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ABSTRACT 

Dark muscle from yellowfin tuna is an important edible fish by-product. However, it has a low commercial value, and it 
is underutilized. The present study was conducted to establish the characteristic of this by-product. Myoglobin concen- 
tration in tuna dark muscle is high (9650.12 mg/kg). Total iron in tuna muscle was 32.11 mg/kg, higher than other ani-
mal foods like veal or pork, and heme iron concentration was 23.56 mg/kg (73.38% of the total iron), indicating a high 
bioavailability of heme iron in dark muscle from yellowfin tuna, which is a nutritional advantage. As for the techno- 
logical properties, yellowfin tuna dark muscle had a water holding capacity of 8.37 g water/g and oil holding capacity 
of 8.11 g oil/g. This indicates that tuna dark muscle has possible applications to elaborate products, such as emulsion- 
ated foods or cooked products, so its industrialization is possible. 
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1. Introduction 

Yellowfin tuna Thunnus albacares is an intensely ex- 
ploited fish. Large quantities of yellowfin tuna are com- 
mercially used in canned and dry-salted products, like 
cured tuna loin (a typical product from Spanish Southeast, 
called “mojama”) [1] and as sashimi, a delicate-tasting 
raw fish product popular in Korea and Japan. The use of 
yellowfin tuna as sashimi is increasing in several other 
countries, with an annual worldwide production of 3,400,000 
MT [2]. Yellowfin tuna industrialization is increasing 
fishery by-products. The amount of by-products pro-
duced during fish processing can be as high as 75% of 
the total weight of fish [3,4]. Some of the by-products are 
used to produce fish sauces and food products such as 
dry-salted roe, also could be used in animal feed, but 
much of it is discarded and is a source of environmental 
contamination. The amount of hazardous waste produced 
from fish processing has tended to increase annually [3]. 

Optimal utilisation of fishery by-products is becoming 
increasingly important [5]. Large quantities of protein- 
rich fish processing by-products are discarded as waste, 
without any attempt to recover the essential nutrients. 

This would cause serious disposal and pollution prob- 
lems, especially in developing countries. These wastes, 
which represent an environmental problem to the fishing 
industry, constitute an important source of proteins. Tra- 
ditionally, this material is transformed into fish flour to 
animal feed. Nevertheless, novel processing methods are 
required to convert fish by-products into more profitable 
and marketable products [6,7]. In other cases the fish wa- 
stes have been use to produce collagen, chondroitin sul- 
phate and gelatine which have indirect environmental 
benefits [5]. 

Fish muscle consists of light and dark muscle, the dark 
muscle is a band of dark tissue that lies beneath the skin 
throughout the body. In tuna, dark muscle is also located 
near the backbone. Although generally the relationship 
between light and dark muscle varies with the fish active- 
ity, fatty fish contains higher proportion of dark muscle, 
reaching values up to 48% [8], like in yellowfin tuna. 
This is because the fatty fish are migratory species, so 
they need more fat, glycogen and myoglobin for their 
long journeys. There are many differences in the chemi-  
cal composition of the two types of fish muscle, but the 
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most important are the high fat and heamopigments con- 
tent in dark muscle. Consequently, the higher lipid con- 
tents, less stable proteins, greater concentrations of heme 
proteins, lower ultimate pH values, higher concentrations 
of sarcoplasmic proteins of dark muscle have been sug- 
gested to contribute to the difficulties in its industrializa- 
tion and making high-quality products from raw material 
containing high contents of dark muscle. Because of this 
it is considered as a by-product of the tuna industry [4-9]. 

