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Introduction. The objective of this research was to evaluate the
effectiveness of using rosemary extract in the technology of meat-
containing sausages with duck meat, which is characterized by
high content of polyunsaturated fatty acids.

Materials and methods. The formula of meat-containing
sausages with duck meat (Cairina moschata). which also included
first-grade beef. pork fat., sova protein. milk powder. pork skins
protein, soluble fiber FV Fiber, was used as the model for
studying rosemary extract effectiveness. The acid value (AV).
peroxide value (PV), thiobarbitur acid reactive species (TBARS)
were determined during the storage of meat- containing sausages.

Results and discussion. The results of the research indicated
that incorporated antioxidant retarded the lipids degradation due to
the high concentration of extract flavonoids. The rosemary extract
inhibited  acylglycerides hydrolytic ~decomposition most
effectively at the concentration of 0.05%. The addition of the
rosemary extract helped to slow down the oxidative processes.
Among the experimental sausages samples, the peroxide value
increased more intensively in the sample without the additive. The
addition of the extract at the concentration of 0.05% had the
greatest stabilizing effect. The peroxide value in this sample was
0,015+0,001%7, at the end of the storage, while in control this
figure was 0,026+0,002% J,, which is 57,69% higher.

The antioxidant action of additives is also demonstrated by the
accumulation of mono- and dialdehydes reacting with 2-
thiobarbituric acid. The investigation of the secondary oxidation
products content allowed us to estimate the depth of the oxidative
processes occurring in the samples of the sausages stored for 6
days at + 4°C. The concentration of the secondary oxidation
products was the highest in the control sample, while in the
experimental samples TBARS was reduced proportionally to the
concentration of the added anti-oxidant additive. At the end of the
storage period, TBARS in the control sample was 0.269+0.04 mg
MA/kg of the finished product, while in the experimental samples
this index ranged from 0.231£0.03 to 0.184+0.04 mg MA/kg. The
largest effect was obtained with the additive concentration of
0.05%, which made it possible to reduce the oxidative fat
deterioration by almost two times.

Conclusions. The studies confirmed the high antioxidant
activity of the rosemary extract and the effective inhibition of the
lipid oxidation process in meat-containing sausages with duck
meat.
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Introduction

Meat products are an important source of complete protein that contains essential
amino-acids. They are also good sources of many essential substances such as unsaturated
fatty acids, vitamins, minerals in human diet. The oxidative stability of meat depends on the
balance and interaction of anti- and prooxidant substances, as well as on the content of the
substrates susceptible to oxidation, including polyunsaturated fatty acids, cholesterol and
others. [1].

However, cellular systems of antioxidant activity are destroyed during the
technological processes of meat processing, including the mechanical destruction of muscle
tissue during the mincing process in the production of emulsified meat products, such as
boiled sausages.

Sausages of the boiled group are emulsified meat products, the structure of which may
contain air cavities, which accelerate the oxidation inside the product under the action of
the air oxygen. Oxidizing processes affect the quality of the finished product, contribute to
the loss of colour, taste, smell and reduce the shelf life.

During the oxidation of fats, various products of degradation are formed: free acids, in
particular their trans isomers, oxygen-containing derivatives, aldehydes, ketones, peroxides,
many of which are toxic substances. The most common way of solving the problem of the
oxidative damage of meat products is the use of the variety of antioxidant food additives
that allow the purposeful regulation of the oxidizing processes of the lipid fraction of meat
systems [2, 3, 4].

The use of synthetic antioxidants in the meat industry is more widespread than the use
of natural ones, raising many questions concerning their safety. For this reason, the
preparations of natural antioxidants, namely extracts of herbs and spices, berries, fruits, etc
attract interest. There is certain experience of their use in manufacturing meat and poultry
products [5-7].

The antioxidant efficiency of plant extracts is explained by the features of the chemical
composition and concentration of biologically active substances, namely, the high total
content of phenolic compounds, tannins and free organic acids [8, 9]. One of the
perspective antioxidant preparations for the meat industry can be rosemary extract.

