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Anna Augustyńska-Prejsnar ,1 Małgorzata Ormian,1 Paweł Hanus,2 Maciej Kluz,3

Zofia Sokołowicz,1 and Mariusz Rudy4

1University of Rzeszow, Faculty of Biology and Agriculture, Department of Animal Production and Poultry Products Evaluation,
35-959 Rzeszów, Poland
2University of Rzeszow, Faculty of Biology and Agriculture, Department of Food Technology and Human Nutrition,
35-959 Rzeszów, Poland
3University of Rzeszow, Faculty of Biology and Agriculture, Department of Bioenergetics and Food Analysis, 35-959 Rzeszów,
Poland
4University of Rzeszow, Faculty of Biology and Agriculture, Chair of Agricultural Processing and Commodity Science,
35-959 Rzeszów, Poland

Correspondence should be addressed to Anna Augustyńska-Prejsnar; augusta@ur.edu.pl
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Along with the growth of the group of consumers paying attention to the relationship between diet and health, there is a trend of
interest in natural products and the possibility of their use in meat processing. Raw material used for the study was the breast
muscles of pheasants (Phasianus colchicus), which were marinated for 24 hours with acid whey, buttermilk, and lemon juice.
Physical parameters (marinade absorption, pH, WHC, colour, shear force, texture pro�le analysis (TPA), and thermal losses) and
microbiological parameters (the number of mesophilic aerobic bacteria, Enterobacteriaceae, Pseudomonas spp., and lactic acid
bacteria) of the nonmarinated and marinated muscles (raw and roasted) were evaluated, and sensory analysis was made.  e
studies have shown that whey and buttermilk can be used as a natural marinade for marinating pheasant meat, as it ensures
microbiological safety of the product and has a positive e�ect on tenderness (measured by shear force) and chewiness. In the
sensory evaluation, it improves the juiciness and tenderness of the roast product and has obtained general acceptability.

1. Introduction

 e growing interest in high-quality food makes consumers
increasingly pay attention to pheasant meat.  e meat of
these birds has valuable nutritional, dietary, and sensory
values. It is a rich source of protein and micronutrients
(especially selenium and phosphorus) and contains small
amount of fat with a low content of saturated fatty acids
[1, 2]. Due to high levels of vitamins B6 and B12 and niacin in
pheasant meat, the meat of these birds can be similar to the
meat of chickens, geese, or ducks [3, 4]. However, it still

remains a niche product. e factors limiting the production
and demand for pheasant meat are the seasonality of pro-
duction and a small group of farms dealing with their
breeding [5]. Consumers are increasingly looking for meat
with good and health bene�ts and are willing to pay a higher
price for unique high-quality products.

Meat marinating has been known for many years.  e
selection of marinade ingredients and marinating tech-
niques are constantly improved so that the product obtained
meets the expectations of consumers. Consumers are in-
creasingly aware of diet-related health problems and
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therefore demanding natural ingredients which are expected
to be safe and health-promoting [6].

Juice of lemon (Citrus limon) is commonly used for
culinary purposes around the world: used as a food pre-
servative and often used for marinating meat to improve the
juiciness and tenderness of meat [7, 8]. Lemon juice contains
citric acid, L-ascorbic acid, sugars, proteins, and fibres, as
well as B-group vitamins, beta-carotene, macro- and
micronutrients, and biologically active ingredients, such as
essential oils (mainly limonene), bioflavonoids, phytoncides,
and pectins [9].

