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Abstract

:

Featured Application


The results of this study may have practical applications because an increase in the values of color parameters during beef ageing and the color of beef after blooming will be perceived by consumers as more attractive.




Abstract


This study was conducted to determine the optimal blooming time in beef muscles based on ΔE, and to analyze the effects of muscle type and ageing time on beef color and blooming. Beef color was determined on freshly cut longissimus lumborum (LL, n = 8) and semimembranosus (SM, n = 8) muscles on days 1, 9, and 14 of ageing during 60 min blooming at 5 min intervals. It was found that ΔE0, representing the difference in color between freshly cut muscles and subsequently analyzed samples, supported the determination of the optimal blooming time, which varied across ageing times (15, 20, 25 min for the LL muscle, and 10, 15, 20 min for the SM muscle on days 1, 9, and 14 of ageing, respectively). Beef color was affected by both muscle type and ageing. The values of color parameters increased between days 1 and 9 of ageing. The results may have practical applications because beef should be presented to consumers and restaurant owners approximately 25 min after cutting, when its color has fully developed.
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1. Introduction


The appearance of beef offered at retail is the most important factor considered by consumers when making purchasing decisions [1,2]. Consumers analyze their perceptions of meat color, the amount of fat and marbling [3,4,5]. According to consumers, color closely correlates with the quality of meat, including its freshness and suitability for consumption [6,7]. In general, beef color should be bright red and intense since any color deviations are associated with a decrease in quality and freshness [8,9,10,11]. Moreover, consumers often predict the sensory quality of the final, ready-to-eat dish based on the color of fresh meat [1,5]. If meat color is not consistent with their expectations, consumers will not decide to buy the product, even if the remaining attributes, assessed visually, are satisfactory.



Meat color is the product of various chemical forms of myoglobin [2,8,10,12,13,14] whose concentration depends, among others, on the breed, gender, age, and diet of animals, breeding methods, muscle pH and metabolism, enzymatic systems, and extrinsic factors such as temperature, oxygen availability, type of lighting, and surface microbial growth [5,15]. The proportions of different myoglobin forms on the surface of meat change as a function of time (ageing, blooming) [1]. Under the influence of atmospheric oxygen, the color of freshly cut beef turns bright red due to the oxygenation of the myoglobin molecule (deoxymyoglobin to oxymyoglobin) [5,7,13]. This process, which is usually referred to as blooming [16], depends on oxygen availability, oxygen diffusion into the meat, and mitochondrial oxygen consumption rate [17]. Blooming time is also affected by the type of muscle and its location in the carcass. The muscles that were more active in live animals contain more myoglobin, which ultimately affects the values of chromatic parameters during blooming [18]. In addition to myoglobin, mitochondria also remain biochemically active in post-mortem beef muscles, and they can influence meat color and its stability. Myoglobin molecules and mitochondria compete for oxygen, which influences the intensity of early bloomed color and the formation of oxymyoglobin [19].



The differences in the color and quality of beef muscles may also result from the composition of muscle fiber types [8,20]. Hwang et al. [21] characterized muscle fibers by histochemical analysis (fiber number percentage, area percentage, and diameter) and found that the differences in the composition of muscle fiber types between cattle muscles affected their color, marbling, and tenderness. All of these factors significantly affect meat color, and therefore it is difficult to establish a universal blooming time, which may vary depending on the breed and age of animals as well as the production system. The researchers who studied different beef muscles have reported differences in blooming time. Lee et al. [22,23] noted that up to 90% of color changes in beef occurred during the first 60 min after steaks had been cut. Cierach and Niedźwiedź [18] found that at least 16–18 min were needed for blooming in the semitendinosus (ST) muscle 48 h post-mortem, whereas Rentfrow et al. [16] estimated it for 10–12 min. Holman et al. [9] allowed beef samples to bloom for 30–45 min at 1–2 °C before the first color measurement was taken, whereas Beriain et al. [15], Kilgannon et al. [24], and Utama et al. [25] performed color measurements in the longissimus lumborum (LL) muscle after 60 min blooming. The cited authors analyzed the rate of changes in color parameters a * and b *, as well as color stabilization time. However, it seems interesting to use coefficient ΔE to determine color stabilization time, indicating the absence of significant differences in color coordinates over time. ΔE represents the total color difference by accounting for combined changes in the values of L *, a *, and b *. Based on ΔE, it is possible to predict whether the observer (consumer) will notice a change in meat color CIE [26]. This is a very important consideration in retail displays, where beef consumers make their purchasing decisions based on beef color, and for beef producers and suppliers who are to offer attractive products.



