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ABSTRACT
The global shrimp processing industry generates substantial amounts of solid waste (head, abdominal exoskeleton, and tail), 
with a considerable part currently being disposed of in landfills. It holds significant potential as an alternative ingredient in aq-
uaculture feed due to its relatively high crude protein content, balanced amino acid profile, and presence of bioactive compounds. 
However, one of the main challenges with shrimp processing waste is its rapid spoilage. Consequently, shrimp solid processing 
waste must undergo further refinement to produce shrimp-derived products suitable as aquaculture feed ingredients, such as 
meal, hydrolysate, or silage. This literature review describes the nutritional value, applications, challenges, and prospects of 
these shrimp-derived products in aquaculture feed. Among the investigated shrimp-derived products, shrimp hydrolysate has 
the highest nutritional value considering the high crude protein content, balanced amino acid profile, low chitin content, and low 
ash content. However, producing shrimp hydrolysate requires extensive processing, which can be costly, limiting its applications 
to high-value aquaculture species. On the other hand, shrimp meal and shrimp silage, which require less energy-intensive pro-
cessing, may be more suitable for lower-value aquaculture species that naturally consume feeds high in ash and chitin. The pros-
pects for using shrimp-derived products in aquafeed are promising, with advances in processing technologies showing potential 
to reduce costs, improve nutritional value, and enhance product quality and safety. Ultimately, shrimp-derived products could 
replace current aquafeed ingredients while simultaneously utilizing current shrimp solid waste streams, provided that quality 
and safety measures are carefully considered.

1   |   Introduction

The total global aquatic animal production through fisheries 
and aquaculture reached 178 million metric tonnes in 2020, 
with projections indicating sustained growth driven by rising 
incomes, population growth, urbanization, and changing di-
etary preferences [1]. As landings by capture fisheries have re-
mained stable for several decades, these increasing demands 
can only be met by growth in the aquaculture sector. Most 
of this growth is realized through a global increase in fed-
based aquaculture, driven by species such as African catfish 
(Clarias gariepinus), Atlantic salmon (Salmo salar), common 

carp (Cyprinus carpio), European seabass (Dicentrarchus 
labrax), giant tiger prawn (Penaeus monodon), Nile tilapia 
(Oreochromis niloticus), rainbow trout (Oncorhynchus my-
kiss), red seabream (Pagrus major), and whiteleg shrimp 
(Litopenaeus vannamei) [1]. As fed-based aquaculture requires 
the provision of feed, further increases in feed raw material 
demands can be expected over the coming decades. Fishmeal 
was traditionally used as the main protein source in aquafeed 
due to its balanced amino acid profile, high palatability, and 
high digestibility [2]. However, fishmeal is a competitive com-
modity with a high price (~1730 USD per metric ton, February 
2024) [3]. The most commonly used alternative ingredient for 
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fishmeal worldwide is soybean meal due to its relatively simi-
lar amino acid profile, worldwide availability, and lower price 
(~460 USD per metric ton, February 2024) [3], while in some 
instances, other soybean products are used, such as soybean 
isolate or soybean concentrate. Nonetheless, the dietary inclu-
sion of unrefined soybean meal in aquafeed can pose chal-
lenges related to nutrient digestibility, palatability, and health, 
depending on the aquaculture species [4–6]. Furthermore, 
certain sources of fishmeal and soybean meal may be associ-
ated with sustainability concerns, including overfishing and 
deforestation, respectively [7, 8]. These challenges, together 
with the expansion of the aquaculture sector and increasing 
emphasis on the circular economy, have propelled research 
to identify alternative protein sources for aquafeed including 
single-cell proteins, microalgae, insects, and shrimp process-
ing waste.

Shrimp processing waste, in this review encompassing waste 
from both shrimps and prawns due to the lack of a concise 
definition of either term, is of interest for aquafeed applica-
tions because of its relatively high crude protein content, 
balanced amino acid profile, and presence of bioactive com-
pounds [9–11]. During shrimp processing, parts considered 
“inedible” for human consumption can be removed (head, 
abdominal exoskeleton, and tail), which are subsequently re-
garded as solid waste. This solid processing waste can make 
up 35%–65% of the total shrimp production weight, depending 
on, amongst others, the shrimp species and processing effi-
ciency [12–15].

In 2020, the combined supply of shrimp provided by fisher-
ies and aquaculture reached approximately 10 million metric 
tonnes (wet weight), resulting in roughly 3.5–6.5 million metric 
tonnes of shrimp solid processing waste [7]. Only a small frac-
tion of global shrimp processing waste is further processed for 
other industries, whereas most is disposed of in landfills due 
to its perishable nature [11]. The disposal of shrimp processing 
waste is not only a loss of valuable nutrients but is also associ-
ated with adverse environmental impacts including water pol-
lution, habitat degradation, and greenhouse gas emissions [11]. 
More efficient utilization of shrimp processing waste can aid 
in enhancing the sustainable and economic viability of shrimp 
processing industries while simultaneously contributing to the 
circular economy concept.