Acid whey and buttermilk are by-products of the dairy
industry which are produced in large quantities during the
production of cottage cheese and the production of butter
using appropriate cultures of lactic acid bacteria. *ese
products are a source of many valuable components: lactose,
calcium and phosphorus compounds, organic acids (in-
cluding high content of lactic acid), and vitamins [10]. Acid
whey has a very high biological value and contains peptides
and proteins (α-lactalbumin, β-lactoglobulin, immuno-
globulin, bovine serum albumin (BSA), and lactoferrin), of
which the most important are α-lactalbumin and β-lacto-
globulin. *ey are characterized by a high nutritional value
and have a strong antimicrobial and antioxidant effect [11].
*e health and technological properties of whey proteins
make it a unique raw material of the food industry. Whey
contains high amounts of B-group vitamins (especially B2
vitamin) and vitamin A and significant amounts of tryp-
tophan and cysteine and mineral compounds [12]. Butter-
milk is a dietetic product (fat content does not exceed 1%),
distinguished by a high content of lecithin and B-group
vitamins. Buttermilk is well tolerated in people with lactose
intolerance. *e protein content in the product is low but
has a high biological value. By-products of the dairy in-
dustry, such as whey and buttermilk, are currently used in
the production of functional foods and enjoy the interest of
the meat industry and consumers in households. *e results
of the latest scientific research indicate the possibility of
using acid whey for marinating beef and pork [12–18] to
improve the sensory characteristics and tenderness and
inhibit oxidative changes in the meat products. Vlahova-
Vangelova et al. [19] showed the beneficial effect of mari-
nating on organoleptic characteristics (smell and consis-
tency) of broiler chickenmeat.*e lack of information in the
scientific literature presenting the use of acid whey and
buttermilk for marinating pheasant meat prompted the
authors to undertake research in this field.

*e aim of this study was to evaluate the use of acid
whey, buttermilk, and lemon juice to marinate pheasant
breast muscles and the effect on the quality parameters and
product safety.

1.1. Practical Applications. Meat of pheasants has valuable
nutritional values. *e growing interest in high-quality food
makes consumers pay attention to the meat of pheasants.
*e use of whey and buttermilk for marinating pheasant
meat had a positive effect on the quality of the product,
ensuring full health safety and consumer acceptance. Based

on the research results, it can be concluded that acid whey
and buttermilk can be used as a marinade for pheasant meat.

2. Materials and Methods

Research material for the study consisted of breast muscles
obtained from 16-week-old pheasants (Phasianus colchicus).
*e pheasant carcasses were bought from local farms dealing
with the rearing of pheasants.*e birds were kept in partially
roofed aviaries on a sand-gravel substrate. *ey were fed ad
libitum, using in the first 4 weeks of life complete com-
mercial feed mixtures containing 28.0% of total protein and
11.6MJ of metabolic energy and up to 10weeks mixtures
containing 21.5% of protein and 12MJ of metabolic energy.
Above that age till the end of rearing, farm fodder was fed,
i.e., wheat grains, maize, green forage of grasses and alfalfa,
and crumbled carrot and pumpkin. 24 hours after slaughter,
skinless breast muscles were manually trimmed from chilled
carcasses [20]. Single breast muscles were used in the study.
*e control group (C) consisted of nonmarinated breast
muscles (n� 40 left). Before marinating, the muscles were
weighed with an accuracy of 0.01 g (balance type ED 423S-
0CE, Sartorius Mechatronics, Poland) and individually la-
belled. *e samples were stored at 4°C.

*ree acidic marinades were used in the study, which
were based on acid whey (W group), buttermilk (B group),
and lemon juice (LJ group). *e marinades were supple-
mented with sea salt (1.0%), cane sugar (1.0%), and, in the LJ
group, distilled water. *e marinades were prepared for
1 hour before using for the study and stored at 4°C. *e acid
whey and buttermilk came from a local producer of dairy
products that were obtained directly from the quark and
organic butter production line. *e by-products of the dairy
industry were subjected to the microbiological control at the
manufacturer in accordance with the following standards:
PN-EN 12322 : 2005 [21] and PN-EN ISO 11133 : 2014-07
[22], on the mediums Salmonella-Shigella Lab-Agar, Violet
Red Bile with Lactose Lab-Agar, and Tryptocasein Soy Lab-
Agar. *e products have a quality control certificate and are
on themarket. Analysis of the chemical composition of whey
and buttermilk was performed with the analyzer of the
chemical composition of milk and products, Bentley B-150
(Bentley, USA). *e whey contained 0.59% protein, 0.21%
fat, 4.65% lactose, and 6.56% dry matter. Buttermilk con-
tained 3.95% protein, 1.87% fat, 4.97% lactose, and 11.96%
dry matter. *e active acidity in the products was de-
termined by the pH meter FiveEasy Plus FP20 (Mettler
Toledo, Switzerland) equipped with an LE438 electrode with
an integrated temperature sensor; the pH of the products
was similar: whey 4.53 and buttermilk 4.51. *e total acidity
was determined in accordance with the guidelines of Jemaa
et al. [23]: for whey, it was 0.49 (g of lactic acid/l), and for
buttermilk, it was 0.87 (g of lactic acid/l). Fresh bio-lemon
juice (pH 2.46± 0.32) was used which was squeezed by hand.
*e concentration of lemon juice was designed to corre-
spond to the average pH (4.52) of whey and buttermilk. For
this purpose, the fruits were scalded (3minutes in boiling
water), cut with a sterile knife, and filtered. Sea salt and cane
sugar were purchased at the organic food store.

