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EFFECT OF MARINATING BROILER CHICKEN MEAT WITH ACID 
WHEY ON PRODUCT QUALITY AND CONSUMER ACCEPTANCE 

 
S u m m a r y 

 
In the research study, acid whey was used to marinate chicken broiler meat. The raw material used in 

the research study consisted of breast muscles of broiler chickens (n = 90); they were marinated with the 
acid whey added (n = 30) and, comparatively, with a marinade with the addition of lemon juice (n = 30). 
The concentration of lemon juice was designed to correspond to pH of the acid whey (4.54). Non-
marinated breast muscles were a control group (n = 30). The assessment of the raw and grilled product 
included a sensory assessment (pts) and the determination of the following: quality parameters (marinade 
absorption, pH and colour in the CIE L* a* b* system), nutritional value (protein, fat, mineral compounds 
in the form of ash), textural parameters (shear force as well as hardness, springiness, gumminess, chewi-
ness). The research study showed that compared to marinating the breast muscles with lemon juice, mari-
nating them using whey increased the uptake of marinade, advantageously (p < 0.05) affected tenderness 
(measured by a Warner-Bratzler shear force), hardness (assessed using a TPA texture profile analysis), the 
ash content of the raw and heat-treated product, the reduction in saturation of red (a*) and the increase in 
saturation of yellow (b*) in the general colour tone. In the sensory assessment, the marinating with the use 
of whey positively affected the juiciness and tenderness of the grilled product. Also an overall acceptabil-
ity of the attributes analysed was reported. The results obtained allow to conclude that acid whey can be 
used as a natural marinade for broiler chicken meat. 
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Introduction 

Poultry meat and products made from it are becoming more and more popular 
among consumers. With the growing interest in convenience food, the demand for 
marinated broiler chicken meat is increasing [30]. Marination is a simple procedure 
applied in order to improve the tenderness, juiciness and aroma of meat. The selection 
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of marinade ingredients is constantly being improved so that the product obtained 
meets the expectations of consumers [10, 17]. Synthetic additives used to marinate 
meat are not gaining consumer acceptance. Changes occurring in the diet and eating 
habits along with care for the heath and the growing consumer awareness cause con-
sumers to increasingly utilise natural food additives, which, apart from the taste, have 
a beneficial effect on the functioning of human body [19, 31]. Consumers are more and 
more aware of diet-related health problems and therefore they demand natural ingredi-
ents, which are expected to be safe and health-promoting [8]. In the group of natural 
additives used to marinate meat it is possible to use, for example: natural fruit and veg-
etable acids, herbs and their extracts, sea salt and fermented milk beverages [18, 28]. 
Lemon juice is a common ingredient of meat marinades, it is used as a preservative and 
it improves sensory characteristics [20]. The interest of the meat industry is currently 
focused on the use of whey in the functional food production. Acid whey is a source of 
valuable nutrients such as: whey proteins (β-lactoglobulin, α-lactalbumin, immuno-
globulin, bovine serum albumin (BSA) and lactoferrin), mineral compounds and lactic 
acid bacteria [27]. Acid whey has many physiological functions, i.a.: antifungal, antivi-
ral, antibacterial, anticarcinogenic and anti-inflammatory; also it has a positive effect 
on the nervous system and the iron-binding capacity [17, 27, 32]. 

The results of the most recent scientific research indicate the possibility of using 
acid whey to marinate beef and pork [9, 15, 17, 28, 31, 33] in order to improve the 
sensory characteristics and health safety of the product. In order to meet the needs of 
consumers looking for new ingredients of marinades, it is proposed to use the acid 
whey as a natural additive to marinate meat of broiler chickens. 

The objective of the research study was to evaluate the use of acid whey as a nat-
ural marinade additive to marinate breast muscles of broiler chickens in terms of their 
qualitative characteristics and consumer acceptance of the product. 

