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Abstract 

 
 
A factorial design arranged in Subdivided Plots evaluated the effect of storage time (24, 48 and 
72 hours at 6° C), the muscle type (Longissimus dorsi, Triceps brachii, Biceps femoris) and the 
genotype of the animal (3 pure breed: Yorkshire, Landrace, Duroc; 2 genotypes: F1 from a 
hybrid between Yorkshire and Landrace (YL), and one cross between the F1 and Duroc (F1D)) 
on the drip loss in raw pork.  The samples were taken at 24 hours post mortem and were stored 
for 72 hours. The greatest percentage of drip loss was presented for pork obtained from the 
Biceps femori muscle taken from F1 animals.  The greatest percentage of drip loss occurred the 
first 24 storage hours.  The results shoed highly significant statistical differences (p<0.01) for 
the individual effects: genotype, muscle type and storage time on the percentage of the drip 
loss.  
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Resumen 

 

En un diseño factorial con arreglo en parcelas subdivididas se analizó el efecto del tiempo de 
almacenamiento (24, 48 y 72 h a 6 °C), el tipo de músculo (Longissimus dorsi, Tríceps brachii, 
Bíceps femoris) y el genotipo de animal (tres razas puras: Yorkshire, Landrace, Duroc; dos 
genotipos: F1 por el cruce Yorkshire x Landrace (YL), cruce de la F1 x Duroc (F1D) sobre las 
pérdidas por goteo en carne cruda de cerdo.  Las muestras se tomaron a las 24 h postmortem y 
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se almacenaron durante 72 h.  El mayor porcentaje de pérdida se presentó para la carne 
obtenida a partir del músculo Bíceps femoris proveniente de los animales pertenecientes al 
genotipo F1.  El porcentaje de pérdida por goteo más alto se presentó durante las primeras 24 
h.  Los resultados indicaron diferencias estadísticas altamente significativas (P < 0.01) para los 
efectos individuales genotipo, tipo de músculo y tiempo de almacenamiento sobre el porcentaje 
de pérdida por goteo.  
 
Palabras clave: Cerdo, carne fresca, pérdida por almacenamiento, músculos, genotipos.  
 

 

Introduction 

 

Water represents between 70% and 80 % of the weight of –raw meat, and so influences the 

sensorial quality and organoleptic attributes – juiciness, tenderness, texture, smell and color – 

and the technological quality (Arango & Restrepo, 2003), traits that meat processing, such as 

capacity for water retention (CWR), the pH and the condictivity (Eguinoa et al., 2006).  

 

The free water bound to muscle by superficial forces has the greatest importance during  

cooling and storage of the meat, as it is at this point that losses through drip loss or exudation 

occur (Genot, 2003).  These losses represent the meat exudates (extra-cellular water) without 

the application of external forces, and are due to the change in volume of the micro fibrils 

caused by rigor mortis (contraction). The fluid accumulates in the bundles of fibers, and on 

cutting the muscle, drains through gravity through the cut surface for a duration varying from 

a few hours to several days (Cannon et al., 1996; Morón & Zamorano, 2003; Castro et al., 

2004). Thus quantification of drip loss is one of the methods used to determine CWR in raw 

meat (Kauffman et al., 1986;  Cannon et al., 1996). 

 

Morón and Zamorano (2003) established that drip loss in the swine channel was almost 

none, but once butchered, these losses increase to between 2% and 6% (Genot, 2003).  Drip 

loss of water, as well as the organoleptic traits of the meat, depend directly on the slaughter 

conditions, particularly the stress-triggering conditions to which it is exposed before slaughter, 

and which have a direct influence on the reserves of intramuscular glycogen and the anaerobic 

production of lactic acid. These have a significant effect on the pH of the muscle, and thus on 

the production of meat of types DFD, normal or PSE (Lawrie, 1977; Sañudo, 1992) 

 

Drip loss is an economic problem first for the raw meat producers due to the loss of 

weight caused in the butchering, with accumulation of fluid around the meat at the point of 

sale, reducing acceptance and causing rejection by consumers (Roseiro et al., 1994); and 

second, for the processor as the exudation contributes to the loss of some nutrients, such as 
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proteins through the liquid membrane, which may reduce yield during the production of meat 

products (Eguinoa et al., 2006).  For these reasons, the evaluation of drip loss is vitally 

important to calculate the negative economic effects in the meat industry.  

Given the former, it is considered important to evaluate the effect of time of storage, 

muscle type and the race / genotype of the animal on drip loss in raw meat, establishing the 

capacity for water retention (CWR).   