The LL and SM muscles differ in terms of their functions in live animals. The LL muscle is a positional muscle important for maintaining the posture, whereas the SM muscle is a primary locomotive muscle [27]. These differences affect the color stability of beef, where SM is classified as “unstable” and LL is considered as “stable” [28]. Steaks cut from these two muscles are most frequently offered in refrigerated counters, for both individual consumers and restaurant owners. This study was conducted to determine the optimal blooming time required to obtain repeatable and stable measurements of the color of bovine longissimus lumborum (LL) and semimembranosus (SM) muscles, taking into consideration the time and significance of the ageing process. Coefficient ΔE was used for this purpose.




2. Materials and Methods


The experimental materials comprised longissimus lumborum (LL, n = 8) and semimembranosus (SM, n = 8) muscles obtained from the carcasses of Polish Holstein-Friesian bulls (19.2 ± 0.6 months of age, body weight of 598 ± 18.8 kg). The same animals were used in our previous study which investigated the influence of different feed additives on beef quality [29], and they constituted the control group. In that study, blooming time was determined in all experimental groups fed different feed additives.



The rearing conditions were described in detail in our previous study [29]. The muscles were removed from the left half-carcass of each animal 24 h post-mortem, and were transported to a laboratory in a cool box at refrigerated temperature. The muscles were kept at refrigerated temperature (4 ± 1 °C) overnight. Subsequently, each muscle was divided into two cuts, and after color measurement (day 1), each cut was packaged individually in a vacuum pouch (PA/PE, thickness 70 µm, Inter Arma Ltd., Rudawa, Poland). Vacuum-packaged meat was stored until 9 and 14 days post-mortem [30] at 4 ± 1 °C (Memmert GmbH, Schwabach, Germany).



Beef color was determined on days 1, 9, and 14 of ageing, on freshly cut muscles (2.5 cm thick steaks, approx. 230 g) during 60 min blooming (4 °C), according to the standard conditions of the CIE LAB system using, (MiniScan XE Plus, HunterLab, Reston, Virginia 20190 USA) with standard illuminant D65, a 10° standard observer angle and a 2.54 cm diameter aperture. Before measurements, the device was calibrated using white and black tiles. The values of lightness (L *), redness (a *), and yellowness (b *) were measured at 5 min intervals in three different locations on the muscle’s cross-section. The values of hue (H * = tan−1(b */a *)) and chroma (C * = (a *2 + b *2)1/2) were calculated [12]. The total color change (ΔE) over the entire blooming period (between 0 and 60 min measurements) was then calculated for each sample, using Equation (1):


∆E = [(∆L*)2 + (∆a*)2 + (∆b*)2]0.5



(1)




where ΔL *, Δa *, and Δb * are the derivatives of corresponding parameters, respectively.



ΔE0 was calculated to determine the time after which the color stabilizes (reflected in the absence of significant differences between mean values). ΔE0 denotes the difference in color measured on freshly cut beef (time 0) and during blooming. ΔExy, which denotes the difference in color between two consecutive measurements made on a sample during blooming, was calculated to determine the intensity of color changes taking place at 5 min intervals.