2 Journal of Food Quality



*e process of marinating consisted in immersion of
breast muscles—Wgroup (n � 40), B group (n � 40), and LJ
group (n � 40)—in the prepared marinade. *e ratio of
meat to marinade was set at 1 :1 (meat : marinade). Samples
from the groups were immersed in the marinade inside
plastic containers. Breast meat was stored in a refrigerator
for 24 hours at 4°C± 1°C in atmospheric conditions. After
the fixed marinating period, the samples were weighed again
with an accuracy of 0.01 g.

Nonmarinated (C) and marinated (W and LJ) breast
muscles were weighed with an accuracy of 0.1 g and pro-
cessed using an electric oven at 180°C to achieve a tem-
perature of 80°C± 2°C inside the muscle sample. *e
temperature inside the muscles was measured with a digital
thermometer with an external K-type thermocouple probe
(*erma Plus, England).

To determine the marinade absorption, the control and
marinated meat samples were weighed before and after
marinating. *e marinade absorption was calculated using
the following formula: marinade absorption (%)�weight of
sample after marinating (g)−weight of sample before
marinating (g)× 100/weight of sample before marinating
(g). *e pH measurements of nonmarinated and marinated
breast muscles were made using a dagger electrode, fitted
with a pHmeter (HI-99163, Hanna, Germany).*e sample’s
water-holding capacity (WHC) determined using the Grau
and Hamm [24] method was based on the amount of juice
squeezed from it. *e colour assessment of the cross-
sectional surface of nonmarinated and marinated breast
muscles was performed, based on the reflection method,
using the Chroma Meter colorimeter (Konica Minolta,
Osaka, Japan), fitted with a CR-400 head (ø� 11mm),
calibrated with a Konica Minolta calibration plate (observer
2°, illuminant D65, Y� 93.5, x� 0.3160, and y� 0.3324). *e
reading of the measurement results was achieved in a
CIELAB colorimetric system [25], with L∗ (lightness), a∗
(redness), and b∗ (yellowness). Brittleness analysis and
texture profile analysis (TPA) were performed on roast
control and marinated meat samples. Brittleness was mea-
sured based on the shear force (Fmax), using a Zwick/Roell
testing machine BT1-FR1.OTH.D14 (from Zwick GmbH &
Co. KG, Ulm, Germany), applying a wide-width Warner–
Bratzler V-blade with a head speed of 100mm·min−1 and a
0.2N precut force. *e cutting was carried out on cubes of
control and marinated breast muscles with a cross section of
100mm2 and a length of 50mm. Texture profile analysis
(TPA) was performed with a CT3 25 texture analyzer
(Brookfield, USA) equipped with a cylindrical probe with a
diameter of 38.1mm and a length of 20mm. A test of double
compression of samples to 50% of their height was per-
formed [26]. *e texture was determined on nonmarinated
and marinated breast muscle samples in the form of 10mm
cubes.*e speed of the roll during the test was 2mm/s, while
the gap between pressures was 2 s. *e TPA parameters
hardness (N), springiness (mm), gumminess (N), and
chewiness (MJ) were calculated from the force-time curves
recorded for each sample using Texture Pro CT [27]. To
assess the post-heat treatment leakage, 30 g of meat samples
was weighed, placed, and kneaded in 150 cm3 beakers and

weighed with an accuracy of 0.01 g (balance type ED 423S-
0CE, Sartorius Mechatronics, Poland). *e samples thus
prepared were covered with polyethylene foil and heated in a
water bath at 72± 2°C for 30minutes and subsequently
cooled [28]. *e amount of post-heat treatment leakage is
expressed based on the following formula: W� [(m1−m2) :
(m1−m0)]× 100%, where W is the amount of postthermal
leakage (%),m0 is the mass of the empty beaker (g),m1 is the
mass of the beaker with meat before thermal treatment (g),
andm2 is the mass of the beaker with meat after pouring out
the leaked meat juice (g). Weight loss (%) was calculated
based on the weight difference before and after heat
treatment.

