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Effect of egg-yolk protein addition on the 
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The aim of this study was to analyze the technological, textural, colour and sensory characteristics of model meat products produced
with the addition of egg-yolk protein preparation (by-products of phospholipids extraction process at supercritical conditions).
Model meat products consisted of pork class I, backfat class I and additives such a NaCl, NaNO2 and sodium isoascorbate. Functional
additive (egg-yolk protein preparation) was added at different level of concentration: 0% (C), 2% (P1), 4% (P2) and 8% (P3). Ex-
perimental stuffings were heat treated in water bath and stored for 3 weeks under refrigeration. Thermal drip, yield of production
process, NaCl, NaNO2 contents, texture profile analysis and physical parameters of colour (according to the CIE L*a*b* colour scale)
were determined. Sensory assessment included: overall appearance, colour, odour and consistency of model meat products.
It was observed that addition of egg yolk proteins to the model meat products influenced on increasing yield of the production process
and on reducing mass losses caused by heat treatment. Furthermore, the addition of protein preparate resulted in increased accumu-
lation of sodium nitrite in experimental products, what may be take into consideration in further studies on reducing the level of this
substance in meat processing. The values of hardness, gumminess and chewiness of experimental samples were higher (α ≤ 0.05) than
those obtained for control variant. After 3 weeks of storage model products produced with egg-yolk protein addition were characterized
by lower (α ≤ 0.05) value of chewiness than control sample. Moreover, after 24 hours there were no statistical (α ≤ 0.05) differences
beetwen b* (yellowness) values of P1 variant meat products and control sausages. All investigated variants after 3 weeks of storage did
not differ significantly within L* (lightness) and a* (redness) values. Sensory assessment showed that P1 variant of experimental
products obtained the highest scores of colour, consistency and overall appearance.

Keywords and phrases: egg-yolk protein, meat products, functional additives 

Introduction

Meat products are willingly chosen by Polish consumer, be-
cause of their taste, nutritional value and convenience in
use. The modern consumer looks for meat products of high
quality, health safety, with relatively low price and long shelf
life. The quality of meat products depends on the raw ma-
terials and on additives as well as on the propriety and con-
ditions of the production process. Producers, in response
to market demands, rising prices of raw materials and pro-
duction costs, are forced to look for new solution in the
processing of meat. One of the methods focused on im-
proving the quality of meat products is to change the com-
position of the recipe by leading to eliminating or reducing
the content of undesirable components (e.g. saturated fatty
acids, salt, nitrates) and to introducing or increasing the
amount of substances which can have positive effect on
human health [1-4]. The possibility of using proteins of
animal origins  (e.g. whey, blood plasma) in order to im-
prove the technological parameters and to increase the nu-
tritional value of meat products is noteworthy from the
consumer and economical point of view. Eggs contain
many protein substances which indicate good functional
properties and moreover high biological activity. Hydrolysis

process can effectively improve the functional characteris-
tics of egg proteins and make it useful during meat prod-
ucts manufacture [5,6].

The aim of this study was the usage of protein pre -
paratation (by-products of phospholipids extraction process
at supercritical conditions) in the model meat products
manufacture. The impact of varying levels of this protein
additive on production yield, colour, textural and sensory
properties of experimental products was evaluated.

Materials and methods

Production of model meat products
Experimental meat products were made  from 1st grade

pork ham (70%), 1st grade backfat (30%) and additives
such a NaCl, NaNO2 and sodium isoascorbate. Egg yolk
protein preparation (by-products in egg yolk phospholipids
extraction process at supercritical conditions) was added at
different level of concentration: 2 % (P1), 4 % (P2) and 8
% (P3). As control samples meat product without addition
of protein preparation was used. Meat, fat and additives
were homogenized on Büchi Mixer B-400 machine (9000
rpm, 3 s). The stuffings were packed in lockable polipropy-
lene boxes with the capacity of 50 cm3, and heat treated in
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water bath until final internal temperature 72 °C was
reached. Subsequently, meat products were cooled down
with ice. Final products were vacuum packed in polyethyl-
ene bags and stored for 3 weeks at 4 ± 1 °C. The experiment
was replicated in four independent production series. 

