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REVIEW

Ready-to-eat products elaborated with mechanically separated fish meat from waste
processing: challenges and chemical quality

Alimentos listos para comer elaborados con carne de pescado mecànicamente separada de
residuos de procesado: retos y calidad química

Karoline Ribeiro Palmeira, Eliane Teixeira Mársico, Maria Lúcia Guerra Monteiro*, Môsar Lemos
and Carlos Adam Conte Junior

Department of Food Technology, University Federal Fluminense, Niterói, Rio de Janeiro, Brazil

(Received 8 May 2015; final version received 19 August 2015)

Both the worldwide demand for fish and aquaculture production have increased. Nevertheless, an extensive amount of fish production is
destined for animal feed. Fish represents a rich source of nutrients necessary for good health, but it is highly perishable. This review
contains descriptions of the relevance of the use of mechanically separated fish meat, which is considered a waste processing, for the
manufacturing of semi- and ready-to-eat (RTE) products for human consumption and an evaluation of their chemical stability. Currently,
consumers request nontraditional foods without risk to their health. Therefore, the development of innovative and healthy foods has been
a challenge, mainly due to lack of knowledge and technology transfer to the industry.

Keywords: innovative foods; value-added; physicochemical parameters; quality evaluation; sustainability

Tanto la demanda mundial de pescado como la producción de la acuicultura ha aumentado en los últimos años. Sin embargo, una gran cantidad de
la producción de pescado se destina a la alimentación animal. El pescado representa una rica fuente de nutrientes necesarios para una buena salud,
pero es altamente perecedero. Esta revisión contiene descripciones de la pertinencia de la utilización de carne de pescado separada
mecánicamente, que son considerados residuos de producción, para la fabricación de productos semi-listos y listo para consumo humano y
una evaluación de su estabilidad química. Actualmente, los consumidores desean alimentos no tradicionales y sin riesgo para su salud. Por lo
tanto, el desarrollo de alimentos innovadores y saludables ha sido un desafío, debido principalmente a la escasez de conocimiento y transferencia
de tecnología a la industria.

Palabras clave: alimentos innovadores; valor agregado; parámetros fisicoquímicos; evaluación de la calidad; sostenibilidad

Introduction

The world fish production has grown steadily in the last five dec-
ades. In 2011, the fish production increased by 5% in relation to
2010 (from an average of 148.1million tons in 2010 to 155.7million
tons in 2011), with a provisional estimate of 158.0 million tons in
2012 (increase of 1.5% in relation to 2011). The world per capita
fish consumption increased from an average of 9.9 kg in the 1960s
to 18.9 kg in 2010, with preliminary estimates of 19.2 kg for 2012.
In 2010, the per capita fish consumption by continent was 9.7 kg per
capita in Africa and 21.6 kg inAsia, of which 16.1 kgwas consumed
outside China. Moreover, in 2010, the per capita fish consumption
values in Oceania, North America, Europe, and Latin America and
the Caribbean were 25.4 kg, 21.8 kg, 22.0 kg and 9.7 kg, respec-
tively (Food and Agriculture Organization [FAO], 2014).

The population growth, urbanization and growing concerns
over healthy eating habits in developed countries as well as the
increase in the purchasing power of developing countries have
contributed to an increase in the worldwide fish demand (Food
and Agriculture Organization [FAO], 2012). China has been the
country mostly responsible for the increase in world per capita
fish consumption, owing to a substantial increase in fish produc-
tion, particularly from aquaculture. However, in 2012, 136.2
million tons (86%) of the estimated world fish production was
used for direct human consumption, whereas the remaining 21.7
million tons (14%) was destined for nonfood uses, such as fish

meal and fish oil (FAO, 2014). These latter uses constitute the
major aquatic protein and lipid sources available for aquaculture
feeds (Tibaldi et al., 2015). This has led to an increasing
demand for these products and, consequently, an increase in
their prices (Tacon & Metian, 2008).

Regarding their nutritive value, fish and fishery products
represent a very valuable source of protein and essential micro-
nutrients for balanced nutrition and good health. Regarding lipid
fraction, fish represents a significant source of polyunsaturated
fatty acids (PUFAs), especially the eicosapentaenoic (EPA-
C20:5 Ѡ-3) and docosahexaenoic (DHA-C22:6 Ѡ-3) acids.
These two fatty acids are supplied solely by the diet (i.e., they
cannot be synthesized by the human body) and reduce risk
factors associated with cardiovascular disease, hypertension,
general inflammation, asthma, arthritis, psoriasis and various
types of cancer (Calder & Yaqoob, 2009; Hooper et al., 2006).
Nevertheless, the fatty acid composition is directly related to the
processing and storage conditions due to the instability of unsa-
turated lipids (Taheri, Motallebi, Fazlara, Aghababyan, &
Aftabsavar, 2012). These authors observed that increasing time
in frozen storage decreased the nutritional value of Cobia fish.
The PUFAs, especially EPA and DHA, were decreased due to
oxidation of the lipids during 6 months in frozen storage.

Fish farming has increased considerably in several countries.
However, some barriers should be overcome to make aquaculture
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more productive. These include the heterogeneity of fish weight,
which now leads to their discard due to the lack of economic value
in the market, and lack of standardization on the feed supplied,
which increases the production cost. Moreover, technological defi-
ciency in various processing steps, including the rational use of
waste, makes the development of new products more difficult
(Guttormsen, Myrland, & Tveteras, 2011; Moran, 2007).

Therefore, an improvement in the management of wastes
destined for nonfood uses is urgently needed to maintain the
continuous growth of aquaculture and to meet consumer demand.
On the one hand, it becomes important to encourage research
related to strategic replacements for fish feed to stimulate the
continued growth of aquaculture production (Tacon & Metian,
2008). It is clear that technological alternatives must be found for
the transformation of fish wastes in ready-to-eat (RTE) products or
partially processed foods with added value for human consump-
tion (Ferraro et al., 2010; Monteiro, Mársico, Viriato, Lima de
Souza, & Conte Junior, 2012; Monteiro et al., 2014).

Nevertheless, fish are highly perishable, making it important
to evaluate their chemical stability with the aim of improving
quality monitoring and to provide safe food to consumers.
Among several compounds, the thiobarbituric acid-reactive sub-
stances (TBARS) indicate quality loss related to lipid oxidation as
well as pH and biogenic amines (BAs) refer to quality loss related
to protein degradation; alkaline substances from microbial activity
and endogenous enzymes; and bacterial decarboxylation of the
amino acids that naturally compose the food, respectively
(Lázaro & Conte-Junior, 2013; Rodrigues et al., 2013).
Moreover, malonaldehyde (MDA) (secondary compound from
lipid oxidation) and BAs are considered harmful compounds for
human health, which emphasizes the greater need for monitoring.

In this context, the aim of this review was to evaluate the
possibilities for the use of mechanically separated fish meat from
waste processing for the manufacture of semi-RTE and RTE
products destined for human consumption and the physicochem-
ical parameters necessary to determine the product quality.

Fish wastes

In 2012, 21.7 million tons from fish production was destined for
nonfood uses, representing an increase of approximately 9% in
relation to that in 2010. Among the products not intended for
human consumption (nonfood uses), the manufacture of fishmeal
and fish oil is more prevalent (FAO, 2014; Tacon &Metian, 2008).

Fishmeal is the crude flour obtained after the milling and
drying of fish or fish parts, and fish oil is oil derived from the
tissues of oily fish. In addition, an important source of raw
material for the production of fishmeal and fish oil is the
waste from processing commercial fish species used for
human consumption (FAO, 2012). Both fish meal and fish oil
constitute the major available aquatic protein and lipid sources
for aquaculture feeds, mainly carnivorous finfish and marine
shrimp. These two ingredients are energy resources, which is
important because fish tend to inefficiently convert carbohy-
drates to energy. Fish meal and fish oil also supply essential
amino acids (such as lysine and methionine) that are deficient in
plant proteins, and the fatty acids (eicosapentaenoic acid – EPA,
and docosahexaenoic acid – DHA) that are not found in vege-
table oils (Li, Rezaei, Li, & Wu, 2011; Tibaldi et al., 2015).

Historically, fishmeal was used in swine and poultry feeds as
well as in aquaculture diets. In 1988, 80% of the world’s fishmeal
production was used in feed for swine and poultry, while only 10%

was destined for aquaculture feed. Nevertheless, by 2010, the
consumption of fishmeal for aquaculture, swine, chickens and
others was 73%, 20%, 5% and 2%, respectively. During the
1980s, fish oil became the lipid source of choice due to the early
growth of the farming of salmonids, and 20% of the supply was
thus consumed in 1990 (FAO, 2012).

However, the increasing demand for fishmeal and fish oil
for aquafeeds has been raising the price of fish meal and fish oil,
which then led to steady declines in the average inclusion levels
in compound fish feeds (Tacon & Metian, 2008). The cost of
feed is the largest production cost for commercial aquaculture
and the increases in fish meal and fish oil prices can decrease
the profitability of many aquaculture enterprises (Rajkumar,
Rahman, Prabha, & Phukan, 2013). Therefore, fishmeal and
fish oil should no longer be regarded as low-value products
due to their increased prices (Olsen, Toppe, & Karunasagar,
2014). According to the Food and Agriculture Organization,
between January 2005 and January 2013, the price of fish
meal increased by 206%. Therefore, lower percentage of fish-
meal and fish oil is being used in compound feeds (FAO, 2014).

Therefore, strategic alternatives must be found by replacing fish
meal and fish oil with vegetablemeal and vegetable oil, respectively,
in fish feed. This in turn will enable aquaculture production to
continue to grow (FAO, 2012; Tacon & Metian, 2008). Although
options have been established for fishmeal and fish oil replacers, as
shown in Table 1 (Tacon, Hasan, & Metian, 2011), some studies
(Bell et al., 2010; Brinker & Reiter, 2011; Salze, McLean, Battle,
Schwarz, & Craig, 2010; Tibaldi et al., 2015; Trushenski et al.,
2011) have been performed to determine the fishmeal and fish oil
replacers that are more appropriate for various fish species.

The authors evaluated the decreasing fishmeal situation and
the complete replacement of fish oil in farmed Atlantic salmon
over the seawater production phase. They concluded that this is
possible without any detriment to growth and feed conversion
(Bell et al., 2010). Researchers tested the replacement of up to
94% of the fish meal and fish oil by soy protein concentrate in

Table 1. Feed ingredient usage for major aquaculture species and
species groups.

Tabla 1. Ingredientes de alimentos usados para las principales especies
acuícolas y grupos de especies.

Feed ingredients

Inclusion level in compound aquafeed

(Percentage)

Plant protein meal
Soybean meal 3–60
Wheat gluten meal 2–13
Corn gluten meal 2–40
Rapeseed/canola meal 2–40
Cottonseed meal 1–25
Groundnut/peanut meal ~30
Mustard oil cake ~10
Lupin kernel meal 5–30
Sunflower seed meal 5–9
Canola protein concentrate 10–15
Broad bean meal 5–8
Field pea meal 3–10

Plant oil
Rapeseed/canola oil 5–15
Soybean oil 1–10

Source: FAO (2012). Adapted from Taconet al. (2011).

Fuente: FAO (2012). Adaptado de Tacon et al. (2011).
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aquafeeds for juvenile cobia and obtained successful results.
However, some ingredients (minerals and vitamin mixes) were
added to the feed formulation that may compromise the feasi-
bility and sustainability of such diets with regard to the eco-
nomic aspects (Salze et al., 2010). Other authors reported no
changes in the production performance of cobia with replace-
ment of a substantial amount of fish oil with soybean oil.
Nevertheless, even at low levels of fish oil replacement, the
fatty acid composition was significantly altered, possibly
because the juvenile cobia exhibits a particular requirement
for intact long-chain PUFAs. These findings were explained
by several apparent distinctions in fatty acid metabolism in
this species. This has potential importance for both feed for-
mulation and the composition and quality of fish tissue and
merits further research (Trushenski et al., 2011). Researchers
observed that high levels of plant protein lead to inferior results
in both feed conversion and growth, but these are offset by
some remarkable potential improvements in flesh quality and
the health of the fish. Although as of yet such diets may not
quite meet the target of maximized profits, these authors
reported that it seems possible to produce rainbow trout com-
petitively on a pure plant protein basis (Brinker & Reiter, 2011).

