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Abstract  This study was conducted to evaluate the effects of pre and post-rigor 

marinade injections on some quality parameters of Longissimus dorsi (LD) muscles. 

Three marinade formulations were prepared with 2% NaCl, 2% NaCl+0.5 M lactic acid 

and 2% NaCl+0.5 M sodium lactate. In this study marinade uptake, pH, free water, 

cooking loss, drip loss and color properties were analyzed. Injection time had significant 

effect on marinade uptake levels of samples. Regardless of marinate formulation, 

marinade uptake of pre-rigor samples injected with marinade solutions were higher than 

post rigor samples. Injection of sodium lactate increased pH values of samples whereas 

lactic acid injection decreased pH. Marinade treatment and storage period had significant 

effect on cooking loss. At each evaluation period interaction between marinade treatment 

and injection time showed different effect on free water content. Storage period and 

marinade application had significant effect on drip loss values. Drip loss in all samples 

increased during the storage. During all storage days, lowest CIE L* value was found in 

pre-rigor samples injected with sodium lactate. Lactic acid injection caused color fade in 

pre-rigor and post-rigor samples. Interaction between marinade treatment and storage 

period was found statistically significant (p<0.05). At day 0 and 3, the lowest CIE b* 

values obtained pre-rigor samples injected with sodium lactate and there were no 

differences were found in other samples. At day 6, no significant differences were found 

in CIE b* values of all samples.  

   

Keywords  marination, pre-rigor, post-rigor, storage, meat quality 

Introduction 
 

Meat tenderness is one of the most important factors affecting palatability. Several 

factors influence meat tenderness such as ultimate pH, chilling temperature of carcasses, 

connective tissue and enzymatic proteolysis (Kim et al., 2013).  

In order to improve meat tenderness, a number of meat tenderizing methods have  
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been tried as antemortem or postmortem treatments. Electrical stimulation, proteolytic enzyme application, aging, pressure 

cooking and marination are postmortem treatments in order to improve meat tenderness (Maiti et al., 2008). 

Marination is one of the postmortem treatment that improves meat tenderness, flavor and juiciness to satisfy consumer 

demand (Lemos et al., 1999). Marination is based on processing of meat with acidic or alkaline solutions and modification of 

physical and chemical properties of meat by altering the meat pH from isoelectric point (Sheard and Tali, 2004). 

When the pH of a muscle decreases, reaching the isoelectric point (pI) of approximate pH 5.3, the protein repulsion would 

be at the lowest point indicating the equal amounts of positive and negative charges. As the pH becomes more acidic the 

balance of charges is disrupted by an increase in positive charges, causing repulsion. The same process occurs with negative 

charges when the pH becomes more basic. As the pH of the meat is altered away from the pI, with the use of marinade 

solution, charges begin to free themselves causing repulsion of the meat fibers, and the free charges begin to attract water 

(Baczwaski and Mondigo, 2003). 

Today in meat industry, various marination techniques are applied with different processing methods to improve the 

tenderness, water holding capacity and flavor. In marination of beef, poultry, fish and other seafood, lemon juice, vinegar, 

wine, yogurt, and milk are used as a marination components as well as additives such as fat, sugar, spices, salt and phosphates 

(Ö nenç et al., 2004; Oreskovich et al., 1992; Serdaroğlu et al., 2007).  

Marination mixtures can be applied to the meat through soaking, injection or vacuum tumbling, depending on the type of 

meat product, and marination time changes usually between 1 to 24 h, critical point in marination procedure is the uniform 

dispersion of marinade ingredients into muscle (Brandt, 2003; Xargayó et al., 2001). The efffects of acidic marinades on meat 

texture depend on pH drop; this has been related to the combination of three mechanisms: dilution of the load-bearing 

material due to the swelling of myofibrils, weakening of the perimysial membrane and acceleration of the postmortem 

tenderization (Berge et al., 2001). The pH values obtained in the meat are generally low (between 5 and 3 depending upon the 

acid concentration used) thus leading to considerable swelling of fibrils. 

