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Summary

Background: the presence of intramuscular pin bones hinders the production and commercialization of 
fish fillet products; however, application of physical processes, such as thermal treatments, offers alternatives 
for the degradation of said bones. Objective: the present study aimed to conduct a microstructural and 
physicochemical analysis of Bocachico intramuscular pin bones subjected to a thermal treatment. Methods: 
collagen extracted from intramuscular pin bones of Bocachico fillets was analyzed using SDS-polyacrylamide 
gel electrophoresis and viscosity. Pin bones were subjected to 1.5, 2, and 3 minutes heating time and analyzed 
using electron microscopy and cutting force. Results: intramuscular pin bones contain type I collagen. Three-
minute thermal treatment degraded collagen components present in the internal pin bone structure, coinciding 
with the lowest values of the cutting force test. Conclusions: according to our results, collagen degradation 
initiates in the internal structure of intramuscular pin bones and moves towards the external layer which does 
not show the effects of thermal treatment. 

Keywords: aquaculture, connective tissue, meat, microstructure.

Resumen

Antecedentes: la presencia de espinas intramusculares en filetes de peces impide la obtención y posterior 
comercialización de estos productos, motivo por el cual la aplicación de procesos físicos antes del tratamiento 
térmico podría ser una alternativa en la degradación de estas espinas. Objetivo: el alcance del presente estudio 
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fue realizar  análisis fisicoquímico y microestructural de espinas intramusculares de Bocachico sometidas a 
proceso térmico. Métodos: las espinas intramusculares de filetes de Bocachico fueron analizadas a través de 
electroforesis en gel de SDS-poliacrilamida (SDS-PAGE), temperatura de desnaturalización del colágeno, 
microscopia electrónica de trasmisión y fuerza de corte. Fueron utilizados tres tiempos de duración del 
tratamiento térmico (1,5, 2 y 3 min). Resultados: el colágeno presente en espinas intramusculares es tipo l. El 
tratamiento térmico durante tres minutos degrada los componentes del colágeno en las estructuras internas de 
la espina, coincidiendo con los valores menores para la prueba de fuerza de corte. Conclusiones: los resultados 
permiten concluir que la degradación del colágeno es iniciada desde el interior de la estructura de la espina 
intramuscular hacia la capa externa, sin que esta capa muestre efecto del tratamiento térmico.

Palabras clave: acuicultura, carne, microestructura, tejido conectivo.

Resumo

Antecedentes: a presença de espinhos intramusculares impede a obtenção de filetes de peixe e posterior 
comercialização destes produtos, razão pela qual a aplicação de processos físicos antes do tratamento 
térmico pode ser uma alternativa na degradação desses espinhos. Objetivo: realizar analise físico-químico e 
microestrutural em espinhos intramusculares do peixe Bocachico submetidos a processo térmico. Métodos: 
os espinhos intramusculares de filetes do Bocachico foram analisados ​​por eletroforese em gel de SDS-
poliacrilamida (SDS-PAGE), temperatura de desnaturação do colágeno, microscopia electrónica de transmissão 
e força de corte. Foram utilizados três tempos de duração do tratamento térmico (1,5, 2 e 3 min). Resultados: 
o colágeno presente em espinhos intramusculares é do tipo l. O tratamento térmico por três minutos degrada 
os componentes do colágeno nas estruturas internas do espinho, coincidindo com os menores valores para 
o teste de resistência ao corte. Conclusões: os resultados mostram que a degradação do colágeno é iniciado 
desde o interior do espinho intramuscular até a capa externa, sem que essa capa externa seja afetada pelo 
tratamento térmico.

Palavras chave: aquicultura, carne, microestrutura, tecido conjuntivo.