An amount of 10 g (10 cm2) of the breast muscles was
sampled using sterile scalpels and forceps, immediately
transferred into a sterile stomacher bag, containing 90mL of
0.1% peptone water (pH 7.0), and homogenized for 60 s in a
stomacher at room temperature. Microbiological analyses
were conducted by using standard microbiological methods.
Anaerobic plate count (AC) was determined using Tryp-
tocasein Soy Lab-Agar (TSA, Biocorp) after incubation for
48 h at 35°C under aerobic conditions. For Pseudomonas
spp., 0.1ml from serial dilutions of meat sample homoge-
nates was spread onto the surface of Pseudomonas Isolation
Agar (PIA, Oxoid). Pseudomonas spp. were counted after
incubation for 48 h at 25°C. For lactic acid bacteria, Rogosa
and Sharpe Agar (MRS, Oxoid, UK) was inoculated with a
1.0ml of sample suspension. Inoculated plates were in-
cubated for 48–78 h at 37°C in an aerobic atmosphere
supplemented with carbon dioxide (5% CO2). For Enter-
obacteriaceae, a 1.0ml of sample was transferred into 10ml
of molten (45°C) Violet Red Bile Glucose Agar (VRBL,
Biocorp). Inoculated plates were incubated at 37°C for 24 h.
All plates were examined for typical colony types and
morphology characteristics associated with each medium
applied for incubation. All tested groups of bacteria were
counted in triplicate. Sampling for microbiological assess-
ment after heat treatment was carried out after 24 hours of
cold storage in a cooling cabinet (FKv 36110, Liebherr,
Germany) at 4°C± 1°C.

*e sensory quality of marinated and nonmarinated
pheasant breast muscles was scaled using the method
according to Baryłko-Pikielna and Matuszewska [29]. In
order to conduct the sensory assessment, the heat-treated
samples were cooled to 20°C± 2°C and cut into 1.5 cm thick
slices, perpendicular to the run of meat fibres. *ey were
placed in disposable plastic boxes that were covered with
lids. All samples for evaluations were coded individually and
given in random order. *e sensory evaluation was carried
out by a 6-person evaluation team tested in terms of sen-
sitivity and sensory fitness according to ISO 8586-2:2008
[30] and ISO 8587:2006 [31]. *e evaluating persons had
experience in assessing meat and meat products. A 5-point
evaluation was applied with a defined value limit, including
the following qualitative indices: odour intensity (very
negative (typical) and very strong), flavour intensity (very
negative, very sour (typical), and very desirable), odour
desirability (not desirable and highly desirable), flavour
desirability (not desirable and highly desirable), juiciness
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(very dry and very juicy), and tenderness (very hard and very
tender). All the evaluations were performed at a sensory
laboratory that conformed to all the requirements of the
relevant standard [32]. Between each sample test, assessors
took a break for 30 s and rinsed their mouths using mineral
water.

Results obtained were statistically analysed with the
analysis of variance (ANOVA) using the Statistica 13.1
software package [33]. *e arithmetic mean (x) and stan-
dard deviation (SD) were determined. To indicate the sig-
nificance of differences between means in groups, Tukey’s
post hoc test with a level of significance p< 0.05 was
applied.

3. Results and Discussion

*e study showed that the percent marinade absorption
significantly (p< 0.05) differed among treatments. Mari-
nade absorption ranged from 3.26 to 7.32%. Pheasant breast
muscles marinated in buttermilk showed the highest ab-
sorption, while those marinated in the lemon juice the lowest
absorption (Table 1). Differences in marinade absorption
could be due to the density of marinades, differences in the
osmotic pressure exerted by different marinade solutions,
and also the marinades’ pH. Many authors [8, 14, 16, 34, 35]
indicate that the acidity of marinated meat depends on the
pH of the marinade, as confirmed in the present study. *e
pH value of raw pheasant breast muscles marinated with
acid whey and buttermilk was significantly (p< 0.05) lower
than that of those marinated with lemon juice. *is result
was unexpected because the pH of the marinades used was
the same. *e difference in pH may have resulted from the
microbial load of the dairy industry by-products that could
produce lactic acid. Water-holding capacity of meat is the
ability to maintain its own and added water. In the case of
marinated meat, water absorption depends on the compo-
sition of the marinade [36]. Meat with higher water-holding
capacity loses less juice during thermal processing, which
may affect its juiciness. In the present study, it was shown
that pheasant breast muscles marinated in buttermilk and
whey were characterized by a higher (p< 0.05) water ab-
sorption, while those marinated in lemon juice by a lower
absorption. Increase in the moisture content might be at-
tributed to marinade absorption [37]. In the present study, it
was shown that marinating significantly affected (p< 0.05)
the brightening of colour of raw and heat-treated pheasant
breast muscles (increase in parameter L∗) in comparison to
nonmarinated muscles (Table 1). On the contrary, no sig-
nificant differences (p> 0.05) of the brightness parameter L∗

