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In total, 2520 chickens were randomly allocated into 36 pens with 70 chickens per pen. One
group that served as the control was fed a basal diet, while the others were fed diets supplemented
with olive leaves at 5 or 10 g/kg. At 42 days of age, chickens were slaughtered and the breast
was used in the manufacture of chicken hamburgers. The lipid and protein oxidation and
bacterial count of chicken hamburgers were assessed. The results showed that the incorporation
of olive leaves in chicken diets decreased (P < 0.05) the lipid and protein oxidation of chicken
hamburgers during frozen storage. Dietary olive leaves at 10 g/kg were more effective (P <
0.05) in inhibiting lipid and protein oxidation. Diet supplementation with olive leaves resulted
in lower (P < 0.05) aerobic mesophilic and psychrophilic bacteria, Staphylococcus spp. and
Enterobacteriaceae counts over the entire storage period.
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Introduction
Chicken meat is important in human nutrition for
its natural content of health-promoting compounds
and nutritive value. In the near future, demand for
chicken-derived products with enriched and valuable
nutritional components it expected to increase. These
new chicken meat products must be not only high in
nutritional value and health enhancing, but also safe,
tasty and convenient for consumption (Stangierski
and Lesnierowski, 2015).
Chicken meat contains a low amount of total fat
and cholesterol compared with other sources of meat
(Cagdas and Kumcuoglu, 2015). Further, chicken
fat contains 25–30% polyunsaturated fatty acids
as well as approximately 40% monounsaturated
fatty acids (Stangierski and Lesnierowski, 2015).
These high levels of unsaturated fatty acids in
muscle membranes increase the predisposition to
lipid oxidation (Engberg et al., 1996). This reaction
jeopardizes sensory quality and decreases the shelf
life of meat and meat products. Lipid oxidation also
produces free radicals, which are associated with
mutagenesis, carcinogenesis and aging (Yagi, 1987).
Chicken meat contains high amounts of proteins
(18–25%), which can also be affected by oxidative
reactions (Stangierski and Lesnierowski, 2015).
The impact of protein oxidation on meat quality is
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still the subject of multiple studies but it is generally
accepted that this reaction is commonly linked to a
loss of nutritional value and a decrease in muscle
protein functionality, leading to increasing water
losses, weaker protein gels or less stable emulsions
(Estévez, 2011). Moreover, the texture and color
deterioration of meat has been related to the protein
oxidation phenomenon (Estévez et al., 2005). In
addition to lipid and protein oxidation, microbial
growth is another primary factor of chicken meat
spoilage (Lerasle et al., 2014). Consequently, there is
a need to increase the antimicrobial and antioxidant
capacity of muscles that can be achieved by the
supplementation of the diet with phytochemicals. This
approach is in general more effective than the direct
addition of preservatives because the compound is
deposited where it is most needed (Govaris et al.,
2004).
Olive leaves (Olea europaea) are agricultural
by-products from the pruning and shaking of olive
trees for fruit harvest, and they represent around 10%
of the total weight of collected material arriving at
the olive oil press. Olive leaves contain up to 129 g
kg−1 dry matter of crude protein, with high levels of
arginine, leucine and valine but low levels of tyrosine
and cysteine (Martín-García and Molina-Alcaide,
2008). The nutritive value of olive leaves is greater
when they are fed fresh, although dried leaves may