Introduction

Bocachico fish is the common name of Prochilodus 
sp. It is native to the watersheds of various South 
American countries. In Colombia, it is traditionally 
farmed and consumed, although production is low. 
The presence of intramuscular pin bones hindered 
the production and commercialization of Bocachico 
fillets until new technologies were developed, 
facilitating fillet production from native fish species 
with intramuscular pin bones. These bones are 
subjected to cross sectioning; allowing for collagen 
degradation during the cooking process. (Mesa-
Granda et al., 2006; Suarez et al., 2008; Suárez-
Mahecha et al., 2009). Cuts in intramuscular pin 
bones expose their internal components. However, it 
is unknown what type of collagen is associated with 
intramuscular pin bones of Bocachico. The effect that 
thermal treatment could have on collagen degradation 
is also unknown. 

The molecular structure of fish collagen is 
influenced by the amount of amino acids present in 

cold water (temperate) and warm water (tropical) 
species (Regenstein et al., 2007). Furthermore, 
hydroxyproline content is much higher in collagen 
of tropical fish when compared to temperate fish. 
Comparatively, mammals have higher hydroxyproline 
content in collagen. These differences are important 
for collagen stability. 

Pin bones are  formed by col lagen and 
hydroxyapatite [Ca10 (PO4)3 (OH)2; also known as 
bioapatite, hydroxyl apatite, carbonate of apatite] 
among other components, such as lipids and water. 
Type I collagen represents approximately 20% of 
bone mass, 35% of bone volume and more than 
90% of the organic bone matrix (Pasteris et al., 
2008). The principal difference between type I 
collagen in different tissues (e.g., skin and bone) 
is the arrangement and reticulation of collagen 
fibers (Hanson and Eyre, 1996; Bailey et al., 1998). 
Collagen is a triple helix molecule composed 
of three chains. In mammals, collagen has two 
identical helixes (α1; α2) and a third helix [(α1)2 α2 
heterotrimeric]. 
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A third of the total amino acids in collagen are 
glycines. Proline and hydroxyproline are also present 
in collagen. This high hydroxyproline content is 
unusual among proteins and is directly related 
to the stability and insolubility of the molecule. 
In comparison with collagen, the chemical and 
mechanical properties of the mineral phase of bone 
(hydroxyapatite) are not well known. Hydroxyapatite 
has two functions in mineralized tissues: one is 
largely mechanical (rigidity and resistance of the 
structure); and the other is physiological (serving as 
an ion reservoir; Glimcher, 1998). Hydroxyapatite is 
a mineral phase characterized by small crystals (Noto, 
2011). The size and conformation of hydroxyapatite 
crystals is similar in fish and mammal bones (Kim 
et al., 1995) but there is large variability in the 
size of hydroxyapatite crystals between tissues and 
taxonomic groups (Fratzl et al., 2004; Olszta et al., 
2007). Mineralized bone contains approximately 66% 
in weight and 50% in volume of hydroxyapatite, with 
little variation. Fish, contrary to other vertebrates, 
contain fewer minerals (Biltz and Pellegrino, 1969), 
reflected by the low bone density of some fish species 
(Smith, 2008). The relative proportions of organic 
and inorganic components, as well as the interactions 
between these components, are largely responsible 
for the physical properties of bone, such as strength, 
hardness and rigidity (Pasteris et al, 2008). The 
objective of this study was to obtain intramuscular 
pin bones from thermal-treated Bocachico fillets and 
determine their ultrastructural and physiochemical 
variations. 

Materials and methods

Intramuscular bones were obtained from Bocachico 
fillets (Prochilodus sp.) weighing between 400 and 
500 g. Fillets were cut into 4-mm sections. Fish were 
obtained from an aquaculture market. 

Preparation of intramuscular bone collagen

Collagen was obtained using the method proposed 
by Nagai and Suzuki (2000). All preparation procedures 
were conducted at 4 °C. Bones were treated with 0.1 
N NaOH to eliminate non-collagen proteins, washed 
with distilled water and lyophilized. Pin bones were 
decalcified with 0.5 M of ethylenediaminetetraacetic 

acid-EDTA (pH 7.4) for 5 days, changing the EDTA 
solution once a day. The residue was then washed 
with distilled water. 

