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The results of comparative study of two types of thermal treatment of cooked sausages — traditional and ohmic
heating — are presented in this paper. It has been shown that conventional way of cooking leads to noticeable quality
decline of fat fraction of cooked sausages enriched with PUFA. Triglycerides are hydrolyzed and highly unsaturated
fatty acids of linseed oil are oxidized during prolonged thermal treatment when sausages are produced in large diame-
ter casings. Ohmic heating has significant advantages in comparison with traditional technology. The main reason of
quality enhancement is reducing of heating time and thus decreasing highly unsaturated fats deterioration. At the
same time ohmic heating has a negative impact on the process of color formation in cooked sausages.
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BJIMJAHUETO HA TPAJJMIIMOHAJIHOTO U OMCKOTO 3AT'PEBAILE
BP3 CTABUJIHOCTA HA MACTHUTE KAJ BAPEHUTE KOJIBACH 3BOT'ATEHHU CO PUFA

Bo Tpynot ce npe3eHTHpaHM pe3yNITaTHTE O]l CHOPEIOCHUTE UCIIUTYBamba Ha JiBa BUJIA TEPMHUYKH TPETHPAHH
GapeHn KomOacu, CO TPaAMIIMOHAIHO M OMCKO 3arpeBame. Ce Mokaxa Jieka NMpH KOHBEHIHMOHATHHOT HAuMH Ha
TOTBEHE J0ara /10 3a0e/IeKIIMBO Onarame Ha KBAJIUTETOT Ha MacHaTa (pakuuja kaj 6apeHnTe kondacu 300raTeHu co
PUFA. TpuriauuepuanTte ce XUAPOIM3UPAaT, A0JeKa BHCOKO HE3aCUTEHUTE MAaCHHU KUCEIHHU O] JIGHEHO Macio ce
OKCHHpAaT 3a BpeMe Ha MPOJOKEHHOT TEPMUYKH TPETMaH, Kora KOJI0acuTe ce MpOonu3BeLyBaaT BO IPeBa CO TOJIeM
qujamerap. OMCKOTO 3arpeBame MMa 3Ha4ajHHM MPEeTHOCTH BO OAHOC HA TPaJWIOHAIHHUTE TeXHoIoruu. ['nmaBHata
NIPUYMHA 32 MOA0O0pPYBAamETO Ha KBAIUTETOT € CKPaTyBamkeTO Ha BPEMETO Ha 3arpeBame, CO IITO Ce HaMallyBa
Jerpajanyjarta Ha IOJIMHE3aCHTEHHTe MacTH. Bo mcTo Bpeme, OMCKOTO 3arpeBame MMa HETaTHBHO BIIHjaHHE BP3
nporecot Ha Gpopmuparse Ha 6ojaTa Kaj OapeHUTEe KOIOaCH.

Kityunu 360poBH: TpaJUIIMOHAIHO 3arPEBabE; OMCKO 3arpeBabe; CTAOMIIHOCT Ha MACTH;
Gapenu xoibacu 36oratenu co PUFA

INTRODUCTION

Fortification of food and particularly meat
products with polyunsaturated fatty acids (PUFAs)
is currently a very important problem due to their
high biological activity and their numerous health
benefits (Calder et al., 2006; Buckley et al., 2010;
Mason et al., 2013; Ganesan et al., 2014; Ma et al.,
2015).

PUFA, especially omega-3 fatty acids are vi-
tal factor in food because humans as well as other
mammals are unable to synthesize them. At the
same time, during processing and storage of food

products containing a significant amount of lipids,
fat degradation processes are observed to form
their destruction products such as free fatty acids,
peroxides and a variety of other (Tsanev et al.,
1988; Sirri et al., 2003). The more unsaturated the
fatty acids are, the more unstable they become and
the problem of their preservation is more substan-
tial (Betti et al., 2009; Rymer et al., 2010).

One of the processes that affect the accelera-
tion of degradation of lipids is heating. The tradi-
tional method of sausage heating in the meat in-
dustry presuppose heat input to the surface of the
product, followed by transfer of heat to its center.