384

da Silva et al./IFRJ 25(1): 383-391

also be incorporated into the diet (Delgado-Pertíñez
et al., 1998).
Olive leaves contain up to 100 g kg−1 of phenolic
compounds such as oleuropein, hydroxytyrosol
and tocopherol (Savournin et al., 2001). Bisignano
et al. (1999), Markín et al. (2003) and Sudjana
et al. (2009) demonstrated the antimicrobial and
antioxidant activity of these phenolic compounds in
vitro. Moreover, Bisignano et al. (1999) also reported
the antimicrobial properties of other non-phenolic
components of olive leaves such as aldehydes. The
supplementation of olive leaves in feed improves
the oxidative and microbial stability of pork meat
(Paiva-Martins et al., 2009; Botsoglou et al., 2012)
and turkey breast fillets (Botsoglou et al., 2010).
However, little information has been published
concerning the quality during frozen storage of meat
products processed from chickens fed supplemental
olive leaves. Therefore, in this study, we evaluated
the lipid and protein oxidation and microbial safety
of hamburgers from chickens fed with supplemental
olive leaves.
Material and Methods
Animals and diets
The animal protocol was approved by the Animal
Care and Ethics Committee of the Cooperative
Central Aurora Alimentos. A total of 2520 oneday-old female broiler chickens (Cobb genetic
line) obtained from a commercial hatchery (Aurora
Alimentos S. A, Xanxeré, Brazil) were randomly
allocated into 36 pens (3 m length × 2 m width) with
12 replicates per treatment and 70 chickens per pen.
The chicken groups were assigned to three dietary
treatments: control diet without olive leaves (T1);
control diet plus 5 g of olive leaves kg-1 (T2); and
control diet plus 10 g of olive leaves kg-1 (T3). The
control basal diet (Table 1) was formulated to be
adequate in all nutrients (National Research Council
1994) and was provided in four phases: pre-initial
(PI: 1 to 12 days), initial (I: 13 to 21 days), growth
(G: 22 to 32 days) and final (F: 33 to 42 days). Olive
leaves were provided in these four phases.
Olive leaves of Ascolano variety were harvested
in Chapecó (Santa Catarina State, Brazil; latitude
−27◦05´47´´S and longitude 52◦37´06´´W, altitude
674 m) in the second week of February (summer) of
2012, from six-year-old trees. Leaves were collected
from different parts of several trees in order to
minimize the effect of sun exposure and differences
related to different maturation stages. After drying in
an oven with air circulation (45±5°C, 48 h), the leaves
were ground in a rotor mill (Marconi, MA-340) and

Table 1. Ingredients and nutrient composition of
experimental control diet (g kg-1 as fed basis)

Note: * The diet was provided in four phases: pre-initial (PI: 1
to 12 days), initial (I: 13 to 21 days), growth (G: 22 to 32 days)
and final (F: 33 to 42 days). **Premix: vitamin A (4.275 IU),
vitamin D3 (1.395 IU), vitamin E (22.5 mg), vitamin K3 (1.35
mg), vitamin B1 (1.35 mg), vitamin B2 (3.6 mg), vitamin B6 (1.8
mg), vitamin B12 (9.9 µg), pantothenic acid (9 mg), niacin (18
mg), folic acid (900 mg), biotin (76.5 µg), Cu (7.2 mg), Fe (27
mg), Mn (27 mg), I (450 mg), Zn (45 mg) and Se (180 mg).

the powder was stored at -20°C and protected from
light until use. Diets in mash form and water were
offered ad libitum through the 42-day feeding trial.
Mortality was lower than 1%.
Formulation and preparation of chicken hamburgers
At 42 days of age, chickens were slaughtered,
processed and eviscerated at a local slaughterhouse
at Chapecó, Santa Catarina State (Brazil). For each
of the three diets, 100 kg of hand-deboned breast was
obtained to be used in the manufacture of chicken
hamburgers. The chicken breast meat was frozen at
-18°C for 120 days prior to use. The frozen meat
materials were thawed at 5°C for 24 h prior to
manufacture.
Three replications were performed on separate
days. The chicken breast meat was ground in a
3 mm plate grinder (Model PJ22, Jamar, Brazil).
Ten-kilogram batches of the appropriate amounts
of each formulation (Table 2) were mixed using a
paddle mixer (Model MJI35, Jamar, Brazil) until a
homogenous mix was obtained (about 5 min) and
then processed into chicken hamburgers (1.5 cm
thick and 10 cm diameter) by using a metal shaper.
Hamburgers were placed on plastic trays, over
wrapped with high-density polyethylene film (7.5
µm thickness, with oxygen transmission rates > 15
cm3/ m2.day and water vapor transmission rates < 8 g/
m2.day) and stored at -18°C for 120 days.

