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ABSTRACT

The present study was conducted to test a hypothesis that pork quality traits would be influenced by the systemic and/or local 
bioavailability of insulin-like growth factor-I (IGF-I), transforming growth factor-β1 (TGF-β1), or epidermal growth factor (EGF) 
before or at slaughter. To this end, 60 cross-bred female market pigs weighing approximately 110 kg were slaughtered, after 
which Longissimus dorsi muscle (LM) samples taken at slaughter (D 0) and blood samples taken at D -7 and D 0 were analyzed. 
The 60 carcasses rendered 36 RFN (reddish-pink, firm, and non-exudative), 16 RSE (reddish-pink, soft, and exudative), and 6 PSE 
(pale, soft, and exudative); 2 DFD (dark, firm, and dry) also were found but were excluded in subsequent experiments. The L* 
and drip loss were greater in PSE vs. RFN and RSE and in PSE and RSE vs. RFN, respectively, as they should (P<0.05). The 
pH45min was less in PSE vs. RFN (P<0.05); pH24h tended to be less in the former (P=0.09). The LM IGF-I and TGF-β1 as well 
as serum EGF concentrations were less in PSE than in RFN. None of the other LM and serum concentrations of the three 
growth factors differed across the three pork quality categories. The LM IGF-I and TGF-β1 concentrations and serum EGF 
concentration at D 0 were negatively correlated with drip loss [r =－0.36(P<0.01), －0.44 (P<0.01), and －0.32 (P<0.05), respectively]. 
However, none of the serum and LM growth factor variables was correlated with L* or a* (redness) of LM. Taken together, 
results suggest that locally expressed IGF-I and TGF-β1 and blood-borne EGF may have a beneficial effect on postmortem water 
holding capacity of the muscle and that pork quality traits could be predicted to some extent from concentrations of IGF-I and 
TGF-β1 in muscle and EGF in serum at slaughter. 
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INTRODUCTION

Skeletal muscle growth and development is regulated by 
multiple hormones and growth factors, of which insulin-like 
growth factor (IGF) appears to be a key regulator (Clemmons, 
2009; Duan et al., 2010). IGF-I promotes whole body 
growth including accretion of muscle mass not only by 
stimulating myogenesis and protein synthesis but also by 
inhibiting protein catabolism (Douglas et al., 1991; Koea et 
al., 1992a,b Fiorotto et al., 2003). IGF-II, however, appears 
not to have such an effect in postnatal animals although 
both IGFs are equipotent fetal growth stimulators and also 
myogenic regulators in vitro (Doumit et al., 1993 Jones and 
Clemmons, 1995). In contrast to IGFs, transforming-growth 
factor-β (TGF-β) family peptides suppress myogenesis (McCroskery 

et al., 2003; Dayton and White, 2008 Kollias and 
McDermott, 2008). Epidermal growth factor (EGF), which 
stimulates proliferation and protein synthesis of myogenic 
cells usually in synergy with IGF in vitro (Blachowski et al., 
1993 Mau et al., 2008), is known to suppress somatic 
growth in vivo (Chernausek et al., 1991; Chan and Wong, 
2000; Xian, 2007). Besides these, several other regulatory 
peptides including fibroblast growth factor and 
platelet-derived growth factor are known to be involved in 
regulation of proliferation and differentiation of myogenic 
cell lineages (Florini et al., 1991; Doumit et al., 1993). 

Pork quality is commonly classified into normal RFN 
(reddish-pink, firm, and non-exudative) and three abnormal 
categories, i.e. RSE (reddish-pink, soft, and exudative), PSE 
(pale, soft, and exudative) and DFD (dark, firm, and dry), 
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according to the color,  drip loss, and pH of the muscle 
(Warner et al., 1997). Ryu and Kim (2006) have reported 
that PSE and RSE had lower percentages of type IIa 
(‘intermediate’) muscle fibers than RFN and DFD. 
Furthermore, Lynch et al. (2001) have reported that IGF-I 
infusion in mice resulted in an increase in proportion of the 
type IIa or IIa and IIb (fast-glycolytic) fibers depending on 
the muscle and a decrease in the type I (slow-oxidative) 
fibers. In the transgenic mouse model, however, only type 
IIb fiber expression was up-regulated by transgenic IGF-I 
(Fiorotto et al., 2003). These results suggest that 
aforementioned growth factors could influence the pork 
quality trait through their effects on muscle cells. On the 
contrary to this scenario, Ryu et al. (2007) found minimal 
correlations between pork quality traits and serum 
concentrations of IGF, EGF, or TGF-β at day －7 from 
slaughter. These workers, however, did not investigate the 
relationship of the growth factor concentration to the pork 
quality category and also did not measure the growth factor 
contents in muscle or serum at slaughter. The present study 
therefore began with a hypothesis that concentrations of 
these growth factors in serum and/or muscle at slaughter 
should be reflected into the pork quality trait and 
accordingly the pork quality category as well.