Fat was eliminated with 10% butyl alcohol. Then, 
the residue was washed with distilled water and 
lyophilized. The insoluble material was extracted 
with 0.5 M acetic acid for 3 days and the extract was 
centrifuged at 20,000 x g for 1 h. The residue was again 
extracted with the same solution for 2 days and the 
extract was centrifuged under the same conditions. 
Each viscous solution was mixed and salted with the 
addition of NaCl for a final concentration of 0.9 M, 
followed by collagen precipitation with addition of 
NaCl (final concentration of 2.6 M) at a neutral pH (in 
0.05 M of Tris-HCL, pH 7.5). The resulting precipitate 
was obtained by centrifugation at 20,000 x g for 1 h 
and was dissolved in 0.5 M acetic acid. Afterwards, 
it was dialyzed with 0.1 M acetic acid and distilled 
water and finally lyophilized. 

Determination of collagen denaturalization

Determination of denaturalization temperature 
was based on the method described by Kimura et 
al. (1988): filling a cylinder viscosimeter with a 
0.1% (m/v) solution of collagen in acetic acid and 
immersing the cylinder in a water bath at 30 °C for 
30 min to allow the solution to reach equilibrium with 
water temperature. 

Temperature was increased by 10 oC intervals until 
50 °C was reached; each temperature was maintained 
for 10 min. Viscosity of the collagen solution was 
measured at temperature intervals of 2 °C between 
30 °C and 50 °C. Fractional viscosity was calculated 
with the following equation: 

Thermal denaturalization curves were obtained by 
graphing fractional viscosities versus temperature. 
The denaturalization temperature was the temperature 
at which the fractional viscosity was 0.5. To determine 
collagen denaturalization a concentric-cylinder 
viscosimeter was used (rotovisco rv20 model with M5 
measuring system, Haake®, Berlin, Germany). Type 
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I porcine collagen was used (Sigma®, Sigma-Aldrich 
Corp., St. Louis, MO, USA) as standard to compare.  

SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)

SDS-PAGE was carried out according to the 
method by Weber and Osborn (1969). The collagen 
sample was dissolved in 0.02 M sodium phosphate 
(pH 7.2) containing 1% SDS and 3.5 M urea. 
Electrophoresis was performed at 3.5% in 0.1 M 
buffer phosphate gel (pH 7.2) containing 0.1% SDS. 

Cooking of intramuscular bones

Bocachico intramuscular pin bones were 
microwaved at 2450 MHz and 1800 watts for 3 min. 
This procedure was based on the method by Gokoglu 
et al. (2004). 

Microstructural analysis 

Microstructural analysis was carried out using a 
scanning electron microscope (SEM) (Quanta 200 
model, FEI®, Columbus, Ohio, USA), registering 
the changes occurring in uncooked samples and in 
samples cooked for 1.5, 2, and 3 min. Ultrastructural 
alterations of intramuscular pin bones were described. 
The samples were fractured manually. A small amount 
of sample was fixed to a strip of self-adhesive, carbon 
paper, and polarized with a fine layer of gold-platinum 
for microstructural observation. Samples were 
observed using 15 kV. 

Texture analysis (fracturability)

A texturometer was used for the fracturability 
analysis (TA.XT Plus model, Stabel Micro Systems, 
Stable Micro Systems®, Scarsdale, NY, USA) with 
50 kg force capacity. The doubling technique in 
three points was used with fracturability changes 
determined in the pin bones pre- and post-cooking. 
This determination was carried out through 
compression force, considering the firmness, 
expressed in Newton (N), defined as the required 
mechanical force for the deformation of the material 
at the point of biorupture. A 3.0 mm diameter cylinder 
at a rate of 3 mm/s was used.   

Results 

Collagen denaturalization 

Collagen denaturalization temperatures as obtained 
from the effect of temperature on viscosity are 
presented in Table 1. 

Table 1. Relationship of temperature and viscosity in collagen 
denaturalization.