Most of the works published on acid treatments applied to beef are on marination in acetic and citric acids (Burke and 

Monohan, 2003; Goli et al., 2014; Hosseini and Mehr, 2015; Ke et al., 2009; Komoltri and Pakdeechanuan, 2012; Ö nenç et 

al., 2004; Yusop et al., 2010). In the few works lactic acid (LA) was used (Aktaş and Kaya, 2001; Berge et al., 2001; Sawyer 

et al., 2008).  

Alkaline marinades are generally used in meat products to enhance tenderness, water holding capacity and to improve 

cooking yield. One important characteristic of alkaline marinades is their ability to move meat pH away from the isoelectric 

range, thus increasing the proportion of negative charges on the meat proteins, and improving tenderness and water holding 

capacity. 

Many reports have shown reductions in mechanical shear force and significant improvements in flavour, juiciness, and 

tenderness measured by taste panels with the injection of alkaline marinades (Ke et al., 2009; Pietrasik and Shand, 2004; 

Robbins et al., 2002; Vote et al., 2000). Most commonly used ingredients in alkaline marinades are phosphates and lactates. 

Vote et al. (2000) injected sodium tripolyphosphate, sodium lactate, sodium chloride into strip loins muscle and significantly 

improved tenderness and juiciness when compared to non-injected controls. Previous studies suggest that injecting beef with 

solutions containing salt, sodium tripolyphosphate, and sodium lactate not only improves tenderness (Papadopoulos et al., 

1991b), but also enhances beef flavor (Lamkey et al., 1993; Papadopoulos et al., 1991a,b). 

Vote et al. (2000) injected sodium tripolyphosphate, sodium lactate, sodium chloride into strip loins muscle and 

significantly improved tenderness and juiciness when compared to non-injected controls. Previous studies suggest that 
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injecting beef with solutions containing salt, sodium tripolyphosphate, and sodium lactate not only improves tenderness 

(Papadopoulos et al., 1991b), but also enhances beef flavor (Lamkey et al., 1993; Papadopoulos et al., 1991a;b). 

Burke and Monahan’s (2003) study has shown that acid marination increased meat tenderness. Sawyer et al. (2007) 

suggested that LA enhancement can reduce muscle pH and improve the cooked beef color/degree of doneness of dark cutting 

beef.  

Although extensive research describes beneficial effects of alkaline and acidic marinates on eating quality of meat there is 

a lack of information about the effects of pre or postrigor marination on meat quality. Therefore, the objective of this study 

was to investigate the effects of pre or postrigor injection of salt/ lactic acid and salt/sodium lactate marinades solutions on 

quality characteristics of Longissimus dorsi (LD) muscles. 

When the pH of a muscle decreases, reaching the isoelectric point of approximate pH 5.3, the protein repulsion would be at 

the lowest point indicating the equal amounts of positive and negative charges. As the pH becomes more acidic the balance of 

charges is disrupted by an increase in positive charges, causing repulsion. The same process occurs with negative charges 

when the pH becomes more basic.  

 

Materials and Methods 

Five Holstein cows (17-18 mon of age, 950-1,000 kg body weight) were slaughtered at an average carcass weight of 500-

550 kg. LD muscles from left side were removed after 1 h and right side after 24 h of slaughtering. Muscles were trimmed of 

excess fat before marination procedure. Left sides were stored at +4℃ for 24 h before the injection treatment. Right sides 

were used for pre-rigor injection after 1 h after the slaughter. Food-grade salt (sodium chloride), sodium lactate (Purasal S-

Purac, Netherlands) and lactic acid (Merck, Germany) were used to prepare the marinade solutions. Three different marinade 

solutions were prepared (2% NaCl, 2% NaCl+0.5 M Lactic acid and 2% NaCl+0.5 M Sodium lactate) by using double 

distilled water at 20℃.  