It is important to report that the inclusion rates of fishmeal
and fish oil replacements depend on a number of factors. These
include the specific differences among different fish species such
as their biological requirements, nutritional knowledge and the
production systems employed (stocking density, water manage-
ment, feed management, natural food availability), and differ-
ences regarding the feeds used (local feed ingredient
availability, quality and cost). In addition, different national leg-
islative controls exist regarding imports and/or ingredient use
(including subsidies and incentives) and the intended market
and market value of the cultured species (Tacon & Metian,
2008). Therefore, specific studies related to decreasing the use
of fishmeal and fish oil in aquafeeds must be encouraged. This is
extremely important because the use of commodity-traded plant-
protein sources as alternatives to fish meal represents the only
practical avenue to true environmental and economic sustainabil-
ity in the global aquaculture industry (Salze et al., 2010).

Simultaneously, the increase in value-added fishery pro-
ducts for human consumption results in even more wastes.
These wastes are often discarded into the environment, leading
to negative impacts on environmental quality. To avoid the use
of fish wastes directly as fertilizer and in the manufacture of
organic fertilizer or their improper discharge into rivers and
estuaries, several technological strategies have been studied
such as the production of functional ingredients and RTE and
semi-RTE products (Chalamaiah, Kumar, Hemalatha, &
Jyothirmayi, 2012; Monteiro et al., 2014; Nielsen & Jacobsen,
2013). The edible proportion of fish represents approximately
45% of the total fish weight; therefore, 55% of the fish can be
considered as fish waste from processing including head, guts,
bones, skin, fins, frame and meat adhered to bones and skin
(Arvanitoyannis & Tserkezou, 2014). In general, head, guts,
bones, skin, fins and frame are used for the production of
biologically active protein hydrolysates, which serve as func-
tional food ingredients due to their great nutritional composi-
tion, amino acid profile and antioxidant activities (Chalamaiah
et al., 2012; Dekkers, Raghavan, Kristinsson, & Marshall,
2011). On the other hand, the meat adhered to head, bones
and skin (mechanically separated fish meat) from commercial
fish processing and fishes not acceptable such as fillets and

whole fishes with noncommercial size are considered fish
wastes, which can be consumed by human and, therefore, are
used for the manufacturing of semi-RTE and RTE products for
human consumption (Adeleke & Odedeji, 2010; Fabrício et al.,
2013; Fuchs, Ribeiro, Bona, & Matsushita, 2013; Monteiro,
Mársico, Viriato, et al., 2012; Monteiro et al., 2014; Nielsen
& Jacobsen, 2013; Stevanato et al., 2007), which were the main
focus of this review.

Several RTE and semi-RTE products have been developed
such as soup (Stevanato et al., 2007), fish burgers (Marengoni
et al., 2009), bread fortified with fish flour (Adeleke & Odedeji,
2010), surimi (Mello et al., 2010), sausage (Oliveira Filho, Fávaro-
Trindade, Trindade, Balieiro, & Viegas, 2010), fish bouillon cubes
(Fabrício et al., 2013), croquette (Fuchs et al., 2013), pâté (Lobo
et al., 2015; Nielsen& Jacobsen, 2013) and instant soup (Monteiro,
Mársico, Viriato, et al., 2012; Monteiro et al., 2014). However,
there have been shifts in somepoints such as consumer preferences,
in processing and in the general fisheries industry. In this context,
the processors of traditional products have been losing their market
share. This is an incentive for innovation in providing differentiated
products for human consumption. Therefore, the current trend has
been towards the technological improvement in food processing
and packaging to increase the efficiency, effectiveness and profit
from the utilization of rawmaterials, ensuring the standardized and
sustainable development of the aquaculture sector (FAO, 2014).

Manufacturing of RTE products from mechanically
separated fish meat

Product effectiveness is represented by two strong indicators:
product innovativeness and process speed. Product innovative-
ness is defined by the degree of novelty and generative capacity
regarding market needs (Hristov & Reynolds, 2015). However,
the failure rate of new products has been high. Therefore,
companies are focused on enhancing both product innovative-
ness (the presence of competing characteristics) and speeding
up the development process (the time spent from the initial
development until the introduction of the product into the mar-
ketplace) (Hristov & Reynolds, 2015; Lisboa, Skarmeas, &
Lages, 2011).

Regarding the nutritive value of fish, it represents a rich source
of high-quality protein, a range ofmicronutrients and essential fatty
acids that have beneficial effects on human health including
decreased cardiovascular disease risk, positive effects on the devel-
opment of the brain and anti-inflammatory and anti-carcinogenic
effects mainly in the most common cancers such as colorectal,
prostate and even possibly thyroid cancer (Huang, Rose, &
Hoffmann, 2012; Linseisen et al., 2011; Lund, Belshaw, Elliott,
& Johnson, 2011; Stevanato et al., 2010; Tacon & Metian, 2013).
Nevertheless, the time required for their preparation can discourage
some consumers from purchasing fish, leading to a preference for
RTEfish products (Brunsø,Verbeke,Olsen,& Jeppesen, 2009). On
the other hand, RTE products are costly, which still appears to be a
great barrier to consumption. However, it was proven that the
current consumers would willingly pay more for RTE blue fish,
mainly in sales channels (fast food and snack bars), suggesting a
new point of view for these products. However, the lack of knowl-
edge and technology transfer to the industries represent difficulties
for the development of new products (Cosmina et al., 2012).

In this context, due to changing consumer tastes and
advances in technology, packaging, logistics and transport, the
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use and processing of fish have significantly diversified.
Currently, great importance has been attached to meeting the
consumer demand based on social, environmental and economic
aspects. Therefore, current innovation in value addition is con-
verging on convenience foods such as fresh, frozen, breaded,
smoked or canned forms of fish (FAO, 2014).

Several studies (Cavenaghi-Altemio, Alcade, & Fonseca,
2013; Mello et al., 2010; Monteiro, Mársico, Viriato, et al., 2012;
Monteiro et al., 2014; Monteiro, Mársico, Canto, et al., 2015,
Monteiro, Mársico, Lázaro, et al., 2015; Nielsen & Jacobsen,
2013; Oliveira, Lourenço, Sousa, Joele, & Ribeiro, 2015;
Palmeira, Rodrigues, et al., 2014; Stevanato et al., 2008; Takano
et al., 2012) have been directed towards the manufacturing of
nutritious and healthy foods by using fish wastes. Stevanato et al.
(2008) evaluated flour manufactured from tilapia heads and found
high nutritive value due to their protein and ash (minerals) con-
tents. In addition, the lipid fraction exhibited a satisfactory content
of omega-3 fatty acids, PUFA/SFA and the n-6/n-3 ratios. Mello
et al. (2010) found great protein and lipid levels as well as com-
pliance with appropriate microbiological standards in pulp and
surimi from tilapia. These authors concluded that these products
have potential for recovering a protein source for the development
of value-added products destined for human consumption.

Monteiro, Mársico, Viriato, et al. (2012) concluded that the
processing of tilapia heads and carcasses in the form of pulp and
flour produces high nutritive value foods with suitable protein
content. Instant soup prepared from these raw materials exhibited
low lipid levels with excellent protein and mineral contents.
Moreover, pulp, flour and instant soup presented satisfactorymicro-
biological quality. Takano et al. (2012) manufactured a fish sauce
using soy sauce koji mold produced from the wastes of kamaboko
processing. These authors reported that this represented a high-
quality product, retaining only low levels of food additives derived
from the original kamaboko (sorbic acid and ß-carotene).Moreover,
the fish sauce evaluated by Takano et al. (2012) exhibited favorable
characteristics such as very low off-flavor (fishy odor), high umami
taste and agreeable soy sauce-like flavor. Nielsen and Jacobsen
(2013) produced a fish pâté made from cod and enriched with fish
oil (5%). These authors obtained a product with good sensory
properties and a shelf life of 8 weeks. Cavenaghi-Altemio et al.
(2013) manufactured frankfurter-type sausages from mechanically
separated tilapia surimi and found promising characteristics for
commercial applications. Lobo et al. (2015) observed a great poten-
tial for mechanically separated meat (MSM) of cachapinta
(Pseudoplatystoma sp) for production of pâté.

Palmeira, Rodrigues, et al. (2014) used noncommercial-size
trout fillets to produce restructured products with partial repla-
cement of sodium chloride with potassium chloride and starch
addition as well as the use of microbial transglutaminase (MTG)
and MTG associated with soy protein. These products exhibited
desirable sensory attributes and could represent a viable alter-
native to the manufacture of innovative fish products. Monteiro,
Mársico, Viriato, et al. (2012) concluded that flours and instant
soup from tilapia wastes possessed great nutritious and techno-
logical potential. These products could be used in the food
industry for the development and introduction of new alterna-
tive value-added foods to the market. In addition, the flours can
be used as replacements in current food products made from
conventional flour sources. This would produce a healthy
impact on the consumers, but sensorial evaluation must be
performed to define the final product acceptance. Monteiro,
Mársico, Lázaro, et al. (2015) evaluated different levels of

MTG (0.0–0.8%) in restructured tilapia steak prepared from
noncommercial-sized fillets. The MTG steaks were well-
accepted and demonstrated better consumer preference than
steaks without MTG. In addition, MTG maintained the proximate
composition as well as improved the cooking yield, sensorial
(salty taste, succulence and tenderness) attributes and textural
parameters (instrumental hardness and chewiness) of the product.
These authors affirmed that these advantages were achieved by
using a low concentration of MTG (0.5%) in the product for-
mulation, thus showing the use of MTG to be a viable tool for the
food industry. Monteiro, Mársico, Canto, et al. (2015) tested
different salt levels by using sodium replacers in restructured
tilapia steak prepared from sub-ideal weight fillets. The replace-
ment of 50% of NaCl by KCl slightly increased the bitter taste
but did not change the acceptability or color attributes, whereas
the replacement of 50% of NaCl by MgCl2 slightly decreased the
cooking yield. However, the tri-salt blend (KCl, MgCl2 and NaCl
at a 1:1:2 ratio) resulted in higher acceptability and consumer
preference. Therefore, the authors concluded that the NaCl repla-
cement strategy is a good alternative to help decrease sodium
consumption and to increase the added value of noncommercial-
size tilapia fillets.

Oliveira et al. (2015) reported that the MSM from Brazilian
catfish contains palmitic, oleic, stearic, palmitoleic, myristic, EPA
and DHA fatty acids. Regarding its amino acid profile, these
authors found higher concentrations of glutamic and aspartic
acids, arginine, lysine and leucine. Moreover, the flour manufac-
tured from Brazilian catfish wastes exhibited a high nutrient value
with appropriate physicochemical and microbiological character-
istics. This flour may be considered a product with environmental,
economic, scientific and technological importance.

The application of fish flour produced from MSM in conve-
nience foods has also been investigated, e.g., Persian ice cream
(Shaviklo, Thorkelsson, Sveinsdottir, & Rafipour, 2011),
extruded corn snacks (Shaviklo, Dehkordi, & Zangeneh, 2014),
bread (Adeleke & Odedeji, 2010) and instant soup (Monteiro,
Mársico, Viriato, et al., 2012; Monteiro et al., 2014).

Based on findings from the literature, the use of fish wastes
for human consumption can be a viable alternative to produce
innovative foods (semi-RTE and RTE products), thereby
decreasing the environmental impact, adding value to fish
wastes, increasing industry profits and providing easy-to-pre-
pare and nutritious foods for consumers. Nevertheless, studies
of chemical-quality parameters are needed due to the high
perishability of fish products (Rodrigues et al., 2012).

Chemical parameters for the quality evaluation of
convenience fish products

Hydrogen potential

The pH is an important index for determining the fish quality
(Okeyo, Lokuruka, & Matofari, 2009). The pH changes in fish
occur by bacterial and enzymatic activity that affects the con-
centration of free hydrogen and promotes the decomposition of
molecules (Ogawa & Maia, 1999). Therefore, an increased pH
value indicates metabolite accumulation such as ammonia and
some organic bases from microbial action and endogenous
enzymes (Rodrigues et al., 2012). In general, the pH of live
fish muscle ranges from 6.0 to 7.1 (Pacheco-Aguilar, Lugo-
Sanchez, & Robles-Burgueno, 2000). After death, the pH of
muscle will decrease, conforming to the amount of glycogen

4 K.R. Palmeira et al.
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present, which is converted anaerobically to lactic acid during
the pre-rigor period. The rigor period is characterized by the
total exhaustion of glycogen (Bermejo-Pozaa et al., 2015).
However, fish contain only small amounts of carbohydrate
compared to foods of plant origin. This fact can be disregarded
in nutritional terms, but directly influences fish quality during
shelf life (Jeya Sree, Parulekar, Wahidulla, & Kamat, 1994)
because the amount of glycogen is correlated with the length
and severity of rigor (Bermejo-Pozaa et al., 2015). A higher
glycogen reserve in live fish may be responsible for the lowered
pH (Raoofi, Ojagh, Shabanpour, & Eighani, 2015). Generally,
fish presents relatively lower residual glycogen levels than
mammals. This leads to pH values close to neutrality during
the rigor period, accelerating the action of enzymes and bac-
teria. The post-rigor period is characterized by the degradation
of actomyosin by proteolytic enzyme action such as cathepsins,
starting the process of degradation (production of peptides and
free amino acids). This favors the quick action of endogenous
and exogenous microorganisms, resulting in volatile nitrogen-
ous substances and thus an increase in pH (Pacheco, Dias,
Baldini, Tanikawa, & Sgarbieri, 2005). These changes are pro-
gressive during storage and significantly affect fish quality and
consumer acceptance (Monteiro, Mársico, Teixeira, et al., 2012;
Rodrigues et al., 2013).