Yellowfin tuna dark muscle (“sangacho” in Spanish) is 
not commonly used by the canned and dry-salted tuna 
fish industry [10], being a by-product for these industries. 
However, the characteristics of yellowfin tuna dark mus- 
cle (DM) that make it not acceptable for these industries 
(strong dark color and highly susceptible to lipid oxida- 
tion speeding up its deterioration) [11] could give it a 
high nutritive value, even higher than that of light muscle. 
Fish dark muscle contains many n-3 polyunsaturated fa- 
tty acids (n-3 PUFA) such as icosapentaenoic acid (EPA: 
C20:5n-3) and docosahexaenoic acid (DHA:C22:6n-3). 
These fatty acids have various bioactive functions, such 
as anti-cancer activity, recovery from heart failure, atte- 
nuation of cerebrovascular disease, and anti-arterioscl- 
erosis action [12]. Dark muscle is also a high source of 
iron which is an essential mineral. When it is as heme 
iron is several times more absorbable than non heme iron 
present in other foods [13]. 

Several methods have been successfully applied to 
preserve fish and to extend the shelf life of fish products 
but none has been tested to use in DM [14]. The aim of 
this paper was to characterize (chemical, physicochemi- 
cal and microbiologically) the yellowfin tuna dark mus- 
cle to determine their possible industrialization and thus 
exploit by-products from the tuna industry. 

2. Materials and Methods 

2.1. Raw Material 

The raw material (frozen tuna dark muscle) was obtained 
from a local fish manufacturer. It had been rapidly frozen 
at –40℃ and then stored at –18℃ for 1 month. It was 
transported to the pilot plant facilities of the IPOA Res- 
earch Group, at the Universidad Miguel Hernández (Ori-
huela, Alicante, Spain) in refrigerated conditions (4℃). 
Tuna dark muscle was thawed before each analysis in 
chill storage (4℃) over night. 

2.2. Proximate Composition 

For all chemical analysis, samples were grounded in an 
electric mini food chopper Moulinex 390 (Moulinex, Paris, 
France). Moisture, ash, protein and fat content were de- 
termined by AOAC methods 24.003, 24.009, 24.027 and 
24.005, respectively [15]. 

2.3. Technological Properties 

2.3.1. Physicochemical Analysis 
The pH was measured using a pH-meter (Mod. pH/Ion 
510, Eutech Instruments Pte Ltd., Singapore) by AOAC 
method 14.022 [15]. Water activity (Aw) was determined 
in a Novasina Thermoconstanter Sprint TH-500 (Pfäf- 
fikon, Switzerland) at 24.9℃. The CIELAB color space 
was selected for color determination. Color measures 
were made using a spectrophotometer Minolta CM-2600d 
(Minolta Camera Co. Osaka, Japan), with D65 as illumi- 
nant and an observer angle of 10˚. Low reflectance glass 
(Minolta CR-A51/1829-752) was placed between the sa- 
mples and the equipment. The CIELAB coordinates stud- 
ied were: Lightness (L*), co-ordinate red/green (a*) and 
co-ordinate yellow/blue (b*) [16]. 

2.3.2. Functional Properties 
Water-holding capacity (WHC) and oil-holding capacity 
(OHC) were determined according to El Khalifa et al. 
[17]. For the water holding capacity (WHC), 1 g of sam- 
ple was placed in previously weighted centrifuge tubes, 
and 14 mL of water was added. For the oil holding ca- 
pacity (OHC), 14 mL of sunflower oil was added. Both 
samples were stirred in a tube stirrer and kept at rest for 30 
min at room temperature before being centrifuged at 5,000 
× g for 25 min. The excess of water or oil was removed by 
tube inversion over tissue paper. The difference between 
the sample’s weight before and after water or oil absorp- 
tion was taken as the amount of water or oil absorbed. 
WHC was expressed as g of water held per g of sample, 
and OHC was expressed as g of oil held per g of sample. 
Water adsorption capacity (WAdC) and water absorption 
capacity (WAbC) were determined according to Vázq- 
uez-Ovando et al. [18]. Water absorption capacity (WAbC) 
is indicative of a structure’s aptitude to spontaneously 
absorb water when placed in contact with a constantly 
moist surface or when immersed in water, while the wa- 
ter adsorption capacity (WAdC) is the ability of a struc- 
ture to spontaneously adsorb water when exposed to an 
atmosphere of constant relative humidity. It is initially a 
surface phenomenon but, at higher hydration levels, ab- 
sorption can occur inside the structure, leading to swell-
ing and eventual solubilization [18]. WAdC was ex- 
pressed as g of water adsorbed per g of sample, and 
WAbC was expressed as g of water absorbed per g of 
sample. Emulsifying activity (EA) and emulsion stability 
(ES) were evaluated according to Chau et al., [19] with 
slight modifications. 100 mL of 2% (w/v) sample susp- 
ension in water was homogenized at 11000 rpm for 30 s 
at room temperature, using a homogenizer IKA T-25. 
100 mL of sunflower oil was then added and homoge- 
nized for another 1 min. The emulsions were centrifuged 
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in 10 mL graduated centrifuged tubes at 1200 g for 5 min, 
and the volume of the emulsion left was measured. Tem- 
perature was controlled during the emulsion formation. 
EA was calculated as volume of emulsified layer/volume 
of whole layer in centrifuge tube × 100. To determine the 
thermal emulsion stability (ES), emulsions prepared by 
the above procedures were heated at 80℃ for 30 min, 
cooled to room temperature, and centrifuged at 1200 g 
for 5 min. ES was calculated as volume of remaining em- 
ulsified layer/original emulsion volume × 100. 

