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Research Article 

Changes in physicochemical properties of beef in different age 

groups during short-term aging under chilled conditions 

MK Bristy1, MS Mostafa1, JF Juthi1, MM Mahbub1, SJ Badhan1, S Nahar1, HM Murshed1* 

Abstract 

This study examined the physico-chemical properties of beef from two age groups of 

Holstein Friesian crossbred bulls, specifically 15-month-old and 2-year-old, during a 5-day 

chilling aging process. The aim was to evaluate how aging affects various meat quality 

parameters, including pH, water holding capacity (WHC), drip loss, color, crude protein 

(CP), dry matter, ash, cooking loss, and shear force. Results showed significant differences 

between the two age groups. The 2-year-old beef had a higher initial pH and better water 

holding capacity compared to the 15-month-old beef, which experienced greater drip loss. 

Color analysis indicated that 2-year-old beef displayed a more vibrant red hue, enhancing 

its visual appeal. Additionally, the crude protein content was higher in the older cattle, 

although dry matter content was not significantly different. Cooking loss (20.20%) and 

shear force measurements demonstrated that 2-year-old beef was more tender, which 

correlated with superior water retention and less age-related connective tissue 

development. The aging process significantly influences (P<0.01) beef quality parameters, 

including water holding capacity (WHC), drip loss, tenderness, pH, and cooking loss. 

Using beef samples (T1=1 year 3 months and T2=2 years), subjected to aging periods of 1 

day, 3 days, and 5 days, a comprehensive analysis assessed changes in WHC, drip loss, 

tenderness, pH, and cooking loss over time. WHC, drip loss, pH, cooking loss, and shear 

force showed minimal changes throughout aging, though an improvement in WBSF value 

(36.98 N) was noted with longer aging. Importantly, no significant changes were observed 

in meat quality attributes within this timeframe, indicating that the chilling process 

effectively preserved the samples’ integrity. Both age groups showed improvements in 

texture and tenderness, suggesting that a chilling temperature of 4°C may be optimal for 

promoting these desirable qualities. 

Introduction 

Meat is valued as a prime source of protein. While looking for a good quality protein 

source with acceptable flavor and taste, meat is the most valuable livestock product (Akter 

et al., 2022; Khatun et al., 2022; Lijalem et al., 2015). Meat, the flesh or other edible parts 

of animals (usually domesticated cattle, swine, and sheep) used for food, including not 

only the muscles and fat but also the tendons and ligaments. Due to the increasing 

availability, people are becoming more concerned about the nutritional, physical & other 

qualities of meat (De Araujo et al., 2022; Gagaoua & Picard, 2020). 

A large portion of protein supply, almost 90 percent of the total animal protein comes from 

the livestock sector in the everyday life of Bangladeshi people (DLS, 2022). The 

contribution of the livestock sub-sector to gross domestic product (GDP) during FY 2021-

22 was 1.90 percent (DLS, 2022). Meat is one of the important outputs from livestock. 

Meat and meat products currently represent an important source of protein in the human 

diet, and their quality varies according to intrinsic and extrinsic parameters that can 

sometimes be shaped to make a product more desirable. Immediately after slaughtering the 

animal, we only get the muscle. This is not actually meat. After a certain storage period of 

chilling, that muscle converts into meat (Listrat et al., 2016). The process is known as the 

ageing of meat. Postmortem aging improves tenderness, juiciness, and flavor through 

proteolysis, lipolysis, and oxidation processes (Azad et al., 2021 and 2022; Khan et al., 

2016; Mahmud et al., 2024; Mostafa et al., 2025; Shohiduzjaman et al., 2024). But the 

duration of ageing may influence the quality parameters level of meat such as tenderness, 

flavor (Chakrabartty et al., 2024; Joo et al., 2023; Sosin-Bzducha & Puchala, 2017). 

Numerous factors influence beef quality, including genetics, feeding practices, 

environmental conditions, and management strategies. However, one of the most 

significant determinants is the age of the cattle at slaughter. But, most of the cattle in 

Bangladesh are slaughtered at later stage of their life; therefore, it is important to know 

how age of the cattle. Age not only affects the growth and development of the animal but 

also has profound implications for the quality of the meat produced. As cattle mature, 

physiological and biochemical changes occur that can impact several quality parameters, 
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including drip loss, pH, shear force. Cattle age influences meat’s water-holding capacity and proximate composition, key factors 

in quality. Younger cattle generally yield meat with higher moisture, protein, and tenderness due to less connective tissue and 

favorable muscle fiber structure (Bai et al., 2023). Older cattle have more collagen and intramuscular fat, enhancing flavor but 

reducing water-holding capacity, leading to drier meat (Dutson et al., 1980; Hwang et al., 2003; Miller et al., 2017). 