between the marinades used were found. *e brightening of
colour of the pheasant breast muscles marinated in acidic
marinades could be due to decrease in its pH and a higher
amount of extracellular water introduced into the meat
during marinating. Serdaroğlu et al. [35] reported that L∗

values increased when turkeymeat samples weremarinated in
citric acid. According to these researchers, one possible reason
for increased L∗ values is that muscle proteins swell and light
reflection alters at low pH and ionic strength, resulting in
lighter colour. In the study by Vlahova-Vangelova et al. [19],

the effect of whey marinade used on the surface colour of raw
and grilled breast muscles of broiler chickens was not
demonstrated. Kim [14], on the contrary, noted the effect of
acid whey on the reduction of the L∗ brightness parameter in
a raw and heat-treated bovine marinated product. In the
present study, it was found that marinating with whey and
buttermilk caused a significant increase in yellow colour
(p< 0.05) of raw pheasant muscles. *is tendency was pre-
served after heat treatment with marinating in whey, while
marinating in buttermilk caused an increase in the colour
saturation towards red (Table 1). *e reduction of the L∗

brightness parameter could result from the participation of
mineral compounds and sugars present in whey and but-
termilk, possibly by alteration of the oxidation state of
myoglobin. In the present study, it was shown that marinating
had an effect (p< 0.05) on the amount of thermal drip,
whereas no effect of the marinades used on this characteristic
was noted (p< 0.05).

Health safety in microbiological terms can be defined as
the absence of pathogenic organisms and toxins of micro-
biological origin in a specified quantity of food [17]. It
should be strictly ensured for meat products marinated
using natural marinades. In the conducted research, it was
found that the use of acid whey and buttermilk for mari-
nating significantly (p< 0.05) affected the inhibition of the
number of mesophilic aerobic bacteria and Pseudomonas
spp. in a raw marinated pheasant breast muscle (Table 2). It
was also shown that marinating with whey and buttermilk
effectively inhibited the growth of bacteria from the family
Enterobacteriaceae. *e pH reduction caused by organic
acid (lactic) was the primary factor that affected the re-
duction of microorganisms. In an environment with acidic
pH, the processes of multiplication of most microorganisms
are slowed down [38]. From the microbiological perspective,
the antimicrobial substances contained in acid whey and
buttermilk, such as organic acids or whey proteins, were
responsible for the inhibition of microbial growth. More-
over, it was shown that marinating raw pheasant muscles
with the use of whey and buttermilk significantly (p< 0.05)
contributed to an increase in the number of lactic acid
bacteria compared to the control and marinating with the
use of lemon juice (Table 2). *e growth of lactic acid
bacteria in the conducted research, their ability to control
the environment and to compete with other microorganisms
for amino acids or easily fermentable saccharides, could
limit the possibilities for the development of saprophytic and
pathogenic bacteria [10]. Vlahova-Vangelova et al. [19]
proved that the concentration of acid whey and the time of
marinating affected the increase in the population of lactic
acid bacteria in the raw breast muscles of broiler chickens.
*e growth of lactic acid bacteria was noted byWójciak et al.
[15], Wójciak et al. [16], andWójciak and Dolatowski [39] in
a pork product marinated in whey and a model beef product
with the addition of sea salt. In the microbiological as-
sessment of pheasant meat after heat treatment and cold
storage for 24 hours, no lactic acid bacteria and bacteria from
the family Enterobacteriaceae were found (Table 2). It was
shown, however, that marinating with whey and buttermilk
inhibited the growth of aerobic bacteria and Pseudomonas
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spp., increasing the microbiological safety of the product
subjected to heat treatment. In the study by Wójciak et al.
[16], it was proved that acid whey can be used effectively to
improve microbiological quality without adversely affecting
organic sausage quality.

