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Abstract –Porcine trapezius, longissimus dorsi and biceps femoris muscles have been shown to contain different 
percentages of oxidative type IIA and glycolytic type IIB muscle fibers. Little is known about the effect of fiber type on 
protein digestion. In this study, we compared the in vitro digestion attributes of trapezius, longissimus dorsi and biceps 
femoris muscles. These muscles were in vitro digested by pepsin alone or followed by trypsin. The in vitro digestibility and 
particle size were measured. The results indicated that longissimus dorsi muscle had the highest digestibility under both 
pepsin and trypsin treatments (P<0.05). In non-digested samples, biceps femoris muscle showed the greatest particle size 
(P<0.05), but enzymatic digestion decreased particles to the similar size for all the three muscles (P>0.05). Fiber types could 
be the key factor to cause the differences in protein composition and their susceptibility to digestion. 
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I. INTRODUCTION 

Meat is an important source of high quality protein, vitamins, and minerals [1]. Previous studies indicated that pork 
and veal cuts had different protein content and amino acid profile in cooked meat [2]. In addition, different cuts are 
composed of different types of muscle fibers and different amounts of connective tissues, in terms of metabolic 
enzymes and collagen, which may cause different eating quality, especially of tenderness [3]. In practice, different cuts 
could be recommended to cook in different ways, for example, striploins and tenderloins are more suitable for roasting, 
while cuts from legs are suitable for mincing and long-term cooking [4]. For the same cut, minced beef was found to be 
more rapidly digested and absorbed than beef steak in older men [5]. This could be attributed to the cooking 
temperature effect [6]. However, it is still less known about the effect of meat cuts on protein digestibility at the same 
cooking conditions. In meat, there are more than 1000 proteins that can be classified into three types, i.e., myofibrillar 
proteins, sarcoplasmic proteins and stromal proteins [7]. However, little is known about the digestibility and the 
digestion products of proteins from different cuts. In this context, the objective of this study to compare the in vitro 
digestion attributes of pork proteins from trapezius, longissimus dorsi and biceps femoris muscles by measuring in 
vitro digestibility and particle sizes. 

II. MATERIALS AND METHODS 

Sampling and cooking procedure  

Three pork cuts, including neck (m. trapezius), loin (m. longissimus dorsi) and outside (m. biceps femoris) were 
obtained at 24 h post-mortem from 8 Huai black pigs (a native pig breed) with ultimate pH values of 5.54±0.07, 
5.44±0.05 and 5.43±0.05 respectively. All visible fat and epimysial connective tissue were removed. Pork muscles 
were cut vertically into 2cm-thick pieces (weights: 50 to 65 g each). All samples were packed in plastic pouches and 
cooked in a 72℃ water bath (Crystal Industries, USA) for about 30 min. The center temperature was tracked by a 
thermal probe (Pt 100, Testo AG, Germany). When the center temperature reached 70℃, meat samples were taken out 
and chilled in air to room temperature. 

In vitro digestion 
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Cooked meat samples were in vitro digested according to Wen et al. [6] with some modification. 

Measurement of particle sizes 

The homogenization and in vitro digestion of cooked meat samples were performed as described above. Particle sizes 
of homogenates were measured before and after digestion by an integrated-laser light scattering instrument 
(Mastersizer 3000, Malvern, Worcestershire, UK). Five parameters were achieved, including: (1) D[4,3], which 
represents the mean diameter in volume; (2) D[3,2], which shows the mean diameter in surface; (3) Dx (50), which 
shows the average size of 50% of the sample particles that have a lower size; (4) Dx (10), which represents the average 
size of 10% of the sample particles that have a lower size; and (5) Dx (90), which represents the average size of 90% 
of the sample particles that have a lower size.  

Statistical analysis 

One-way analysis of variance and Duncan’s multiple-range test were performed to test the differences in digestibility 
and particle sizes with the SAS program (SAS Institute Inc, USA).  

