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Cryoprotective effect of sorbitol on the muscle 
microstructure of yamú (Brycon amazonicus) 

during storage at 2 and -18 °C
Efecto crioprotector del sorbitol en la microestructura 
del músculo del yamú (Brycon amazonicus) durante su 

almacenamiento a 2 y -18 °C
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Although freezing is generally used to preserve the sensory and nutritional quality of fish and their 
products, it cannot mitigate physicochemical changes of the fish meat during storage. This study 
aimed to determine the cryoprotective effect of sorbitol incorporated into the yamú muscle (Brycon 
amazonicus), subjected to different storage times and temperatures. The methodology consisted of 
analyzing microstructural changes, protein profile, and physicochemical properties (texture, water 
holding capacity and pH) of the yamú’s meat under two temperatures (2±2 and -18±2 °C), two 
storage times (24 and 48 h) and the incorporation or not of 5% (w/w) of a 60% sorbitol solution. 
The microstructural changes were analyzed by optical microscopy and scanning electron microscopy, 
and the protein profile was analyzed by SDS PAGE electrophoresis. The physicochemical properties 
evaluated in yamú’s meat were affected mainly by the interaction between temperature and storage 
time. The myofibrillar proteins underwent a partial degradation, and changes in the connective tissue 
were observed concerning the loss of texture especially when the meat was not treated with sorbitol 
at freezing temperature (-18 °C). The use of sorbitol minimized the negative effects of freezing on 
the characteristics of the yamú muscle, maintaining the integrity of the muscular microstructure and 
generating a cryoprotective effect in comparison to untreated meat.

Aunque la congelación es generalmente usada para preservar la calidad sensorial y nutricional del 
pescado y sus productos derivados, no permite mitigar los cambios fisicoquímicos de la carne del 
pescado durante su almacenamiento. Este estudio tuvo como objetivo determinar el efecto crioprotector 
del sorbitol incorporado al músculo de yamú (Brycon amazonicus), sometido a diferentes tiempos y 
temperaturas de almacenamiento. La metodología consistió en analizar cambios microestructurales, 
perfil proteico y propiedades fisicoquímicas (textura, capacidad de retención de agua y pH) de la carne 
bajo dos temperaturas (2±2 o -18±2 °C), dos tiempos de almacenamiento (24 y 48 h) y la incorporación 
o no de 5% (p/p) de una solución de sorbitol al 60%. Los cambios microestructurales fueron analizados 
por medio de microscopia óptica y electrónica de barrido, el perfil proteico se analizó por medio de 
electroforesis SDS PAGE. Las propiedades fisicoquímicas evaluadas en la carne de yamú se vieron 
afectadas principalmente por la interacción entre la temperatura y el tiempo de almacenamiento. 
Las proteínas miofibrilares sufrieron una degradación parcial y se evidenciaron cambios en el tejido 
conectivo, relacionados con la perdida de textura especialmente cuando la carne no fue tratada con 
sorbitol a temperatura de congelación (-18 °C). El uso de sorbitol minimizó los efectos negativos de la 
congelación sobre las características del músculo de yamú, manteniendo en un estado más integro de 
la microestructura muscular, generando un efecto crioprotector en comparación con la carne no tratada.

Julián Guillermo León1*, Jairo Humberto López2, José Manuel Lozano3 and Adriana Patricia Muñoz-Ramírez4
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Freezing is generally used to preserve the sensory 
and nutritional quality of fish and their products 
(Gonçalves et al., 2012). However, it cannot mitigate 
physicochemical changes during storage (Benjakul 
and Visessanguan, 2011) due to a different freezing 
speed between the outside and the inside of the cell, the 
migration of moisture from the interior of the cell to the 
extracellular space is generated, resulting in the growth 
of ice crystals (Hunt and Park, 2014). The formation 
of ice crystals and temperature changes during frozen 
storage damage the structure of the meat, which causes 
alterations in the biochemical reactions that occur at the 
cellular level and affect its physical quality parameters 
(Velasco et al., 2010; Benjakul and Visessanguan, 
2011; Leygonie et al., 2012; Lee et al., 2017). These 
alterations, including the denaturation of the myofibrillar 
proteins, are associated with the loss of functional, 
nutritional and sensory properties of the meat, including 
gelling, emulsification, viscosity, solubility, and water 
holding capacity (Jacobsen et al., 2010; Andersen and 
Jørgensen, 2004; Lund and Baron, 2010; Nikoo et al., 
2016).

Myofibrillar proteins include contractile proteins such as 
myosin and actin, regulatory proteins such as tropomyosin 
and troponin, and other minor proteins (Harnedy and 
Fitzgerald, 2012). These are mainly responsible for the 
functional properties of meat, especially myosin (Watabe 
et al., 1992; Ramírez et al., 2000) and are prone to 
denaturation during long-term frozen storage (Goeller et 
al., 2004; Medina and Pazos, 2010). Changes that occur 
in fish muscle during frozen storage can be minimized 
using appropriate cryoprotective additives (Nikoo and 
Benjakul, 2015), which can protect tissue from freeze 
damage by mitigating the growth of ice crystals (Alvarez 
et al., 2010). It is known that cryoprotectants such as 
carbohydrates and polyols reduce denaturation of 
myofibrillar protein during frozen storage, maintaining 
functional properties in meat (Kittiphattanabawon et al., 
2012; Nikoo et al., 2016).