In recent decades, shrimp processing waste has been investi-
gated as a source of bioactive compounds and as a feed ingredient. 
Numerous in-depth literature reviews have described biotech-
nological processes for obtaining bioactive compounds from 
shrimp processing waste, including long-chain polyunsaturated 
fatty acids, polysaccharides, and carotenoids [10, 11, 16, 17]. 
These bioactive compounds have been shown to have, amongst 
others, antioxidant, antimicrobial, and/or anti-inflammatory 
properties, finding applications in various industries including 
cosmetics, pharmaceuticals, and agriculture [18–21]. Given their 
wide range of applications, considerable efforts are being made 
towards overcoming previous hurdles by improving extraction 
efficiency, enhancing cost-effectiveness, and employing green 
extraction technologies to reduce their environmental impact 
[21]. Despite extensive research on the purification and appli-
cations of these bioactive compounds from shrimp processing 

waste, the utilization of shrimp-derived products as a replace-
ment for current protein sources in aquafeed remains underex-
plored. This literature review therefore evaluates the nutritional 
composition of shrimp-derived products (meal, hydrolysate, and 
silage) and assesses their applications as alternative ingredients 
in formulated aquaculture feed. Furthermore, the current chal-
lenges associated with shrimp-derived products in aquafeed are 
discussed, as well as potential strategies to overcome them.

2   |   Shrimp-Derived Products

Of the total global shrimp supply of 10 million metric tonnes 
(wet weight) in 2020, approximately 70% was produced by aqua-
culture [7]. Over the past decade, shrimp aquaculture has been 
almost completely reliant on one shrimp species which is the 
whiteleg shrimp (L. vannamei), accounting for roughly 6.8 mil-
lion metric tonnes (wet weight) in 2022 [22]. The majority of 
shrimp fisheries and aquaculture activities are concentrated in 
Asia and, to a lesser extent, South America [7]. For both con-
tinents, shrimp are often processed immediately after collec-
tion, which is driven by the cost-effectiveness of labor in these 
locations [23]. The processing location is also dependent on the 
shrimp source; when obtained through fisheries, initial pro-
cessing may occur at sea (provided the fleet is equipped with 
onboard processing capacity), whereas when obtained through 
aquaculture, processing typically occurs on land.

Initial processing involves washing, cooking, weighing, sorting, 
and grading, as illustrated in Figure 1. Immediately after col-
lection, shrimp are cooked or washed to ensure high product 
quality and, in the case of marine shrimp species, to remove salt 
residues. Additional washing steps are required after further 
processing steps, which remove chemicals or other impurities 
[10]. Both the cooking and washing steps in shrimp processing 
result in the generation of wastewater, estimated at approx-
imately 15 m3 per metric ton of raw shrimp [24]. The highly 
diluted nutrient content in processing wastewater currently 
renders it economically inviable as an aquafeed ingredient, as 
it would require extensive processing. Processing wastewater is 
therefore not further discussed in this literature review.

After cooking and washing, shrimp are sorted and graded ac-
cording to their size and quality. Shrimp that do not meet the 
size specifications for human consumption are commonly re-
purposed, for example as a pet food ingredient due to quality 
and price considerations. Graded shrimp, deemed suitable for 
human consumption, are then categorized according to the de-
sired final product being (1) whole shrimp, (2) beheaded shrimp, 
or (3) peeled shrimp [10]. All three final products undergo sub-
sequent processing steps, including washing, weighing, pack-
ing, freezing, and transporting, before being sold to consumers 
(Figure 1).

Substantial amounts of solid processing waste are generated 
at the processing site when beheaded or peeled shrimp are the 
final products. For beheaded shrimp, the head is removed, leav-
ing the rest of the exoskeleton attached. For peeled shrimp, the 
head, abdominal exoskeleton, and tail are removed (Figure 2). 
The proportion of total solid waste (head, abdominal exoskele-
ton, and tail) relative to the shrimp weight typically ranges from 
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35% to 65% (Table 1), of which the head makes up the predomi-
nant fraction of the total solid waste weight, ranging from 65% 
to 85% [14, 15].