Texture is an important sensory characteristic of muscle
foods, such as pheasant and beef. Many studies
[8, 14, 16, 17, 35, 40, 41] have indicated that the low meat pH
after marinating has positive effects on the texture, which
was confirmed in the present study (Table 3). In the in-
strumental evaluation of the texture of meat, the most
commonly used parameter, interdependent with tenderness,
is the value of the maximum shear force obtained by the
Warner–Bratzler test. *e analysis of measurements of the
maximum shear force showed a significant (p< 0.05) effect
of marinating using acidic marinades on the change of
mechanical properties of raw and heat-treated meat.
However, it was shown that the breast muscles marinated
using whey and buttermilk were characterized by a smaller
(p< 0.05) shear force as compared to those marinated with
lemon juice. *e results obtained by Ergezer and Gokce [40]

showed that the use of lactic acid for marinating turkey
breast muscles decreased the value of shear force compared
to the control. Kim [14] did not confirm the effect of the use
of acid whey in the process of marinating beef on the
tenderness of meat measured by shear force. Texture profile
analysis (TPA) takes into account the multiparameter
properties of the product and mimics the conditions to
which the material is subjected throughout the mastication
process [27]. Meat texture analysis was based on the mea-
surement of strains occurring during sample compression
(Table 3). In the present study, it was shown that marinating
had a beneficial effect (p< 0.05) on reduction of the
hardness of roasted breast muscles of slaughter pheasants
compared to the control. Significant statistical differences
(p> 0.05) were not found between used marinades. *e
hardness results obtained for the control group coincide
with those reported by Kotowicz et al. [2] for slaughter
pheasants from aviary breeding. According to Kumar et al.
[8], the acid breaks the transversal bounds of collagen,
leading to the unstable structure loss of this connective tissue
protein. According to Berge et al. [42], the mechanism of the

Table 2: Microbiologial composition of nonmarinated and marinated breast muscles of slaughter pheasants.

Parameter (log cfu.g–1) Nonmarinated Marinated
SEM

Group C Group W Group B Group LJ
Raw marinated
Mesophilic aerobic bacteria 5.21a± 0.04 3.46b± 0.22 3.27b± 0.33 5.24a± 0.17 0.06
Enterobacteriaceae 4.73± 0.01 — — 4.80± 0.02 0.08
Pseudomonas spp. 5.22a± 0.03 3.72b± 0.09 3.94b± 0.01 5.32a ± 0.06 0.09
Lactic acid bacteria 3.04b± 0.10 3.72a± 0.15 3.69a± 0.15 3.00b± 0.12 0.08

Marinated and roasting
Mesophilic aerobic bacteria 2.19a± 0.16 1.42c± 0.18 1.65b± 0.49 1.77b± 0.32 0.03
Enterobacteriaceae — — — — —
Pseudomonas spp. 1.89a± 0.58 1.35b± 0.46 1.30b± 0.26 1.62a ± 0.32 0.02
Lactic acid bacteria — — — — —

Data are expressed as arithmetic mean± standard deviation (x ± s). Group C: control group, nonmarinated; group W: marinated in acid whey; group B:
marinated in butter milk; group LJ: marinated in lemon juice. a,b,cValues in rows with different letters differ significantly (p< 0.05).

Table 1: Physical composition of nonmarinated and marinated slaughter pheasants.

Parameter Nonmarinated Marinated
SEM

Group C Group W Group B Group LJ
Raw marinated
Marinade absorption (%) — 5.07b± 0.62 7.32a± 0.78 3.26c± 0.51 0.03
pH 6.11a± 0.03 5.49c± 0.04 5.47c± 0.03 5.59b± 0.08 0.01
Water-holding capacity (%) 22.59c± 2.56 28.73a± 2.86 30.33a± 3.12 25.67b± 3.56 0.12
Colour