Material and methods 

Breast muscles (musculus pectoralis) constituted the raw material for the study; 
they were obtained from 35-day-old ROSS 308 broiler chickens reared in the same 
production cycle. The chickens were slaughtered and dissected according to the indus-
try standards set for the poultry slaughterhouses. The birds were mechanically slaugh-
tered after they had been subjected to vet tests and a combined water-electricity stun-
ning treatment. The parameters of the electric current delivered to stun the birds 
complied with Council Regulation (EC) No. 1099/2009 [24] on the protection of ani-
mals at the time of killing. Soon after the bleeding and scalding (56 ± 2 ºC), the birds 
were plucked and mechanically gutted. The carcasses were chilled in two stages: in 
water with temperatures of up to 16 ºC and, next, by an air-jet method to reach an in-
meat temperature of 2 ºC. From the carcasses chilled a skinless breast meat was manu-
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ally cut out. The tests were carried out on single breast muscles (n = 90, their mean 
weight being 200 ± 50g), which were transported in isothermal containers to the labor-
atory and stored in a refrigerator at 4 ºC for 6 h; they were weighed with an accuracy of 
0.01 g and individually marked. The non-marinated breast muscles (n = 30) were 
a control group (group C). 

Acid whey was purchased in a local farm, where dairy cattle are organically bred 
and where dairy organic products are produced. Fresh unpasteurized milk underwent 
a natural milk fermentation process. Afterwards it was heated to a temperature of ap-
prox. 40 ºC. After acid coagulation of milk, a protein curd precipitated and the whey 
was separated from the curd. The analysis of the chemical composition of whey was 
performed with an Analyzer of the Chemical Composition of Milk and Dairy Products, 
Bentley B-150 (Bentley, USA). For this purpose the whey was thoroughly mixed in 
a water bath at 40 ºC; the determination was made on the "whey" calibration in tripli-
cate. The whey contained 0.86 % protein, 0.19 % fat, 5.12 % lactose and 7.17 % dry 
matter. The active acidity in the whey was determined by a pH-meter FiveEasy PLUS 
FP20 (Mettler Toledo, Switzerland) equipped with an LE438 electrode with an inte-
grated temperature sensor; the pH value of the product was 4.54 ± 0.32. 

A fresh lemon juice (pH 2.28 ± 0.41) was used; it was squeezed by hand. For this 
purpose the fruits were scalded (3 min in boiling water), cut with a sterile knife and 
filtered. 

Two acidic marinades containing natural ingredients were prepared for marina-
tion. The first contained acid whey as the main component (group W), in the second 
one a combination of lemon juice and distilled water was used (group LJ). The concen-
tration of lemon juice was designed to correspond to the mean pH value of acid whey 
(4.54 ± 0.32). The other natural ingredients of marinades were the same: sea salt (1.0 
%), cane sugar (1.5 %), rapeseed oil (2.0 %), dried bear's garlic (0.3 %) and dried 
thyme (0.2 %). The marinades were prepared 2 h before use and stored at 4 ºC. The 
process of marinating consisted in immersing the breast muscles – group W (n = 30) 
and group LJ (n = 30) in the prepared marinade for 24 h. The ratio of meat to marinade 
was set at 1:1 (meat : marinade). The samples from the groups W and LJ were closed 
in sealed plastic containers and stored in a refrigerator at 4 ºC for 24 h. After the fixed 
marinating period the samples were weighed with an accuracy of 0.01 g. 

The non-marinated and marinated breast muscles were subjected to grilling treat-
ment in a fat-free grill pan until the temperature inside a sample reached 80 ± 2 ºC. 

