OXIDATIVE STABILITY OF CHICKEN MEAT AFTER USE OF OREGANO ESSENTIAL OIL
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The purpose of this study was to investigate the effect of oregano essential oil on the oxidation stability of chicken meat. Oregano
essential oil was applied in a different way, on the one hand in a feed for broiler chickens and on the other hand on a surface of chicken
thighs.
The oxidative stability of the chicken meat was investigated in the same way, i.e. 30 minutes after vacuum-packed at room temperature
and 6 months after vacuum-packed and storage at -18 °C. The samples of the 1st experiment consisted breast and thigh muscles and skin
and of the 2nd experiment thigh muscle and skin. Broiler chickens were fed during the experimental period in the control group with
commercial feed mixtures and in the experimental group with similar diets as in the control group but with the addition of 0.05%
oregano essential oil. Application of oregano essential oil on surface of thighs was realized 1 ml per 60 g of meat. The impact of
oregano essential oil was measured by acid value. Number of acid value 30 minutes after oregano essential oil application in control
group was significant higher (6.69 g KOH g -1) than in experimental group (5.39 g KOH g -1). Results of our experiments indicate that
the oregano essential oil statistically significant (p 0.05) manifested an impact on the oxidative stability of chicken meat 30 minutes its
action. The results impact of oregano essential oil on chicken meat stored at -18 °C for 6 months were comparable to control group, but
a tendency to improve oxidative stability was indicated. Feed addition of oregano essential oil did not show any effects on oxidative
stability chicken meat.
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INTRODUCTION
Consumers do not prefer synthetic antioxidants because of their carcinogenicity.
Moreover they preference natural food additives encouraged the foodstuffs
industry to look for natural alternatives (Roohinejad et al., 2017). In this context,
plant extracts have a important role in the food industry caused to their
antioxidant and antibacterial effects since they are also ,,generally recognized as
safe“ (GRAS) (Vinceković et al., 2017). Lu et al. (2016) mention, that several
compounds with antioxidant activity have been identified in plant extracts, in
which phenolic compounds are considered as the major active group. Main cause
for reduce food products quality, that is manifested by the appearance of offflavors, increased health risk (due to accumulation of toxic compounds) and
decreased nutrient value, is oxidation reaction that often occur during processing
and storage (Lorenzo et al., 2014). Free radicals cause oxidative deterioration of
biomolecules such as membrane lipids, nucleic acids and proteins and
antioxidants are defined as molecules that can prevent or delay oxidation of an
oxidizable substrate, in this line (Halliwel and Whitemann, 2004). The
mechanisms of oxidative degradation can be autoxidation in presence of
atmospheric oxygen (Angelovič et al., 2015). Oxygen is a major component
affecting lipid oxidation in meat as it reacts with unsaturated lipids to form lipid
peroxides in a process of oxygen uptake and double bonds rearrangement. The
formed lipid peroxides lead to the formation of various chemical compounds
such as alcohols, aldehydes and ketones (Min and Ahn, 2012; Domínguez et al.,
2014). Antioxidants react with radical and non-radical species to initiate defense
mechanisms, after oxidative stress, for the protection of both intracellular and
extracellular components. The plants are the richest source of antioxidants, which
are largely present in spices, herbs, and essential oils. Plant-derived antioxidants
provide meat processors with the flexibility to develop novel products with
enhanced nutritional value and health benefits, an improved shelf-life, and an
attractive quality profile (Jiang and Xiong, 2016). They are added in animal
diets as nutritional supplements commonly to improve animal performance,
health and welfare. Because, natural antioxidants added to meat animals feed,