The relative proportion of total solid waste is dependent on, 
amongst others, the shrimp species and processing efficiency. 
Of the described shrimp species in the literature, L. vannamei 

had the lowest relative fraction of solid processing waste (35.6%–
44.1%) and Macrobrachium rosenbergii had the highest (62.5%) 
(Table 1). Dissimilarities between species may be related to dif-
ferences in size and morphology whereas differences within the 
same shrimp species may be attributed to differences in size 
and peeling efficiencies across studies. Notably, manual shrimp 
peeling is generally known to be more accurate in separating the 

FIGURE 1    |    Flow chart illustrating critical steps involved in producing final shrimp products for human consumption from freshly collected 
shrimp by aquaculture or fisheries (modified version based on [10]). Shrimp sources are indicated in blue, processing steps in yellow, products for 
human consumption in dark gray, and waste streams in light gray.
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meat part from the exoskeleton part, therefore yielding a lower 
fraction of solid processing waste [25].

To be able to utilize shrimp solid processing waste in aquafeed, 
additional processing is necessary to change its physicochemical 
properties, enhance its nutritional quality, and prevent spoilage 
[26]. Depending on the methods applied, various shrimp-derived 
products can be produced including shrimp meal, hydrolysate, 

and silage. The processing methods for each of these products 
are described in more detail below.

2.1   |   Shrimp Meal

The term “shrimp meal” is often used in the literature to describe 
either shrimp head meal or shrimp waste meal (containing 
head, abdominal exoskeleton, and tail). Regardless of the type of 
meal, the following processes can be applied to produce shrimp 
meal: washing, drying, grinding/milling, and sieving (Figure 3). 
A washing step is often performed to remove impurities present 
from previous processing steps [10]. Subsequently, drying is re-
quired to produce a meal with a relatively low moisture content 
to extend its shelf life and enhance formulation for aquafeed 
purposes. Solar, freeze, and oven drying are examples of dry-
ing methods applied in the industry [27]. Afterwards, grinding/
milling, possibly followed by sieving, can be performed to ob-
tain a uniform particle size, which supports the formation of a 
high-quality feed pellet.

2.2   |   Shrimp Hydrolysate

Shrimp hydrolysate is obtained by hydrolyzing shrimp solid 
processing waste, where protein-bound amino acids are 
solubilized in water. Steps involved in shrimp hydrolysate 

FIGURE 2    |    Visual representation of three commonly separated 
fractions during shrimp processing: Head (including antennae, 
carapace, eyes, pereopods, rostrum), abdominal exoskeleton (including 
abdominal segments, pleopods), and tail (including telson, uropods) 
(modified version based on a previous study [25]).

TABLE 1    |    Different shrimp species and their relative fraction of solid processing waste relative to the total shrimp weight.

Species Solid processing waste (%) Reference

Fenneropenaeus chinensis 44.1 [15]

Litopenaeus vannamei 35.6 [12]

Litopenaeus vannamei 44.1 [15]

Macrobrachium rosenbergii 62.5 [15]

Metapenaeus dobsoni 48.6 [13]

Pandalus borealis 51.9 [14]

Parapenaeopsis stylifera 56.0 [13]

Penaeus indicus 48.5 [13]

Penaeus japonicus 47.9 [15]

Penaeus monodon 38.1 [12]

Penaeus monodon 48.7 [13]

Penaeus monodon 52.1 [15]

Pleoticus muelleri 45.4 [12]

Trachysalambria curvirostris 51.7 [14]

FIGURE 3    |    Flow chart illustrating the processing steps involved in shrimp meal production from shrimp solid processing waste (based on the 
in-text description in previous studies [29, 30]).
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production include washing, grinding/milling, hydrolysis, fil-
tration, and centrifugation (Figure  4). Prior to hydrolysis, a 
washing or grinding/milling step can be included to remove 
impurities and increase the surface area for hydrolysis, re-
spectively. Afterwards, chemical or enzymatic hydrolysis can 
be applied to break down proteins into shorter peptides and 
amino acids [30]. Chemical hydrolysis refers to the use of ei-
ther highly acidic or alkaline solutions, usually in combination 
with high pressure and/or high temperature. Due to the large 
volumes of chemical waste produced during chemical hydroly-
sis, recent attention has shifted towards enzymatic hydrolysis 
[31]. Enzymatic hydrolysis relies on proteolytic enzymes (e.g., 
chymotrypsin, papain, and subtilisin) to break down proteins 
[32, 33]. As proteolytic enzymes are highly specific, enzymatic 
hydrolysis allows greater control over the quality of the final 
products [34], but, unlike chemical hydrolysis, does not re-
sult in the breakdown of chitin unless chitinolytic enzymes 

are added [35]. Following hydrolysis, filtration is performed, 
resulting in a solid and a liquid fraction. The liquid fraction 
is further processed by centrifugation, to yield the hydroly-
sate whereas the precipitate is discarded [36, 37]. To be able 
to include the hydrolysate in aquafeed, an additional concen-
tration step might be needed to reduce the moisture content.