2.4. Oxidation Parameters 

2.4.1. Lipid Oxidation 
Lipid oxidation was assessed by the 2-thiobarbituric acid 
(TBA) method following the recommendations of Buege 
and Aust [20]. TBARS values were calculated from a sta- 
ndard curve of malonaldehyde (MA) and expressed as mg 
MA/kg sample. 

2.4.2. Haemopigments Oxidation 

2.4.2.1. Myoglobin(Mb) and Metmyoglobin (MMb) 
Myoglobin and metmyoglobin wer determinate accord-
ing to Krywicki [21]. Five g of minced meat was used to 
determine MMb concentration in each sample. Myoglo- 
bin was extracted with cold 0.04 M phosphate buffer, pH 
6.8, with a sample to buffer ratio of 1:10. Samples were 
homogenized for 15 s with an Ultraturrax homogenizer 
T20 Standard (IKA, Staufen, Alemania) at speed 13500 
rpm. The homogenates were then centrifuged for 30 min 
at 5000 rpm. The absorbance of the filtered supernatant 
was read at 525, 572 and 730 nm. Mb was determining 
using the formula of Krywicki [21]: 
Mb (mg/kg) = (A525 – A730) × 2,303 × 5 (dilution factor) 

× 1000; 
and percentage MMb was determining using the formula 
of Krywicki [21]: 

MMb (%) = 1.395 – ((A572 – A730)/(A525 – A730)) × 100 
Samples were kept on ice at all points during the assay. 

2.4.2.2. Total Iron 
Total iron concentration was determined in wet-ashed 
samples using the ferrozine assay [22]. 
Heme iron 
Heme iron was determined using the method of Hornsey 
[23]. Total pigments, as acid hematin, were calculated 
using the formula: 

Total pigment (ppm) = A640 × 680; 
and heme iron was calculated as follows [24]: 

Heme iron (ppm) = total pigment (ppm) × 8.82/100 

2.5. Microbial Analysis 

Serial dilutions of samples were prepared in sterile pep- 
tone water for most microbial determinations and in the 

De Man, Rogosa, Sharpe (MRS) broth for lactic acid ba- 
cteria counts. Total viable counts (TVC) were deter- 
mined by plating the diluted samples on TVC 3 M Petri- 
film plates followed by incubation at 35℃ for 48 h; 
lactic acid bacteria (MRS broth) and anaerobic bacteria on 
TVC 3M Petrifilm plates incubated at 37℃ for 48 h in 
anaerobic conditions; psychotrophic bacteria on TVC 3 M 
Petrifilm plates incubated at 7℃ for 10 days; entero- 
bacteria on 3 M Petrifilm plates for enterobacteria in- 
cubated at 37℃ for 24 h; Staphylococcus aureus on 3 M 
Petrifilm Staph express plates incubated at 37℃ for 24 
h; Clostridium perfringens on SPS agar at 37℃ for 24 h 
in anaerobic conditions; and moulds and yeasts on Rose 
Bengal Agar with Chloramphenicol incubated at 28℃ for 
5 days. 

