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SUMMARY

The global increase in population has caused a rise in the 
food demand and seafood is no exception. This has led to an 
overexploitation of commonly consumed species, and new spe-
cies have been proposed to satisfy current demands. One such 
species is the giant squid. This species has a great potential due 
to its intrinsic characteristics. This fishing resource is one of the 
most important in Mexico, but only 10-20% of the catch is con-

sumed domestically. The rest is exported to Asian countries, with 
minimal added value. In this sense, integral uses of this resource 
must be considered, as the mantle, fins, head and viscera can be 
used for different purposes. In this review, we summarize the ma-
jor characteristics of squid proteins and their application as food 
ingredients, in aquaculture and in other practical applications, as 
well as what has been and is being done in the industry.
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for product development (Encinas-Arzate 
et  al., 2014). However, the local popula-
tion prefers other species such as 
shrimp, shark (cazón), ray, and other 
fish, and thus giant squid is highly un-
derutilized, with only 10-20% of the 
catch being consumed in Mexico. The 
rest is exported fresh, fresh-frozen or 
cooked-frozen to other countries, mainly 
to Asian markets, with minimum pro-
cessing and very low added value. It is 
therefore important to add value to this 
resource, so as to gain a better perspec-
tive of consumption and better prices. 
Recent efforts have developed val-
ue-added products in which jumbo squid 
could be used (Campo-Deaño et  al., 
2009). The characteristics of the squid’s 

mantle (white, lean, no bones or scales) 
make it a good alternative for protein 
concentrates, which could be used for 
manufacturing surimi. The mantle and 
by-products could also be used to ob-
tain protein hydrolysates, collagen and 
pigments, while the viscera are rich in 
enzymes and lipids. Numerous studies 
have been made of these by-products to 
reach a more integrated approach to 
this resource, but more research is still 
necessary, especially in the develop-
ment of value-added products. The aim 
of this review is to summarize some of 
the studies leading to solutions for a 
better use of squid proteins and 
by-products regarding the current state 
of the industry.

he giant squid (Dosidicus 
gigas) is an abundant re-
source found in the pela-

gic zone of the Eastern Pacific and is the 
largest and most abundant squid species 
from Chile to the Northwest coast of the 
United States (Nigmatullin et  al., 2001). 
In Mexico, it is abundant in the Gulf of 
California (Markaida, 2005).

This species has many 
outstanding characteristics that are im-
portant to consumers, including high 
yields after gutting because the viscera 
only account for 10%, easy evisceration, 
lean white flesh without bones or scales, 
and low cost (Campo-Deaño et  al., 
2009). These features make the giant 
squid an attractive cephalopod species 
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Giant Squid Generalities

Squid muscle is a source 
of high-quality protein because it is readi-
ly digestible and possesses all of the es-
sential amino acids. Appropriate process-
ing of jumbo squid muscle can result in 
enriched products. However, attempts to 
process jumbo squid have failed because 
of scarce knowledge of its physiological 
and intrinsic characteristics (De La 
Fuente-Betancourt et  al., 2009). The high 
proteolytic activity in the mantle (Konno 
et  al., 2003) results in functional differ-
ences of protein concentrates made of 
squid mantle compared to other marine 
species. However, most studies reporting a 
rapid quality loss worked with squid that 
was frequently subjected to poor post- 
capture management; for example, speci-
mens left in piles without evisceration or 
cooling treatment for several hours, 
sometimes reaching temperatures up to 
35ºC (Márquez-Ríos et al., 2007).

Mantle composition

The squid mantle is com- 
posed of five different tissue layers 
(Martínez et  al., 2000), where bands are 
divided into two types: circumferential, 
composed of fibers running around the 
entire circumference of the mantle cone, 
and radial, composed of fibers that con-
nect two tunics of connective tissue. The 
exterior tunic is made of collagen fiber la- 
yers adjacent to an external layer of con-
nective tissue fibers, which are located un-
der the skin (Otwell and Giddings, 1980).

The general chemical 
compositions of the mantle, fins and ten-
tacles are similar to those of non-fat fish-
es. However, squid muscle fibers and con-
nective tissue are stronger than those of 
fish muscle and their arrangement is also 
very different (Stanley and Hultin, 1984; 
Sugiyama et  al., 1989). It contains a dif-
ferent class of myofibrillar proteins that 
are more water soluble and have a differ-
ent organization, being less susceptible to 
freezing and more prone to thermal dena-
turation ( Kolodziejska et al., 1999).

