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Abstract: Enzymatic interesterification gives the possibility to obtain a wide range of lipids with a
modified structure. In the present study, model meat batters were produced from chicken breast
muscles and enzymatically interesterified fats: milkfat:rapeseed oil (3:2 w/w). Fatty acids composition
and their positional distribution in triacylglycerol, melting profile and oxidative stability have been
determined in fats used for interesterification, after interesterification and extracted from meat
batters. In meat batters, the physiochemical parameters were determined. Interesterified fats were
characterized by significantly lower induction times than noninteresterified fat (85.29 and 18.21 min,
respectively). Meat batters were also characterized by a lower oxidative stability of lipid fraction
(24.90 and 13.67 min) than lipids used to their production. A higher content of unsaturated fatty
acids was found in meat batters with noninteresterified and interesterified fats (69.40% and 70.03%,
respectively) than in the control meat batter with a pork jowl (58.63%). In comparison to the control
product, meat batter prepared with interesterified mixture was characterized by significantly lower
apparent viscosity. In the analyzed meat batters, there were no differences in thermal drip and
penetration force. The incorporation of interesterified milkfat with rapeseed oil in model meat
batters can be a strategy to improve the nutritional quality without adversely affecting the quality
characteristics.
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1. Introduction

In the process of fat selection for the manufacture of products with a high content of
the ingredient, special attention should be paid to its consistency and chemical composition.
A high content of fat, especially rich in saturated fatty acids (SFA), is unacceptable to many
consumers, who are looking for products with a reduced fat content or a more favorable
share of unsaturated to saturated fatty acids. For the human body, saturated fatty acids are
primarily a source of energy, but, unfortunately, they increase the level of cholesterol and
triacylglycerols in the blood serum, which, consequently, can contribute to the development
of coronary heart disease. A diet rich in saturated fatty acids is proven to be one of the
reasons of cardiovascular diseases and susceptibility to the formation of blood clots by
intensifying platelet aggregation and increasing the concentration of fibrinogen [1].

Fat is an inseparable component of all meat products, responsible for their tastiness
and sensory acceptability. It provides the proper texture and juiciness to meat products,
causes the desired gelling effect and influences the stability of meat emulsions, reducing
the thermal cooking loss [2]. In addition, the reduction or absence of an oral “fat” sensation
in meat products makes them unacceptable for a large group of consumers.
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Different nonanimal or modified fats have been utilized in order to change the fat
composition in meat products [2–6]. The total content of unsaturated fatty acids in sausages
can be increased by applying highly unsaturated vegetable oils in the production process [2].
It is worth mentioning that the partial or complete replacement of animal fat with vegetable
oil can negatively affect the textural quality, appearance and oxidation stability of meat
products [6,7]. Hyeon-Woong et al. [2] showed that the presence of unsaturated fatty acids
in meat products might rapidly reduce the stability of the meat product. The liquid state of
matter and high content of unsaturated fatty acids in vegetable oils are the most important
reasons for these unfavorable effects [6,8]. One of the strategies to utilize plant oils in meat
technology involves the use of interesterified vegetable oils [6].

Enzymatic interesterification gives the opportunity to obtain lipids with predeter-
mined properties. During the reaction, the position of the acyl groups changes within
and between the triacylglycerol molecules. This process does not alter the structure of
fatty acids, and thus, the bioavailability of valuable unsaturated fatty acids remains un-
changed [9,10]. Interesterification affects the melting and crystallization point of the oils,
which gives the possibility to obtain a wide range of lipids with a modified structure and
physicochemical properties [6]. The studies on obtaining interesterified lipids with the
desired composition and distribution of fatty acids and altered melting profile can lead to
designing new products with predetermined properties of high application potential in
the food industry [10]. In previous studies, different interesterified plant oils (sunflower,
soybean, palm, canola, cotton, cartamo, olive and maize oils) in different proportions
were used to substitute pork backfat in sausages [3]. Kılıç and Özer [5,6] investigated the
effect of replacing beef fat with interesterified palm kernel oil on the quality parameters of
frankfurters and Turkish dry-fermented sausages. Cheong et al. [11] evaluated the physical
and sensory characteristics of sausages produced from enzymatically interesterified blends
of lard and rapeseed oil.