MATERIALS AND METHODS

1. Animals and slaughtering

Sixty 150-day-old cross-bred finishing gilts which had 
been raised in a commercial farm were selected on day －7 
from slaughter and at the same time blood samples from 
these animals were collected via jugular venipuncture. The 
animals were slaughtered by electrical stunning at a local 
abattoir following a standard procedure under the supervision 
of Korea Institute for Animal Products Quality Evaluation. 
Blood samples were taken again at bloodletting; carcass 
weight and backfat thickness were measured after 
evisceration. Serum was collected following centrifugation of 
the blood sample and aliquots were stored at －70℃ until 
used. All the animal handling protocols followed the 
guideline released by the Ministry of Food, Agriculture, 
Forestry, and Fisheries of Korea. 

2. Measurements of meat quality traits

For the measurement of growth factor concentrations in 
the Longissimus dorsi muscle (LM), approximately 100-g LM 
(loin) sample was taken at the loin-Boston Butt cut upon 
arrival of the carcass at the 4℃-chilling room. The LM 
sample was immediately frozen in liquid nitrogen and 
subsequently stored frozen at －70℃ until used. The 45-min 
and 24-h postmortem pH, muscle color, and 48-h drip loss 
of LM were measured in the chilling room using a 
spear-type electrode (Model 290A, Orion Research Inc., 
Atlanta, GA, USA), by the Commission International de 
l'Eclairage (CIE, 1978) standard, and by the suspension 
method (Honikel et al., 1986), respectively, as described 
previously (Lee et al., 2002; Ryu et al., 2007).

The four pork quality categories (Warner et al., 1997) were 
defined as below according to the lightness [CIE (1978) L*] 
at 24 h postmortem and the 48-h drip loss.

RFN (reddish-pink, firm, and non-exudative): drip loss ≤ 

5.0% and L* ≤ 49
RSE (reddish-pink, soft, and exudative): drip loss > 5.0% 

and L* ≤ 49
PSE (pale, soft, and exudative): drip loss > 5.0% and L* > 49
DFD (dark, firm, and dry): drip loss < 2.0%, L* < 43

3. Measurements of growth factor concentrations

After thawing the frozen LM sample, 1-g tissue was 
homogenized in 5-ml pre-chilled RIPA lysis buffer (Burr et 
al., 1980) supplemented with protease inhibitors (100 mM 
PMSF and 1.0 mg aprotinin/ml in 50 mM Tris, pH 8.0, 
containing 150 mM NaCl, 1% Triton X-100, 0.5% sodium 
deoxycholate, and 0.1% SDS). The homogenate was 
incubated at 4℃ for 30 min, centrifuged at 10,000 ×  g for 
15 min at 4℃, and the supernatant was saved. The pellet 
was re-extracted with 5-ml lysis buffer and the supernatant 
after centrifugation was combined with the first supernatant, 
after which aliquots were lyophilized and stored at －70℃. 
At the time of each growth factor assay, the lyophilized 
aliquot was reconstituted with the corresponding assay buffer.

Prior to IGF-I RIA, IGF-binding proteins of the sample, 
which interfere with the immunoreaction between IGF and 
its antibodies in RIA, were removed by the acid-ethanol 
extraction method (Daughaday et al., 1980). IGF-I concentration 
of the acid-ethanol extract was determined by the 
double-antibody RIA using a rabbit IGF-I antiserum (GroPep 
Pty Ltd., Adelaide, Australia) and [125I]IGF-I which had been 
iodinated by the chloramine T method as described 
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Table 1. Physicochemical characteristics of the carcass and Longissimus dorsi muscle from female market pigs 
by the pork quality category

  Item
Meat quality

SignificanceRFN1)

(n = 36)
RSE2)

(n = 16)
PSE3)

(n = 6)
Carcass wt, kg 88.0 ±1.4 86.1 ±2.0 86.8 ±3.3
Backfat thickness, mm 17.3 ±0.6 15.6 ±0.9 15.2 ±1.5
Muscle color  
  Lightness, CIE L* 46.6 ±0.3 46.8 ±0.4 50.2 ±0.7 **
  Redness, CIE a*  7.41±0.15 7.61±0.22 8.02±0.36
48 h drip loss, %  3.52±0.16 6.08±0.24 7.22±0.39 **
45 min pH  6.02±0.03 5.93±0.05 5.81±0.08 *
24 h pH  5.53±0.02 5.52±0.03 5.44±0.04
1),2),3) Stand for [reddish-pink, firm, and non-exudative], [reddish-pink, soft, and exudative], and [pale, soft, and exudative], respectively. 

