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Abstract. Due to the general deterioration of the environmental situation and the associated increase
in the negative impact on consumer health, studies have been conducted to develop a healthy sausage
recipe. The research aims to develop the composition of minced meat characterized by minimal
sensitivity to oxidants and balanced mineral content and implement therapeutic and preventive
properties to the product made from it. The research was conducted on minced meat. The Ukrainian
state standard 4436:2005 minced meat recipe was used as a sample. The values of the parameters were
determined by standardized methods, and the concentration of sodium chloride was determined by
the Mohr method. Organoleptic quality indicators of sausages of standardized and experimental
composition were determined by the method of expert evaluation. A method of inhibiting the
processes of oxidative deterioration of the meat mixture under the influence of oxygen by introducing
rosemary extract into the mixture was determined. The possibility of reducing the dosage of sodium
cation by replacing rock salt with sea salt enriched with kelp was determined, which also made it
possible to reduce the dosage of toxic sodium nitrite. The content of beef in the meat raw materials of
the prototype was reduced to 30%, and that of semi-fat pork to 26% due to the inclusion of blood plasma
protein (1.0%), orange dietary fiber (0.5%), and water for their hydration (7%). In the composition of
spices and auxiliary materials of the prototype, table salt (2.2%) was replaced by sea salt (2.1%), and the
content of sodium nitrite was reduced from 0.0075% to 0.0050% due to the introduction of rosemary
extract (0.15%) and the bacterial preparation “Iprovit LRR” (0.05%). The possibility of extending the
guaranteed shelf life of sausages from 3 to 10 days was shown and the possibility of replacing rock
salt with sea salt in minced meat was determined, which, while maintaining a sense of sufficient
salinity of the product, allowed the reduction of the dosage of sodium cation by 30% and enrich the
minced meat with trace elements - calcium, magnesium and acutely deficient iodine. The developed
recipe of “Healthy” sausages can be used for industrial production at meat processing enterprises
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Introduction

The priority goal of all food industries is to en-
sure the high quality and safety of their prod-
ucts. The decrease in product safety is primarily
due to the accumulation of harmful compounds
in the product, which are formed during the
oxidation of organic substances under the in-
fluence of external and internal ionizing radia-
tion, as well as oxygen and peroxides that arise
from its interaction with the components of the
meat mixture and free radicals (highly reactive
oxygen and nitrogen compounds). Given the
significant share of meat products in people’s
diets and the short shelf life of their guaranteed
shelf life, technology developers and manufac-
turers of innovative products are tasked with
slowing down the process of product spoilage
and thus extending the guaranteed shelf life
without compromising consumer properties.

Literature Overview

Oxidation processes characteristic of meat sys-
tems take occur in water-rich environments
with the presence of oxygen and peroxides
formed with its participation, mainly hydro-
gen peroxide H,0,. In both cases, due to their
instability in slightly acidic environments,
atomic oxygen is formed in the product mass.
With its participation, oxygen and nitrogen
compounds characterized by the presence of
an unpaired electron, which is highly active in
chemical terms, are also formed in the product
mass. Their influence on the components of
meat leads to the oxidation of lipids, the main
result of which is the deterioration of organo-
leptic quality indicators, primarily the rancidity
of products and, in certain cases, the formation
of hazardous substances [1].

To minimize the rate of these processes, the
food industry uses several methods, including
controlling the storage conditions of finished
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products, and careful selection of packaging
methods and packaging materials. But most of-
ten, this is done by adding ingredients with an-
tioxidant properties to the composition, which
primarily interact with free radicals, character-
ized by the presence of unpaired electrons, and
protect the components of the meat raw mate-
rial from decomposition [2, 3].

To extend the guaranteed shelf life of meat
products, plants and plant extracts containing
so-called flavonoids (bioflavonoids) are widely
used, such as parsley, garlic, buckwheat, blue-
berries, and other berries, bananas, citrus fruits,
as well as red wine, dark chocolate (with a co-
coa bean content of more than 70%), black and
green tea. In general, a flavonoid molecule (a
terpene compound) contains a “skeleton” of 15
carbon atoms, including two phenolic and one
heterocyclic ring characterized by the presence
of unsaturated chemical bonds sensitive to free
radicals [4-6].

