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The aim of present study was evaluated chosen quality parameters (oxidative stability, colour, sensory quality) of raw cooked meat
product after sea buckthorn application. In the experiment was 5 groups: control group (C) (without addition), P1 (5 ml of sea
buckthorn juice per kg of meat mixture), P2 (10 ml of sea buckthorn juice per kg of meat mixture), P3 (0.1 ml of sea buckthorn oil per
kg of meat mixture), P4 (0.5 ml of sea buckthorn oil per kg of meat mixture). The samples were stored under refrigerated conditions at
4±1 °C and analysed on 1,4, 7 and 10 days. At the end of storage, we observed higher oxidation stability (P≤ 0.05) in all experimental
groups compared to the C group. In C group was recorded the highest production of MDA (0.289 mg.kg -1). From the experimental
groups with different additions (P≥ 0.05) of bio juice and oil, we observed the highest degree of oxidative stability in the P4 with
addition of bio oil in the amount of 0.5 ml (0.229 mg.kg-1) and bio juice with addition of 10 ml (P2 – 0.234 mg.kg-1). A slightly higher
degree of oxidative damage was observed with the addition of bio oil in the amount of 0.1 ml (P3 – 0.245 mg.kg-1) and bio juice with the
addition of 5 ml (P1 – 0.248 mg.kg-1). We had not found significantly differences (P> 0.05) among all groups at colour parameters
evaluation (L* a* b*) of raw cooked meat products. In the evaluation of the individual sensory quality indicators after addition natural
antioxidants we did not record statistically significant differences (P> 0.05) between individual groups, indicating that the sensory
quality of raw cooked meat products was not negatively affected by their addition. The fortification of meat-fatty batters using 100% bio
juice and bio oil Sea buckthorn berries strongly inhibit lipid oxidation during storage and that suggest that it can be used as a natural
preservative instead of chemical food additives.
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INTRODUCTION
Oxidation of the lipid component of food constitutes a serious problem in the
food industry, as it leads to shorter durability, deterioration of taste, functional
and nutritional properties of food products (Karre et al., 2013).
The loss of organoleptic properties is caused by the formation of undesirable
substances, which occur mainly in the degradation of unsaturated fatty acids
during autooxidation. Fats and oils are a component of almost all agri-food raw
materials and a dominant component in many food products. All foods, even with
low lipid content, are very susceptible to oxidative damage by active forms of air
oxygen, especially when exposed to light (Schmidt, 2011).
Lipid oxidation during processing and storage of food is of great importance.
Oxidation of unsaturated fatty acids produces hydroperoxides that are susceptible
to further oxidation or decomposition into secondary reaction products such as
hydrocarbons, alcohols, aldehydes, ketones, esters, and other oxygen-containing
compounds that may adversely affect the overall food quality.
In meat and meat products, autooxidation is a key mechanism for lipid oxidation.
Autooxidation is the oxidative degradation of unsaturated fatty acids by an
autocatalytic process based on the mechanism of radical chain reactions. Chain
radical oxidation generally occurs in a three-phase process, including the
initiation, propagation, and termination phases. In particular, propagation
reactions are responsible for the autocatalytic character of autooxidation (Hu and
Jacobsen, 2016; Moudache et al., 2017).
Lund et al. (2011) reported that reduced oxidative stability also affects meat
proteins. Protein oxidation has a negative impact on the nutritional and sensory
properties of meat due to the oxidation of essential amino acids, their reduced
usability and digestibility. It is imperative to slow down these oxidation processes
because high-quality and durable foods that are not only safe but also beneficial