Data are means ± SEM. 
* P<0.05; ** P<0.01.

previously (Lee et al., 2002, Yun et al., 2003). 
Concentrations of TGF-1 and EGF in serum and muscle 

homogenate were measured using corresponding ELISA kits 
(R&D Systems Inc., Minneapolis, MN, USA) following the 
manufacturer's instruction as described by Ryu et al. (2007). 
In the former assay, samples were diluted, acidified, 
incubated briefly, and neutralized to release the active form 
of the peptide during the pretreatment.
 
4. Statistical analysis

Variance of the pork quality and growth factor 
measurements and the correlation between these two classes 
of variables were analyzed by using the PROC ANOVA and 
PROC CORR options of SAS (SAS Inst. Inc., Cary, NC, 
USA), respectively. In comparison of means between the 
pork quality categories, t-test was used.

RESULTS

1. Pork quality traits

The 60 gilt carcasses which were examined in the present 
study yielded 36 RFN (reddish-pink, firm, and non-exudative), 
16 RSE (reddish-pink, soft, and exudative), and 6 PSE (pale, 
soft, and exudative) carcasses (Table 1). Two DFD (dark, 
firm, and dry) carcasses were also found, but this category 
was excluded from Table 1 as well as in subsequent 
experiments because of the insufficient number of replicates. 

Carcass weight did not differ across the pork quality 

categories. Backfat thickness was lesser in RSE and PSE 
than in RFN, but differences between means were not 
significant (P=0.12 for RSE vs. RFN). The lightness (CIE L*) 
of the Longissimus dorsi muscle (LM) was greater in PSE 
than in RFN and RSE (P<0.01), whereas the redness (CIE a*) 
of LM did not differ across the pork quality categories. The 
48-h drip loss was greater in PSE and RSE than in RFN 
(P<0.01). The pH45min was less in PSE vs. RFN (P<0.05); 
pH24h tended to be less in the former (P=0.09). 

2. Concentrations of growth factors in serum and 
muscle

Serum IGF-I concentration did not differ among RFN, 
RSE, and PSE seven days before (D -7) or at (D 0) 
slaughter (Table 2). The LM IGF-I content at D 0, however, 
was less in PSE than in RFN (P<0.05). The LM TGF-β1 
content also was less in PSE vs. RFN (P<0.05), although the 
effect of the pork quality category was not significant in 
ANOVA. Furthermore, serum EGF concentration at D 0 was 
also less in PSE vs. RFN (P<0.05), whereas the EGF content 
in LM did not differ across the pork quality categories. 

3. Correlations between growth factor concentrations 
and pork quality traits

The LM IGF-I and TGF-β1 concentrations were negatively 
correlated (p<0.01) with drip loss (r =－0.36 and －0.44, 
respectively). Moreover, serum EGF concentration at D 0 
was also negatively correlated with drip loss (r =－0.32, 
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Table 2. Growth factor concentrations in serum and Longissimus dorsi muscle from female market pigs by the 
pork quality category

  Item
Meat quality1)

Significance
RFN RSE PSE

IGF-I (ng/ml serum or g tissue)
  D-7 Serum 122  ±  7 150  ± 10 134  ± 17
  D 0 Serum 131  ±  6 145  ±  9 121  ± 14
  D 0 Muscle   4.0 ±  0.3   3.3 ±  0.4  2.4  ±  0.6 *
TGF-β1 (ng/ml serum or g tissue)
  D-7 Serum 222  ±  8 236  ± 17 228  ± 19
  D 0 Serum 311  ± 11 315  ± 16 355  ± 26
  D 0 Muscle  24.0 ±  2.3  18.8 ±  3.4  10.1 ±  5.0
EGF (pg/ml serum or g tissue)
  D-7 Serum  93  ±  9  85  ±  3.3  93  ± 15
  D 0 Serum  78  ±  7  58  ± 11  33  ± 17 *
  D 0 Muscle  64  ±  6  43  ±  9  56  ± 14
1) See the Table 1 legend for details for each pork quality category.
* P<0.05.

Table 3. Correlation coefficients between pork quality 
traits and growth factor concentrations in 
serum and Longissimus dorsi muscle from 
female market pigs before and at slaughter 

  Variable CIE
L*

CIE
a*

 Drip 
 loss

IGF-I
  D-7 Serum －0.05 －0.17 0.16
  D 0 Serum   0.20 －0.09 0.02
  D 0 Muscle －0.19   0.18 －0.36**
TGF-β1 
  D-7 Serum －0.04   0.25 0.16
  D 0 Serum   0.00   0.05 0.07
  D 0 Muscle －0.16 －0.06 －0.44**
EGF
  D-7 Serum －0.10   0.27 －0.16
  D 0 Serum －0.21 －0.10 －0.32*
  D 0 Muscle   0.19 －0.13 －0.23
* P<0.05; ** P<0.01.

p<0.05). However, CIE L* and a* were not correlated with 
any growth factor concentration. 

