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S U M M A R Y  

Singeing of  pigs is a necessary process in the manufacture of Wiltshire 
bacon, but it is a very energy-demanding process. As a preliminary to the 
development of  less expensive methods, the effect of  singeing was 
examined. 

Skin samples were taken from thirty pig carcasses before and after the 
singeing process. The changes in the skin were followed by texture 
measurements, analyses of  soluble collagen content and histological 
measurements of  the depth o f  the effect on the skin microscopically 
observable. For more detailed histological studies, five carcasses were 

followed through the slaughtering processes and samples were taken 
immediately after death, after seaming and de-hairing, after singeing and 
after removal of  the charred skin. The results show that the desired 
changes in the skin are due to the heat denaturation of the collagen. The 
same effect is seen after 10 minutes' exposure to water at 60°C. It is 
therefore possible to change the skin structure at a lower, and less energy- 
expensive, temperature, but then the hair left from the de-hairing process 
has to be removed in another way. 

I N T R O D U C T I O N  

In Danish pig slaughter plants there is an old tradition of  subjecting the 
pork  carcasses to a singeing process after scalding and removal of  the 
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Fig. 1. Illustration of the singeing process. 

hairs. The objective of  the process is to make the skin fit snugly over the 
carcass, tenderize the skin to facilitate cutting and penetration of 
pumping needles in the Wiltshire cure and to remove remaining hairs. The 
singeing takes place in a cylinder-shaped oven with an oil burner at the 
bottom, in which the carcasses are exposed to a temperatuere of about 
900 °C for 10-20 s (Fig. 1). This results in a charred skin surface which is 
removed in subsequent operations. While the effects of the scalding 
operation on the pig skin have been reported in several publications 
(Hausam, 1953; Wang et  al. ,  1954; De Beukelaer & Wang, 1955; Mowafy 
& Cassens 1975), no study seems to have been published about the effect 
of  the singeing operation on the properties and structure of pig skin. The 
present study was designed to elucidate the effect of the conventional 
singeing process on (1) the texture of the skin and (2) the histological 
structure of the skin. 

MATERIALS A ND METHODS 

The experimental material consisted of skin samples excised from thirty 
baconweight Landrace pigs before and after the singeing process at the 
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Fig. 2. Location on the pig carcass of the skin samples studied. 

pig slaughter plant of  the Danish Meat  Trade School, Roskilde. In the 
centre of  the oven the temperature was controlled at 917°C +_ 20°C to 
ensure that the conditions were almost the same for all singeings. The pigs 
were in the oven for 16s. The skin samples (10 x 10cm) were removed 
from four locations of  the carcass- - the  jaw, back, ham and groin (Fig. 2). 
These areas represent different thicknesses of  the dermis and different 
degrees of  heat caused by the variation from the bo t tom to the top of  the 
oven. The texture of  the skin was evaluated with (a) an Instron F o o d  
Testing Instrument model 1122 as shear force with a Warner-Bratzler 
shear (Catalog No.  2830-002) and (b) as resistance to penetration with a 
steel needle taken from the KSA instrument for the measurement  of  
backfat  thickness (Sch6n et al., 1977). The needle was moved into the skin 
at a speed of  200mm/min.  The Warner-Bratzler  shear force was 
measured on five 5 mm wide strips f rom each sample and the penetration 
force was tested on three locations on each sample. The extent of  
decomposi t ion of  the collagen fibres was monitored by determination of  
percentage soluble collagen according to the method of  Wyler (1972). The 
shrinkage of  the skin was determined on seven carcasses by measurement  
of  the reduction of  the diameter of  7 cm stamped on the skin just  before 
singeing. The colour of  the charred skin surface was measured on the 
Perkin-Elmer  double beam spectrophotometer  124 with integrating 
sphere at 700 nm wavelength. The depth of  the effect was determined by 
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measurement of cross-sections of the skin on a Reichert 'Visopan' 
projection microscope (magnification x 80). The data were analysed by 
the SAS (Statistic Analysing System). 

For more detailed studies of  the histological changes of the skin 
structure during scalding and singeing, samples from five carcasses were 
taken from the back and leg before scalding, after scalding, after singeing 
and after removal of the charred skin. The histological samples were fixed 
in neutral buffered formaldehyde, embedded in paraffin and cut 
perpendicular to the surface in 6/zm thick slices stained with Van-Giesen 
stain and with hematoxylin. 

RESULTS A N D  DISCUSSION 

Histological observations on the skin 

Figure 3 shows the appearance of the leg skin (a) before scalding, (b) after 
scalding in 59 °C warm water for 6 min and removal of hair, (c) after 
singeing and (d) after removal of the charred skin layer in the scraping and 
brushing machines. The Figure shows skin cut from the same carcass. 
Comparative studies have shown that the thickness of the epidermis and 
dermis varies between the different parts of  the carcass but that the impact 
of scalding is the same. From Fig. 3(b) one can observe that only the 
reticular layer of  the dermis is preserved, a finding in accordance with 
those of Mowafy & Cassens (1975) for skin exposed to scalding in 60 °C 
water for 4 min. The collagen fibers of the dermis are clearly observed and 
appear to be unaffected by the heat. After singeing the structure of the 
dermis is changed and appears like a uniform mass. When the specimen is 
unstained the layer looks transparent or gelatinized and will, in what 
follows, be referred to as the 'glass layer'. Figure 4 shows the unstained 
skin before and after singeing. In areas where the skin is thin, as in the 
groin, the glass layer will cover the entire dermis and extend into the 
hypodermis while in other areas, like at the back, definite boundaries 
through the dermis between the glass layer and unaffected tissue are 
visible. The boundary is marked with arrows in Fig. 4(b). In Fig. 3(d) the 
glass layer is disrupted, indicating that it will be removed from the carcass 
if the subsequent scraping and brushing process is continued. 