Nevertheless, the methods of catch, processing and storage
directly influence the pH values from fish (Aursand et al., 2009;
Carneiro et al., 2013; Esaiassen et al., 2004; Gökoğlu &
Yerlikaya, 2015; Karl, Lehmann, Rehbein, & Schubring, 2010;
Lopes et al., 2004; Lyu, Huang, Liu, Zhou, & Ding, 2015;
Rebouças, Rodrigues, Castro, & Vieira, 2012). The catching
method significantly affected the pH during ice storage of
Rutilus kutum in which the pH from fish caught by beach
seine was lower than the pH of fish caught by gillnet (Raoofi
et al., 2015). Regarding processing, the asphyxia in ice water
method for slaughtering fish resulted in a higher pH and con-
sequently exhibited a delayed rigor mortis, whereas the fish
slaughtered by the stunning fish heads and asphyxia in air
methods entered more rapidly into rigor mortis (Lyu et al.,
2015). In addition, the type of raw materials also influences
the pH values. Mechanically separated fish presents high moist-
ure content, resulting in a higher pH and greater perishability
compared to fish fillets (Rebouças et al., 2012). On the other
hand, preservation methods such as packaging, temperature and
additives have a direct influence on the pH of fish products. The
modified atmosphere packaging (MAP) containing carbon diox-
ide (CO2) leads to carbonic acid (H2CO3) formation (dissolution
of CO2 in the water from food) and a decreased pH (Lopes
et al., 2004). Moreover, frozen temperatures (less than −30°C)
enable greater pH stability during storage due to unfavorable
conditions for microbial growth and occurrence of enzymatic
reactions. Nevertheless, monitoring of the frozen fish product is
important because a proportion of the water still remains in the
unfrozen state and is mainly available for enzymatic reactions
(Gökoğlu & Yerlikaya, 2015). The addition of salt (NaCl)
increases the electrostatic repulsion between proteins, resulting
in water-holding capacity (WHC) and an increased pH. This
phenomenon also occurs with polyphosphate addition (Aursand
et al., 2009; Carneiro et al., 2013), which is commonly carried
out during the processing of conventionally farmed fish prior to
freezing (Karl et al., 2010).

In this context, the increase in pH values during the storage
period may be attributed to the accumulation of alkaline com-

pounds (e.g., ammonia and trimethylamine), mainly derived
from microbial action, which suggests a loss in fish quality.
However, it is an important attempt to a product that will be
evaluated (origin of fish, processing to which the product was
submitted and storage conditions). As there is a lack of official
parameters for the pH of each fish product or product groups,
the pH analysis is generally used as supporting information. In
general, the pH value is interpreted in association with the other
quality parameters or compared with similar studies described
in the literature (Okeyo et al., 2009; Rodrigues et al., 2012).

Monteiro, Mársico, Lázaro, et al. (2015) evaluated pH
values in restructured tilapia steak prepared with sub-optimal-
sized fillets and different MTG levels (0.0–0.8%) during frozen
storage for 45 days. This parameter was not affected by the
storage period for each treatment. However, the pH values were
greater for products containing MTG (6.04–6.17) than those
products without MTG (5.99–6.06) regardless of the storage
time. These authors attributed this result to the chemical reac-
tions catalyzed by MTG involving water molecules in the food
matrix. This enzyme promotes increasing swell and binds water
or induces the formation of a gel sieve entrapping the water
molecules, thereby improving the water-holding capacity of
proteins (Ionescu, Aprodu, Daraba, & Porneala, 2008).
Moreover, in the absence of amine substrates, transglutaminase
is capable of catalyzing the deamination of glutamine residues,
where water is used as a nucleophile and ammonia is liberated,
resulting in alkalization of the medium (Macedo, Cavallieri,
Cunha, & Sato, 2010).

Monteiro et al. (2014) found no statistically significant
difference between the pH values of flour made from fish
heads (6.12), carcasses (6.08) and heads and carcasses together
(6.07) manufactured from tilapia wastes. Nevertheless, the pH
values were lower in instant soup (5.71) than all flours pro-
duced, probably due to the addition of ingredients such as
maltodextrin, onion and garlic powder, which tend to make
the products more acidic. Palmeira, Mársico, et al. (2014) man-
ufactured a meatball-type product prepared with rainbow trout
(Onchorynchus mykiss) waste with added starch, transglutami-
nase (MTG), textured soy protein (TSP) and having part of the
sodium chloride replaced with potassium chloride (75%/25%).
These meatball-type products made from rainbow trout waste
were evaluated during frozen storage (−25°C) and the authors
found no difference in pH values between 1 day (6.00–6.10) and
60 days (6.08–6.19). Oliveira et al. (2015) found a pH value of
5.73 in MSM from Brazilian catfish.

Based on the variation in pH values, studies should be more
specific to form a database and/or encourage the creation of an
official limit for this parameter infish products or for product groups.

Thiobarbituric acid-reactive substances

Oxidative rancidity is a critical factor that limits the fish shelf-
life during storage (Dellarosa, Laghi, Martinsdóttir, Jónsdóttir,
& Sveinsdóttir, 2015; Karlsdottir et al., 2014). The lipids repre-
sent a potent (9 kcal/g) non-carbohydrate source of energy and
are widely distributed in both the intra- and extracellular spaces
of food (Pichard & Kudsk, 2002). Moreover, when compared to
other food products from vegetable and animal origins, the lipid
content in fish is considered to be an important constituent in
the human diet. This fact is mainly due to the high levels of
PUFAs, low levels of linoleic acid (C18:2n6) and linolenic acid
(C18:3n3) and high levels of the long-chain n-3 PUFAs
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(C20:5n3) and DHA (C22:6n3). These latter two have the
potential to prevent human coronary artery disease, improve
retina and brain development, and have anti-inflammatory and
anti-carcinogenic effects (Huang et al., 2012; Linseisen et al.,
2011; Lund et al., 2011; Stevanato et al., 2010; Tacon & Metian,
2013).

However, the unsaturated fatty acids are more prone to the
oxidation process due to their chemical instability, especially
during handling and storage (Chaijan, 2008; Karlsdottir et al.,
2014; Mapiye et al., 2012). In this case, muscle lipoxygenase
(LOX) is the main endogenous enzyme related to fatty acid
oxidation. It is important to note that endogenous LOXs have
activity at low temperatures (at least −20°C) (Abreu, Losada,
Maroto, & Cruz, 2010). In addition, the distributions of unsa-
turated fatty acids, processing and storage conditions are con-
sidered some of the factors that directly affect the rate of lipid
oxidation in foods, which influences the end quality and shelf
life of the product (Karlsdottir et al., 2014).

With regard to processing, the addition of salt promotes moist-
ure loss and an increase in muscle dry matter as well as intense
lipolysis and lipid oxidation, which leads to a significant decrease
in the total lipid content during the salting period (Jin et al., 2010).
The lipid oxidation from salting occurs due to the promotion of
oxidant action by the NaCl and the great reduction in water activity
(Jittrepotch, Rojsuntornkitti, & Kongbangkerd, 2015). Vidal,
Goicoechea, Manzanos, and Guillén (2015) reported that salting
methods decrease the oxidative stability of sea bass lipids.

Lipid oxidation is a chain reaction with the production of free
radicals that consists of three steps: initiation, propagation and
termination (Chaijan, 2008; Mapiye et al., 2012). The initiation
stage requires low activation energies to produce free radicals,
where the energy source can be heat, light or high-energy radia-
tion or metal ions (e.g., copper ions) (Pegg & Shahidi, 2012). The
final product of the initiation reaction is the fatty acid (alkyl)
radical (R•) that reacts with oxygen to form peroxy radicals
(ROO•). These compounds then react with unsaturated fatty
acids to form hydroperoxides (ROOH), which characterizes the
propagation step (Chaijan, 2008; Mapiye et al., 2012). The ter-
mination stage is determined by hydroperoxide decomposition,
which results in secondary compounds such as aldehydes,
alkanes and conjugated dienes, which lead to undesirable effects
on the sensory properties of the foods (volatile aromatic com-
pounds), and others resulting in deleterious health effects (e.g.,
malondialdehyde) (Chaijan, 2008; Zaki, El-Bassyouni, Kamal,
El-Gammal, & Youness, 2014).

Hydroperoxide formation can occur by three different
mechanisms: the free radical route (described above), the LOX
route and the photo-oxidation route. In the LOX route, this
enzyme and/or peroxidase enzymes catalyze oxidative reactions
on the double bonds of unsaturated fatty acids. This process
results in a chain reaction (propagation step), which produces a
wide variety of degradation products. In the photo-oxidation
route, photosensitive compounds (e.g., riboflavin, chlorophyll,
myoglobin, erythrosine and heavy metal ions) are excited to a
high-energy state by absorbing light. This energy reacts with the
normal triplet ground state of oxygen atoms to form a meta-
stable singlet state, which is very reactive (singlet oxygen
attacks double bonds 1500 times faster than the triplet-state
molecule) (Pegg & Shahidi, 2012).

Regardless of the mechanism, the oxidation of lipids has
negative effects both on food properties and on human health
such as rancid odor, off-flavor development, drip losses,

discoloration, loss of nutrient value, decrease in shelf life and
the accumulation of toxic compounds (Chaijan, 2008; Mapiye
et al., 2012). Aldehydes have been associated with atherosclero-
sis, putative mutagens and cancer formation (Duthie, Campbell,
Bestwick, Stephen, & Russell, 2013). Moreover, Zaki et al.
(2014) reported that an increase in MDA leads to a lower
paraoxonase (PON1) level. This fact might contribute to the
greater risk of dyslipidemia, insulin resistance and high blood
pressure. These are considered important components in the
pathogenesis of the metabolic syndrome, mainly in obese
adolescents.

Therefore, the monitoring of lipid oxidation is highly
relevant. One of the most common methods of measuring
lipid oxidation in foods is the quantification of MDA. In this
assay, one molecule of MDA reacts with two molecules of 2-
thiobarbituric acid (TBA) to form a stable pink chromophore.
This test is called the TBARS test due to other secondary
compounds that also react with TBA. However, the results
are expressed as μmol of MDA per 1 kg of sample because it
is considered the main secondary compound from decomposi-
tion of PUFAs (Karlsdottir et al., 2014).

Regardless of the importance of this parameter, there are no
limits established by legislation, and MDA values are variable
within the scientific community. Al-Kahtani et al. (1996) affirmed
that tilapia and Spanish mackerel with values below 3.0 mg of
MDAkg−1 should be considered in good condition. On the
other hand, Ozer and Sariçoban (2010) reported that values
above 1.59 mg of MDA⋅kg−1 sample can cause harm to the health
of consumers. Monteiro, Mársico, Teixeira, et al. (2012) found
1.27 mg of MDA⋅kg−1 in tilapia fillets in ice storage when the
samples presented undesirable sensory characteristics.