Protein composition

Proteins from squid man- 
tle muscle differ from those of marine 
vertebrates. The myofibrillar fraction con-
stitutes ~75-85% of it, with myosin as its 
major component followed by actin and 
paramyosin, the latter being particularly 
common in marine invertebrates and can 
represent up to 25% of themyofibrillar 
proteins (Sikorski and Kolodziejska, 1986; 
Cortez-Ruiz et  al., 2008). Sarcoplasmic 
proteins represent ~15% of the total, and 

has endogenous proteolytic activity that 
could be responsible for the high rate of 
autohydrolysis (Arias-Moscoso et  al., 
2014; Sánchez-Sánchez et  al., 2014). An 
important difference in relation to other 
marine organisms is the higher stromal 
fraction, composed primarily of connec-
tive tissue and representing 11% of all 
proteins (in fish muscle it amounts to 
2-3%). These differences are primarily re-
lated to the physiological needs of the jum-
bo squid, such as their high energy move-
ments needed for locomotion (Macgillivray 
et  al., 1999; Kier and Curtin, 2002; Kier 
and Thompson, 2003). To propel itself 
through the water using jet propulsion, an 
elastic but also strong mantle is necessary, 
which results in the fiber crosslinking and 
the high amounts of collagen found in the 
skin and mantle.

Protein Characteristics and 
Opportunities

High proteolytic endogenous activity

Cephalopods typically ha- 
ve a high level of proteolytic activity, 
higher than most fish species (Stanley 
and Hultin 1984; Kolodziejska et  al., 
1987; Hurtado et  al., 1999). For this rea-
son D. gigas muscle undergoes intense 
proteolysis immediately after capture 
(Nagashima et  al., 1992; Gómez-Guillén 
et  al., 1996). However, the high endoge-
nous enzymatic activity reported in giant 
squid muscle (Ayensa et  al., 2002; 
Ezquerra-Brauer et  al., 2002; Gómez-
Guillén et  al., 2002; Ruiz-Capillas et  al., 
2003) could be taken advantage of in or-
der to recover soluble proteins from squid 
by-product by auto hydrolysis, which 
could be used for aquaculture feed.

Obtention of auto hydro-
lysates is advantageous since one of the 
most expensive ingredients in feed pro-
duction is protein, and different protein 
sources are used to reduce costs. Protein 
hydrolysates possess healthy and nutra-
ceutical properties and have been used as 
food supplements (Haard, 2001). This 
would be particularly valuable in a start-
er diet for fish larvae since they are un-
able to digest and assimilate nutrients ef-
ficiently (Lian et  al., 2005). Sánchez-
Sánchez et  al. (2014) compared the hy-
drolysates of head, tentacles and skin 
from jumbo squid by-products, obtained 
by auto-hydrolysis (55ºC, pH 5.0) and a 
chemical-enzymatic process (45ºC, pH 
2.5 and pepsin). After 90min, 18-30kDa 
proteins were observed in both processes, 
indicating that endogenous enzymatic ac-
tivity in giant squid is enough to obtain 
hydrolysates with good characteristics. 
This was confirmed by Arias-Moscoso 

et  al. (2014), who obtained hydrolysates 
of skin, head and fins jumbo squid, at 
two different pH values (5.0 and 7.0) by 
means of its endogenous proteases. Both 
treatments exhibited similar degradation 
patterns, with <45kDa proteins observed 
after 120min of hydrolysis. Endogenous 
proteases in squid by-products can pro-
duce hydrolysates with useful properties, 
resulting in a higher yield at pH 7.0. It 
was hypothesized that this type of hydro-
lysate could be used in shrimp feed 
due to its characteristics (González-Félix 
et  al., 2014). The authors evaluated the 
use of squid hydrolysates obtained by ac-
id-enzymatic hydrolysis and auto hy- 
drolysis as ingredients in shrimp (Litope- 
naeus vannamei) diets at 2.5 and 5.0% 
dry weight. There was significantly high-
er crude protein in shrimp muscles with 
the highest hydrolysate levels (5%). No 
effect on growth or survival was ob-
served, indicating that they could be uti-
lized to partially replace sardine fishmeal 
in aquafeed. The authors concluded that 
hydrolysates from jumbo squid by-prod-
ucts can be potentially utilized in fish-
meal for the aquafeeds industry.

Squid hydrolysates can 
also be used as organic fertilizers, which 
are naturally low in nitrogen (N) and 
rely on microbial activity to mineralize 
organic N into plant-available forms. 
Hydrolysates, can improve their quality 
because N is released more slowly from 
organic sources over longer periods of 
time as compared to synthetic fertilizers 
(Fetter et  al., 2013). Organic fertilizers 
have the potential to increase soil fertili-
ty and soil organic matter content (SOM) 
on the long term (Booze-Daniels and 
Schmidt, 1997; Nardi et  al., 2004). The 
conversion of squid by-products into or-
ganic fertilizer may present a solution to 
problems with high disposal costs for 
squid processors. The high N content 
(75% dw) associated with squid by-prod-
ucts, suggests their potential to develop a 
marketable product from waste (Fetter 
et al., 2013).

Peña-Cortés et  al. (2010) 
studied the effect of the hydrolysate ob-
tained from squid waste using alcalase as 
a proteolytic enzyme (55ºC, pH 7.5). The 
hydrolysate was applied through irriga-
tion because it appeared to have a nega-
tive effect on plants vegetative tissues 
when applied directly. The use of hydro-
lyzed waste irrigation solutions caused an 
increment in the foliar diameter of treat-
ed plants, increasing whith higher diges-
tion time and hydrolysate concentration. 
Seed yields were also significantly differ-
ent in treated plants.

