
effects of essential oils — A review. Food Chem Toxicol.
2008;46(2):446-75.
https://doi.org/10.1016/j.fct.2007.09.106

Ivanovi¢ M, Makoter K, Razborsek MI. Comparative study
of chemical composition and antioxidant activity of essen-
tial oils and crude extracts of four characteristic Zingiber-
aceae herbs. Plants. 2021;10(3):501-18.

https://doi.org/10.3390/plants10030501

Osman E, Faruk BT. Spoilage of meat and meat products.
In: Osman E, Faruk BT, editors. Food microbiology: Princi-
plesinto practice. Hoboken, NJ, USA: John Wiley & Sons Ltd;
2016. pp. 279-95.

Kumar S, Mendiratta SK, Agrawal RK, Sharma H, Singh BP.
Anti-oxidant and anti-microbial properties of mutton nug-
gets incorporated with blends of essential oils. J Food Sci
Technol. 2018;55(2):821-32.
https://doi.org/10.1007/5s13197-017-3009-6

Kaur S, Mondal P. Study of total phenolic and flavonoid
content, antioxidant activity and antimicrobial properties
of medicinal plants. J Microbiol Exp. 2014;1(1):23-8.
https://doi.org/10.15406/jmen.2014.01.00005

Kachkoul R, Touimi GB, Bennani B, El Habbani R, El Mouhri
G, Mohim M, et al. The synergistic effect of three essential
oils against bacteria responsible for the development of
lithiasis infection: An optimization by the mixture design.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Evid Based Complement Alternat Med. 2021;2021:Article ID
1305264.

https://doi.org/10.1155/2021/1305264

Addis M. Major causes of meat spoilage and preservation
techniques: A review. Food Sci Qual Manag. 2015;41:101-14.
Wickramasinghe NN, Hlaing MM, Ravensdale JT, Coorey R,
Chandry PS, Dykes GA. Characterization of the biofilm ma-
trix composition of psychrotrophic, meat spoilage pseu-
domonads. Sci Rep. 2020;10(1):16457.
https://doi.org/10.1038/541598-020-73612-0

MarangoniF, Corsello G, Cricelli C, Ferrara N, Ghiselli A, Luc-
chin L, Poli A.Role of poultry meat in a balanced diet aimed
at maintaining health and wellbeing: An Italian consensus
document. Food Nutr Res. 2015;59:27606.
https://doi.org/10.3402/fnrv59.27606

Soncu ED. Protein oxidation and subsequent changes in
chicken breast and thigh meats during long-term frozen
storage. Agr Food Sci. 2020,29(5):505-14.
https://doi.org/10.23986/afsci.97338

Al-Hijazeen M. The combination effect of adding rosemary
extract and oregano essential oil on ground chicken meat
quality. Food Sci Technol. 2022;42:e57120.
https://doi.org/10.1590/fst.57120

Kim YHB, Ma D, Setyabrata D, Farouk MM, Lonergan SM,
Huff-Lonergan E, Hunt MC. Understanding postmortem
biochemical processes and post-harvest aging factors to
develop novel smart-aging strategies. Meat Sci. 2018;144:
74-90.

https://doi.org/10.1016/j.meatsci.2018.04.031

HeydariS, Jooyandeh H, Alizadeh-Behbahani B, Noshad M.
The impact of Qodume Shirazi seed mucilage-based edi-
ble coating containing lavender essential oil on the quality
enhancement and shelf life improvement of fresh ostrich
meat: An experimental and modeling study. Food Sci Nutr.
2020;8(12):6497-512.

https://doi.org/10.1002/fsn3.1940

Vital AC, Guerrero A, de Monteschio J, Valero MV, Carvalho
CB, de Abreu Filho BA, et al. Effect of edible and active coat-
ing (with rosemary and oregano essential oils) on beef
characteristics and consumer acceptability. PLoS ONE.
2016;11(8):e0160535.
https://doi.org/10.1371/journal.pone.0160535