not only can improve the oxidative stability and organoleptic properties of meat
but they also can enhance the nutritional value and the health benefit of meat
products (Kasapidou et al., 2012). Antioxidant activity is attributed to several
phenolic compounds, which are structurally related but differ in quantity and
type, depending on the specific source. The major phenolic compounds in spices
and herbs are phenolic acids (i.e., gallic acid, caffeic acid, and rosmarinic acid),
phenolic diterpenes (i.e., carnosic acid and carnosol), flavonoids (i.e., catechin,
quercetin, apigenin, kaempferol, naringenin, and hesperetin), and volatile oils
(i.e., eugenol, carvacrol, thymol, menthol) (Brewer, 2011). Several authors have
reported the effect and the antioxidant potential of oregano, which is among the
most active natural extracts, mainly due to the action of phenolic-type
compounds present in Origanum vulgare L., which is generally the species most
studied (Spiridon et al., 2011). Fernandes et al. (2016) demonstrated that
oregano extract indicate a high antioxidant activity when compared to other
herbs, and can replace synthetic antioxidant without violation the sensory
acceptability.
The presented literature demonstrated the potential for using of oregano and his
extracts, as antioxidants in animal feeding and meat processing. The inhibitory
effect of oregano essential oil on meat oxidation is mainly attributed to the
numerous phenolic compounds with recognized antioxidant activity in vitro and
in vivo. In conclusion, the use of oregano and his extracts is of great interest and
potential usefulness for food companies as these extracts may replace synthetic
antioxidants and preservatives and may actually present potential functional
properties for consumers. However, unambiguous opinion on the mechanism of
action of oregano essential oil or a uniform procedure for its application does not
exist in literary sources.
The purpose of this study was to investigate the effect of oregano essential oil on
the oxidation stability of chicken meat. Oregano essential oil was applied in a
different way, on the one hand in a feed for broiler chickens and on the other
hand on a surface of chicken thighs.
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MATERIAL AND METHODS
Characterization of experiments
Two experiments were carried out. The difference between the 1 st and 2nd
experiment was in the way of application of oregano essential oil. The
application of oregano essential oil was performed in the 1 st experiment in the
feed and in the 2nd experiment on the surface of the chicken thighs. The oxidative
stability of the chicken meat was investigated in the same way in both
experiments, i.e. 30 minutes after vacuum-packed at room temperature and 6
months after vacuum-packed and storage at -18 °C.
The 1st experiment was conducted in poultry farm, in conditions of the welfare
principles application whit deep litter breeding system. The conditions responded
protection requirements for broilers chickens Council Directive 2007/43/EC.
Microclimatic conditions (light, temperature, humidity and air exchange) were
uniform for both groups in accordance with recommendations for the meat
broiler chickens ROSS 308. Broiler chickens (40 one-day-old broiler chickens)
were divided in the 1st experiment into 2 groups, control and experimental (n =
20). Broiler chickens were fed during the experimental period in the control
group with commercial feed mixtures without oregano essential oil and in the
experimental group with similar diets as in the control group but with the
addition of 0.05% oregano essential oil. Broiler chickens consumed of feed
mixtures ad libitum. The experimental period lasted 38 day and tree feed
mixtures were used: starter feed mixture, for chickens to 18 days of age (feed
from plate feeders and water from the hat drinkers located on the floor); grower

mixture, from 19 to 31 day of age (feed from the tube feeders and drank water
from bucket drinkers till end of the experiment) and finisher mixture, from 32 to
38 day of age. Broiler chickens were transported to the chemical laboratory of
Department of Food Hygiene and Safety, Faculty of Biotechnology and Food
Sciences, Slovak University of Agriculture Nitra and killed after ending
experiment. The breast and thigh muscles with skin were deboned and used for
analyses (immediately after slaughter of broiler chickens and after 6 months of
storage at -18 °C).
In the 2nd experiment were broilers chickens killed on slaughterhouse and
selected thighs randomly, after slaughtering. Chicken thighs were obtained from
broiler chickens that were farmed and fed with commercial feed mixtures.
Chicken thighs 24 pcs were deboned and used for analyses in the 1st day
(measurement 30 minutes after application of oregano essential oil on the surface
of thighs) (12 pcs) and after 6 months (12 pcs). In both measurements were thighs
divided to two groups: control group (6 samples without treatment), experimental
group (6 samples with application of oregano essential oil on surface of thigh).
The 1st day 6 pcs of control group (after 30 minutes without oregano essential oil
treatment) and 6 pcs of experimental group (30 minutes after action of oregano
essential oil) were analyzed. Next 12 thighs; 6 pcs of control group (after 30 min
without oregano essential oil treatment) and 6 pcs of experimental group (after 30
min with oregano essential oil treatment) were vacuum-packed and stored at -18
°C and were used for oxidative stability measurements after 6 months of storage
time. Scheme of experiment is given in Table 1.