Fetter et  al. (2013) pre-
pared granular and liquid squid fertilizer 



522 AUGUST 2016, VOL. 41 Nº 8

from head, fin, viscera, mantles and tenta-
cles to evaluate their effectiveness com-
pared with synthetic fertilizer on soil fer-
tility and turfgrass quality. Organic fertil-
izers are often presumed to increase soil 
PO4 concentrations (Wright et  al., 2008), 
which can increase the risk of environ-
mental pollution (Ginting et  al., 2003). 
However, this was not the case in the 
present study. An important parameter is 
microbial activity, closely related to soil 
fertility through mineralization of organic 
forms of nutrients from SOM and dead 
microbial biomass into plant-available in-
organic forms of nutrients (Frankenberger 
and Dick, 1983). Both liquid formulations 
produced significantly higher microbial 
activity than the granular products, proba-
bly as a result of the decreased time and 
lower energy required for microbes to 
break them down. Also, squid hydroly-
sates produced higher microbial activity 
values compared with the synthetic for-
mulations (Fetter et al., 2013).

Regarding turf quality, it 
displayed uniformity and density along 
with high clipping production, which re-
flects sufficient N availability (Turgeon, 
2012). When quality was examined over 
the entire study period, there were no sig-
nificant differences among the four prod-
ucts (synthetic and squid hydrolysates, 
both liquid and granular). Thus, the use of 
squid-based products offer a turf quality 
comparable to synthetic fertilizers. Overall 
data suggest that squid hydrolysate can be 
effective as an organic fertilizer applied to 
turfgrass, either in liquid or granular state. 
It consistently provided high-quality, and 
uniform turf when compared with syn-
thetic fertilizers applied at the same level 
(Fetter et al., 2013).

Thermal instability

Thermal stability is es-
sentially the resistance of the protein 
molecule to unfolding as a result of any 
thermal treatment (Bernal et  al., 1987). 
Myofibrillar proteins in the muscles of 
several species form aggregates between 
40-60ºC, but in giant squid unfolding be-
gins at 30-32ºC, followed by protein as-
sociation at 45-50ºC (Kristinsson and 
Rasco, 2000; Tornberg, 2005; Tolano-
Villaverde et  al., 2013). This behavior is 
unexpected, because giant squid dwells 
in warm waters and their proteins should 
have higher thermal stability.

This instability could be 
related to the low content of sulfhydryl 
groups present in the myosin molecule, 
which have been reported at ~0.9mol/105g 
of protein, whereas most fish species con-
tain around ~4.8mol/105g of protein. 
Sulfhydryl groups confer stability, so lo- 

wer values would make the molecule less 
stable (Murrieta-Martínez et  al., 2015). 
Myosin is the main component of the 
myofibrillar fraction, which makes up 
the majority of muscular proteins. 
Nevertheless, the instability may also be 
related to a high autolytic activity. Squid 
mantle muscle contains endogenous meta- 
lloproteinases that selectively degrade 
myosin molecules into heavy meromyosin 
(HMM) and light meromyosin (LMM) 
(Yoshioka et al., 2005).

However, even when 
marine proteins are known for their ther-
mal instability, squid proteins in particu-
lar have shown a high stability under 
freezing, which can compensate the be-
havior previously reported.

High solubility

Functional properties of 
seafood muscle are highly related to pro-
tein solubility (Valencia-Pérez et  al., 
2008). All publications on the solubility 
of giant squid proteins (Borderias and 
Montero, 1985; Sato et  al., 1991; Ando 
et  al., 1999, 2001; Enzinas-Arzate et  al., 
2014) have concluded that muscular pro-
teins in squid are highly soluble and, 
thus, conventional washing processes 
used to produce surimi from fish are not 
a viable alternative for obtaining protein 
concentrates from this species (Sánchez-
Alonso et  al., 2007). Even when most 
proteases and all compounds producing 
an undesirable odor and bitter taste are 
removed, a large portion of the myo-
fibrillar proteins are solubilized and 
washed away, reducing the total protein 
yield (Palafox et al., 2009).

This behavior has been 
reported by Rocha-Estrada et  al. (2010), 
who evaluated several properties from 
squid mantle and fin proteins under oper-
ational variables, particularly pH and ionic 
strength. They found that solubility was a 
requisite for useful protein properties. For 
example, a homogenate with highly solu-
ble protein is expected to have a high 
foaming capacity. The SDS-PAGE pattern 
showed the presence of the myosin heavy 
chain (MHC) in the sarcoplasmic fraction, 
indicating high solubility of squid myofi-
bril proteins even at low ionic strength. 
This phenomenon is of particular interest 
for processes that involve washing with 
water, as in surimi production. If squid 
muscle is washed with water to isolate 
myofibril proteins, the MHC fibers could 
be lost by solubilization.