2.6. Statistic 

All tests were carried out in triplicate (4 × 3 = 12 sam- 
ples). Results are expressed as means ± standard devia- 
tions (SD). All statistics were performed using a SPSS 
statistics packaged software (SPSS 16.0 for Windows, 
SPSS Inc., Chicago, Illinois). 

3. Results and Discussion 

3.1. Proximate Composition 

The results for proximate composition of yellowfin tuna 
dark muscle are shown in Table 1. Tuna dark muscle 
showed similar fat and protein content than values re- 
ported by Saito et al. [25] (4.3 g fat/100 g and 26.4 g 
protein/100 g), but lower moisture content (71.9 g wa- 
ter/100 g). Proximate composition of the yellowfin tuna 
dark muscle was similar to those of other tuna fish, like 
bonito fish Sarda sarda [26] and wild Pacific bluefin tuna 
Thunnus orientalis [12]. However, it is difficult to com- 
pare composition data from different fish muscles be 
cause there are a lot of factors that can modify it. Fur- 
thermore, those of identical fish species are also affected 
by season, sea area, age and physiological stage [9,11]. 

3.2. Technological Properties 

3.2.1. Physicochemical Properties 
Table 2 shows the physicochemical properties of DM. 

 
Table 1. Proximate composition of yellowfin tuna dark 
muscle (DM) (g/100 g). 

Component DM 

Moisture 67.03 ± 0.97 

Protein 26.92 ± 0.27 

Fat 4.87± 0.74 

Ash 0.97 ± 0.05 
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Table 2. Physicochemical properties of tuna dark muscle 
(DM) (mean  sd). 

Parameter DM 

Water activity (25ºC) 0.990  0.001 

pH (15ºC) 5.36  0.01 

L* 27.05  2.07 

a* 6.84  0.93 

b* 3.21  0.81 

 
The water activity of this muscle was 0.990. As regards 
the pH, the value was 5.36. In fish, the decrease in pH 
after slaughter is lower than in meat, contributing to the 
high perishable condition of this food. In many fish spe- 
cies, the postmortem pH is higher than 6 because the low 
carbohydrate content in muscle leads to low production 
of lactic acid postmortem [27]. However, in this experi- 
ment, the pH was not near to neutrality, it could be due to 
microbial growth, as lactic acid bacteria (Table 5). Mi- 
croorganisms originally located on the fish skin, gills and 
intestinal tract can contaminate the tissues during fillet- 
ing [4]. The high water activity of DM may also reflect 
greater water availability for microbial growth. A high 
pH and water activity together with the storage under 
refrigerated conditions, which are closed to the tempera- 
tures of the natural habitat of tuna [9], provides favour- 
able conditions for the growth of present microbiota and 
determines an extremely short self-life. 

Colour is one of the most important quality parameters 
in food. In the CIE L*, a*, b* system, L* denotes light- 
ness on a scale from 0 to 100 from black to white; a* 
denotes (+) red or (-) green; and b* denotes (+) yellow or 
(-) blue [16]. The values of L*, a* and b* coordinates for 
tuna dark muscle were lower than those reported by 
Sanchez-Zapata and Pérez-Álvarez [8] for tuna muscle 
although in this case no separation between light and 
dark muscle was made before color measurement. 

Onyango et al. [28] studied the colorimetric coordi- 
nates of loin meat from different animals (cow, zebra, 
oryx and kongoni) and determined the myoglobin content 
of these meats. The results of this study indicated that 
there was an inverse correlation between lightness (L*) 
and myoglobin content (y = –2.24x + 51.2; where y = 
lightness (L*) and x = myoglobin content (mg/g)). Ap- 
plying this relationship to the lightness of tuna dark mus- 
cle, it would be expected a myoglobin content of 10.78 
mg/g. This myoglobin concentration would be approxi- 
mately three times the concentration of myoglobin de- 
termined by Onyango et al. [28] in cow, which would 
agree with the work of Kanoh et al. [29], which deter- 
mined that the concentration of myoglobin in the tuna 

muscle was 3-14 times higher than regular content in 
mammal muscle. The myoglobin content determinates in 
this experiment (9.65 mg/g) was near to the myoblobin 
content obtained by Onyango et al. [28] formula. 

