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Meat quality and boar taint in entire male pigs fattened to 90 kg
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Abstract. The aim of the present study was to investigate the chemical composition, technological traits and incidence of boar taint of meat from entire male 
pigs from two of the commonest breeds reared in Bulgaria: Landrace and Danube White. Fifty meat samples from entire male pigs (22 Landrace and 28 
Danube White) fattened to average live weight of 90 kg were investigated. The chemical composition of Landrace pig meat was characterised with 
insignificantly lower fat and mineral content compared to Danube White meat. There were no significant differences between both breeds as technological 
properties of meat (pH, water holding capacity, and cooking loss) were concerned. The breed had a statistically significant effect on meat marbling (р<0.001). 
Landrace meat exhibited insignificantly higher incidence of the unpleasant boar taint as compared to Danube White meat (27.27% and 25.00%, respectively).
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Introduction

In Bulgaria, male pigs intended for meat production are 
surgically castrated to avoid aggressive behaviour of pigs during 
rearing (Cronin et al., 2003; Zamaratskaiaa and Rasmussen, 2015) 
and boar taint of meat and fat (Squires and Bonneau, 2014). Boar 
taint is unpleasant smell and taste from heated pork products. It is 
still the most serious problem to the consumers and meat technology 
experts during meat processing.

Boar taint is caused by two naturally occurring compounds 
known as androstenone (a pheromone which is responsible for a 
sweat/urine scent) and skatole (produced in liver and large intestine, 
responsible for an even less pleasant fecal aroma) (Patterson, 1968; 
Vold, 1970; Walstra and Maarse, 1970). These two compounds can 
accumulate in the fat of male pigs who have not been castrated. 
When heated up, these compounds become more volatile, so they 
can be detected in cooked pork. Cutoff levels that define a limit 
between untainted and tainted samples have been proposed for 
androstenone and skatole from sensory assessments by trained 
panels. Suggested cutoff levels for skatole are 0.20 or 0.25 ppm, 
whereas cutoff levels for androstenone range between 0.5 and 1 
ppm (Squires and Bonneau, 2014).

The rearing of entire male pigs has also several advantages – 
higher protein content of meat and leaner carcasses (Bonneau, 
1998; Bañón et al., 2004); better feed conversion ratio (Pauly et al., 
2009); better growth performance compared to castrated pigs, etc. 
The meat from entire male pigs has better pH values as compared to 
the meat of castrated animals (Stoykov and Dragoeva, 2002; Boler 
et al., 2014), lower incidence of pale, soft and exudative (PSE) and 
dark, firm and dry (DFD) meat (Moss and Robb, 1978; Guárdia et al., 
2005); higher water holding capacity (Malmfors and Nilsson, 1978; 
Sather et al., 1991), etc. All these beneficial traits have necessitated 
the implementation of production systems for fattening entire male 

pigs in industrial pig farming along with seeking solutions for 
prevention of boar taint of pork meat.

There is not a standardized protocol for detection of carcasses 
with boar taint in Bulgarian slaughterhouses. Thus, raw pork with 
boar taint is frequently offered at retail markets, which has a negative 
impact on the reputation of the manufacturer and incurs economic 
losses. The national scale research for the presence of boar taint in 
different pig breeds and crosses is scarce. Therefore, we aimed to 
investigate the chemical composition, technological traits and 
incidence of boar taint in entire male pigs from Landrace and 
Danube White breeds.

Material and methods 
The study was carried out in a slaughterhouse in Stara Zagora, 

Bulgaria. Fifty entire male pigs (22 Landrace and 28 Danube White) 
were investigated. The pigs were reared under uniform feeding and 
housing conditions and fattened to average live weight of 90 kg. The 
М .  l ong iss imus  tho rac is  e t  l umborum  (LTL)  and  M. 
semimembranosus (SM) were sampled for proximate analysis 
(n=21), and evaluation of technological (n=27) and organoleptic 
traits. In the slaughter of pigs, all requirements of Regulation No. 22 
(2005) to minimize the suffering of animals at the time of slaughter 
were observed.

Meat рН values were measured on 45 min (pH ) and 24 h (pH ) 1 2

post mortem by means of Testo 205 рН-meter. Detection of boar 
taint was done by a trained evaluator who smelled heated fat tissue 
by the so-called hot iron method (Aluwé et al., 2012). The boar taint 
score was evaluated on a 4-point scale as follows: „0“ - lack of boar 
taint (odourless); “1“ - weak perceptible boar taint; “2“ - perceptible 
(pronounced) boar taint and “3“ - strong (offensive) boar taint. 