The yamú (Brycon amazonicus) is the most common 
species among the bryconids, native from the eastern 
Colombian plains, and the most explored for fish farming 
due to its omnivorous feeding habit, its rapid growth and 
nutritional efficiency, optimum taste of its meat, and its 
special characteristics for sport fishing (Arias, 2006). 

Yamú muscle is highly susceptible to quality loss induced 
during frozen storage. However, there are no studies on 
the effect of cryoprotectants on the fish’s meat during 
frozen storage. For that reason, this study aimed to 
determine the cryoprotective capacity of sorbitol when 
it is incorporated into the yamú muscle and subjected to 
different storage times and temperatures.

MATERIALS AND METHODS
Biological material
The yamú fish (Brycon amazonicus) were obtained from 
an aquaculture production farm located in the Municipality 
of Lejanías, Meta, Colombia (3°31'33.8"N, 74°01'20.9"W), 
with a variable temperature from 6 °C in the paramo to 
average temperatures of more than 24 °C in the plain. 
24 specimens of approximately 500 g each, fed with an 
artisanal diet, were sacrificed by thermal shock in ice 
water, eviscerated and immediately sent to the laboratory, 
kept packed in plastic bags under refrigeration at 4 °C in 
polystyrene refrigerators with ice for 4 h. Upon arrival, the 
specimens were washed with cold water (5±1.5 °C), and 
two fillets were obtained from each one.

Experimental treatments and sample preparation
The fillets were stored at 2±2 °C and -18±2 °C, for 24 
and 48 h with the injection of a 60% sorbitol solution 
(Sorbitol USP 70%, Ciacomeq SAS) until achieving an 
absorption of 5% (w/w). In total, eight treatments with 
three repetitions each were performed (Table 1).

Texture analysis
The texture was evaluated by a compression test using 
an electronic texturometer model Stable Micro System 
texture analyzer (TA.XT2, Surrey, England) (Larsson 
et al., 2014). All tests were done at refrigeration 
temperature (4 °C). Three cubes of 2 cm×2 cm×1 cm 
were taken from each fillet – the speed before the test: 
1.00 mm s-1, the speed of the test: 1.10 mm s-1 and the 
speed after the test: 10.00 mm s-1, the distance between 
the cylinder and the sample: 15.0 mm, and the sample 
compression: 40.0%.

Water holding capacity (WHC)
The water holding capacity (WHC) of the yamú meat 
samples was carried out following the methodology 
proposed by Sánchez-Alonso et al. (2012). Three grams 
of the sample were wrapped in filter paper (two filter papers 
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Table 1. Experimental design of the yamú’s meat (Brycon amazonicus) subjected to the incorporation or not of sorbitol at different times and 
temperatures of storage.

Whatman No. 1, 110 mm diameter) previously weighed, 
then they were introduced in a falcon tube and centrifuged 
for 15 min at 3000 g. After centrifugation, the papers were 

carefully removed and weighed. The WHC was expressed 
as a percentage of water retained by the sample after 
centrifugation.

Treatment 1 2 3 4 5 6 7 8

Sorbitol injection
without 
sorbitol

with 
sorbitol

without 
sorbitol

with 
sorbitol

without 
sorbitol

with 
sorbitol

without 
sorbitol

with 
sorbitol

Temperature 2±2 °C -18±2 °C 2±2 °C -18±2 °C

Storage time 24 h 48 h

pH measurement
The pH of the resulting suspension was measured with 
a calibrated pH meter after homogenizing 10 g of the 
sample with 100 mL of distilled water according to the 
methodology described by Mohan et al. (2007).

Optical microscopy
Samples were immersed in formalin buffer at 4% and 
embedded in paraffin. The plates with the extended 
sample were stained with Masson’s trichrome in order to 
highlight the collagen fibers. For this process, they were 
initially washed with distilled water and then immersed 
in Weigert’s Hematoxylin for 5 min, then washed with 
distilled water and immersed in Ponceau fuchsin for 5 
min, then immersed in phosphomolybdic acid for 5 min. 
This solution was transferred to a blue aniline solution 
for 5 min. Finally, the samples were analyzed with a 
microscope (Leica DM750 P, Leica Microsystems, 
Heerbrugg, Switzerland) and images were taken with 
different approaches (4X, 10X and 40X) (Castañeda et 
al., 2016).

Scanning electron microscopy (SEM)
The samples for this procedure were immersed in 
formalin buffer at 4%, then dried to critical point using 
the EK 3150 equipment for 15 min and then metalized 
with gold using an equipment Quorum Q150R ES, to 
proceed to the observation with a microscope SEM 
(FEI, Quanta 200 -r). The fish samples were mounted on 
individual supports. The images obtained were captured 
with magnitudes of 200X, 1000X and 4000X (Castañeda 
et al., 2016).