to health are the interests of consumers and whole society (Jiang and Xiong,
2016; Chakanya et al., 2017).
Jung et al. (2013) states that lipid oxidation in foods is usually detected by
measuring the concentration of malondialdehyde (MDA) because MDA is a rich
secondary product of lipid oxidation and relatively stable compared to primary
lipid oxidation products - hydroperoxides, which readily decompose into other
oxidation products.
MDA is formed as a major product of the unsaturated fatty acid oxidation having
three or more double bonds (Korchazhkina et al., 2003). Mendes et al. (2009)
and Ansarin et al. (2017) report that MDA is one of the most important
oxidation products believed to be a rodent carcinogen and a mutagen for
mammalian cells. It is often used as a biomarker of oxidative damage in
biological samples and food.
The most commonly used spectrophotometric method for measuring lipid
oxidation in food and biological systems is the relatively fast, inexpensive and
affordable thiobarbitur test, which generally uses 2-thiobarbituric acid (TBA),
which can react with carbonyl compounds (Wang et al., 2002; Mendes et al.,
2009; Ansarin et al., 2017).
Several factors have been used to slow or inhibit food self-oxidation (Takácsová
and Paveleková, 2006; Schmidt, 2011; Ryu et al., 2014), with the addition of
antioxidants being the most common and most preferred. Antioxidants have the
potential to inhibit the oxidative degradation of the lipid component of the food
and are also important for the protection of living cells from oxidative damage
(Zeb and Ullah, 2015).
Antioxidants slow or inhibit the oxidation of other substances at low
concentrations by preventing the initiation of oxidative chain reactions (Velasco
and Williams, 2011; Gravador et al., 2015).
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The use of natural preservatives to control and restrict lipid oxidation, thereby to
increase the shelf life of food products, is a promising technology also in meat
industry and so far, its use is the least controversy from the consumer's point of
view. Plant raw materials are readily available source of natural substances which
may exhibit antioxidant and/or antimicrobial properties and the same raise the
quality and sustainability of food products (Jo et al., 2013). Berries of Sea
buckthorn (Hippophae rhamnoides L.) are perfect source of bioactive
compounds. Fruits of this shrub are rich in polyphenols and vitamin, also contain
large amounts of quercetine and flavonols in various forms (Rösch et al., 2003;
Guliyev et al., 2014). As a nutraceutics are used in the treatment of skin changes
subsequent radiation, burns, oral inflammation and gastric ulcers. Positive impact
on human health may result by reducing the level of cholesterol in the blood
plasma, inhibition of platelets aggregation process and regulation of immune
function (Khan et al., 2010; Ma et al., 2019; Shkolnikova et al., 2019).
Despite the observed pro-health properties, very little data is available concerning
the application of Sea buckthorn berries in raw cooked meat products. The
objective of this study was to evaluate the effect of Hippophae rhamnoides L. on
some quality properties of raw cooked meat products. Using the results obtained
for the evaluated parameters, we aimed to assess the possibility to replace
chemical food additives by used preparations.
MATERIAL AND METHODS
Material
The bio juice (100%) and bio oil (100%) of Sea Buckthorn Berries (Hippophae
rhamnoides L.) were obtained from its producer PD Tvrdošovce. The bio oil is
cold pressed, from hand-picked fruits, without chemical treatment and admixture,
and bio sea buckthorn juice is cold-pressed from hand-picked plants with high oil
content. Nutritional values in 100 ml of the product are shown in Table. 1.

Table 1 Nutritional values bio juice (100%) and bio oil (100%) in 100 ml
product (g)
Composition
100% bio juice
100% bio oil
260
3698
Energy kJ
4.25
100
Fat
1.53
11.59
Saturated fatty acids
19.79
Monosaturated fatty acids
68.62
Polysaturated fatty acids
5.25
0
Carbohydrates
0.64
0
Fibre
0.96
0.43
Protein
153
Vitamin E (mg)
35
Omega 3 fatty acids
33
Omega 6 fatty acids
0.49
Myristic acid
7.23
Palmitic acid
Raw cooked meat product was prepared from pork and backfat with addition of
curing salt, water in the form of scaled ice and spices (Table 2). The control
group was made without the addition of sea buckthorn oil or sea buckthorn juice.
We added oil or juice to the remaining four groups at the following
concentrations:
1. experimental group (P1) – 5 ml of sea buckthorn juice per kg of meat mixture,
2. experimental group (P2) – 10 ml of sea buckthorn juice per kg of meat
mixture,
3. experimental group (P3) – 0.1 ml of sea buckthorn oil per kg of meat mixture,
4. experimental group (P4) – 0.5 ml of sea buckthorn oil per kg of meat mixture.
The samples were stored under refrigerated conditions at 4±1 °C for 10 days.
Laboratory examinations of samples were performed on days 1, 4, 7 and 10 of
storage.

Table 2 Formula of meat batters (g.kg-1)
Curing
Ice
Pork
Backfat
Diphosphate
salt
water
600
250
18
200
0.07
C
600
250
18
200
0.07
P1
600
250
18
200
0.07
P2
600
250
18
200
0.07
P3
600
250
18
200
0.07
P4
Note: C – control group; P1, P2, P3, P4 – experimental groups.
Lipid Oxidation
Determination of the lipid oxidation during four storage times (day 1, 4, 7 and
10), oxidative stability of meat product samples was determined according to
Marcinčák et al. (2010). The method is based on the rupture of lipid bilayer by
free radical to form malondialdehyde (MDA) as a secondary product. Two
molecules of thiobarbituric acid react with one molecule of MDA to form pink
coloured product showing maximum absorbance at 532 nm called TBARS. The
absorbance was measured using UV spectrophotometer (Jenway UV-VIS
Spectrophotometer). The results were calculated as malondialdehyde (MDA)
quantity per 1 kg of sample.
Colour Determination
The colour of raw cooked meat products was evaluated using a reflectance
colorimeter Konica Minolta CM-2600d and it was expressed in scale
L*(lightness) a* (redness) b* (yellowness) in CIE Lab system. Before each
measuring session the instrument was calibrated against white reference. The
evaluation was conducted on days 1, 4, 7 and 10 of cold storage.
Sensory evaluation
Sensory quality of raw-cooked meat products after cooking (80 °C, 5 min.) was
assessed by six-member panel on the 4th day after processing. Sensory
characteristics of meat products including surface appearance and colour,

