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Abstract
In this study, the effects of rosemary, laurel, eucalyptus and olive leaves on the storage stability of
beef extract were investigated. Prepared the beef extracts were divided into six equal groups: (1)
Control (no added plant leaf/BHA), (2) BHA (200 mg/kg), (3) rosemary leaf (1% RL), laurel leaf
(1% LL), eucalyptus leaf (1% EL) and olive leaf (1% OL). Prepared samples were kept under
refrigerator conditions for 15 days. Moisture, protein and fat were assayed in the beef extract
samples on the 0th day. The pH, moisture, thiobarbituric acid and the colour (L*, a* and b*)
analyses were carried out periodically in the samples of beef extract on 1st, 3rd, 7th and 15th days.
The pH values were found significant statistically the changes by storage time and the added
material in beef extract samples and the highest pH values were found at the control group samples
for all day of the storage. It was determined that the mean TBARS values of the samples varied
between 0.1-0.7 mg malonaldehyde/kg. The lowest TBARS values were determined in the extract
samples added with rosemary leaf (1%). The L*, a* and b* values were found to vary ranged from
65.6 to 76.5, -2.3 to 1.3 and 6.4 to 14.5, respectively. As a result; the usage of rosemary can be
suggested as a natural antioxidant in the preparation of beef extract samples.
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1.Introduction ţîfă
Meat is one of the most sensitive foods against
microbiological spoilage due to its physical and
chemical properties [1]. Meat have an important
place in daily nutrition because of rich proteins,
essential minerals and trace elements. It is also
important because it also meets the need for
vitamin B [2]. Shelf life is one of the most
important factors affecting quality and
acceptability in meat and meat products. Meat
has a limited shelf life due to its unique physical
and chemical structure. Oxidation is one of the
most important reasons for the limited shelf life
of the meat [3].
Lipid oxidation which causes quality loss of
meat and meat products, changes in the odor,
color, texture and nutritional value of the
product, while toxic components appear [4; 5;
6]. In addition to the undesired taste and odor of
meat products, the product quality decreases
with the reaction of oxidized lipid products with
carbohydrates, proteins and vitamins in meat [7].
_____________________________________
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In addition, carcinogenic and mutagenic
substances resulting from oxidation and
malonaldehyde have a negative effect on the
safety of foods [8]. In many studies on lipid
oxidation; The use of antioxidants to control
lipid oxidation in meat and meat products has
been proposed [9; 10; 11; 12; 13].
It has been reported that lipid oxidation in foods
can be delayed or slowed by antioxidant agents
[3]. Vegetable and animal origin antioxidants are
used in food industry. Antioxidants; During the
production, preservation and transportation of
foods containing oils and oils, they delay the
effect of oxygen in the food. Thus, they affect
the shelf life of food. Antioxidants neither give
any taste and smell to the food and they nor
increase the quality of food [14].
In recent years, some aromatic plants and spices
have been used in food industry and scientific
researches due to their antioxidant and
antimicrobial properties. Phytochemicals such as
vitamins, carotenoids, flavonoids, coumarins,
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terpenoids, curcumin, which are contained in
aromatic plants and spices have antioxidant and
antimicrobial effects. In addition, non-volatile
compounds such as carnosol, rosmarinic acid,
quercetin, caffeic acid and the like can also be
used as free radical scavengers [15; 16; 17]. In
recent years, it has been determined that natural
antioxidants containing high polyphenols such as
rosemary, sage and green tea are more effective
than synthetic antioxidants [3].

BHA (Sigma-Aldrich Co., St. Louis, MO., USA)
was used as analytical purity synthetic
antioxidant.
2.2. Preparation of samples
0.5 liter of water was added to each 1000 g of
fresh meat used for the preparation of beef
extract. The bone was boiled for 30 minutes
under light and pressure. The foams formed on
the surface as a result of boiling were removed
by means of a filter. The bones were removed
from the material obtained and a homogenous
distribution of the meat particles in the broth was
achieved by means of a blender. Homogenized
beef extract was divided into 6 groups; Control
(no antioxidant added) and BHA (200 mg / kg),
rosemary leaf (1%), laurel leaf (1%), eucalyptus
leaf (1%) and olive leaf (1%) were added. The
ecstracts were placed in glass container and
stored at 4±1 °C for 15 days.