The objective of this study was to investigate the effect of replacing pork jowl with an
interesterified mixture of milkfat with rapeseed oil on the physiochemical and technological
parameters of model meat batters produced from chicken breast muscles. Rapeseed oil is
currently considered the most valuable oil. It has an optimal fatty acid composition and
the most favorable ratio of n-6 to n-3. Rapeseed oil is also the most popular oil used in
Poland. The quality of the lipid mixtures used in the recipe of model meat batters and
lipid fraction isolated from batters was also evaluated. The research presented in this
publication is a continuation of the project carried out at the Department of Chemistry on
the interesterification of, among others, milkfat with rapeseed oil.

2. Materials and Methods
2.1. Preparation of Interesterified Mixture of Milkfat with Rapeseed Oil

Enzymatic interesterification reaction of milkfat and rapeseed oil at weight ratio 3:2
was carried out using 1,3-specific lipase (Rhizomucor miehei) enzyme 8% at 70 ◦C for 4 h.
Purification of the interesterified fat was performed according to the procedure described
by Jimenez et al. [12].

2.2. Model Meat Batters Manufacturing

Model meat batters were manufactured according to the method described by Wirkowska-
Wojdyła et al. [13]. The recipes of meat batters are given in Table 1. Three variants
of meat batters were produced in three series: MB_C—control meat batters with pork
jowl, MB_MF:RSO—meat batters with noninteresterified mixture of milkfat with rapeseed
oil and MB_iMF:RSO—meat batters with interesterified milkfat with rapeseed oil. The
interesterified fat can be used in the production of homogenized or finely ground sausages
for special nutritional purposes. In Poland, homogenized sausages (wiener-type sausages)
contain 30% fat. Therefore, this amount of fat was also used in the production of meat
batters, and this amount was replaced by esterified fats.
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Table 1. Composition of batters.

Components Share (%)

MB_C MB_MF:RSO MB_iMF:RSO

Chicken breast muscles 70 70 70
Milkfat 0 18 0

Rapeseed oil 0 12 0
Interesterified mixture of milkfat and rapeseed oil 0 0 30

Pork jowl 30 0 0
Water * 20 20 20

Curing salt * 2.1 2.1 2.1
Soy protein isolate * 1.0 1.0 1.0

Phosphate * 0.25 0.25 0.25
Sodium ascorbinate * 0.05 0.05 0.05

* In relation to the mass of meat and fat. MB_C—control meat batters with pork jowl, MB_MF:RSO—meat batters
produced with noninteresterified mixture of milkfat and rapeseed oil and MB_iMF:RSO—meat batters produced
with interesterified mixture of milkfat and rapeseed oil.

2.3. Analysis of Physiochemical and Technological Parameters of Model Meat Batters

Apparent viscosity; penetration force (texture) and L*, a* and b* color components were
determined according to the procedure described by Wirkowska-Wojdyła et al. [13]. Thermal
drip was determined according to the procedure described by Chmiel and Słowiński [14].

Apparent viscosity was determined in unheated meat batters. Thermal drip was
evaluated after heat treatment. Color components and penetration force were measured
under refrigerated temperature (4–6 ◦C) after 24 h of cooling of meat batters.

2.4. Acid Value Analysis

Acid values (AV) were determined according to the ISO method 660: 2009 [15] by
titration of fat samples with 0.1-M ethanolic potassium hydroxide solution.

2.5. Fatty Acids Composition/GC Analysis

The fatty acids compositions of the initial fat, interesterified mixtures and fat extracted
from samples were determined after converting the triacylglycerols into their methyl
esters according to the ISO method [16]. The YL6100 (Young Lin Bldg., Anyang, Hogye-
dong, Korea) gas chromatograph equipped with a flame ionization detector and a BPX-70
capillary column (SGE Analytical Science, Milton Keynes, UK) were used. The procedure
for analyzing fatty acid methyl esters has been described in previous studies [13].