2.3   |   Shrimp Silage

Ensiling is a traditional method to prolong the shelf life of 
shrimp solid processing waste and, in certain cases, improve 
its nutritional value. To produce shrimp silage, the follow-
ing steps are required: washing, grinding/milling, addition 
of acid/fermentable carbohydrates/lactic acid bacteria, mix-
ing, liquefaction, and centrifugation (Figure 5). Washing and 
grinding/milling are optional steps and their functions are 

FIGURE 4    |    Flow chart illustrating the processing steps involved in shrimp hydrolysate production from shrimp solid processing waste (modified 
version based on previous studies [33, 38, 39]).

FIGURE 5    |    Flow chart illustrating the processing steps involved in shrimp silage production from shrimp solid processing waste (modified 
version based on previous studies [17, 41]).
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similar to what has been described previously. To produce 
silage, the pH needs to be below 4.5, which can be achieved 
either by the addition of acids (acid silage) or through an-
aerobic fermentation using lactic acid bacteria (fermented 
silage) [39–41]. In the latter, lactic acid bacteria can convert 
fermentable carbohydrates into lactic acid. As shrimp solid 
processing waste contains a low amount of fermentable car-
bohydrates, supplementary fermentable carbohydrate sources 
(e.g., molasses, tapioca, etc.) are often added to the mixture, 
sometimes in combination with a starter culture of lactic acid 
bacteria [42]. Acids originating either from acid addition or 
lactic acid bacteria will reduce the pH, resulting in an inhi-
bition of undesirable microorganisms and preservation of 
the nutritional quality. To ensure homogenous ensiling, it is 
necessary to mix the raw materials with acids, fermentable 
sugars, and/or lactic acid bacteria. During liquefaction, dif-
ferent processes occur including the production of lipophilic 
compounds, denaturation of proteins, and solubilization of 
minerals [43]. Afterwards, the liquid and solid components 
can be separated by centrifugation, resulting in a solid frac-
tion primarily composed of chitin and insoluble minerals, and 
a liquid fraction containing proteins, lipids, and carotenoids 
[40]. Subsequently, the liquid fraction can be dried to produce 
a concentrate, better suited for aquafeed purposes.

3   |   Nutritional Composition

Shrimp-derived products consist, on a dry matter (DM) basis, 
of 33%–74% crude protein, 10%–28% ash, 1%–16% chitin, and 
4%–8% crude lipid (Table 2). Several bioactive compounds can 
be found in shrimp-derived products, including amino acids, 
long-chain polyunsaturated fatty acids, polysaccharides, min-
erals, and carotenoids. The contents of these nutrients in the 
different shrimp-derived products are described below in 
more detail. For further information regarding the extraction 
and specific bioactivities of each compound, we refer to previ-
ously published reviews [10, 44].​

3.1   |   Crude Protein and Amino Acids

To replace conventional protein sources in aquafeed, it is 
essential to consider their protein content and amino acid 
profile. Fishmeal and soybean meal contain approximately 
65%–75% and 45%–55% crude protein on a DM basis, respec-
tively, while shrimp-derived products contain 33%–74% crude 
protein on a DM basis (Table 2). Among the shrimp-derived 
products presented, shrimp hydrolysate and shrimp silage 
have the highest and lowest relative crude protein content, 
respectively. Previous research indicates that ensiling shrimp 
solid processing waste can result in a reduction of its relative 
crude protein content [42, 45]. The decrease in crude protein 
content may be caused by, amongst others, non-protein nitro-
gen losses, amino acid degradation, and the relative dilution 
of crude protein by the addition of acids, fermentable carbo-
hydrates, and/or lactic acid bacteria. Ensiling not only affects 
the crude protein content but also the type of nitrogen sources 
present, as it can result in the conversion of protein into non-
protein nitrogen sources such as ammonia, potentially reduc-
ing its nutritional value for aquafeed purposes [46]. However, 
commonly used nitrogen determination methods such as 
Kjeldahl and Dumas, used to estimate crude protein con-
tent, cannot differentiate between sources of protein nitrogen 
and non-protein nitrogen [47]. To identify which compounds 
crude protein is converted into during the ensiling of shrimp 
solid processing waste, additional quantification of individual 
nitrogen-containing compounds is needed.