Due to the fact that the data in each experimental group met the assumptions of normal distribution (Shapiro–Wilk test) and the homogeneity of variance (Leven’s test), an analysis of variance (ANOVA) was conducted, followed by Duncan’s test for comparisons of mean values (at p < 0.05). Two-way ANOVA (Statistica 12, StatSoft Inc., Tulsa, OK, USA) was performed to determine the effects of ageing time (three levels: 1, 9, and 14 days) and muscle type (two levels: LL and SM) on the color parameters of beef.



Differences in the values of color parameters L *, a *, b *, C *, and H * over time were analyzed using repeated measures ANOVA with 13 sampling dates, separately for each color attribute. The same procedure, with 12 sampling dates, was used when analyzing the values of ΔE0 and ΔExy. The values obtained on different sampling dates were treated as dependent variables, whereas time was a repeated measures factor. The significance of differences between the values obtained on different sampling dates was determined with the Bonferroni test.



A total of 24 replications were used in the statistical analysis of color changes in muscles aged for different periods of time (8 bulls × 3 measurements at each time interval), and a total of 72 replications were used in the analysis of the effects of muscle type (8 bulls × 3 ageing times × 3 measurements) and ageing (8 bulls × 2 muscles × 3 measurements) on color parameters after 25 min blooming.




3. Results


Color parameters L *, a *, b *, and C * changed during 60 min blooming. In the LL muscle, L * values ranged from 35.5 to 37.1, from 36.71 to 38.3, and from 37.1 to 38.2, whereas in the SM muscle, from 33.48 to 34.59, from 34.3 to 35.9, and from 34.5 to 36.8 on days 1, 9, and 14 of ageing, respectively. Blooming contributed to an increase in the values of a * in LL and SM muscles at each ageing time. In the LL muscle, the values of a * increased from 14.53 to 16.68, from 14.99 to 19.1, and from 16.07 to 20.16, and the parameter stabilized after 10, 15, and 25 min on days 1, 9, and 14 of ageing, respectively. In the SM muscle, the values of a * increased from 14.96 to 18.21, from 16.92 to 21.70, and from 17.0 to 21.56, and the parameter stabilized after 10, 30, and 10 min on days 1, 9, and 14 of ageing, respectively.



Changes in the values of b * were also noted during 60 min blooming. In the LL muscle, the values of b * increased from 10.76 to 12.68, from 12.16 to 15.30, and from 13.02 to 16.09, and the parameter stabilized after 30, 20, and 20 min on days 1, 9, and 14 of ageing, respectively. In the SM muscle, the values of b * increased from 11.29 to 13.96, from 13.92 to 17.35, and from 13.3 to 16.7, and the parameter stabilized after 10, 25, and 10 min in meat aged for 1, 9, and 14 days, respectively.



Changes in chroma, which defines color intensity (higher values indicate a more vivid color), followed a similar trend to changes in parameter a *. In the LL muscle, chroma increased from 18.09 to 20.68, from 19.31 to 24.5, and from 20.69 to 25.80, and it stabilized after 15, 20, and 25 min of blooming. In the SM muscle, chroma increased from 18.76 to 22.9, from 21.92 to 27.6, and from 21.6 to 27.2, and it stabilized after 10, 25, and 20 min on days 1, 9, and 14 of ageing, respectively.



Differences in the values of hue angle during blooming were noted in both muscles only on day 1 of ageing when they increased from 36.0 to 38.2 in the LL muscle, and from 36.2 to 37.7 in the SM muscle. However, on subsequent sampling dates, no changes in the values of hue angle were observed during blooming in either of the studied muscles, due to changes that occurred in meat during ageing.



The results of this study indicate that the time needed for the stabilization of individual color parameters varied, therefore, it was difficult to determine the optimal blooming time unambiguously. Thus, an attempt was made to use ΔE for this purpose (Table 1).