The 15 left (1 h) and 15 right (24 h) muscles were randomly allotted into six different treatment groups of sodium chloride 

injection at 1 h postmortem (C1) and at 24 h postmortem (C24), lactic acid+sodium chloride injection at 1 h postmortem 

(LA1) and at 24 h postmortem (LA24), sodium lactate+sodium chloride injection at 1 h postmortem (SL1) and at 24 h 

postmortem (SL24). Experimental design is given in Table 1. 

The muscles were injected with marinade solutions (11% (v/w)) using a multi-needle injector by using multi needle 

injector (Fomaco-Danimark). The injection was performed at 3 depths (50 mL/level) with approximately 5 mm between 

Table 1. Experimental design 

Samples 

Marinate injection (1 h)  Marinade injection (24 h) 

2% NaCl (C1) 2% NaCl (C24) 

2% NaCl+0.5 M Lactic Acid (LA1) 2% NaCl+0.5 M Lactic Acid (LA24) 

2% NaCl+0.5 M Sodium Lactate (SL1) 2% NaCl+0.5 M Sodium Lactate (SL24) 

Free water, drip loss, cooking loss and color analyzes were conducted on days 0 (24 hour after the marination process), 3 and 6 of storage.  

Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
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injection points. For stable distribution of marinade solutions, samples were kept at 4℃ for 24 h than placed in the 

polystyrene foam box were wrapped with PVC film (stretch film) and were stored at +4℃ for 6 d.  

 

pH measurement 

Marinade pH and pH of meat samples were measured before and after marination (Burke and Monahan, 2003). The pH of 

meat homogenates, prepared by blending 5 g of sample with 50 mL of distilled water for 1 min using a Waring blender, was 

measured using a pH meter (Inolab pH 720 WTW-Germany). 

 

Marinade uptake  

Following marination, excess marinade was removed by applying paper towel to the sample (whole muscle) surfaces and 

% marinate uptake was calculated from the weight of samples taken before and after margination (Young and Smith, 2004). 

Calculation for marinade uptake was as follows: 

 

  %𝑚𝑎𝑟𝑖𝑛𝑎𝑑𝑒 𝑢𝑝𝑡𝑎𝑘𝑒 =
𝑚𝑎𝑟𝑖𝑛𝑎𝑡𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝑟𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑟𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡
× 100 

  

Free water 

Water holding capacity measurement; A filter press technique was used to determine water holding capacity (WHC) of 

cooked samples (Zayas and Lin, 1998). Lower values indicate better water holding capacity. 

 

Cooking loss 

Cooking loss was calculated from the weight of the slices taken before and after cooking (Hoffman et al., 2008). Samples 

were cut into 1 cm thick for evaluating cooking loss. Than cooked by placing in plastic bags and immersing in a water bath at 

80℃ 1 h then cooled to room temperature and weighed. 

 

Cooking loss (g/100 g)=Marinated weight–cooked weight / marinated weight×100 

 

Drip loss 

Samples were weighed and individually placed in polystyrene foam plate, packaged with PVC film (stretch film) and 

stored at +4℃ for 6 d. The fillets were patted dry and weighed at 3rd and 6th day of storage for drip loss determination. 

During the storage of meat samples, the amount of drip loss was measured according to Bloukas et al. (1997). The drip loss 

was calculated as a percentage of the difference between two measurements to initial weight.  

  

Drip loss=100×(wtm–wtd)/wtm 

wtm=Marinated weight 

wtd=Weight after dripping 

  

Color 

CIE color parameters (CIE L*, CIE a*, CIE b*) of marinated meats were measured by using Minolta 508-D 
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spectrocolorimeter (USA) and were performed on 0th, 3rd and 6th days of storage. Before each measurement, the apparatus 

was standardized against a black and white tile. Four readings were taken for each treatment. 