Protein extraction and quantification
Protein extraction was carried out by applying modifications 
to the method proposed by Cao et al. (2006). 1 g of 
sample was homogenized in an Ultra-turrax® IKA T-25 
USA homogenizer with four volumes of distilled-deionized 
water for 30 s and centrifuged at 5000 g and 4 °C for 5 
min, the supernatant was removed. The precipitate was 
washed with 50 mM sodium phosphate buffer (pH 7.5) 
for 30 s; then the homogenate was centrifuged at 5000 
g and 4 °C for 5 min, the precipitate was suspended in 
4 volumes of cold sodium phosphate buffer 50 mM (pH 
7.5), the centrifugation process was repeated twice, the 
supernatant was discarded, and one last centrifugation was 
performed at 3000 g for 15 min. The final precipitate was 
diluted with 50 mM phosphate buffer and 500 mM NaCl pH 
8.0. Each of the protein extracts was added with 5 μL 100 
mM iodacetamide and 25 μL Ethylenediaminetetraacetic 
acid (EDTA) 50 mM as enzyme inhibitors.

Quantification of each protein extract was carried out 
to standardize the amount of protein in each sample. 
Quantification of protein concentration was performed 
following the bicinchoninic acid (BCA) method, using a 
Pierce ™ BCA® Thermo Scientific protein determination 
kit for total protein counting. This method combines the 
protein reduction of cupric (Cu+2) to cuprous cations 
(Cu+1) in an alkaline medium and the reaction of green to 
purple color by the chelation of the BCA molecules with 
the cuprous ions. This water-soluble complex exhibits a 
strong absorbance at 562 nm that is almost linear with 
increasing protein concentrations in a range from 20 to 
2000 μg mL-1.
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Electrophoretic mobility profiles by SDS-PAGE
For the identification of myofibrillar protein profiles of yamú 
meat, polyacrylamide gel electrophoresis was carried out 
with an electrophoresis system (Mini-PROTEAN® Tetra 
Vertical Electrophoresis Cell, Bio-Rad, 25 USA). The 
separation gel was 7%, the concentration gel was 5% 
(w/v), the run buffer used was Tris-glycine pH 8.3. 30 μg 
of total protein of the protein extracts obtained from each 
sample were used. The separation was performed at a 
constant voltage of 120 V for the concentration gel and 100 
V for the resolution gel. A molecular weight standard from 
12 to 225 kDa was used, and the staining was performed 
with colloidal blue G-250 (CBB), which was prepared 
by diluting 125 g of CBB in 125 mL of isopropanol, then 
50 mL of glacial acetic acid was added, and a volume 
of 500 mL was completed with deionized distilled water 
(Laemmli, 1970).

Statistical analysis
A descriptive analysis was made by treatment to the data 
obtained for texture, water retention capacity, and pH, to 
explore measures of central tendency, dispersion, and 
atypical observations in the data. The eight treatments 
were analyzed according to a completely randomized 

design in a factorial arrangement 23, where the factors 
were storage temperature, time and use of sorbitol. 
Each treatment had three repetitions. An ANOVA was 
performed to determine whether there was a significant 
difference among the levels of each of the factors. 
When a difference was found between the levels of the 
factors, a Tukey test was performed to find which of the 
treatments had a significant difference. An ANOVA was 
performed for each response to establish the difference 
and interaction among factors. In the presence of 
interaction, the interaction graphs were constructed 
to be able to conclude on the best treatments. The R 
Studio 1.1.383® program (2017) was used.

RESULTS AND DISCUSSION
Texture analysis
The variance analysis performed for the texture 
parameters obtained indicate that there was a significant 
difference between treatments (P<0.05). The Tukey 
test suggests that the treatments subjected to the 
incorporation of sorbitol -18 °C for 24 and 48 h (T4 
and T8) obtained the highest compression force value 
and did not present significant difference among them 
(Figure 1). 

Figure 1. Variation of the compressive force of the yamu´s meat (Brycon amazonicus) subjected to the incorporation or not of sorbitol at 
different times and temperatures of storage. Different letters represent significant differences.

The incorporation of sorbitol and the storage time caused a 
significant difference (P<0.05) on the values of the texture 
of yamú’s meat, separately (P<0.05). In turn, its values 
presented a significant difference (P<0.05) due to the 
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interaction between the incorporation of the sorbitol and 
the storage temperature. It is noteworthy that the texture 
values are higher when the meat is treated with sorbitol 
and stored at -18 °C regardless the time it was stored 
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because the cryoprotectant acts only at freezing temperature, 
preventing the formation of intracellular or intercellular ice 
crystals that may affect the texture. The interaction (P<0.05) 
of the incorporation of sorbitol with the storage time made 

possible to observe that the texture of the meat is higher in 
all cases, in which sorbitol is incorporated, especially when 
compared with the meat that was stored for 48 h without 
the incorporation of the cryoprotectant (Figure 2).

Figure 2. Effect of the interaction between the incorporation or not of sorbitol at different storage times and temperatures of yamú’s meat 
(Brycon amazonicus) on the variable texture.
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The presence of interaction (P<0.05) between temperature 
and storage time indicates that the freezing temperature 
maintains a greater texture in the meat during 24 h of 
storage in comparison with the decrease in texture 
observed at 48 h of frozen storage, independently of 
the use or not of sorbitol. The effect of sorbitol is not 
visible when the meat is stored at a temperature of 2 
°C regardless of the storage time, 24h (T2) and 48 h 
(T6). Besides, significant texture loss was obtained in 
the treatments that did not use the sorbitol incorporation 
at 2 °C for storage time of 24 h (T1) and 48 h (T5); the 
same occurred to the 24 h storage at -18 °C without 
sorbitol (T3), and with an even higher loss when the 
meat was stored for 48 h at -18 °C without sorbitol (T7). 
However, when the incorporation of sorbitol was used at 
-18 °C for 24 h (T4), the highest compressive strength 
was obtained, although this is diminished at the 48 h 
(T8) of storage.