There are few articles about the TBARS values for fish
products manufactured with processing wastes. Palmeira,
Mársico, et al. (2014) manufactured a meatball product with
rainbow trout waste with added starch, transglutaminase
(MTG), TSP and having part of the sodium chloride replaced
with potassium chloride (75%/25%). These authors found no
difference among TBARS values during frozen storage (−25°C)
of these products (on day 1 = 0.12–0.25 mg of MDA⋅kg−1; on
day 60 = 0.10–0.23 mg of MDA⋅kg−1), except in the formula-
tion with starch added. In this product, the authors reported
higher TBARS on the 60th day (0.60 mg of MDA⋅kg−1) than
on the 1st day of storage (0.27 mg of MDA⋅kg−1) and attributed
this result to the presence of substances (ketones, amino acids,
oxidized proteins, carbohydrates, pyridines, esters, sugars) that
can react with TBA in addition to MDA. Oliveira et al. (2015)
found 0.035 mg of MDAkg−1 of TBARS in fresh MSM from
Brazilian catfish. Nielsen and Jacobsen (2013) reported no
difference in the TBARS values of enriched fish pâtés made
from cod without fish oil addition during storage for 12 weeks
at room temperature. However, when this product had fish oil
(5%) added, the TBARS values increased (day 0 = 0.50 mg of
MDA⋅kg−1; after 12 weeks = 1.01 mg of MDA⋅kg−1). Stevanato
et al. (2010) observed an increase in the MDA values in tilapia
head flour throughout its storage time at room temperature. The
values found were 0.74, 1.52, 2.39 and 3.87 mg of MDA⋅kg−1

of flour at 0, 30, 60 and 90 days, respectively. Based on the limit
proposed by Al-Kahtani et al. (1996), the tilapia head flour
exhibited acceptable values up to 60 days. This may possibly
be due to the high level of unsaturated lipids in this product,
which might have contributed to the increase in the MDA
values.
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In this context, more studies should be performed to encourage
the creation of an official limit for fish products due to the rele-
vance of the MDA value to both the shelf life and human health.

Biogenic amines

The biogenic amines (BAs) represent a special category of
basic nitrogenous compounds with low molecular weights
that are produced by the metabolism of plants, animals and
microorganisms. These amines can be formed by four different
mechanisms: transamination of aldehydes and ketones, hydro-
lysis of nitrogen compounds, thermal decomposition or dec-
arboxylation of amino acids (the main route of BA formation)
(Chong, Abu Bakar, Russly, Jamilah, & Mahyudin, 2011;
Halász, Baráth, Simon-Sarkadi, & Holzapfel, 1994). The
amino acid decarboxylation may occur by the action of endo-
genous decarboxylase enzymes (enzymes naturally present in
food) or by exogenous decarboxylase enzymes (produced by
microorganisms). These enzymes remove the α-carboxyl group
from the structure of a specific amino acid resulting in the
corresponding amine, e.g., histidine in histamine and lysine in
cadaverine (Shalaby, 1996).

BAs can be found in a wide range of foods (fresh and
processed foods) such as alcoholic beverages, beef, chocolate,
cheeses, fish, pork, poultry and fermented products (Cunha
et al., 2012; Hernández-Jover, Izquierdo-Pulido, Veciana-
Nogués, & Vidal-Carou, 1996; Lázaro et al., 2014, 2015;
Palmeira, Mársico, et al., 2014; Rodrigues et al., 2013;
Shalaby, 1996). The human intestine contains amine oxidases
that rapidly detoxify the amines. Therefore, the low levels of
BAs in aquatic products do not present a serious risk to human
health. However, the ingestion of aquatic foods containing high
levels of BAs may result in severe toxicological symptoms
(Mohamed, Abd El-Hameed, Nezam El-Din, & El-Din, 2010;
Muñoz-Atienza et al., 2011). In general, the toxin effects of
BAs are related to headache, rash, redness, itching, dizziness,
burning, urticaria, edema, local inflammation, nausea, vomiting,
diarrhea, abdominal pain, indigestion, hypotension, cardiac pal-
pitations and even death (Juneja & Sofos, 2010; Muñoz-Atienza
et al., 2011; Shalaby, 1996). Moreover, BAs are considered
potentially carcinogenic due to their reaction with nitrates
resulting in nitrosamines, which are carcinogenic compounds
(Juneja & Sofos, 2010).

The BA levels may strongly be influenced by the freshness of
raw materials, good manufacturing practices and storage condi-
tions, especially temperature and time. In this context, BAs may
be considered as markers of microbial contamination and spoi-
lage of fish and aquatic products (Cunha et al., 2013; Hernández-
Jover et al., 1996). In addition, the BA accumulation in foods
depends on the availability of the precursor amino acids, pre-
sence of microorganisms with decarboxylase activity on amino
acids (from natural composition or introduced before, during or
after food processing) and extrinsic characteristics such as hand-
ling and storage temperature. Moreover, BAs are basic nitrogen-
ous compounds which are of the utmost importance to ensure that
fish and fish products can be consumed without health risk
(Rodtong, Nawong, & Yongsawatdigul, 2005).

Several analytical methods can be used to detect, semi-
quantify and quantify the BAs in fish and fish products such
as Thin-Layer Chromatography (TLC), Gas Chromatography
(GC), Capillary Electrophoresis (CE), High-Performance
Liquid Chromatography (HPLC), HPLC-mass spectrometry

(HPLC/MS) and Ultra-performance liquid chromatography-
electrospray ionization tandem mass spectrometry (UPLC-MS)
(Gosetti, Mazzucco, Gennaro, & Marengo, 2013; Li et al., 2013;
Monteiro, Mársico, & Vital, 2010; Önal, 2007; Pombo et al.,
2009; Schutz, Chang, & Bjedanes, 1976).

Among the several chromatography methods, HPLC is most
often used for the analysis of BAs due to its reliability and high
sensitivity for the detection and quantification of various BAs
(European Food Safety Authority [EFSA], 2011). Currently,
studies have been performed to develop and validate new meth-
ods for the detection and quantification of BAs in several food
matrices by HPLC (Baptista et al., 2014; Cunha et al., 2012;
Lázaro et al., 2013), including fish (Palmeira, Mársico, et al.,
2014; Rodrigues et al., 2013). However, the TLC must be
considered for use in routine laboratories due to a number of
advantages such as its practicality, faster results and effective-
ness, low cost, and simultaneous determination of substances
(Fuchs, Süb, Nimptsch, & Schiller, 2009). Moreover, due to the
risk from BAs, mainly histamine, rapid tests are needed at the
raw material receiving stage and also the subsequent steps of
processing. Köse et al. (2011) have been evaluating four com-
mercial test kits against an EU-accepted HPLC method for
detecting histamine in several traditional fish products. These
authors concluded that each test kit exhibited a different perfor-
mance depending on the product type; therefore, new commer-
cial test kits should be evaluated against an approved analytical
method to help monitor histamine formation in fresh fish and
fisheries products.

Regarding regulations and legal requirements, maximum lim-
its of BAs in aquatic products, mainly histamine and tyramine,
have been suggested and established by many countries and inter-
national organizations. This is due to the toxicological effects of
BAs on human health (Kim et al., 2011). The Food and Drug
Administration (FDA) recommends 50 mg⋅kg−1 as the limit for
histamine in fish (Food and Drug Administration [FDA], 1996).
Additionally, the FDA establishes 100 mg⋅kg−1 of tyramine and
1000 mg⋅kg−1 of total BAs as tolerance levels in fish (Food and
Drug Administration [FDA], 2011). The Brazilian legislation
recommends 10 mg⋅100 g−1 as the maximum level of histamine
in muscle of fish species from Scombridae, Scombresocidae,
Clupeidae and Coryphaenidae (Ministry of Agriculture,
Livestock and Supply, 1997). Although there is no limit to other
BAs, the Brazilian legislation establishes analytical methodologies
for the quantification of histamine, cadaverine, putrescine, spermi-
dine and spermine (Ministry of Agriculture, Livestock and Supply,
2011). In the European Union (EU), the maximum levels of
histamine and total BAs in fish and fish products from
Scombridae should be less than 100 mg⋅kg−1 and 300 mg⋅kg−1,
respectively (Conformite Europeene [CE], 1991).

The BAs, produced by microbiological spoilage, mainly
mesophilic and psychrophilic bacteria, are considered quality
indicators of fish or fish products (Brink, Damink, Joosten, &
Veld, 1990; Lázaro & Conte-Junior, 2013; Moini et al., 2012;
Palmeira, Mársico, et al., 2014; Rodrigues et al., 2013), includ-
ing products thermally processed because these substances are
heat-stable compounds (cooking or prolonged exposure to heat
does not eliminate the toxin) (Gonzaga, Lescano, Huamán,
Salmn-Mulanovic, & Blazes, 2009). Moreover, the fish and
fish products differ in relation to their amino acid composition,
ingredients in the formulation, processing and storage. In this
context, many studies have been conducted to verify the BA
concentrations in several fish and/or fishery products (Hu,
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Huang, Li, & Yang, 2012; Jiang, Xu, Li, Dong, & Wang, 2014;
Koral et al., 2013; Palmeira, Mársico, et al., 2014; Park et al.,
2010; Rodrigues et al., 2013; Zhai et al., 2012).

Rodrigues et al. (2013) reported that putrescine and cadaver-
ine may be considered suitable indicators of the degradation
process of rainbow trout meat. Palmeira, Mársico, et al. (2014)
evaluated BAs in a meatball-type product prepared with rainbow
trout waste. These authors affirmed that BAs may be a promising
quality parameter, mainly in those products with soy protein
added, which influenced the presence of some BAs (putrescine,
cadaverine, agmatine, spermine and spermidine). This fact may
be attributed to the high levels of arginine, lysine, proline and
tyrosine in soybeans, precursor amino acids of the above-men-
tioned BAs (Hui, 2006). Moreover, Palmeira, Mársico, et al.
(2014) reported that some ingredients such as salt and their
replacers may influence the BA formation. Therefore, BAs
should be carefully evaluated, taking into account the product
formulation. The salt (NaCl) decreases the bacterial growth,
which affects the activity of endogenous and exogenous proteo-
lytic enzymes, thereby inhibiting the formation of free amino
acids and consequently decreasing the BA formation (Virgili,
Saccani, Gabba, Tanzi, & Soresi Bordini, 2007).

Hu et al. (2012) found more than 100 mgkg−1 of total
BAs in blue scad, octopus, golden thread, yellow porgy and belt
fish. Regarding histamine and tyramine, these authors reported
that the majority of samples exhibited less than 50 and
100 mg⋅kg−1, respectively, except blue scad (577 mg⋅kg−1 of
histamine). In addition, these authors concluded that putrescine,
cadaverine, histamine and tyramine are more suitable as indica-
tors of freshness of the species evaluated. These amines
increased in blue scad, golden thread, belt fish and octopus
during storage at 4 and 25°C, while freezing (−20°C) effectively
prevented the BA formation in aquatic products.

Zhai et al. (2012) evaluated the BA concentration in various
fish species and fish products consumed in southern China. Most
of the samples presented lower levels of BA than the maximum
accepted values. On the other hand, 12.24% of fermented fish
products and packaged fish products exhibited high levels of total
BAs (466.35 mg⋅kg−1 in lightly cured horse mackerel and
116.28 mg⋅kg−1 in packaged eel) and 2-phenylethylamine (2-
PHE) (in excess of 30 mg⋅kg−1). Moreover, lightly cured horse
mackerel samples presented high levels of cadaverine
(244.41 mgkg−1), 2-PHE (57.61 mg⋅kg−1) and tyramine
(62.85 mgkg−1), indicating that these products require careful
monitoring to ensure their safety for human consumption.

Park et al. (2010) reported that the histamine and tyramine
levels were less than the EU acceptable level in fish (mackerel,
herring, spotted mackerel, salmon, gizzard-shad, anchovy, mack-
erel pike, tuna, cuttlefish, redlip croaker, flatfish, Atlantic cutlass-
fish and Alaska pollack) and fish products (salted mackerel,
canned mackerel, canned mackerel pike, canned tuna and canned
salmon). On the other hand, Pombo et al. (2009) reported that
most fish cured by salting and fermentation presented histamine
levels above the limits of the FDA, EU and Brazilian regulations.

Koral et al. (2013) observed that the BA levels vary
depending on the product type and salting methods. Most of
the samples of various commercial salted fish products had
histamine levels below the limits of the FDA and EU regula-
tions. Nevertheless, approximately 9.1% of brined, 8.3% of dry
salted and 15% of lakerda samples exceeded the permitted
levels, where the maximum values found were 421.7, 229.1
and 293.2 mg⋅kg−1, respectively.

Jiang et al. (2014) evaluated seven BAs in 35 Yulu samples,
which is a traditional condiment (fermented fish sauce) widely
commercialized in China. The authors concluded that the BA
content should be monitored in these products; approximately
57% of Chinese fermented fish sauce exhibited higher histamine
levels than the limit established by the FDA for seafood pro-
ducts (50 mg⋅kg−1). Moreover, 60% of the samples presented
more than 100 mg⋅kg−1 tyramine, whereas approximately 29%
had more than 1000 mg⋅kg−1 total BAs.