 

Statistical analysis 

Analysis of variance (ANOVA) was performed on the data to determine any significant difference (p<0.05) among or 

within the different marination groups using SPSS for windows; advanced statistics release 11.5. Analysis of variance of all 

data was conducted using the Duncan’s Multiple Rang test.  

 

Results and Discussion 

pH values of marinade solutions and samples  

Meat pH is an important factor affecting meat tenderness and the effect is greatly associated with water holding capacity. 

The effects of various marinade treatments on pH values are shown in Table 2. pH values were affected by marinade 

formulation. Lactic acid marinade has a low pH resulted a decrement in meat pH from 7.4 to 4.7. Lactic acid marination 

applied after 1 hour and 24-hour lead to decrease in pH of these samples below to isoelectric point. Previous studies have 

reported that the use of organic acids, including citric and lactic acids, within marinades leads to a decrease in the pH value of 

marinated meat (Aktaş et al., 2003; Ke et al., 2009; Serdaroğlu et al., 2007). Most of the works published on acid treatments 

applied to beef are on marination in acetic acid. The pH values obtained in the meat were generally low (between 5 and 3 

depending upon the acid concentration used) leading to considerable swelling of the meat. Medyński et al. (2000) found that 

using lactic acid marinades at higher than 1% concentrations at normal pH caused to decrease in pH value of beef and pork 

samples to 4.25-3.90. In the few works using lactic acid like our study, it was injected pre-rigor and the final meat pH values 

were generally higher than those obtained with acetic acid (4.5 or more), suggesting meat swelling was limited. Claus and 

Sorheim (2006) found that pH value of pre-rigor muscles injected with NaCl was higher than post rigor injected muscles. 

Injection time (pre-rigor or post-rigor) had no effect on pH. Claus and Sorheim (2006) found that pH value of pre-rigor 

muscles injected with NaCl was higher than post rigor injected muscles. Fischer et al. (1982) reported that pH reduction rate 

in meat samples which is injected salt prior to rigor was slow. Berge et al. (2001) found that the pH values were 5.1 and 4.9 

respectively, by injection of 0.5 M lactic acid into Pectoralis profundus muscles 1 h and 24 h after slaughter. There was no 

significant difference between the pH values of samples marinated with lactic acid solution after 1 (prerigor) and 24 

 

Table 2. PH values of marinade solutions and muscles before and after margination 

a-c 
Means with the different letter in the same column are significantly different (p<0.05). 

Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 

Sample Marinade pH pH-before marination  pH-after marination 

C1 7.4c±0.04 6.7a±0.10 5.6b±0.02 

LA1 2.0a±0.15 6.7a±0.08 4.7a±0.30 

SL1 6.9b±0.00 6.6a±0.07 5.4b±0.06 

C24 7.3c±0.16 5.5b±0.03 5.4b±0.33 

LA24 2.1a±0.14 5.3b±0.10 4.7a±0.35 

SL24 7.0b±0.42 5.5b±0.11 5.4b±0.16 
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(postrigor) hours. Similar results have been reported by Morris et al. (1997). The investigators found that there was no 

significant difference between the pH values of samples injected CaCl2 and lactic acid immediately after slaughter and 24 h 

later. Although the pH value of marinates containing lactic acid was 2.0, the pH values of LA1 and LA24 samples did not fall 

below pH 4.7 and it is considered that NaCl in the formulation inhibits the decreasing of pH by affecting the reactive groups 

of the proteins. Medyński et al. (2000) reported that 1.5% lactic acid marination in the presence of salt limited the interaction 

of meat proteins with lactic acid and pH did not decrease further after this time. 

In SL1 and SL24 samples the pH value was found to be 5.4. Mancini et al. (2009) reported that injections of 1.5% and 

2.5% lactate solution did not affect the pH value of Longissimus lombarum and Psoas major muscles.  

 

Marinade uptake 

Carcass part and meat type should have significant effect on marinade uptake of the meat samples (Serdaroğlu et al., 2007). 