Viscosity Temperature, °C

0.95 20

0.90 23

0.80 26

0.5 29

0.2 31

0.18 33

0.12 35

0.04 37

0.0 40

Denaturalization temperature was around 31 °C. This 
value is lower than that reported for porcine skin (37 °C) 
and higher than that of skin collagen in other marine 
fish species, such as the Japanese sea-bass (Lateolabrax 
japonicus) 26.5 °C; chub mackerel (Scomber japonicus) 
25.6 °C; and bullhead shark (Carcharhinus leucas) 
25 °C (Nagai and Suzuki, 2000). However, Pati et al. 
(2010) reported 30 °C denaturalization temperature 
for sea bass pin bones. That is to say, various studies 
have reported collagen denaturalization temperature of 
cold-water fish lower than that of tropical-water fish 
(Nagai and Suzuki, 2000). 

Determination of collagen in intramuscular pin 
bones 

Figure 1 presents SDS-PAGE electrophoresis from 
Bocachico samples of intramuscular bone and porcine 
skin type I collagen. The results indicate the existence 
of two different subunits of α chain in intramuscular 
bones, confirming its type I collagen classification. 
Intramuscular bone had two different chains (α1 
and α2), around 116KDa and 110KDa, respectively, 
coinciding with other studies on pin bones of tropical 
and temperate water fish (Ogawa et al., 2003; Ogawa 
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et al., 2004). Figure 1 also shows the molecular chains 
of γ and β forms present in type I collagen in fish, with 
the β component present in the cross-links of the dimer 
chains and γ in the cross-links of the trimer chains. 

Texture analysis (fracturabilty) 

Results of the force analysis test resulted in 
statistical differences (p<0.05), with the lowest value 
for the three-minute thermal treatment (Table 2). 
Table 2. Cutting force for Bocachico fish intramuscular pin bones 
submitted to thermal treatments. 

Time (minutes) Cutting force

1.5 9.25 ± 0.17b

2.0 7.92 ± 0.51c

3.0 6.28 ± 0.38d

Raw 17.87 ± 0.61a

a,b,c,d Different letters indicate significant difference (p<0.05).

Discussion

Collagen denaturalization 

Differences in denaturalization temperatures 
can be attributed to the amount of collagen and 
inorganic components present. It is estimated that 
collagen represents approximately 30% of pin bone 
components and the rest are inorganic substances 
such as calcium, phosphorus, sulfur and nitrogen (Mori 
et al., 2012).

Denaturalization temperature of collagen from 
different tissues, such as skin, pin bones and fins, is 
directly correlated with the content of amino acids 
such as proline and hydroxyproline (Burjanadze 
and Kisiriya, 1982). In addition to the spatial 
conformation of the triple helix in collagen, the 
quantity of these amino acids determines intra- 
and intermolecular stability. On the other hand, 
denaturalization temperature of collagen from pig 
and heifer skin is 37 °C and 40.8 °C, respectively 
(Ikoma et al., 2003), both presenting high amino acid 
content. Meanwhile, cold water fish collagen has low 
denaturalization temperature because proline and 
hydroxyproline contents are low (Sadowska et al., 
2003). Furthermore, differences in denaturalization 
temperatures have been reported for variations in 
habitat temperatures; for example, deep water fish 
have lower denaturalization temperature compared 
to fresh water fish and terrestrial mammals (Pati et 
al., 2010). 

Figure 1. SDS-polyacrylamide gel electrophoresis of Bocachico 
fish intramuscular bone (Prochilodus sp.; A) and porcine skin type 
I collagen (B).