Galvez-Rongel et  al. 
(2014) compared acidic (AcPC), alkaline 
(AkPC), isoelectric (IPC) and neutral 
(NPC) protein concentrates and reported 
that during protein fractionation at low 

ionic strength (I= 0.05), the soluble pro-
tein fraction was 4.98 ±0.09%, 7.7 ±0.2% 
and 5.83 ±0.84% for AcPC, IPC and 
AkPC, respectively. However, even though 
most of the sarcoplasmic fraction was re-
moved, NPC still contained a high 
amount of soluble protein with values of 
20.5 ±1.5%. This confirms the high solu-
bility of squid mantle protein, previously 
documented in other studies (Cortes-Ruiz 
et al., 2008; Dihort-Garcia et al., 2011).

Encinas-Arzate et  al. 
(2014) evaluated washing with different 
ionic strengths (I= 0.0, 0.1 and 0.3) and 
reported high solubility of myofibrillar 
proteins from squid muscle at low ionic 
strengths. Similar results were reported 
by Gomez-Guillen et  al. (1996), who 
studied the solubility of squid mantle 
protein (D. gigas) as a function of tem-
perature and ionic strength. These re-
searchers detected the presence of elec-
trophoretic bands corresponding to actin, 
tropomyosin and low molecular weight 
proteins at 0.05M NaCl. They concluded 
that the removal of sarcoplasmic proteins 
by increasing ionic strength also gradual-
ly removed myofibrillar proteins because 
of their high solubility.

Stability under freezing

In cephalopods, the my-
ofibrillar proteins are highly resistant to 
freeze-induced denaturation (Moral et al., 
1983). Gómez-Guillén et  al. (2003) deter-
mined changes in the functional and 
chemical properties of squid muscle pro-
teins during 10 days of chilled (2ºC) and 
30 days of frozen (-20ºC) storage. 
Functionality, apparent viscosity and ex-
tractability of proteins were not affected; 
even thermal behavior remained relative-
ly stable. The SDS-PAGE profile showed 
MHC degradation and its further disap-
pearance, but paramyosin and actin re-
mained stable and were unaffected 
during the entire study, confirming the 
freezing stability previously reported.

This property, as stated 
above, may prove useful for the develop-
ment of value-added products such as 
protein concentrates, imitation of restruc-
tured fish fillets and emulsified-gel pro- 
ducts where preserving the gelling capac-
ity of the muscle is essential even after 
the freeze-thaw processes. Without the 
use of cryoprotectants, most muscles lose 
functionality when frozen because of 
protein denaturation and/or aggregation 
(García-Sánchez et  al., 2015), but this is 
not the case for giant squid muscle. 
Additionally, as raw material, giant squid 
would be an ideal target for these types 
of products due to its high post-process 
yield, low fat content, white muscle, scale- 
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less, boneless and good organoleptic char-
acteristics (Campo-Deaño et al., 2009).

García-Sánchez et  al. 
(2015) noted that the gelling capacity of 
the jumbo squid muscle was maintained 
even after frozen storage without the use 
of cryoprotectants. They evaluated the 
effect of freezing (-20ºC) and thawing 
(4ºC) on protein denaturation and gelling 
capacity the D. gigas mantle muscle. In a 
differential scanning calorimetry study, 
they observed similar patterns in Tmax 
and enthalpy and no denaturation in any 
of the thermograms, suggesting a high 
stability of squid muscle proteins. In- 
creased surface hydrophbicity (SoANS) 
values suggested that proteins had un-
folded due to freezing, but increases in 
enthalpy suggested protein aggregation. 
They hypothesized that the interactions 
formed among proteins were reversible. 
Finally, the quality of gels as determined 
by a folding test, water holding capacity 
(WHC) and texture profile analysis 
(TPA) were not affected by any treat-
ment. With this evidence, they concluded 
that freezing for up to 30 days does not 
affect squid muscle proteins or their gell-
ing capacity, and squid muscle should be 
prioritized over other muscle types as a 
raw material for value-added products.

This resistance to freez-
ing can be explained by the presence of 
paramyosin (Iguchi et  al., 1981), a pro-
tein present only in marine species that 
decreases the rate of protein denatur-
ation. Paramyosin is found in greater 
amounts in squid, representing ~14% of 
the myofibrillar fraction. This could ex-
plain the freeze resistance reported in 
squid proteins.

However, gels made from 
giant squid (D. gigas) have lower gel 
strength than the ones made from other 
fish species (Sánchez-Alonso et al., 2007). 
Additionally, application of the traditional 
surimi process to squid results in a con-
centrate with reduced functional-techno-
logical quality and low yield (Matsumoto, 
1958). The acidic/alkaline solubilization 
process developed by Hultin and Kelleher 
(1999, 2000) is a better option to obtain 
protein concentrates from this species. 
Under acidic conditions (pH= 3), the con-
centrates display high gel strength, elastic-
ity, and cohesiveness (Cortés-Ruiz et  al., 
2008) while alkaline dissolution (pH= 10) 
promotes autolysis of the myosin heavy 
chain and low water retention, resulting in 
better protein solubility and similar pro-
tein recovery as under acidic conditions. 
On the other hand, the gel-forming capac-
ity was improved over traditional methods 
(Dihort-García et al., 2011).