108 S Patyukov, N. Pacinovski

As a heating media, hot air, mixture of air and
smoke fume, water vapor or water is used. The
process of heat transfer is long enough, especially
in the case of large geometric dimensions of the
product. The total duration of the heat treatment of
some kinds of cooked sausages can be up to 6
hours. When using fats with a low degree of un-
saturation in particular backfat of pigs, it does not
obstruct to produce high quality foods because of
their high thermal stability. As for raw materials
containing PUFAs, it may lead to a considerable
decrease of quality and product safety.

The final temperature in the center of a sau-
sage is predefined. In this case it is 72°C. The tem-
perature decrease is unacceptable because of bacte-
rial safety considerations. To reduce the probabil-
ity of degradation of lipids it is necessary to reduce
the heating time. The ohmic heating is one of the
promising methods of heat treatment (Shirsat et al.,
2004; Varghese et al., 2014). When we use this
technology the heat is produced simultaneously in
the entire volume of the product because of the
electric current passage through it and the heating
rate is independent of its geometrical dimensions,
so the ohmic cooking is a perspective way to en-
hance meat products quality (Piette et al., 2004;
Ruri et al., 2014). In this regard, the aim of our
study was to investigate the possibility of increas-
ing fat quality indicators of sausages fortified with
polyunsaturated fatty acids.

MATERIALS AND METHODS

As material for experiment Bologna type sau-
sage was used. As a source of omega-3 polyun-
saturated fatty acids linseed oil obtained by method
of cold pressing was used. On the base of linseed
oil the emulsion was produced in accordance with
traditional technology of mayonnaise sauce (chic-
ken egg mélange — 100 g, mustard sauce — 20 g,
salt — 10 g, sugar — 10 g, 9% acetic acid — 15 g,
linseed oil — 850 g). Emulsion was obtained using
laboratory blender at 15 000 rpm speed, duration
of emulsification — 5 min. Abovementioned emul-
sion was added to Bologna sausage-meat (beef
meat — 40%, lean pork meat — 40%, pork fat tissue
— 20%, salt — 2%, spice mixture — 0,1%, sodium
nitrite — 7 mg per 100 g, phosphate mixture —
0,2%, added iced water — 20%). Linseed emulsion
substituted a part of pork fat tissue. Dosage of
emulsion was 5 — 10 — 15 — 20%. Sausage-meat
was ground in the laboratory cutter at 4 000 rpm
and was either stuffed into 120 mm dia natural cas-

ing (beef caecum) or into 30 mm dia tube for ohm-
ic heating made of food grade teflon with titanium
electrodes and K-type thermocouple mounted in
the geometrical center of the tube.

Sausages in natural casing undergone stan-
dard thermal treatment in the smoke-house (drying
— 50 min at 40°C, smoking — 20 min at 55°C, boil-
ing — 170 min at 74 °C or until temperature in the
center of the product will reach 72°C). Imme-
diately after thermal treatment sausages were
cooled by cold water shower for approximately 20
— 25 min followed by immersion in an iced water
bath until temperature in the center reached 18 —
20°C and stored overnight in the +2°C cold room.
On the next morning the products were analyzed.

Ohmic heating was carried out at constant
100 V voltage applied to electrodes until tempera-
ture reached 72°C. The cooked products were
transferred to thermostat with 72° temperature and
maintained there for 20 min to ensure proper anti-
bacterial effect. After this time the teflon tubes
were immersed in an iced water bath and cooled
and stored as described above.

The quality of product lipid fraction was as-
sessed using data on acid value using ISO
660:2009 method and peroxide value using ISO
3960:2010 method. Each test was determined for
three times and results are presented as mean value
plus/minus corrected sample standard deviation
(SD n_1). P-values were calculated to determine the
statistical significance of the differences between
the indicators of quality of the fat fraction of the
samples obtained by the new and traditional tech-
nology.

RESULTS AND DISCUSSION

The duration of ohmic heating of Bologna
sausages in the condition of experiment was ap-
proximately 120 — 140 seconds at 100 V depending
on the percentage of pork fat substituted by linseed
emulsion — the more emulsion was added the
shorter is cooking time. It proves that oil emulsion
has better current conductivity compared with pork
fat tissue probably due to a larger amount of added
electrolytes.