Marinade uptake levels were changed between 4.6 to 9.7% (Table 3). Regardless of marinate formulation, marinade uptake of 

prerigor samples injected with marinade solutions were higher than postrigor samples (p<0.05). This may be due to the high 

water binding capacity of the meat prior to rigor.  

The lowest marinade uptake was found in LA24 samples (pH 4.8) with the lowest pH value. The highest marinade uptake 

was obtained in samples prerigor injection of lactic acid marinade. Likewise, Ö nenç et al. (2004) have indicated that 0.5% 

citric acid marination did not cause significant weight gain in cattle. Burke and Monahan (2003) reported that marinating 

cattle with 0.05 M citric acid solution caused significant increase in sample weight. 

Increasing lactic acid concentration from 1% to 2% resulted significant increment in marinade uptake (Sawyer et al., 

2008). There was no significant difference in marine uptake between acidic marinate or basic marinate.  

 

Expressible moisture 

The sensory and technological properties of meat products depend on the ability of the muscle tissue to bind and retain 

water and gel formation capacity. All of these properties vary in relation to the changes that occur after slaughtering and the 

materials applied to the meat during technological processing (Medyński et al., 2000). In this study, water holding capacity 

was calculated as expressible moisture. 

 

Changes in free water content of samples are seen in Table 4. At each evaluation period interaction between marinade 

 

Table 3. Marinade uptake of muscles marinated after 1 and 24-hour postmortem time
 

Sample1) Marinade uptake (%) 

C1 6.0b±0.88 

LA1 9.7c±0.30 

SL1 9.2c±0.26 

C24 5.5ab±0.33 

LA24 4.6a±0.07 

SL24 5.3ab±0.21 

a-c 
Means with the different letter in the same column are significantly different (p<0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
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treatment and injection time showed different effect on free water content. At day 0, the highest free water (lowest WHC) was 

obtained in post-rigor samples injected with sodium lactate however on the other storage days no differences were obtained in 

free water content of lactic acid and sodium lactate injected samples. On the 3rd and 6th d of storage, the highest free water 

contents were recorded in C1 samples, 53.8% and 55.1%, respectively. Post rigor meat has decreased spacing between 

filaments and decreased protein functionality; therefore, less free water was retained. The difference in the free water contents 

of the samples in these study is due to the difference in the pH values of the samples. Since the pH values of the SL24 

samples having the highest free water content on day 0 were close to the isoelectric point (pH 5.36), these samples were 

found to have the lowest water retention capacity. During the storage period decrement in free water was recorded in all 

samples except SL24 samples. In general, as the pH of meat approaches to isoelectric point (pH 5.0–5.1), the net charge and 

hence the number of water molecules which is combine with them decreases. 

In many studies, it was found that an increase in water holding capacity of meat marinated with 1.5% lactic acid had been 

due to low pH value (Rao et al., 1989). In these studies, it has been reported that the effect of acid on the tissues at the pH 

values below the isoelectric point of meat proteins was dependent on the type of muscle tissue as well as the final acidity 

value. The pH value between 4-4.5 caused the swelling of the white muscle fibers, as opposed to the red muscle fibers and 

collagen surrounding the perimysium and the epimysium (Rao et al., 1989). 

 

Cooking loss 

Marinade treatment and storage period had significant effect on cooking loss (p<0.05). The lowest cooking loss (34.4) was 

obtained in pre-rigor samples injected with lactic acid and the highest value (37.8) was obtained in pre-rigor samples injected 

with 2% NaCl (C1) at the beginning of storage. The highest cooking losses were found in C1 and C24 samples at all storage 

periods. Similar to our results Omojola (2007) presented that marinade injection time after slaughter has effect on cooking 

losses.  

