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Abstract: This study aimed to evaluate the effect of lemongrass oil extract coating on the
physico-chemical, microbiological, and sensory quality of vacuum-packaged spent broiler
breeder hen meat during refrigerated storage for 10 days. The meat samples were subjected to
an immersion treatment in their respective concentrations of lemongrass oil (0.5% 1.0% and
1.5% v/v), while control samples were immersed in pure distilled water under identical
conditions. Following immersion, all samples were vacuum-packaged in pre-labeled, pre-
sterilized high-density polyethylene (HDPE) pouches and refrigerated. The results
demonstrated that combining vacuum packaging with lemongrass oil treatment particularly at
higher concentrations successfully reduced the maximum growth rate of the microbial
population. The antioxidant activity of the lemongrass oil was significantly pronounced
(P<0.05) with increasing oil concentrations, as evidenced by a statistical variance between the
control and treated spent hen meat, though no significant differences were observed among
the different treatment groups. Furthermore, spent hen meat treated with lemongrass oil
exhibited significantly lower values for thiobarbituric acid reactive substances (TBARS), free
fatty acids (%FFA), tyrosine (% tyrosine), and all evaluated microbial parameters compared
to the control. Notably, while coliforms, anaerobes, and yeast and molds were detected in the
control samples, they remained undetected in the treated groups. Although sensory scores
decreased across all groups as the storage period advanced, and the treated samples generally
scored lower than the control, all organoleptic marks remained well within permissible limits.
Ultimately, lemongrass oil immersion provided robust antioxidant and antimicrobial
protection for spent broiler breeder hen meat without compromising product palatability.
Keywords: Lemon grass, essential oil, chicken meat, spent hens, quality.

1. INTRODUCTION

The food industry has advanced worldwide, resulting in an enhanced threat of food
contamination by pathogenic microorganisms, chemical residues, harmful food additives, and
toxins. The multiplication of spoilage and pathogenic microorganisms should be controlled to
ensure food safety. Accordingly, food preservation techniques for protecting food from
pathogenic bacteria and extending shelf-life include chemical methods, such as the use of
preservatives; physical methods, such as heat treatment, drying, freezing, and packaging; and

biological methods using microorganisms that have an antagonistic effect on the pathogenic
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bacteria and produce bacteriocins [28]. Spent broiler breeder hens are parent laying hens that
have reached the end of their productive cycle, typically at 60—72 weeks of age. Spent laying
hen meat is a source of high animal protein but has a chewy and tough texture [43]. Meat and
meat products are essential nutrient sources for humans due to their excellent protein content,
essential amino acids, vitamin B groups, and minerals. However, meat and meat products
also provide an appropriate environment for spoilage microorganisms or food-borne
pathogens due to their high water activity and nutrient factors [14]. Lipid oxidation and
microbial growth are the main factors which responsible for the deterioration in meat and It is
associated with quality degradation, reducing shelf life, and decreasing consumer
acceptability [3]. While synthetic additives have traditionally been used to preserve meat by
inhibiting lipid oxidation [37], increasing consumer health concerns regarding artificial
preservatives have shifted focus toward natural, non-meat alternatives that maintain product
palatability [2]. Natural preservatives have shown potential to provide effective antimicrobial
activity while reducing negative health effects. Meat and meat products containing synthetic
additives are a major concern for human health [45]. Hence, meat manufacturers and
researchers have begun to consider the use of natural rather than synthetic preservatives.
Consequently, the integration of natural antioxidants and antimicrobials has emerged as a
promising technological advancement to meet the growing consumer demand for healthier
meat products [27]. Many plant species have antimicrobial and antioxidant properties, among
them, the medicinal plants stand out as they can perform an inhibitory action on the growth of
undesirable microorganisms and reduce the oxidative processes which makes them useful and
a healthier alternative for the food industry, compared to chemical preservatives [23]. These
natural preservatives consist of bioactive compounds, which are predominantly derived from
plant sources. The bioactive capacity of essential oils (EOs) sourced from aromatic plants has
garnered substantial interest as a sustainable alternative to chemical preservatives in food
matrices [5]. While oils from rosemary, clove, and oregano exhibit varying degrees of
industrial utility, lemongrass essential oil (LGEO) derived from Cymbopogon citratus and C.
flexuosus stands out for its exceptional efficiency. Research indicates that lemongrass
contains numerous bioactive compounds with therapeutic potential [31]. In addition to being
rich in vitamin C and citric acid, the plant's phytochemical matrix comprises essential
bioactive fractions such as phenolic compounds and monoterpene hydrocarbons [17].
"Specifically, LGEO offers a robust extraction yield of 1.5%-2.5% (v/w), markedly
outperforming conventional sources like basil (0.3%—1.1%) and thyme (0.5%—1.3%) [11, 25].