The analysis of the percentage content of a fatty acid in the sn-2 position of triacylglyc-
erols was based on the ability of selectively hydrolyzed ester bonds in the sn-1,3 positions
by the pancreatic lipase. The determination was done according to the procedure described
by Bryś et al. [17].

2.6. Oxidative Stability

Pressure differential scanning calorimeter (DSC Q200 TA Instruments, Newcastle. WA,
USA) was used to determine the oxidative stability of fats. The experiment was performed
at 120 ◦C under 1400 kPa pressure of oxygen. The procedure was described in previous
studies [18].

2.7. Melting Profile

Melting characteristics of noninteresterified and interesterified fats were analyzed
according to the method described by Aguedo et al. [19] and Wirkowska-Wojdyła et al. [18].
Q200 DSC (TA Instruments, Newcastle, WA, USA) was used for measurements.
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2.8. Statistical Analysis

The results of each experiments were presented as mean with standard error values.
The statistical analysis of the results was performed using the Statgraphics Plus, version
5.1 (Statistical Graphics Corporation, Warrenton, VA, USA) program. One-way analysis
of variance (ANOVA) was used to analyze significant differences at a p-value of 0.05,
according to Tukey’s multiple range test.

2.9. The List of Abbreviations

MF:RSO—noninteresterified mixture of milkfat and rapeseed oil,
iMF:RSO—interesterified mixture of milkfat and rapeseed oil,
MB_C—control meat batters with pork jowl,
MB_MF:RSO—meat batters produced with noninteresterified mixture of milkfat and rape-
seed oil and
MB_iMF:RSO—meat batters produced with interesterified mixture of milkfat and rapeseed oil.

3. Results and Discussion
3.1. Analysis of Interesterified and Noninteresterified Mixtures

The fatty acid compositions in the initial (MF:RSO) and interesterified (iMF:RSO)
mixtures are given in Table 2.

Table 2. Fatty acid compositions (%) of fats used in the model meat batters and extracted from the
model meat batters.

Fatty Acid MF:RSO iMF:RSO MB_C MB_MF:RSO MB_iMF:RSO

C4:0 0.34 ± 0.12 a 0.54 ± 0.12 a - 0.36 ± 0.04 a 0.38 ± 0.10 a

C6:0 0.34 ± 0.11 a 0.55 ± 0.10 a 0.15 ± 0.06 b 0.40 ± 0.06 a 0.42 ± 0.11 a

C8:0 0.30 ± 0.10 a 0.43 ± 0.10 a 0.08 ± 0.02 b 0.32 ± 0.02 a 0.32 ± 0.08 a

C10:0 0.83 ± 0.24 a 1.14 ± 0.26 a 0.09 ± 0.02 b 0.81 ± 0.08 a 0.83 ± 0.15 a

C12:0 1.16 ± 0.38 a 1.44 ± 0.32 a 0.22 ± 0.05 b 1.14 ± 0.67 a 1.15 ± 0.21 a

C14:0 4.50 ± 0.95 a 4.82 ± 0.58 a 1.61 ± 0.51 b 4.03 ± 0.54 a 4.04 ± 0.68 a

C14:1 0.46 ± 0.12 a 0.58 ± 0.10 a - 0.47 ± 0.09 a 0.48 ± 0.10 a

C15:0 0.53 ± 0.16 a 0.56 ± 0.13 a 0.08 ± 0.02 b 0.49 ± 0.08 a 0.48 ± 0.121 a

C15:1 0.11 ± 0.05 a 0.11 ± 0.05 a - 0.10 ± 0.05 a 0.10 ± 0.05 a

C16:0 16.50 ± 1.89 a 15.39 ± 1.26 a 25.45 ± 1.13 b 15.37 ± 1.12 a 15.15 ± 1.29 a

C16:1 0.68 ± 0.16 a 0.82 ± 0.21 a 3.03 ± 0.54 b 0.91 ± 0.07 a 0.91 ± 0.21 a

C17:0 0.32 ± 0.11 a 0.29 ± 0.06 a 0.35 ± 0.06 a 0.28 ± 0.03 a 0.27 ± 0.05 a

C17:1 0.18 ± 0.04 a 0.15 ± 0.02 a 0.33 ± 0.05 b 0.14 ± 0.01 a 0.14 ± 0.03 a

C18:0 6.32 ± 0.99 a 5.40 ± 0.61 a 12.42 ± 1.05 b 5.99 ± 0.08 a 5.66 ± 0.32 a

C18:1cis 48.36 ± 1.87 a 47.55 ± 2.21 a 44.27 ± 2.26 a 48.64 ± 1.95 a 49.00 ± 2.10 a