There are numerous studies in the literature that
many substances of natural origin show
significant antioxidant activity and some are
more effective than synthetic antioxidants.
Natural antioxidant sources include plants
(spices, some oilseeds, cereals, vegetables and
fruits, some teas), animal products (amino acids,
peptides and carotenoids), enzymes (catalase
glutathionperoxidase and superoxide dismutase)
and some microorganisms [18].

2.3. Chemical composition

The medicinal and aromatic plants rich in
phenolic components such as rosemary, thyme,
sage and clove have been accelerated in recent
years. Intensive studies on rosemary were made
from these plants. Rosemary has become a
commercial product for sale as antioxidant in
USA and Europe [19].

Moisture (hot air oven), protein (Kjeldahl,
Nx6.25) and fat (ether-extraction) contents were
determined using standard methods of the
AOAC [23]. Moisture (%) was determined by
drying a 5 g sample at 105 ºC to constant weight.
Protein (%) was analyzed according to the
Kjeldahl method. Factor 6.25 was used for
conversion of nitrogen to crude protein. Fat
content (%) was determined by using a Soxhlet
fat extraction apparatus.

Carrot, cumin, thyme, sage, fenugreek (ginger),
ginger, black and green tea, rosemary extract,
cinnamon, black pepper, antioxidant activity,
such as many spices are used to provide storage
stability in meat and meat products [20; 21; 22].

2.4. pH values
pH values were determined with a pH meter (pH
3110/SET WTW, Germany) after blending 10 g
of sample with 100 ml of distilled water for 60 s
in a homogenizer (Homogenizer HG-15D, Wisd,
Germany) [24].

In this study, it is aimed to compare the effects
of rosemary, laurel, eucalyptus and olive tree
leaves, which are used as natural antioxidants on
the storage stability of beef extract produced
from beef gerdew, with BHA, a synthetic
antioxidant. Recently hundreds of herbal sources
have been tested for their usefulness as
antioxidants in foods.

2.5. Thiobarbituric acid reactive substance
(TBARS) value
Lipid oxidation was assessed in beef patties
during refrigerated (4 ºC) storage under retail
conditions the oxidative rancidity of raw patties
was determined by measuring thiobarbituric acid
according to Tarladgis et al. [25]. 10 g sample
was blended with 50 mL of distilled water for 2
min and then transferred to a distillation tube.
The cup used for blending was washed with an
additional 47.5 mL of distilled water, which was
added to the same distillation flask with 2.5 mL
of 4 N HCl and a few drops of soybean oil o/w

2.Materials and methods
2.1. Materials and chemicals
The cattle neck used in the study was obtained
from cattle grown in Konya, Turkey, at 48 h
postmortem. Rosemary (Rosmarinus officinalis
L.), laurel (Laurus nobilis L.), eucalyptus
(Eucalyptus globulus L.) and olive tree leaves
(Olea europaea L.) used in the research were
obtained from the herbalist in Konya.
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antifoam agent. The mixture was distilled and 50
mL of the distillate was collected. Five millilitres
of 2-thiobarbituric acid was added to a vial
containing 5 mL of the distillate and mixed well.
The vials were capped and heated in a boiling
water bath for 30 min to develop the chromogen
and then cooled to room temperature. The
absorbance was measured using a UV/VIS
spectrophotometer (Optizen 2120 UV plus,
Mecasys Co. Ltd., Seoul, South Korea) at 538
nm against a blank prepared with 5 mL of
distilled water and 5 mL of TBA reagent. The
results were expressed as mg malondialdehyde/
kg extract.