Another option is the 
use of differential ionic strength process, 

during the preparation of protein concen-
trates to discard sarcoplasmic proteins. 
However, myofibrillar proteins can sup-
port low levels of sarcoplasmic proteins 
without affecting the resulting gel proper-
ties. Encinas-Arzate et  al. (2014) used 
NaCl solutions of different ionic strengths 
(I= 0.0, 0.1, and 0.3) to obtain three pro-
tein concentrates. They found that hard-
ness increased when I increased, as well 
as S-S bond formation, during thermal ge-
lation. This indicates that removal of sar-
coplasmic proteins as a function of I re-
sults in better quality gels.

Jumbo squid proteins 
can also be an important protein source 
incorporated into food products, either as 
a raw material or as protein supplement 
(Palafox et  al., 2009). An example of this 
is the use of squid protein as a flour addi-
tive. Similar studies have been carried out 
by Ramírez-Suarez et al. (2012), who add-
ed lyophilized jumbo squid fin (JSF) and 
mantle (JSM) to commercial wheat flour 
and evaluated the effects on the resulting 
dough and bread properties. The addition 
of JSF and JSM during dough production 
increased resistance to mixing, likely as a 
consequence of the strengthening of the 
protein network by the animal protein. 
However, stronger dough does not neces-
sarily produce a larger bread loaf; a bal-
ance between dough strength and extensi-
bility is required (Wrigley et  al., 2005). 
The most relevant characteristic was the 
bread loaf protein content, which was sig-
nificantly different from the control. The 
control samples contained 92.8 ±6.0g·kg-1 
protein, while the samples with squid 
muscle, either JSF or JSM at 50g/kg, had 
higher contents of ~105.8 ±3.4g·kg-1, which 
represents an important nutritional advan-
tage. Furthermore, the sensory analysis 
showed acceptable results for this type of 
bread when there was an addition of 
25g·kg-1 of JSF or JSM (protein content 
was still higher than the control, 98.8 
±1.0g·kg-1), being a good option for a val-
ue-added product (Ramírez-Suarez et  al., 
2012). Matrel Foods S.A.C. has already 
developed a bread enriched with squid 
flour as the base, but they only worked 
with the mantle region. This new product 
is distinguished by its high protein content 
(86% vs 8% in common bread), level of 
unsaturated fat, and source of w3 and w6 
fatty acids (Anonymous, 2007).

Squid flour (called CPP-
Lamolina) has been produced since 2001 
by the Universidad Nacional Agraria La 
Molina, Peru, and it is used in several 
enriched foods for human consumption. 
This concentrate comes from the mantle 
region and has a high protein content of 
~85%, whereas similar products such as 
milk powder and eggs only contain up to 

26% and 12.5%, respectively. It is also 
shelf-stable and contains w3 fatty acids. 
CPP-Lamolina can be incorporated as an 
ingredient without impacting the appear-
ance, smell or flavor of food products 
and is currently being added to products 
such as enriched bread, noodles, choco-
late coated flakes, and wheat flour 
(Roldán-Acero, 2007).

Conclusions

Value-added products ha- 
ve received great attention in recent 
years. One of the most prominent uses of 
squid proteins is the production of pro-
tein concentrates from the mantle, fins or 
tentacles. Thus, there are many uses for 
this organism, like a protein-rich additive 
for bread making or the obtention of pro-
tein hydrolysates for aquaculture feed 
and for the elaboration of organic fertil-
izers. Other possibilities (not reviewed in 
this work) include the characterization of 
fatty acids from the viscera, chitosan 
from the pen, and pigment recovery. This 
review presented the major characteris-
tics of squid proteins and some applica-
tions for them. More uses of this re-
source must be considered, and the man-
tle, fins, head and viscera should be used 
for different purposes.

REFERENCES

Ando M, Ando M, Tsukamasa Y, Makinodan Y, 
Myoshi M (1999) Muscle firmness and 
structure of raw and cooked arrow squid 
mantle as affected by freshness. J. Food 
Sci. 64:  659-662.

Ando M, Ando M, Makino M, Tsukamasa Y, 
Makinodan Y, Miyosh M (2001) Interde- 
pendence between heat solubility and pyrid-
inoline contents of squid mantle collagen. J. 
Food Sci. 66: 265-269.

Anonymous (2007) Pan de Calamar Gigante lle-
ga a la Mesa Familiar en Perú. http://ali-
mentariaonline.com/2007/04/27/pan-de-cala-
mar-gigante-llega-a-la-mesa-familiar-en-pe-
ru/ (Cons. 01/15/2014).

