7 Effects of nutrition and aquaculture
practices on fish quality

Kriton Grigorakis

7.1 Introduction
The term fish quality is defined by a group of various factors. These include:

1) appearance, shape, size, and external look (colour, malformations, and injuries);
2) nutritional value;

3) fat deposition;

4) organoleptic characteristics (odour, taste, and texture);

5) freshness; and

6) filleting yield.

It is often difficult to outline the way that quality is affected by feeding, due to numerous
endogenous and exogenous factors that influence quality simultaneously. In the endogenous
factors, size, sex, stage of life cycle, and genetic factors are included. The exogenous fac-
tors include feeding, fish population crowding, temperature, salinity, physical exercise of
the fish, and sources of external stress. A multifactorial analysis including nutritional and
environmental parameters showed clearly that the effects of feeding on fish quality strongly
depended on the environmental factors and that the interaction of feeding and environment
actually defined the final results [1]. Despite the complicated interactions, the ability still
exists to relate feeding to the produced quality and at the next level to tailor quality through
feeding. This chapter attempts to outline the effects of feeding and aquaculture handling on
fish quality and to examine to what extent the quality of the end-product can be manipulated.

7.2 The role of muscle composition and fat deposition in
fish quality

The edible part of the fish is actually the fillet. Therefore, the fillet composition is what
defines the fish quality. Fish store energy as fat to be utilised when needed. Fat is abundant
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Fig. 7.1 Anatomy of gilthead sea bream — forms of deposited fat, excluding muscle fat that is not
visible. For a colour version of this figure, please see the colour plate section.

in four deposited forms:

1) the liver or hepatic fat;

2) the muscle fat;

3) the perivisceral fat (also termed as visceral fat or mesenteric fat); and
4) the peritoneal fat, deposited around the peritoneum (Fig. 7.1).

The distribution of these fat deposits mainly depends on the fish species. The three forms of
fat (muscle, perivisceral, and peritoneal) are important in terms of fish quality. The role of
these fat deposits in fish quality is summarised in Table 7.1. Muscle protein content may not
have the prime importance of fat, but also contributes to the sensory quality through water-
interacting proteins. Also, in cases of long-term fasting, when losses of muscle protein occur,
the cooked flesh becomes soft with reduced cohesiveness [2]. Another important quality
parameter with respect to the nutritional value of proteins is the amino acid composition
and, in particular, the essential to total amino acids ratio. Non-protein nitrogen (NPN) is
another important qualitative determinant in fish. NPN contributes 9 to 18% of the total
nitrogen in teleost fish. It mainly consists of volatile bases, creatine, creatinine, free amino
acids, nucleotides, and purines. Volatile nitrogen plays an important role in the organoleptic
properties of the fish, since it contributes to its flavour and odour [3].

7.3 Effect of feeding and aquaculture practices on
quality characteristics
7.3.1 Feeding and its impact on fish fat

Feeding has a key role in the quality of the aquacultured fish. Generally, fat deposits increase
with weight irrespective of the feeding; for example, larger fish tend to have higher lipid
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Table 7.1 Roles of fat deposits in fish quality

Fat form Quality attribute  Role of fat in quality
Muscle fat Taste Fats have slight taste themselves.
Flavour Lipid-derived volatile compounds characterise fish flavour and

spoilage off-flavour.

Mouth sensation Tissue becomes softer, fattier, and juicier when fat increases. A
1-2% fat increase drastically changes the quality on non-fatty
fish (e.g. halibut), while in fatty species (e.g. salmon) it has
negligible impact.

Texture Decrease of firmness when fat increases.

Nutritional value Increase of PUFA contents is related to health benefits:
reduction of heart diseases and inflammatory diseases,
contribution against some forms of cancer, and significant role
in embryonic brain development.

Perivisceral fat  Visual sense Increased quantity negatively affects consumers’ impression
about the fish when fish commercialised as whole ungutted.
Smell Characteristic, strong, and not pleasant smell of perivisceral fat.
Peritoneal fat Taste or flavour Unknown impact, since this fat form is consumed together with
the fish fillet.

content. This has already been shown for gilthead sea bream [4], eel [5], catfish species [6],
carp [7], and salmonids [8—-10].

7.3.1.1 Feeding intensity and dietary fat

The seasonal differences in fish fat deposits in Nature occur, beyond the sexual maturation
process, due to different feeding intensity throughout the year. In feeding intensity, seasonal
differences exist because of lower food availability in the cold months and also due to reduced
metabolism when water temperatures decrease. This metabolism reduction is confirmed, even
for intensively aquacultured fish, where feed availability is not an issue.