3.2.2. Functional Properties 
The water-holding capacity (WHC) is one of the most 
important quality parameters of meat and fish products, 
because of reduced weight loss during cutting and storage, 
and improved ability of meat to retain water during 
processing. The WHC of DM (Table 3) was high (8.37 g 
water/g sample), compared to the WHC of horse mack- 
erel fillet Trachurus mediterraneus (0.99 g water/g sam- 
ple) [30], and other fish by-products like protein fractions 
generated from hydrolysed cod Gadus morhua (0.70 g 
water/g sample) [5] and enzymatic hydrolysates from 
Bluewing searobin Prionotus punctatus (2.37) [31]. This 
indicates that DM has possible applications to elaborate 
products such as emulsifyed foods or cooked products 
because binding capacity of emulsion results from dena- 
turation and decreased solubility proteins. Once fat is 
coated, the emulsion is stabilized. Heating the emulsion 
coagulates the protein and stabilizes the emulsion so that 
the protein holds the fat in suspension. Emulsion stability 
is influenced by the WHC of the product, and the me- 
chanical and heat treatment. Formation of a protein ma- 
trix is one of the main factors contributing to creating of 
a successful emulsion [32]. 

DM had a higher OHC that the cod fish by-products [5] 
and the bluewing searobin by-products [31]. The high 
OHC in DM, compared to the values of OHC found in 
the literature [5,31], is attributed mostly to physical en- 
trapment of the oil, and thus the higher bulk density of the 
protein [33]. Fat-binding capacity of DM correlates with 
surface hydrophobicity and by the fat content [5,33]. In 
cod, Šlžiytė et al. [5] reported that higher amounts of 
lipids causes a higher fat absorption ability and a positive 
relationship (r2 = 0.90) between fat absorption and the 
amount of phospholipids was observed in this fish sam- 
ples. OHC is important to flavour retention and product 
yield, especially for cooked products, which normally 
lose fat during cooking [33]. Due to its high OHC, DM is 
a potential fish ingredient to elaborate cooked products, 
but not for fried products since it would provide a greasy 
sensation. 

The water absorption and adsorption capacities of DM 
are presented in Table 3. The DM had a water absorption 
capacity of 0.33 g water/g product. DM water adsorption 
capacity was 0.14 g water/g product. The water absorp- 
tion capacity and water adsorption capacity from tuna 
dark muscle could be due to the amount and type of pro- 
tein present in tuna dark muscle. Each type of food pro- 
tein has a unique molecular structure that determines its 
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functional properties, in addition to a range of environ- 
mental conditions over which it exhibits such properties. 
The functional properties of proteins in a food system 
depend in part on the water-protein interaction, and the 
final outcome greatly depends on how well the protein 
binds and holds water in a food system [33]. 

Emulsifying capacity is a molecule’s ability to act as 
an agent that facilitates solubilisation or dispersion of 
two immiscible liquids, and emulsion stability is the abil- 
ity to maintain an emulsion and its resistance to rupture 
under heating [18]. Table 3 shows the emulsifying activ- 
ity (EA) and emulsion stability (ES) of DM. Emulsifying 
activity of DM was 16.84 mL/100 mL and its emulsify- 
ing stability was 100 mL/100 mL. The amount of proteins 
and amino acids in fish products seems to be important for 
emulsification capacity. It was observed that the EA val- 
ues increased with increasing protein content in cod by- 
products; however, a relationship between amount of pr- 
eins and stability of emulsions was not found in this pro- 
ct [5]. EA and ES of DM are higher than cod by-products 
[5]. 