 

Materials and methods 

 

This study was carried out in the meat processing plant if the National Agricultural University, 

Catacamas, Olancho (Honduras) between 14º 26’ and 14º 53’ N and 86º 19’ and 86º 46’ W, at 

350 m.a.s.l., with 24.6 °C temperature, 1400 mm precipitation, and relative humidity of 74%, 

annual mean. 

 

In the study, five genetic groups were evaluated: three pure races (Yorkshire, Landrace 

and Duroc) and two genotypes: an F1 obtained from a cross Yorkshire x Landrace (YL), and an 

F1 x Duroc (F1D) (terminal cross through the paternal line).  The muscles evaluated were: 

Longissimus dorsi, Tríceps brachii and Bíceps Femoris, as these are the most relevant in terms 

of quantity and quality of meat. Measures were taken by genetic group for four weeks. 

 

The individuals were selected randomly, and muscle samples were taken 24 hours after 

slaughter, noce the cadavers were located in the storage room.  

Meat samples were taken using a modified method of Honikel and Hamm (1994) taking portions 

of 1.5 cm width x 1.5 cm high x 1.5 cm long. Initial weight was determined with a digital 

electronic balance (OHAUS® ExplorerPro®, precisión 410 g ± 1 mg), and then suspended from a 

thread inside closed plastic jars to avoid contact with the walls. The jars were maintained in the 

cold room, between 6 ºC and 8 °C while the assay was carried out. The sample weight was 

determined at 24, 48 and 72 hours of storage.  

 

Accumulated drip loss was registered as percentage  (%), both for the total storage time 

(percentage of loss after 72 h of storage), and for the percentage of drip loss for each storage 

period (24, 48 and 72 h), taking into account initial ( ) and final ( ) sample weights. 

 

To determine the effect of the variables of storage time, muscle type, and genotype of the 

animal on the percentage of drip loss, an analysis of variance (ANOVA) was used with a GLM. 

When minimum significant differences were detected (P < 0.05) a Tukey test was performed. 
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The data war analyzed using the statistical packet SPSS version 10, in a factorial design with a 

subdivided plot arrangement, with the aim to determine the simple and the compound 

(interactions) effects of the variable response as a percentage of drip loss. To determine the 

effect of each of the factors the following linear model was used:  

 

 

 

where, 

 = Response variable or percentage (%) drip loss. 

 = Repetition. 

 = Genotype factor. 

 = Muscle type factor. 

 = Time factor. 

 

The behavior of the percentage loss of meat as a function of storage time was obtained 

using graphs adjusted to a linear regression of the form .  Comparisons of the drip 

loss as a function of each of the individual time periods was done using a bar chart.  

 

Results and discussion 

 

FRom the analysis of de variance for the percentage drip loss of raw prok meat, significant 

differences (P < 0.01) were seen in the simple effects of genotype, muscle type and storage time. 

However, no differences were seen (P > 0.05) for the interactions between these effects (Box 1).  

The determination coefficient (R2) for the variable percent drip loss was 0.322.  This value was 

low, and may be explained because the drip loss from raw meat is not only due to the effects of 

storage time, muscle type, and and animal genotype, but also is influenced by other effects 

such as temperature, relative humidity, and air velocity for the storage room, amongst others.   
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Significant differences (P < 0.01) were seen in percent drip loss between animal 

genotypes. The raw meat with the highest loss came from animals with the genotype YL, while 

meat from the pure Yorkshire race had the lowest loss.  A similar behavior was seen in the meat 

from animals of the genotypes Landrace, Duroc and F1D (Figure 1).  Edwards et al. (2003) and 

Martel et al. (1988) found similar results to those of the present study, while Stoller et al. (2003) 

found lower values and Gerbens et al. (1999) higher ones.  It is necessary to take into account 

that other factors from those studied here may affect meat quality, including the presence of 

the recessive gene, halotano  (Sutton et al., 1997; Maddock et al., 2002). 

 

The results showed differences (P < 0.01) for the percent drip loss related to muscle type, 

with the greatest loses of water in the meat from the muscle Bíceps femoris, while the muscle 

Tríceps brachii had the least loss (Figure 2).  Van Laack and Smulders (1992), Karlsson et al. 
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(1993), D'Souza et al. (1998) and Lonergan et al. (2001) found similar percent drip loss, 

although, in contrast to the present results, the greatest drip loss occurred in the meat 

obtained from the muscle Longissimus dorsi.  
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Maddock et al. (2002) studied meat quality from different muscles, including those 

evaluated here, and noted that Bíceps Femoris presented the greatest loss over 24 h of storage. 