The pH value of beef varies significantly with the age of the cattle at slaughter, which influences meat quality attributes. 

Generally, meat from younger cattle (approximately 1 year old) exhibits a lower pH range of about 5.3 to 5.6, which is 

associated with better water retention and tenderness (Huff-Lonergan & Lonergan, 2005). In older cattle (around 2 years), pH 

levels often increase further, reaching between 5.8 to 6.2 or higher, resulting in tougher meat with reduced quality due to higher 

ultimate pH levels often linked to physiological stress and delayed rigor mortis (Maltin et al., 2003). 

Drip loss, a measure of moisture lost during storage and processing, significantly impacts the juiciness and flavor of meat. 

Studies indicate that older cattle exhibit higher drip loss due to increased muscle fiber diameter and altered protein structures 

(Kauffman et al., 1999). Shear force value, a measure of tenderness, is largely influenced by muscle fiber characteristics and 

connective tissue composition. Research shows that older animals tend to have higher shear force values due to increased 

collagen cross-linking, making the meat tougher (Maltin et al., 2003).  

The cooking loss of meat is significantly influenced by the age of cattle, primarily due to variations in muscle composition and 

water-holding capacity. Younger cattle generally exhibit lower cooking loss, resulting in juicier and more tender meat, as their 

muscle fibers have a higher moisture content and less connective tissue (Rhee et al., 2004). Studies indicate that older beef cuts 

tend to shrink more during cooking, largely due to their lower water-holding capacity and greater fat content, which can render 

out during the cooking process (Miller et al., 2017). Younger cattle typically produce meat with higher moisture content and 

improved tenderness, largely due to lower levels of connective tissue and a more favorable muscle fiber composition. As cattle 

age, there is an increase in collagen and intramuscular fat, which can enhance flavor but may decrease water-holding capacity, 

leading to a drier product (Das et al., 2022; Dutson et al., 1980; Hwang et al., 2003). Proximate analysis often shows that meat 

from younger animals has a higher percentage of protein and moisture, while older animals tend to yield meat with more fat and 

less water, affecting its juiciness and overall palatability (Miller et al., 2017). 

The study will provide a comprehensive analysis of how these parameters change with age, offering insights into the underlying 

biochemical and structural mechanisms & find out best chilling time for beef from different age groups.  

Materials and Methods 

Source of meat 

Retailer shop, Ganginar Par, Mymensingh 

Meat samples were sourced from a local slaughterhouse in Bangladesh, ensuring that both age groups were from the same breed 

(Holstein Friesian) and reared under similar conditions. Cattle were selected based on health and weight criteria, with two groups 

established: Treatment 1 (15-month-old) and Treatment 2 (2-year-old). Samples were collected in triplicate from three crossbred 

animals under Treatment 1 (15-month-old) and three crossbred animals under Treatment 2 (2-year-old). Then they are 

transported to the lab within 40-45 minutes. The measures were taken at 1 day, 3 days and 5 days after slaughter. For every 

measure, 12 repetitions were performed.  

Measurement of Physicochemical parameters 

pH 

pH of meat was determined by the direct method using a pre-calibrated portable pH meter (HI98163, HANNA Instruments, 

Australia). The tip of the above pH meter was inserted into the sample until a stable reading was obtained.  

Water holding capacity (WHC)  

WHC was measured by centrifuging each 1 g sample at 10,000 rpm for 10 minutes at 4℃. WHC was expressed as the ratio of 

the sample’s weight after centrifugation to it’s initial weight (Szmańko et al., 2021). 

WHC    
                                    

                                     
       

Cooking loss 

Cooking loss was determined by collecting 50-60 g sample from the meat sample (W1) and sealed in a polythene bag, then 

tagged and double-sealed in another bag. The water bath was filled to two-thirds and heat the meat until the internal temperature 

reached to 72℃. Cooking loss was calculated as a percentage of weight loss during cooking (Vujadinović et al., 2014). 