7.11%, respectively. The moisture composition
of the raw beef neck is shown in Table 1. There
were no significant differences (p>0.05) among
the treatments for moisture. Also, the difference
between the moisture values of the beef extract
samples in the experiment during the storage
period was not statistically significant (p> 0.05).
3.2. pH results
The pH values of the beef extract are presented
in Table 1. pH values ranged from 6.03 to 7.53
during storage days. The pH of beef extract
containing various levels of olive leaf (OL)
decreased slightly (P>0.01). Average pH values
of control and BHA were 7.01, 7,05
respectively; the pH values of beef extract
containing leaf 1% RL, 1% LL, 1% EL and 1%
OL were 6.82, 6.81, 6.63 and 6,65 respectively.
Among all treatment groups for storage days, the
lowest pH value (6.31) was determined in extract
with 1% OL storage for 15th days, the highest
pH value (7.25) was found in control group at
1st day. Cheah and Hasim [29] found that the
addition of 1-10% galangal (Alpina galangal)
extract to beef ground beef had no significant
effect on pH. Similarly, Nassu et al. [30]
determined that the addition of rosemary to
fermented goat sausages at 0.025% and 0.050%
was not effective on pH.

2.6. Colour measurement
The exterior surface colour of all extracts was
measured using a chromameter (Konika Minolta
CR-400, Minolta Camera Co. Ltd., Osaka,
Japan) according to CIELab system (L*:
lightness, a*: redness, and b*: yellowness). The
chromameter was calibrated using a white tile
(L* = 98.45, a* = −0.10, b* = −0.13; Minolta
calibration plate), using an 8 mm aperture,
Illuminate D65 (6500 K colour temperature) at a
standard observation of 2°. Measurements were
made by reading from three different points per
sample on each measurement day. The average
score of triplicate experiments was recorded.
CIE L* (lightness), a* (redness), and b*
(yellowness) were determined by the method
described by Hunt et al., [26].

3.3. Thiobarbituric acid reactive substance
(TBARS) value results
Rosemary leaf exhibited a significant (p<0.01)
inhibitory effect on the TBARS values (Table 1).
Figure 1 shows that during storage TBARS
values ranged from 0.09 to 0.49 MDA mg/kg for
15 days at 4 °C. In general, TBARS values
increased with increasing storage time. However,
the addition of EL effectively slowed oxidation.
While TBARS values belong to control, BHA
and EL were 0.64, 0.39, 0.73 mg of MDA/kg
sample at 1st day respectively, were 0.49, 0.16,
0.19 mg of MDA/kg sample at 15th day,
respectively. Average TBARS values were
higher in the control than in those containing RL,
LL, EL, OL and BHT and the TBARS values of
RL were the lowest over the storage period. In a
study, 200 ppm BHA / BHT and 1500-2500 ppm
rosemary extract were added to some of the
prepared pork sausages and stored for 42 days. It
was reported that TBA values of porcine
sausages with rosemary extract added during
storage were lower than BHA / BHT

2.7. Statistical analysis
Mean values for various parameters of exstracts
were calculated and compared by analysis of
variance using MINITAB for Windows Release
16® [27]. Also, data collected for all other
parameters were analyzed using one-way
ANOVA with storage time and the treatments as
main effects. When a significant (P < 0.05) main
effect was found, the mean values were further
analyzed using Duncan’s Multiple Range Test
[26; 28]. The results of the storage time and the
treatments are shown in the tables as the mean
values and standard errors. Each parameter was
tested in triplicate samples with two replications.
3.Results and discussion
3.1. Chemical composition
The moisture (%) protein (%) and fat (%)
content of raw meat is 71.15%, 19.48% and
263
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combination pork sausages and that rosemary
was more effective than BHA / BHT
combination in preventing lipid oxidation [31].
Cooked turkey meats with 0, 100, 250 and 500
ppm rosemary extract were stored for 13 days.
When samples were compared, it was reported
that thiobarbituric acid (TBA) values of samples

containing 250 ppm and 500 ppm rosemary
extract were lower than other groups [32]. Hayes
et al. [33] reported that 100 ppm and 200 ppm
olive leaf extract can be used instead of synthetic
antioxidants in order to extend the shelf life of
packaged dumplings.