The proteins of fish muscle tissue are usually grouped 
into three categories: sarcoplasmic proteins (25-30%), 
myofibrilar proteins (70-80%) and stromal proteins from 
connective tissue (3%) [9]. The current theory of gel 
formation from fish muscle proteins holds that a high 
concentration of salt (NaCl) is required to solubilize the 
myofribillar proteins, particularly miogobin and actomy- 
in, which can then gel on heating as the proteins denature, 
interact, and aggregate. The dark muscle has been rep- 
ted to contain higher concentrations of sarcoplasmic pro- 
ins than the light muscle [4]. The high protein content of 
DM (26.92 g/100 g w. b.) would explain its high EA and 
ES, since most proteins are strong emulsifying agents [5]. 
It is noted that DM may be used to elaborate emulsifyed 
products with heat treatment because DM has an elevated 
stability to the heat treatment. The mechanism of binding 
between chunks of fish is a heat-initiated reactions. The 
mechanism is similar to the mechanism acting in heat- 
nitiated emulsion-stabilization in emulsions products. In 
the heat-nitiated reaction, a concentrated emulsion forms 
between fish chunks and acts to bind adjacent pieces. A 
protein matrix develops and upon heating acts as a stable 
binder between fish pieces [32]. 

3.3. Pigment and Lipid Oxidation 

Table 4 shows the mean and standard deviation of the 
determinations of lipid and pigment oxidative parameters 
(total Fe, Fe heme, myoglobin, % metmyoglobin and 
content in 2-thiobarbituric acid (TBA) in tuna dark mus- 
cle Thunnus albacares. TBA value was 1.23 mg malon- 
aldehide/kg sample; total iron content was 32.11 mg Fe 

/kg sample; heme iron content was 23.56 mg Fe/kg sam-
ple; myoglobin content was 9650.12 mg/kg sample and 
metmyoglobin was 91.44% of myoglobin content. 

Pigment and lipid oxidation are major deteriorative 
reactions in meat and meat products during storage. They 
are responsible for a significant loss in quality character- 
tics such as colour, flavour, texture and nutritive value 
[34]. The relationship between oxidation of lipids and 
hemigments has been well documented in fresh meat 
during storage [35]. However, the cause-effect relation- 
ip between the two processes is not completely clarified 
and it is not known when or whether lipid oxidation 
causes pigment oxidation or vice versa. 

The tuna dark muscle is rich in iron, according to the 
values obtained in this work (Table 4), because the val- 
ues are higher than those determined by Lombadi-Boccia 
et al. [13] in beef (20.9 mg/kg), in chicken (5.9 mg/kg) or 
in pork (4.2 mg/kg), and even to those obtained by 
Fernández-Lopez et al. [36], in ostrich liver (25.10 mg/ 
kg). The iron content of tuna dark muscle is also higher 
than in fish other species such as mackerel (30 mg/kg), 
herring (11 mg/kg), cod (9 mg/kg) or trout (4 mg/kg) 
[37]. This would be due to the increased concentration of 
myoglobin [13] in tuna, as the work of Kanoh et al. [29], 
which stated that the concentration of myoglobin in fresh 
tuna is 3-14 times higher than that normally found in 
meat of slaughter animals. 

Foods from animal origin are, in diet, the main source 
of highly bioavailable iron [13]. The bioavailability of ir-  

 
Table 3. Functional properties of tuna dark muscle (DM) 
(mean  sd). 

Parameter DM 

WHC (g water/g sample) 8.37  0.07 

OHC (g oil/g sample) 8.11  0.01 

WAbC (g water/g sample) 0.33  0.18 

WAdC (g water/g sample) 0.14  0.04 

EA (%) 16.84  0.45 

ES (%) 100  0.00 

WHC: water-holding capacity; OHC: oil-holding capacity; WAbC: water 
absorption capacity; WAdC: water adsorption capacity; EA: emulsifying 
activity; ES: emulsion stability. 

 
Table 4. TBA, total Fe, heme Fe, % metmyoglobin and my-
oglobin content in tuna dark muscle (DM) (mean  sd). 