Table 1 Experiment scheme
Experiment

Broilers chickens Ross 308
n

Sample preparation

Oxidative stability
(chemical analysis)

E1
Control group

20

30 minutes after vacuum at room
temperature

Experimental group

20

6 months after vacuumpacked packed and storage at -18 °C

of chicken meat achieved from broiler chickens fed
with commercial feed mixtures without oregano
essential oil
of chicken meat achieved from broiler chickens fed
with oregano essential oil 0.05% in the feed mixtures

E2
30 minutes after vacuum at room
chicken thighs without application of oregano
temperature
essential oil
6 months after vacuumchicken thighs with application of oregano essential
Experimental group
6
packed packed and storage at -18 °C
oil 0.5%
E1- application oregano essential oil in the feed mixtures (50 g oregano essential oil per 100 kg feed mixtures), E2 - application oregano essential oil on the surface of
chicken thighs (1 ml oregano essential oil per 60 g of meat)
Control group

6

Sample preparation

RESULTS AND DISCUSSION

The samples consisted of: the 1st experiment: breast and thigh muscles and skin;
the 2nd experiment: thigh muscle and skin. In the 1st experiment was half of
samples (20 pcs) for chemical analysis prepared and 20 samples vacuum-packed
and stored at -18 °C for further analysis after 6 months of storage. In the 2nd
experiment were 6 samples (from 12 pcs) with oregano essential oil treated (1 ml
of oregano essential oil applied on surface of thigh muscle 60 g) and the same
procedure was for further analysis (after 6 months of storage) repeated. Time of
oregano essential oil treat was 30 minutes, amount 1 ml per 60 g of meat.
Chemical analysis (acid number) of the meat samples were carried out after
homogenization (according to the method AOAC 983.18), drying of the samples
under the prescribed conditions at 105 °C to constant weight. The dried samples
were then milled into powder using Grindomix GM 200 grinder and used to
obtain fat by extraction (non-polar solvent) in a Soxhlet extractor.

Oxidative stability of chicken meat after application of oregano essential oil
in the feed depending on the storage time

Chemical analysis
Fat: was used an official method to determine fat AOAC 991.36. Crude fat
content is determined by extracting the fat from sample using a chemical solvent
(petroleum) under the extraction method. Lipid extraction was carried out using a
device Det-gras N, model 4002842.
Acid value: Acid value test measures free fatty acids as an indication of
hydrolytic rancidity. Free acids in a fat (or fat extracted from a sample) can be
determined by titration. Acid value was determined according to AOCS (1997).
Acid number: a number expressing the acidity of a substance, equal to the
number of milligrams of potassium hydroxide needed to neutralize the free fatty
acids present in one gram of the substance (fat, oil, resin, etc). It is determined
after diluted in a mixture of ethanol and diethyl ether by alkalimetric titration on
phenolphthalein.
Statistical analyses
Results were statistically processed according to basic statistical characteristics
ANOVA by the program SAS, version 9.1. The differences between groups were
tested by Scheffe’s test (p = 0.05).

The oxidative stability parameter of the acid value after the application of
oregano essential oil to the feed, measured in raw chicken muscle homogenates
depending on its storage, is reported in Table 2.
Marcinčák et al. (2008), Hashempipour et al. (2013) indicate the positive
antioxidant effect of Oregano vulgare L. for broiler chickens. On the other hand,
Young et al. (2003), Roofchaee et al. (2011) this effect has not been confirmed
in their work and claims that Oregano vulgare L. do not show any antioxidant
activity in chicken meat.
Table 2 The oxidative stability parameter of the acid value after the application
of oregano essential oil to the feed, measured in raw chicken muscle
homogenates depending on its storage time, (mg KOH. g-1)
30 minutes after action of oregano essential oil of vacuum-packed
chicken meat at room temperature
n
min
max
Group
mean SD
20
2.32
7.24
Control
4.351.14
20
2.63
5.84
Experimental
4.340.89
6 months after action of oregano essential oil vacuum-packed of chicken
meat and storage at -18 °C
20
3.74
14.84
Control
9.172.79
20
5.13
14.30
Experimental
9.572.07
Legend: control group - without oregano essential oil, experimental group – applied
oregano essential oil in feed, n – number of samples, mean – arithmetical average, SD –
standard deviation, min – minimum value, max – maximum value