Cooking loss (%)  
                                    

                 
     

Drip loss 

 After 24 hours post-mortem, approx. 10 g of meat was weighed. Then the meat was hung in an airtight box, and stored at 4℃ 

(Honikel, 1998). 

Drip loss (%)  
                                              

                        
 

Meat color 

Instrumental color (CIE L*, a*, b*, C*, h*) was taken from meat samples at different chilling time intervals after postmortem. 

Then the meat samples were refrigerated for 24 hours at 4°C temperature and the color of breast meat was individually measured 

using Konica Chroma Meters CR- 22 410 (Konica Minolta Inc., Tokyo, Japan). For each reading, 3 measurements were 

performed, and the final value for each sample was the average of those readings. Breast meat color were expressed in the CIE 

LAB dimensions of lightness (L*), redness (a*), yellowness (b*), chroma (C*), and hue angle (h*).  
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Tenderness / shear force value 

The shear force value was estimated by using a Warner Bratsler shear. The strips of breast muscle measuring 0.5 inch core in 

both width and thickness removed from the centre of the meat sample were subjected to the shear test at three points and the 

average was recorded. 

Crude protein 

The crude protein was calculated using the micro-Kjeldahl technique. Each sample's total nitrogen concentration was determined 

in triplicate using the Kjeldahl apparatus. To measure the total nitrogen in this example, the samples were digested with 20 

milliliters of concentrated sulfuric acid (H2SO4) while K2SO4, CuSO4, and selenium powder were present. After the alkali 

(NaOH) released ammonia, it was distilled into boric acid and titrated using regular HCl. The resulting nitrogen values were 

multiplied by 6.25 to convert them to total crude protein. 

The calculation is as follows: 

     

             
                                                                

                
     

 

% of CP = % of nitrogen × conversion factor (6.25) 

Moisture and dry matter  

A properly weighed known amount sample (5g) was placed in a porcelain crucible that had been previously weighed and placed 

in an electric oven set at 105°C for approximately 24 hours to achieve a consistent weight in order to measure the moisture 

content. The percentage of moisture lost was determined. And dry matter is measured by subtracting the moisture from 100. 

Content of moisture (%) = (Y-Z)/Y × 100   

Y = Sample weight (g) + Crucible 

 Z = Dry Sample Weight (g) + Crucible  

Dry Matter =Moisture - 100 

Ash 

The samples were heated for six hours at 550°C in a muffle furnace. Then, the crucibles were placed in desiccators to cool. The 

remaining material was weighed to determine the percentage of ash. 

The formula is mentioned below 

% of ash content = 
 

 
×100 

Where, E = Weight of ash C= Weight of sample 

Statistical analysis 

This experiment had a completely randomized design with 2 treatments with different freezing conditions. All analyses were 

replicated three times. Analysis of variance was performed on all the variables measured using the General Linear Model 

procedure of Minitab (2017). Data were analyzed using two-way 

ANOVA whereas Duncan’s multiple range tests were performed to calculate significant differences between means s (p<.05). 

The means values and the SEM were noted. 

Results and Discussion 

Table 1. Effect of age and chilling time on physical parameters of beef 

 Days Interval 
Treatments      

    Mean 

Level of Significance 

Treatment 1 Treatment 2 DI Treatments DI&T 

Drip loss (%) 

 

1 7.57a±1.17 5.62b±0.16 6.60 
** ** NS 3 7.38a±0.38 5.48bc±0.67 6.43 

5 5.58b±0.44 3.80c±0.48 4.69 

Shear force 

1 46.23ab±0.44 50.00a±2.44 48.14 
** ** NS 3 39.98b±3.33 44.50ab±1.94 42.24 

5 32.10c±4.64 41.86b±0.55 36.98 

WHC (%) 

 

1 86.47bc±1.39 89.43ab±2.40 88.11 

* ** ** 3 82.20c±0.35 94.03a±1.18 87.94 

5 85.49bc±1.78 83.17bc±5.19 84.32 

Cooking loss 

(%) 

 

