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ABSTRACT

Background: The properties of plants with food preservation potential are well known since the an-
tiquity. In recent years, the use of herbs and spices to improve the sensory characteristics and to extend
the shelf-life of foods has been growing. Objectives: To compare oregano (Origanum vulgare L.) and sage
(Salvia officinalis L.) as a natural antioxidant in balls of chicken breast and added 0.50% salt. Methods:
Samples of chicken meatballs were pre-cooked for 8 minutes in a water bath at 80° C, and packaged in
polyethylene bags with three layers, specific for vacuum cooking and high temperatures. The samples
were separated into three groups: control (just salt), 0.10% oregano (dry plant) and sage 0.10% (dry plant),
stored at -20° C for 144 hours. The tests to verify the formation of hexanal in samples were performed
in the period of 0, 48, 96 and 144 hours of refrigerated storage. The determination of hexanal, extracted
by micro-extraction (headspace solid phase micro-extraction - HS-SPME), was used as an indicator of
the lipid oxidation of the samples. The analysis was conducted by a gas chromatograph coupled with
a mass detector (GC-MS). The method was evaluated according to the validation parameters such as
linearity, repeatability and detection limit. The extraction was conducted at 70° C using a fiber (DVD
/ CAR / PDMS) exposed for 20 minutes in the headspace after 5 minutes of equilibrium between the
sample and the headspace. Results: Samples added 0.10% oregano or sage had effective protection in the
development of hexanal, compared to control samples. The development of hexanal was significantly
higher in the control samples, 34 ug of hexanal/100 g of sample at the beginning and 280 ug/100 g sample
at the end of refrigerated storage. Conclusion: Herbs were effective in controlling the development of
hexanal. However, the oregano was more effective than sage in preventing the formation of hexanal in
chicken meatballs pre-cooked. The level of hexanal in herbs at the end of the storage period was 5 ug
hexanal/100 g sample for oregano and 23 ug hexanal/100 g sample for sage.

Keywords: Natural antioxidants, chicken meat, hexanal, oregano, sage.
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RESUMEN

Antecedentes: Las propiedades de las plantas con potencial de conservacién de los alimentos se conocen
desde la antigiiedad. El uso de hierbas y especias para mejorar las caracteristicas sensoriales y prolongar
la vida de los alimentos ha tenido un incremento considerable en afnos recientes. Objetivos: Comparar
las propiedades antioxidantes del orégano (Origanum vulgare L.) y de la salvia (Salvia officinalis L.) en carne
de pollo precocinada con 0,50% de sal. Métodos: Las muestras fueron separadas en tres grupos: control
(sdlo sal), 0,10% de orégano (planta seca) y 0,10% salvia (planta seca), almacenadas a -20°C durante 144
horas. Las muestras de pollo fueron envasadas en bolsas de polietileno con tres capas, especificas para
la coccién al vacio y a altas temperaturas. Las muestras fueron pre-cocidas durante 8 minutos a 80°C.
Se utilizé el hexanal como indicador de la oxidacién lipidica. Los andlisis para evaluar la formacién de
hexanal se realizaron en los tiempos de 0, 48, 96 y 144 horas de almacenamiento refrigerado. El hexanal
se determind por cromatografia de gases con detector de espectrometria de masas (GC-MS), después
de una micro-extraccién en fase sélida en espacio de cabeza (HS-SPME) a 70°C, utilizando una fibra
(DVD/CAR/PDMS) expuesta durante 20 minutos, y después de 5 minutos de equilibrio entre la muestra
y el espacio de cabeza. El método ha sido validado de acuerdo a los pardmetros mas comunes, tales como
limite de deteccidn, linealidad, y repetibilidad. Resultados: Ambas plantas secas (orégano y salvia) son
eficaces en la prevencién de la oxidacién lipidica de la carne de pollo durante 114 horas. El desarrollo
de hexanal fue significativamente mayor en las muestras control, 34 ug/100g al inicio y 280 ug/100g
de muestra al final del almacenamiento refrigerado. Conclusiones: La adicién de 0,10% de orégano o
salvia a las muestras en estudio resulté eficaz en la proteccién contra el desarrollo de hexanal. Ademis, el
orégano demostrd, en el largo plazo, ser mis eficiente que la salvia. El nivel de hexanal para las 144 horas
de almacenamiento fue de 5 ug/100g para el orégano y de 23 ug/100g para la salvia.