da Silva et al./IFRJ 25(1): 383-391

Table 2. Formulation of chicken hamburger

Proximate composition
The moisture, protein and ash content were
determined according to the Association of Official
Analytical Chemists (AOAC, 2005). The moisture
content was determined by drying in an oven at 105ºC
± 2ºC; the nitrogen content was determined by the
Kjeldahl method; the protein content was estimated
by multiplying the nitrogen content by 6.25; and
the ash content was determined by incineration in
a muffle at 550°C. Lipids were extracted from the
samples using the Bligh and Dyer (1959) method
and used both for lipid quantification and for the
determination of conjugated dienes and peroxide
values. All determinations were performed in
triplicate. The proximate composition was determined
in the chicken breast meat and in the hamburgers at
30 days of storage.
pH and aw
The determination of pH was performed by direct
insertion of a pH meter (MA 130, Mettler Toledo
Indústria e Comércio Ltda, SP, Brazil) equipped with
a penetration electrode (LoT406-M6-DXK-S7/25).
Water activity (aw) was measured by using a Decagon
Aqualab instrument (Decagon Devices Inc., Pullman,
USA). All determinations were performed in
triplicate. pH and aw were determined in the chicken
breast meat (0 days) and in the hamburgers (after 30,
60, 90 and 120 days of storage).
Color determination
Color determination was performed with a
HunterLab Colorimeter (ColorQuest II, Hunter
Associates Laboratory Inc., Virginia, USA) using a
10-mm port size, illuminant D65 and a 100 standard
observer. The color variables were measured at four
points on the central part of the cut surface of three
slices of the samples. CIELAB L*, a* and b* values
were determined as indicators of lightness, redness
and yellowness, respectively. Color instrumental was
determined in the chicken breast meat (0 days) and
in the hamburgers (after 30, 60, 90 and 120 days of
storage).
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Lipid oxidation measurement
Lipid oxidation during frozen storage was
evaluated by measuring conjugated dienes and
peroxide values for primary oxidation, and
thiobarbituric acid-reactive substances (TBARS) for
secondary oxidation. All analyses were performed
in triplicate. Lipid oxidation was determined in the
chicken breast meat (0 days) and in the hamburgers
(after 30, 60, 90 and 120 days of storage).
Conjugated dienes
Conjugated diene concentrations were determined
according to the Recknagel and Glende (1984)
method. The extracted fat (0.01 g) was dissolved in
3 ml of cyclohexane and absorbance was measured
at 232 nm using a UV spectrophotometer (Model
Cirrus 8051, Femto, Brazil). Conjugated dienes were
expressed as Abs/mg fat/ml cyclohexane.
Peroxide value
Peroxide value was determined according to
the method of American Oil Chemists Society
(AOCS, 2003). To 0.05 g of fat extracted, 50 μl of
30% ammonium thiocyanate and 50 μl of 20 mM
ferrous chloride solution in 3.5% HCl were added
and mixed thoroughly. After 3 min, the absorbance
of the colored solution was measured at 500 nm
using a JENWAY 6300 spectrophotometer (Jenway,
Staffordshire, UK). Peroxide value was expressed as
milliequivalents of peroxides per kg of lipid.
TBARS (Thiobarbituric acid reactive substances)
A TBARS assay was performed as described by
Raharjo et al. (1992) and modified by Wang et al.
(2002) by monitoring the interference of sugar in the
reaction. Ten grams of the sample were mixed with
36 ml of trichloroacetic acid (TCA 50 g l−1) and 1
ml of BHT 0.15%. Samples were homogenized for 1
min at 3000 rpm with an Ultra-Turrax (ULTRA 380,
Raker Solutions, Brazil) and then filtered through
Whatman N°1 filter paper. One milliliter was mixed
with 1 ml of thiobarbituric acid (TBA) solution (0.02
mol l−1) and maintained at 40ºC for 80 min in a heated
bath (DL-SOLOD, Deleo, Brazil). The solution was
cooled in a cold water bath (10°C) for 10 min and
absorbance was measured at 532 nm using a JENWAY
6300 spectrophotometer (Jenway, Staffordshire,
UK). TBARS values were calculated from a standard
curve of malondialdehyde (MDA) prepared by the
acidification of 1, 1, 3, 3-tetraethoxypropane and the
results were expressed as milligrams of MDA per
kilogram of meat.
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Table 3. Physicochemical characteristics of raw meat and hamburgers from
chickens fed with supplemental olive leaves