The effectiveness of the rosemary extract was found when it was used in the
technology of various types of meat products, including natural and minced semi-finished
products from pork, beef, sausage made from pork, natural semi-finished products from
poultry [10-16].

On the other hand, there is a prospect for using waterfowl meat in the meat processing
industry in Ukraine, which, unfortunately, has not spread enough in this country. However,
this type of meat could be used by the meat processors as the perspective raw material due
to the complex of physical, chemical, functional and technological indicators, nutritional
and biological values.

Meat of the Muscovy ducks (Cairina moschata), has a high protein content — 17,2
2/100 g, a relatively low fat content — 17.4 g/100 g, the concentration of mineral elements is
1.3 g/100 g. Studies have shown that meat of Cairina moschata exceeds the ideal protein
both in the sum and the content of most essential amino acids. By the sum of essential
amino acids protein of duck meat exceeds the ideal protein by 14.7 %. Amino acids score
of lysine, tryptophan and methionine + cysteine is 126.2%, 122.0%, 94.2%) respectively
[17,18].

One of the features and important biological value indicators of duck meat is fatty acid
composition of lipids. Unsaturated fatty acids have the highest proportion in total content
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(68.91 %). Oleic acid share comprises 37.1% among the monounsaturated fatty acids.
Among the polyunsaturated fatty acids, linoleic acid predominates (18,10 %). The content
of saturated fatty acids is 30,6%, with the largest proportion of palmitic acid (20.80 %) [19—
21].

Waterfowl meat can be used to improve and develop the technology of meat-
containing products of boiled group but it needs scientific justification. The existing
classification of animal products has no justified standards for storage of meat-containing
products with the high proportion of meat, which is non-traditional for the production of
boiled sausages.

The high content of unsaturated fatty acids in waterfowl meat creates a certain risk of
lipid oxidation in the finished products with duck meat during storage, hence, requires
additional technological techniques to prevent negative effects. Therefore, the investigation
as for justification of meat product quality and safety indicators are the topical issues.

The aim of this study was to evaluate the effect of using the extract of rosemary in the
technology of meat-containing sausages with duck meat.

Materials and Methods
Experimental design

To carry out the investigation, in the laboratory of Milk and Meat Technologies
Department of the Faculty of Food Technologies (SNAU) the recipe for meat-containing
sausages with duck meat (Cairina moschata), first-grade beef, pork fat, soya protein, milk
powder, pork skins protein, soluble fiber FV Fiber was developed.

The rosemary extract (Food Ingredients Mega Trade, USA) was added to the minced
meat. The extract was added to the forcemeat samples according to the following scheme: Ne
1 —RE 0,03 %; Ne 2 — RE 0,04 %; Ne 3 — RE 0,05 % to the raw material mass, the forcemeat
sample without antioxidants was the control one.

The recommended concentration of antioxidants applied in meat products technology
varies from 0,01 to 0,1 % [22-24]. For this reason, the corresponding concentration of
rosemary extract was selected with regard for the content of different groups of substances
with an antioxidant property and synergetic effect of their combined use.

All the ingredients were mixed for 20 min, and then the mixture was stuffed into the
natural casing. The samples were heat processed until they reached the internal temperature
of 72°C. The sausages samples were then rinsed with cooled water and stored at 4°C for 6
days.

Acid and peroxide values (AV and PV), thiobarbituric acid reactive species (TBARS)
were the control indicators. The generally accepted methods were used for the definition of
these indicators [25, 26].

Production of sausages

Meat-containing sausages were made according to the recipe containing meat of duck
(Cairina moschata), first-grade beef, pork fat, soya protein, milk powder, pork skins
protein, soluble fiber FV Fiber, salt and spices in the ratios given in Table 1.