Currently, more than 5,000 compounds
belonging to this class are known to be charac-
terized by a low level of toxicity, which allows
them to be introduced into everyday dietary
products, including meat compositions [7-9].

The effectiveness of the combined effect
of natural antioxidants and antimicrobial com-
pounds during the cold storage of nitrite-free
sausage was determined [10].

There are technologies for meat and fish
products using spicy and aromatic plants or
their extracts, which not only improve the flavor
and aroma characteristics but also improve the
quality and safety of the finished product [11].

Scientists have shown the positive effect
of using spices (nutmeg, black pepper, fresh
garlic, mustard powder) and their oil extracts
to increase the resistance of fats to oxidation.
Natural antioxidants not only increase the
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nutritional and biological value but also serve
as a free radical trap for fatty acids [12].
Among the flavonoid-rich antioxidant sup-
plements of plant origin, a special place belongs
to rosemary, the leaves, and stems of which con-
tain a sufficiently large amount of acids: rosma-
rine, caffeic, carnosic, as well as ascorbic acid,
and carotenoids that can inhibit the oxidation of
fats [13, 14]. The flavonoids present in the plant
are also characterized by medicinal properties, in
particular, antimutagenic and antitumor effects:

the introduction of 1% rosemary extract into the
food of mice reduced the level of breast cancer
by 47% [15]. At least 29 substances characterized
by antioxidant activity (99.87% of the total ex-
tract weight) were found in rosemary processing
products, including 95.1% of monoterpenes and
4.77% of sesquiterpenes: 1,8-cineole, camphor,
a-pinene, B-pinene, but among these, the ex-
tract contains the highest amount of rosmarinic
acid, characterized by the presence of a chemi-
cally active double bond [4, 15] (Fig. 1).
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Figure 1. Rosmarinic acid

The result of adding rosemary or rosemary
extract to minced meat compositions is a pow-
erful antioxidant effect, which allows products
containing lipids to be stored for a long time
without spoilage.

The research goal is to develop a minced
meat recipe with minimal sensitivity to oxi-
dants and a balanced mineral composition and
impart therapeutic and prophylactic properties
to the product made from it.

To achieve this goal, the following ob-
jectives were defined: based on the results of
studying the dynamics of changes in the acid
and peroxide numbers of fat during storage of
control and experimental samples of sausages,
to determine the optimal amount of rosemary
extract added to minced meat to extend the
shelf life; based on the mineral composition of
sea and table salt and the results of the organo-
leptic evaluation of the salinity level of minced
meat, to determine the feasibility of replacing

ordinary table salt with sea salt in experimen-
tal samples of sausages; to develop a recipe and
technological conditions for the production of
healthy sausages.

Material and Methods

The research was conducted under compar-
ative conditions using sausage minced meat,
the composition of which is normalized by the
Ukrainian state standard 4436:2005 “Boiled
sausages, sausages, bratwursts, meat bread”.
The prototype was additionally supplemented
with porcine blood plasma protein, orange di-
etary fiber, rosemary extract, and a bacterial
preparation containing lactic acid bacteria and
microorganisms of the Staphylococcus carnosus
strain. The difference between the experimen-
tal sample was also the replacement of ordinary
rock salt with sea salt enriched with kelp. The
composition of the tested samples is shown in
Table 1.
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Table 1. Composition of the tested samples of minced meat, %

The main minced meat ingredients Control Research
Beef 33 30
Pork half-fat 33 26
Fat pork 34 34
Plasma protein - 1.0
Water for plasma protein hydration - 2.0
Orange dietary fiber Citri-Fi 100 - 0.5
Water for the hydration of dietary fiber - 6.5
Overall 100 100
Spices and materials
Rock salt 2.2 -
Sea salt with kelp - 2.1
Sugar 0.16 0.16
Sodium nitrite 0.0075 0.0050
The bacterial drug “Iprovit LRR” - 0.050
Rosemary extract - 0.15
Water for the hydration of raw meat 35.0 30.0