To determine the marinade uptake, the non-marinated and marinated meat sam-
ples were weighed before and after marination. The marinade uptake was calculated 
based on the weight of meat samples before marination (W1) and their weight after 
marination (W2) according to the equation: 

Marinade uptake [%] = [(W2 –W1)/W1] × 100 
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The pH measurements of the non-marinated and marinated breast muscles were 
made using a dagger electrode, fitted with a pH meter (Hanna HI 99163, Germany). 
The weight loss [%] was calculated based on the weight difference before and after 
heat treatment. The colour assessment of the cross-sectional surface of non-marinated 
and marinated breast muscles was determined based on a reflection method using 
a Chrome Meter colorimeter (Konica Minolta Osaka, Japan) with a CR 400 head, with 
settings for illuminations compatible with a D65 illuminator. The reading of the meas-
urement results was achieved in a CIE LAB colorimetric system CIE LAB (CIE 1978), 
with L* (lightness), a* (redness) and b* (yellowness). The cutting was carried out on 
meat cubes; their cross section being 100 mm2 and their length 50 mm. The content of 
nitrogen was determined using a Kjeldahl method (units from Foss Tecator, Hőganas, 
Sweden) and converted into proteins through multiplying it with a factor of 6.25. The 
fat content was determined using a Soxhlet method (Büchi Extraction System B-811 
apparatus, Flawil, Switzerland). The dried at 105 ºC samples (5 ± 0,001 g) were sub-
jected to extraction using the n-hexane as a solvent. The fat content was determined by 
weight after removing the solvent [22]. The total ash content was determined after the 
mineralization of 5 g of a meat sample at 550 - 650 ºC (a muffle Carbolite oven type 
AAF1100, Hope Valley, UK) was fully accomplished [23]. The tenderness was meas-
ured based on a shear force (Fmax) using a Zwick/Roell testing machine BT1-
FR1.OTH.D14 (Zwick CmbH & Co.KG. Ulm, Germany) and applying a wide-width 
Warner-Bratzler (V-blade) with a head speed of 100 mm·min-1 and a 0.2 N pre-cut 
force. The cutting was carried out on the non-marinated and marinated breast muscle 
cubes with a cross section of 100 mm2 and a length of 50 mm [35]. A texture profile 
analysis (TPA) was performed using a Texture Analyser CT3 25 (Brookfield, USA) 
equipped with a cylindrical probe with a diameter of 38.1 mm2 and a length of 20 mm. 
A double compressing test of the samples was performed; the samples were com-
pressed to 50 % of their height [4]. The texture was determined on the non-marinated 
and marinated breast muscle samples in the form of cubes sized 20 mm × 20 mm × 
20 mm. The speed of the roller movement during the test was 2 mm/s and the gap be-
tween the pressures was 2 s. The TPA parameters: hardness (N), springiness (mm), 
gumminess (N) and chewiness (mJ) were calculated from the force-time curves record-
ed for every sample using a Texture Pro CT [11]. 

A sensory assessment of the quality of grilled meat samples was performed using 
a scaling method according to a Baryłko-Pikielna and Matuszewska [2] methodology. 

The sensory assessment process was conducted in two replications by a 7-member 
assessment team with the proven sensory sensitivity and trained in accordance with 
ISO 8587:2006 [13] and ISO 8586:2012 [14] standards. A 5-point evaluation was ap-
plied with a defined value limit including the following qualitative indices: odour in-
tensity (from very negative through typical to very strong), flavour intensity (from very 



EFFECT OF MARINATING BROILER CHICKEN MEAT WITH ACID WHEY ON PRODUCT QUALITY… 129 

negative through very sour to very desirable), odour desirability (from undesirable to 
highly desirable), flavour desirability (from undesirable to highly desirable), juiciness 
(from very dry to very juicy), tenderness (from very hard to very tender) and general 
desirability (from undesirable to desirable). To conduct the sensory assessment, the 
thermally treated samples were cooled to 20 ± 2 ºC, cut into 1.5 cm thick slices, per-
pendicular to the run of meat fibres and then placed in plastic containers. The samples 
were randomly assessed after they had been encoded. All the evaluations were per-
formed at the sensory laboratory that conformed to all the requirements of the standard 
PN-EN ISO 8589:2010 [21]. Between every sample test, the assessors took a 30 s 
break and rinsed their mouths with mineral water. 

