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Product Quality and Safety

Effects of salt-curing on physicochemical and technological properties of Japanese quail 
breast meat

1 2 1 2 2S. Ribarski *, H. Lukanov , I. Penchev , A. Genchev , E. Lyutskanova

1Department of Morphology, Physiology and Nutrition, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
2Department of Animal Science, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. The purpose of the study was to establish the physico-chemical and technological properties of salt-cured breast meat from Japanese quails. It was 
found out that the most dramatic changes occurred during the first 4 h after the slaughter. During that period, the meat temperature decreased almost linearly 

°from 39.8 to 10 С. The values of рН declines between post slaughter min 30 and hour 4 from 6.0 to 5.59 (Р<0,001). The curing of meat with 3% or 1.7% NaCl 
solutions did not have any effect on water holding capacity. After defrosting of frozen salt-cured meat, the water holding capacity was considerably improved (11 
– 12.4%), consequently to loss of water. Japanese quail breast meat cured in salt solutions increased its weight by 7.7 – 8.4% on the average. After cooking, 
salted breast meat lost about 19 – 25% of its weight. During the first 24 h after the slaughter, L*a*b* values of m. Pectoralis increased. Within this period, 
lightness increased almost linearly from 41.28 to 45.51 at an increment ΔL * during the first post slaughter half an hour of 5.38 (Р<0.01) and ΔL* of 5.21 between 

th thmin 30 and hour 4 (Р<0.05). Most substantial changes occurred in colour coordinates а* and b* between the 4  and 24  post slaughter hours, when they 
increased by 16.5 to 19.7%. Salt-curing increased significantly the values of L* and b*. The a* value was reduced (Р<0.001). The analysis of L*a*b* values of 
salt-cured breast meat from Japanese quails did not take into consideration the effect of salt solution concentration. The meat colour index (MCI) however 
demonstrated that salt-curing resulted in lightening of meat samples with influence of salt solution concentration. The curing of m. Pectoralis with 3% NaCl 
increased the colour index by 19.5% (Р<0.001), while curing in 1.7% NaCl resulted in considerably lighter meat – 58.6% (P<0.01).

Keywords: Japanese quails, m. Pectoralis, salt-curing, рН, water holding capacity, L*, a*, b*.
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Introduction induces a number of biochemical and structural changes in bacterial 
cell cytoplasm and consequently, inhibiting of their vital activities as 
well as death (Marsh, 1983; Sofos, 1984). The antibacterial effect of Quail farming a relatively new but promising and intensively 

-salt is attributed to chloride ions (Cl ) produced after dissociation of developing branch of poultry industry. In many countries around the 
sodium chloride. Cooking salt is responsible for the pleasant salty world, Japanese quail farming employs industrial technologies and 
taste and specific flavour of meats, increases water holding capacity production system management. The valuable organoleptic and 
(WHC) of muscle proteins and stabilizes the colour of salt-cured dietetic properties of Japanese quail meat are the reason for the 
meat and meat products (Ruusunen and Puolanne, 2005; Petracci increasing interest of consumers to this product. Quail meat, 
and al., 2013).compared to chicken meat, is of richer protein content, with 

In many countries, the excessive salt consumption is a serious exceptionally good amino acid balance, contains a lot of 
concern. The traditions of the national cuisine imply 2 to 3 times phosphorus, iron, copper and B vitamins, whereas skinless meat is 
higher cooking salt consumption than the upper limit of safe intake (5 lean and 2/3 of its fat content comprises unsaturated fatty acids. All 
– 6 g daily). On the average, it is estimated to be 10 – 14 g per day, those facts suggested that Japanese quail meat has great potential 
and in some regions – 18 – 20 g (Anonymous, 2012). During the not only as a gourmet product in cooking, but also for the meat 
recent years, means for reduction of salt content of ready-to-eat processing industry as a source for production of healthy high-
products are increasingly sought in relation to data from studies on quality foods for children, athletes and medical nutrition therapy. 
the relationship of increased sodium content (mainly through salt Therefore, the preparation of meat for further use (salting, curing, 
consumption) and metabolic, cardiovascular and excretory seasoning) is essential for the quality and dietetic properties of the 
diseases. The high dietary sodium content predisposes men to a ready product. 
number of accidents such as myocardium infarction, hypertension, Cooking salt is among the earliest means used for conservation 
sudden death etc. (Tuomileho et al., 2001). The reduction of daily of meat and meat products. Raw meat sodium content is low, 
dietary salt intake to 5 – 6 g reduces the risk o developing therefore, cooking salt is one of primary means to increase the 
hypertension by 20%, the stroke incidence by 24% and the risk for sodium content of meat and meat products. Apart cooking salt, other 
ischaemic disease – by 18%.sodium sources in meat products are monosodium glutamate, 