Technological properties
Thermal drip [7] and process efficiency (by determin-

ing the ratio of the final product weight to the amount of
used raw materials in production) were determined imme-
diately after the production process. Before evaluation the
final products were dried using a paper towel and weighed. 

NaCl, NaNO2 content analysis
To determine the amount of sodium chloride (NaCl)

classical Mohr’s method was used. Meat products were
dried using a paper towel and ground. The content of
NaNO2 was estimated by spectrophotometric method.
The evaluation was conducted directly after the production
process and after 3 weeks of storage.

Colour measurement
The colour of model sausages was measured using a re-

flectance colorimeter Minolta CR-400 and it was expressed
in scale L* (lightness) a* (redness) b* (yellowness) in CIE
Lab system. Colour measurement was conducted four
times for each variant of meat products directly after pro-
duction. The evaluation was repeated after 1, 24 hours and
after 3 weeks of storage.

Textural properties
The texture profile analysis (TPA) of model meat prod-

ucts was conducted by using Zwick/Roell Z010 materials
testing machine. Compressing of meat products slices
(15×27 mm) was conducted with the use of TPA 75 test
(75% deformation, head speed – 60 mm/min, relaxation
time – 30 s). Textural parameters such a hardness [N], co-
hesiveness [-], springiness [mm], chewiness [Nm] and
gumminess [N] were determined. The evaluation was con-

ducted directly after production process and after 3 weeks
of storage.

Sensory analysis
Sensory evaluation of model meat product was con-

ducted according to the Polish standard ISO 4121:1998
[8]. Experimental products were evaluated by six-person
team using five-point hedonic scale of acceptance. The fol-
lowing parameters were investigated: overall appearance,
odour, colour and consistency of final products.

Statistical analysis
Mean values for different parameters were calculated

and compared by analysis of variance (one-way ANOVA)
using the Statistica software version 10. Moreover, statisti-
cal differences between mean values were identified by
Duncan test at the 95 % of confidence level (α ≤ 0.05).

Results and Discussion

In the recent years, an increase in meat production costs
can still be observed. This fact forces manufacturers to con-
stant search for new solutions that allow the production of
high quality products with possibly low financial expendi-
tures. Modern technologies that utilize wide spectrum of
functional additives to improve efficiency of meat products
manufacture are well known, but the aspect of input other
than natural substances still raises a lot of controversy
among consumers.

In this work significant (α ≤ 0.05) effect of experimental
protein additive on thermal drip and efficiency of model
meat products production is shown (table 1). The higher
addition level, the lower losses of mass caused by heat treat-
ment. Consequently, yield of production process was sig-
nificantly higher (α ≤ 0.05) in experimental samples (from
92.50 % for P1 variant, to 97.29 % for P3) than in control
samples (89.01%).

Table 2. shows the NaCl and NaNO2 contents of ex-
perimental meat products. NaCl is very important element
both from technological and sensory point of view [9,10].

Tab. 1. Chosen technological parameters of model meat products
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NaNO2 despite numerous objections is irreplaceable sub-
stance used in curing  process of meat. Moreover, it may
inhibit the growth of bacteria, especially important is abil-
ity to inhibit the growth of Clostridium botulinum which
produce a toxin that is dangerous to human health. It may
also reduce lipid oxidation during storage of food and in-
fluence positively on colour and flavour of final products
[11]. In this study there were no statistical differences (α ≤
0.05) in average NaCl amount of different production vari-
ants. On the other hand the level of NaNO2 was concen-
tration dependent and varied significantly between
production runs. The highest (α ≤ 0.05) average content
of NaNO2 was observed for P3 production variant at 1st

day of analysis (96.16 mg/kg) while the control sample at
these time exhibited much lower amount of this substance
(64.01 mg/kg). The substantial variation in the level of

NaNO2 between production series was caused by high di-
versity of the meat structure and many factors (including
the human factor) that can effect on its properties. In-
creased level of NaNO2 in experimental meat products
may be associated with high water absorption of the protein
preparation and hence with a much reduced mass losses (as
well as water soluble substances) during heat treatment.
Consequently, the highest (α ≤ 0.05) average content of
NaNO2 was noted in samples which were characterized by
the highest values of process efficiency and the lowest values
of thermal drip.