Microstructural analysis 

These results are presented in Figure 2. 
Microphotographs of the control sample show the 
structures in intramuscular pin bones. The external 
layer (a), easily discernible in all microphotographs, 
where the bone trabeculae are present (b), permits 
the passage of blood vessels that supply nutrients to 
the intramuscular bones. This layer does not show 
alterations due to the thermal treatment.  Different 
layers of collagen and hydroxyapatite crystals (c) 
can also be seen, which were affected by the thermal 
treatment and are indistinguishable as a result of 
collagen degradation and possible alteration of the 
hydroxyapatite molecular structure. As duration 
of the thermal treatment increased, the structures 
began to lose their architectural arrangement and 
differentiation between layers. The results indicate 
that degradation of the structures formed by organic 
and inorganic components is predominant in the 
internal layers of the bones, while this is not readily 
discernible in the external layer.  
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Figure 2. Analysis by scanning electron microscope of Bocachico fish intramuscular pin bones subjected to three periods of thermal 
treatment and four measuring magnifications (500, 1,500, 5,000, and 10,000 μm). Intramuscular pin bones were cooked in microwave at 
2,450 MHz at maximum power. 1) bone after 1.5 min duration of thermal treatment; 2) bone after 2.0 min duration of thermal treatment; 
3) bone after 3.0 min duration of thermal treatment; and, 4) control bone not subjected to thermal treatment. 
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Collagen determination in intramuscular pin 
bones 

Kimura et al. (1991) reported the presence of (α1)2 
and α2 molecular forms of collagen 1 in carp as the 
principal components, and α1, α2, and α3 as secondary 
components. However, the present study did not find 
α3 chains, coinciding with Nagai and Suzuki (2000).

As previously mentioned, thermal stability of 
collagen is directly related to the abundance of proline 
and hydroxyproline, where high contents of these 
amino acids increase thermal stability due to a higher 
density of the cross-links. Furthermore, age can also 
affect collagen stability due to formation of Schiff 
bases that confer higher stability to the molecule 
(Suárez et al., 2002). However, fish used in this study 
were obtained from aquaculture and were not older 
than 8 months of age. 

Microstructural analysis 

Collagen strength and bone mineralization can 
be affected by age, so culture time of fish is an 
important factor that must be considered when 
contemplating fillet production using species with 
intramuscular bones. According to the previous 
descriptions (Norman et al., 1996; Zioupos et 
al., 1999), collagen concentration with aging, for 
example in human bone, contributes to porosity 
and resistance to fractures, while pin bone 
mineralization gives rigidity and resistance (Wang 
et al., 2000). In this sense, the relationship between 
mineral and organic phases of pin bones is not well 
understood (Katti et al., 2010). Various studies 
have suggested that most hydroxyapatite crystals in 
pin bones are produced within the collagen fibrils 
(Weiner et al., 1999; Jäger and Fratzl, 2000), while 
other authors (Hellmich and Ulm, 2002; Sasaki 
et al., 2002; Fritsch and Hellmich, 2007) suggest 
hydroxyapatite is produced outside the fibrils. In 
this manner, resistance of the collagen-mineral 
interaction is conferred by different molecular links 
(i.e., hydrogen links, Van der Waals interactions, 
and hydrophobic interactions; Walsh et al., 1994).

Collagen and hydroxyapatite arrangements appear 
to be similar in mammals and fish (Bigp et al., 
2000). Fish, however, are characterized by a higher 

proportion of non-calcified collagen in the skeleton 
(Neuman and Mulryan, 1968). On the other hand, 
collagen fibrils in fish pin bones have lower density 
compared to mammals (Lee and Glimcher, 1991).

Texture analysis (fracturabilty) 

This value results from the high degradation of 
collagen and hydroxyapatite crystals, although no 
alterations were observed in the external layer of 
intramuscular bones during microstructural analysis. 
This did not influence the cutting force results, possibly 
because it also contained degraded components. It is 
possible that the amount of mineral per length unit, 
as determined in studies on bone density, is only 
partly responsible for physical properties, mechanical 
resistance and chemical degradation. Finally, when 
collagen degradation occurs, collagen changes into 
gelatin. So, bone strength, consisting of collagen fibers 
and hydroxyapatite, decreases. 

These results lead to the conclusion that collagen 
degradation initiates in the internal structure of 
intramuscular pin bones and moves towards the 
external layer, which does not show the thermal 
treatment effects. In this sense, collagen degradation 
is promoted from within pin bones, also affecting the 
outer layer. Thus, it is necessary to fracture the pin 
bones to promote heat degradation of collagen present 
in intramuscular pin bones.
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