An ANOVA analysis of variance was applied to statistically analyse the results 
obtained using a Statistica 13.1 software package [29]. The arithmetic mean (xത) and the 
standard deviation (SD) were determined. To indicate the significance of differences 
among the means in the groups, a Tukey’s post hoc test with a level of significance 
(p < 0.05) was applied. 

Results and discussion 

The percent marinade uptake significantly (p < 0.05) differed among the treat-
ment methods utilized (Tab. 1). It was found that marinating with whey (W) added 
resulted in a higher marinade uptake compared to marinating with lemon juice (LJ) 
added. The results of the studies [7, 17, 26] show that the pH value of marinated meat 
depends on the pH of a marinade and the results of the present research study (Tab. 1) 
are in compliance with those findings. Kumar et al. [18] found that a low pH value of 
meat after marination had positive effects on the texture and increased the water hold-
ing capacity and the moisture content. However, the citric acid can reduce pH to the 
point where the meat has excessively sour flavours and this might cause the consumers 
to reject it [16]. The degree of muscle tissue acidification affects the technological and 
sensory characteristics of meat. 

The colour of meat is an important qualitative characteristic that determines the 
product suitability for culinary purposes. In a marinated product it depends on the meat 
colour before marination and on the pH and composition of the marinade. In the pre-
sent research study, it was shown that marinating using both the whey (W) and the 
lemon juice (LJ) significantly (p < 0.05) affected the lightening of the colour of raw 
breast muscles compared to the non-marinated muscles (Tab. 1). This finding agrees 
with the results obtained by Serdaroğlu et al. [26] as regards the turkey breast muscles 
marinated with the lemon juice and grapefruit juice added. The lightening of the mari-
nated breast muscles could result from a lower value of their pH and from a higher 
amount of extracellular water introduced into the meat during marination [12, 31]. One 
possible reason for the increased L* values is that muscle proteins swell and the light 
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reflection alters at a low pH and ionic strength, this resulting in a lighter colour [26]. 
Vlahova-Vangelova [34] reported that the use of whey when marinating breast muscles 
of broiler chickens did not affect the colour of surfaces of the raw and grilled breast 
muscles. The present research studies showed the effect of marinating with whey on 
the degree of colour saturation of the breast muscles towards red and yellow. Both the 
raw and the grilled breast muscles marinated using whey were characterized by a sig-
nificantly reduced (p < 0.05) proportion of red (a*) and an increased proportion of 
yellow (b*) compared to the breast muscles marinated in the lemon juice and to the 
non-marinated breast muscles. 

The nutritional value of poultry meat is an important qualitative component taken 
into account by the consumer. As a result of marination, the chemical composition of 
meat may change depending on the ingredients used [1, 6, 25]. The authors’ own study 
showed that the additives added to the marinade (whey and lemon juice) had an effect 
on reducing the protein content in both the raw breast muscles and those subjected to 
grilling (Tab. 1). This could be owing to the increased moisture content. The results 
under this research study are consistent with those by Kumar et al. [18], who marinated 
breast muscles with the use of lemon juice. Hong et al. [12], in turn, showed that mari-
nating breast muscles of broiler chickens with the lime juice added had no effect on the 
protein content. In the present research study, it was found that the marination with 
acidic marinades had a significant effect (p < 0.05) on the content of ash in both the 
raw breast muscles and those after the grilling process. The breast muscles marinated 
with the use of whey (W) were characterized by a higher content of ash in comparison 
to those marinated with the lemon juice. 