The color differences expressed as ΔExy point to the relevance of the first 10 min in the intensity of blooming in the SM muscle. On days 1 and 14 of ageing, during the first 10 min of blooming, the color difference could have been seen even by an inexperienced observer, because ΔExy exceeded 2 [26]. After 10 min blooming in samples aged for 1 and 14 days and after 5 min blooming in samples aged for 9 days, in blooming intervals, the changes that cause color differences between measurements were smaller and could have been distinguished by an experienced observer (ΔExy < 2). In the LL muscle, the highest values of ΔExy were also noted during the first 10 min of blooming, however, they were below 2, which indicates that color changes could have been distinguished only by an experienced observer.



The color difference ΔE0 increased in both studied muscles during blooming regardless of ageing time. In the LL muscle, color stabilized after 15 min on day 1 of ageing and after 20 min on day 9 of ageing, and the observer could have seen an evident difference in color compared with the color of freshly cut beef (2 < ΔE < 5). On day 14, color stabilized after 25 min and the observer could have an impression of two distinct colors (ΔE > 5). In the SM muscle, the blooming process proceeded similarly to the LL muscle. However, as soon as 5 min after cutting, the value of ΔE0 exceeded 2 (Table 1), which indicates that the color difference could have been perceived even by an inexperienced observer. Color stabilized faster in the SM muscle than in the LL muscle, after 10, 15, and 20 min on days 1, 9, and 14 of ageing, respectively.



ΔE was found to be a reliable tool for determining the blooming time, which accounted for the changes in all color coordinates examined in the study. Based on ΔE0, the color parameters of bovine LL and SM muscles can be determined 25 and 20 min after cutting, respectively, provided that the color parameters affecting the color difference have already fully developed.



The effects of ageing and muscle type on changes in color parameters were determined based on the results of measurements taken after 25 min blooming (Table 2). Ageing affected (p < 0.001) the values of L *, a *, b *, C *, and H *, whereas muscle type affected (p < 0.001) the values of L *, a *, b *, and C *. An interaction between ageing and muscle type was found for b * (p = 0.031) and H * (p = 0.012). Since ageing affected (p < 0.001) all color parameters, the values recorded at different ageing times in LL and SM muscles were compared in detail (Table 3). Regardless of muscle type, 9-day ageing increased the values of all parameters compared with day 1, whereas the additional 5 days of ageing (days 9–14), did not affect the analyzed values.




4. Discussion


The values of L *, a *, b *, and C * tended to increase during the blooming process. A similar trend was observed in LL and SM muscles in several previous studies [15,16,18,24,31,32].



An analysis of ΔE0 revealed that the most pronounced changes in color occurred during the first 10 min of blooming; relative to the color parameters determined after 60 min of blooming, the changes noted in the LL muscle accounted for 69%, 53%, and 51%, whereas the changes noted in the SM muscle accounted for 95%, 69%, and 61% on days 1, 9, and 14 of ageing, respectively. It was also found that the optimal blooming time (color stabilization time) increased proportionally to ageing time (5, 20, and 25 min for the LL muscle and 10, 15, and 20 min for the SM muscle, on days 1, 9, and 14 of ageing, respectively). Moreover, color stabilized faster in the SM muscle than in the LL muscle. The researchers who studied the blooming process highlighted the relevance of the first minutes after cutting meat. However, they analyzed individual color parameters instead of using ΔE, which combines all color coordinates. Lee et al. [22] reported an over 50% increase in the values of L *, a *, and b * in longissimus thoracis (LT) steaks, which occurred within the first 10 min after cutting, and an over 90% increase in the values of color parameters that occurred during 60 min of blooming. Rentfrow et al. [16] found no changes in L * values during 93 min of the blooming process, and reported an increase in a * values during the first 9 min followed by their stabilization after 12 min, and an increase in b * values during the first 6 min and their stabilization after 6 min. The above results suggest that blooming times in excess of 12 min are necessary to obtain the most stable and repeatable color measurements on freshly cut beef [16]. More recently, these findings were confirmed by Alvarenga et al. [33] who studied blooming in lamb meat and reported that the process did not affect the lightness of meat aged for 6 and 12 days, but increased other color parameters (a * and b *). They suggested that the appropriate blooming time for 12-d aged lamb meat was 18 min.