In the present study a similar behavior was seen, but the mean values for percent drip loss 

were greater, due to the longer storage time.  

 

Meat drip loss increased with storage time (Figure 3).  Karlsson et al. (1993), Lesiak et 

al. (1996), Lonergan et al. (2001), and Morón and Zamorano (2003) found similar results, 

attributing this effect to the controllable variables inside the storage room, such as relative 

humidity, air velocity, and temperature, amongst others, variables that were not taken into 

account as fixed factors for the development of this study.  

 

Significant differences (P < 0.01) were found in drip loss between each of the evaluated 

periods (Figure 4), with the highest loss during the first 24 h of meat storage.  These results can 

be explained by the interruption of blood circulation after slaughter, which deprives the muscle 

of oxygen (Arango & Restrepo, 2003).  
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Figure 4. Percent drip loss of raw pork meat for the durations evaluated.  

Values with different letters are statistically different (P < 0.01). 
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During the first 24 h post mortem and before the oxygen and ATP deficit, anaerobic 

glycolysis begins from the glycogen reserves in the muscle, producing lactic acid (Monin, 1998).  

This causes a reduction in pH in the muscle, and an irreversible bonding of the muscular 

proteins (actin and myosin), which causes rigor mortis. In this stage the sensorial characters of 

the meat degrade: hardness increases, CWR decreases, and the amount of fluid expelled 

increases (Beriain & Lizaso, 1997). 

 

 

 

The reduction in CWR occurs as a result of the reduction in pH to values close to the 

isoelectric point of the proteins, which causes a reduction in the free ionic groups for binding 

water (loss of CWR) (Renerre et al., 1998) and protein denaturation.  Thus, exudation or 

libaration of water through drips occurs, as the denatured proteins are not able to maintain 

ligated water (Arango & Retrepo, 2003).  

 

The analysis of variance for percent drip loss showed no significant differences (P > 0.05) 

for the interaction genotype x muscle (Figure 5), however, the highest values wer epresented by 

raw meat coming from the muscle Tríceps brachii in the pure Yorkshire race, Longissimus dorsi 

in the pure Landrace race, and Bíceps femoris for the genotypes YL, F1D and the race Duroc. 
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Although no differences (P > 0.05) were seen for the interaction genotype x storage time 

(Figure 6), it was observed that the meat from evaluated animals had the greatest drip loss 

during the first 24 h following the initiation of storage.   

 

The greatest accumulated drip loss over 72 h was seen in the meat from the genotype YL 

(Figure 7).  The curves of the regression equations in figure 7 allow the prediction of the percent 

drip loss over whichever storage time for the meat of each genotype evaluated in this study .    

 

The interaction muscle x time did no affect (P > 0.05) the percent drip loss (Figure 8).  

Despite this finding, the greatest percentage losses were seen during the first 24 h of storage of 

the meat from the muscle Bíceps femoris.  

 

After 72 h of storage the greatest percent accumulated drip loss was seen in the muscle  

Bíceps femoris (Figure 9).   

 

 

 

No differences (P > 0.05) were seen for the interaction genotype x muscle x storage time, 

however, the results indicated that the greatest percent drip loss occurred in the first 24 h of 

storage from muscles Bíceps femoris in animals of the pure races Yorkshire and Duroc, and the 
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two genotypes YL and F1D, and in samples of the muscle Longissimus dorsi from animals of the 

race Landrace. 

 
Conclusions 

 

The results of this study allow the following conclusions to be made: 

 

 Storage time (24 – 72 h), muscle type, and animal genotype affected the losses and 

retention of water in raw pork meat.  

 Drip loss increased with storage time, and for this reason raw meat should not be stored 

for more than 24 h. 

 The prok meat presented the greatest loss of water through drip loss in the first 24 h of 

storage after slaughter. 

 Raw meat taken from the muscle Tríceps brachii in animals from Landrace, Duroc, the 

cross Yorkshire x Landrace (YL), and the F1D presented less drip loss, and in 

consequence, greater capacity for water retention over 72 h of storage.  

 Raw meat from animals of the cross YL had the least capacity for water retention, and 

consequently the greatest percent drip loss at the end of 72 h of storage. 

 The low value of the determination coeficent (R2 = 0.322) obtained suggests that the 

percent drip loss could be influenced by factors other than those of this study, 

including: temperature, relative humidity and air velocity in the storage room, as well as 

genetic factors such as the presence of the gene holotano, and factors triggering stress 

prior to slaughter, such as transport, movement and stunning.  
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