Parameter DM 

TBA (mg malonaldehide/kg sample) 1.23  0.04 

Total Fe (mg Fe/kg sample) 32.11  0.01 

Heme Fe (mg Fe/kg sample) 23.56  1.07 

Myoglobin (mg/kg sample) 9650.12  1910.35 

Metmyoglobin (%) 91.44  3.01 
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Table 5. Microbial counts in yellowfin tuna dark muscle 
(DM) (log colony forming units (CFU)/g  sd). 

MICROORGANISM log CFU/g  sd 

Total viable counts 4.11  0.05 

Molds and yeasts Absence in 0.1 g 

Psycotrophic bacteria 4.72  0.05 

Enterobacteriaceae 2.62  0.08 

Lactic bacteria 3.54  0.01 

Clostridium sulfitorreductores 3.03  0.10 

Staphylococcus aureus 2.14  0.12 

 
on is considered to be the proportion of iron from food, 
or ingested as a supplement, which is absorbed and util- 
ized by the human body. Iron deficiency is currently the 
most important nutritional deficiency in the world and it 
is particularly severe in developing countries [13]. This 
stems partly from a poor diet or a diet in which the bio- 
availability of iron is low. The total iron in the diet can 
be divided into heme and non-heme fraction, meat (in- 
cluding fish) is the sole source of heme iron. Heme iron 
has much greater bioavailability than non-heme. It is 
very important to have accurate knowledge of total iron 
levels and its chemical forms (heme, non-heme) in food, 
since there is a big difference in the availability of the 
heme and non-heme iron. The estimate amount of bioa- 
vailable iron in the diet depends largely on the accuracy 
of the determinations in heme iron content. Furthermore, 
an accurate knowledge of the concentration of heme iron 
in food, is extremely important because it allows to de- 
termine the storage stability of a food product, since the 
non-heme iron (released from the pigment) is a major 
lipid oxidation catalysts [13]. Therefore, the study of the 
ratios of heme and non-heme iron in the tuna muscle is of 
primary importance that the form of non-heme iron has 
greater ability to promote oxidation reactions than heme 
iron [38]. Heme iron concentration in tuna muscle was 
23.56 mg/kg of sample and total iron was 32.11 mg/kg of 
sample, therefore, the amount of non-heme iron present in 
tuna would be 8.55 mg/kg of sample, which represents a 
26.62% total iron, as against 73.38% constituting the 
he-me iron, indicating a high bioavailability of heme iron 
in raw tuna. However, the treatments that tuna suffers dur- 
ing processing (heating fundamentally) can affect the bio- 
availability of iron [13,39]. 

The concentration of myoglobin determined in DM 
tuna samples (Table 4) is high when compared with that 
present in the dark muscle of other fish species such as 
mackerel (0.39 mg/g) or black marlin (0.51 mg/g) [40] 
and even certain animals for slaughter as veal or pork, and 
is close to the estimated value (10.78 mg/g) by the On- 
yango et al. [28] formula. This high myoglobin concen- 

tration is also responsible for the high content of heme 
iron in the samples, as has been discussed previously. In 
addition, the metmyoglobin content of the sample (rep- 
resented as % of total myoglobin) was high (91.44%). 
Myoglobin of tuna muscle is highly susceptible to lipid 
oxidation [41], and this reaction is also favored by the 
process of freezing and thawing to which our samples 
were subjected, making the muscle to oxidize rapidly, 
thus favouring the formation of metmyoglobin. 

The lipid oxidation is a major cause of deterioration in 
the quality of animal products, both meat and fish. In this 
study, the TBA value of DM was 1.23 mg MA/Kg sam- 
ple. This would indicate that there have been oxidation 
reactions in the lipid fraction of tuna, which would cause 
increased levels of oxidation as well as by exposure to 
oxygen and muscle lipase activity. This could also be due 
to greater concentration of fat in the tuna muscle. These 
oxidation reactions would be further promoted by the 
presence of iron in muscle and its prooxidant role [41]. 

3.4. Microbiological Quality 

DM microbial counts are showed in Table 5. Total vi-
able counts were 4.11 log CFU/g; molds and yeast absen- 
ce in 0.1 g; psycotrophic bacteria counts were 4.72 log 
CFU/g; enterobacteriaceae counts were 2.62 log CFU/g; 
lactic bacteria counts were 3.54 log CFU/g; Clostridium 
sulfite reductor counts were 3.03 log CFU/g and Staphy- 
lococcus aureus counts were 2.14 log CFU/g. 