The sodium content of meat products produced from poultry sodium phosphate, sodium citrate and sometimes, sodium lactate 
meat is not strictly controlled. The average cooking salt content in (Ruusunen and Puolanne, 2005). At some concentrations, cooking 
salted chicken meat and chicken products is about 2%. Depending salt has bacteriostatic and bactericide effects related to reduced 
on the product, salt content varies between 1.5 and 3% (Alvarado water activity (а ) and increased osmotic pressure of meat. Salt w
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and Mc Kee, 2007). Petracci et al. (2013) reported that the most 
commonly used cooking salt concentrations for production of poultry 
meat products was from 1.0 to 1.6%. 

The scientific data about the influence of cooking salt on quality 
parameters of chicken and chicken meat products are numerous, where А is weight of the sample before cooking; B is weight of the 
however, there is no information about similar effects in Japanese sample after  cooking (Petracci and Baeza, 2009).
quail meat. Thus, the present study was designed to investigate the The colour of m. Pectoralis Superficialis was determined on a 
effects of various concentrations of salt solutions on meat pH, water Lovibond SP60 spectrophotometer manufactured by X-Rite. The 
holding capacity and colour of Japanese quail breast meat. analyses are described in details in a previous study of ours 

 (Ribarskiand Genchev, 2013) 
On the basis of the a* and b* coordinate values, the chroma 

(С*), the colour difference (∆Е*) and meat colour index (MCI) were Material and methods 
calculated as followed:

The experiments were performed with 33 male Pharaoh 
2 2C* = (a*  + b* ) (4)Japanese quails at 35 days of age. The breast meat quality analysis 

was carried out in the Meat and Meat products unit, Faculty of 
2 2 2∆Е* = (∆L*  + ∆a*  +∆b* )   (Petracci and Baeza, 2009) (5)Agriculture at the Trakia University, Stara Zagora. 

Meat рН values of were determined on post mortem min 30 
MCI = L* - a* - b*  (Cavero et al., 2012), (6)(рН ), hour 4 (рН ) and hour 24 (рН ). Colour characteristics of meat 1 2 3

were analysed at the same time intervals. The WHC of meat was 
where lower MCI values indicate a darker colour.measured on post mortem hour 24. 

Data were statistically processed using the classic methods for Meat pH was measured with NESTO portable pH meter 
statistical analysis in MS Excel 2010. One-way analysis of variance supplied with glass electrode previously calibrated in standard 
was applied to evaluate the effect of salt solution concentration on solution with pH 4.0 and 7.0. The electrode was placed at a depth of 
meat pH reduction. The effects of meat pH and salt solution 1 cm in muscle tissue of m. Pectoralis Superficialis. 
concentrations on WHC of  m. Pectoralis Superficialis were The WHC of breast meat was determined by the classical 
assessed by means of two-factor analysis of variance (Merkurieva, method of Grau and Hamm, modified by Zahariev and Pinkas 
1970).(1982). The muscle tissue sample was compressed between glass 

surfaces lined with red strip 388 filter paper sheets. Muscle WHC 
was determined by the formula: 

Results and discussion

As could be seen from Figure 1, the most intense changes of 
breast meat temperature and pH occurred within the first 4 hours where WHC is water holding capacity of muscles, %; А is weight of 
post mortem. The cooling rate was higher during the first hours sample before the compression; В is weight of sample after the 
because of the difference in temperature gradients of cooling compression. Lower values indicate a better WHC.
medium and muscles. This is the time when the rigor mortis in birds Salt-curing of breast meat was done in NaCl solutions with 
occurs and subsides. During the first 4 post mortem hours, the concentrations of 1.7 and 3%. Working solutions were prepared 
carcass temperature decreased almost linearly from 39.8°C to from analytical grade NaCl and distilled water with temperature 
10°С. In out experiment, the average temperature difference (ΔТ°) 20°С. The working solutions were cooled over 24 h at 2 – 4°С. By the 