Antimicrobial Efficacy of Lemongrass (Cymbopogon citratus) Essential Oil in ... 303

Lemongrass exhibits robust antioxidant and antimicrobial properties, largely attributed to its
potent free-radical scavenging capacity and its efficacy against pathogens such as Salmonella
typhi, Bacillus cereus, and Staphylococcus aureus [12, 32]. Furthermore, its high
concentrations of citric acid and vitamin C contribute to its significant overall antioxidant
activity. This study aimed to evaluate the effect of lemongrass extract on the quality
properties of fresh spent broiler breeder hen meat during refrigeration storage.

2. MATERIALS AND METHOD

2.1 Study Site and Raw Materials: The research was conducted at the Department of
Livestock Products Technology, Sri Venkateswara Veterinary University, Tirupati.

2.2 Meat Procurement: Spent broiler breeder hens (72 weeks of age) were sourced from
local poultry farms. The birds were slaughtered and deboned, and the meat was harvested for
subsequent analysis.

2.3 Essential Oil Procurement: High-purity Lemongrass Oil was sourced from Mane
Kancor (Kerala, India). The oil, derived via steam distillation of Cymbopogon flexuosus,
presented as a free-flowing, golden-to-brownish yellow liquid with a characteristic citrus
aroma.

2.4 Preparation of Experimental Treatments: Four distinct treatment groups were
established to evaluate the efficacy of lemongrass oil at varying concentrations. The
formulations were prepared on a volume-per-volume (v/v) basis to achieve a total volume of
30 mL per sample as follows:

> Control (0% v/v): 30.00 mL of pure distilled water without the addition of
lemongrass oil.

> Treatment 1 (0.5% v/v): 0.15 mL of lemongrass oil was combined with 29.85 mL of
distilled water.

> Treatment 2 (1.0% v/v): 0.30 mL of lemongrass oil was combined with 29.70 mL of
distilled water

> Treatment 3 (1.5% v/v): 0.45 mL of lemongrass oil was combined with 29.55 mL of
distilled water.

2.5 Samples preparation: Spent breeder hen meat samples were randomly sliced into
uniform portions of approximately 100 g each. For the experimental groups, the meat
samples were subjected to an immersion treatment in their respective concentrations of
lemongrass oil, while the control samples were immersed in pure distilled water under

identical conditions. Following immersion, the samples were transferred into pre-labeled,
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pre-sterilized high-density polyethylene (HDPE) pouches according to their designated
treatment formulations (Table 1). The pouches were subsequently sealed under vacuum
conditions and stored at a refrigeration temperature (41 °C) for a 10-day evaluation period.

Table 1 Formulations of experimental treatments:

Group Lemongrass Oil (mL) Distilled Water (mL) | Final Concentration
Control 0.00 30 0%v/v

Treatment 1 0.15 29.85 0.5% v/v

Treatment 2 0.30 29.70 1.0% v/v

Treatment 3 0.45 29.55 1.5% v/v

2.6 Analysis:

2.6.1 Physico chemical analysis: The pH of the meat samples was determined following the
procedure described by [22]. Free fatty acid (FFA) values were quantified according to the
method of Koniecko [24], with minor modifications. Lipid oxidation was evaluated by
measuring 2-thiobarbituric acid reactive substances (TBARS) based on the extraction
procedure of Witte et al [44]. The tyrosine value of the stored samples was determined using
the method outlined by Strange et al [41]; concentrations were calculated using an L-tyrosine
standard curve and expressed as mg tyrosine/100 g of product.