The results in the compression test show higher values 
in all treatments than those reported for fillets of the 
same species stored at -8 °C for 61 h (Castañeda et 
al., 2016) and for Brycon cephalus stored at -3 °C for 
12 h (Suárez Mahecha et al., 2006). These results may 
be influenced by the time elapsed from slaughter to 
storage, storage time, diet and treatment with sorbitol. 
However, the data are similar to those reported for 

Urophycis chuss treated with the incorporation of 
sorbitol and sodium tripolyphosphate (Bigelow and 
Lee, 2007).

The loss of texture is evident when the meat is subjected 
to -18 °C without the incorporation of sorbitol due to 
damages generated by the formation of intracellular 
and intercellular ice crystals that damage the muscular 
structure (Tomaniak et al., 1998; Leygonie et al., 2012); 
there is a higher damage as storage time elapses. On 
the other hand, the incorporation of sorbitol in the meat 
is effective when it is stored at a temperature of -18 °C, 
thus obtaining values of compressive strength above 
other treatments, with similar results to those obtained 
in Onchorynchus mykiss fillets, immersed in an 8% 
solution of sorbitol and sucrose and stored at -20 °C 
(Jittinandana et al., 2003).

Water holding capacity and pH
The analysis of variance performed for the WHC 
parameters obtained shows that there was a significant 
difference between treatments (P<0.05). The Tukey test 
indicates that the treatment subjected to 24 h at 2 °C 
without the incorporation of sorbitol (T1) obtained the 
highest WHC (70.4%), while the treatments T3 (-18 °C 
for 24 h) , T5 (2 °C for 48 h), and T7 (-18 °C for 48 
h), that also did not include the incorporation of sorbitol, 

   Sorbitol
------  With
____ Without

   Sorbitol
------  With
____ Without

   Time
------  24 h
____ 48 h
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presented statistical similarity among them and low WHC 
with values of 63.05, 65.7 and 62.01%, respectively. 
Being the lowest value, the one obtained for T7. The 
treatments that used the sorbitol incorporation T2 (2 °C 
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for 24 h), T4 (-18 °C for 24 h), T6 (2 °C for 48 h), and 
T8 (-18 °C for 48 h) had WHC values of 66.30, 66.47, 
63.46, and 66.92, respectively; these treatments were 
statistically similar except for T6 (Figure 3).

Figure 3. Variation of WHC of yamú’s meat (Brycon amazonicus) subjected to the incorporation or not of sorbitol at different storage times 
and temperatures. Different letters represent significant differences.

The interaction of the incorporation or not of sorbitol 
at different storage times and temperatures of yamú’s 
meat (Brycon amazonicus) affected the variable 
WHC (Figure 4). These values were influenced by 
temperature and storage time (P<0.05); the interaction 
between the incorporation of sorbitol with storage 
temperature also presented a significant effect 
(P<0.05) because the WHC presented the lowest 

value when the meat was stored at -18 °C without 
the incorporation of the cryoprotectant, while this 
characteristic remained when the meat was treated 
with sorbitol. The interaction between temperature and 
storage time (P<0.05) showed that, independently of 
the storage temperature, WHC decreases after 48 h 
for all treatments, especially for those who were not 
treated with sorbitol. 
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Figure 4. Effect of the interaction between the incorporation or not of sorbitol at different storage times and temperatures of meat of yamú 
(Brycon amazonicus) on the variable water holding capacity.
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WHC reported a significant reduction in all treatments, 
decreasing even more in those that did not have the 
inclusion of sorbitol. This reduction is explained by 
the injection of 5% (w/w) of the sorbitol solution that 
increased the moisture of the treated fillets. This 
decrease in WHC is due to the loss of functionality of cell 
membranes, which suffer irreversible damage during 
freezing, losing their rehydration capacity due to loss 
of lipid components (Seidel, 2006), and denaturation of 
myofibrillar proteins such as actin and myosin (Andersen 
and Jørgensen, 2004; Lund and Baron, 2010). The 
results of water retention capacity are related to the 
results obtained in the compression test, where the 
treatments that maintained the values of WHC (Figure 3) 
and obtained the highest values of compressive strength 

(Figure 1) were the same subjected to -18 °C under the 
incorporation of sorbitol after 24 and 48 h of storage.

The pH variation of yamú’s meat was subjected to the 
incorporation or not of sorbitol at different storage times 
and temperatures (Figure 5). The Tukey test showed 
that the treatment subjected to 2 °C for 24 h with the 
incorporation of sorbitol (T2) obtained the highest pH 
(6.17), followed by the treatment subjected to 2 °C for 48 
h with the incorporation of sorbitol (T6) with a pH value of 
6.08. The treatment subjected to -18 °C for 48 h without 
the incorporation of sorbitol (T6) was the one that obtained 
the lowest pH (5.93), which showed statistical similarity 
with the treatment without sorbitol incorporation at -18 °C 
for 24 h (T3), presenting a pH of 5.95.
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Figure 5. Variation of the pH of the yamú’s meat (Brycon amazonicus) subjected to the incorporation or not of sorbitol at different times and 
temperatures of storage. Different letters represent significant differences.