Wheeler et al. (1992) found that cooking losses were higher in post rigor samples injected with CaCl2 than prerigor 

samples. In contrast to these results, Choi et al. (1984) found that a 10% increase in cooked yield in roughly ground bovine 

Triceps brachii muscles treated with 3% NaCl before rigor. Claus and Sorheim (2006) reported that the cooking efficiency 

increased by 6% in Semimembranosus muscles injected with salt before rigor. 

Tablo 4. Free water changes during storage of marinated samples
 

Sample1) Day 0 3rd day 6th day 

C1 44.21dy±1.12 53.80ez±1.27 55.10ez±1.70 

LA1 42.10bx±0.90 43.15cy±0.89 42.92cy±1.06 

SL1 43.26cy±0.88 44.07dy±0.95 43.22cy±1.05 

C24 41.12bx±1.14 41.91bx±0.75 39.72ax±0.35 

LA24 41.60bx±1.17 43.85cy±0.98 42.48bx±0.47 

SL24 46.54dz±0.96 44.33dy±1.13 43.43cy±0.79 

a-c 
Means with the different letter in the same column are significantly different (p<0.05). 

x-z 
Means with the different letter in the same row are significantly different (p<0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
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Storage period had also significant effect on cooking loss of samples (p<0.05). However, each marination treatment had 

different effects during storage period. Cooking losses were not different on storage days in postrigor samples injected with 

2% NaCl solution, while cooking losses were decreased in other sample groups in the later days of storage. 

Wenham and Locker (1976) observed an increase in cooked yield when the pH was decreased from 4.4 to 4.1 by lactic acid 

or acetic acid marination of beef. It has been showed that applying different marinade techniques effected cooking losses of 

the samples. Medyński et al. (2000) noted that increasing the lactic acid concentration above 0.5% in meat reduced the heat 

treatment losses and increased water retention capacity. Researchers suggested that the effect of lactic acid on water holding 

capacity was greater than that of sodium chloride. 

Cooking losses were not different in samples injected with 2% NaCl before and after rigor in each period of storage. 

Wheeler et al. (1993) found that cooking losses of post rigor Longissimus muscles injected with 10%(w/w) CaCl2 were higher 

than control samples. 

Many studies have showed that moisture loss decreased during cooking due to the pH drop in beef meat (Aktaş and Kaya, 

2001; Aktaş et al., 2003; Gault, 1984; 1985; Ö nenç et al., 2004).  

 

Drip loss 

The amount of drip loss during storage of fresh meat is closely related to the pH value and ionic strength of meat system, 

when pH increased, the amount of drip loss reduced, and the amount of drip loss is lowest at pH 6.4 (Hamm and Deatherage, 

1960). 

Drip loss of samples are seen in Table 5. Drip loss of samples during the storage changed between 1.6 to 7.9%. Storage 

period and marinade application had significant effect on drip loss values (p<0.05). No differences were recorded on the first 

day of storage. At day 6, the highest drip loss was found in control samples and the lowest drip loss was found in samples 

injected with sodium lactate.  

On the 3rd day of storage, highest amount of drip was observed in pre-rigor samples injected with sodium lactate and 

lowest amount of drip was observed in pre and postrigor of samples injected with NaCl. It was observed that drip loss in all 
 

Table 5. Cooking loss and drip loss of marinated samples during storage
 

 Cooking loss of marinated samples Drip loss of marinated samples 

Sample1) Day 0 3rd day 6th day Day 0 3rd day 6th day 

C1 37.80dx±0.00 36.40cy±0.88 36.12dy±0.80 2.25ax±0.34 5.01dy±0.79 7.79ez±0.81 

LA1 34.40ax±0.10 34.90bx±0.29 29.42ay±0.26 2.43ax±0.90 5.81dy±0.56 7.40ez±0.68 

SL1 35.31bx±0.90 35.10bx±0.95 32.82by±0.81 1.87ax±0.36 5.68dy±0.60 7.60ez±0.73 

C24 36.82cx±1.14 36.11cx±0.71 35.90dx±0.35 2.27ax±0.82 4.14cxy±1.01 5.83dy±0.93 

LA24 35.90bx±0.17 34.62by±0.98 34.40cy±0.47 2.23ax±0.16 4.20cxy±0.33 5.73dy±0.31 

SL24 34.84bx±0.69 33.91ay±0.78 33.50by±0.74 1.90ax±0.13a 3.18by±0.38b 4.59cxy±0.37 

a-d 
Means with the different letter in the same column are significantly different (p<0.05). 

x-z 
Means with the different letter in the same row are significantly different (p<0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
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samples increased during the storage. 