Values represent the mean (± standard deviation). **Averages within the same line followed by the same
lowercase letters did not show any significant difference (P > 0.05) by Tukey’s test. Averages within
the same column followed by the same upper case did not show any significant difference (P > 0.05) by
Tukey’s test. Experimental treatments: B0 and H0: control diet without olive leave; B5 and H5: control
diet plus 5 g of olive leave kg-1 of diet, and B10 and H10: control diet plus 10 g of olive leave kg-1 of diet.
*

Protein oxidation measurement
Protein carbonyl content was determined in the
chicken breast meat (0 days) and in the hamburgers
(after 30, 60, 90 and 120 days of storage) by
derivatization with 2,4-dinitrophenylhydrazine
(DNPH) as described by Levine et al. (1990) with
slight modifications. The concentration of protein
was measured at 280 nm in the HCl control using
bovine serum albumin in 6 M guanidine as standard.
Carbonyl concentration in the treated sample was
measured with 2,4-DNPH incorporated on the basis
of a molar absorption coefficient of 21 nM−1.cm−1
at 370 nm of protein hydrazones. The results were
expressed as ηmol of carbonyl/mg of protein.
Microbiological analysis
The microbiological characteristics were
evaluated according to the methodology described
by Downes and Ito (2001). For that, a 25 g aliquot
was homogenized with 225 mL 0.1% peptone water
(Oxoid Unipath Ltd, Basingstoke, Hampshire, UK)
and serial decimal dilutions were performed. The total
aerobic mesophilic and psychrophilic counts were
quantified on Plate Count Agar (Merk, Darmstadt,
Germany) after incubation at 36°C for 48 h and at
7°C for 7 days, respectively. Staphylococcus spp. was
quantified in Baird-Parker Agar (Merk, Darmstadt,
Germany) at 36°C for 48 h; total Enterobacteriaceae
count was quantified in Violet Red Bile Glucose Agar
(VRBGA) (Merk, Darmstadt, Germany) at 36°C
for 24 h. The microbiological characteristics were
determined in the chicken breast meat (0 days) and
in the hamburgers (after 30, 60, 90 and 120 days of

storage). For all microbial counts, the results were
expressed as log cfu g-1.
Statistical analysis
The data were assessed by analysis of variance
(one-way ANOVA), and means were compared
using Tukey’s test, with a significance level of 5%
(P ≤ 0.05) using the Statistica v.8 statistical package
(Statsoft, Inc., Tulsa, OK, USA).
Results and Discussion
Physicochemical analysis
The proximate composition was not different
(P > 0.05) for raw meat and chicken hamburgers
processed from chicken supplemented with olive
leaves compared with the control (data not shown).
The moisture, protein, fat and ash content were
70.22–72.07%, 22.17–22.72%, 1.28–1.79% and
1.79–1.84%, respectively.
The physicochemical characteristics of raw meat
and hamburgers from chickens fed with supplemental
olive leaves are shown in Table 3. Olive leave
enrichments had no significant effect on the pH, aw,
L*, a* and b* values of the raw meat. Over the entire
storage period (120 days), the pH and aw values for
chicken hamburgers from chickens supplemented
with 5 (H5) and 10 g (H10) of olive leaves were not
different (P > 0.05) compared with those from the
control (H0). During the entire storage, there was
no significant difference in the L*, a* and b* values
among the hamburgers prepared using breast from
chickens supplemented with 5 g of olive leaves kg-1
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Table 4. Lipid and protein oxidation of raw meat and hamburgers from chickens fed
with supplemental olive leaves

Values represent the mean (± standard deviation). **Averages within the same line followed by
the same lowercase letters did not show any significant difference (P > 0.05) by Tukey’s test.
Averages within the same column followed by the same upper case did not show any significant
difference (P > 0.05) by Tukey’s test. Experimental treatments: B0 and H0: control diet without
olive leave; B5 and H5: control diet plus 5 g of olive leave kg-1 of diet, and B10 and H10: control
diet plus 10 g of olive leave kg-1 of diet.
*