The muscles analyzed in this study differ in terms of their functions in live animals—LL is a positional muscle important for maintaining the posture, whereas SM is a primary locomotive muscle [27]. The main functions of these muscles affect their composition (muscle fibers, connective, adipose, vascular, and nervous tissues) and color [34,35]. More active muscles, such as SM, are darker than the remaining muscles, including LTL [34], which was also noted in this study. As expected, muscle type had a significant (p < 0.001) influence on lightness (L *), redness (a *), yellowness (b *), and chroma (C *). The SM muscle, regardless of ageing time, was darker, with a higher contribution of red hues and higher chroma. The effect of muscle type on beef color was also observed by Van Rooyen et al. [36].



The differences in color between LL and SM muscles, noted in the present study, could result from the possible formation of metmyoglobin on the freshly cut surface of the SM muscle, which was reported by Lindahl [17]. In contrast, McKenna et al. [37] demonstrated that metmyoglobin did not appear on the freshly cut surface of the LL muscle and concluded that LL was resistant to metmyoglobin formation.



The composition of muscle fibers, which affects myoglobin concentration, is yet another factor influencing beef color [14,21,36]. Based on their molecular, structural, contractile, and metabolic differences, myofibrils were classified into three types of fibers: type I—slow-twitch oxidative; type IIA—fast-twitch oxido-glycolytic; type IIB—fast-twitch glycolytic [34,35]. According to Hwang et al. [21], LTL and SM muscles differ in terms of the proportions of I, IIA and IIB fibers. The LTL muscle from Hanwoo cattle was composed of type I fibers in 33.1%, type IIA fibers in 14.9%, and type IIB fibers in 52.6%, whereas the fiber composition of the SM muscle was as follows: type I fibers—12.0%; type IIA fibers—27.3%; type IIB fibers—61.8%. Moreover, Hwang et al. [21] reported that L * values were negatively correlated with the content of type IIA and IIB fibers (r = −0.38 and −0.30, respectively) and positively correlated with the content of type I fibers (r = 0.36). Similar trends were also noted by Gajaweera et al. [34] and Salim et al. [14]. The above relationships explain the lighter color of the LL muscle, compared with the SM muscle, observed in the present study. The lighter color of LL could also result from its higher fat content and marbling, compared with SM [9,21,29]. However, as demonstrated by Purslow et al. [2], factors other than myoglobin chemistry could also produce differences in meat color. In the case of L *, a crucial role can be played by the following three mechanisms: (1) variable spacing of the myofilament lattice within myofibrils, which affects myofibril diameter and the diameter of the entire muscle fiber; (2) changes in sarcomere length; (3) variations in protein composition and distribution in the sarcoplasm. The first of these mechanisms can be responsible for a 20% increase in L * between muscles with pH values of 6.1 and 5.4 [2].



In studies of beef, blooming processes were explained by changes in myoglobin forms and concentration. Beriain et al. [15] found that ageing affected the concentrations of myoglobin forms by increasing the proportion of MbO2 (responsible for the bright red color of fresh meat) and decreasing the proportion of deoxymyoglobin (Mb). In the present study, regardless of muscle type, ageing time affected changes in all color parameters. Aged beef was lighter, redder, and had higher chroma. Similar values of color parameters were also reported by Insausti et al. [38] who studied color changes in vacuum-packaged beef. The highest increase in the values of L *, a *, b *, C *, and H * was noted during the first 5 days post-mortem, then the values of these parameters stabilized and remained unchanged until day 15 [38]. A similar trend was observed by Wyrwisz et al. [31], Domaradzki et al. [32], and Beriain et al. [15]. Changes in beef color during ageing result from meat protein degradation, which leads to the weakening of protein structures, causing a greater dispersion of light. An increase in a * and b * values during ageing is also related to the reduced activity of mitochondria, which increases the amount of oxygen on meat surface and promotes its diffusion into the meat tissue during blooming. As a result, the color of muscle tissue becomes lighter and pinker [15,32].