Table 3. presents the results of texture profile analysis
(TPA) of investigated meat products. It was observed that
incorporation of egg yolk protein preparation to model
stuffings caused significant differences (α ≤ 0.05) within
the values of chosen textural parameters. The highest value

30

Tab. 2. NaCl and NaNO2 content of model meat products

Tab. 3. The values of chosen textural parameters of model meat products depending on production variant and storage time
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(58.38 N) of hardness was exhibited by the product that
contained 8 % of protein additive, while the lowest value
(46.50 N) was noted for control product. Furthermore, ex-
perimental meat products were more cohesive and springy
than control variant. The same tendency was observed con-
cerning the chewiness and gumminess. The results of TPA
analysis were strictly related with those obtained for evalu-
ation of technological parameters. Increasing amount of
egg protein caused an increase of water absorption capacity
and at the same time increase of hardness value. The gum-
miness parameter is a result of measured values for hardness
and cohesiveness and chewiness is a result of hardness, co-
hesiveness and springiness so changes of both parameters
are strongly connected to those observed for peak force of
the first compression cycle.  Gujral et al. [12] also reported
the impact of hen egg protein on the textural and cooking
properties of baked goat patties. They showed that addition
of liquid whole egg improved the juiciness of the patties,
lowered the shrinkage and cooking losses.

The texture and colour of meat products mostly are
shaped by the quality and quantity of recipe components,
including the content of meat and fat, water absorption ca-
pacity and also the type and amount of additives. Moreover,
these features are formed during technological process [13].

The colour of meat of meat products is the most im-
portant feature which is taken into account at the time of
purchase. It mainly depends on amount and forms of pig-
ments, the content of fat and substances that supported the
production process. Changes in instrumental colour values
of experimental meat products during storage time are pre-
sented in Table 4.

The highest (α ≤ 0.05) lightness (L* value) corre-
sponded to control sample at 1st and 21st day after produc-
tion (64.45). Model meat products with protein additive
were darker while the lowest L* value (α ≤ 0.05) was re-
ported for P2 variant directly after processing (60.83).
There were no statistical differences (α ≤ 0.05) in L* values
of different variants of meat products measured after 3
weeks of storage. 

In products that contained functional additive were de-
termined significantly (α ≤ 0.05) lower a* and higher b*
values than those corresponding to control sample. The
most red and the least yellow were control products directly
after manufacture. Furthermore, the lowest a* and the
highest b* values (α ≤ 0.05) corresponded to P3 variant
after 3 weeks of storage (6.89 and 10.13 respectively).

Nieto et al. [14] obtained similar results for meat emul-
sions produced with hydrolyzed potato protein (HPP) ad-
dition as  those presented in this study. They idicated that
meat emulsions with added HPP were darker than control
sample and also had lower values of a* and b*.

Subjective sensory assessment of foods provides valuable
information for both consumers and manufacturers. Its re-
sults allow to produce the wide range of new products avail-
able on the market. Sensory evaluation of experimenal meat
products showed that incorporation of egg yolk preparation
at the level of 2 % (P1) to the model products recipe did
not cause variation within its odour (figure 1.). Moreover,
model sausages manufactured with 2 % of protein prepa-
ration have obtained higher scores within the evaluation of
parameters such a colour, consistency and overall appear-
ance than control products.

Tab. 4. Influence of storage time and production variant on colour parameters of model meat products
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Conclusion

The results of this study indicate the possibility of use the
egg protein preparation (by-products in egg yolk phospho-
lipids extraction process at supercritical conditions) as an
ingredient of meat and fat stuffing to improve the texture
and colour of meat products without variation of sensory
attributes of final products. Noteworthy is the fact that the
level of NaNO2 within experimental meat products was
significantly higher in comparison to control samples.
These results may be a contribution to further research on
reducing the addition of NaNO2 in meat processing.
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Fig. 1. Sensory evaluation of model meat products
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