Effect of singeing on pig skin 229 

0 

Z 

II 

0 

0 

@ 
0 

0 

0 

2 

r ~  

2 

< 

rO 

~ ~  . . . .  

.~ < ~ ~ .~ ~ z 



230 E. Molander 

! 

Fig. 3. Microscopic pictures of the visible changes in the skin during the slaughter 
process. (a) Immediately after death. Epidermis (1 *--~2) and papillar layer (2+--,3) intact. (b) 
After scalding and de-hairing. Only the reticular layer is intact. (c) After singeing. 
Structure is damaged in most of the dermis. (d) After scraping away the charred layer. The 

damaged layer is disrupted. 
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Fig. 3.---Contd. 
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Fig. 4. (a) The reticular layer with undamaged collagen. (b) The reticular layer after 
singeing. Arrows show the boundary between damaged and undamaged collagen. 
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Observations on the physical properties of  the skin 

Table 1 gives the average values of the microscopic measurements of the 
dermis and glass layer thicknesses, together with the measurements of the 
physical properties before and after the singeing process for the four 
sample locations. The singeing has produced a considerable reduction in 
the Warner-Bratzler shear and penetration resistance. The reduction is 
greatest for the jaw and groin samples which also have the thickest glass 
layers and the thinnest dermis. Judged by the percentage reflection, the 
jaw is most charred, and the groin least, which suggests that the heat 
impact on the jaw has been considerably greater than on the groin. This is 
also to be expected from the position of the jaw in the lower part of the 
oven. This result indicates that the changes in the skin during singeing 
depend, to a considerable extent, on the original properties of the skin. 
The temperature in the various parts of the singeing oven is so high that it 
produces an almost uniform disintegration of the collagen fibers during 
the 10--20 s impact for all the samples. Disintegration of the collagen 
fibers occurs if the time/temperature is long or high enough. Figure 5 
shows Warner-Bratzler shear values from an experiment where skin 
samples were heated for 10 min at temperatures between 56 °C and 80 °C. 

TABLE 2 
Correlation Coefficients Between the Different Measurements on the Pooled Samples 

Taken After Singeing 

Reflection ( ~ )  1.00 0.21" 0.21" 0.05 -0.34*** - 0 . 1 9 "  -0-87** 
KSA penetration (Kp) 0-21" 1-00 0.72*** 0.42*** -0-33*** - 0 . 1 2  -0 .69*  
W-B shear (Kp) 0.21" 0.72*** 1.00 0 . t7"  -0.28*** - 0 . 1 2  -0 .86** 
Dermis (mm) 0.05 0.42*** 0.17" 1.00 0.03 - 0 . 0 7  - 0 . 2 4  
Glass layer (ram) -0-34*** -0-33*** -0 .28** 0.03 1-00 - 0 - 1 0  - 0 . 4 5  

Soluble collagen ( ~ )  
Shrinkage ( ~ )  

- 0 . 1 9 "  - 0 . 1 2  - 0 . 1 2  - 0 . 0 7  --0.10 1-00 0.83** 
-0 .87** -0 .69*** - 0 . 8 6  - 0 - 2 4  --0.45 0.83** 1.00 

* 95 ~ correlation, 
** 99 ~ correlation, 

*** 99.9 ~ correlation. 
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Fig. 5. Warner-Bratzler value of pig skin in relation to final temperature during heating 
in water for 10 rain. The skin samples were collected before and after singeing of a bacon 

weight carcass, x - x - x, sample before singeing. O-O-O,  sample after singeing. 

The changes in physical properties measured by Warner Bratzler shear 
occur in a narrow temperature range between 58 °C and 62 °C. Higher 
temperatures will not give additional effects. This finding agrees with 
observations on ox hide collagen which denatures at around 60°C 
accompanied by substantial shrinkage of  the specimen (Anon., 1973). 

It seems that the effect of singeing is to quickly bring the skin beyond 
the point of  disintegration in order to bring about  the desired changes. 
Further  heat treatment will not give a proport ional  effect, al though it has 
been proved that it does have some influence. Differences in structure will 
depend upon the initial condition of  the skin. This statement is supported 
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by the correlation coefficients between the different measurements on the 
pooled samples given in Table 2. It appears that the measurements of the 
texture changes are significantly correlated with the extent of disinteg- 
ration of the collagen fibers since the glass layer thickness and percentage 
soluble collagen shrinkage of  the skin appear highly correlated with both 
the texture measurements and the collagen observations. The percentage 
reflection is significantly correlated with the various measurements on the 
samples, possibly because of the strong effect on the jaw samples. 
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