The impact of feeding on fat deposits depends, to a large extend, on the species of interest
(Table 7.2). Thus, there is a preferable deposition in the muscle fat for certain species,
such as flatfish [13,34], while other species, such as perch, preferably accumulate fat in the
peritoneum [28]. Some species also follow a completely different pattern of fat deposition,
such as cod that tend to accumulate the dietary fat almost exclusively as liver fat [26,35], and
the adult eel, where feeding seems to have almost negligible impact because main muscle
fat deposition occurs earlier during its development [5]. However, contradictory results
have been found, even within the same species, with respect to the effects of feeding rate,
dietary lipids, and starvation, in the fish fat deposits. The main reason is the variability of
the experimental conditions. Most studies focus on the results of a dietary treatment under
specific or stable environments and in these cases the environmental impact is not obvious.

In most cases, increase of feeding rate and dietary fat leads to increased muscle and
perivisceral fat. In salmonids, it was shown that leaner fish were obtained when the feeding
rate was reduced, even when referring to high fat feeds [9,18]. This indicates that the feeding
rate in salmonids plays a more important role in fat deposition than the dietary fat.

Each aquaculture fish species has its own energy needs and thus its own dietary lipid
needs. When dietary lipids exceed these limits, the result is an excessive fat deposition.
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Thus, in gilthead sea bream, where the optimum dietary fat level is 15%, feeds with 20%
lipid significantly increase fat deposition. Sea bass, on the other hand, exhibiting a more
carnivorous feeding behaviour, is better adapted to the higher fat feeds and has much bet-
ter quality characteristics when receiving them [36]. The salmonids, in general, are better
accustomed to feeds with even higher lipid contents, where dietary fat reaches 30% [9].

Limited information is available on the exact impact of various protein levels and of
dietary carbohydrates in fish quality. However, the optimum protein levels for achieving
a good quality product depend on the fish needs in the way they are dictated by their
nature. These requirements are lower for herbivorous and omnivorous species and higher
for carnivorous species. In general, increase of dietary protein in isoenergetic diets (e.g.
same lipid) often leads to a higher muscle fat [28]. With respect to carbohydrates, fish have
negligible requirements, with few exceptions. In feeds, carbohydrates are used as low-cost
energy sources and as binders to ensure cohesion of the feed pellet in the water. Increase of
digestible dietary carbohydrates in the diet leads to a higher fat deposition [7,20].

There are indications that dietary treatments may also affect the fatty acid composition of
the muscle. A well-established rule is that muscle fatty acids of the fish reflect the dietary
fatty acids, and this has been confirmed for most of the aquacultured fish species, including
salmonids [9,37], Mediterranean species [36,38], carps [7], cod [35], catfish species [6],
and flatfish [34]. Therefore, manipulation of the fatty acid profile of the end-product can be
achieved.

In salmonids, there were cases that showed a decrease of docosahexaenoic acid (DHA,
22:6 n-3) and omega-3 polyunsaturated fatty acids (PUFA), and a respective increase of
monounsaturated fatty acids (MUFA) when feeding rate increased [8]. In gilthead sea bream
and sea bass, there were indications of positive correlation between dietary fat and the
omega-3 levels [36].

7.3.1.2 Fish oil substitution

Due to the sustainability issues that the use of fish oils raises, there is a turn towards the use
of plant oils in fish feeds. The result of dietary fish-oil substitution by plant oils is a change in
fish fatty acid composition. In all cases, the most profound alterations in fish muscle are the
decrease of eicosapentaenoic acid (EPA, 20:5 n-3) and DHA in net quantities, as well as the
decrease of EPA/DHA and n-3/n-6 ratios [35,38]. Reduction of arachidonic acid (ARA, 20:4
n-6) was also observed in the cases of experimental substitution with soybean oil, rapeseed
oil, sunflower oil, and linseed oil, but not in the case of substitution with olive oil [39,40].
The magnitude of these changes depends on the feeding period and the degree of the fish oil
substitution [40-42].

7.3.1.3 Finishing diets

Part of the research also focuses on the effects of the finishing diets on fish quality. Thus,
re-feeding fish that previously received plant oils with diets containing fish oil retrieves, up
to a great extent, the initial fatty acid profile. It is shown that a feeding period of 90 days
with a fish oil-containing diet is adequate to restore almost fully the initial muscle fatty acids
in both gilthead sea bream and sea bass. However, EPA cannot be recovered, even within a
longer period (150 days) [40,41]. However, in red sea bream (Pagrus auratus), linoleic acid
(18:2 n-6) is the fatty acid that is not easily restored [38]. Atlantic salmon that previously
received vegetable oils fully restored the omega-3 PUFA when fed with fish-oil finishing
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diets [43]. Finishing diets have also been effectively used for freshwater aquacultured fish
such as carp and tench (Tinca tinca) [44]. Beyond the inter-species differences, the recovery
changes depend on the plant oil that has been previously used. Thus, red sea bream that was
previously fed on soybean-oil retrieved EPA quicker than fish previously fed on canola oil
[38]. Finally, there are indications that fatty acid recovery also depends on fish size and that
larger fish tend to have slower fatty acids recovery [38].