Orkusz A, Haraf G, Okruszek A, Werenska-Sudnik M. Lipid
oxidation and color changes of goose meat stored under
vacuum and modified atmosphere conditions. Poultry Sci.
2017;96(3):731-7.

https://doi.org/10.3382/ps/pew325

Chouliara E, Karatapanis A, Savvaidis IN, Kontominas MG.
Combined effect of oregano essential oil and modified at-
mosphere packaging on shelf-life extension of fresh chick-
en breast meat, stored at 4 °C. Food Microbiol. 2007;24(6):
607-17.

https://doi.org/10.1016/j.fm.2006.12.005

160 FTB|Food Technology & Biotechnology

April-June 2024 | Vol. 62 | No. 2


https://doi.org/10.5829/idosi.aejaes.2015.15.7.9528
https://doi.org/10.1007/s13197-013-1195-4
https://doi.org/10.1155/2014/253875
https://doi.org/10.26480/gws.01.2017.23.35
https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-manual-bam
https://www.fda.gov/food/laboratory-methods-food/bacteriological-analytical-manual-bam
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.3390/plants10030501
https://doi.org/10.1007/s13197-017-3009-6
https://doi.org/10.15406/jmen.2014.01.00005
https://doi.org/10.1155/2021/1305264
https://doi.org/10.1038/s41598-020-73612-0
https://doi.org/10.3402/fnr.v59.27606
https://doi.org/10.23986/afsci.97338
https://doi.org/10.1590/fst.57120
https://doi.org/10.1016/j.meatsci.2018.04.031
https://doi.org/10.1002/fsn3.1940
https://doi.org/10.1371/journal.pone.0160535
https://doi.org/10.3382/ps/pew325
https://doi.org/10.1016/j.fm.2006.12.005


Food Technol. Biotechnol. 62 (2) 150-161 (2024)

34.

35.

Lawhavinit O, Kongkathip N, Kongkathip, B. Antimicrobial
activity of curcuminoids from Curcuma longa L. on patho-
genic bacteria of shrimp and chicken. Agric Nat Resour.
2010;44(3):364-71.
https:/1i01.tci-thaijo.org/index.php/anres/article/
view/244941/167429

Kumar S, Mendiratta SK, Agrawal RK, Sharma H, Singh BP.
Anti-oxidant and anti-microbial properties of mutton nug-
gets incorporated with blends of essential oils. J Food Sci
Technol. 2018;55(2):821-32.
https://doi.org/10.1007/s13197-017-3009-6

36.

37.

Hosea ZY, Kator L, Rhoda EH. Phytochemical properties and
antimicrobial activities of aqueous extract of Curcumalon-
ga (turmeric) rhizome extract. Asian J Res Crop Sci. 2018;
2(1):Article no. AJRCS:43142.
https://doi.org/10.9734/ajrcs/2018/43142

Raeisi M, Hashemi M, Afshari A, Tabarraei A, Aminzare M,
Jannat B. Cinnamon and rosemary essential oils incorpo-
rated into alginate coating improve chemical and sensori-
al quality of chicken meat. Iran J Chem Chem Eng. 2019;
38(5):293-304.

https://doi.org/10.2139/ssrn.3627606

FTB| Food Technology & Biotechnology

April-June 2024 |Vol.62 |No.2 161


https://li01.tci-thaijo.org/index.php/anres/article/view/244941/167429
https://li01.tci-thaijo.org/index.php/anres/article/view/244941/167429
https://doi.org/10.1007/s13197-017-3009-6
https://doi.org/10.9734/ajrcs/2018/43142
https://doi.org/10.2139/ssrn.3627606

	_GoBack
	_Hlk165538350
	_Hlk165543357
	_Hlk165549530
	_Hlk165551707
	_Hlk165553587
	_Hlk165555293
	_Hlk165628815
	_Hlk165642285
	_Hlk166843999
	_PictureBullets