 Low pH was evidenced for the treatments without the 
incorporation of sorbitol at 2 °C and -18 °C for 24 h 
of storage (6.01 and 5.95 for T1 and T3 respectively) 
which decreases after 48 h of storage (5.98 and 5.93 
for T5 and T7 respectively). The pH for the treatments 
stored at -18 °C for 24 and 48 h with the incorporation 
of sorbitol (T4 and T8) was 6.00 (Figure 6), showing a 
statistical similarity between them.

The pH is higher when sorbitol is added to the yamú 
meat, regardless of the storage time. However, in 

the absence of sorbitol, storage at -18 °C causes a 
reduction in pH, especially when this is prolonged by 
48 h. The decrease in pH during storage indicates the 
transformation of muscle glycogen into lactic acid during 
the post-mortem stage (Einen et al. 2002). Similarly, a 
low pH is directly related to the loss of texture (Ang and 
Haard, 1985; Kiessling et al., 2004) due to the weakening 
of connective tissue and protein denaturation (Lavéty et 
al., 1988). The pH remains stable during storage for 48 
h when sorbitol is incorporated in the meat subjected 
to -18 °C. 
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Scanning electron microscopy
The treatments stored for 24 h at 2 °C with or without 
the incorporation of sorbitol (T1 and T2) showed the 
myofibrillar structure in its integral state without the 
separation of the myotomes, while a slight separation of 
them is observed in the treatments stored for 24 h at -18 
°C (T3 and T4). Besides, the changes in the organization 

Figure 6. Effect of the interaction between the incorporation or not of sorbitol at different storage times and temperatures of yamú’s meat 
(Brycon amazonicus) on the variable pH.

of muscle fibers were evidenced in treatments stored 
at 2 °C for 48 h (T5 and T6). For the treatment stored 
at -18 °C for 48 h (T7) showed a greater separation of 
myotomes and myofibrils than the treatment that had the 
incorporation with sorbitol at the same temperature and 
storage time conditions (T8), where the separation of the 
myofibrils was not so evident (Figure 7).

T8

FRESH 2 °C-24H 2 °C-24H-SORBITOL

-18 °C-24H -18 °C-24H-SORBITOL 2 °C-48H

2 °C-48H-SORBITOL -18 °C-48H -18 °C-48H-SORBITOL

Figure 7. Scanning electron microscopy (SEM) images of yamú meat (Brycon amazonicus), subjected to the incorporation or not of sorbitol 
at different storage times and temperatures.
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Optical microscopy
The cross sections of the muscle fibers show slight 
separation of the endomysium in treatments stored for 
24 or 48 h at 2 °C not treated with sorbitol (T1 and T5), 
whereas treatments with sorbitol incorporation under 
the same conditions did not present this separation. 
The structure of the endomysium was affected in 

larger areas in treatments subjected to -18 °C and not 
treated with sorbitol regardless of the storage time 
(T3 and T7) in addition to the presence of interfibrillar 
separations. Treatments subjected to -18 °C with sorbitol 
incorporation showed a lower separation of endomysium 
and interfibrillar spaces (T4), although slightly higher 
when storage was prolonged for 48 h (T8) (Figure 8). 

FRESH 2 °C-24H - SORBITOL2 °C-24H

-18 °C-24H -18 °C-24H-SORBITOL 2 °C-48H

2 °C-48H-SORBITOL -18 °C-48H -18 °C-48H-SORBITOL

Figure 8. Optical microscopy analysis of yamú meat (Brycon amazonicus), subjected to the incorporation or not of sorbitol at different storage  
imes and temperatures. 

The results obtained by optical microscopy and scanning 
electron microscopy showed the degradation of the 
connective tissue due to storage at low temperatures; 
especially at -18 °C, where the loss of interfibrillar 
tissue, spaces in the myocomata and the separation 
between myotomes are evident. Those changes in the 
microstructural tissue are associated with the detachment 
of the endomysium already reported for other species 
(Shigemura et al., 2003) and are independent of the 
storage time (Figure 4 and 5) . Similar results are reported 
for fillets obtained from the same species and stored at 
a temperature of -8 °C (Castañeda et al., 2016). These 
changes in muscle structure indicate the degradation of 

collagen due to storage at low temperatures, which has 
been reported for several species (Ando et al., 1991; 
Sato, et al., 1991; Sato et al., 1997; Shigemura et al., 
2003; Larsson et al., 2014). The formation of ice crystals 
during freezing damages the ultrastructure of the muscle of 
fish, which causes alterations in the biochemical reactions 
that occur at the cellular level and influence the physical 
quality parameters of the meat (Leygonie et al., 2012). 
However, the muscle structure was maintained in a better 
condition when the meat was treated under the same 
storage conditions and with the incorporation of sorbitol, 
finding less separation between myotomes and greater 
integrity of the interfibrillar tissue.
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Electrophoretic mobility profiles by SDS-PAGE
Up to 14 bands were detected in polyacrylamide gel 
electrophoresis (Figure 9). The bands with the highest 
molecular weight (243.54 and 220.93 kDa) were found in 
all treatments, with a higher intensity in treatments stored 
for 48 h (T5, T6, T7, and T8). In addition, bands with lower 
molecular weight (156.08 kDa, 104.39 kDa, 99.43 kDa, 
79.09 kDa, 76.72 kDa, 71.31 kDa, 67.51 kDa, 60.93 kDa, 
and 57.68 kDa) were found in all treatments, especially in 

those subjected to -18 °C (T3 and T4) and with a slightly 
higher intensity in treatments subjected to -18 °C for 48 
h without sorbitol incorporation (T7 and T8). Bands with a 
molecular weight of 45.76 and 43.96 kDa with low intensity 
were presented for treatments stored at 2 °C for 24 h (T1 
and T2). The same bands were slightly more intense for 
the treatments stored at -18 °C for 24 h (T3 and T4) and 
a higher intensity for the treatments stored at 2 and -18 
°C and with (T6 and T8) or without (T7).