It is noteworthy that non-protein nitrogen sources are not exclu-
sively present in shrimp silage but can be found in all shrimp-
derived products. For example, shrimp-derived products 
contain 1%–16% chitin on a DM basis, with chitin containing 
6.9% nitrogen in its pure form [48]. The presence of these non-
protein nitrogen sources can result in an overestimation of the 
protein content. The crude protein content in shrimp-derived 
products is depicted in Table 2 and calculated using a standard 
nitrogen-to-protein (Kp) conversion factor of 6.25. This standard 

TABLE 2    |    Proximate composition of shrimp solid processing waste [9, 12, 14, 15, 39, 40, 42, 43, 46, 51, 52, 66, 71–81],  shrimp meal [26, 28, 29, 40,  
53–59, 61, 62, 68, 82–112],  shrimp hydrolysate [51, 63–65, 67, 72, 80, 113, 114],  shrimp silage [39, 41–43, 45, 76, 79, 115, 116],  fishmeal (FM,  mixed 
species) [2, 56–59, 62 , 85, 86, 88, 90, 93, 96, 97, 99–101, 105, 106, 110–112, 117–150],  and soybean meal (SBM) [2, 53, 57, 60–62, 84, 92, 93, 96, ​97, 100, 
101 , 105, ​108, 110–112, 117, 120, 121, 125, 130–132, 134, 136, 137, 140–143, 146, 147, 150–161].

Constituent 
(g/100 g DM)

Shrimp

Solid processing 
waste Meal Hydrolysate Silage FM SBM

DM 27.1 ± 6.2 (n = 28) 91.9 ± 3.2 (n = 35) 93.6 ± 3.0 (n = 21) 27.8 ± 5.6 (n = 13) 92.3 ± 2.1 (n = 55) 91.0 ± 2.5 (n = 44)

Crude proteina 42.5 ± 11.5 (n = 38) 47.4 ± 7.8 (n = 57) 74.0 ± 14.2 (n = 28) 33.8 ± 11.4 (n = 14) 70.2 ± 4.1 (n = 61) 50.7 ± 3.7 (n = 54)

Crude lipid 8.2 ± 5.9 (n = 36) 5.6 ± 3.1 (n = 55) 4.2 ± 3.9 (n = 27) 7.5 ± 4.4 (n = 11) 8.9 ± 2.4 (n = 61) 2.2 ± 1.3 (n = 52)

Ash 25.9 ± 7.3 (n = 37) 27.9 ± 9.9 (n = 55) 10.7 ± 4.1 (n = 28) 17.3 ± 5.0 (n = 10) 17.2 ± 3.4 (n = 57) 7.4 ± 2.3 (n = 39)

Chitin 17.6 ± 6.6 (n = 11) 15.1 ± 4.5 (n = 28) 1.0 ± 0.6 (n = 9) 8.5 ± 1.7 (n = 4) n.d. n.d.

Calcium 8.4 ± 3.5 (n = 15) 8.2 ± 4.2 (n = 15) 1.2 ± 0.6 (n = 2) 6.1 ± 0.3 (n = 3) 3.0 ± 1.5 (n = 12) 0.3 ± 0.0 (n = 16)

Phosphorus 1.7 ± 0.5 (n = 5) 1.5 ± 1.0 (n = 17) 0.1 ± 0.1 (n = 2) 1.3 ± 0.3 (n = 3) 2.4 ± 1.1 (n = 17) 0.7 ± 0.2 (n = 21)

Note: Values are expressed as mean ± standard deviation on a dry matter (DM) basis.
Abbreviation: n.d., not determined.
aCrude protein was calculated using a nitrogen-to-protein conversion factor of 6.25.
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Kp value assumes that all quantified nitrogen derives from 
protein and that all proteins have a 16% nitrogen content [49]. 
However, in shrimp-derived products not all quantified nitro-
gen derives from protein, leading to a potential overestimation 
of the true protein content. To determine the true protein con-
tent in shrimp-derived products, it is more accurate to calculate 
the total sum of amino acids or use a Kp value specifically cal-
culated for each shrimp-derived product. To precisely calculate 
a Kp value, all 20 amino acids need to be quantified. However, 
most studies depicted in Table 3 lack the quantification of at least 
one or more amino acids, particularly cysteine and tryptophan. 
Since these amino acids constitute only a minor portion of their 
overall amino acid content, an approximate Kp value can be 
derived for studies missing quantification of only these amino 
acids. From these studies, shrimp hydrolysate demonstrates the 
highest approximated mean Kp value of 5.0 ± 0.6 (n = 13), in con-
trast to 4.4 ± 0.4 (n = 6) for shrimp solid processing waste and 
4.6 ± 0.6 (n = 14) for shrimp meal [9, 25, 50–66]. These approxi-
mated values suggest that applying 6.25 as a universal Kp value 
leads to an overestimation of the true protein content in shrimp-
derived products and shrimp solid processing waste, despite not 
accounting for cysteine and/or tryptophan.