7.3.1.4 Fasting

During fasting, there are different fat deposits mobilisation patterns in different species (Table
7.2). Water temperature also seems to influence the fasting effects for most of the aquacultured
species [9,15]. In addition, Rasmussen [9] has noted that mobilisation is dependent upon
the genetic pool of the fish, fish density, and water salinity. The previous feeding history
also seems to be important in determining the fasting impact [4,9]. Finally, the magnitude
of the impact is found to depend on the duration of fasting. Usually, in custom aquacultural
conditions, food deprivation occurs only for a few days, aiming at emptying the fish intestines,
and has no effect in the fish fat depots. Furthermore, fasting can affect the muscle fatty acids.
Thus, in some cases (e.g rainbow trout), a reduction in the relative MUFA is observed, while
in others (e.g Atlantic salmon) there is an increase or no impact in the MUFA level [9]. In
farmed sea bass, a two-month food deprivation showed reduction of saturated fatty acids
(SFA), especially 17:0, and retained the total PUFA, but was accompanied with a reduction
in EPA, as well as formation of 20:2 n-6 as a 18:2 n-6 elongation product [45].

7.3.1.5 Factors other than feeding that affect fish fat

Since most of the existing research focuses on feeding, less data are available on other factors
that may be employed to manipulate fish fat. Genetic predetermination in fish fat deposition
has been shown in various cases [6,9]. The degree of exercise seems also to be a determinant
of muscle fat in salmonids [9]. Moreover, environmental factors including salinity and water
temperature are found to influence both fat deposition and fatty acid composition [46].

7.3.2 Feeding and handling: effect on muscle
protein/amino acids

Under normal situations, the levels of muscle protein remain unchanged in organisms that
have completed their development (adults). With respect to the amino acid composition,
factors such as salinity and season seem to exert an effect [36]. Contradictory data about the
effect of feeding on muscle amino acids have appeared in salmonids [47], but not in other
species such as carp [7].

7.3.3 Feeding and aquaculture handling: effects on colour

The colouration of skin and flesh is clearly related to the feeding of the organism. Thus,
carotenoid intake, to a great extent, defines the colour of the fillet. Astaxanthin and castax-
anthin absorption in salmonids and the dietary factors that affect it have been reviewed in the
literature [37,48]. Mathematical modelling of salmon pigmentation also occurs [49].
Beyond the dietary carotenoids, the colour of fish fillet is related to feeding due to the
impact of the fat content. Elevated muscle fat is accompanied by a more whitish appearance
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of the flesh. Flesh colour is also related to aquaculture practices and specifically the rearing
temperature [50]. External colouration of the fish depends on fish feeding practices. Thus,
the external colouration of gilthead sea bream can be manipulated through various dietary
carotenoid sources [51], and has also been noted to alter with fasting [4]. One of the most
important problems in external colouration is that of red porgy (Pagrus pagrus), which
under aquaculture conditions become grey. Although the exact nature of the problem is still
unknown, an improved colouration has been achieved through dietary carotenoids [52].

7.3.4 Feeding and body shape

Beyond colouration, feeding also affects the body shape of the fish. In Atlantic salmon,
rainbow trout, and gilthead sea bream, reduced feeding rates or fasting result in a more
spindle-shaped body [4,19]. However, the body shape seems rather genetically predetermined
than regulated by feeding. Thus, geometrical modelling in gilthead sea bream shows that fish
derived from different hatcheries and therefore genetically different, can be distinguished
based on their morphometry, even if they have been raised at the same farms and under
identical feeding conditions [53].

7.3.5 Feeding and effect on taste and flavour

Besides the impact of feeding on fillet fat, which in turn affects its taste and flavour, the effects
of feeding in the formation of taste and flavour is not very distinct. Most existing studies do
not find any quality differences between fish that have been fed with diets containing various
fish meal substitutes, mostly of plant origin. However, there are some exceptions, where
organoleptic differences have been found in gilthead sea bream that have received diets with
soy meal at high substitution levels. The latter has been found to have a less pronounced
“seaweed” flavour than the fish receiving fish meal diets. These differences can possibly be
justified as free amino acid differences or generally as NPN differences [42].