MWM              T8        T7        T6        T5         T4       T3       T2        T1        F

RMM
kDa

243.54

220.93
156.0
104.39
99.43
79.09
76.72
71.31
67.51
60.93
57.68
45.76
43.06

23.12

kDa

225

150

102

76

52

38

31

24

Figure 9. SDS-PAGE gel electrophoresis of 7% acrylamide of protein extracts of yamú’s meat (Brycon amazonicus), subjected to the 
incorporation or not of sorbitol at different storage times and temperatures. MWM line: Molecular Weight Marker; RMM: Relative Molecular 
Mass.

Myofibrillar proteins include contractile proteins such as 
myosin and actin, regulatory proteins such as troponin, 
and other minor proteins (Harnedy and Fitzgerald, 
2012). Other authors have reported the molecular 
weight of some proteins present in fish meat, such as 
long chain myosin 200 kDa (Liu et al. 2013), α-actin 
105 kDa, troponin 78 kDa (Ladrat et al. 2003) and actin 
45 kDa (Cao et al. 2006). Bands with similar molecular 
weights can be observed in all treatments with a 
greater intensity in treatments stored for 48 h (T5, T6, 
T7, and T8) where the bands with similar molecular 

weights to heavy chain myosin (220.93 kDa), α-actin 
(104.39 kDa), troponin (79.09 kDa). and actin (45.76 
and 43.06 kDa) were maintained. On the other hand, 
bands with higher (243.54 kDa) and smaller molecular 
weight (156.08, 99.43, 76.72, and 23.12 kDa) were also 
found and are not present in the line corresponding to 
the analyzed protein profile of the fresh meat (F), and 
they have greater intensity at 2 °C and -18 °C for 48 
h of storage with the addition or not of sorbitol (T5, 
T6, and T7). It can be inferred that these bands are 
protein aggregates or partially degraded myofibrillar 
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protein fragments, which are largely responsible for 
the functional properties of meat during refrigerated or 
frozen storage (Mackie, 1993). The fragmentation or 
aggregation of the myofibrillar proteins generates losses 
of their functionality and solubility generating softening 
(Medina and Pazos, 2010; Nikoo et al. 2016; Leygonie 
et al. 2012), being lower in the treatment subjected to 
-18 °C for 24 h with the incorporation of sorbitol (T4).

SUMMARY
The yamú’s meat suffered a partial degradation of its 
myofibrillar proteins such as myosin, α-actin and actin, 
especially when it was not treated with sorbitol at freezing 
temperature (-18 °C), besides there were changes in 
the connective tissue, related to the loss of texture. 
The physicochemical properties evaluated in yamú’s 
meat were affected mainly by the interaction between 
temperature and storage time, while the incorporation 
of sorbitol and the storage temperature had a significant 
effect on the texture of yamú’s meat. The water holding 
capacity was significantly affected by the time and 
temperature of storage, and the pH of the meat was 
significantly affected by all the evaluated factors.

CONCLUSIONS
The main damages caused by the freezing of the 
muscular structure of the yamú’s meat are presented 
by the loss of the connective tissue and denaturation 
of the myofibrillar proteins, which generates the loss 
of functional characteristics such as texture and water 
holding capacity. The use of sorbitol at -18 °C minimized 
the negative effects of freezing on the characteristics 
of the yamú’s muscle, maintaining the muscular 
microstructure in a better condition, generating a 
cryoprotective effect compared to untreated meat.

REFERENCES
Alvarez MD, Fernández C and Canet W. 2010. Oscillatory 

rheological properties of fresh and frozen/thawed mashed potatoes 
as modified by different cryoprotectants. Food and Bioprocess 
Technology 3(1): 55-70. doi: 10.1007/s11947-007-0051-9

Andersen CM and Jørgensen BM. 2004. On the relation between 
water pools and water holding capacity in cod muscle. Journal of 
Aquatic Food Product Technology 13(1): 13–23. doi: 10.1300/
J030v13n01_03

Ando M, Toyohara H, Shimizu Y and Sacaguchi M. 1991. 
Post-mortem tenderization of fish muscle proceeds independently 
of resolution of rigor mortis. Nippon Suisan Gakkaishi 57(6): 1165–
1169. doi: 10.2331/suisan.57.1165

Ang JF and Haard NF. 1985. Chemical composition and 
postmortem changes in soft textured muscle from intensely feeding 
Atlantic cod (Gadius morhua, l). Journal of Food Biochemistry 9(1): 
49-64. doi: 10.1111/j.1745-4514.1985.tb00338.x

Arias JA. 2006. Estado actual del conocimiento sobre el yamú, 
Brycon amazonicus. Revista Colombiana de Ciencias Pecuarias 
19(2): 125–33. 