th24  hour post mortem, cooled and weighed m. Pectoralis 
Superficialis samples (precision 0.01 g) were poured in salt solutions 
and stored for 24 hours at 2 – 4°С. In these experiments the left half 
of m. Pectoralis Superficialis from each quail was placed in 3% NaCl, 
and the right half – in 1.7% solution. After 24 hours, salt-cured breast 
meat samples were removed from the brine, drained for 5 min on a 
metal grid and weighed with precision of 0.01 g. On the basis of the 
difference between sample weights prior to and after the salt-curing, 
the WAC of meat was calculated by the formula:

where WAC is water absorption capacity of muscles, %; А is weight 
of the sample prior to salt-curing; B is weight of the sample after salt-
curing.

The cooking losses of salt-cured breast meat were estimated 
thon the 48  post mortem hour. For this purpose, meat samples were 

weighed  with precision of 0.01 g and placed in a previously heated 
forced convection oven. Cooking was carried out at 200°С for 20 
minutes. Afterwards, hot samples were weighed with precision of 
0.01 g to determine cooking loss as per the equation:

(3)

(1)

(2)

WHC = (         ) x 100,

Cooking loss, % = (         ) x 100, 

1
2

WAC = (         ) x 100,

A – B
A

B – A
A

B – A
A

1
2

Differences marked with an asterisk are statistically 
significant at * p<0.05, ***p<0.001.

Figure 1. Time course of meat temperature and pH 
after the slaughter of quails
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thduring the first 30 minutes was 13.5°С, and between the 30  min and After salt-curing, WHC of meat increased by 0.7 and 0.9% 
th (Figure 2). This fact is logical in the light of the different binding the 4  hour ΔТ° was 16.3°С (P<0.001). After attaining a temperature 

- + 
of 10°С, the cooling rate was markedly slowed due to the small strength of Cl  and Na ions to positively and negatively charged 
temperature differences between environment and carcass myosin molecule areas respectively. The binding of chloride anions 
temperatures. to myosin is stronger than that of sodium cations. As result, 

During the first 4 hours post mortem meat pH declined from 6.0 electrostatic repulsion between protein filaments increases, 
– 6.8 to 5.4 – 5.9 (ΔрН=0.68±0.05), corresponding to an average widening the interspaces between actin and myosin myofibrils. This 
reduction of 10.7%. The most pronounced reduction in pH occurred way, conditions for retention of more water in meat structures are 
between post mortem min 30 and hour 4, attaining 5.6 and average created (Offer and Trinick, 1983; Offer and Knight, 1988; Honikel, 
ΔрН of 0.41±0.04 (р<0.001). 2004). Salt solution concentration (3% or 1.7%) did not have a 

After the rigor mortis phase, between storage hours 4 and 24, substantial effect on the studied sign. Average WHC values after 
breast meat pH decreased slightly (ΔрН=0.07±0.01), and by the end curing of breast meat in 3% and 1.7% salt solution were 25.97±0.45 

th and 26.15±0.38. Despite the small difference, there was a weak of the period (24  hour post mortem) ultimate pH values were 
tendency towards better water holding capacity in meat cured in 5.52±0.02 on the average within the range between 5.2 and 5.8.
more concentrated solution. This is in agreement with presented Af ter  sal t -cur ing ,  average  meat  pH  fe l l  up  to  
data for meat pH and supports the relationship between meat pH 5.46±0.02–5.47±0.02. The curing of meat with 3% NaCl resulted in 
and meat WHC. The two-factor analysis of variance showed that the a more obvious reduction in pH as compared to curing in 1.7% 
improvement of WHC was markedly more influenced by salt solution (ΔрН=0.079±0.007 vs ΔрН=0.054±0.008). Although statistically 
concentration rather than by pH values (Merkurieva, 1970). The insignificant, the difference marked a tendency towards influence of 
effect of the different factors was 3.9% for meat рН and 18.9% salt solution concentration on pH of cured meat. This fact could be 
(р<0.05) for salt solution concentration. explained with the slight reduction of the isoelectric point of muscle 

- During defrosting, a part of the free water is released as drip proteins from 5.2 to 5.0 resulting from the attachment of Cl  ions to 
loss. As a result, muscle proteins retain the major part of the positive groups of myosin molecules, hence the positive effect on the 
immobilised water remaining within muscle fibres. This reflected on WHC of muscle proteins (Offer and Knight, 1988; Offer, 1992; 
WHC after defrosting, improving it by 11 – 12.4% (Р<0.001). Schafer et al., 2002, Honikel, 2004; Pearce et al., 2011). The higher 