Palabras clave: Antioxidantes naturales, pollo, hexanal, orégano, salvia.

INTRODUCTION To minimize meat oxidative deterioration, the
addition of antioxidants to such products is the most

. P 0T ey common procedure (8-11). One variation is the use
of quality deterioration in foods, mainly in meat ¢ . trcts from herbs and spices or dry plants to

prod.ucts. This processisa decisive factor in the T€=  improve the sensory characteristics and extend the
ductlon‘of the shelf life of fqod products.because itiS  shelf life of foods, intended to avoid the suspected
responsible for the production of undesirable odors,

texture deterioration, decrease in nutritional value
and formation of potentially toxic substances (1-4).

Lipid oxidation is one of the primary sources

carcinogenic potential of synthetic antioxidants. In
that sense, some herbs and spices such as sage and

garlic have been studied for their anti-oxidative
Pre-cooked meat and meat products reheated activity in chicken meat (12).

after a short period of refrigerated storage develop
adistinctive off-flavor referred to as “warmed-over
tlavor” (WOF) (5). These undesirable odors and
this flavor represent serious impediments to con-
sumption. WOF development is largely attributed
to the autoxidation of phospholipids and polyun-
saturated fatty acids. The susceptibility and rate of
phospholipid oxidation is dependent on the level of

fatFy acids present, and on their degrees of unsatu- - hexanal has been evaluated in several food matrixes,
ration. Rhee et al., 1996 (6), have s.,hown that hPld including cooked turkey (14), freeze dried chicken
oxidation of muscle foods occurs in the following myofibrils (2), beef (15, 16), fish (17), vegetable oils

sequence: fish > poultry .(chicken and turkey) > (18), crisps (19) and cooked chicken (10, 20) as an
pork > beef > lamb. This order corresponds to ;. dicator of lipid deterioration.

polyunsaturated fatty acids composition, decreasing
from higher to lower levels (7).

The ability to evaluate lipid oxidation condition
is of great interest for both the food industry and
consumers. Torres et al., 1989 (13), studying the
lipid oxidation in salted and dried beef, have de-
monstrated that hexanal is a good indicator of lipid
oxidation. Therefore, hexanal has become a known
indicator, as a major fat oxidation product that in-
creases during storage (14). In the past few years,

Headspace solid phase micro-extraction (HS-
SPME) has been employed to study the antioxidant
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properties of herb extracts with subsequent injec-
tion into a gas chromatographic mass detection
(GC-MS) system. This approach was chosen be-
cause it is a well-known non-invasive and solvent-
free method, presenting major advantages, like
simplicity, rapidity and high sensitivity using a small
sample volume (15, 21, 22).

The aim of this study was to compare the pro-
perties of dry sage (Salvia officinalis L.) with those
of dry oregano (Origanum vulgare L.), also identified
as a natural antioxidant (7), in precooked meat balls
made from chicken breast with 0.50% added salt
during chill storage for up to six days, packed in
atmospheric air.

MATERIALS AND METHODS

Reagents and Equipment

Hexanal and 1,4-dioxane (internal standard)
were supplied from Sigma-Aldrich (Madrid, Spain)
and had a purity above 99%. For SPME, a standard
hexanal solution of 100 mg L™ was prepared in
ultrapure water, obtained with a Milli Q System
(Millipore, Bedford, MA, USA).

For storage and sample preparation it was
used an Electrolux freezer (Coimbra, Portugal), a
Mettler AG285 balance (Zurich, Switzerland), mi-
cropipettes from Gilson (Villiers-le-Bell, France),
a Moulinex mixer (Lisbon, Portugal) and a vortex
type agitator (UnimagZX, Reagente 5, Oporto,
Portugal).

Meat sample preparation

The meat samples are chicken breast balls pur-
chased from a local supermarket. The meat was
homogenized, and the balls consisted of 30 g of
meat and 0.50% of salt, according to the method
described by Racanicci et al., 2004 (23). The
treatments were oregano (0.10%), sage (0.10%) and
control (just salt). The preparation included a pre-
cooking of the balls for eight minutes at 80°C and
a packaging. All samples were maintained in chill
storage at —20 = 2°C for six days and analyzed at
48, 96 and 144 hours of storage.