2.6.2 Microbiological Profiling: Sample Preparation and Serial Dilution Sample preparation
and serial dilutions were performed under strict aseptic conditions within a horizontal laminar
airflow unit pre-sterilized via ultraviolet (UV) radiation. A 10 g portion of each meat sample
was aseptically weighed, transferred to a sterile mortar, and homogenized for 2 minutes with
a sterile pestle while gradually introducing 90 mL of 0.1% sterile peptone water to achieve a
10 -1 dilution. Sequential tenfold serial dilutions 10-2, 10-3, etc.) were subsequently prepared
by transferring 1 mL of the preceding dilution into 9 mL of 0.1% sterile peptone water.
Microbiological parameters including standard plate count (SPC), psychrophilic count, yeast
and mold count, coliform count, Lactobacillus count, and anaerobic plate count—were
determined in accordance with the Compendium of Methods for the Microbiological
Examination of Foods [6, 7]. Dehydrated culture media obtained from Hi-Media Laboratories
(P) Ltd. (Mumbai, India) were utilized for microbial enumeration. All plating was performed
in duplicate, and microbial populations were expressed as log colony-forming units per gram

log CFU/g of sample.
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2.6.3 Sensory evaluation: The meat samples were oven-cooked with a uniform spice blend
and evaluated by a semi-trained, six-member panel. Sensory attributes were scored using a 9-
point hedonic scale (Annexure-A).

3. RESULTS AND DISCUSSION

3.1 Physico chemical Parameters:

Addition of lemongrass extract significantly affected on physico chemical parameters of
vacuum spent meat. The findings revealed that lemongrass oil incorporation significantly
altered meat pH (p < 0.05), demonstrating an inverse relationship where higher essential oil
concentrations led to lower pH values (Table 2). All treatment groups exhibited statistically
significant differences (p < 0.05), with the lowest pH recorded in treatment with highest
concentration of lemon grass oil. This pattern aligns with the results reported by [33] for
vacuum-packaged, refrigerated chicken breast. Furthermore, regardless of the specific
treatment applied, pH values steadily declined as storage progressed. This progressive
acidification is likely due to the proliferation of lactic acid bacteria over time and the
subsequent accumulation of acidic metabolic products in the extracellular environment [20],
which strongly corroborates the observations of [38].

Lipid oxidation is a critical phenomenon that occurs during storage, leading to rancidity and
subsequent off-odors in meat products [4]. The measurement of malondialdehyde (MDA) via
thiobarbituric acid reactive substances (TBARS) is a primary parameter used to monitor lipid
oxidation in stored meat [29]. As detailed in Table 2, TBARS values for spent hen meat
treated with lemongrass oil were monitored over a 10-day refrigeration period. While storage
time significantly increased lipid oxidation across all samples, treatments containing
lemongrass oil consistently maintained lower TBARS values throughout the study. Notably,
the highest concentration of lemongrass oil successfully slowed the rate of oxidation, keeping
TBARS levels minimal even at the end of the 10-day storage period. The antioxidant efficacy
of lemongrass can be attributed to its high concentration of bioactive components including
vitamin C, phenolic acids, flavonoids, and monoterpene hydrocarbonswhich scavenge free
radicals and inhibit oxidative pathways [17, 32]. These findings align with similar antioxidant
trends observed in beef burgers treated with natural extracts [1, 20]. Addition of 0.05%
lemongrass essential oil gives better antioxidant properties and is organoleptically accepted
[42].

FFA values in vacuum packaged spent hen meat treated with lemongrass oil showed the

lowest values than control during refrigerated storage period (Table 2). The antioxidant
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activity of lemongrass oil (LO) was significantly (P<0.05) pronounced with increasing
concentration of oil and also in the product as revealed by statistical difference between
treatments [21]. Regards to refrigerated storage, FFA values of all treatments were
significantly increased (p<0.05) as the storage period increased. Meat coated with highest
concentration lemon grass oil exhibited a significant decreased (p<0.05) in FFA value at the
end of storage period 10 days. The antioxidant activity of lemongrass oil was due to the
synergistic actions of such as monoterpenoid compounds such as a—citral, B-citral, myrcene
and eugenol [35, 36]. These results are in agreement with reference [26] in chicken meat silk
rolls.