1 28.60a±7.24 24.88a±0.40 26.73 
** * NS 3 24.49a±0.63 15.91b±0.39 22.33 

5 22.31ab±0.76 22.36ab±1.31 20.20 

The mean in each row having different superscripts vary significantly at values P < 0.05. Again, mean values with the same superscript in each row did not differ 

significantly at P>0.05. Treatment 1= (1.3 months), Treatment 2= (2 years), DI=Day Intervals, DI×DT=Interaction of Day Intervals &Treatment.  * Means significant 

at 5%level of probability, ** Means significant at 1%level of probability, NS means non-significant. Days interval (1 day, 3 days, 5 days) 

Drip loss 

The results (Table 1) suggest that both time and treatment have significant effects on drip loss, with treatment T2 consistently 

showing lower drip loss across the days measured. Across all days, Treatment 1 consistently showed higher drip loss values 

compared to Treatment 2. On day 1, drip loss in Treatment 1 (7.57%) was significantly higher than in Treatment 2 (5.62%). 
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Similar differences were observed on day 2 (7.38% vs. 5.48%) and day 3 (5.58% vs. 3.80%). The lack of a significant interaction 

between days and treatment means that the effect of each treatment on drip loss remains consistent across different days. 

Cattle's muscle fiber composition varies with age. Animals that are older tend to have more intramuscular fat, which may affect 

how well they retain moisture. However, because of variations in muscle shape, more connective tissue may also result in 

increased water loss (Wang et al., 2022). Water retention is influenced by muscle metabolism after death. According to similar 

studies, younger cattle may have higher drip loss because of increased enzyme activity that causes muscle breakdown (Liza et 

al.,2024). According to the current research, the drip loss was greatest in cattle that were 1.3 years old as opposed to those that 

were 2 years old.  

Shear force 

Both time and treatment have a significant effect (p<0.01) on shear force (Table 1). Over time, shear force decreases in both 

treatments, but Treatment 2 generally has lower values, indicating greater tenderness. On day 1, the highest shear force (50.00 N) 

was recorded in Treatment 2, whereas the lowest (46.23 N) occurred in Treatment 1. Shear force values decreased progressively 

over time in both treatments, with the lowest value (32.10 N) observed in Treatment 1 on day 5. The lack of significant 

interaction between days and treatment shows that each treatment's effect on shear force remains consistent across days. 

Younger cattle typically yield more tender meat due to differences in muscle fiber structure and composition. Younger animals 

have less connective tissue, which is known to contribute to the tenderness of meat (Purslow, 2005). As cattle age, the muscle 

fibers become larger and more fibrous, resulting in decreased shear force values (Liza et al., 2024). The decrease in shear force 

for older cattle over the 5 days can be attributed to the onset of rigor mortis and subsequent enzymatic activity that tenderizes the 

meat. This process, known as post-mortem aging, breaks down proteins and connective tissue, improving tenderness (Troy & 

Kerry, 2010). 1.3 years cattle appear to produce more tender meat both immediately after slaughter and up to 5 days, while the 

increasing shear force values for younger cattle highlight the difficulties in achieving desirable tenderness in beef from younger 

animals. These findings highlight the importance of age and post-mortem time in influencing meat quality.  

Water holding capacity 

Both treatment and day interval significantly affected WHC (p < 0.05 to p < 0.01), with a significant interaction between the two 

factors (Table 1). On day 1, WHC ranged from 86.47% in Treatment 1 to 89.43% in Treatment 2. Interestingly, WHC in 

Treatment 2 peaked at 94.03% on day 3, while Treatment 1 showed a lower value of 82.20%. By day 5, WHC values in both 

treatments declined. Both the time interval and treatment type significantly affect WHC, with Treatment 2 generally yielding 

higher WHC, especially on day 3. The significant interaction effect suggests that the changes in WHC over time depend on the 

treatment type, as seen in the higher WHC in Treatment 2 on day 3 compared to other days and treatments. This interaction 

implies that Treatment 2 is particularly effective in enhancing WHC at specific time points. The WHC was significantly affected 

by the chilling method (P < 0.05). Older cattle have higher WHC, which can be explained by variations in connective tissue and 

muscle fiber composition. Older animals tend to retain water better because they have a higher percentage of delicate muscle 

fibers and less connective tissue (Calkins & Hodgen, 2007). On the other hand, cattle's ability to retain water is frequently 

reduced as they age due to an increase in connective tissue and muscle maturity (Ryu & Kim, 2006). 