Benjakul S and Visessanguan W. 2010. Chapter 9: Impacts of 
freezing and frozen storage on quality changes of seafood. pp. 283–
306. In: Sakamon Devahastin (ed.). Physicochemical aspects of food 
engineering and processing. First Edition. CRC Press, Florida. 382 p.

Bigelow W and Lee C. 2007. Evaluation of Various Infused 
Cryoprotective Ingredients for Their Freeze–Thaw Stabilizing 
and Texture Improving Properties in Frozen Red Hake Muscle. 
Journal of Food Science 72(1): C056–C064. doi: 10.1111/j.1750-
3841.2006.00216.x

Cao MJ, Jiang XJ, Zhong HC, Zhang ZJ and Su WJ. 2006. 
Degradation of myofibrillar proteins by a myofibril-bound serine 
proteinase in the skeletal muscle of crucian carp (Carasius auratus). 
Food Chemistry 94(1): 7-13. doi: 10.1016/j.foodchem.2004.09.016

Castañeda D, Lozano J and Suárez H. 2016. Microstructural 
changes and the effect on myofibril proteins in yamú (Brycon 
amazonicus) fish meat during cold storage. Agronomía Colombiana 
34(3): 403-414. doi: 10.15446/agron.colomb.v34n3.61316

Einen O, Guerin T, Fjæra S and Skjervold P. 2002. Freezing of 
pre-rigor fillets of Atlantic salmon. Aquaculture 212(1-4): 129-140. 
doi: 10.1016/S0044-8486(01)00874-2

Goeller LM, Amato PM, Farkas BE, Green DP, Lanier TC and 
Kong CS. 2004. Optimization of incorporation of low-molecular-
weight cryoprotectants into intact fish muscle. Journal of Food 
Science 69(4): 164-171. doi: 10.1111/j.1365-2621.2004.tb06342.x

Gonçalves AA, Nielsen J and Jessen F. 2012. Quality of frozen 
fish. pp. 479-509. In: Nollet LML, Boylston T, Chen F, Coggins P, 
Hydling G, McKee LH and Kerth C (eds.). Handbook of meat, poultry 
and seafood quality. Second Edition. John Wiley & Sons Inc., Ames. 
576 p.

Harnedy PA and Fitzgerald RJ. 2012. Bioactive peptides 
from marine processing waste and shellfish: A review. Journal of 
Functional Foods 4: 6–24. doi: 10.1016/j.jff.2011.09.001

Hunt A and Park JW. 2014. Comparative study of sodium 
bicarbonate on gelling properties of Alaska pollock surimi prepared 
at different freezing rates. Journal of Food Quality 37(5): 349–360. 
doi: 10.1111/jfq.12099

Jacobsen C, Nielsen HH, Jørgensen B and Nielsen J. 2010. 
Chemical processes responsible for quality deterioration in fish. pp. 
439-465. In Skibsted LH, Risbo J and Andersen ML (eds.). Chemical 
deterioration and physical instability of food and beverages. First 
edition. Cambridge: Woodhead Publishing Limited, New Delhi. 763 
p. doi: 10.1533/9781845699260.3.439

Jittinandana S, Kenney P and Slider S. 2003. Cryoprotection 
affects physiochemical attributes of rainbow trout fillets. Journal of 
Food Science 68(4): 1208–1214. doi: 10.1111/j.1365-2621.2003.
tb09626.x

Kiessling A, Espe M, Ruohonen K and Mørkøre T. 2004. Texture, 
gaping and colour of fresh and frozen Atlantic salmon flesh as affected 
by pre-slaughter iso-eugenol or CO2 anaesthesia. Aquaculture 
236(1–4): 645-57. doi: 10.1016/j.aquaculture.2004.02.030.



8774

Rev. Fac. Nac. Agron. Medellín 72(1): 8763-8774. 2019

León JG, López JH, Lozano JM, Muñoz AP

Kittiphattanabawon P, Benjakul S, Visessanguan W and Shahidi 
F. 2012. Cryoprotective effect of gelatin hydrolysate from blacktip 
shark skin on surimi subjected to different freeze-thaw cycles. LWT 
- Food Science and Technology 47(2): 437–442. doi: 10.1016/j.
lwt.2012.02.003

Ladrat C, Verrez-Bagnis V, Noël J and Fleurence J. 2003. In 
vitro proteolysis of myofibrillar and sarcoplasmic proteins of white 
muscle of sea bass (Dicentrarchus labrax L.): effects of cathepsins 
B, D and L. Food Chemistry 81(4): 517-25. doi: 10.1016/S0308-
8146(02)00481-8

Laemmli U. 1970. Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4. Nature 227: 680–685.

Larsson T, Koppang EO, Espe M, Terjesen BF, Krasnov A, 
Moreno Conde HM, Rørvik KA, Thomassen, MS and Mørkøre T. 
2014. Fillet quality and health of Atlantic salmon (Salmo salar L.) 
fed a diet supplemented with glutamate. Aquaculture (426-427): 288-
295. doi: 10.1016/j. aquaculture.2014.01.034

Lavéty J, Afolabi OA and Love RM. 1988. The connective 
tissues of fish. International Journal of Food Science & Technology 
23(1): 23-30. doi: 10.1111/j.1365-2621.1988.tb00546.x

Lee J, Park HW, Jenkins R, Yoon WB and Park JW. 2017. Image 
and chemical analyses of freezing-induced aggregates of fish natural 
actomyosin as affected by various phosphate compounds. Food 
Bioscience 19: 57–64. doi: 10.1016/j.fbio.2017.06.007