The recipe-analogue of boiled sausage “Duck” was taken as a basis [27].
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Table 1

Raw materials

| Analogue | Recipe 1 | Recipe 2 | Recipe 3

Raw unsalted, kg per 100 kg

Duck Pecking 40 - - -
Duck (Cairina moschata) - 40 45 50
Pork fat 10 10 10 10
Soya protein - 10 10 10
First-class beef 47 10 10 10
Milk powder - 3 3 3
FV Fiber - 2 2 2
Pork skins protein - 25 20 15
Potato starch 3 - - -
Total 100 100 100 100
Spices and materials, g per 100 kg of unsalted raw materials

Salt 2,5 2,5 2,5 2,5
NaNO, 0,005 0,005 0,005 0,005
Sugar 0,1 0,1 0,1 0,1
Pepper black 0,1 0,1 0,1 0,1
Coriander 0,05 0,05 0,05 0,05
Garlic fresh 0,2 0,2 0,2 0,2

The production of samples was carried out in accordance with the technology of
minced meat with the addition of hydrated soybean isolate and 20% water [27].

Duck meat and beef are crumbled, cleaned of tendons and comminuted on the
gyroscope with the grating orifices diameter 2—-3 mm. Soy isolate is preliminarily hydrated
in the ratio of the preparation:water — 1:5. The pork skins protein is prepared according to
the following scheme: cleansing of the skins, cutting into small pieces, cooking in the
presence of water in the amount of 50% at a temperature of 90-95 °C for 30—40 minutes,
chopping hot with the meat mincer with the grille hole diameter of 2-3 mm. At the same
time, auxiliary materials are being prepared.

All ingredients are mixed for 20 min, and the mixture then is stuffed into the natural
casing. Samples are heat processed until they reached the internal temperature of 72 °C.
The sausages samples are then rinsed with cooled water and stored at 4 °C for 6 days.

Lipid oxidation measurements (acid value, peroxide number, thiobarbituric acid
reactive species)

The acid value was determined by the batch titration with sodium hydroxide in the
concentration in the presence of fenolftalein alcohol solution [25, 26]. 3-5 g of the
investigated forcemeat was weighted in the conic retort with the volume of 150-200 cm’
with the error of no more than 0,001 g. The batch was heated on the water bath and after the
addition of 50 cm’ of neutralized ether-alcohol mixture shaken. Then 3—5 drops of
fenolftalein alcohol solution with the mass share of 1 % were added. The received solution
while shaking was titrated fast with potassium hydroxide solution with the molar
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concentration 0,1 mol/dm’ till the distinct rose coloration appeared and kept for 1 min. The
acid number was calculated by the formula:

X=(VxKx5,61)/m, (1)

where V — volume of potassium hydroxide solution, with the molar concentration 0,1
mol/dm’, used for titration; K — correction to alkali solution for recalculation on the distinct
(0,1 mol/dm’) one; 5,61 — number of milligrams of potassium hydroxide, contained in 1
cm’ (0,1 mol/dm’) of solution; m — forcemeat batch mass, g.

The method of PV determination is based on the batch extraction by the mixture of
chloroform and icy acetic acid and further titration by the sodium hyposulfite solution with
the previously added starch solution [25, 26]. 0,8—1 g of a batch, weighted with accuracy of
no more than 0,0002 g were placed in the conic retort with the stopper, melt on the water
bath and 10 cm’ of chloroform and 10 cm’ of icy acetic acid were gently poured on the
retort sides. 0,5 cm’ of saturated, freshly prepared potassium iodine solution was quickly
added. The retort was closed with the stopper, the content was mixed by turning
movements and put into the dark place for 3 minutes. Then 100 cm’ of distilled water with
the previously added 1 cm® of starch solution with the mass share of 1 % was gently poured
into the retort. After that it was titrated with sodium hyposulfite solution with the molar
concentration of 0,01 mol/dm’ until the blue coloration disappeared.