The 1.3-year-old group's WHC reduction after 3 days is especially notable and might be the result of increased moisture loss 

during storage, which is made worse by age-related structural changes in muscle fibers. Since juiciness and tenderness are 

important factors in determining consumer preference, a drop in WHC can have a significant impact on meat quality (Warriss, 

2000). 

Cooking loss 

Both the time interval and treatment type significantly affect cooking loss (Table 1). Cooking loss tends to decrease over time in 

both treatments, with treatment 2 generally resulting in lower cooking loss than treatment 1, especially on day 3. The lack of 

significant interaction between days and treatment means that the effect of each treatment on cooking loss remains consistent 

across the days, showing no unique combined influence over time. This suggests that treatment 2 may be more effective in 

reducing cooking loss overall, particularly on day 3. There are a number of reasons why cooking loss increases with age: 

Biochemical changes, such as protein denaturation and moisture loss, become more noticeable as meat ages (Huff-Lonergan & 

Lonergan, 2005); older cattle have more connective tissue, which may initially result in higher moisture retention but ultimately 

leads to higher cooking losses when the meat is heated (Purslow, 2005); this is in line with research by Liza et al. (2024), who 

found that older cattle have a higher capacity for retaining water, but they lose more moisture during cooking because of 

structural changes in their muscle fibers. 

Furthermore, the statistics show that, in comparison to older calves, the meat from younger animals, those that were 2 years old; 

retained more moisture and experienced fewer cooking losses. Because lower cooking losses are typically linked to increased 

juiciness and tenderness; two important qualities that customers value, this is critical for meat quality. According to the results, 

meat from older animals might have higher culinary quality and be more appealing to consumers who value flavor and 

tenderness. 

Table 2. Effect of age and chilling time on color of beef 

 Days Interval 
Treatments 

Mean 
Level of Significance 

T1 T2 DI Treatments DI&T 

L* 

 

1 41.69a±5.35 39.83a±1.21 40.75 

NS NS NS 2 39.69a±0.34 37.25a±0.60 40.30 

3 40.30a±1.07 40.30a±1.07 38.73 

a* 

 

1 21.54b±0.39 24.72a±1.80 23.13 
* ** * 3 20.79b±0.33 24.61a±0.31 22.70 

5 21.11b±0.57 21.11b±0.57 21.11 

b* 1 9.47ab±0.73 11.47a±0.37 10.47 * * NS 
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3 8.48b±1.33 11.22a±0.93 9.85 
5 8.93ab±0.97 8.93ab±0.97 8.93 

C* 

 

1 23.53b±0.34 27.26a±1.78 25.39 

** ** ** 3 22.48b±0.22 27.05a±0.66 24.76 

5 22.93b±0.47 22.93b±0.47 22.93 

h* 

 

1 23.72a±1.84 24.93a±0.88 24.33 
NS NS NS 3 22.18a±3.44 24.48a±1.55 23.32 

5 22.94a±2.58 22.94a±2.58 22.93 

The mean in each row having different superscripts vary significantly at values P < 0.05. Again, mean values with the same superscript in each row did not differ 

significantly at P>0.05. Treatment 1= (1.3 months), Treatment 2= (2 years), DI=Day Intervals, DI×DT=Interaction of Day Intervals &Treatment.  * Means significant 

at 5%level of probability, ** Means significant at 1%level of probability, NS means non-significant. 

Color parameters (L*, a*, b*, c, and h) of the longissimus dorsi muscle under different treatments and storage intervals are 

shown in Table 2. 

L* values, representing lightness, did not vary significantly (p > 0.05) across days, treatments, or their interaction, indicating that 

overall light intensity remained stable throughout the storage period regardless of treatment. This result agrees with the findings 

of Mancini and Hunt (2005), who reported that L* is more strongly influenced by oxygenation state and muscle surface 

properties than by age. 

For a* values, which indicate redness, significant effects (p < 0.05–0.01) of treatment and the day-by-treatment interaction were 

observed on Days 1 and 3. In both cases, T2 produced higher a* values than T1, suggesting that the treatment enhanced red color 

intensity in the early stages of storage. By Day 5, a* values converged, and no significant differences were found, implying that 

the treatment’s effect on redness diminished over time. This can be attributed to increased myoglobin concentration in muscles 

of older animals (Mancini & Hunt, 2005; Gagaoua et al., 2015). 