The meat raw materials used to make the
control and experimental samples of minced
meat were cut into pieces and ground in a meat
grinder, salt and the calculated amounts of sodi-
um nitrite and sugar were added. The mixtures
were stirred in a mixer with a frame stirrer at a
speed of 30 rpm for 10 minutes until a homoge-
neous consistency was achieved. The salted meat
was kept for 48 hours in the refrigerator (t°=3-
4°C) for maturation. The calculated amounts
of water were added to the dry orange fibers
and plasma protein used in the experiment
(hydration of the substances was performed
separately) and mixed in a mixer with a frame
stirrer at a speed of 30 rpm for 10 minutes until
a homogeneous consistency was achieved. To
determine the optimal dosage in terms of ex-
tending the predicted guaranteed shelf life of
sausages, rosemary extract was added to the
experimental composition in the amount of
0.05, 0.1, 0.15, and 0.20% - by weight of meat
raw materials. The rest of the ingredients in the
amounts given in Table 1 were added in random
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order and mixed in a mixer in the same mode,
the minced mixture was ground in a meat
grinder repeatedly, and the calculated amount
of water was added. The resulting minced meat
was filled into the intestinal membranes and
kept at room temperature for 3 hours before
heat treatment. The casing filled with minced
meat was sterilized in a thermal chamber un-
til the temperature in the center of the minced
meat reached 40-45°C, after which the frying
temperature was increased until the tempera-
ture in the center of the sausage reached about
70°C. The finished product was transferred to a
cooling chamber and kept at 2-5°C for 5 hours.

After aging, samples were taken from the
finished products and analyzed under standard
methods. The dynamics of changes in the per-
oxide and acid numbers of fat of the experimen-
tal sausage samples during 10-day storage were
monitored in comparison with similar indica-
tors of sausages of the composition normalized
by Ukrainian state standard 4436:2005 “Boiled
sausages, sausages, bratwursts, meat bread”. The
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acid number of lipids was determined under the
Ukrainian state standard method 4350:2004 (ISO
660:1996), the peroxide number of lipids — un-
der Ukrainian state standard EN ISO 3960:2019,
and the mass fraction of table salt - by the Mohr
method according to State Standard 9957-2015.
The degree of salinity and organoleptic prop-
erties of the control and experimental product
samples were evaluated on a five-point scale
at the Department of Meat, Fish, and Seafood
Technology of the National University of Food
Science and Technology of Ukraine.

Results and Discussion

The sausages produced under the method-
ology described above were aged for 10 days.
Changes in the peroxide and acid number of
fat of the products of the control and rosemary
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extract-modified formulations were moni-
tored. In the first stage, the optimal amount of
the additive was determined (Fig. 2), accord-
ing to the results of which it was found that
the optimal content of the extract additive
was 0.15%. The conclusion was based on the
fact that with an increase in dosage from 0%
to 0.15%, the peroxide number, which char-
acterizes the number of oxidized lipids, pro-
gressively decreased compared to the control.
However, with the further addition of the ex-
tract, the peroxide number of samples with
additions of 0.15% and 0.20% was practically
the same. This, in our opinion, is evidence of
the sufficiency of the number of flavonoids
present in the sample with a concentration
of 0.15%, and the inexpediency of further in-
creasing their concentration in additives.
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Figure 2. Dynamics of changes in the peroxide number of control
and experimental samples of sausages

Considering the sufficient amount of rose-
mary extract added at 0.15%, the dynamics of
the growth of the acid number of minced meat
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was studied only in the control and optimal
composition according to the preliminary re-
sults (Fig. 3).
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Figure 3. Dynamics of changes in the acid number of fat of control
and experimental samples of sausages during storage
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Here, as in the previous series of exper-
iments, the positive role of rosemary extract
was revealed: the acidity of the samples in the
rosemary-modified samples increased more
slowly compared to the control. It was also de-
termined that the acidity level of the sample
modified by the extract at the end of the study
was even lower than that achieved in the con-
trol on the 3rd day of aging. Considering that
the guaranteed shelf life of sausages with a
standardized composition (control) is set at
three days, we believe that the proposed mod-
ification of the sausage mince recipe allows us
to count on extending the warranty period for

the product, which is the subject of further re-
search. The next step in the development of a
functional product was to determine the pos-
sibility of reducing the intake of excess sodium
cation, the content of which in sausage products
reaches 2.5% in some cases [16], for which pur-
pose ordinary rock salt was replaced with sea salt
in the experiments. A comparison of the chemical
composition of the salts used for salting (Ta-
ble 2) shows that such a replacement not only
reduces the amount of sodium cation added to
the minced meat by about 30%, but also enriches
the product with useful trace elements such as
potassium, calcium, magnesium, and iodine.