Textural characteristics of meat are important aspects of consumer acceptance. 
Many instrumental methods have been developed for the purpose of determining food 
textural properties [11]. In the instrumental assessment of meat texture, the most com-
monly used parameter, interdependent with tenderness, is the value of the maximum 
shear force. The analysis of the maximum shear force values measured showed 
a change in the mechanical properties of meat depending on the marinating additives 
used both in the raw breast muscles and the grilled muscles (Tab. 2). The marination of 
breast muscles using whey significantly (p < 0.05) decreased the value of shear force 
compared to marinating with the addition of lemon juice. Ergezer and Gokce [7] 
showed that the use of lactic acid to marinate turkey breast muscles decreased the value 
of shear force. Many studies [16, 17, 26, 33] indicated that a low meat pH value after 
marination had positive effects on the texture. The compression method of texture pro-
file analysis (TPA) mimics the conditions to which the material is subjected throughout 
the mastication process [5, 6, 30]. The meat texture analysis was performed based on 
the measurement of strains occurring while the sample underwent compression; under  
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this analysis the following meat parameters were determined: hardness, springiness, 
gumminess and chewiness. In the present research study, it was shown that the values 
of the texture parameters analysed (excluding springiness) were positively reduced as 
a result of the marination in the acidic marinades. Those results fall in with the findings 
by Gök and Bor [10], Kumar et al. [18] and Serdaroğlu et al. [26], who used acidic 
fruit marinades to marinate poultry meat. According to Berge et al. [3] and Kumar et 
al. [18], the acid breaks the cross-links in the collagen leading to an unstable structure 
loss of this connective tissue protein. In the present research study, it was shown that 
marinating using whey had a beneficial (p < 0.05) effect on reducing the hardness of 
both the raw and the grilled breast muscles compared to those marinated using lemon 
juice. The use of lemon juice caused the chewiness (of the raw product and after heat 
treatment) and the gumminess (of the grilled product) to significantly (p < 0.05) de-
crease in comparison to whey marinating. The above results match up with those ob-
tained by Serdaroğlu et al. [26] who marinated turkey breast muscles with the citric 
acid and the grapefruit juice. 

 
Table 3.  Sensory characteristics of non-marinated and marinated breast muscles of broiler chickens 

subjected to grilling [pt] 
Tabela 3.  Cechy sensoryczne niemarynowanych i marynowanych mięśni piersiowych kurcząt brojlerów 

poddanych grillowaniu [pkt] 
 

Analysed characteristics  
Badane cechy 

Group C 
Grupa C 

Group W 
Grupa W 

Group LJ 
Grupa LJ 

SEM 

Odour intensity 
Natężenie zapachu 

4,30c ± 0,52 4,72b ± 0,37 4,86a ± 0,44 0,08 

Flavour intensity 
Natężenie smaku 

4,02b ± 0,76 4,82a ± 0,51 4,80a ± 0,60 0,06 

Odour desirability 
Pożądalność zapachu 

4,50b ± 0,42 4,84a ± 0,62 4,86a ± 0,48 0,04 

Flavour desirability 
Pożądalność smaku 

4,05b ± 0,50 4,84a ± 0,31 4,88a ± 0,54 0,05 

Juiciness / Soczystość 4,10c ± 0,44 4,83a ± 0,31 4,78b ± 0,25 0,08 

Tenderness / Kruchość 4,40c ± 0,49 4,92a ± 0,31 4,78b ± 0,41 0,06 

Total desirability 
Ogólna pożądalność 

4,20c ± 0,50 4,78b ± 0,42 4,80a ± 0,35 0,08 

Explanatory notes as in Tab. 1. / Objaśnienia jak pod tab. 1. 
 
If the determinants of the sensory assessment of the product meet the expectations 