Arias-Moscoso JL, Maldonado-Arce A, Rouzaud-
Sandez O, Márquez-Ríos E, Torres-Arreola 
W, Santacruz-Ortega H, Gaxiola-Cortés MG, 
Ezquerra-Brauer JM (2014) Physicochemical 
characterization of protein hydrilysates pro-
duced by autolisis of jumbo squid (Dosidicus 
gigas) byproducts. Food Biophys. 10: 145-154.

Ayensa MG, Montero P, Borderías AJ, Hurtado 
JL (2002) Influence of some protease inhib-
itors on gelation of squid muscle. J. Food 
Sci. 67: 1636-1641.

Bernal VM, Smajda CH, Smith JL, Stanley DW 
(1987) Interactions in protein/polysaccharide/
calcium gels. J. Food Sci. 52: 1121-1125/1136.

Booze-Daniels JN, Schmidt RE (1997) The Use 
of Slow Release Nitrogen Fertilizers on the 
Roadside: A Literature Review. Virginia 
Transportation Research Council. Charlottes- 



524 AUGUST 2016, VOL. 41 Nº 8

ville, VA, EEUU. www.filebox.vt.edu.aniel/
pdf/Slow%20N%202.pdf

Borderias AJ, Montero P (1985) Changes in fish 
muscle collagen during frozen storage. Sci. 
Tech. Froid. 4:  85-92.

Campo-Deaño L, Tovar C, Pombo MJ, Solas T, 
Borderías AJ (2009) Rheological study of 
giant squid surimi (Dosidicus gigas) made 
by two methods with different cryopro-
tectants added. J. Food Eng. 94:  26-33.

Cortés-Ruiz JA, Pacheco-Aguilar R, Lugo-
Sánchez ME, Carvallo-Ruiz MG, García-
Sánchez G (2008) Production and functional 
evaluation of a protein concentrate from gi-
ant squid (Dosidicus gigas) by acid dissolu-
tion and isoelectric precipitation. Food Chem. 
110:  486-492.

De la Fuente-Betancourt G, García-Carreño F, 
Navarrete Del Toro MA, Córdova-Murueta 
JH (2009) Effect of pH and temperature 
on jumbo squid proteins. J. Food Biochem. 
33:   260-272.

Dihort-Garcia G, Ocano-Higuera VM, Ezquerra-
Brauer JM, Lugo-Sanchez ME, Pacheco-
Aguilar R, Barrales-Heredia SM, Marquez-
Rios E (2011) Production and functional 
evaluation of a protein concentrate from gi-
ant squid (Dosidicus gigas) obtained by al-
kaline issolution. CyTA-J. Food 9:  171-179.

Encinas-Arzate JJ, Ezquerra-Brauer JM, Ocaño-
Higuera VM, Ramirez-Wong B, Armenta-
Villegas L, Torres-Arreola W, Marquez-Rios 
E (2014) Effect of ionic strength on soluble 
protein removal from giant squid mantle 
(Dosidicus gigas) and functional evalua- 
tion of protein recovery. Food Sci. Technol. 
23:  401-407.

Ezquerra-Brauer JM, Haard NF, Ramírez-Olivas 
R, Olivas-Burrola H, Velazquez-Sanchez CJ 
(2002) Influence of harvest season on the 
proteolytic activity of hepatopancreas and 
mantle tissues from jumbo squid (Dosidicus 
gigas). J. Food Biochem. 26: 459-475.

Fetter JC, Brown RN (2013) Effectiveness of 
squid hydrolysate as a home lawn fertilizer. 
HortScience, 48: 380-385.

Frankenberger Jr WT, Dick WA. (1983). 
Relationships between enzye activities and 
microbial growth and activity indices in 
soil. Soil Sci. Soc. Amer. J. 47: 945-951.

Galvez-Rongel A, Ezquerra-Brauer JM, Ocaño-
Higuera VM, Ramirez-Wong B, Torres-
Arreola W, Rouzaud-Sandez O, Márquez-
Ríos E (2014) Methods to obtain protein 
concentrates from jumbo squid (Dosidicus 
gigas) and evaluation of their functionality. 
Food Sci. Technol. Int. 20:  109-117.

García-Sánchez G, Sotelo-Romero CR, Pacheco-
Aguilar R, Ramírez-Suárez JC., Sotelo-
Mundo R, Scheuren-Acevedo SM, García-
Sifuentes CO, Martínez-Porchas M (2015) 
Effect of freezing on protein denaturation 
and gelling capacity of jumbo squid 
(Dosidicus gigas) mantle muscle. LWT-Food 
Sci. Technol. 60: 737-742.

Ginting D, Kessavalou A, Eghball B, Doran JW 
(2003) Greenhouse gas emissions and soil in-
dicators four years after manure and compost 
applications. J. Environ. Qual. 32: 23-32.