Table 2. Mineral composition of dry matter of sea and rock salt (%)

Rock salt, Ukrainian state standard 3583:2015

Attribute Sea salt
first grade “Extra”
Sodium 30.6 38.4 38.7
Calcium 1.2 0.35 0.02
Potassium 1.1 0.1 0.008
Magnesium 3.7 0.05 0.01
Iodine 5x10° - -

An interesting fact was that despite the
significantly lower content of sodium chloride
in sea salt, the results of the organoleptic eval-
uation showed that the salinity level of minced
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meat prepared using sea salt and first-grade ta-
ble salt practically did not differ (Fig. 4). On this
basis, it was concluded that it is advisable to use
sea salt for salting.

M Sea
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Salt concentration, %

Figure 4. Results of organoleptic evaluation of the degree of salinity of minced meat mixtures
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00493706-064:2019 “Health sausages” of the
Ukrainian technical specifications (UTS) were
developed (Table 3).

Considering the results of experimen-
tal studies, a recipe for healthy sausages and
technical specifications for the product 10.1-

Table 3. Recipe for sausages “Healthy” UTS 10.1-00493706-064:2019

Ingredient Amount
Unsalted raw product, kg (per 100 kg)
Grade 1 lean beef 30
Pork no-fat 26
Pork lean semi-fat 34
Plasma protein 1.0
Water for the hydration of raw ingredients 8.5
Fiber (citrus fibers Citri-Fi 100) 0.5
Total 100
Water, kg 30.0
Spices and materials, g (per 100 kg of unsalted raw materials)
Rock salt -
Sea salt 2100
Sugar 160
Sodium nitrite 5.0
Ground black or white pepper 160
Ground allspice pepper 100
Ground nutmeg or cardamom 50.0

The health benefits of the product are as-
sociated with several factors: 1) the product has
an extended shelf life, which means a reduced
amount of substances that can harm health,
primarily lipid oxidation products; 2) the prod-
uct has a significantly lower sodium content
due to the use of sea salt and a reduced dosage
of sodium nitrite in the minced meat.

Conclusions

Adding 0.15% rosemary extract to minced meat
can reduce the peroxide number of fat in the meat

mixture during storage for 10 days and slow down
the growth rate of fatty acids in the minced meat.

Replacing rock salt, which is traditionally
used for salting, with sea salt allowed us to
reduce the amount of sodium cation, enrich the
mineral composition, maintain a feeling of suf-
ficient saltiness, and enhance the health bene-
fits of the product.

The direction of further research is on the
nutritional value of sausages to recommend
their use in diets of therapeutic and preventive
orientation.
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OOGrpyHTYBaHHS Ta pO3pPO0JIEHHS TEXHOJIOTii BHPOOHHUIITBA COCHCOK 3
03I0POBYUMH BJIACTUBOCTAMHU

Maxkcum BitaniitioBuu Pa6oBoi, Jlapuca BaimyiaBiBuna banb-IIpuanmnko

HarionanpHmii yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainm
03041, Bysn. 'epoiB O6oponu, 15, M. Kuis, Yrpaina