5. Conclusions


The results of color measurements performed in two beef muscles during 60 min blooming at three different ageing times indicate that beef color depends on muscle type and ageing time. An analysis of ΔE revealed that beef color stabilized after 15, 20, and 25 min in the LL muscle, and after 10, 15, and 20 min in the SM muscle, in samples aged for 1, 9, and 14 days, respectively. Therefore, coefficient ΔE, which mathematically combines changes in lightness L *, redness a *, and yellowness b *, was found to be a useful tool for determining the completion of the blooming process. The present findings suggest that the color of beef should be measured after 25 min blooming. From a practical point of view, beef should be presented to consumers and restaurant owners approximately 25 min after cutting, when its color has fully developed. This will have a considerable impact on consumer acceptability when aged beef cut into individual steaks is sold at retail. The same rule applies to taking photographs of beef for advertising purposes.
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Table 1. Color differences during 60 min blooming in longissimus lumborum (LL, n = 24) and semimembranosus (SM, n = 24) muscles (mean values ± SEM).






Table 1. Color differences during 60 min blooming in longissimus lumborum (LL, n = 24) and semimembranosus (SM, n = 24) muscles (mean values ± SEM).





	
Ageing

	
Muscles




	
LL

	
SM




	
ΔE0

	
ΔExy

	
ΔE0

	
ΔExy






	
1-day

	

	

	

	




	
0 min

	
-

	
-

	
-

	
-




	
5 min

	
1.93 ± 0.24 b

	
1.93 ± 0.24 a

	
2.80 ± 0.24 b

	
2.80 ± 0.24 a




	
10 min

	
2.17 ± 0.3 b

	
1.69 ± 0.18 a

	
3.71 ± 0.28 a

	
2.15 ± 0.17 b




	
15 min

	
2.58 ± 0.26 a,b

	
1.33 ± 0.21 c

	
4.20 ± 0.23 a

	
1.30 ± 0.15 c




	
20 min

	
2.92 ± 0.24 a,b

	
1.29 ± 0.19 c

	
4.44 ± 0.26 a

	
1.46 ± 0.17 c




	
25 min

	
3.2 ± 0.4 a

	
1.52 ± 0.18 b

	
4.37 ± 0.29 a

	
1.67 ± 0.18 c




	
30 min

	
3.8 ± 0.4 a

	
1.72 ± 0.29 a

	
4.5 ± 0.3 a

	
1.27 ± 0.10 c




	
35 min

	
3.6 ± 0.3 a

	
1.8 ± 0.3 a

	
4.4 ± 0.3 a

	
1.39 ± 0.17 c




	
40 min

	
3.8 ± 0.4 a

	
1.80 ± 0.29 a

	
3.9 ± 0.4 a

	
1.51 ± 0.15 c




	
45 min

	
3.8 ± 0.4 a

	
1.7 ± 0.3 a

	
4.1 ± 0.4 a

	
1.58 ± 0.14 c




	
50 min

	
3.9 ± 0.4 a

	
1.79 ± 0.23 a

	
4.1 ± 0.3 a

	
1.42 ± 0.15 c




	
55 min

	
3.6 ± 0.4 a

	
1.48 ± 0.16 b,c

	
3.75 ± 0.26 a

	
1.21 ± 0.13 c




	
60 min

	
3. 6 ± 0.3 a

	
1.22 ± 0.13 c

	
3.9 ± 0.3 a

	
1.51 ± 0.15 c




	
9-days

	

	

	

	