In this context, the BAs in aquatic products should be more
closely monitored and efforts should be made to prevent the
formation of BAs due to their toxicological effects and serious
health risks.

Conclusions

Based on findings from the literature, less-expensive aquafeed
alternatives must be found to allow the continued growth of
aquaculture production. Moreover, new fish products can be
developed with mechanically separated fish meat from waste
processing, which represents a viable alternative to manufacture
semi-RTE and RTE products for human consumption, taking
into account social, economic and environmental benefits.
Nevertheless, the current consumers request nontraditional pro-
ducts without risk to human health. Therefore, the development
of innovative and healthy products has been a challenge to the
industrial sector, mainly due to lack of knowledge and technol-
ogy transfer to the industry. In addition, the evaluation and
establishment of the chemical parameters for each fish product
or product groups are fundamental to aid the fishery industries
and government agencies to ensure product quality and consu-
mer health.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding
This work was supported by the Fundação Carlos Chagas Filho
de Amparo à Pesquisa do Estado do Rio de Janeiro (FAPERJ)
under grant process numbers E-26/111.933/2011; E-26/103.003/
2012, FAPERJ E-26/112.485/2012, E-26/111.673/2013; E-26/
010.001954/2014; E-26/111.130/2014 and E-26/101.403/2014;
by the Conselho Nacional de Desenvolvimento Científico e
Tecnológico (CNPq) under grant process numbers 311361/
2013-7, 401922/2013-8, 313917/2013-2 and 441987/2014-1;
and by the Coordenação de Aperfeiçoamento de Pessoal de
Nível Superior (CAPES), under grant process numbers
23038.007363/2011-13; and CAPES/FAPERJ E-45 - PAPDRJ/
2013 (E-26/101.403/2014).

References
Abreu, D. A., Losada, P. P., Maroto, J., & Cruz, J. M. (2010). Evaluation

of the effectiveness of a new active packaging film containing
natural antioxidants (from barley husks) that retard lipid damage
in frozen Atlantic salmon (Salmo salar L.). Food Research
International, 43, 1277–1282. doi:10.1016/j.foodres.2010.03.019

Adeleke, R. O., & Odedeji, J. O. (2010). Acceptability studies on bread
fortified with tilapia fish flour. Pakistan Journal of Nutrition, 9,
531–534. doi:10.3923/pjn.2010.531.534

Al-Kahtani, H. A., Abu-Tarboush, H. M., Bajaber, A. S., Atia, M.,
Abou-Arab, A. A., & El-Mojaddidi, M. A. (1996). Chemical
changes after irradiation and post-irradiation storage in tilapia and

8 K.R. Palmeira et al.

D
ow

nl
oa

de
d 

by
 [

19
0.

15
1.

16
8.

26
] 

at
 1

4:
05

 1
5 

Se
pt

em
be

r 
20

15
 

http://dx.doi.org/10.1016/j.foodres.2010.03.019
http://dx.doi.org/10.3923/pjn.2010.531.534


Spanish mackerel. Journal of Food Science, 61, 729–733.
doi:10.1111/j.1365-2621.1996.tb12191.x

Arvanitoyannis, I. S., & Tserkezou, P. (2014). Fish waste management.
In I. S. Boziaris (Ed.), Seafood processing – Technology, quality and
safety (pp. 263–309). Hoboken, NJ: John Wiley & Sons, Ltd.

Aursand, I. G., Veliyulin, E., Böcker, U., Ofstad, R., Rustad, T., &
Erikson, U. (2009). Water and salt distribution in Atlantic salmon
(Salmo salar) studied by low-field 1H NMR, 1H and Na MRI and
light microscopy: Effects of raw material quality and brine salting.
Journal of Agricultural and Food Chemistry, 57, 46–54.
doi:10.1021/jf802158u

Baptista, R. F., Lemos, M., Teixeira, C. E., Vital, H. C., Carneiro, C. S.,
Marsico, E. T., . . . Mano, S. B. (2014). Microbiological quality and
biogenic amines in ready-to-eat grilled chicken fillets under vacuum
packing, freezing and high-dose irradiation. Poultry Science, 93,
1571–1577. doi:10.3382/ps.2013-03713

Bell, J. G., Pratoomyot, J., Strachan, F., Henderson, R. J., Fontanillas,
R., Hebard, A., . . . Tocher, D. R. (2010). Growth, flesh adiposity
and fatty acid composition of Atlantic salmon (Salmo salar)
families with contrasting flesh adiposity: Effects of replacement of
dietary fish oil with vegetable oils. Aquaculture, 306, 225–232.
doi:10.1016/j.aquaculture.2010.05.021

Bermejo-Pozaa, R., Fuente, J., Pérez, C., Lauzurica, S., González, E.,
Diaz, M. T., & Villarroel, M. (2015). The effect of intermittent
feeding on the pre-slaughter fasting response in rainbow trout.
Aquaculture, 443, 24–30. doi:10.1016/j.aquaculture.2015.03.007

Brink, B. T., Damink, C., Joosten, H. M. L. J., & Veld, J. H. J. H.
(1990). Occurrence and formation of biologically active amines in
foods. International Journal of Food Microbiology, 11, 73–84.
doi:10.1016/0168-1605(90)90040-C

Brinker, A., & Reiter, R. (2011). Fish meal replacement by plant protein
substitution and guar gum addition in trout feed, Part I: Effects on
feed utilization and fish quality. Aquaculture, 310, 350–360.
doi:10.1016/j.aquaculture.2010.09.041

Brunsø, K., Verbeke, W., Olsen, S. O., & Jeppesen, L. F. (2009).
Motives, barriers and quality evaluation in fish consumption situa-
tions: Exploring and comparing heavy and light users in Spain and
Belgium. British Food Journal, 111, 699–716. doi:10.1108/
00070700910972387

Calder, P. C., & Yaqoob, P. (2009). Omega-3 polyunsaturated fatty acids
and human health outcomes. BioFactors, 35, 266–272. doi:10.1002/
biof.42

Carneiro, C. S., Mársico, E. T., Ribeiro, R. O. R., Conte Júnior, C. A.,
Álvares, T. S., & de Jesus, E. F. O. (2013). Studies of the effect of
sodium tripolyphosphate on frozen shrimp by physicochemical ana-
lytical methods and low field nuclear magnetic resonance (LF 1H
NMR). LWT – Food Science and Technology, 50, 401–407.
doi:10.1016/j.lwt.2012.09.009

Cavenaghi-Altemio, A. D., Alcade, L. B., & Fonseca, G. G. (2013).
Low-fat frankfurters from protein concentrates of tilapia viscera and
mechanically separated tilapia meat. Food Science & Nutrition, 1,
445–451. doi:10.1002/fsn3.42

Chaijan, M. (2008). Review: Lipid and myoglobin oxidations in muscle
foods. Songklanakarin Journal of Science and Technology, 30, 47–53.

Chalamaiah, M., Kumar, B. D., Hemalatha, R., & Jyothirmayi, T.
(2012). Fish protein hydrolysates: Proximate composition, amino
acid composition, antioxidant activities and applications: A review.
Food Chemistry, 135, 3020–3038. doi:10.1016/j.
foodchem.2012.06.100

Chong, C. Y., Abu Bakar, F., Russly, A. R., Jamilah, B., & Mahyudin,
N. A. (2011). The effects of food processing on biogenic amines
formation. International Food Research Journal, 18, 867–876.

Conformite Europeene. (1991). Normas aplicables a la produccion y
puesta en el mercado de los productos pesqueiros (Diario Oficial de
la Comunidades Europeas No. 286). Rome: EU, European
Economic Community.

Cosmina, M., Demartini, E., Gaviglio, A., Mauracher, C.,
Prestamburgo, S., & Trevisan, G. (2012). Italian consumers’ atti-
tudes towards small pelagic fish. New Medit, 11, 52–57.

Cunha, F. L., Conte-Júnior, C. A., Lázaro, C. A., Santos, L. R., Mársico,
E. T., & Mano, S. B. (2012). Determinação de aminas biogênicas
em diferentes tipos de queijos por cromatografia líquida de alta
eficiência. Revista Instituto Adolfo Lutz, 71, 69–75.

Cunha, F. L., Monteiro, M. L. G., Conte-Junior, C. A., Lázaro, C. A.,
Santos, E. B., Vital, H. C., . . . Mano, S. B. (2013). Determinação e
monitoramento de aminas biogênicas por cromatografia líquida de

alta eficiência em filés de tilápia do Nilo (Oreochromis niloticus)
resfriados embalados em atmosfera modificada e irradiados. Revista
Brasileira de Medicina Veterinária, 35, 275–282.

Dekkers, E., Raghavan, S., Kristinsson, H. G., & Marshall, M. R.
(2011). Oxidative stability of mahi mahi red muscle dipped in
tilapia protein hydrolysates. Food Chemistry, 124, 640–645.
doi:10.1016/j.foodchem.2010.06.088

Dellarosa, N., Laghi, L., Martinsdóttir, E., Jónsdóttir, R., & Sveinsdóttir,
K. (2015). Enrichment of convenience seafood with omega-3 and
seaweed extracts: Effect on lipid oxidation. LWT – Food Science
and Technology, 62, 746–752. doi:10.1016/j.lwt.2014.09.032

Duthie, G., Campbell, F., Bestwick, C., Stephen, S., & Russell, W.
(2013). Antioxidant effectiveness of vegetable powders on the
lipid and protein oxidative stability of cooked turkey meat patties:
Implications for health. Nutrients, 5, 1241–1252. doi:10.3390/
nu5041241

Esaiassen, M., Nilsen, H., Joensen, S., Skjerdal, T., Carlehög, M.,
Eilertsen, G., … Elvevoll, E. (2004). Effects of catching methods
on quality changes during storage of cod (Gadus morhua). LWT -
Food Science and Technology, 37, 643–648. doi: 10.1016/j.
lwt.2004.02.002

European Food Safety Authority. (2011). The European Union summary
report on trends and sources of zoonoses, zoonotic agents and food-
borne outbreaks in 2009. EFSA Journal, 9, 1–378. doi:10.2903/j.
efsa.2011.2090

Fabrício, L. F. F., Pimenta, M. E. S. G., Reis, T. A., Mesquita, T. C.,
Fukushima, K. L., Oliveira, R. M. E., & Zangeronimo, M. G.
(2013). Elaboration of fish bouillon cubes using pirambeba
(Serrasalmus brandtii) and tilapia (Oreochromis niloticus). Semina
Ciências Agrárias, 34, 241–252. doi:10.5433/1679-
0359.2013v34n1p241

Ferraro, V., Cruz, I. B., Jorge, R. F., Malcata, F. X., Pintado, M. E., &
Castro, P. M. L. (2010). Valorisation of natural extracts from marine
source focused on marine by-products: A review. Food Research
International, 43, 2221–2233. doi:10.1016/j.foodres.2010.07.034

Food and Agriculture Organization. (2012). The state of world fisheries
and aquaculture. Rome: FAO.

Food and Agriculture Organization. (2014). The state of world fisheries
and aquaculture. Rome: FAO.

Food and Drug Administration. (1996). Decomposition and histamine in
raw, frozen tuna and mahi-mahi, canned tuna and related species.
Silver Spring, MD: FDA.

Food and Drug Administration. (2011). Fish and fishery products
hazards and controls guide. Gainesville, FL: FDA.

Fuchs, B., Süb, R., Nimptsch, A., & Schiller, J. (2009). Matrix-assisted
laser desorption and ionization time-of-flight mass spectrometry
(MALDI-TOF MS) directly combined with thin-layer chromatogra-
phy – A review of the current state. Chromatographia, 69, 95–105.
doi:10.1365/s10337-008-0661-z

Fuchs, R. H. B., Ribeiro, R. P., Bona, E., & Matsushita, M. (2013).
Development of a freeze-driedmixture of Nile tilapia (Oreochromis
niloticus) croquette using a GA-based multiobjective optimisation.
Journal of the Science of Food and Agriculture, 93, 1042–1048.
doi:10.1002/jsfa.5844

Gökoğlu, N., & Yerlikaya, P. (2015). Freezing and frozen storage of
fish. In N. Gökoğlu & P. Yerlikaya (Eds.), Seafood chilling, refrig-
eration and freezing: Science and technology (pp. 186–207).
Chichester: Wiley-Blackwell.