(H5) or the control (H0). After 90 days, hamburgers
elaborated with breast from chickens supplemented
with 10 g of olive leaves kg-1 (H10) had significantly
lower a* values than the H0 (control) and H5 (Table
3). The hamburgers presented decreased L*, a* and
b* values after 120 days of storage, probably as a
consequence of the interaction of pigments with the
products of lipid oxidation (Kulkarni et al., 2011).
Lipid and protein oxidation
Olive leaves enrichments had a significant effect
on the lipid and protein oxidation of raw meat and
hamburgers during frozen storage (Table 4). The
formation of conjugated dienes reflects the degree
of primary products formed during lipid oxidation
and increases in parallel with the production of
hydroperoxides (Frankel, 2005). The raw breast
meat from chickens supplemented with 10 g of olive
leaves kg-1 (B10) had significantly lower conjugated
diene values than B0 (control) and B5 (Table 4).
The highest conjugated diene values were observed
in the control (H0) hamburgers (P < 0.05) during
the entire frozen storage period. For the 90 and 120
days of storage, the conjugated diene values of the
hamburgers decreased with an increased percentage
of olive leave supplementation (Table 4). Similar
trends have been observed in previous studies of
muscle from pigs fed with supplemental olive leaves

(Paiva-Martins et al., 2009).
The determination of peroxide values is useful as
an oxidative index for the early stage of lipid oxidation
(Ramadan and Mörsel, 2004). The raw breast meat
from chickens supplemented with olive leaves (B5
and B10) had significantly lower peroxide values
than the control (B0). The hamburgers prepared using
breast from chickens supplemented with olive leaves
(H5 and H10) had significantly lower peroxide values
than the control (H0) during frozen storage as an
indication of retarding lipid oxidation (Table 4). The
peroxide values of the treatments decreased during
the later stages of storage. These decreases may be
due to the decomposition of hydroperoxides to form
low molecular weight compounds e.g., aldehydes
and ketones (Wongwichian et al., 2015).
TBARS values indicate the formation of
secondary lipid oxidation products, such as aldehydes
and ketones, which are considered to be responsible
for the rancid taste in meat and meat products (Gray
and Pearson 1987). The TBARS values of the raw
breast chicken meat were close to 0.02 mg MDA/kg
and no difference was observed among the samples
(P > 0.05). In the hamburgers, TBARS values
increased significantly after 120 days of storage in all
treatments due to the oxidation of unsaturated fatty
acids (Mendes et al., 2008). However, the TBARS
values of the modified hamburgers (H5 and H10)
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Table 5. Microbiological characteristics (Log cfu/g) of raw meat and hamburgers
from chickens fed with supplemental olive leaves

*Values represent the mean (± standard deviation). **Averages within the same line followed by
the same lowercase letters did not show any significant difference (P > 0.05) by Tukey’s test.
Averages within the same column followed by the same upper case did not show any significant
difference (P > 0.05) by Tukey’s test. Experimental treatments: B0 and H0: control diet without
olive leave; B5 and H5: control diet plus 5 g of olive leave kg-1 of diet, and B10 and H10: control
diet plus 10 g of olive leave kg-1 of diet.

were significantly lower (P < 0.05) than those of
the control (H0) on day 120. These results were in
agreement with Botsoglou et al. (2010), who found
a reduction in TBARS values during refrigerated
storage in breast fillets from turkeys fed with
supplemental olive leaves.
The formation of carbonyl compounds is one
of the most marked changes occurring during the
oxidation of proteins (Huang et al., 2014). This
reaction may cause deterioration in the flavor, texture
and overall quality of muscle foods (Soyer et al.,
2010). In this study, the olive leave enrichments did
not affect (P > 0.05) the carbonyl content in the raw
chicken breast meat; however, a significant effect (P <
0.05) was observed in the hamburgers during frozen
storage (Table 4). After 30 and 60 days, hamburgers
prepared using breast from chickens supplemented
with 10 g of olive leaves kg-1 (H10) had a significantly
(P < 0.05) lower carbonyl content than H0 (control)
and H5 (Table 4). The values of the protein carbonyl
compounds observed in this study were lower to
those previously reported in chicken muscle (1.5
ηmol/mg protein) (Liu and Xiong, 1996) and turkey
breast muscle (1.10–3.41 ηmol/mg protein) (Mercier
et al., 1998).
In the present study, the total amount of protein
carbonyls increased during the first 2 months of