The postmortem degradation of marine species is very 
fast, first caused by endogenous enzymes and, secondly, 
by endogenous microorganisms or contaminants from the 
raw materials or incorporated during processing [42]. 
Total viable counts (TVC; log CFU/g) in tuna dark mus- 
cle were similar to those of fresh yellowfin tuna [43]. 
Guizani et al. [44], reported that aerobic mesophilic bac- 
teria and aerobic psychrotrophic bacteria dominate the 
microbiota on yellowfin tuna, as has been observed in 
DM. Because of the high water and protein content and 
neutral pH, dark muscle is an ideal medium for psycro- 
trophic bacterial growth. These seafood bacteria have an 
optimum growth of 20-25℃ but have the ability to grow 
at refrigeration temperature, although at lower rate [4]. 
However, reported counts did not exceed upper Spanish 
legal limits for fresh fish [45] which are 106 CFU/g of 
TVC, and are far below the limit of 107 CFU/g that indi- 
cates the spoilage of a food International Commission on 
Microbiological Specifications for Foods (ICMSF). 

Barros-Velázquez et al. [42] obtained lower counts in 
whole fish kept under refrigeration on board than the 
observed in DM. Probably this is because to obtain DM, 
tuna has undergone a process of gutting, freezing and 
thawing. Enterobacteria, E. coli, lactic acid bacteria (LAB) 
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and Clostridium provide information on fish contamina-
tion and spoilage. Reported counts are moderate, as En- 
terobacteria counts are under the Spanish legal limit of 
103 CFU/g of fish for Enterobacteria. No other microor- 
ganisms are regulated by Spanish laws in fresh raw fish. 
E. coli and St. aureus are over the legal limits for ready 
to eat fishery products (10 CFU/g and 102 CFU/g, re- 
spectively) but both groups would be eliminated by heat 
treatment and would pose no risk for consumers. Counts 
of E. coli and Clostridium sp. evidence fecal contamina- 
tion, probably from gutting process and handling. LAB 
counts, together with Enterobacteria counts would indi- 
cate early stages of microbial spoilage. Molds and yeasts 
were not detected in DM. Overall microbial quality of 
this by-product is acceptable as it may not be directly 
consumed but used for food formulation and processing 
including heat treatment. 

4. Conclusion 

Yellowfin tuna dark muscle has a high nutritive value 
refereed to its total iron content and that it is mainly in 
the form of heme iron (73.45%) which has a high 
bioavailability. It sow high values for important techno- 
logical properties as water holding capacity (8.37 g wa- 
ter/g), oil holding capacity (8.11 goil/g), emulsifying 
activity (16.84 mL/100 mL) and emulsifying stability 
(100 mL/100 mL), that make it appropriate to elaborate 
products requiring hydration and viscosity development, 
such as emulsionated foods or cooked products. Because 
its technological properties show that heat-induced gela- 
tion and changes in viscoelastic properties of the protein 
matrix are related to development of characteristic tex- 
tures in fish product and to binding between pieces and 
emulsion stabilization. Myosin forms an irreversible gel, 
which is initiated by heat. The gel has a high WHC and 
strong elastic properties. After gel is formed no syneresis 
takes place, probably as a result of interaction stability. 
The mechanism of myosin gelation seems to involve 
formation of bonds that are not rupture by heat [32]. 
However, TBA value of dark muscle is high (1.23 mg 
MA/Kg) which means that there have been oxidation 
reactions in the lipid fraction of tuna. 

These nutritive and technological characteristics of 
yellowfin tuna dark muscle indicate that is suitable as 
raw material for the food industry, despite having a high 
tendency to lipid oxidation. This could be avoided by 
preserving the product under conditions that prevent the 
lipids oxidation (such as modified atmosphere packaging) 
or by adding antioxidants during food processing. 
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