Number of acid value in control group was mean 4.35 g KOH g -1 and in
experimental group mean 4.34g KOH g -1 (p 0.05), and after 6 months was in
control group mean 9.17 g KOH g -1 and in experimental group mean 9.57 g
KOH g -1 (p 0.05). We found out in our experiment that the interaction between
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control and experimental group of oregano essential oil feeding broiler chickens
was not significant in measurements of acid number of chicken meat. Impact of
oregano essential oil did not show up to oxidative stability of the meat either after
30 minutes of treatment or after 6 months of storage compared to the control
group. Measured acid values confirm that oregano essential oil has no effect on
broiler chickens meat oxidative stability, if applied to feed.
Oxidative stability of chicken meat after application of oregano essential oil
on surface of chicken thighs depending on the storage time
The oxidative stability parameter of the acid value after the application of
oregano essential oil on surface of chicken thigh, measured in raw muscle
homogenates depending on its storage, is reported in Table 3.
Natural antioxidants added to meat and feed for animals not only can improve the
oxidative stability and organoleptic properties of meat but they also can enhance
the nutritional value and the health benefit of meat products (Kasapidou et al.,
2012).
Al-Hijazeen et al. (2016) recognized that oregano essential oil, at 0.03 and 0.04
% levels, showed the highest antioxidant effect to preserve the ground chicken
meat. Shan at al. (2009) results showed that the natural extracts from oregano,
applied to raw pork could help to reduce the final microbial load and inhibit lipid
oxidation during storage at ambient temperature for up to 9 days. There contain
high levels of bioactive phenolic compounds that can help to control food borne
pathogens and inhibit lipid oxidation. Natural extracts may be more acceptable to
consumers and also potentially benefit human health like as synthetic additives.
Therefore such natural extracts might be used as multifunctional preservatives in
meat.
Number of acid value 30 minutes after oregano essential oil application in control
group was mean 6.69 g KOH g -1 and in experimental group mean 5.39 g KOH g 1
(p 0.05), and after 6 months was in control group mean 9.30 g KOH g -1 and in
experimental group mean 7.93 g KOH g -1 (p 0.05).
The results of our research showed that a statistically significant difference in
better oxidative stability compared to the control group was observed 30 minutes
after application of oregano essential oil to the surface of chicken thighs (p
<0.05). This tendency of improved oxidative stability has not been statistically
confirmed in the measurement of chicken thighs samples stored for 6 months.
The results of chicken thigh samples stored at -18 °C for 6 months were
comparable, but a tendency to improve oxidative stability was indicated.
Table 3 The oxidative stability parameter of the acid value of fat after the
application of oregano essential oil on surface of chicken thighs, measured in raw
muscle homogenates depending on its storage time, (mg KOH.g-1)
30 minutes after action of oregano essential oil of vacuum-packed chicken
thigs at room temperature
n
min
max
Group
mean SD
6
5.91
8.40
Control
6.690.88
6
4.08
6.63
Experimental
5.390.94
6 months after action of oregano essential oil vacuum-packed of chicken
thigh and storage at -18 °C
6
6.38
14.54
Control
9.302.80
6
6.31
10.60
Experimental
7.931.63
Legend: control group - without oregano essential oil, experimental group – applied
oregano essential oil in feed, n – number of samples, mean – arithmetical average, SD –
standard deviation, min – minimum value, max – maximum value

CONCLUSION
Results of our experiments indicate that the oregano essential oil manifested an
impact on the oxidative stability of chicken meat in a moment after its application
on surface of meat, i.e. 30 minutes its action. This effect was statistically
significant compared with control group. The results impact of oregano essential
oil on chicken meat stored at -18 °C for 6 months were comparable to control
group, but a tendency to improve oxidative stability was indicated. Feed addition
of oregano essential oil did not show any effects on oxidative stability chicken
meat.
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