Another valuable trait important for technological properties of salt solution concentration provides a higher concentration of 
meat is the WAC and cooking losses. After the 24-hour curing in slat chloride anions, and greater decline in pH of meat cured in 3% NaCl 
solutions, Japanese quail breast meat increased its weight by 3.6 solution. The analysis of variance showed that the effect of salt 
and 11.3%. Thus, the established WAC of breast meat ranged solution concentration on meat pH reduction was 13.6% of the total 
between 7.7±0.35 – 8.4±0.49%. The treatment of meat in 3% NaCl dispersion of the sign.
solution resulted in WAC by 7.6% higher compared to the curing in The investigation of hydrophilic properties of Japanese quail 

-th 1.7% solution. At the background of the described mechanism of Cl  breast meat demonstrated that WHC on 24  hour post mortem 
+ and Na binding to myosin, the observed WAC was expected. The (fresh, untreated meat) was very high and varied from 69.9 and 

higher chloride ions concentration in the 3% solution was a 77.7% (73.34±0.33). Our data about water lost after compression 
prerequisite for higher electrostatic repulsion force between protein (26.6%) are relatively lower than those reported in the literature  
filaments compared to the 1.7% NaCl solution (Offer and Trinick, from 28 – 29% (Baumgartner et al., 1987) to 31.5 – 33.9% (Drbohlav 
1983; Offer and Knight, 1988; Honikel, 2004). and Metodiev, 1997). This allowed evaluating the quail breast meat 

After cooking, the salt-cured breast meat lost between 15.4 and as very good according to this trait. The better WHC is a prerequisite 
28.7% of its weight depending on the salt solution concentration. for better technological properties of meat. 
Cooking losses of meat cured in 3% salt solution were considerably 
lower (P<0.001) compared to losses of meat cured in 1.7% NaCl 
(18.8±0.61 vs 24.9±0.87). Our data for Japanese quail meat are 
opposite to those published by Richardson and Jones (1987) for 
cooking losses of salt-cured turkey breast meat. The authors 
established that cooking losses were lower when salt-curing was 
performed with lower salt concentrations. This was probably due to 
the differences in the histostructure and chemical composition of 
both types of meat. 

The colour of meat is an exceptionally important trait for its 
organoleptic properties. During the first 4 hours post mortem the 
values of breast meat colour coordinates L*, a* and b* changed. The 
analysis on hour 4 exhibited changes in L* values by  -11.8 to 
+28.9% vs min 30, the values of а* varied by -57.2 to +33.3%, and 

ththe values of b* – by -19.5 to +25.6%. On the 24  hour post mortem 
meat colour characteristics became stable: L* values varied 
between 38.5 and 50.6, a* from 4.7 to 21.1, and b* from 8.3 and 18.1 
(Table 1). The L*, a* and b* values obtained in this study were close 
to those reported in previous studies of ours with the same Japanese 
quail breed (Ribarski and Genchev, 2013; Ribarski et al., 2013). 

During the first 24 hours post mortem, average L* values 
increased almost linearly from 41.28±0.57 to 45.51±0.67, and ΔL* 
for the first 30 min post mortem was 5.38 (Р<0.01), whereas for the 

Differences marked with an asterisk are statistically 
significant at ***p<0.001

Figure 2. Water holding capacity of fresh and 
salt-cured breast Japanese quail meat
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th st processed in the different muscle components. The average a* period from the 30  min to the 1  hour – 5.21 (Р<0.05) (Figure 3).
values in this study ranged between 12.5 and 13.5, which was Events related to the contractile properties of muscle fibres are 
substantially higher than values in broiler chickens – а* from 2.2 at the background of this linear change. In the period until the 
(Van Laack et al., 2000) to 5.45 (Qiao et al., 2002) and turkey s– а* occurrence of rigor mortis, the contraction of myofibrils provoked 
from 4.9 to 5.5 (Fraqueza et al., 2006). A possible reason for these transfer of water from the muscle fibre into the extracellular space.  
differences could be the higher relative share of MbO  in Japanese Thus, prerequisites for stronger scattering of light are created, which 2