Gómez-Guillén C, Solas T, Borderías J, Montero 
P (1996) Effect of heating temperature and 
sodium chloride concentration on ultrastruc- 

ture and texture of gels made from giant 
squid (Dosidicus gigas) with addition of 
starch, i-carrageenan and egg white. Z. 
Lebensm. Unters. For. 202: 221-227.

Gómez-Guillén M, Hurtado J, Montero P (2002) 
Autolysis and protease inhibition effects on 
dynamic viscoelastic properties during ther-
mal gelation of squid muscle. J. Food Sci. 
67: 2491-2496.

Gómez-Guillén O, Martínez-Alvarez O, Montero 
P (2003) Functional and thermal gelation 
properties of squid mantle proteins affected 
by chilled and frozen storage. J. Food Sci. 
68: 1962-1967.

Gómez-Guillén C, Solas T, Borderías J, Montero 
P (1996) Ultrastructural and rheological 
changes during the gelation of giant squid 
(Dosidicus gigas) muscle. Z Lebensm Unters 
Forsch. 202:  215-220.

González-Félix ML, Perez-Velazquez M, Ezquerra- 
Brauer JM, Bringas-Alvarado L, Sánchez-
Sánchez A, Torres-Arreola W (2014) 
Evaluation of jumbo squid (Dosidicus gigas) 
by-product hydrolysates obtained by ac-
id-enzymatic hydrolysis and by atohydroly-
sis in practical diets for Pacific white 
shrimp (Litopenaeus vannamei). Food Sci 
Technol. 34:  552-558.

Haard NF (2001) Enzymatic modification of 
food proteins. In Sikorski Z (Ed.) The 
Chemical and Functional Properties of 
Food Proteins. Technomic. Lancaster, PA, 
USA. pp. 155-190.

Hultin HO, Kelleher SD (1999) Process for Iso- 
lating a Protein Composition from a Muscle 
Source and Protein Composition. US Patent 
6005073.

Hultin HO, Kelleher SD (2000) High Efficiency 
Alkaline Proteins Extraction. U.S. patent 
6136959.

Hurtado JL, Borderías J, Montero P, An H 
(1999) Characterization of proteolytic activi-
ty in octopus (Octopus vulgaris) arm mus-
cle. J. Food Biochem. 23:  469-483.

Iguchi SMM, Tsuchiya T, Matsumoto JJ (1981) 
Studies on the freeze denaturation of squid 
actomyosin. Bull. Jap. Soc. Sci. Fish. 
47:  1499-1506.

Kier WM, Curtin NA (2002) Fast muscle in 
squid (Loligo pealei): Contractile properties 
of a specialized muscle fiber type. J. Exp. 
Biol. 205: 1907-1916.

Kier WM, Thompson JT (2003) Muscle arrange-
ment, function and specialization in recent 
coleoids. Berl. Paläobiol. Abh. 3:  141-162.

Konno K, Young-Je C, Yoshioka T, Shinhho P, 
Seki N (2003) Thermal denaturation and au-
tolysis profiles of myofibrillar proteins of 
mantle muscle of jumbo squid Dosidicus gi-
gas. Fish. Sci. 69:  204-209.

Kolodziejska I, Sikorski ZE, Sadowska M (1987) 
Texture of cooked mantle of squid Illex 
argentinusas influenced by specimen char-
acteristics and treatments. J. Food Sci. 
52:  932-935.

Kolodziejska I, Sikorski ZE, Niecikowska C 
(1999) Parameters affecting the isolation of 
collagen from squid (Illex argentinus) skins. 
Food Chem, 66: 153-157.

Kristinsson H, Rasco B (2000) Fish protein hy-
drolysates: Production, biochemical, and func- 

tional properties. Crit. Rev. Food Sci. Nutr. 
40: 43-81.

Lian P, Lee C, Park E (2005) Characterization 
of squid-processing byproduct hydrolysate 
and its potential as aquaculture feed ingre-
dients. J. Agric. Food Chem. 53:  5587-5592.

Macgillivray PS, Anderson EJ, Wright GM, Demont 
ME (1999) Structure and mechanics of the 
squid mantle. J. Exp. Biol. 202: 683-695.

Markaida U (2005) El calamar gigante del Golfo 
de California. Ecofronteras 25: 21-24.

Márquez-Ríos E, Morán-Palacio EF, Lugo-Sánchez 
ME, Ocaño-Higuera VM, Pacheco-Aguilar R 
(2007) Postmortem biochemical behavior of 
Giant Squid (Dosidicus gigas) mantle muscle 
stored in ice and its relation with quality pa-
rameters. J. Food Sci. 72: 356-362.

Martínez VA, Cruz SLE, Ricque MD (2000) Com- 
posición corporal y proceso de secado del 
calamar gigante (Dosidicus gigas). Ciencia 
Mar 4:  35-38.

Matsumoto JJ (1958) Some aspects on the water 
soluble proteins of squid muscle. Tok. Reg. 
Fish. Res. Lab. 20:  65-75.

Moral A, Tejada M, Borderías AJ (1983) Frozen 
storage behavior of squid (Loligo vulgaris). 
Int. J. Refrig. 6: 54-57.