III. RESULTS AND DISCUSSION 

As shown in Figure 1, significant differences in protein digestibility were observed among three cuts in both pepsin 
and trypsin digestion conditions (P<0.05). After pepsin digestion, the neck (m. trapezius) showed much lower 
digestibility than the loin (m. longissimus dorsi) and the outside (m. biceps femoris) (P<0.05, 62.27%, 79.19% and 
76.65%, respectively). The latter two cuts did not show significant difference in digestibility (P>0.05). After two-step 
(pepsin and trypsin) digestion, the digestibility values of the three cuts increased greatly (P<0.05). The loin samples 
had the greatest values of the digestibility (P<0.05, 92.22%), and the neck and the outside samples did not differ 
(P>0.05, 85.23% vs. 88.07%). The differences in digestibility could be attributed to different protein composition. 
According to Ruusunen and Puolanne (2004), the light muscles have higher area percentages of glycolytic type IIB 
fibers and the dark muscles contained higher area percentages of type I fibers and oxidative type IIA [8].  

 

 

Figure 1 in vitro digestibility of three cuts after pepsin and trypsin digestion 
N, L and O, i.e., the neck, the loin and the outside;P and T ,i.e., pepsin and trypsin;  

A, B, averages of pepsin-treated digestibility differ significantly with different uppercases (P<0.05); 
 a,b averages of pepsin-and-trypsin-treated digestibility differ significantly with different lowercases (P<0.05). 

Particle size reflects the extent of myofibrillar fragmentation and has a relationship to eating quality (e.g. tenderness) 
[9]. It may also reflect the extent of breakdown of meat during chewing and subsequent digestibility. In this study, 



 

homogenization resulted in the greatest values of particle size, i.e., Dx(50), D[3,2], D[4,3], Dx(10) and Dx(90) for m. 
biceps femoris (P<0.05, Table 1), but the values were not significant between m. trapezius and m. longissimus dorsi 
(P>0.05). However, there was no significant difference in any variables for particle size between any two cuts after 
pepsin digestion (P>0.05, Table 1). After two-step digestion, only the D [4,3] values of m. trapezius were smaller than 
those of the other two muscles (P<0.05). This indicates that enzymatic digestion may overwhelm the muscle-specific 
difference in digestibility. 

It is notable that Particle sizes of muscles decreased greatly from mouth to stomach. This could be ascribed to pepsin 
digestion, in which native protein molecules were broken down into small peptides and free amino acids. The values 
of D[3,2], D[4,3], Dx(10), Dx(50) and Dx(90) were further decreased from stomach to intestine just because of the 
degradation of protein or peptides into smaller ones under trypsin digestion. 

Table 1 Particle sizes of muscle homogenates before and after digestions (means ± standard deviations) 

 D [3,2] D [4,3] Dx (10) Dx (50) Dx (90) 

Before digestion 

N 41.19±8.27b  195.63±32.77b  17.45±6.46b  164.25±39.01b  420.75±54.73b  

L 39.59±4.77b 219.38±31.78b 15.39±3.39b 187.50±31.61b 469.00±64.46b  

O 71.85±23.79a  344.88±115.06a  46.01±24.10a  305.63±106.42a  698.00±221.09a  

After pepsin digestion 

N-P 12.89±2.45a 58.92±17.84a 5.12±0.83a 20.42±7.47a 132.22±28.92a 

L-P 14.49±2.39a 45.36±15.74a 6.29±1.26a 19.02±5.32a 103.22±48.32a 

O-P 14.09±1.53a 48.26±19.10a 6.00±1.45a 23.91±6.37a 151.2±79.91a 

After pepsin and trypsin digestion 

N-P/T 7.64±2.76a 13.26±3.81b  3.84±1.07a 7.25±0.81a 33.03±12.80a 

L-P/T 7.06±1.12a 20.70±7.58a  3.66±0.59a 7.77±1.53a 44.75±12.66a 

O-P/T 7.77±2.07a 19.03±4.74a  3.97±0.82a 7.95±1.95a 35.27±9.03a 

N, L and O, i.e., the neck, the loin and the outside; P and T ,i.e., pepsin and trypsin;  
a,b Means with different superscripts differ significantly (P<0.05). 

 

IV. CONCLUSION 

In this study, we compared in vitro protein digestibility and digestion products among three pork cuts. Longissimus 
dorsi showed the highest degree of protein digestion, moderate particle size and protein intensities after pepsin and 
trysin treatments.  
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