To assess shrimp-derived products as a dietary protein source, it 
is particularly important to evaluate their amino acid profile and 
the ratio of essential to nonessential amino acids. The amino 
acid profile of different shrimp-derived products is compared to 
fishmeal and soybean meal in Table 3. Of the shrimp-derived 
products, shrimp hydrolysate has the highest relative con-
tents of both essential and nonessential amino acids—for most 
amino acids, these contents are higher than fishmeal. The rel-
ative amino acid profiles of shrimp solid processing waste and 
shrimp meal are generally inferior compared to fishmeal and 
soybean meal. That said, the methionine contents, one of the 
main limiting amino acids in aquafeed, might be slightly higher 
in these shrimp-derived products compared to soybean meal. 
Unfortunately, the number of studies investigating the amino 
acid profile in shrimp silage is limited. From the quantified 
amino acids, it appears that the amino acid contents are lower in 
silage than in the other shrimp-derived products, as well as both 
fishmeal and soybean meal. However, more studies are required 
to confirm these results.

The ratio between essential and nonessential amino acids was 
calculated for the other shrimp-derived products and appeared 
to be balanced, ranging from 1:1.0 to 1:1.2 [9, 14, 25, 50–68]. 
These ratios fall within the range previous studies have demon-
strated to be optimal for various fish species being 1:1.0–1:1.3 
[69, 70]. Within this optimal range, nitrogen retention is max-
imized while nitrogen excretion is minimized. When consid-
ering both the amino acid profile and the ratio of essential to 
nonessential amino acids, shrimp hydrolysate has the highest 
protein quality of the investigated shrimp-derived products.

3.2   |   Crude Lipid and Lipid Classes

The crude lipid content in shrimp-derived products (4%–8% DM) 
is slightly lower than that in fishmeal (~9% DM) but higher than 
in soybean meal (~2% DM) (Table 2). Only a limited number of 
studies have investigated the fatty acid profile of shrimp-derived 

products, possibly because they are primarily considered protein 
sources in aquafeed formulation. Fatty acid profiles of shrimp 
meal, shrimp silage, and shrimp processing waste are compared 
to fishmeal and soybean meal, as shown in Table  4. Notably, 
Table 4 does not contain the fatty acid profile of shrimp hydro-
lysate as, to our knowledge, no studies have investigated this.

The fatty acid profile showed to be relatively similar between 
shrimp meal, shrimp silage, and shrimp solid processing 
waste, with the most abundant fatty acids being palmitic acid 
(C16:0), stearic acid (C18:0), oleic acid (C18:1n-9), eicosapen-
taenoic acid (C20:5n-3), and docosahexaenoic acid (C22:6n-3) 
(Table 4). Especially the latter two are of interest in aquafeed, 
as they are considered essential for most aquaculture species 
[176]. The average percentages of eicosapentaenoic acid and 
docosahexaenoic acid relative to the total identified fatty acids 
in these shrimp products are 9%–11% and 10%–11%, respec-
tively. While these fatty acids are absent in soybean meal, the 
average percentages for fishmeal are in line with these shrimp 
products.

The variation in fatty acid profiles for especially shrimp prod-
ucts and fishmeal is notably large across studies. This can be 
partly attributed to the use of different species in the differ-
ent studies. Previous work showed that the fatty acid profile 
of fishmeal is highly dependent on the species used [168]. 
Similarly, a study analyzed shrimp heads of five different spe-
cies and found considerable variation in the fatty acid profile 
between species [77]. Another reason for the large variation 
between studies is related to the way the fatty acid data are 
expressed. Most studies presented fatty acid data as percent-
ages of total identified fatty acids without describing absolute 
values. This approach can lead to discrepancies because the 
total number of identified fatty acids can vary between stud-
ies, which is typically dependent on the reference standards 
used. When fewer fatty acids are quantified, their relative per-
centages appear higher [177]. For meaningful comparisons of 
the fatty acid profiles between studies and products, it would 
be beneficial for studies to not only describe fatty acids as per-
centage values but also in absolute terms.

Shrimp solid processing waste and its subsequent derived prod-
ucts, particularly containing the head fraction, are sources of 
phospholipids and cholesterol [178]. The cephalothorax of L. 
vannamei, for instance, contains over 800 mg of phospholipids 
per gram of total lipid [179]. Furthermore, oil extracted from the 
waste fraction of this species has been found to contain up to 
65 mg/g of cholesterol [180]. Phospholipids and cholesterol are 
considered essential nutrients for many crustacean species, es-
pecially during their early life stages, due to their low capacity 
for de novo synthesis [181]. Phospholipids are crucial for cell 
membrane structure and function [182], and they facilitate the 
mobilization and transport of lipids from the gut into the he-
molymph [183]. Cholesterol is also involved in lipid absorption 
and transport and is the principal neutral lipid component in 
cell membranes [184]. Most notably for crustaceans, cholesterol 
serves as a precursor for steroid hormones involved in moult-
ing and reproduction [184]. Given the key roles of phospholipids 
and cholesterol, shrimp-derived products could be strategically 
incorporated into aquafeed formulations, especially for crusta-
cean species.
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3.3   |   Polysaccharides