Data of tyrosine values of spent hen meat treated with different levels of lemongrass during
refrigerated storage are showed in Table 2. Treatments treated with lemongrass extract
exhibited the lowest tyrosine values than control one. Regards to refrigerated storage the
tyrosine values were significantly increased (p<0.05) as the time of storage increased. Spent
hen meat treated with high percent of lemongrass oil showed significantly (p<0.05) lower
value than other treatments and control. However, no significant difference (p>0.05) was
found in tyrosine values of between treatments. This might be due to natural antimicrobial
and antioxidant properties of lemongrass oil that restrict the growth of spoilage bacteria [39].
By limiting bacterial activity and enzymatic action, it prevents the breakdown of muscle
proteins into free amino acids. Similar finding was reported by references [42, 46]

Table 2. Physico-chemical properties (Mean+SE) of vacuum-packaged spent hen meat

treated with lemongrass oil at refrigerated storage.

PARAMET | Days of | TBARS (% | FFA TYROSINE
ER storage p malonaldehydes)

0" day 6.02+0.08* 0.424+0.05 0.62+0.012 0.32+0.11°
Control

100 day | 5.84+0.04° 0.72+0.04 ¢ 0.81+0.02°¢ 0.46+0.01°

0" day 5.91£0.022 0.41£0.01* 0.60+0.06 0.37+0.09
Treatment 1

100 day | 5.65+0.01° 0.64+0.07° 0.74+0.07 9 0.45+0.04°

0™ day 5.84+0.04° 0.39+0.082 0.54+0.08° 0.36:+0.02 2
Treatment 2

10" day | 5.61£0.01°¢ 0.62+0.03 0.68+0.03 ¢ 0.43+0.06°

0™ day 5.71£0.08 ° 0.38+0.09? 0.52+0.07° 0.36+0.12°2
Treatment 3

100 day | 5.43+0.02¢ 0.52+0.05" 0.62+0.01° 0.39+0.092




Antimicrobial Efficacy of Lemongrass (Cymbopogon citratus) Essential Oil in ... 307

3.2 Microbiological parameters:

Table 3 illustrates the effects of a lemongrass oil coating on the microbial properties of
vacuum-packaged spent hen meat. Results of antimicrobial activity of lemongrass extract
showed that the antibacterial activity increased as the level of lemongrass extract was
increased. Irrespective of the treatment, standard plate, psychrophilic and lactobacillus counts
were decreased significantly (p < 0.05) as the concentration of lemongrass oil increased. The
highest microbial loads were observed in the untreated control, which differed significantly
(p <0.05) from all lemongrass oil-treated groups. The inhibition effect of lemongrass extract
may be due to its active compounds such as saponin, citral, phenolic compounds, and
flavonoids [19]. Regardless of the specific treatment, microbial counts were increased
significantly (p < 0.05) over the 10-days of storage period. However significantly (p < 0.05)
lower scores were noticed in lemon grass treated meat than un treated meat. These findings
indicate that the synergistic inhibitory effect of vacuum packaging and lemongrass oil was
more pronounced against microorganisms’ populations [16]. As per the reference [21] the oil
extracts showed higher potential antibacterial activity and their antibacterial effect elevated
with increasing the lemon grass oil concentration. This trend is consistent with results
reported by [15] for chicken breast fillets, as well as [33] for vacuum-packaged and
refrigerated chicken breast [ 1] in beef burger. Additionally, while the untreated control
exhibited significantly (p<0.05) elevated yeast and mould and anaerobic counts over storage
period. Both yeast and mould and anaerobic counts remained completely undetectable in the
lemongrass-treated meat throughout the entire 10-day refrigerated storage period. Coliforms
could not be detected in any of the treatments throughout the storage period. This might be
due to the potential antibacterial, antifungal activity of lemon grass oil extracts [8, 13,18,30,

34]. These results are close to that obtained by [17] in chicken burger.

Table 3. Microbiological profile of vacuum-packaged spent hen meat treated with
lemongrass oil at refrigerated storage.