C18:2trans 0.14 ± 0.05 a 0.13 ± 0.05 a 0.14 ± 0.06 a 0.12 ± 0.04 a 0.11 ± 0.03 a

C18:2cis n-6 11.85 ± 0.90 a 12.52 ± 0.99 a 9.58 ± 0.94 b 12.90 ± 1.03 a 13.12 ± 1.34 a

C18:3cis n-6 - - 0.10 ± 0.03 a 0.05 ± 0.03 a 0.05 ± 0.02 a

C18:3cis n-3 5.10 ± 0.57 a 5.59 ± 0.87 a 0.58 ± 0.06 b 5.29 ± 0.25 a 5.37 ± 0.37 a

C20:0 0.76 ± 0.10 a - 0.31 ± 0.04 b 0.81 ± 0.07 a 0.75 ± 0.24 a

C20:1 0.85 ± 0.11 a 0.88 ± 0.11 a 0.74 ± 0.04 a 0.90 ± 0.08 a 0.86 ± 0.10 a

Different letters a, b indicate that the samples are considered significantly different at the 5% level
(p < 0.05). MF:RSO—noninteresterified mixture of milkfat and rapeseed oil, iMF:RSO—interesterified mixture
of milkfat and rapeseed oil, MB_C—control meat batters with pork jowl, MB_MF:RSO—meat batters produced
with noninteresterified mixture of milkfat and rapeseed oil and MB_iMF:RSO—meat batters produced with
interesterified mixture of milkfat and rapeseed oil.

Interesterification did not change the fatty acid compositions in the analyzed formulas.
In the interesterified mixture, the share of individual fatty acids (FA) was found at a
similar amount as in the initial fat mixture. Among the saturated fatty acids, palmitic
acid was present in a dominant amount: 16.50% in MF:RSO and 15.39% in iMF:RSO. The
major unsaturated fatty acids were oleic (48.36% in MF:RSO and 47.55% in iMF:RSO) and
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linoleic acid (11.85% in MF:RSO and 12.52% in iMF:RSO). In both mixtures, α-linolenic
acid derived from rapeseed oil was also found. Its amount was at the level of 5.10% in
the noninteresterified mixture and 5.59% in the interesterified fat. It is worth emphasizing
that interesterification does not cause the isomerization of fatty acids and does not affect
the degree of unsaturation [17,20–22]. Interesterification is a method of modifying the
functionality of fats and oils [23]. The monitoring of the changes in interesterified fats is
extremely useful and can be an indication about how the randomization process takes
place [24]. In Figure 1, the analysis of fatty acids in the sn-2 position of the triacyglycerols
is presented.
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The enzymatic preparation used in this experiment contains a regiospecific lipase. 
Thus, enzymatic interesterification should proceed only in the sn-1,3 position of triacyl-
glycerols; the sn-2 position should remain unchanged [25,26]. In noninteresterified and 
interesterified fats, palmitic acid was mainly esterified in the sn-2 position (36.81% and 

Figure 1. The percentage of fatty acids in the sn-2 position of the initial and interesterified fats and fats extracted from the
model meat batters. MF:RSO—noninteresterified mixture of milkfat and rapeseed oil, iMF:RSO—interesterified mixture
of milkfat and rapeseed oil, MB_C—control meat batters with pork jowl, MB_MF:RSO—meat batters produced with a
noninteresterified mixture of milkfat and rapeseed oil and MB_iMF:RSO—meat batters produced with an interesterified
mixture of milkfat and rapeseed oil.