Meat proximate analysis, water holding capacity (WHC), 
cooking loss and marbling were determined on 24 h post mortem in 
the Lab of Meat and Meat Products Unit at the Faculty of Agriculture, 
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Trakia University – Stara Zagora.
The proximate analysis comprised water, protein fat, mineral 

and dry matter contents of pork meat (Bulgarian State Standards – 
BSS 5712, 1974; BSS 8549, 1992; BSS 9373, 1980; BSS 9374, 
1982). The water holding capacity of both muscles was determined 
by the method of Zahariev and Pinkas (1979). Cooking loss was 
evaluated after roasting meat samples at 150°С for 20 min. Meat 
marbling was evaluated on M. longissimus thoracis et lumborum 
(LTL) according to the standard of the National Pork Producers 
Council, USA (NPPC, 1999). One point of the NPPC score 
corresponded to 1% intramuscular fat content. 

All data were processed by IBM SPSS Statistics 20.0.

Results and discussion
Proximate analysis of meat from intact male pigs
Table 1 presents the results from the proximate analysis of LTL 

and SM in entire Landrace and Danube White male pigs fattened to 
90 kg.

M. longissimus thoracis et lumborum. No significant differences 
in the chemical composition of the muscle were found out according 
to the breed. In entire Landrace male pigs the water content of the 
muscle was slightly higher (74.97%) compared to the Danube White 
breed (74.21%). With regard to protein, fat, ash and dry matter 
contents, Danube White entire males values were insignificantly 
higher compared to the ones of the Landrace pigs. The fat content of 
the muscle in Danube White entire males was 1.46% vs 1.16% in 
Landrace pigs. Danube White pigs showed insignificantly higher ash 
content than Landrace pigs (1.24% and 1.09%, respectively).

M. semimembranosus. The water content of SM was 
significantly higher (P<0.001) in Landrace (75.33%) than in Danube 
White pigs (74.27%). Similarly to LTL, SМ of entire male Danube 
White pigs showed slightly higher protein, fat, ash and dry matter 
contents. Protein content of SM in Landrace pigs was 22.53% vs 
22.99% in Danube White, whereas fat content of Danube White was 

1.51% compared to 1.18% in Landrace.
The water content of intact male pigs of both studied breeds 

was different from those reported by Stoykov and Dragoeva (2002) 
who demonstrated higher water content in Danube White entire 
male pigs than in animals from the Landrace breed. The fat content 
values established in this study were lower than those, reported by 
Szostak et al. (2002) for meat of entire males from these two breeds. 
Other researchers also (Andersson et al., 1997; Zamaratskaia and 
Rasmussen, 2015) reported lower fat content of pork meat fattened 
to a specific live weight.

The proximal analysis results of our study affirmed the 
statement of Zamaratskaia (2004) that chemical composition of the 
meat in entire male pigs was closer to that of entire females rather 
than of castrated males.

Technological traits of pork meat from intact males
Table 2 presents average values of LTL рН  and рН  in intact 1 2

male pigs of both breeds. The differences between the breeds with 
respect to average pH  values were negligible - in Landrace pigs 1

6.20 vs 6.19 in Danube White pigs. Stoykov and Dragoeva (2002) 
reported lower pH values in the same two breeds.

The meat pH values during the first minutes post mortem are 
indicative for the course of autolytic processes in skeletal muscles. 
Some authors (Bendal and Swatland, 1988; Kocwin-Podsiadla et 

thal., 1999) affirm that at the 45  post mortem minute, pork meat pH 5.8 
is a threshold value distinguishing normal from pale, soft and 
exudative (PSE) meat. The enhanced glycolysis in pig muscles 
during the first minutes post mortem results in accumulation of large 
amounts of lactic acid and decrease in meat рН. The enhanced 
glycolysis also generates a large amount of heat which increases the 
temperature of the carcass. The combination of low pH during the 
early post mortem period with high carcass temperature causes 
partial denaturation of muscle proteins and appearance of primary 
PSE meat traits: pale red colour and low water holding capacity. 
From all studied 22 samples from entire male Landrace pigs, 
14.29% had pH values specific for PSE meat, whereas among the 
28 samples from Danube White pigs, PSE meat prevalence was 
17.86%. In our opinion, the high prevalence of PSE meat in both 
breeds was due to short-term stress (Warriss, 2000) experienced by 
pigs during their transportation to the slaughterhouse and the short 
(no more than 4 h) preslaughter rest. 

thBy the 24  post mortem hour, average meat pH were around 5.4 
in both breeds. Similar values were also reported by other 
researchers in purebred pigs and crosses (Stoykov and Dragoeva, 
2002; Pauly et. al., 2009; Nakev et al., 2015). The established pH 
values allowed affirming that in both studied breeds there was no 

Table 1.Chemical composition 
of meat from entire male pigs, 24 hours post mortem

Traits

***Statistically significant difference at P<0.001 

Breed

M. Longissimus thoracis

 et lumborum

Water, %

Protein, %

Fat, %

Ash, %

Dry matter, %

Danube White (n=9)

M. Semimembranosus

Water, %

Protein, %

Fat, %

Ash, %

Dry matter, %

Landrace (n=12)         