frozen storage, while a significant decrease was
detected by the end of the frozen storage period (4
months). These results are in agreement with Estévez
et al. (2011), who found a reduction in carbonyl
content during frozen storage. The apparent net loss
of protein carbonyls at prolonged oxidation rates may
be caused by the implication of such compounds as
reactants in advanced reactions, as hypothesized by
Estévez et al. (2011).
In general, the results of this study showed the
protective effect of olive leave supplementation
against lipid and protein oxidation. These results are
in agreement with other authors who have reported
a decrease in lipid oxidation in stored turkey breast
fillets (Botsoglou et al., 2010) as a consequence of
olive leave supplementation in the diet, but this is
the first study in which protection against lipid and
protein oxidation is shown for meat products. Previous
studies demonstrate that olive leaves contain a high
content of phenolic compounds, especially oleuropein
(El and Karakaya, 2009). Potentially, the decrease of
lipid and protein oxidation in breast chicken after
diet supplementation with olive leaves is the result
of phenolic compounds with antioxidant activity
that entered the circulatory system, and distributed
and retained in chicken tissues. This antioxidant
activity of phenolic compounds is associated with the
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hydroxyl group attached to the aromatic ring, which
is able to donate electrons with hydrogen atoms and
neutralize free radicals. This mechanism blocks the
further degradation of more active oxidant forms
(Radha Krishnan et al., 2014).
Microbiological analysis
The dietary supplementation of olive leaves
significantly
affected
the
microbiological
characteristics of raw meat and hamburgers during
frozen storage (Table 5). The raw breast meat
from chickens supplemented with olive leaves
(B5 and B10) had significantly (P < 0.05) lower
aerobic mesophilic and psychrophilic bacteria,
Staphylococcus spp. and Enterobacteriaceae counts
compared with the control (B0). In general, over the
entire storage period (120 days), the microbiological
counts for hamburgers from chickens supplemented
with olive leaves (H5 and H10) were lower (P > 0.05)
compared with those from the control (H0). Further,
the microbiological counts of the hamburgers
decreased (P < 0.05) with an increased percentage
of olive leave supplementation (Table 5). These
results indicate that the dietary supplementation of
olive leaves improved the microbiological quality
of the raw chicken meat and derived hamburgers.
This fact could be attributed to the high quantity of
phenolic compounds presented in olive leaves (El and
Karakaya, 2009). Similar antimicrobial activity in
olive leaves has been reported by previous studies in
vivo (Botsoglou et al., 2010) and in vitro (Bisignano
et al., 1999, 2001; Markín et al., 2003; Sudjana et al.,
2009).
Conclusion
The results obtained showed that the incorporation
of olive leaves in the chicken diet decreased lipid
and protein oxidation in the hamburgers during their
frozen storage (120 days). The supplementation of
olive leaves at the level of 10 g/kg was more effective
in delaying lipid and protein oxidation compared
with the level of 5 g/kg. The supplemented olive
leaves also exerted an inhibitory effect on bacterial
growth. Chicken hamburgers processed from
chickens fed with 5 g/kg and 10 g/kg supplemental
olive leaves had lower content of aerobic mesophilic
and psychrophilic bacteria, Staphylococcus spp.
and Enterobacteriaceae during storage. The rate of
bacterial inhibition was higher in the hamburgers
elaborated with breast from chickens supplemented
with 10 g of olive leaves kg-1 compared with the level
of 5 g/kg. Therefore, the dietary supplementation of
olive leaves can be considered as a promising tool to
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produce safer chicken meat products.
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