	
0 min

	
-

	
-

	
-

	
-




	
5 min

	
1.83 ± 0.23 c

	
1.83 ± 0.23 a

	
2.55 ± 0.22 c

	
2.55 ± 0.27 a




	
10 min

	
3.60 ± 0.26 b

	
1.80 ± 0.26 a

	
3.8 ± 0.3 b

	
1.75 ± 0.19 b




	
15 min

	
4.6 ± 0.3 b

	
1.58 ± 0.27 a

	
4.74 ± 0.15 a

	
1.19 ± 0.08 c




	
20 min

	
5.8 ± 0.3 a

	
1.48 ± 0.22 a,b

	
4.9 ± 0.4 a

	
1.58 ± 0.28 b,c




	
25 min

	
6.5 ± 0.7 a

	
1.51 ± 0.17 a

	
5.48 ± 0.27 a

	
1.50 ± 0.15 b,c




	
30 min

	
7.4 ± 0.6 a

	
1.50 ± 0.12 a

	
5.5 ± 0.3 a

	
1.58 ± 0.12 b,c




	
35 min

	
7.3 ± 0.5 a

	
1.48 ± 0.16 a,b

	
5.6 ± 0.4 a

	
1.66 ± 0.16 b,c




	
40 min

	
7.1 ± 0.7 a

	
1.52 ± 0.16 a

	
5.2 ± 0.3 a

	
1.62 ± 0.16 b,c




	
45 min

	
7.0 ± 0.7 a

	
1.76 ± 0.14 a

	
5.5 ± 0.4 a

	
1.39 ± 0.14 b,c




	
50 min

	
7.1 ± 0.7 a

	
1.37 ± 0.13 b

	
5.3 ± 0.4 a

	
1.27 ± 0.13 b,c




	
55 min

	
7.0 ± 0.6 a

	
1.22 ± 0.15 c

	
5.7 ± 0.3 a

	
1.64 ± 0.15 b,c




	
60 min

	
6.8 ± 0.6 a

	
1.39 ± 0.14 b

	
5.5 ± 0.3 a

	
1.39 ± 0.14 b,c




	
14-days

	

	

	

	