DISCUSSION

It is well known that IGF-I plays a central role in 
genesis, growth, and maintenance of muscle mass (Clemmons, 
2009; Duan et al., 2010). IGF-I stimulates muscle growth in 
a fiber type-specific manner (Lynch et al., 2001; Fiorotto et 
al., 2003), which can potentially influence the muscle quality 
traits (Rehfeldt et al., 2000; Ryu and Kim, 2006). TGF-β and 

EGF, however, inhibit somatic growth including myogesis in 
vivo (Chernausek et al., 1991; Dayton and White, 208). 
Interestingly, the well known anti-mitogenic action of TGF-β 

in myogenic and other types of cells in vitro is believed to 
be mediated in part by TGF-β-induced IGF-binding protein 
(IGFBP)-3, which inhibits IGF action (Oh, et al., 1995; 
Kamanga-Sollo et al., 2003). Similarly, EGF seems to 
suppress growth in vivo by regulating the expression of 
IGFBPs (Murray et al., 1993; Vinter-Jensen et al., 1996; 
Chan and Wong, 2000). Taken together, these reports suggest 
that systemic and/or local availabilities of IGF-I, TGF-β, and 
EGF may influence the postmortem muscle quality, which 
was the basis of the hypothesis of the present study.

Results on the muscle quality traits measured in the 
present study were consistent with known characteristics of 
RFN, RSE, and PSE (Warner et al., 1997). The LM lightness 
(CIE L*) and drip loss were greater in PSE vs. RFN and 
RSE and also RSE and PSE vs. RFN, respectively, as they 
should because the muscle quality was categorized according 
to the results of these variables. Similarly, the lower pH45min 
in PSE vs. RFN is a typical characteristic of the former 
resulting from fast glycolysis (Ryu and Kim, 2006). In 
addition, the unreduced redness (CIE a*) of RSE vs. RFN is 
also a known characteristic of the former.

The LM IGF-I and TGF-β1 and serum EGF concentrations 
at slaughter were less in PSE vs. RFN but were not 
different between PSE and RSE. This was opposite to the 
relative drip loss in these three pork quality categories, 
which resulted in negative correlations between drip loss and 
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these growth factor variables. In contrast, the L* and a* 
were not correlated with any growth factor variable. Taken 
together, these results suggest that locally expressed IGF-I 
and TGF-β1 as well as blood-borne EGF may play a role 
directly or indirectly in unknown postmortem histochemical 
reactions associated with water retention rather than color 
development and thereby contribute to sustaining the textural 
integrity and quality of normal pork. In this connection, it 
was also noteworthy that PSE and RSE carcasses exhibited 
lesser backfat thickness than RFN carcasses, which was 
consistent with previous reports (Dildey et al., 1970; Ryu and 
Kim, 2006) implicating that leaner pigs are more prone to 
the ‘exudative’ pork quality (Rehfeldt et al., 2000).

IGF-I, TGF-β1, and EGF are known to act on the target 
cell in both autocrine/paracrine and endocrine manners, but 
relative significance of the local vs. systemic availability of 
these peptides is as yet controversial (Xian, 2007; Dayton 
and White, 2008; Ohlsson et al., 2009). For instance, Sjogren 
et al. (1999) found that liver-specific IGF-I knockout mice, 
which had only 25% serum IGF-I concentration of normal 
mice, grew normally and asserted from this result that 
locally expressed IGF-I is enough for normal postnatal 
growth. However, there are also several lines of evidence 
indicating that liver-derived endocrine IGF-I has a 
growth-promoting effect comparable to that expressed in 
non-hepatic tissues in IGF-I-transgenic mice on an IGF-I null 
background (Stratikopouloset al., 2008; Ohlsson et al., 2009; 
Wu et al., 2009). In line with the latter, it has been known 
for a long time that circulating IGF-I concentration and 
growth rate are correlated in the pig (Owens et al., 1999; 
Lee et al., 2002) and other species (Blair et al., 1989; Blum 
et al., 1993). As such, not only how IGF-I, EGF, and TGF-
β1 act on the muscle around the time of slaughter to 
influence the pork quality but also how much each of 
endocrine and local availabilities of these growth factors 
contributes to this effect remains to be further studied.

Collectively, results are interpreted to suggest that 
concentrations of IGF-I and TGF-β1 in muscle and EGF in 
serum of the market pig at slaughter are reflective of the 
postmortem water holding capacity of the muscle to some 
extent.
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