Gonzaga, V. E., Lescano, A. G., Huamán, A. A., Salmn-Mulanovic, G.,
& Blazes, D. L. (2009). Histamine levels in fish from markets in
Lima, Perú. Journal of Food Protection, 72, 1112–1115.

Gosetti, F., Mazzucco, E., Gennaro, M. C., & Marengo, E. (2013).
Simultaneous determination of sixteen underivatized biogenic
amines in human urine by HPLC-MS/MS. Analytical and
Bioanalytical Chemistry, 405, 907–916. doi:10.1007/s00216-012-
6269-z

Guttormsen, A. G., Myrland, Ø., & Tveteras, R. (2011). Innovations and
structural change in seafood markets and production: Special issue
introduction. Marine Resource Economics, 26, 247–253.
doi:10.5950/0738-1360-26.4.247

Halász, A., Baráth, A., Simon-Sarkadi, L., & Holzapfel, W. (1994).
Biogenic amines and their production by microorganisms in food.
Trends in Food Science & Technology, 5, 42–49. doi:10.1016/0924-
2244(94)90070-1

Hernández-Jover, T., Izquierdo-Pulido, M., Veciana-Nogués, M. T., &
Vidal-Carou, M. C. (1996). Ion-pair high-performance liquid

CyTA – Journal of Food 9

D
ow

nl
oa

de
d 

by
 [

19
0.

15
1.

16
8.

26
] 

at
 1

4:
05

 1
5 

Se
pt

em
be

r 
20

15
 

http://dx.doi.org/10.1111/j.1365-2621.1996.tb12191.x
http://dx.doi.org/10.1021/jf802158u
http://dx.doi.org/10.3382/ps.2013-03713
http://dx.doi.org/10.1016/j.aquaculture.2010.05.021
http://dx.doi.org/10.1016/j.aquaculture.2015.03.007
http://dx.doi.org/10.1016/0168-1605(90)90040-C
http://dx.doi.org/10.1016/j.aquaculture.2010.09.041
http://dx.doi.org/10.1108/00070700910972387
http://dx.doi.org/10.1108/00070700910972387
http://dx.doi.org/10.1002/biof.42
http://dx.doi.org/10.1002/biof.42
http://dx.doi.org/10.1016/j.lwt.2012.09.009
http://dx.doi.org/10.1002/fsn3.42
http://dx.doi.org/10.1016/j.foodchem.2012.06.100
http://dx.doi.org/10.1016/j.foodchem.2012.06.100
http://dx.doi.org/10.1016/j.foodchem.2010.06.088
http://dx.doi.org/10.1016/j.lwt.2014.09.032
http://dx.doi.org/10.3390/nu5041241
http://dx.doi.org/10.3390/nu5041241
http://dx.doi.org/10.1016/j.lwt.2004.02.002
http://dx.doi.org/10.1016/j.lwt.2004.02.002
http://dx.doi.org/10.2903/j.efsa.2011.2090
http://dx.doi.org/10.2903/j.efsa.2011.2090
http://dx.doi.org/10.5433/1679-0359.2013v34n1p241
http://dx.doi.org/10.5433/1679-0359.2013v34n1p241
http://dx.doi.org/10.1016/j.foodres.2010.07.034
http://dx.doi.org/10.1365/s10337-008-0661-z
http://dx.doi.org/10.1002/jsfa.5844
http://dx.doi.org/10.1007/s00216-012-6269-z
http://dx.doi.org/10.1007/s00216-012-6269-z
http://dx.doi.org/10.5950/0738-1360-26.4.247
http://dx.doi.org/10.1016/0924-2244(94)90070-1
http://dx.doi.org/10.1016/0924-2244(94)90070-1


chromatographic determination of biogenic amines in meat and
meat products. Journal of Agricultural and Food Chemistry, 44,
2710–2715. doi:10.1021/jf9506803

Hooper, L., Thompson, R. L., Harrison, R. A., Summerbell, C. D., Ness,
A. R., Moore, H. J., . . . Smith, G. D. (2006). Risks and benefits of
omega 3 fats for mortality, cardiovascular disease, and cancer:
Systematic review. British Medical Journal, 332, 752–760.
doi:10.1136/bmj.38755.366331.2F

Hristov, L., & Reynolds, J. (2015). Perceptions and practices of innova-
tion in retailing. International Journal of Retail & Distribution
Management, 43, 126–147. doi:10.1108/IJRDM-09-2012-0079

Hu, Y., Huang, Z., Li, J., & Yang, H. (2012). Concentrations of biogenic
amines in fish, squid and octopus and their changes during storage.
Food Chemistry, 135, 2604–2611. doi:10.1016/j.
foodchem.2012.06.121

Huang, Z., Rose, A. H., & Hoffmann, P. R. (2012). The role of selenium
in inflammation and immunity: From molecular mechanisms to
therapeutic opportunities. Antioxidants & Redox Signaling, 16,
705–743. doi:10.1089/ars.2011.4145

Hui, Y. H. (2006). Handbook of food science technology and engineer-
ing. Boca Raton, FL: CRC Press Taylor & Francis Group.

Ionescu, A., Aprodu, I., Daraba, A., & Porneala, L. (2008). The effects
of transglutaminase on the functional properties of the myofibrillar
protein concentrate obtained from beef heart. Meat Science, 79,
278–284. doi:10.1016/j.meatsci.2007.09.011

Jeya Sree, V., Parulekar, A. H., Wahidulla, S., & Kamat, S. Y. (1994).
Seasonal changes in biochemical composition of Holothuria leucos-
pilota (Echinodermata). Indian Journal of Marine Sciences, 232,
17–19.

Jiang, W., Xu, Y., Li, C., Dong, X., & Wang, D. (2014). Biogenic
amines in commercially produced Yulu, a Chinese fermented fish
sauce. Food Additives & Contaminants: Part B: Surveillance, 7,
25–29. doi:10.1080/19393210.2013.831488

Jin, G., Zhang, J., Yu, X., Zhang, Y., Lei, Y., & Wang, J. (2010).
Lipolysis and lipid oxidation in bacon during curing and drying–
ripening. Food Chemistry, 123, 465–471. doi:10.1016/j.
foodchem.2010.05.031

Jittrepotch, N., Rojsuntornkitti, K., & Kongbangkerd, T. (2015).
Physico-chemical and sensory properties of Plaa-som, a Thai fer-
mented fish product prepared by using low sodium chloride sub-
stitutes. International Food Research Journal, 22, 721–730.

Juneja, V. K., & Sofos, J. N. (2010). Pathogens and toxins in food:
Challenges and interventions. Washington, DC: ASM Press.

Karl, H., Lehmann, I., Rehbein, H., & Schubring, R. (2010).
Composition and quality attributes of conventionally and organi-
cally farmed Pangasius fillets (Pangasius hypophthalmus) on the
German market. International Journal of Food Science &
Technology, 45, 56–66. doi:10.1111/j.1365-2621.2009.02103.x

Karlsdottir, M. G., Sveinsdottir, K., Kristinsson, H. G., Villot, D., Craft,
B. D., & Arason, S. (2014). Effect of thermal treatment and frozen
storage on lipid decomposition of light and dark muscles of saithe
(Pollachius virens). Food Chemistry, 164, 476–484. doi:10.1016/j.
foodchem.2014.05.068

Kim, J. Y., Kim, D., Park, P., Kang, H.-I., Ryu, E. K., & Kim, S. M.
(2011). Effects of storage temperature and time on the biogenic
amine content and microflora in Korean turbid rice wine,
Makgeolli. Food Chemistry, 128, 87–92. doi:10.1016/j.
foodchem.2011.02.081

Koral, S., Tufan, B., Ščavničar, A., Kočar, D., Pompe, M., & Köse, S.
(2013). Investigation of the contents of biogenic amines and some
food safety parameters of various commercially salted fish products.
Food Control, 32, 597–606. doi:10.1016/j.foodcont.2013.01.043

Köse, S., Kaklıkkaya, N., Koral, S., Tufan, B., Buruk, K. C., & Aydın,
F. (2011). Commercial test kits and the determination of histamine
in traditional (ethnic) fish products-evaluation against an EU
accepted HPLC method. Food Chemistry, 125, 1490–1497.
doi:10.1016/j.foodchem.2010.10.069

Lázaro, C. A., & Conte-Junior, C. A. (2013). Chromatographic methods
for biogenic amines determination in foods of animal origin.
Brazilian Journal of Veterinary Research and Animal Science, 50,
430–446. doi:10.11606/issn.1678-4456.v50i6p430-446

Lázaro, C. A., Conte Junior, C. A., Cunha, F. L., Mársico, E. T., Mano,
S. B., & Franco, R. M. (2013). Validation of an HPLC methodology
for the identification and quantification of biogenic amines in
chicken meat. Food Analytical Methods, 6, 1024–1032.
doi:10.1007/s12161-013-9565-0

Lázaro, C. A., Conte-Júnior, C. A., Canto, A. C. V. C. S. C., Monteiro,
M. L. G., Costa-Lima, B. R. C., Cruz, A. G., . . . Franco, R. M.
(2015). Biogenic amines as bacterial quality indicators in different
poultry meat species. LWT – Food Science and Technology, 60, 15–
21. doi:10.1016/j.lwt.2014.09.025

Lázaro, C. A., Conte-Júnior, C. A., Canto, A. C. V. C. S. C., Monteiro,
M. L. G., Costa-Lima, B. R. C., Mano, S. B., & Franco, R. M.
(2014). Effects of ultraviolet light on biogenic amines and other
quality indicators of chicken meat during refrigerated storage.
Poultry Science, 93, 2304–2313. doi:10.3382/ps.2013-03642

Li, X., Rezaei, R., Li, P., & Wu, G. (2011). Composition of amino acids
in feed ingredients for animal diets. Amino Acids, 40, 1159–1168.
doi:10.1007/s00726-010-0740-y

Li, Y., Yang, H., Liao, H., Fan, H., Liang, C., Deng, L., & Jin, S. (2013).
Simultaneous determination of ten biogenic amines in a thymopo-
lypeptides injection using ultra-performance liquid chromatography
coupled with electrospray ionization tandem quadrupole mass spec-
trometry. Journal of Chromatography B, Analytical Technologies in
the Biomedical and Life Sciences, 929, 33–39. doi:10.1016/j.
jchromb.2013.03.025

Linseisen, J., Rohrmann, S., Bueno-de-Mesquita, B., Buchner, F. L.,
Boshuizen, H. C., Agudo, A., . . . Riboli, E. (2011). Consumption of
meat and fish and risk of lung cancer: Results from the European
Prospective Investigation into cancer and nutrition. Cancer Causes
& Control, 22, 909–918. doi:10.1007/s10552-011-9764-1

Lisboa, A., Skarmeas, D., & Lages, C. (2011). Innovative capabilities:
Their drivers and effects on current and future performance. Journal
of Business Research, 64, 1157–1161. doi:10.1016/j.
jbusres.2011.06.015

Lobo, C. M. O., Torrezan, R., Furtado, A. A. L., Antoniassi, R., Freitas,
D. G. C., Freitas, S. C., . . . Mársico, E. T. (2015). Development and
nutritional and sensory evaluation of cachapinta (Pseudoplatystoma
sp) pâté. Food Science & Nutrition, 3, 10–16. doi:10.1002/fsn3.183

Lopes, M. M., Mársico, E. T., Sobreiro, L. G., Silva, L. P., Conte Junior, C.
A., Pardi, H. S., & Mano, S. B. (2004). Efeito da embalagem em
atmosfera modificada sobre a conservação de sardinhas (Sardinella
brasiliensis). Revista Portuguesa de Ciências Veterinárias, 99, 207–
210.

Lund, E. K., Belshaw, N. J., Elliott, G. O., & Johnson, I. T. (2011).
Recent advances in understanding the role of diet and obesity in the
development of colorectal câncer. Proceedings of the Nutrition
Society, 70, 194–204. doi:10.1017/S0029665111000073

Lyu, F., Huang, R., Liu, L., Zhou, X., & Ding, Y. (2015). Effect of
slaughter methods on the quality of Chilean jack mackerel
(Trachurus murphyi) during refrigerated storage. Journal of Food
Science and Technology, 52, 1742–1747. doi:10.1007/s13197-013-
1114-8

Macedo, J. A., Cavallieri, A. L. F., Cunha, R. L., & Sato, H. H. (2010).
The effect of transglutaminase from Streptomyces sp. CBMAI 837
on the gelation of acidified sodium caseinate. International Dairy
Journal, 20, 673–679. doi:10.1016/j.idairyj.2010.03.014

Mapiye, C., Aldai, N., Turner, T. D., Aalhus, J. L., Rolland, D. C.,
Kramer, J. K. G., & Dugan, M. E. (2012). The labile lipid fraction
of meat: From perceived disease and waste to health and opportu-
nity. Meat Science, 92, 210–220. doi:10.1016/j.meatsci.2012.03.016

Marengoni, N. G., Pozza, M. S. S., Braga, G. C., Lazzeri, D. B.,
Castilha, L. D., Bueno, G. W., . . . Polese, C. (2009). Centesimal,
microbiological, and sensory characterization of fishburgers made
with mechanically separated meat of tilapia. Revista Brasileira de
Saúde e Produção Animal, 10, 168–176.