Difference in cooking duration (20 minutes
instead of 4 hours) led to significant distinction in
sausage quality. The changes of the quality indi-
cators of fat fraction of the sausages after different
types of thermal treatments are given in Tables 1—
2. The differences between the samples and the
control were statistically significant (p <0,001).
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The data presented in tables show that en-
richment of sausages with PUFA is the cause of
increasing both acid value and peroxide value dur-
ing storage. The more fat tissue is substituted by
linseed emulsion the more significant is increase of
these indicators. As a control were used the speci-
mens without emulsion. Immediately after thermal
treatment both acid value (1.74 + 0.04 and 1.56 +
0.03 mg KOH, p < 0.001) and peroxide value
(0.039 £ 0.002 and 0.035 + 0.003 % J, p < 0.001)

Table 1

in control specimens were very similar in-
dependent of way of cooking — conventional or
ohmic. The more time specimens were stored the
bigger became difference between control and ex-
perimental specimens especially in high fortified
ones. The statistical significance of differences
between the peroxide values of the samples ob-
tained by the two technologies also increases with
storage time increasing from p < 0.05 to p < 0.01
and even to p < 0.001 (Tables 3 —4).

Acid value of fat fraction of Bologna after conventional cooking, mg KOH (X + SDy.4)

Days of storage

% emulsion

1 2 3 4 5
0 1.74 £ 0.04 1.83 £0.03 2.01 £0.06 2.17 £0.05 2.41+0.07
5 2.00 £ 0.05 2.14+£0.04 2.36+0.04 2.57 +0.06 2.82 £0.06
10 2.23+£0.04 2.46 £0.06 2.70 £ 0.05 2.94 +£0.08 3.22+0.07
15 2.42+0.06 2.66 =0.07 2.95+0.06 3.18£0.08 3.47+0.09
20 2.48+0.05 2.80+0.09 3.15+0.08 3.36 +0.07 3.64+0.11

X —mean, SDy_; — corrected sample standard deviation; number of pieces n =3

Table 2

Acid value of fat fraction of Bologna after ohmic heating, mg KOH (X + SDy)

Days of storage

% emulsion

1 2 3 4 5
0 1.56 +£0.03 1.66 £+ 0.04 1.74 £ 0.03 1.83 +£0.04 1.94 £ 0.05
5 1.66 + 0.04 1.84 +£0.03 1.93 £ 0.05 2.05+0.06 2.22+0.04
10 1.75 £ 0.05 1.99 £ 0.04 2.10+0.06 2.27 +0.04 2.49 +£0.05
15 1.84£0.04 2.11 £0.05 2.26+0.07 2.45+0.06 2.68 £0.07
20 1.90 £ 0.06 2.18+0.08 2.36+0.06 2.56£0.09 2.79 £0.08

X —mean, SDy_; — corrected sample standard deviation; number of pieces N =3

Table 3

Peroxide value of fat fraction of Bologna after conventional cooking, % J (X+ SDy.4)

Days of storage

% emulsion

1 2 3 4 5
0 0.039+0.002  0.044+0.002  0.053+£0.004  0.062 +0.003 0.078 £ 0.004
5 0.044+0.002  0.052+0.003  0.060+0.003  0.070+0.005  0.084 + 0.004
10 0.053+0.003  0.063+0.005  0.071 £0.003  0.083 £ 0.005 0.096 £ 0.005
15 0.065+0.004  0.077+0.005  0.088+0.004  0.100+0.006  0.112+0.008
20 0.077+0.005  0.091£0.004  0.107+0.008  0.118£0.008  0.129 £ 0.009

X —mean, SDy_; — corrected sample standard deviation; number of pieces N =3
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Table 4

Peroxide value of fat fraction of Bologna after ohmic heating, % J (X £ SDn.)