The enzymatic preparation used in this experiment contains a regiospecific lipase.
Thus, enzymatic interesterification should proceed only in the sn-1,3 position of triacyl-
glycerols; the sn-2 position should remain unchanged [25,26]. In noninteresterified and
interesterified fats, palmitic acid was mainly esterified in the sn-2 position (36.81% and
42.91%, respectively). The amount of unsaturated fatty acids in external positions (sn-1,3)
in interesterified fats increased compared to the corresponding noninteresterified mixture.
The percentage of unsaturated fatty acids in the internal position of TAG (triacylglycerol)
in MF:RSO is 47.26% for linoleic acid and 45.29% for α-linolenic acid, whereas, in iMF:RSO,
reaches 27.02% and 24.81% for linoleic and α-linolenic acid, respectively. The apparent
lack of selectivity in the interesterification reaction catalyzed by the regiospecific lipase is
due to the fact that the enzyme attacks mainly TAG at the sn-1,3 positions of the glycerol,
yielding 1,2- and 2,3-diacylglycerols (DAGs), leaving the sn-2 position unchanged. The FA
at the sn-2 position of the 1,2- and 2,3-DAG can spontaneously migrate, yielding the more
stable 1,3-DAG [25]. It could result in reducing the amount of C18:2 and C18:3 acids in the
sn-2 position of TAG in iMF:RSO. The rate and extent of fatty acid absorption depends
on the stereochemistry of the modified lipids [27]. The pancreatic lipases release fatty
acids from the sn-1 and sn-3 positions of TAG, giving free fatty acids and a molecule of
2-monoacylglycerol, which are then absorbed. Studies of rats and human infants suggested
that palmitic and stearic acids may be better absorbed when they are retained within
2-monoacylglycerol during digestion [23,28].

The melting profile determined the sensory characteristics of the final modified fat
mixture. The melting curves of the blends before and after interesterification are presented
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in Figure 2. On the course of the curve of the initial blend, two distinct peaks can be
observed: peak 1 corresponding with lower-melting TAGs from rapeseed oil and peak 2
corresponding with higher-melting TAGs from milkfat. This is in agreement with the fact
that rapeseed oil is able to remain in liquid form at a wide range of temperatures due to the
low content of saturated fatty acids [11]. The gradual decrease of peak 1 and appearance
of a new peak 3 corresponding to a high-melting TAG was the main consequence of the
interesterification. Peak 2 in the medium melting fraction became more pronounced. That
can be attributed to the formation of new trisaturated and disaturated triacylglycerols
after interesterification [24,29]. In the case of peak 3, the temperature associated with
newly formed TAGs was very high, and a lot of energy was needed to melt the newly
formed triacylglycerols, which also contributed to the increase of these blend melting
points. Previous studies also indicated that the enzymatic interesterification process can
cause changes in the melting profile [13,18,24,29,30].
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The quality of the oils and fats used as raw materials in the interesterification is related to
the free fatty acid (FFA) content, peroxide index, moisture and soaps content [24]. In the initial
mixtures of milkfat with rapeseed oil, the acid value was at the level of 1.31-mg KOH/g fat,
and the oxidative stability expressed as the induction time reached 85.29 min (Figure 3).

The interesterified mixture was characterized by a significantly higher acid value
(7.56 mg KOH/g fat) than the initial mixture. Other research also reported that enzymatic
interesterification caused an increase of the free fatty acids content [10,17,31]. It can be due
to the fact that two opposite reactions occur in the process of enzymatic interesterification:
partial hydrolysis and the resynthesis of esters, which means that, in the final product,
some amount of free fatty acids are present [32]. Bryś et al. [31] state that the duration of
the process significantly affects the FFA content.

Oliveira et al. [24] in research on the interesterification of palm stearin and patawa oil
mixtures suggested that chemical interesterification, in turn, reduced the FFA content in fat
blends, because during filtration, FFA could be removed with the catalyst.
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rapeseed oil and MB_iMF:RSO—meat batters produced with an interesterified mixture of milkfat
and rapeseed oil.