Determination of hexanal by HS-SPME-GC-MS

For the determination of hexanal, it was neces-
sary to homogenize the chicken balls using a mixer.
2 g of sample was mixed with 1 mL of ultrapure
water and 1 mL of 1,4-dioxane (0.2080 ug per 1mL)
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in a 20 mL vial. The vial was hermetically capped
with a PTFE-faced silicone septum and vortexed
for 3 min. After homogenization, samples were
heated in an oven at 70°C for 5 minutes to establish
the equilibrium between the sample matrix and the
headspace. A fused silica-coated fiber (DVD-CAR-
PDMS, Supelco, Bellefonte, PA, USA) assembled
in an SPME holder (Supelco) was used to extract
hexanal from the chicken meat. The fiber was ex-
posed in the headspace for 20 minutes (extraction
time) at 70°C and then immediately inserted into
the GC injection port for thermal desorption at
250°C for 3 minutes.

GC-MS analyses were performed in an Agilent
gas chromatograph 6890N coupled with to mass se-
lective detector Agilent 5973 Network (Soquimica,
Lisbon, Portugal). The injector, with a narrow-bore
glass liner with 0.80 mm i.d., was operated at 250°C
in splitless mode (1 min). An HP-Wax fused silica
column (30 m x 0.32 mm 1.d x 0.2 mm polyeth-
yleneglycol film thickness) was used with helium
(Sogafer, Coimbra Portugal) as the carrier gas, ata
flow of 1ml min™, for the chromatographic sepa-
rations. Oven temperature was programmed from
50°C to 220°C at a rate of 3°C min™'. Mass spectra
were acquired under the following MS parameters:
interface temperature (250°C), source temperature
(230°C), quadrupole temperature (150°C), ioniza-
tion energy (70 eV), ionization current (60mA),
scan range (35-350 units) and 4.51 scans/second.

Confirmation of hexanal was performed by
comparing retention time and acquired mass
spectra with that recorded in Wiley Spectrometry
Library.

The results were expressed as ug hexanal/100 g
of sample.

RESULTS

Method validation

For method validation, linearity, precision, ac-
curacy and detection limit it was used blank meat
samples spiked with 0.0, 0.5, 1.0, 2.0 and 5.0 wg mL"
of hexanal and submitted to the sample preparation
procedure described above. For each calibration
level, three samples were prepared and analyzed
daily for 3 days. Additionally, one standard calibra-
tion curve without matrix at the same calibration
levels was prepared and analyzed each day.
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The linearity (24, 25) was evaluated by the re-
gression coefficients (r°) for the calibration curves
and was always = 0.9905.

The precision in terms of repeatability and in-
termediate precision was evaluated by calculating
the coefticient of variation (CV %) according to
the ICH recommendations (25). In the evaluation
of the intermediate precision, three concentration
levels at 0.5, 1.0 and 2.0 ug mL™" were used during
the 3 days. The obtained coefficients of variation
3.60 (n = 3) and 6.13 (n = 9) for repeatability and
intermediate precision, respectively, were consid-
ered acceptable (26). Reproducibility, according to
the International Conference on Harmonization
concept, was not evaluated because the method has
yet to be applied in different laboratories (24, 25).

The accuracy was evaluated through recovery
testing. Three chicken meat ball samples were
spiked, in triplicate, with 0.5, 1.0 and 2.0 ug mL"'
of hexanal. The obtained mean recovery percent-
age was 99.60% (n = 9), which indicates that the
method is accurate according to the acceptability
criteria for this kind of determination (27).

The detection limit was estimated to be 1.00
ng mL™ of hexanal, in accordance with ACS gui-
delines (28), and was similar to the data on the
GC-MS method reported by Sanches-Silva et al.,
2004 (19), and by Giutffrida et al., 2005 (15), for the
determination of hexanal in potato crisps and in
beef bouillons.

Validation data for the proposed methodology
for hexanal determination indicate that HS-SPME/
GC-MS is a good procedure for determining and
monitoring the development of this volatile com-
pound as verified by other authors (15, 19, 21, 22).