% emulsion

Days of storage

1 2 3 4 5
0 0.035 + 0.003 0.039 +0.003 0.043 + 0.005 0.048 £ 0.004 0.054 + 0.006
5 0.037 £ 0.002 0.041 £0.003 0.047 + 0.005 0.051 = 0.004 0.058 £ 0.004
10 0.040 £+ 0.003 0.047 £ 0.004 0.053 £ 0.003 0.058 £ 0.006 0.067 £ 0.005
15 0.045 + 0.004 0.055 £ 0.005 0.061 + 0.005 0.069 £ 0.005 0.078 £ 0.007
20 0.049 + 0.004 0.064 £+ 0.009 0.071 £ 0.008 0.081 £ 0.006 0.093 £0.008
X —mean, SDy_; — corrected sample standard deviation; number of pieces N =3
For greater convenience, the data presented in AcV,
Figures 1 and 2. mg
The main reason of the peroxide value in- KOH | day >
crease is the bigger content of double bonds in 3,5 Conventional day _4
such PUFA as linoleic and especially linolenic cooking
acid, which are the major components in linseed 1 day _—3
oil fatty acid composition. The increase of acid
value in the specimens rich in PUFA can be ex- day 2
plained by that fact that linseed oil was non-refined 55 d
. . . D T+ ay 1
and thus contained various plant components in-
cluding enzymes. Hydrolytic enzymes of plant ori-
gin are more durable and heat-stable in comparison
with the enzymes of animal origin. As it is known, |
the temperature optimum of action of mammalian
enzymes is within the range 35 — 45°C, sometimes 15 . . . .
o . : ) . . . .
—up to 5.0 C. At'hlgher temperatures, they qulckly 0 5 10 15 %Emulsion
lose their activity up to complete inactivation
(Cokonos, 1965). Because enzymes of plant origin, 2)
e.g., ficin, papain and others have temperature op- AcV,
timum of action in the range 60 — 80°C (Cokos10B, mg
1965), they are frequently used in the food tech- KOH1
nology. Some other plant enzymes are even more 3,5 Ohmic
heat-stable — soybean peroxidase activity perfectly .
. . heating
preserved after heating for 15 minutes at a tem- 1
perature of 70 — 110°C, followed by heating for 5 day 5
hours at 45°C. Even heating at 200°C does not lead
to complete inactivation of the peroxidase — en- 25 | day 4
zyme activity is 25% of the original (Ky3Huerosa, ’ day 3
2012). 9a 2
The influence of storage time is quite predict- 1
able — fat deterioration has positive correlation da 1
with the storage time despite the low storage tem- /
perature. It is especially noticeable in sausages 1,5 . . . .
which had undergone prolonged heating during ' ' ' .
conventional cooking (Figs. 1a and 2a). The ohmic 0 > 10 15 %Emulsion
heating takes so short time that both hydrolytic and b)

oxidative processes has no time to develop to sig-
nificant extent (Figs. 1b and 2b), prompt conse-
quent chilling is slowing these processes again.

Fig. 1. Influence of linseed emulsion upon acid value (AcV,
mg KOH per 1 g of fat) of lipid fraction of sausages after
different thermal treatments during storage
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Fig. 2. Influence of linseed emulsion upon peroxide value
(PerV, % J) of lipid fraction of sausages after different thermal
treatments during storage

Despite abovementioned positive results oh-
mic heating causes some negative effects. The
color of Bologna sausages produced by the new
technology was pale and not typical for cooked
sausages. It can be explained by the high-speed
heating whereby the reaction between sodium ni-
trite and myoglobin does not have time to go. The
optimum temperature for the reaction of color for-
mation of meat products is 40 — 45°. At this tem-
perature the reduction of metmyoglobin and forma-
tion of nitrosomyoglobin taking place. The animal
tissue enzymes and bacterial enzyme nitrite reduc-
tase are involved in this process (Sokolov, 1965).
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This process need certain time for fulfilment, so
the technology of ohmic heating should be modi-
fied to ensure proper color formation.

CONCLUSIONS

The obtained results show that traditional
technologies of sausage cooking are not suitable
for PUFA-fortified products when using casings of
large diameters and in some other cases. Due to
drastically reduced cooking time ohmic heating
can reduce fat deterioration that is very important
for high unsaturated fats and oils, such as linseed
oil. So this innovative technology has several ad-
vantages in comparison with traditional cooking.
Among these advantages are: the speed of process,
the economy of casings, energetic resources and
manufacturing areas, and, that is the most impor-
tant, ohmic heating is capable to enhance quality of
functional products. However ohmic cooking may
cause problems with color of cooked sausage and
this problem should be solved in the course of fu-
ture investigation.
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