Lawrence et al. (2003) investigated the effect of calcium chloride, calcium lactate in Longissimus muscle of cattle and they 

found that the amount of drip loss in samples marinated with calcium chloride and calcium lactate was higher than the control 

samples during 5 days of storage.  

Amount of drip loss in fresh meat during storage period is closely related with pH and ionic power of meat system. Water 

binding capacity of muscle is lowest at pH 5.4 and this point is isoelectric point of actomyosin. Drip loss decrease when pH 

increase, drip loss is lowest at pH 5.4.  

 

Color values of marinated cooked samples 

Color values of samples could be seen in Table 6, 7, and 8. The results show that significant differences were obtained in 

color parameters depending on marinate formulation. During storage period no significant change were observed in CIE L* 

values of C1, LA1, SL24 samples.  

CIE L* values have affected differently from marination treatment regardless of storage period (p<0.05). At day 0, the 

lowest CIE L* value (41.8) was found in prerigor samples injected with sodium lactate, the highest CIE L* value (46.3) was 

found in postrigor samples injected with lactic acid. Lactic acid injection caused color fade in pre-rigor and post rigor 

 

Table 6. CIE L* values of marinated, cooked samples
 

Sample1) Day 0 3rd day 6th day 

C1 42.0bx±0.54 43.0bx±0.23 42.4bx±0.59 

LA1 45.5dx±0.66 45.9dx±0.28 46.2dx±0.17 

SL1 41.8ax±0.80 39.6ay±0.52 40.6ay±0.52 

C24 44.4dx±0.31 48.3ey±0.34 48.0ey±0.21 

LA24 46.3dx±0.37 44.9cy±0.47 46.1cx±0.71 

SL24 43.3cx±0.33 44.5cx±0.61 44.8cx±0.18 

a-e 
Means with the different letter in columns are significantly different (p<0.05). 

x-z 
Means with the different letter in rows are significantly different (p<0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
 

Table 7. CIE a* values of cooked samples marinated after 1 and 24 hour postmortem time 

Sample1) Day 0 3rd day 6th day 

C1 6.4cy±0.19 6.1cxy±0.28 6.2cy±0.21 

LA1 4.9ay±0.13 4.8axy±0.07 4.4ay±0.11 

SL1 5.8cy±0.13 5.8cxy±0.31 5.9cy±0.23 

C24 6.4cx±0.33 6.0cxy±0.31 5.1cx±0.10 

TL24 5.9by±0.02 5.1bx±0.49 4.6bx±0.61 

TSL24 5.6cy±0.57 5.9cxy±0.25 6.1cx±0.33 

a-c 
Means with the different letter in the same column are significantly different (p<0.05). 

x-y 
Means with the different letter in the same row are significantly different (p< 0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
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Table 8. CIE b* values of cooked samples marinated after 1 and 24 hour postmortem time 
 

Sample1) Day 0 3rd day 6th day 

C1 14.3by±0.13 14.8by±0.15 13.5ax±0.68 

LA1 14.8by±0.25 14.4by±0.40 13.7ax±0.01 

SL1 13.5ay±0.25 13.7ay±0.39 13.1ax±0.61 

C24 15.2by±0.35 14.7by±0.42 13.9ax±0.42 

TL24 15.1by±0.48 14.4by±0.48 13.7ax±0.63 

TSL24 14.9by±0.26 14.6by±0.12 13.6ax±0.30 

a-c 
Means with the different letters in the same column are significantly different (p<0.05). 

x-y 
Means with the different letters in the same row are significantly different (p<0.05). 