To verify the clearness of reagents the control determination without a batch was
realized. The peroxide number was calculated by the formula:

X=[(V-V1)xKx0,00127x100/m, @)

where V — volume of sodium hyposulfite solution with the molar concentration 0,01
mol/dm’, used for titration in the main experiment with the forcemeat batch, em’; VI —
volume of sodium hyposulfite solution (0,01 mol/dm’), used for titration in the control
experiment without a forcemeat batch, em’; K — coefficient of correction to sodium
hyposulfite for recalculation on the distinct (0,01 mol/dm’ ) solution; 0,00127 — number of
grams of iodine, equivalent to 1 cm’ (0,01 mol/dm’) of sodium hyposulfite; m — mass of the
studied forcemeat batch, g.

TBARS was determined by measuring the coloration intensity of the mixture of the
studied sample distillate and thiobarbituric acid solution (1:1) after 35 minutes on the water
bath on the spectrophotocolorimeter “Spekol-11" (Germany) at the wave length 535 nm
[28].

50 g of forcemeat batch were put into the porcelain mortar, 50 cm’ of distilled water
were measured by the glass cylinder, added to the mortar and ground with the pestle into
the uniform mixture. The prepared sample was quantitatively transferred into Kjeldahl
retort, remains were washed away from the mortar with 47,5 cm’ of distilled water and then
2,5 cm’ of hydrochloric acid were added. The distillation was carried out in Kjeldahl
apparatus, collecting 50 cm’ of distillate in the volumetric flask. 5 cm’ of distillate were
taken, poured into the retort with the fitted stopper. After the addition of 5 cm’ of
thiobarbituric acid, the retort was closed with the fitted stopper and heated on the boiling
water bath for 35 min.
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Simultaneously the control experiment was held, using 5 cm’ of distilled water instead
of the distillate. Then the solutions were cooled in the cold running water for 10 min, and
the optic density at the wave length of 53510 nm as to the control solution was measured.

The thiobarbituric acid reactive species, mg of MA (malonic aldehyde) / kg of the
product, was calculated by the formula:

X=Dx7,8, 3)

where D — optic density of the solution; 7,8 — coefficient of proportional dependency of
MA density on its concentration in the solution. This coefficient is a permanent value.

Statistical analysis

The absolute error of measurements was determined by Student criterion, the reliable
interval P=0,95, the number of repeatitions in calculations — 3—4, the number of parallel
tests of studied samples — 3.

Results and discussion

To characterize the effect of RE on the course of hydrolytic processes in the lipid
fraction of the meat-containing sausages, the AV was determined, as shown in Fig. 1.
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o OSample Ne1
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0,2 - 1
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Storage time, days

Figure 1. The dependence of the acid value on the concentration of the added rosemary extract,
mg KOH
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Among the experimental samples, the smallest amount of free fatty acids was observed
with rosemary extract concentration of 0.05%. At the end of the storage period, after 6
days, the AV in the sample number 1 reached 1,095 £ 0,007 mg of KOH, in the sample
number 2 — 1,105 £ 0,007, and in the third sample — 1,01 + 0,13, which is 15-21% lower
than in the control sample.

The obtained results indicate that the introduced antioxidant inhibits fat hydrolysis due
to the high concentration of flavonoids in the extract. Sample 3 had the highest
effectiveness.

The dynamics of the PV shift in the meat-containing sausages with duck meat is shown
in Figure 2.

« 0,030
X
)
=}
T; 0,025
g W Control sample
§ 0,020 O Sample Ne1
&
Sample Ne2
1 i
0.015 O Sample Ne3
0,010 - |
0,005 - —
0,000 -

1 3 6
Storage time, days

Figure 2. The dependence of the peroxide value on the concentration of the added rosemary
extract, % J,

The addition of rosemary extract helps slow down oxidative processes, as evidenced by
the results of the research. Among the experimental samples, the PV increased more
intensively in the sample without an additive. The largest stabilizing effect was produced
by the concentration preparation used in sample 3. The PV in this sample on the expiration
date was 0.015 £+ 0.001% J,, whereas in the control sample, this value was 0,026 + 0,002%
J,, which is 57,69% higher.