Leygonie C, Britz TJ and Hoffman LC. 2012. Impact of freezing 
and thawing on the quality of meat: Review. Meat Science 91(2): 93-
98. doi: 10.1016/j.meatsci.2012.01.013

Liu D, Liang L, Xia W, Regenstein JM and Zhou P. 2013. 
Biochemical and physical changes of grass carp (Ctenopharyngodon 
idella) fillets stored at -3 and 0 °C. Food Chemistry 140(1–2): 105-14. 
doi: 10.1016/j.foodchem.2013.02.034

Lund MN and Baron CP. 2010. Protein oxidation in foods and 
food quality. pp. 33–69. In Skibsted LH, Risbo J and Andersen ML 
(eds.). Chemical deterioration and physical instability of food and 
beverages. First Edition. Woodhead Publishing Limited, New Delhi. 
824 p. doi: 10.1533/9781845699260.1.33

Mackie IM. 1993. The effects of freezing on flesh 
proteins. Food Reviews International 9(4): 575–610. doi: 
10.1080/87559129309540979

Medina I and Pazos M. 2010. Oxidation and protection of 
fish. pp. 91-120. In Decker E, Elias R and McClements DJ (eds.). 
Oxidation in foods and beverages and antioxidant applications. First 
Edition. Cambridge: Woodhead Publishing Limited, New Delhi. 552 
p. doi: 10.1533/9780857090331.1.91

Mohan M, Ramachandran D, Sankar T and Anandan R. 2007. 
Influence of pH on the solubility and conformational characteristics of 
muscle proteins from mullet (Mugil cephalus). Process Biochemistry 
42(7): 1056–1062. doi: 10.1016/j.procbio.2007.04.005

Nikoo M and Benjakul S. 2015. Potential application of 
seafood-derived peptides as bifunctional ingredients, antioxidant–
cryoprotectant: A review. Journal of Functional Foods 19(Part A): 
753–764. doi: 10.1016/j.jff.2015.10.014

Nikoo M, Benjakul S and Rahmanifarah K. 2016. Hydrolysates 
from marine sources as cryoprotective substances in seafoods and 
seafood products. Trends in Food Science & Technology 57(Part A): 
40–51. doi: 10.1016/j.tifs.2016.09.001

Ramírez JA, Santos IA, Morales OG, Morrissey MT and Vázquez 
M. 2000. Application of Microbial Transglutaminase to Improve 
Mechanical Properties of Surimi from Silver carp. Ciencia y Tecnologia 
Alimentaria 3(1): 21–28. doi: 10.1080/11358120009487644

Sánchez-Alonso I, Martinez I, Sánchez-Valencia J and Careche 
M. 2012. Estimation of freezing storage time and quality changes in 
hake (Merluccius merluccius, L.) by low field NMR. Food Chemistry 
135(3): 1626–34. doi: 10.1016/j.foodchem.2012.06.038

Sato K, Ohashi C, Ohtsuki K and Kawabata M. 1991. Type V 
collagen in trout (Salmo gairdneri) muscle and its solubility change 
during chilled storage of muscle. Journal of Agricultural and Food 
Chemistry 39(7): 1222–1225. doi: 10.1021/jf00007a005

Sato K, Ando M, Kubota S, Origasa K, Kawase H, Toyohara H, 
Sakaguchi M, Nakagawa T, Makinodan Y, Ohtsuki K and Kawabata 
M. 1997. Involvement of type V collagen in softening of fish muscle 
during short-term chilled storage. Journal of Agricultural and Food 
Chemistry 45(2):343–348. doi: 10.1021/jf9606619

Seidel GE. 2006. Modifying oocytes and embryos to improve 
their cryopreservation. Theriogenology 65(1): 228–235. doi: 
10.1016/j.theriogenology.2005.09.025

Shigemura Y, Ando M, Tsukamasa Y, Makinodan Y and Kawai 
T. 2003. Correlation of type V collagen content with postmortem 
softening of fish meat during chilled storage. Fisheries science 69(4): 
842–848. doi: 10.1046/j.1444-2906.2003.00696.x

Suárez Mahecha H, Pardo Carrasco SC, Beirão LH, de Francisco 
A and Okada Nagaky LL. 2006. Efecto de la súper refrigeración 
sobre la textura de la carne de matrinxã (Brycon cephalus). Revista 
Colombiana de Ciencias Pecuarias 19(2): 221–227.

Tomaniak A, Tyszkiewicz I and Komosa J. 1998. Cryoprotectants 
for frozen red meats. Meat Science 50(3): 365–371. doi: 10.1016/
S0309-1740(98)00043-6

Velasco J, Dobarganes C and Martinez-Ruiz G. 2010. Oxidative 
rancidity in foods and food quality. pp. 3-32. In: Skibsted LH, Risbo 
J and Andersen ML (eds.). Chemical deterioration and physical 
instability of food and beverages. First Edition. Woodhead Publishing 
Limited, New Delhi. 824 p.

Watabe S. Hwang GC, Nakaya M, Guo XF and Okamoto 
Y. 1992. Fast Skeletal Myosin Isoforms in Thermally Acclimated 
Carp. The Journal of Biochemistry 111(1):113-122. doi: 10.1093/
oxfordjournals.jbchem.a123706