1) 
Sample denomination; C1, 2% NaCl injected at 1 h; LA1, 2% NaCl+0.5 M Lactic Acid injected at 1 h; SL1, 2% NaCl+0.5 M Sodium Lactate 

injected at 1 h; C24, 2% NaCl injected at 24 h; LA24, 2% NaCl+0.5 M Lactic Acid injected at 24 h; SL24, 2% NaCl+0.5 M Sodium Lactate 

injected at 24 h. 
 

samples. In Table 6, lactic acid treatments increased CIE L* values of meats. This result can be related to denaturation of 

myoglobin by lactic acid and due to decreased pH. Aktaş and Kaya (2001) observed that CIE L* value decreased when lactic 

acid concentration increased from 0 to 1.5% in cooked beef steak samples. Sawyer et al. (2008) investigated the effect of 

lactic acid concentration and salt in dark meat and they found that CIE L* value of marinated cooked samples decreased 

when lactic acid concentration increased.  

During all storage days, lowest CIE L* value was found in prerigor samples injected with sodium lactate. Sodium lactate 

marinade treatment has led to a darker color in samples. The interaction of storage and marinade treatment was found 

statistically important (p<0.05). It was observed that marinade treatment had different effect on CIE L* values of samples on 

different days of storage. During storage period, CIE L* values of samples injected with sodium lactate decreased, CIE L* 

values of samples injected with NaCl increased while CIE L* values of other samples did not change.  

Arganosa and Marriott (1989) reported that CIE L* value was higher in cooked samples marinated with lactic acid. At day 

6, the highest CIE L* value was found in C24, LA1, LA24 samples. 

Marinade formulation effected CIE a* values of samples (p<0.05). It was found that in all storage days CIE a* values of 

samples injected with lactic acid marinade solutions were lower than other samples regardless of injection time. Lactic acid 

treatment resulted in reduction of samples.  

Interaction between marinade treatment and storage period was found statistically significant (p<0.05), during storage 

period CIE a* values of all samples did not change except postrigor samples injected with lactic acid. Similar results were 

obtained by Arganosa and Marriott (1989) and Aktaş and Kaya (2001). They found that lactic acid marinade solutions caused 

a reduction in CIE a* values of samples. Sawyer et al. (2008) investigated the effects of lactic acid concentration and NaCl in 

dark meat and they found that when lactic acid concentration increased CIE a* values of marinated cooked meat decreased. 

Decrease in CIE a* values of samples is due to pigment loss during storage period. CIE a* values of samples injected with 

sodium lactate were not changed during storage period.  

At day 0 and 3, the lowest CIE b* values obtained prerigor samples injected with sodium lactate and there were no 

differences were found in other samples. At day 6 no significant differences were found in CIE b* values of all samples. 

Interaction between marinade treatment and storage was found statistically important (p<0.05). No difference has been 

found on the CIE b* values of samples at day 6. At 6th day of storage CIE b* values of all samples were found lower than the 

other days.  

Aktaş and Kaya (2001) observed that CIE b* values of cooked beef steak samples decreased when lactic acid concentration 
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increased from 0 to 1.5%. Sawyer et al. (2008) indicated that CIE b* values of cooked dark slices of beef samples decreased 

when lactic acid concentration increased from 1% to 2%. 

 

Conclusion 

Pre-rigor marinade injection resulted higher marinade absorption and lower cooking losses and higher water holding 

capacity. Marination with sodium lactate or lactic acid solution can be used successfully to enhance water holding capacity of 

LD muscles. Pre-rigor and post rigor lactic acid marinade injection tenderized LD muscles. During all storage days, lowest 

CIE L* and CIE b* values were found in pre-rigor samples injected with sodium lactate. Sodium lactate marination resulted 

darker color in samples 
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