of the consumer, then the product is accepted. In the present research study, it was 
found that marinating using both the whey (W) and the lemon juice (LJ) improved the 
acceptability of sensory characteristics and the general desirability of the breast mus-
cles compared to the non-marinated breast muscles (Tab. 3). Serdaroğlu et al. [26] 
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indicated that the acidic marinades increased the juiciness and tenderness of turkey 
breast muscles. In the present research study, it was shown that the breast muscles of 
broiler chickens marinated using whey (W) were characterized by a significantly  
(p < 0.05) better juiciness and tenderness compared to the muscles marinated using the 
lemon juice (LJ) and the non-marinated. Also Vlahova-Vangelova et al. [34] showed 
a beneficial effect of marinating using whey (50 % whey and 50 % water) on the con-
sistency of grilled broiler chicken meat. Kim [17] found that the use of acid whey to 
marinate beef improved the tenderness and juiciness of the product compared to the 
control group and it gave the product a more acceptable taste. Wójciak et al. [32] 
proved that the whey used to marinate maturing beef resulted in a higher intensity of 
bitter taste while Wójciak et al. [31] got an acidic smell of boiled sausage when using 
whey and mustard seeds. In the present research study, it was shown that the breast 
muscles of broiler chickens marinated with the use of whey were characterized by 
a lower intensity of smell compared to the breast muscles marinated using the lemon 
juice that did not lower the acceptability of this characteristic compared to the non-
marinated breast muscles. The intensity and desirability of the marinated product taste 
were assessed at a similar level in the marinades tested. 

Conclusions 

1. Compared to marinating with the lemon juice, the marination of breast muscles 
using whey has a positive effect on the tenderness (measured by a shear force), tex-
ture (hardness) and ash content of the raw and heat-treated product and also on the 
reduction in red and the increase in yellow in the general tone of colour. 

2. In the sensory assessment, the marination of breast muscles improved the juiciness 
and tenderness of the grilled product and resulted in achieving the general ac-
ceptance. 

3. Acid whey can be used as a natural additive to marinate broiler chicken meat. 
 

Research was funded from Ministry of Science and Higher Education project 
“Regional Initiative of Excellence” for years 2019-2020 no 026/RID/2018/19. 
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WPŁYW MARYNOWANIA MIĘSA KURCZĄT BROJLERÓW KWAŚNĄ SERWATKĄ NA 

JAKOŚĆ I AKCEPTACJĘ KONSUMENCKĄ PRODUKTU  
 

S t r e s z c z e n i e 
 
W badaniach zastosowano kwaśną serwatkę do marynowania mięsa kurcząt brojlerów. Surowiec do 

badań stanowiły mięśnie piersiowe kurcząt brojlerów (n = 90), które marynowano kwaśną serwatką 
(n = 30) i porównawczo – marynatą z dodatkiem soku z cytryn (n = 30). Stężenie soku z cytryn dobrano 
tak, aby odpowiadało pH kwaśnej serwatki (4,54). Mięśnie piersiowe niemarynowane stanowiły grupę 
kontrolną (n = 30). Oceniano parametry jakościowe produktu surowego i grillowanego (absorpcję maryna-
ty, pH, barwę w systemie CIE L*a*b*), wartość odżywczą (białko, tłuszcz, związki mineralne w postaci 
popiołu), parametry tekstury (siłę cięcia oraz twardość, sprężystość, gumowatość, żujność) oraz przepro-
wadzono ocenę sensoryczną [pkt]. W badaniach wykazano, że marynowanie mięśni piersiowych z uży-
ciem serwatki w porównaniu z marynowaniem z wykorzystaniem soku z cytryn zwiększyło pobór mary-
naty, korzystnie (p < 0,05) wpłynęło na kruchość (mierzoną siłą cięcia Warnera-Bratzlera), twardość 
(ocenianą analizą profilową tekstury TPA), zawartość popiołu w produkcie surowym i poddanym obróbce 
termicznej, zmniejszenie wysycenia barwy czerwonej (a*), a także zwiększenie wysycenia barwy żółtej 
(b*) w ogólnym tonie barwy. W ocenie sensorycznej marynowanie z użyciem serwatki korzystnie wpłynę-
ło na soczystość i kruchość grillowanego produktu. Stwierdzono także ogólną akceptację badanych cech. 
Uzyskane wyniki pozwalają wnioskować, że kwaśną serwatkę można wykorzystać jako naturalną maryna-
tę do mięsa kurcząt brojlerów. 

 
Słowa kluczowe: mięso kurcząt brojlerów, marnowanie, serwatka, sok z cytryn, jakość  
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