Similarly, b* values, reflecting yellowness, were significantly higher (p < 0.05) in T2 compared to T1 on Days 1 and 3, 

indicating a more pronounced yellow tone early in storage. However, by Day 5, no significant differences were evident, 

suggesting that the treatment’s influence on yellowness was temporary. This increase in b* is consistent with the higher 

oxidative susceptibility of beef from mature animals (Faustman et al., 2010). 

Chroma (C*), representing color saturation, showed the most consistent and pronounced differences. Significant effects of day, 

treatment, and their interaction (p < 0.01) were evident on Days 1 and 3, with T2 displaying higher chroma values than T1. This 

suggests that the treatment produced more vivid and intense colors during the initial storage period. By Day 5, differences 

between treatments disappeared, indicating a loss of treatment advantage over time. his reflects more vivid and intense color 

development in meat from older cattle, likely due to higher myoglobin concentration and oxidative stability (Bekhit & Faustman, 

2005). The interactive effects (P<0.01) further support that chilling enhanced this difference in color intensity. 

Hue angle (h*), which describes the overall tint of the color, remained unaffected (p > 0.05) by day, treatment, or interaction 

across the storage period. This stability implies that while lightness, redness, yellowness, and saturation were influenced, 

particularly early in storage, the fundamental color tone remained consistent regardless of treatment or storage time. Similar 

findings were observed by (Khliji et al., 2010) who noted that hue angle is less sensitive to animal factors compared to a* and c 

values. 

In conclusion, this study highlights the complex interplay of color dimensions in response to treatments, with significant 

temporal effects on saturation and color components, while lightness and hue remain relatively stable. The strong P-values (and) 

reinforce the reliability of these observations, providing insight into how color perception is affected over time. 

Table 3. Effect of age and chilling time on chemical and nutritional parameters 

 Days Interval 
Treatments 

Mean 
Level of Significance 

T1 T2 DI Treatment DI&T 

pH 

1 5.47ab±0.03 5.43b±0.11 5.45 

* NS NS 3 5.57ab±0.12 5.62ab±0.06 5.59 
5 5.68a±0.09 5.54ab±0.03 5.61 

DM 

 

1 24.21a±0.27 25.32a±0.53 25.01 

NS NS NS 3 25.00a±1.41 23.48a±1.72 24.76 
5 24.03a±1.19 26.00a±1.65 24.24 

ASH 

 

1 0.41b±0.15 0.37b±0.08 1.23 

** NS * 3 1.26a±0.13 1.18a±0.04 1.22 
5 1.33a±0.02 1.13a±0.06 0.48 

CP 

 

1 20.49ab±1.13 21.62ab±1.15 21.93 

NS * NS 3 19.99b±1.33 20.63ab±1.39 21.06 
5 20.48ab±0.82 23.39a±0.78 20.31 

The mean in each row having different superscripts vary significantly at values P < 0.05. Again, mean values with the same superscript in each row did not differ 

significantly at P>0.05. Treatment 1= (1.3 months), Treatment 2= (2 years), DI=Day Intervals, DI×DT=Interaction of Day Intervals &Treatment.  * Means significant 

at 5%level of probability, ** Means significant at 1%level of probability, NS means non-significant. 

pH 

A p-value of 0.01 indicated that there was a significant variation in pH between the aging phases, showing elevated pH levels in 

beef that had been matured for three and five days (Table 3). This gradual rise in pH could be explained by microbial activity 

and metabolic alterations brought on by aging. However, the age gap and interaction impact do not significantly differ in pH. 

These results imply that beef aged for three or five days may see a considerable rise in pH, which may have an impact on the 

meat's flavor and texture. Age-group differences in carcass pH evaluated 24 hours after slaughter were minimal, according to 

(Mach et al., 2008). Because the values ranged from 5.35 to 5.60, this should not represent an increased risk of a negative impact 

on meat quality. In the present study, there were no significant differences in the meat pH measured of cattle from different age 

groups. A similar result has been reported that buffalo slaughtered at 0-3, 4-6, 12-18, and 24-36 months of age exhibited similar 
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meat pH (Li et al., 2018). 