The primary polysaccharide found in shrimp-derived products 
is chitin, a polymer composed of β-1,4-N-acetyl-D-glucosamine 
subunits, that plays a major role in the structure of the crusta-
cean exoskeleton [127]. In the crustacean exoskeleton, chitin 
forms sclerotized complexes with minerals and proteins, con-
tributing to its rigid structure [185]. Chitin contents in shrimp-
derived products vary widely, ranging from 1% to 16% DM, 
with the lowest contents present in shrimp hydrolysate and the 
highest contents in shrimp meal (Table 2). Extreme pH condi-
tions, such as during hydrolysis and ensiling, can compromise 

the integrity of not only protein but also chitin, breaking down 
chitin into its derivatives [186]. Additionally, certain treatment 
conditions, such as high temperatures, can further accelerate 
the degradation of chitin [186].

3.4   |   Pigments and Minerals

Shrimp-derived products contain various pigments including 
astaxanthin and β-carotene, which belong to the group of carot-
enoids. Carotenoids are produced by phytoplankton and bacte-
ria, and are accumulated throughout the food chain, eventually 

TABLE 4    |    Fatty acid profile of shrimp solid processing waste [9, 43, 46, 52, 66, 77, 164], shrimp meal [26, 68, 86, 89], shrimp silage [26, 46], 
fishmeal (FM, mixed species) [68, 121, 140, 165–170], and soybean meal (SBM) [140, 158, 165, 171–175].

Fatty acids 
(% identified)

Shrimp

FM SBM
Solid processing 

waste Meal Silage

C12:0 0.5 ± 0.9 (n = 9) 1.3 ± 1.9 (n = 3) 1.1 (n = 1) 0.1 ± 0.0 (n = 2) 2.1 ± 2.8 (n = 2)

C14:0 3.6 ± 3.1 (n = 15) 1.9 ± 2.1 (n = 6) 1.5 ± 1.1 (n = 2) 6.9 ± 2.5 (n = 11) 0.3 ± 0.5 (n = 5)

C16:0 19.0 ± 6.7 (n = 16) 18.8 ± 2.8 (n = 6) 16.6 ± 6.1 (n = 2) 19.0 ± 4.4 (n = 12) 14.7 ± 2.2 (n = 8)

C16:1 5.2 ± 2.6 (n = 15) 6.2 ± 6.5 (n = 5) 6.5 ± 4.3 (n = 2) 8.3 ± 2.8 (n = 12) 0.3 ± 0.3 (n = 5)

C18:0 10.4 ± 7.1 (n = 15) 7.2 ± 2.8 (n = 6) 4.9 ± 4.2 (n = 2) 4.2 ± 2.0 (n = 12) 4.5 ± 0.5 (n = 8)

C18:1 14.5 ± 6.4 (n = 16) 19.6 ± 2.1 (n = 6) 19.2 ± 2.8 (n = 2) 15.4 ± 6.1 (n = 12) 17.3 ± 3.7 (n = 8)

C18:2 4.9 ± 6.7 (n = 15) 9.9 ± 7.0 (n = 6) 5.9 ± 7.3 (n = 2) 2.9 ± 3.5 (n = 15) 51.8 ± 3.7 (n = 8)

C18:3 1.1 ± 0.8 (n = 12) 1.3 ± 0.5 (n = 6) 1.0 ± 0.6 (n = 2) 1.1 ± 0.9 (n = 16) 8.4 ± 2.1 (n = 8)

C18:4 0.3 ± 0.1 (n = 4) — 0.3 (n = 1) 1.8 ± 0.4 (n = 6) —

C20:0 0.8 ± 0.6 (n = 11) 0.3 ± 0.1 (n = 5) 0.5 (n = 1) 0.5 ± 0.5 (n = 4) 0.3 ± 0.0 (n = 3)

C20:1 2.7 ± 2.7 (n = 13) 2.2 ± 1.2 (n = 5) 3.8 ± 2.1 (n = 2) 4.7 ± 6.5 (n = 11) 0.1 ± 0.1 (n = 4)

C20:2 2.5 ± 1.8 (n = 10) 0.9 ± 0.6 (n = 6) 0.5 ± 0.4 (n = 2) 0.6 ± 0.3 (n = 2) 0.2 ± 0.2 (n = 2)

C20:3 1.5 ± 1.8 (n = 12) 0.8 (n = 1) — 0.9 (n = 1) —

C20:4 3.3 ± 2.9 (n = 11) 4.1 ± 1.7 (n = 6) 4.9 (n = 1) 1.9 ± 0.7 (n = 2) —

C20:5 10.5 ± 4.6 (n = 16) 10.0 ± 4.8 (n = 6) 9.1 ± 4.6 (n = 2) 10.0 ± 4.2 (n = 16) —