Murrieta-Martínez CL, Ezquerra-Brauer JM, 
Ocaño-Higuera VM, Cinco-Moroyoqui FJ, 
Torres-Arreola W, Márquez-Ríos E (2015) 
Isolation and partial characterization of my-
osin from jumbo squid mantle (Dosidicus 
gigas). CyTA-J. Food. 13:  392-399.

Nagashima Y, Ebina H, Nagai T, Tanaka M, 
Taguchi T (1992) Proteolysis affects thermal 
gelation of squid mantle muscle. J. Food 
Sci. 57:  916-917/922.

Nardi S, Morari F, Berti A, Tosoni M, Giardini 
L. (2004). Soil organic matter properties af-
ter 40 years of different use of organic and 
mineral fertilisers. Eur J Agron, 21: 357-367.

Nigmatullin C, Nesis K, Arkhipkin A (2001) A 
review of the biology of the jumbo squid 
Dosidicus gigas (Cephalopoda: Ommastre- 
phidae). Fish. Res. 54:  9-19.

Otwell WS, Giddings GG (1980) Scanning elec-
tron microscopy of squid, Loligo pealei: 
raw, cooked, and frozen mantle. Mar. Fish. 
Rev. 42:  67-73.

Palafox H, Córdova-Murueta JH, Navarrete Del 
Toro MA, García-Carreño FL (2009) Protein 
isolates from jumbo squid (Dosidicus gigas) 
by pH-shift processing. Proc. Biochem. 
44:  584-587.

Peña-Cortés H, Ramirez I, Simpson R, Urtubia 
A, Almonacid S (2010) Enzymatic hydroly-
sates from squid processing waste as an or-
ganic fertilizer. J. Biotechnol. 150:  219-220.

Ramírez-Suárez JC, Islas-Rubio AR, Montoya-
Ballesteros LC, Granados-Nevarez MC, 
Vázquez-Lara F, Pacheco-Aguilar R, Lugo-
Sánchez ME (2012) Effect of lyophilized 
jumbo squid (Dosidicus gigas) fin and man-
tle muscle on dough properties and bread 
baking performance of commercial wheat 
flour. CyTA-J. Food. 10:  57-62.

Rocha-Estrada JG, Córdova-Murueta JH, García-
Carreño FL (2010) Functional properties of 
protein from frozen mantle and fin of jum-
bo squid Dosidicus gigas in function of pH 
and ionic strength. Food Sci. Technol. Int. 
16:  451-458.



525AUGUST 2016, VOL. 41 Nº 8

CARACTERÍSTICAS DE LAS PROTEÍNAS DE CALAMAR Y SU POTENCIAL APLICACIÓN INDUSTRIAL
Claudia Lizeth Murrieta-Martínez, Víctor Manuel Ocaño-Higuera, Guadalupe Miroslava Suárez-Jiménez y 
Enrique Márquez Ríos

RESUMEN

consume a nivel nacional. El resto se exporta a países asiáticos 
con poco valor agregado. En este sentido, el uso integral de este 
recurso debe ser considerado, ya que el manto, aletas, cabeza y 
vísceras se pueden utilizar para diferentes propósitos. En esta re-
visión, se resumen las principales características de las proteínas 
del calamar y su aplicación como ingredientes alimentarios, ya 
sea en la acuicultura o en otras aplicaciones prácticas, así como 
lo que ha hecho o se está siendo en la industria.

El aumento global de la población ha provocado un aumento 
en la demanda de alimentos y los productos marinos no son la 
excepción. Esto ha llevado a una sobreexplotación de las espe-
cies de consumo habitual, por lo que han sido propuestas nue-
vas especies para satisfacer las demandas actuales. Una de estas 
especies es el calamar gigante, cuyas características le otorgan 
un gran potencial. Este recurso pesquero es uno de los más im-
portantes de México, pero apenas un 10-20% de la captura se 
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RESUMO

nacional. O restante é exportado, com pouco valor agregado, 
para países asiáticos. Neste sentido, o uso integral deste recurso 
deve ser considerado, já que o manto, aletas, cabeça e vísceras 
podem ser utilizados para diferentes propósitos. Nesta revisão, 
são resumidas as principais características das proteínas do ca-
lamar e suas aplicações como ingredientes alimentários, seja na 
aquicultura ou em outras aplicações prácticas, como o que tem 
sido feito ou se está sendo feito na indústria.

O aumento global da população tem provocado um aumento 
pela procura de alimentos, e os produtos do mar não são a ex-
ceção. Isto tem levado a uma superexploração das espécies de 
consumo habitual, pelo qual tem sido apontadas novas espécies 
para satisfazer as demandas atuais. Uma destas espécies é a lula 
gigante, cujas características lhe outorgam um grande potencial. 
Este recurso pesqueiro é um dos mais importantes do México, 
mas apenas entre 10 e 20% da captura é consumida em nível 
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