The study of the dynamics of the peroxide value in the samples indicates that the
rosemary extract contains the optimal ratio of biologically active compounds that actively
contribute to the inhibition of lipid peroxide oxidation. The depression of deep lipid
oxidation is due to the high content in the rosemary extract of carnosine and rosemary
acids, the activity of which is twice as high as the activity of synthetic antioxidants [29].
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The antioxidant action of the additives is also manifested in the accumulation of mono
and di-aldehydes that react with 2-thiobarbituric acid. To determine the volume of
secondary oxidation products accumulation on the last day of the fat samples storage, the
thiobarbituric acid (TBARS) value of the fat was studied, and the TBARS results are
presented in Fig. 3.

Control Sample Sample Sample
sample Ne1 Ne2 Ne3

Thiobarbituric acid reactive species, mg
MA/kg

Figure 3. The influence of bioflavonoids of the rosemary extract on the accumulation of
secondary products of oxidizing the lipids of the meat-containing sausages, mg MA/kg

Secondary oxidation products, namely, peroxides and hydroperoxides, are the carriers
of unpleasant taste and odor of oxidized fats. The addition of RE helps slow down the
accumulation of secondary oxidation products. At the end of the storage period, the amount
of secondary oxidation products in the control sample was 0,269+0,04 mg MA/kg of the
finished product, whereas in the experimental samples it reached the following values:
0,231+£0,03 mg MA/kg in sample 1, 0,207+£0,03 mg MA/kg in sample 2, and 0,184+0,04
mg MA/kg in sample 3.

The rosemary extract had the highest effectiveness at the concentration of 0.05% in
sample 3, where the amount of malonic aldehyde in the sausage at the end of its shelf life
was the lowest; 31,6% lower than in the control sample.

The research of the secondary oxidation products content allowed us to estimate the
depth of the oxidative processes occurring in the specimens of the sausages while stored for
6 days at + 4 ° C. The concentration of the secondary oxidation products was the highest in
the control sample, and in the experimental ones, the concentration of the added antioxidant
additive reduced proportionally. It is known that the carnosic acid and carnosol of the
rosemary extract are the active oxygen absorbers, preventing the formation of
hydroperoxides and propanal [24, 29, 30].

The components of the rosemary extract make the joining of oxygen and glycerides
impossible, thereby inhibiting the oxidative processes in minced meat. Carnosic acid and
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carnosol block peroxide radicals particularly effective in the systems based on the high
content of lipid components.

The effectiveness of the antioxidant additive depended on the concentration, but in all
experimental samples of meat-containing sausages, the concentration of malonic aldehyde
was lower compared to the control product.

Conclusions

1.The conducted research has confirmed the high antioxidant activity of rosemary extract
and the effective inhibition of the oxidation process of duck meat lipids.

2.The addition of the RE in the amount of 0,03—0,04 % helps slow down the hydrolytic
oxidation of the minced duck meat lipids by 15-21 %.

3.The addition of rosemary extract in the concentrations of 0,03—0,05% to the forcemeat
mass contributes to the slowing of lipid peroxide oxidation in meat-containing
sausages with duck meat. Peroxide value decreases by 26,92-57,69% depending on the
concentration of the RE.

4.Stabilization of lipid peroxide oxidation in meat-containing sausages with duck meat as a
consequence inhibits the formation of secondary oxidation products, which is
confirmed by the results. The number of secondary oxidation products that react with
tiobarbituric acid was the smallest at the end of the storage period of meat-containing
sausages with musk duck meat with an RE concentration of 0.05% and amounted to
0.184 £ 0.04 mg MA/kg, which is lower than in the control sample, by 31.6%.

5.The largest effect was obtained with the rosemary extract concentration of 0.05%, which
reduces the oxidative deterioration of fat almost by two times.
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