Red
Pepper
7
7
7
7
7

100% bio oil
(ml)
0.1
0.5
-

100% bio
juice (ml)
5
10

appearance and colour in cross-section, texture, aroma, and taste on a five-point
hedonic scale (6 = very good, 1 = very bad).
Statistical analysis
The data were subjected to statistical analysis using the Statistic Analysis System
(SAS) package (SAS 9.3 using of application Enterprise Guide 4.2) by
nonparametric Wilcoxon test.
RESULTS AND DISCUSSION
The level of oxidative damage of lipids in the manufacture and storage of rawcooked meat products is presented in Table 3. As regards determination of
oxidative stability on day 1, the highest MDA content was found in control group
(0.239 mg.kg-1) compared to all experimental groups (from 0.199 mg.kg-1 – P4 to
0.214 mg.kg-1 – P3), but we have found significantly differences (P≤ 0.05) only
between control and experimental group P4. At the end of storage (day 10), we
observed higher oxidation stability (P≤ 0.05) in all experimental groups with Sea
Buckthorn berries supplements and therefore a lower MDA value compared to
the control group without the addition of juice and oil. In control group was
recorded the highest production of MDA (0.289 mg.kg-1). From the experimental
groups with different additions (P≥ 0.05) of bio juice and oil, we observed the
highest degree of oxidative stability in the experimental group P4 with addition
of bio oil in the amount of 0.5 ml (0.229 mg.kg-1) and bio juice with addition of
10 ml (P2 – 0.234 mg.kg-1).

Table 3 Values of thiobarbituric number during the storage expressed as MDA (mg.kg-1) (mean ±S.D.)
C
P1
P2
P3
P4
P-value
0.239±0.024b
0.213±0.002ab
0.206±0.006 ab
0.214±0.012 ab
0.199±0.010a
0.040
Day 1
b
a
a
a
a
0.259±0.010
0.222±0.006
0.216±0.005
0.228±0.015
0.207±0.014
0.017
Day 4
0.284±0.011b
0.243±0.018a
0.228±0.020a
0.240±0.016a
0.226±0.009a
0.016
Day 7
0.289±0.013b
0.248±0.015a
0.234±0.011a
0.245±0.019a
0.229±0.017a
0.017
Day 10
Note: MDA – malondialdehyde; C – control group; P1, P2, P3, P4 – experimental groups; a, b in the same row means significant differences
(P< 0.05).
A slightly higher degree of oxidative damage was observed with the addition of
bio oil in the amount of 0.1 ml (P3 – 0.245 mg.kg-1) and bio juice with the
addition of 5 ml (P1 – 0.248 mg.kg-1). The results of oxidative stability achieved
by raw cooked meat products show a higher level of oxidative stability after

application of natural antioxidant in the form of bio oil and bio juice. This fact is
in accordance with the findings of Salejda et al. (2014), Armenteros et al.
(2016) and Zahid et al. (2018), who also noted increased oxidative stability of
meat products after application of natural antioxidants.
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Table 4 CIE colour values of meat products at different time of measurement (mean)
L*
a*
Group/day
1
4
7
10
1
4
7
57.68
56.39
53.79
48.43
24.58
25.90
27.59
C
55.33
53.81
51.27
45.64
24.70
26.26
28.80
P1
55.29
54.63
51.92
45.70
24.38
26.30
28.64
P2
59.47
55.77
53.13
47.16
24.64
25.86
27.68
P3
57.21
56.16
49.84
46.48
24.65
27.05
28.50
P4
Note: C – control group; P1, P2, P3, P4 – experimental groups.
The lightness (L* parameter) in raw cooked meat product was affected by the
addition of Sea Buckthorn Berries as shown in the table 4. The use of the
experimental preparation reduced the lightness (P> 0.05) of the meat product
from 57.68 in the control group to 55.33 (P1), respectively 55.29 (P2) with the
addition of 100% bio juice. When using the experimental groups with the
addition of 100% bio oil, we did not notice the effect (P> 0.05) on the lightness
of the meat product compared to the control group. The shelf life of meat
products in all groups resulted in a decrease in the endpoint. When evaluating the
intensity of red colour (a* parameter), we noticed differences (P> 0.05) in the
given indicator between individual experimental groups. By storing meat

CONCLUSION
Based on the results obtained using the addition of Sea buckthorn berries
(Hippophae rhamnoides L.) in the production of raw cooked meat products, it
can be stated that it is a suitable functional ingredient that can be used to increase
the quality of meat products. The fortification of meat-fatty batters using 100%
bio juice and bio oil Sea buckthorn berries strongly inhibit lipid oxidation during
storage and that suggest that it can be used as a natural preservative instead of
chemical food additives.
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