Dry matter 

There is no statistically significant effect of treatment, day interval, or their interaction on dry matter values in this data set 

(Table 3). The means remain similar across treatments and days, showing stability in the measured parameter. 

In the beef samples, the 2-year-old cattle had the highest moisture content than the 1.3-year-olds. The juiciness and softness of 

the meat may be impacted by this trend, which could indicate that older animals retain more moisture in their muscular tissue. 

The formation of connective tissues and fat deposition in cattle may be the cause of the decrease in moisture content as they age 

(Kauffman et al., 2010).  

Ash 

There is a significant increase in ash content (Table 3) over time (Day Interval effect) and a notable interaction between day and 

treatment (Day Interval & Treatment effect). Ash content rises significantly from Day 1 to Days 3 and 5, with Day 3 having the 

highest values. However, differences between Treatment 1 and Treatment 2 are not significant. This pattern implies that time, 

rather than treatment, is the primary factor influencing ash content changes in this study. 

Ash content, which is indicative of the mineral content in the meat, also decreased with age, with the 2-year-olds having the 

highest ash percentage. The decline in ash content in older cattle (for 1.3 years) may point to changes in mineral deposition as 

the animal ages (Keene et al., 2004). The observed statistical significance in ash content indicates a noteworthy difference 

between the 2-year and younger age groups. 

Crude protein 

The treatment type (Treatment 1 vs. Treatment 2) significantly affects crude protein content, with Treatment 2 showing a notable 

increase by Day 5 (Table 3). However, there are no significant overall changes in crude protein across the days (DI effect) or in 

the interaction between days and treatment (Day Interval & Treatment effect). This suggests that Treatment 2 may be more 

effective than Treatment 1 in increasing crude protein content over time, especially noticeable on Day 5. 

The lowest protein content was found in the 1.3-year-old group, while the highest protein content was found in the 2-year-old 

group. The statistical significance (indicated by different letters) suggests that the protein content in the 2-year group is 

significantly higher than in the 1.3-year group, which may be beneficial for certain nutritional applications. The decrease in 

protein content in younger cattle may be due to changes in muscle composition, where fat replaces lean tissue as animals mature 

(Lorenzo et al., 2014). 

Summary and Conclusion 

This study was carried out at Bangladesh Agricultural University's Animal Science Laboratory, examined how age and aging 

time affected the quality of beef from Holstein Friesian cross breed bull by examining samples of loin (Longissimus dorsi 

muscle). Two age groups of cattle were established: 1.3 and 2 years. To analyze different physical, chemical, and nutritional 

characteristics, a total of twelve beef samples weighing 550 g each were gathered.  

The results showed that all age groups had mean pH levels that were consistent, suggesting that meat matured uniformly. Drip 

loss, however, showed notable variations, with the 1.3-year-old cattle showing the highest values at 1, 3, and 5 days (p<0.05). 

This implies that younger animals might retain less water, which would have a detrimental effect on the quality of the meat. 

Shear force measurements confirmed that older cattle often produce tougher beef, showing that the meat from the 2-year-old 

group was tougher than that from the younger group. Water-holding capacity and cooking loss varied significantly (p<0.05) 

among the groups. Cooking loss was reduced in the 2-year-old group and higher in the 1.3-year-old group.  

The 2-year-old cattle group's water-holding capacity was noticeably higher, highlighting the benefits of older calves in 

preserving moisture during cooking. Only the crude protein (CP) and ash content showed notable alterations in terms of 

proximate composition. The flesh of the 2-year-old cattle had a higher CP than that of the 1.3-year-old group, suggesting that the 

older animals had higher nutritional quality. Furthermore, the meat from 2-year-old cattle had a noticeably higher ash level, 

indicating a positive mineral profile. The study concludes that the age of Holstein Friesian crossbreed has a substantial impact on 

important quality measures. Better tenderness, less cooking loss, and more nutritional value are characteristics of higher-quality 

beef often produced by 2-year-old cattle. In order to better understand how age, diet, and management techniques affect beef 

quality, further research is necessary. Remarkably, an improvement in texture and tenderness was observed over the chilling 

period, highlighting the positive impact of this temperature on sensory attributes. These results emphasize that short-term 

chilling at 4°C not only preserves but also enhances certain quality characteristics of beef, making it a practical and reliable 

method for the meat industry to ensure product quality and meet consumer expectations. 
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