L∗ (lightness) 52.10b± 3.94 53.18a± 3.16 53.84a± 3.10 58.89a± 2.92 0.50
a∗ (redness) 11.20± 1.20 11.86± 1.65 13.05± 1.05 10.86± 1.40 0.15
b∗ (yellowness) 4.68a± 1.25 6.11b± 1.52 5.92b± 1.2 3.16c± 0.92 0.09

Marinated and roasting
pH 6.24a± 0.03 5.81b± 0.03 5.83b± 0.02 5.86b± 0.04 0.08
Colour

L∗ (lightness) 76.82a± 3.79 80.04b± 3.51 79.35b± 1.86 80.42b± 3.82 0.42
a∗ (redness) 10.82± 1.58 9.58± 2.10 10.86± 1.80 9.10± 1.45 0.12
b∗ (yellowness) 10.89b± 2.02 12.10a± 2.05 11.48b± 1.89 9.68b± 2.50 0.28

Treatment leakage (%) 16.50b± 2.60 22.29a± 2.86 23.51a± 2.88 21.94a± 3.85 0.26
Data are expressed as arithmetic mean± standard deviation (x ± s). Group C: control group, nonmarinated; group W: marinated in acid whey; group B:
marinated in butter milk; group LJ: marinated in lemon juice. a,b,cValues in rows with different letters differ significantly (p< 0.05).
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tenderising action of acidic marinades is revealed to involve
in the weakening of structures due to swelling of the meat
and increased conversion of collagen to gelatine at low pH
during cooking. In the present study, it was shown that
marinating with the use of acid whey and buttermilk caused
a significant (p< 0.05) decrease in springiness and chewiness
compared to the muscles marinated with lemon juice and
the control group. Ferysiuk et al. [12] showed that the
combination of acid whey and sea salt also had a positive
effect on the springiness parameter of the marinated pork
product.

*e results of the sensory evaluation (Table 4) indicate
that the use of marinade has improved the sensory charac-
teristics of pheasant breast muscles compared to the control
group. It was shown that the muscles marinated with whey
and buttermilk were characterized by significantly higher
juiciness and tenderness and lower odour desirability as
compared to the muscles marinated using lemon juice. Kim
[14] also stated that the use of acid whey for marinating beef
improved the tenderness and juiciness of the product com-
pared to the control group. Vlahova-Vangelova et al. [19]
showed a beneficial effect of whey marinating (50% whey and
50% water) on the hardness of broiler chicken meat subjected
to grilling. In the present study, the buttermilk used for
marinating had a beneficial effect on the desirability of flavour
of the product that was highly rated by the evaluation panel,
which indicates that the buttermilk ingredients had a positive
effect on the flavour. On the contrary, the intensity of the

flavour was rated the lowest in the product marinated using
whey, which did not lower the acceptability of this charac-
teristic in comparison to the nonmarinated pheasant muscles.
In the study byWójciak et al. [16], sensory evaluation revealed
that the application of acid whey or set milk as a marinade in
production of organic ripening beef enhances the feeling of
good smell and sour taste which result from marinating and
correctly conducted fermentation and ripening processes.
Wójciak et al. [17] proved that the whey used for marinating
maturing sausage caused a higher intensity of bitter taste,
while the remaining sensory characteristics were rated high.
Wójciak et al. [15], using whey and mustard seeds, gained the
acidic smell of boiled sausage.

*e lack of literature data on the use of buttermilk for
marinating meat and the few studies related to the use of
whey in marinating meat and products indicate the need to
continue research in this area.

4. Conclusions

Based on the obtained results, it can be concluded that acid
whey and buttermilk can be used as a pheasant meat
marinade to obtain a high-quality product. In the sensory
evaluation, marinating with whey and buttermilk increased
the juiciness and tenderness of the product compared to
those marinated in lemon juice and to the control group.*e
flavour desirability was rated the highest for the product
marinated in buttermilk.

Table 3: Texture parameters (Warner–Bratzler test and texture profile analysis) of nonmarinated and marinated roasting breast muscles of
slaughter pheasants.