resulted in increased lightness values. The contractile status of quail meat, responsible for brought red colour. It is the MbO content2  

myofibrils at the time of the analysis is no less important. In this thatdetermines the redness of meat but the ratio between MbO  and  2

phase, according to Kotarev et al. (2010) strongly contracted and Mb is also important (Haraf et al., 2009). The origins of significant 
completely loose myofibrils could be simultaneously observed in differences in breast meat colour in the red-green spectrum between 
different part of the same muscle. Japanese quails and chickens and turkeys are also in the different 

thThe analysis of changes in а* and b* values between the 4  and proportions between the main metabolic muscle fibre types. The 
th24  post mortem hours showed increased by 16.5 and 19.7%. More studies of Riegel et al. (2003) exhibited that in Japanese quails, m. 

considerable changes were observed in the a* coordinate with Pectoralis was exclusively built of dark muscle fibres (15.5% light 
highest variation (CV = 38.6 – -41.1). The variation could be type and 84.5% dark type). In modern chicken and turkey broiler 
explained by the fact that the most intensive changes of myoglobin hybrids, the muscle was mainly composed of light (glycolytic) 
occurred during the first 24 post mortem hours. The values of а* muscle fibres. 
immediately after slaughter do not reflect the real redness of The yellowness of meat (b*) was influenced by the amount of 
muscles (Dal Blasco et al., 1997; Petracci and Fletcher, 2002). A intramuscular fat tissue and multiple pigments which could enhance 

thmore realistic evaluation of this trait could be made after the 24  or diminish the colour intensity in the yellow-blue spectrum. The 
hour, where the relationships between myoglobin, oxymyoglobin breast meaty of Japanese quails is lean, therefore intramuscular fat 
and metmyoglobin become more stable secondary to post mortem did not have any effect on the values of the b* coordinate. 

Differences marked with an asterisk are statistically 
significant at * p<0.05, ***p<0.001.

Figure 3. Change in values of colour coordinates L*, 
a* and b* during the first 24 post mortem hours
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Figure 4. Chroma (C*) and colour index of 
untreated and salt-cured meat
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Table 1. L*, a* and  b* values of untreated and salt-cured m. Pectoralis. 

Differences marked with different letters are statistically significant at а-b P<0.05, а-е P<0.001
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L*

a*

b*

L*

a*

b*

a46.58±0.46
d12.54±0.86
d12.37±0.48

ad45.35±0.47
d13.56±0.98
d12.89±0.30

38.49÷50.65

5.21÷20.70

8.31÷18.08

39.04÷49.80

4.66÷21.11

9.15÷15.65

b48.10±0.45
e  8.17±0.35
e14.86±0.32

be49.11±0.46
e  7.69±0.38
e14.82±0.47

41.90÷51.68
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After salt-curing, the values of L*, а* and b* coordinates fattening and slaughter traits in Japanese quails (Coturnix coturnix 
underwent marked changes (Table 1). The L* values increased by Japonica). Animal Science, 159-162 (Bg).
13.3% (Р<0.001). Similar changes were established with regard to Fraqueza MJ, Cardoso AS, Ferreira MC and Barreto AS, 2006. 
the b* coordinate, whose values increased from 12.4 – 12.9 to 14.8 – Incidence of Pectoralis Major Turkey Muscles with Light and Dark 
14.9 (Δb*=17.5 % at P<0.001). On the contrary, the a* values Color in a Portuguese Slaughterhouse. Poultry Science, 85, 1992-
decreased from 12.5 – 13.6 to 7.7 – 8.2 equivalent to 37.2% change 2000.
(Р<0.001). The concentrations of used salt solutions did not have an Haraf G, Ksiazkiewicz J, Woloszyn J and Okruszek A, 2009. 
effect on colour traits of Japanese quail breast meat. Characteristic of meat colour of different duck populations. Archiv 

During the salt-curing of meat, all changes in а* and b* Tierzucht, 52, 527-537.
coordinates reflected on the colour chroma (С*) (Figure 4). After the Honikel KO, 2004. Water-holding capacity of meat. In Muscle 
curing, C* values were statistically significantly reduced, and this development of livestock animals: Physiology, genetics and meat 
relationship was more pronounced with the more diluted salt quality (MF te Pas, M Everts and HP Haagsman, Eds.). Cambridge, 
solution. The findings could be explained by the character and MA: CABI Publishing,  pp. 389-400.
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