74.97±0.25

22.79±0.23

1.16±0.12

1.09±0.08

25.04±0.25

22.53±0.15

1.18±0.11

0.97±0.09

  75.33±0.21***

24.68±0.21***

74.21±0.39

23.10±0.33

1.46±0.12

1.24±0.05

25.79±0.39

22.99±0.30

1.51±0.15

1.22±0.14

 74.27±0.19***

25.73±0.19***

Table 2.рН values of М. longissimus thoracis et lumborum 
from intact male pigs

рН values

**рН1 - 45 min post mortem; рН2 – 24 h post mortem

Breed

Landrace 

рН1

рН2

Danube White
Parameters

n

mean±SE

PSE meat, %

n

mean±SE

DFD meat, %

22.00

6.24±0.08

14.29

16.00

5.42±0.04

0.00

28.00

6.19±0.07

17.86

14.00

5.49±0.06

0.00
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pH values allowed affirming that in both studied breeds there was no 
dark, firm and dry (DFD) meat. Many authors concluded that the 
occurrence of DFD meat in pigs is very rare (Santos et al., 1994; 
Adzitey and Nurul, 2011). Tarrant et al. (1979), Lundstrom et al. 
(1987), Babol and Squires (1995) noted that the share of DFD meat 
in entire male pigs was higher as compared to castrated animals due 
to the prolonged stress suffered by the animals and increased 
aggression during their transportation to the slaughterhouse, fasting 
during prolonged preslaughter preparation, etc. 

Table 3 shows the results concerning technological traits of 
entire male pig's meat. The difference between both breeds as the 
WHC of LTL was concerned, was small and statistically insignificant: 
24.03% in Landrace and 25.31% in Danube White meat. A similar 
tendency was observed for WHC of SM – 25.69% and 24.66%, 
respectively.

The WHC values of meat from entire male pigs were lower than 
those reported by Stoykov and Dragoeva (2002), Slanev et al. 
(2006), and Petrov and Nakev (2009) in studies on meat from other 
porcine breeds and categories. This allowed concluding that the 
meat of entire male pigs had very good technological quality and 
hydrophilic properties in particular.

With regard to meat marbling, the content of intramuscular fat in 
Danube White meat was significantly higher (Р<0.001) compared to 
the Landrace meat (2.07% vs 1.17%). Lower marbling scores of 
Landrace pigs in our view were due to the more rigorous selection for 
producing lean meat from this breed. Taking into account the 
threshold value of 2% intramuscular fat established by Bejerholm 
and Barton-Gode (1986), it could be inferred that pork meat from 
Danube White pigs could be better accepted by consumers than 
Landrace pork meat.

Our results for Landrace meat marbling were in line with already 
published data (Gispert et al., 2010; Elsbernd et al., 2016) showing 
low degree of marbling in entire male pigs. 

Cooking loss of LTL was 34.52% in Landrace and 36.51% in 
Danube White meat, i.e. 2% difference. The difference between 
cooking loss values of M. semimembranosus was not considerable 
(<2%) – 33.61% vs 34.76% in Danube White and Landrace meat, 
respectively.

In our study, cooking loss of meat was lower compared to other 
reports (Stoykov and Dragoeva, 2002; Nakev et al. 2015), which 
could be attributed to the different method of cooking loss 
evaluation.

Prevalence and intensity of boar taint
Table 4 presents the data from evaluation of boar taint of meat 

from entire male Landrace and Danube White pigs using a 4-point 
scoring system.

It is evident that 27.27% of entire male Landrace pigs exhibited 
boar taint vs 25.00% in Danube White pigs. The difference between 
the breeds was insignificant. In our opinion, the prevalence of the 
boar taint in the studied samples was high. In comparison, Stoykov 
and Dragoaeva (2002) reported an average prevalence of this 
unwanted trait of 16.7% in Danube White and only about 8.3% in 
Landrace pigs.

Among all samples with boar taint, those with score 1 
comprised 83.33% of Landrace and 42.86% of Danube White pigs. 
Landrace pigs had no samples with boar taint score 2, unlike 
Danube Whites with 57.14%. One sample of Landrace pork meat or 
16.67% had a strong (offensive) boar taint.

Conclusion

The analysis of results from proximate analysis and 
technological traits evaluation of pork meat from entire Landrace 
and Danube White male pigs allowed concluding that fattening 
entire male pigs to 90 kg did not have a significant effect on meat 
chemical composition. The meat of entire Landrace pigs was 
outlined with insignificantly lower fat and ash content. Some 
technological traits of meat: pH, PSE meat, WHC and cooking loss 
differed insignificantly between the evaluated two breeds of entire 
male pigs. This should be taken into consideration by technology 
experts during pork quality scoring as well as at the time of making 
recipes for production of cooked and raw meat products. Data about 
the prevalence of boar taint of meat suggested that fattening entire 
male pigs to a body weight of 90 kg could pose some problems for 
modern pork production
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