The interesterified mixture was also characterized by a significantly lower induction
time (18.2 min) than the noninteresterified blend (Figure 3). The main reason for the
lower oxidative stability for structured lipids is the loss of the antioxidant during the
interesterification reaction [33,34]. An important factor affecting the oxidative stability
of interesterified fats is the distribution of fatty acids in triacylglycerol molecules. Most
studies have shown that PUFA placed at the sn-2 location of TAG are more favorably
oxidized than in the sn-1 and sn-3 locations [35,36]. Martin et al. [34] claimed that the effect
of location of the fatty acids in the triacylglycerol position did not seem to be conclusive of
the oxidative stability of the interesterified fats. Generally, most literature records a report
that enzymatic interesterification caused a decrease in oxidative stability, regardless of the
type of starting fats and reaction conditions [13,17,18,31,34].

3.2. Analysis of Lipid Fraction Extracted from Model Meat Batters

The fatty acid compositions of the model meat batters is presented in Table 2. The
incorporation of mixtures of MF:RSO and iMF:RSO in the recipe of model meat batters
significantly changed the fatty acid composition compared with the control meat batters.
It was found that meat batters MB_MF:RSO and MB_iMF:RSO were characterized by
higher contents of polyunsaturated fatty acids (PUFA) and lower saturated fatty acids
than the control meat batter (with pork jowl). In MB_MF:RSO and MB_iMF:RSO, the
content of PUFA reached 18.24% and 18.54%, respectively, while, in the MB_C, 10.26%.
The results revealed that the control meat batters were characterized by a higher amount
of palmitic and stearic acids and lower amounts of linoleic and α-linolenic acids than
the meat batters with MF:RSO and iMF:RSO. The amount of oleic acid was at a similar
level in all meat batters. In the case of the control meat batters, the lower values of the
medium and short-chain fatty acids were determined. Medium-chain fatty acids are used
in the body as a source of energy for the muscles, heart, liver, kidneys and platelets. They
are also a source of fast energy, because they are easily absorbed in the small intestine
and then transported through the portal vein to the liver, in which they are immediately
metabolized [5]. Generally, the composition of fatty acids of model meat batters closely
correlated with the types of fats used for their production. The amounts of individual fatty
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acids of the batters with the noninteresterified and interesterified mixtures were at similar
level as in fats used for the production of batters. A previous study also reported that the
replacement of animal fat with interesterified mixtures containing vegetable oil resulted in
a more favorable from nutritional point of view ratio of unsaturated fatty acids to SFAs in
the model meat batters [13], dry-fermented sausages [5], frankfurters [6] and sausages [11].

The distribution of fatty acids in the lipid fraction from the model meat batters reflects
the distribution of these fatty acids in the appropriate fat mixtures used for the production
of the mentioned products (Figure 1). The absorption of fatty acids in the intestinal lumen
can be improved by achieving a specific distribution of fatty acids. If saturated fatty acids
are esterified at the internal position of TAG, they are absorbed more efficiently compared
to the saturated fatty esterified in the external positions of TAG [28]. Such modified lipids
can be used in the production of special purpose foods. Studies on obtaining interesterified
lipids with the desired compositions and distribution of fatty acids and, consequently,
dealing with designing new products with predetermined properties seem to be particularly
interesting [5,6,23].

The content of free fatty acids was higher in fats isolated from the model meat batters
than in fats used in the recipe of the meat batters (Figure 3). Fat from the meat batters was
also characterized by lower oxidative stability than the corresponding fat mixtures. The
reduction of oxidative stability may be caused by the hydrolysis of ester bonds in triacyl-
glycerol molecules under the influence of water contained in the batters. The products of
hydrolysis—mainly, free fatty acids—can induce an oxidation reaction. Despite the high
content of unsaturated fatty acids in MB_MF:RSO and MB_iMF:RSO, the induction time
values showed that the oxidative stability of the reformulated meat batters was higher than
in the case of the control meat batter.