Table 1. The moisture, pH and TBARS (mg of MDA/kg meat) values of beef extract treated with leafs at
different amount during storage at 4 ºC for 15 days.

Figure 1. The TBARS values of beef extract treated with leaves at different amount during storage at 4 ºC for 15
days.
Control: Beef extracts without leaf and BHA, BHA: Beef extracts with 200 mg/kg Bütillenmiş hidroksi anisol;
RL: Beef extracts with 1% rosemary leaf; LL: Beef extracts with 1% laurel leaf; EL: Beef extracts with 1%
eucalyptus leaf; OL: Beef extracts with 1% olive leaf.
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Figure 2. The L* values of beef extract treated with leaves at different amount during storage at 4 ºC for 15
days.
Control: Beef extracts without leaf and BHA, BHA: Beef extracts with 200 mg/kg Bütillenmiş hidroksi anisol; RL:
Beef extracts with 1% rosemary leaf; LL: Beef extracts with 1% laurel leaf: EL: Beef extracts with 1% eucalyptus
leaf; OL: Beef extracts with 1% olive leaf
Table 2. The colour (CIE L*, a*, b*) parameters of beef extract treated with leafs at different amount during storage at
4 ºC for 15 days.
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Figure 3. The a* values of beef extract treated with leaves at different amount during storage at 4 ºC for 15 days.
Control: Beef extracts without leaf and BHA, BHA: Beef extracts with 200 mg/kg Bütillenmiş hidroksi anisol; RL:
Beef extracts with 1% rosemary leaf; LL: Beef extracts with 1% laurel leaf; EL: Beef extracts with 1% eucalyptus
leaf; OL: Beef extracts with 1% olive leaf

Figure 4. The b* values of beef extract treated with leaves at different amount during storage at 4 ºC for 15 days.
Control: Beef extracts without leaf and BHA, BHA: Beef extracts with 200 mg/kg Bütillenmiş hidroksi anisol; RL:
Beef extracts with 1% rosemary leaf; LL: Beef extracts with 1% laurel leaf; EL: Beef extracts with 1% eucalyptus
leaf; OL: Beef extracts with 1% olive leaf.
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3.4. Colour results
Table 2 shows that the effects of leaf on the colour
of the extract when stored at 4 °C for 15 days.
Colour values of extracts has been quite effect
(p<0.01) with addition leaf. The highest L* value
(76.50) was observed in the control group, while
the lowest L* value (65.59) was observed in
rosemary-treated beef extract. Figure 2 shows that
during storage, L* values decreased and the highest
L* values were observed on the 1st and 3rd day of
storage, while the lowest L* values were observed
on the 15th day. Although fluctuations in a* values
were observed, the highest a* value (1.29) was
observed in BHA-treated extract, while the lowest
a* values (-2.25) were observed in laurel leaf
treated sample groups. According to Figure 3, the
highest a* value was observed on the 1st day of
storage while the lowest a* value was seen on the
3rd, 7th and 15th days of storage. There were
statistically significant differences between b*
values (p <0.01). The highest b* values (14.51)
were seen in the samples treated with laurel leaves,
while the lowest b* values (6.42) were observed in
the BHA treated samples. There was a slight
increase in b* values during storage. There was no
statistically significant difference between b*
values on day 1st and day 3rd during storage, while
the highest b* value (11.19) was observed on day
15 of storage (Figure 4). Hettiarachchy et al., [34];
Bekhit et al., [35]; Aksu and Kaya, [36]; Estevez et
al., [37]; Fernandez-Lopez et al., [38]; Mitsumoto
et al., [39]; Vasavada and Cornforth, [40] found
that L* values were changed during the
preservation of antioxidant added meat products.
The effect of rosemary on the a values of meat and
meat products has been studied by various
researchers. It was determined that the rosemary
plant preserves its color properties (redness) [41;
37; 38].
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