	
0 min

	
-

	
-

	
-

	
-




	
5 min

	
1.86 ± 0.21 d

	
1.86 ± 0.21 a

	
2.39 ± 0.20 c

	
2.39 ± 0.16 a




	
10 min

	
3.5 ± 0.3 c

	
1.62 ± 0.20 a

	
3.54 ± 0.21 b

	
2.08 ± 0.19 a,b




	
15 min

	
3.8 ± 0.3 c

	
1.61 ± 0.18 a

	
3.69 ± 0.24 b

	
1.79 ± 0.08 b,c




	
20 min

	
5.2 ± 0.4 b

	
1.28 ± 0.17 b

	
5.1 ± 0.4 a

	
1.69 ± 0.21 b,c




	
25 min

	
6.2 ± 0.5 a

	
1.56 ± 0.21 a

	
5.26 ± 0.19 a

	
1.54 ± 0.13 c,d




	
30 min

	
6.1 ± 0.5 a

	
1.12 ± 0.18 b,c

	
5.31 ± 0.25 a

	
1.35 ± 0.10 d




	
35 min

	
6.2 ± 0.5 a

	
1.45 ± 0.20 a

	
5.20 ± 0.24 a

	
1.32 ± 0.16 d




	
40 min

	
6.4 ± 0.5 a

	
1.40 ± 0.12 a

	
5.39 ± 0.25 a

	
1.31 ± 0.16 d




	
45 min

	
6.5 ± 0.5 a

	
1.18 ± 0.15 b,c

	
5.4 ± 0.4 a

	
1.20 ± 0.11 d




	
50 min

	
7.1 ± 0.4 a

	
1.57 ± 0.16 a

	
5.9 ± 0.3 a

	
1.26 ± 0.15 d




	
55 min

	
7.3 ± 0.4 a

	
1.01 ± 0.12 c

	
5.9 ± 0.3 a

	
1.13 ± 0.11 d




	
60 min

	
6.9 ± 0.4 a

	
0.96 ± 0.14 c

	
5.8 ± 0.4 a

	
0.92 ± 0.10 d








a–d—mean values in columns within each ageing time with different letters differ at p < 0.05. ΔE0—the color difference between a freshly cut beef (0 min) and the next measurement on the sample; ΔExy—the color difference between two consecutive measurements on the sample.
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Table 2. The influence of muscles (M) and ageing time (A) on color parameters (20 min blooming) of LL and (25 min blooming) of SM (mean values ± SEM).
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Parameter

	
Muscles n = 72

	
Ageing (A) n = 48

	
Significance (p Value)




	
LL

	
SM

	
1 Day

	
9 Days

	
14 Days

	
M

	
A

	
MxA






	
Lightness, L *

	
37.22 ± 0.24 a

	
35.6 ± 0.3 b

	
35.1 ± 0.3 B

	
36.8 ± 0.4 A

	
37.3 ± 0.3 A

	
0.001

	
0.001

	
NS




	
Redness, a *

	
17.94 ± 0.21 b

	
19.93 ± 0.24 a

	
17.25 ± 0.22 B

	
19.70 ± 0.26 A

	
19.91 ± 0.29 A

	
0.001

	
0.001

	
NS




	
Yellowness, b *

	
13.98 ± 0.25 b

	
15.66 ± 0.25 a

	
12.84 ± 0.22 B

	
15.80 ± 0.22 A

	
15.88 ± 0.26 A

	
0.001

	
0.001

	
0.031




	
Chroma, C *

	
22.8 ± 0.3 b

	
25.4 ± 0.3 a

	
21.5 ± 0.3 B

	
25.3 ± 0.3 A

	
25.5 ± 0.4 A

	
0.001

	
0.001

	
NS




	
Hue angle, H *

	
37.8 ± 0.26 a

	
37.8 ± 0.21 a

	
36.59 ± 0.24 B

	
38.54 ± 0.21 A

	
38.74 ± 0.27 A

	
NS

	
0.001

	
0.012








NS—nonsignificant at p > 0.05. a,b—mean values in rows within muscles with different letters differ at p < 0.05. A,B—mean values in rows within each ageing time with different letters differ at p < 0.05.
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Table 3. The influence of ageing time on color parameters of LL and SM muscles (n = 24) (mean values ± SEM).
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Ageing (A)

	
LL

	
SM




	
1 Day

	
9 Days

	
14 Days

	
1 Day

	
9 Days

	
14 Days






	
Lightness, L *

	
35.9 ± 0.4 b

	
37.9 ± 0.4 a

	
37.7 ± 0.4 a

	
34.3 ± 0.3 b

	
35.7 ± 0.6 a

	
36.7 ± 0.5 a




	
Redness, a *

	
16.30 ± 0.18 b

	
18.61 ± 0.29 a

	
19.02 ± 0.24 a

	
18.21 ± 0.23 b

	
20.78 ± 0.23 a

	
20.8 ± 0.5 a




	
Yellowness, b *

	
11.78 ± 0.15 b

	
14.81 ± 0.21 a

	
15.44 ± 0.21 a

	
13.89 ± 0.23 b

	
16.80 ± 0.17 a

	
16.3 ± 0.5 a




	
Chroma, C *

	
20.12 ± 0.21 b

	
23.8 ± 0.3 a

	
24.5 ± 0.3 a

	
22.9 ± 0.3 b

	
26.73 ± 0.25 a

	
25.4 ± 0.6 a




	
Hue angle, H *

	
35.9 ± 0.3 b

	
38.5 ± 0.3 a

	
39.2 ± 0.23 a

	
37.31± 0.28 b

	
38.97 ± 0.26 a

	
38.4 ± 0.4 a








a,b—mean values in rows within each muscles ageing time with different letters differ at p < 0.05.
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