Mello, S. C. R. P., Freitas, M. Q., Clemente, S. C. S., Franco, R. M.,
Nogueira, E. B., & Pinto, M. D. S. R. (2010). Chemical and
bacteriological characterization of minced fish and surimi obtained
from fillet frames of tilapia. Ciência Rural, 40, 648–653.
doi:10.1590/S0103-84782010005000029

Ministry of Agriculture, Livestock and Supply. (1997). Aprova
Regulamento Técnico de Identidade e Qualidade de Peixe Fresco
(Diário Oficial da União No. 185). Brasília: Brazil Government
Printing Office.

Ministry of Agriculture, Livestock and Supply. (2011). Aprova os
Métodos Analíticos Oficiais Físico-químicos para Controle de
Pescado e seus Derivados (Diário Oficial da União No. 25).
Brasília: Brazil Government Printing Office.

Mohamed, G. G., Abd El-Hameed, A. K., Nezam El-Din, A. M. M., &
El-Din, L. A. M. M. N. (2010). High performance liquid chromato-
graphy, thin layer chromatography and spectrophotometric studies

10 K.R. Palmeira et al.

D
ow

nl
oa

de
d 

by
 [

19
0.

15
1.

16
8.

26
] 

at
 1

4:
05

 1
5 

Se
pt

em
be

r 
20

15
 

http://dx.doi.org/10.1021/jf9506803
http://dx.doi.org/10.1136/bmj.38755.366331.2F
http://dx.doi.org/10.1108/IJRDM-09-2012-0079
http://dx.doi.org/10.1016/j.foodchem.2012.06.121
http://dx.doi.org/10.1016/j.foodchem.2012.06.121
http://dx.doi.org/10.1089/ars.2011.4145
http://dx.doi.org/10.1016/j.meatsci.2007.09.011
http://dx.doi.org/10.1080/19393210.2013.831488
http://dx.doi.org/10.1016/j.foodchem.2010.05.031
http://dx.doi.org/10.1016/j.foodchem.2010.05.031
http://dx.doi.org/10.1111/j.1365-2621.2009.02103.x
http://dx.doi.org/10.1016/j.foodchem.2014.05.068
http://dx.doi.org/10.1016/j.foodchem.2014.05.068
http://dx.doi.org/10.1016/j.foodchem.2011.02.081
http://dx.doi.org/10.1016/j.foodchem.2011.02.081
http://dx.doi.org/10.1016/j.foodcont.2013.01.043
http://dx.doi.org/10.1016/j.foodchem.2010.10.069
http://dx.doi.org/10.11606/issn.1678-4456.v50i6p430-446
http://dx.doi.org/10.1007/s12161-013-9565-0
http://dx.doi.org/10.1016/j.lwt.2014.09.025
http://dx.doi.org/10.3382/ps.2013-03642
http://dx.doi.org/10.1007/s00726-010-0740-y
http://dx.doi.org/10.1016/j.jchromb.2013.03.025
http://dx.doi.org/10.1016/j.jchromb.2013.03.025
http://dx.doi.org/10.1007/s10552-011-9764-1
http://dx.doi.org/10.1016/j.jbusres.2011.06.015
http://dx.doi.org/10.1016/j.jbusres.2011.06.015
http://dx.doi.org/10.1002/fsn3.183
http://dx.doi.org/10.1017/S0029665111000073
http://dx.doi.org/10.1007/s13197-013-1114-8
http://dx.doi.org/10.1007/s13197-013-1114-8
http://dx.doi.org/10.1016/j.idairyj.2010.03.014
http://dx.doi.org/10.1016/j.meatsci.2012.03.016
http://dx.doi.org/10.1590/S0103-84782010005000029


on the removal of biogenic amines from some Egyptian foods using
organic, inorganic and natural compounds. The Journal of
Toxicological Sciences, 35, 175–187. doi:10.2131/jts.35.175

Moini, S., Sotoodeh, A. M., Haghoo, A., Moslemi, M., Hosseini, S. V.,
Regenstein, J. M., . . . Yadollahi, F. (2012). Changes in biogenic
amines and bacteria of Tiger-toothed croaker (Otolithes ruber) dur-
ing ice storage. Journal of Aquatic Food Product Technology, 21,
147–155. doi:10.1080/10498850.2011.587941

Monteiro, M. L. G., Mársico, E. T., Canto, A. C. V. C. S., Costa Lima,
B. R. C., Lázaro, C. A., Cruz, A. G., & Conte-Júnior, C. A. (2015).
Partial sodium replacement in tilapia steak without loss of accept-
ability. Food Science and Technology International, 21, 295–305.
doi:10.1177/1082013214535229

Monteiro, M. L. G., Mársico, E. T., Lázaro, C. A., Canto, A. C. V. C. S.,
Costa Lima, B. R. C., Cruz, A. G., & Conte-Júnior, C. A. (2015).
Effect of transglutaminase on quality characteristics of a value-
added product tilapia wastes. Journal of Food Science and
Technology, 52, 2598–2609. doi:10.1007/s13197-014-1327-5

Monteiro, M. L. G., Mársico, E. T., Lázaro, C. A., Ribeiro, R. O. R.,
Jesus, R. S., & Conte-Júnior, C. A. (2014). Flours and instant soup
from tilapia wastes as healthy alternatives to the food industry. Food
Science and Technology Research, 20, 571–581. doi:10.3136/
fstr.20.571

Monteiro, M. L. G., Mársico, E. T., Teixeira, C. E., Mano, S. B., Conte
Júnior, C. A., & Vital, H. C. (2012). Shelf life of refrigerated tilapia
fillets (Oreochromis niloticus) packed in modified atmosphere and
irradiated. Ciência Rural, 42, 737–743. doi:10.1590/S0103-
84782012000400027

Monteiro, M. L. G., Mársico, E. T., Viriato, I. M., Lima de Souza, J. M.,
& Conte Junior, C. A. (2012). Preparation of added value bypro-
ducts from the waste material of tilapia (Oreochromis niloticus)
processing. Journal of Aquaculture Research & Development, 3,
150–155. doi:10.4172/2155-9546.1000150

Monteiro, M. L. G., Mársico, E. T., & Vital, H. C. (2010).
Physicochemical evaluations of the effects of irradiation and evis-
ceration on the conservation of refrigerated blackfin tuna (Thunnus
atlanticus). Revista Portuguesa de Ciências Veterinárias, 109, 45–
48.

Moran, D. (2007). Size heterogeneity, growth potential and aggression
in juvenile yellowtail kingfish (Seriola lalandi Valenciennes).
Aquaculture Research, 38, 1254–1264. doi:10.1111/j.1365-
2109.2007.01769.x

Muñoz-Atienza, E., Landeta, G., Rivas, B., Gómez-Sala, B., Muñoz, R.,
& Hernández, P. E. (2011). Phenotypic and genetic evaluations of
biogenic amine production by lactic acid bacteria isolated from fish
and fish products. International Journal of Food Microbiology, 146,
212–216. doi:10.1016/j.ijfoodmicro.2011.02.024

Nielsen, N. S., & Jacobsen, C. (2013). Retardation of lipid oxidation in
fish oil-enriched fish pâté – Combination effects. Journal of Food
Biochemistry, 37, 88–97. doi:10.1111/j.1745-4514.2011.00605.x

Ogawa, M., & Maia, E. L. (1999). Tecnologia do pescado na região
nordeste. Brazil: Livraria Varela Ltda.

Okeyo, G. O., Lokuruka, N. I., & Matofari, J. W. (2009). Nutritional
composition and shelf life of the lake Victoria nile perch (Lates
niloticus) stored in ice. African Journal of Food, Agriculture,
Nutrition and Development, 9, 901–919.

Oliveira Filho, P. R. C., Fávaro-Trindade, C. S., Trindade, M. A.,
Balieiro, J. C. C., & Viegas, E. M. M. (2010). Quality of sausage
elaborated using minced Nile tilapia submitted to cold storage.
Scientia Agricola, 67, 183–190. doi:10.1590/S0103-
90162010000200009

Oliveira, I. S., Lourenço, L. F. H., Sousa, C. L., Joele, M. R. S. P., &
Ribeiro, S. C. A. (2015). Composition of MSM from Brazilian
catfish and technological properties of fish flour. Food Control,
50, 38–44. doi:10.1016/j.foodcont.2014.08.018

Olsen, R. L., Toppe, J., & Karunasagar, I. (2014). Challenges and
realistic opportunities in the use of by-products from processing of
fish and shellfish. Trends in Food Science & Technology, 36, 144–
151. doi:10.1016/j.tifs.2014.01.007

Önal, A. A. (2007). A review: Current analytical methods for the
determination of biogenic amines in foods. Food Chemistry, 103,
1475–1486. doi:10.1016/j.foodchem.2006.08.028

Ozer, O., & Sariçoban, C. (2010). The effects of butylated hydroxyani-
sole, ascorbic acid, and α-tocopherol on some quality characteristics
of mechanically deboned chicken patty during freezer storage.
Czech Journal of Food Sciences, 28, 150–160.

Pacheco, M. T. B., Dias, N. F., Baldini, V. L. S., Tanikawa, C., &
Sgarbieri, V. C. (2005). Functional properties of whey protein
hydrolysates from milk whey proteins concentrate. Food Science
and Technology, 25, 333–338. doi:10.1590/S0101-
20612005000200026

Pacheco-Aguilar, R., Lugo-Sanchez, M. E., & Robles-Burgueno, M. R.
(2000). Postmortem biochemical and functional characteristic of
Monterey sardine muscle stored at 0°C. Journal of Food Science,
65, 40–47. doi:10.1111/j.1365-2621.2000.tb15953.x

Palmeira, K. R., Mársico, E. T., Doro, L., Lemos, M., Teixeira, C. E.,
Paschoalin, V. M. F., . . . Conte Júnior, C. A. (2014). Quality of
semi-prepared products from rainbow trout waste (Onchorynchus
mykiss) by using different technological strategics. Food and
Nutrition Sciences, 5, 571–580. doi:10.4236/fns.2014.56067

Palmeira, K. R., Rodrigues, B. L., Gaze, L. V., Freitas, M. Q., Teixeira,
C. E., Marsico, E. T., . . . Conte Junior, C. A. (2014). Use of
transglutaminase, soybean waste and salt replacement in the ela-
boration of trout (Oncorhynchus mykiss) meatball. International
Food Research Journal, 21, 1597–1602.

Park, J. S., Lee, C. H., Kwon, E. Y., Lee, H. J., Kim, J. Y., & Kim, S. H.
(2010). Monitoring the contents of biogenic amines in fish and fish
products consumed in Korea. Food Control, 21, 1219–1226.
doi:10.1016/j.foodcont.2010.02.001

Pegg, R. B., & Shahidi, F. (2012). Off flavors and rancidity in foods. In
L. M. L. Nollet, T. Boylston, F. Chen, P. Coggins, G. Hydlig, L. H.
McKee, & C. Kerth (Eds.), Handbook of meat, poultry and seafood
quality (pp. 127–139). Oxford: Wiley-Blackwell.

Pichard, C., & Kudsk, K. (2002). From nutrition support to pharmaco-
logic nutrition in the ICU. Berlin: Springer.