Parameter Nonmarinated Marinated
SEM

Group C Group W Group B Group LJ
Warner–Bratzler shear force (N) 25.86a± 2.86 18.26c± 2.34 19.85c± 1.98 21.48b± 2.02 0.42
Texture profile analysis (TPA)
Hardness (N) 24.48a± 3.80 17.18bc± 2.80 16.82b± 2.56 18.29b± 3.20 0.20
Resilience 0.20± 0.05 0.18± 0.04 0.17± 0.06 0.19± 0.04 0.01
Cohesiveness 0.30± 0.06 0.23± 0.05 0.22± 0.05 0.29± 0.04 0.02
Springiness (mm) 2.29a± 0.30 1.41c± 0.28 1.47c± 0.32 1.76b± 0.42 0.08
Chewiness (MJ) 18.02a± 2.56 5.40c± 1.86 5.11c± 1.90 9.53b± 2.56 0.26
Data are expressed as arithmetic mean± standard deviation (x ± s). Group C: control group, nonmarinated; group W: marinated in acid whey; group B:
marinated in butter milk; group LJ: marinated in lemon juice. a,b,cValues in rows with different letters differ significantly (p< 0.05).

Table 4: Sensory properties of nonmarinated and marinated roasting breast muscles of slaughter pheasants.

Parameter (pt) Nonmarinated Marinated
SEM

Group C Group W Group B Group LJ
Odour intensity 4.20c± 0.42 4.48b± 0.32 4.82a± 0.48 4.59b± 0.36 0.06
Flavour intensity 4.00c± 0.50 4.82a± 0.36 4.85a± 0.40 4.64b± 0.44 0.08
Odour desirability 4.34c± 0.76 4.52b± 0.46 4.58b± 0.38 4.72a± 0.50 0.05
Flavour desirability 4.10c± 0.34 4.16c± 0.40 4.88a± 0.36 4.56b± 0.51 0.06
Juiciness 4.12c± 0.40 4.73a± 0.38 4.73a± 0.44 4.46b± 0.32 0.06
Tenderness 3.80c± 0.34 4.84a± 0.32 4.80a± 0.48 4.48b± 0.40 0.09
General acceptability 4.10c± 0.46 4.60b± 0.38 4.80a± 0.42 4.56b± 0.48 0.08
Data are expressed as arithmetic mean± standard deviation (x ± s). Group C: control group, nonmarinated; group W: marinated in acid whey; group B:
marinated in butter milk; group LJ: marinated in lemon juice. a,b,cValues in rows with different letters differ significantly (p< 0.05). Sensory scale: Odour and
flavour intensity: 1, changed; 2: moderately changed; 3, typical, weak; 4, typical, strong; 5, typical, very strong. Odour and flavour desirability: 1, not desirable;
2, fairly desirable; 3, desirable; 4, very desirable; 5, highly desirable. Juiciness: 1, very dry; 2, dry; 3, slightly juicy; 4, juicy; 5, very juicy. Tenderness: 1, very hard;
2, hard; 3, slightly tender; 4, tender; 5, very tender.
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Pheasant meat is not an easy kind of meat for cooking or
processing, but it was found that marinating with whey and
buttermilk gives positive effect on tenderness as well as
chewiness and springiness in the roast product. Marinating
also ensured high microbiological quality of the raw and
heat-treated product. Both acid whey and buttermilk can be
used as a fully biologically safe ingredient in marinades for
the meat of pheasant, providing a basis for further research
on its use in marinating this kind of meat.
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[12] K. Ferysiuk, K. Wójciak, and E. Solska, “Effect of acid whey as
starter culture on selected physicochemical properties of
fermented pork sausage,” World Scientific News, vol. 93,
pp. 23–31, 2018.
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“Use of acid whey and probiotic strains to improve micro-
biological quality and sensory acceptance of organic fer-
mented sausage,” Journal of Food Processing and Preservation,
vol. 39, no. 5, pp. 539–547, 2015.

[18] J. Stadnik and D. M. Stasiak, “Effect of acid whey on phys-
icochemical characteristics of dry-cured organic pork loins
without nitrite,” International Journal of Food Science &
Technology, vol. 51, no. 4, pp. 970–977, 2016.

[19] D. B. Vlahova-Vangelova, D. K. Balev, S. G. Dragoev, and
G. D. Kirisheva, “Improvement of technological and sensory
properties of meat by whey marinating,” Scientific Works of
University of Food Technologies, vol. 63, no. 1, pp. 7–13, 2016.

[20] J. Ziołecki and W. Doruchowski, Evaluation Method of the
Poultry Slaughter Value, COBRD, Poznań, Poland, 1989, in
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