3.3. Analysis of Physiochemical and Technological Parameters of Model Meat Batters

Significant differences in the apparent viscosity of the obtained model meat batters
were found (Table 3). The model meat batter prepared with an interesterified mixture of
milkfat and rapeseed oil (MB_iMF:RSO) was characterized by a significantly (p < 0.05)
lower apparent viscosity in comparison to the apparent viscosity of the control product
(MB_C) and the meat batter with noninteresterified fat (MB_MF:RSO). Similar relationships
were found by Wirkowska-Wojdyła et al. [13]. In these studies, lard, a mixture of lard
and rapeseed oil and an interesterified mixture of lard and rapeseed oil were used for the
production of chicken meat batters. It was found that modifications of the fats significantly
affected the apparent viscosity of the produced meat batters. The significantly lowest
viscosity was observed in the case of meat batter in which an interesterified mixture of
lard and rapeseed oil was used. According to Lee et al. [33] and Choi et al. [37], there is a
relationship between emulsion viscosity and its stability. Emulsions with low viscosity are
easily broken. In turn, viscoelastic parameters of meat batters depend on the fat content
and its structure. For example, the viscosity of the meat batters produced with higher
and harder fat contents will be increased. However, this relationship is dependent on the
temperature. Lower viscosity of the meat batters will result in a more efficient filling of
the casings. Additionally, in the studies of Wirkowska-Wojdyła et al. [13], no significant
differences in the thermal drip of produced chicken model meat batters with animal fat
(lard), a mixture of lard and rapeseed oil or an interesterified mixture of lard and rapeseed
oil were observed. However, the replacement of lard with a mixture of lard and rapeseed
oil or interesterified mixture of lard and rapeseed oil significantly affected the texture of
the meat batters. The meat batters produced with lard were characterized by significantly
higher values of penetration force.
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Table 3. Technological parameters of the model meat batters.

Parameters MB_C MB_MF:RSO MB_iMF:RSO

Apparent viscosity/10−1 Pa s 541.4 ± 19.9 a 535.9 ± 48.9 a 254.3 ± 12.8 b

Thermal drip/% 2.1 ± 0.3 a 2.1 ± 0.2 a 1.8 ± 0,1 a

Texture—penetration force N 6.6 ± 0.7 a 7.0 ± 0.7 a 7.2 ± 1.0 a

Color components L* 77.8 ± 1.8 a 83.2 ± 0.8 b 84.0 ± 0,6 b

Color components a* 5.3 ± 0.8 a 1.6 ± 0.1 b 1.1 ± 0.3 b

Color components b* 7.7 ± 0.2 a 11.3 ± 0.4 b 10.8 ± 0.3 c

Different letters a, b, c in a row indicate that the samples are considered significantly different at the 5% level
(p < 0.05). MB_C—control meat batters with pork jowl, MB_MF:RSO—meat batters produced with a noninter-
esterified mixture of milkfat and rapeseed oil and MB_iMF:RSO—meat batters produced with an interesterified
mixture of milkfat and rapeseed oil.

According to Decker and Park [38] and Cegiełka et al. [39], the replacement of the
animal fatty raw material (e.g., pork jowl) with vegetable oil may have unfavorable effects
on the technological quality of the meat product and, among others, can cause the increase
of thermal loss. In our studies, there were no significant (p > 0.05) differences in the thermal
drip and texture of the produced model meat batters (Table 3).

According to the literature [40,41], the substitution of animal fat with vegetable oil
may change the color of meat products—for example, increased yellowness. Changes in
meat batter colors were also observed in our studies (Table 3). Meat batters produced with
noninteresterified or interesterified mixtures of milkfat and rapeseed oil (MB_MF:RSO and
MB_iMF:RSO) were characterized by a significantly higher (p < 0.05) lightness (L* color
component) and yellowness (b* color component) and significantly (p < 0.05) lower redness
(a* color component).

4. Conclusions

The interesterification of milkfat with rapeseed oil caused the restructuring and for-
mation of new triacylglycerols with varying degrees of saturation and a wide melting and
plastic range. The use of such lipids did not adversely affect the technological properties of
meat batters (texture and thermal drip). The incorporation of a milk fat and rapeseed oil
interesterified mixture into meat batters resulted in a higher content of unsaturated fatty
acids in the final products. Consequently, the content of α-linolenic, beneficial from the nu-
tritional point of view, was increased. The replacement of pork jowl with an interesterified
mixture of milkfat with rapeseed oil improved the ratio between the n-3 and n-6 fatty acids
to more favorable level.
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