Evolution of hexanal content during storage
of chicken meat balls

In Figure 1, a typical standard chromatogram
of internal standard (1,4-dioxane), hexanal, hep-
tanal, octanal and nonanal is shown. Byrne et al.,
2002 (29), found these volatile compounds while
studying the effect of oven cooking on warmed-
over flavors in chicken meat, but in this study it
was clearly demonstrated that hexanal was the best
indicator for lipid oxidation (figure 2).

The evolution of the hexanal levels during the
storage period are summarized in Figure 3, with
the average values of three samples, each determi-
ned in triplicate along with error bars as standard
deviations.

L. Marquez P. et al.

The data indicate that both the oregano and
the sage additions were effective in decreasing
hexanal levels through all periods of storage. The
development of hexanal during the storage period
is significantly higher in the control samples, as
could be seen by the 34 mg of hexanal content per
100g of sample in the beginning (0 h) and 280 mg
per 100g of sample at the end (114 h) of the storage
period studied.

Abundance
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Figure 1. Standard HS-SPME-GC chromatogram
of oxidatively derived aldehydes. [Peaks identified
corresponds to (A) 1,4-dioxane (internal standard), (B)
hexanal, (C) heptanal, (D) octanal and (E) nonanal].
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Figure 2. Hexanal by HS-SPME-GC in pre-cooked
chicken balls added with antioxidants.
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Figure 3. Profile of hexanal contents (ug/100 g of meat)
in pre-cooked chicken balls with or without (control)
added antioxidants (0.10%) during 144 hours of chill

storage.

DISCUSSION

The HS-SPME is a non invasive procedure,
solvent-free and has the advantages of simplicity,
fast, sensitive, uses a small sample volume and is a
good alternative to determine lipid oxidation. Sev-
eral authors (16, 10) used to determine the hexanal
as a measure to verify the oxidative stability of meat
products, and report that the amount of hexanal in
the samples showed a linear relationship with sen-
sory attributes, such as the development of WOF
(warmed-over-flavor).

An exponential increase in hexanal formation
was observed after the second day of storage (48
h). High contents of lipid oxidation indicator are
formed during the oxidation of linoleic acid via the
13-hydroperoxide. Also, a noticeable odor described
as “grassy”, that contributes to the warmed over
flavor, was found (1). The higher susceptibility of
chicken meat toward oxidation could be explained
by its higher absolute content of polyunsaturated
fatty acids, favoring hexanal development.

The hexanal levels in chicken meat with spices
at the end of the storage period (144 h) were 5 mg
and 23 mg per 100g of sample for oregano and for
sage, respectively. The samples to which spices were
added demonstrate a low development of hexanal,
thus showing the great antioxidant effect of oregano
and sage; the same relationship of these natural
antioxidants was found by Sampaio et al., 2012 (10).

However, this antioxidant effect is not in agre-
ement with results previously reported by Pizzale
et al., 2002 (30), who stated that sage extracts had,
on average, a higher antioxidant activity. However,
conclusions made by Pizalle et al. were based on an-
tioxidant activity evaluation of methanolic extracts
of oregano and sage samples when submitted to
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rancimat and to crocin bleaching tests. Depending
on the method used to test the antioxidant activity
and on the specie tested, different results may be
obtained. For crocin test, the two oregano species
analyzed (O. indercedens and O. onites) had a higher
antioxidant activity, whereas for the rancimat test,
the two sage species assayed (S. officinalis and S.
fruticosa) gave different results. Therefore, it’s a bit
difficult to establish which of these tests can better
represent the oxidation of chicken meat balls.

Nevertheless, according to the data of the pre-
sented study, and confirmed by Fasseas et al., 2007
(31), oregano (Origanum vulgare L.) was revealed to
be more efficient than sage (Salvia officinalis L.) in
the prevention of long term hexanal development
in pre-cooked chicken meat balls during chill
storage for up to six days. Hence, the addition of
oregano to pre-cooked chicken provides excellent
anti-oxidative properties, as well as provides rele-
vant data to be used for new product concepts by
the food industry with potential gastronomic and
economic profits.

CONCLUSION

Data of this study indicated that the addition of
herbal dry were eftective in controlling the develop-
ment of hexanal, standing out the performance of
oregano, during refrigerated storage of pre-cooked
chicken breast samples.
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