Days of Anaerobic
PI;ARAMETE storage Standard Yeast and | Psychrophile | Lactobacillus | count
plate count | mould count count count
| 0 day 5.11£0.04° | 1.05+0.15°2 0.62+0.12° | 1.32+0.14° 1.05+£0.02°
Contro
10 day | 7.32+0.01F | 2.72+0.04° 0.81+£0.079 | 3.46+0.14°¢ 1.35+£0.02°
Treatment 1 | 0" day 5.01£0.06* | ND 0.60+0.02° | 1.31+0.02° ND
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10% day 7.19+0.11¢ | ND 0.7440.04 ¢ 1.45+0.01° ND

0t day 4.96+0.09% | ND 0.544+0.012 1.31£0.05% ND
Treatment 2

100 day | 6.91£0.07¢ | ND 0.68+0.06° | 1.43+0.08° ND

ot day 4.94+0.04* | ND 0.52+0.042 | 1.30+0.112 ND
Treatment 3

100 day | 6.63+0.01¢ | ND 0.62+0.02° | 1.39+0.01°? ND

3.3 Sensory Parameters:

The sensory profiles of vacuum-packaged spent hen meat coated with lemongrass oil are
illustrated in Table 4. Because overall consumer acceptability relies heavily on appearance,
flavour, juiciness, and tenderness, these parameters were monitored over a 10-day
refrigerated storage period. Vacuum-packaged spent hen meat coated with lemongrass oil
significantly impacted its sensory characteristics during 10 days of chilled storage. A
significant time dependent decrease (P<0.05) in all sensory attributes was observed from day
0 to day 10 across all groups. Furthermore, sensory acceptability was significantly (P<0.05)
reduced as the concentration of lemongrass oil in the coating increased. While low-
concentration coatings yielded scores statistical equivalent to the control, high-concentration
coatings resulted in significantly lower (P<0.05) evaluations. However, all samples
maintained acceptable sensory scores ranging from 6.2 to 7.6. These results corroborate prior
research on essential oils in meat products, including studies by [10] on chicken patties, [40]
on cooked sausages, and [9] on chicken meatballs.

Table 4. Sensory parameters of vacuum-packaged spent hen meat treated with

lemongrass oil at refrigerated storage.

PARAMET | Days of | Appearanc | Flavour Juiciness Tenderness Overall
ER storage e acceptability
c | 0" day 7.15£0.04¢ | 7.55+0.16° 7.35+0.11¢ | 7.65+0.16°¢ 7.35+0.05°
ontro

10" day 6.32+£0.01° | 6.72+0.01%2 6.62+0.03° | 6.22+0.01% 6.51+£0.07 2

0 day 7.11£0.06¢ | 7.42+0.16° 7.29+0.10°¢ | 7.59+0.16° 7.32+0.05°
Treatment 1

10" day 6.30£0.11% | 6.68+0.012 6.58+0.05° | 6.21+0.01% 6.48+0.01

0 day 7.01£0.09° | 7.38+0.16° 7.28+0.14° | 7.58+0.16°¢ 7.28+0.13°
Treatment 2

10" day 6.28+£0.07% | 6.65+£0.012 6.49£0.06° | 6.22+0.01° 6.48+0.07 2

0 day 6.98+0.04° | 7.31+0.16° 7.26+0.11¢ | 7.49+0.16° 7.26 +£0.02°
Treatment 3

10" day 6.23£0.01% | 6.59+0.01%2 6.47+0.04* | 6.21£0.012 6.46+0.032




Antimicrobial Efficacy of Lemongrass (Cymbopogon citratus) Essential Oil in ... 309

4. Conclusion

Lemongrass essential oil functions as an effective natural preservative in spent hen meat by
inhibiting protein degradation (hydrolysis), limiting lipid oxidation, and suppressing
microbial spoilage. Furthermore, a direct concentration dependent relationship is observed,
where increasing the concentration of lemongrass oil yields superior antioxidant and
antimicrobial activity. However, spent hen meat coated with higher concentrations of
lemongrass essential oil receives lower organoleptic scores due to the oil's strong, pungent
flavor profile. Consequently, utilizing lower concentrations of lemongrass essential oil
presents a more viable strategy to combat lipolysis and protein hydrolysis during storage
without compromising the product's overall palatability.
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