Organoleptic differences often occur between fish that have received different fish oils or
fish receiving different plant oils. These differences are more pronounced for higher plant oil
inclusion levels [54]. This is due to the different fatty acids of the diets, since fatty acids are
primers for a large number of volatiles characterising fish flavour [55]. A direct correlation of
dietary lipids [56], or dietary sulphur-containing amino acids [57], to the flavour compounds
of the fish seems to occur in some cases. However, to what extent a dietary control can be
achieved remains unknown.

7.3.6 Dietary and handling impacts on texture

As already mentioned, muscle fat increase results in a softer and less firm texture [2,36].
There are observations in salmonids, positively relating hypertrophy (diameter increase) and
hyperplasia (number increase) of muscle fibre to the growth rate [9]. Since the number and
distribution of muscle fibres defines the texture and in particular the hardness of muscle [3],
any treatment that affects the growth rate can have an impact on muscle texture and this
has been confirmed for salmon [58]. However, some contradicting results also exist, such
as those in Atlantic halibut, where no dietary impact on the distribution and generation of
muscle fibres was found [34].

Starvation seems to be the treatment with the most pronounced impact on fish muscle
texture. In some cases, short-time fasting improves the texture, producing a firmer muscle
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[9], while in other cases reduction of feeding or prolonged starvation results in reduced
firmness and increase of moistness and sweating of muscle [2,24]. Besides the dietary
effects, rearing temperatures have been found to affect textural characteristics, with softer
and less elastic flesh observed for fish reared at lower temperatures [50].

7.3.7 Impact of aquaculture handling and killing procedure on
post-mortem quality

Seasonality has been observed with respect to the post-mortem quality of fish [59,60]. In
general, temperate-water fish in summer appear to have a slightly better quality. A possible
explanation could be that summer elevated temperatures can result in a longer microbial lag
phase due to the stronger thermal shock of the microflora when placed in ice. Further to the
seasonality, the life history of the fish seems to play an important role in the post-mortem
quality; a direct relationship of culture conditions to fish freshness has been indicated [12].

Both the pre-slaughter conditions and the killing procedures affect the post-mortem quality
of fish. Crowding stress results in longer struggling during killing, earlier rigor mortis onset,
and more intense and shorter rigor mortis [61,62]. The impact of the killing method on the
post-mortem quality is related to the amount of stress the fish receives. A stressful killing
method, such as asphyxia, usually results in reduced post-mortem quality, organoleptically
expressed as a low flavour score [59]. Most of the killing procedures tested fail to show
any particular quality advantage [9,63]. However, there are indications that rapid killing
methodologies, such as spiking the brain, can result in longer shelf-life in some cases [63].
Some results for Mediterranean fish species show improved quality with slurry ice-killing
over the classic ice-killing [64], while others find practically no difference [65]. However,
cloudy eyes have been mentioned as a negative impact of the use of slurry ice [65].

7.3.8 Effect of feeding on post-mortem quality and
technological properties

An important feeding factor that can affect the post-mortem quality of fish is the dietary
fatty acids, since PUFA are more susceptible to lipid oxidation. Thus, rancidity can be more
pronounced for fish that have been fed higher levels of omega-3 fatty acids [66]. A dietary
treatment with the aim of improving post-mortem quality is the use of various antioxidants in
the diet, such as tocopherols and astaxanthine. Although results are generally contradictory, a
better oxidative stability has been observed in fish receiving high dietary vitamin E [66]. There
are indications that short-time fasting, applied in the aquaculture practice (1-2 days), leads
to better preservation due to reduction of peptic enzymes in the intestine and consequently
slower autolytic action [67].

The impact of feeding on flesh lipid also affects the ability to fillet and to process the fish
thermally. In salmon, increase of the feeding rate and dietary fat induces the post-mortem
gaping of the fish fillet [9,19,68]. Fish that have received diets with soybean oil at high
substitution levels show less gaping than fish receiving fish oils [35]. The fillet gaping is a
serious technological problem, especially in smoked fillet production, and it has been related
to low post-mortem pH and its impact on the connective tissues [2]. Therefore, it is directly
related to the nutritional status of the fish, but also to the stress the fish might have received
prior to killing and depletion of the glycogen reserves [9].
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7.4 Conclusions

Although the relationships between feeding and quality are complicated due to the impact
of extrinsic factors, some manipulation of the end-product quality can be achieved though
feeding and handling. Thus, fat deposition in the fillet can be regulated through dietary lipid,
feeding ration size, and fasting. The most profound regulation that can be achieved through
diet is that of the muscle fatty acids. Beyond these, skin and muscle colouration can be
manipulated through the intake of dietary carotenoids. Post-mortem quality of the fish is
highly affected by the amount of stress the fish receives through handling and during killing.
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