Pombo, C. R., Mársico, E. T., Franco, R. M., Guimarães, C. F. M., Cruz,
A. M. P., & Pardi, H. S. (2009). Salted and fermented fish processes
evaluation. International Journal of Food Science & Technology,
44, 2100–2105. doi:10.1111/j.1365-2621.2009.02043.x

Rajkumar, M., Rahman, M. M., Prabha, A. R., & Phukan, B. (2013).
Effect of cholymbi on growth, proximate composition, and digestive
enzyme activity of fingerlings of long whiskered catfish, Mystus
gulio (Actinopterygii: Siluriformes: Bagridae). Acta Ichthyologica
Et Piscatoria, 43, 15–20. doi:10.3750/AIP2013.43.1.03

Raoofi, P., Ojagh, S. M., Shabanpour, B., & Eighani, M. (2015). Effects
of catching methods on quality changes of Rutilus kutum
(Kamensky, 1901) during storage in ice. Journal of Applied
Ichthyology, 31, 729–732. doi:10.1111/jai.12795

Rebouças, M. C., Rodrigues, M. C. P., Castro, R. J. S., & Vieira, J. M.
M. (2012). Caracterização do concentrado protéico de peixe obtido
a partir dos resíduos da filetagem de tilápia do Nilo. Semina:
Ciências Agrárias, 33, 697–704. doi:10.5433/1679-
0359.2012v33n2p697

Rodrigues, B. L., Alvares, T. S., Costa, M. P., Sampaio, G. S. L.,
Lázaro, C. A., Mársico, E. T., & Conte Júnior, C. A. (2013).
Concentration of biogenic amines in rainbow trout
(Oncorhynchus mykiss) preserved in ice and its relationship with
physicochemical parameters of quality. Journal of Aquaculture
Research & Development, 4, 174–177. doi:10.4172/2155-
9546.1000174

Rodrigues, B. L., Santos, L. R., Mársico, E. T., Camarinha, C. C., Mano,
S. B., & Conte Júnior, C. A. (2012). Qualidade físico-química do
pescado utilizado na elaboração de sushis e sashimis de atum e
salmão comercializados no município do Rio de Janeiro, Brasil.
Semina Ciências Agrárias, 33, 1847–1854. doi:10.5433/1679-
0359.2012v33n5p1847

Rodtong, S., Nawong, S., & Yongsawatdigul, J. (2005). Histamine
accumulation and histamine-forming bacteria in Indian anchovy
(Stolephorus indicus). Food Microbiology, 22, 475–482.
doi:10.1016/j.fm.2004.08.009

Salze, G., McLean, E., Battle, P. R., Schwarz, M. H., & Craig, S. R.
(2010). Use of soy protein concentrate and novel ingredients in the
total elimination of fish meal and fish oil in diets for juvenile cobia,
Rachycentron canadum. Aquaculture, 298, 294–299. doi:10.1016/j.
aquaculture.2009.11.003

Schutz, D. E., Chang, G. W., & Bjedanes, L. F. (1976). Rapid thin layer
chromatographic method for the detection of histamine in fish
products. Journal Association of Official Analytical Chemists, 59,
1225–1244.

Shalaby, A. R. (1996). Significance of biogenic amines to food safety
and human health. Food Research International, 29, 675–690.
doi:10.1016/S0963-9969(96)00066-X

CyTA – Journal of Food 11

D
ow

nl
oa

de
d 

by
 [

19
0.

15
1.

16
8.

26
] 

at
 1

4:
05

 1
5 

Se
pt

em
be

r 
20

15
 

http://dx.doi.org/10.2131/jts.35.175
http://dx.doi.org/10.1080/10498850.2011.587941
http://dx.doi.org/10.1177/1082013214535229
http://dx.doi.org/10.1007/s13197-014-1327-5
http://dx.doi.org/10.3136/fstr.20.571
http://dx.doi.org/10.3136/fstr.20.571
http://dx.doi.org/10.1590/S0103-84782012000400027
http://dx.doi.org/10.1590/S0103-84782012000400027
http://dx.doi.org/10.4172/2155-9546.1000150
http://dx.doi.org/10.1111/j.1365-2109.2007.01769.x
http://dx.doi.org/10.1111/j.1365-2109.2007.01769.x
http://dx.doi.org/10.1016/j.ijfoodmicro.2011.02.024
http://dx.doi.org/10.1111/j.1745-4514.2011.00605.x
http://dx.doi.org/10.1590/S0103-90162010000200009
http://dx.doi.org/10.1590/S0103-90162010000200009
http://dx.doi.org/10.1016/j.foodcont.2014.08.018
http://dx.doi.org/10.1016/j.tifs.2014.01.007
http://dx.doi.org/10.1016/j.foodchem.2006.08.028
http://dx.doi.org/10.1590/S0101-20612005000200026
http://dx.doi.org/10.1590/S0101-20612005000200026
http://dx.doi.org/10.1111/j.1365-2621.2000.tb15953.x
http://dx.doi.org/10.4236/fns.2014.56067
http://dx.doi.org/10.1016/j.foodcont.2010.02.001
http://dx.doi.org/10.1111/j.1365-2621.2009.02043.x
http://dx.doi.org/10.3750/AIP2013.43.1.03
http://dx.doi.org/10.1111/jai.12795
http://dx.doi.org/10.5433/1679-0359.2012v33n2p697
http://dx.doi.org/10.5433/1679-0359.2012v33n2p697
http://dx.doi.org/10.4172/2155-9546.1000174
http://dx.doi.org/10.4172/2155-9546.1000174
http://dx.doi.org/10.5433/1679-0359.2012v33n5p1847
http://dx.doi.org/10.5433/1679-0359.2012v33n5p1847
http://dx.doi.org/10.1016/j.fm.2004.08.009
http://dx.doi.org/10.1016/j.aquaculture.2009.11.003
http://dx.doi.org/10.1016/j.aquaculture.2009.11.003
http://dx.doi.org/10.1016/S0963-9969(96)00066-X


Shaviklo, A. R., Dehkordi, A., & Zangeneh, P. (2014). Interactions and
effects of the seasoning mixture containing fish protein powder/
omega-3 fish oil on children’s liking and stability of extruded corn
snacks using a mixture design approach. Journal of Food
Processing and Preservation, 38, 1097–1105. doi:10.1111/
jfpp.12068

Shaviklo, G. R., Thorkelsson, G., Sveinsdottir, K., & Rafipour, F.
(2011). Chemical properties and sensory quality of ice cream for-
tified with fish protein. Journal of the Science of Food and
Agriculture, 91, 1199–1204. doi:10.1002/jsfa.4299

Stevanato, F. B., Almeida, V. V., Matsushita, M., Oliveira, C. C., Souza,
N. E., & Visentainer, J. V. (2008). Fatty acids and nutrients in the
flour made from tilapia (Oreochromis niloticus) heads. Food
Science and Technology, 28, 440–443. doi:10.1590/S0101-
20612008000200027

Stevanato, F. B., Cottica, S. M., Petenuci, M. E., Matsushita, M.,
DeSouza, N. E., & Visentainer, J. V. (2010). Evaluation of proces-
sing, preservation and chemical and fatty acid composition of nile
tilapia waste. Journal of Food Processing and Preservation, 34,
373–383. doi:10.1111/j.1745-4549.2009.00429.x

Stevanato, F. B., Petenucci, M. E., Matsushita, M., Mesomo, M. C.,
Souza, N. E., Visentainer, J. E. L., . . . Visentainer, J. V. (2007).
Chemical and sensorial evaluation of fish meal in soup. Food
Science and Technology, 27, 567–571. doi:10.1590/S0101-
20612007000300022

Tacon, A. G. J., Hasan, M. R., & Metian, M. (2011). Demand and
supply of feed ingredients for farmed fish and crustaceans: Trends
and prospects. FAO Fisheries and Aquaculture Technical Paper,
564, 1–87.

Tacon, A. G. J., & Metian, M. (2013). Fish matters: Importance of aquatic
foods in human nutrition and global food supply. Reviews in Fisheries
Science, 21, 22–38. doi:10.1080/10641262.2012.753405

Tacon, A. G. J., & Metian, M. (2008). Global overview on the use of
fishmeal and fish oil in industrially compounded aquafeeds: Trends
and future prospects. Aquaculture, 285, 146–158. doi:10.1016/j.
aquaculture.2008.08.015

Taheri, S., Motallebi, A. A., Fazlara, A., Aghababyan, A., & Aftabsavar,
Y. (2012). Changes of fatty acid profiles in fillets of cobia

(Rachycentron canadum) during frozen storage. Iranian Journal of
Fisheries Sciences, 11, 204–213.

Takano, T., Shozen, K., Satomi, M., Taira, W., Abe, H., & Funatsu,
Y. (2012). Quality of fish sauce products from recycled by-
products from fish gel and kamaboko processing. Journal of
Food Quality, 35, 217–227. doi:10.1111/j.1745-
4557.2012.00434.x

Tibaldi, E., Zittelli, G. C., Parisi, G., Bruno, M., Giorgi, G., Tulli, F.,
. . . Poli, B. M. (2015). Growth performance and quality traits of
European sea bass (D. labrax) fed diets including increasing
levels of freeze-dried Isochrysis sp. (T-ISO) biomass as a source
of protein and n-3 long chain PUFA in partial substitution of fish
derivatives. Aquaculture, 440, 60–68. doi:10.1016/j.
aquaculture.2015.02.002

Trushenski, J., Schwarz, M., Lewis, H., Laporte, J., Delbos, B.,
Takeuchi, R., & Sampaio, L. A. (2011). Effect of replacing dietary
fish oil with soybean oil on production performance and fillet lipid
and fatty acid composition of juvenile cobia Rachycentron cana-
dum. Aquaculture Nutrition, 17, e437–e447. doi:10.1111/j.1365-
2095.2010.00779.x

Vidal, N. P., Goicoechea, E., Manzanos, M. J., & Guillén, M. D. (2015).
1H NMR study of the changes in brine- and dry-salted sea bass
lipids under thermo-oxidative conditions: Both salting methods
reduce oxidative stability. European Journal of Lipid Science and
Technology, 117, 440–449. doi:10.1002/ejlt.201400329

Virgili, R., Saccani, G., Gabba, L., Tanzi, E., & Soresi Bordini, C.
(2007). Changes of free amino acids and biogenic amines during
extended ageing of Italian dry-cured ham. LWT - Food Science and
Technology, 40, 871–878. doi:10.1016/j.lwt.2006.03.024

Zaki, M. E., El-Bassyouni, H., Kamal, S., El-Gammal, M., & Youness,
E. (2014). Association of serum paraoxonase enzyme activity and
oxidative stress markers with dyslipidemia in obese adolescents.
Indian Journal of Endocrinology and Metabolism, 18, 340–344.
doi:10.4103/2230-8210.131173

Zhai, H., Yang, X., Li, L., Xia, G., Cen, J., Huang, H., & Hao, S. (2012).
Biogenic amines in commercial fish and fish products sold in south-
ern China. Food Control, 25, 303–308. doi:10.1016/j.
foodcont.2011.10.057

12 K.R. Palmeira et al.

D
ow

nl
oa

de
d 

by
 [

19
0.

15
1.

16
8.

26
] 

at
 1

4:
05

 1
5 

Se
pt

em
be

r 
20

15
 

http://dx.doi.org/10.1111/jfpp.12068
http://dx.doi.org/10.1111/jfpp.12068
http://dx.doi.org/10.1002/jsfa.4299
http://dx.doi.org/10.1590/S0101-20612008000200027
http://dx.doi.org/10.1590/S0101-20612008000200027
http://dx.doi.org/10.1111/j.1745-4549.2009.00429.x
http://dx.doi.org/10.1590/S0101-20612007000300022
http://dx.doi.org/10.1590/S0101-20612007000300022
http://dx.doi.org/10.1080/10641262.2012.753405
http://dx.doi.org/10.1016/j.aquaculture.2008.08.015
http://dx.doi.org/10.1016/j.aquaculture.2008.08.015
http://dx.doi.org/10.1111/j.1745-4557.2012.00434.x
http://dx.doi.org/10.1111/j.1745-4557.2012.00434.x
http://dx.doi.org/10.1016/j.aquaculture.2015.02.002
http://dx.doi.org/10.1016/j.aquaculture.2015.02.002
http://dx.doi.org/10.1111/j.1365-2095.2010.00779.x
http://dx.doi.org/10.1111/j.1365-2095.2010.00779.x
http://dx.doi.org/10.1002/ejlt.201400329
http://dx.doi.org/10.1016/j.lwt.2006.03.024
http://dx.doi.org/10.4103/2230-8210.131173
http://dx.doi.org/10.1016/j.foodcont.2011.10.057
http://dx.doi.org/10.1016/j.foodcont.2011.10.057

	Abstract
	Abstract
	Introduction
	Fish wastes
	Manufacturing of RTE products from mechanically separated fish meat
	Chemical parameters for the quality evaluation of convenience fish products
	Hydrogen potential
	Thiobarbituric acid-reactive substances
	Biogenic amines

	Conclusions
	Disclosure statement
	Funding
	References