AHoTanis. V 3B’I3Ky i3 3araJbHMM IOTipIIeHHSIM €KOJIOTiYHOi CUTYyallii Ta MOB’SI3aHUM 3 UM
ITOCMJIEHHSIM HEraTMBHOTO BIUIMBY Ha CTaH 3[0POB’SI CIIOXMBAYiB IPOBEAEHI HOCTiIKEHHS
3 pPO3pOOJIEHHSI PENENTypU COCUCOK, SIKi XapaKTepu3yIOThCS O3I0POBUMMM BIACTUBOCTSIMMU.
MeTol0 BUKOHaHHSI po60oTH 6Gylo poO3poO6iaeHHsT cKiamy M'sicHoi apiieBoi KOMIO3MILii, IO
XapaKTepU3y€eEThCS MiHiMaJbHOIO UYTJIMBICTIO 10 il OKMCHMKIB Ta 36a/JaHCOBAHUM MiHEpaJIbHUM
CKIaoM i Hajae BUPOOGIEHOMY 3 Hei TPOAYKTY JTiKyBaJbHO-TIPOMITAKTUYHUX BIIACTUBOCTEIA.
HocnigkeHHS TPOBOAWIN Ha MSICHUX (apiraX. 3a KOHTPOIb BUKOPUCTAHO PEleNTypy M SICHOTO
dapury 3a ICTY 4436:2005. 3HaueHHs [TOKA3HUKIB BM3HAYAIM CTAHIAPTM30BAHUMM METOIAMMU,
a KOHIIEHTpaIIilo XJI0OpUay HaTpito — MmeTogoM Mopa. OpraHoJenTUYHi MMOKa3HUKY SIKOCTi COCUCOK
CTaHIapTMU30BAHOTO Ta JOCTITHOTO CKIaay BM3HAUYa/lM METOJOM eKCIIepTHOI OI[iHKu. B pob6oTi
BU3HAUYEHO CITOCIO raJibMyBaHHS IPOIECiB OKMCIIOBAIBHOTO IICYBAaHHS M’SICHOI cyMili mmif miero
OKCUTeHY LIUISIXOM BBeJIeHHS B CyMilll eKCTPaKTy po3MapyuHy. BU3HaueHO MOK/IMBICTh 3MEHIIIEHHS
IO3yBaHHS KaTiOHy HATPil0 3aMiHOI0 KaM’sTHO1 cojli Ha 36aravyeHy JlaMiHapi€lo MOPCHKY Cislb, IO
JTO3BOJIMJIO TAKOX 3MEHIINTY JO3YBAHHS TOKCMYHOTO HiTPUTY HATPit0. Y CKIai M’SICHOT CMPOBUHM
JOCITiTHOTO 3pa3Ka BMiCT SUIOBMYMHM OY/I0 3MeHIIIeHO 10 30 %, CBMHMHM HATMiBKUPHOI — 10 26 %
BHACTIIOK BK/IIOYEHHST MO pelenTypu 6inky maasmu Kposi (1,0 %), amesbCMHOBUX XapyOBUX
BosiokoH (0,5 %), a TakoxX Bomm mjis ixX rimparanii (7 %). V ckiani NMpsSHOLIIB Ta JOMOMiSKHUX
MaTtepiasiB JOCTITHOTO 3pa3ka KyXOHHY Cilb (2,2 %) 6y/0 3aMiHEeHO Ha Cijib MOPChKY (2,1 %), a
TaKOX 3MeHIIeHO BMicT HiTpuTy HaTpito 3 0,0075 % mo 0,0050 % BHaACIigOK BBEOEHHS €KCTPAKTY
posmapuny (0,15 %) Ta 6akTepiaspHOTO Mpemnapaty «ImpositT JIPP» (0,05 %) KoHTpostio migasaranu
JIMHAMiKa 3MiHM IX IEPOKCUAHOTO i KMCIOTHOTO uncen kupy. [TokazaHa MOXKIMBICTb IMOAOBXKEHHS
rapaHTOBAaHOTO TePMiHy 36epiraHHs cocucok 3 3 1o 10 mi6 i Bu3HaueHa MOKIMBIiCTb 3aMiHM y apiri
KaM’STHO1 COJTi Ha MOPCBKY, IO 3a 30epesKeHHS BiIUyTTsI JOCTATHOCTI COJIOHOCTI IMPOAYKTY IO3BOJIAIIO
3MEHIIUTY A03YBaHHS KaTioHy HATpito Ha 30 % i 36aratutu dhapir MikpoeseMeHTaMy — KaJIbIieM,
MarHiem ta roctpoaedilMTHUM JiomoM. Po3po6ieHy pelenTypy cocucok «O3m0poBUi» JOLITbHO
BUKOPYCTOBYBATH [JIsI IPOMMCIOBOTO BMPOOHUIITBA HA M SICOTIEpePOOHMX TTiAIIPMUEMCTBAX

Ki1i04oBi ¢J1oBa: sIKiCTh, COCMCKY, aHTUOKCUIAHT, PO3MapyH, MOPChKa CiJib, XapuoBi JOOaBKMU
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