C22:0 0.9 ± 0.5 (n = 8) 0.5 ± 0.2 (n = 4) 0.7 (n = 1) — 0.4 ± 0.1 (n = 3)

C22:1 1.4 ± 2.4 (n = 12) 0.6 ± 0.1 (n = 4) 3.1 ± 3.2 (n = 2) 8.0 ± 9.1 (n = 6) —

C22:2 0.1 ± 0.1 (n = 5) 0.2 (n = 1) 0.2 (n = 1) — 0.2 (n = 1)

C22:4 1.1 ± 0.5 (n = 8) 0.9 ± 0.2 (n = 4) 0.8 (n = 1) — —

C22:5 1.3 ± 1.1 (n = 12) 1.6 ± 1.2 (n = 5) 1.4 (n = 1) 1.8 ± 0.8 (n = 9) —

C22:6 10.3 ± 5.8 (n = 16) 10.3 ± 4.0 (n = 6) 10.2 ± 0.1 (n = 2) 11.7 ± 5.0 (n = 16) —

C24:0 0.6 ± 0.4 (n = 8) 0.3 (n = 1) 0.4 (n = 1) — 0.1 ± 0.1 (n = 3)

∑SFAa 40.5 ± 18.3 (n = 15) 31.9 ± 2.1 (n = 6) 28.1 ± 9.8 (n = 2) 31.3 ± 7.9 (n = 15) 20.6 ± 3.5 (n = 7)

∑MUFAb 24.1 ± 11.4 (n = 15) 28.6 ± 7.1 (n = 6) 37.9 ± 16.5 (n = 2) 38.5 ± 13.9 (n = 15) 18.9 ± 3.0 (n = 7)

∑PUFAc 35.4 ± 10.6 (n = 15) 39.6 ± 5.7 (n = 6) 34.0 ± 6.7 (n = 2) 30.2 ± 9.5 (n = 15) 63.0 ± 5.9 (n = 7)

Note: Values are expressed as mean ± standard deviation, representing the percentage of each fatty acid relative to the total identified fatty acids, with positional 
isomers summed together.
a∑SFA = sum of saturated fatty acids.
b∑MUFA = sum of monounsaturated fatty acids.
c∑PUFA = sum of polyunsaturated fatty acids.
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ending up in crustaceans, fish, and birds [187]. Astaxanthin and 
β-carotene are red and orange carotenoids, respectively, and are 
known for their colouring properties as well as their antioxi-
dant properties [188, 189]. Previously reported total carotenoid 
contents in shrimp solid processing waste ranged from 47 to 
332 mg/kg DM, with astaxanthin being the primary carotenoid 
present [52]. The carotenoid contents can greatly vary depend-
ing on the shrimp's dietary intake as well as the processing tech-
niques applied [39].

The most abundant minerals found in shrimp-derived prod-
ucts are calcium and phosphorus (Table 2). These minerals play 
a vital role in the exoskeleton formation of crustaceans [190]. 
Mineral salts, predominantly calcium carbonate and calcium 
phosphate, are embedded within the chitin matrix together with 
proteins, adding strength and stiffness to the exoskeleton [191]. 
Shrimp solid processing waste and shrimp meal (both 8%–9% 
DM) as well as shrimp silage (~6% DM) contain relatively high 
contents of calcium compared to fishmeal (~3% DM) and soy-
bean meal (~0.3% DM) (Table 2). The total phosphorus content is 
lower in all shrimp-derived products (0.1%–1.7% DM) compared 
to fishmeal (~2.4% DM) and in line with soybean meal (~0.7% 
DM). It should be noted that the total phosphorus contents de-
picted here include non-available phosphorus, which is phos-
phorus that cannot be utilized by aquaculture species.

4   |   Aquafeed Applications

Shrimps form part of the natural diet of several omnivorous 
and carnivorous aquaculture species [192, 193]. Consequently, a 
considerable number of studies have examined the feasibility of 
replacing fishmeal or soybean meal with shrimp-derived prod-
ucts in aquaculture species by investigating, amongst others, 
growth performance, nutrient digestibility, body composition, 
and health performance. In the following sections, a compre-
hensive overview of the literature is provided, aiming to synthe-
size the effects of dietary inclusion of shrimp-derived products 
in aquafeed.

4.1   |   Growth Performance

An overview of studies investigating the dietary inclusion of 
shrimp-derived products in aquafeed and their effects on dif-
ferent growth performance indicators is shown in Table 5. Due 
to the lack of literature available on shrimp silage as an aqua-
culture feed ingredient, only studies investigating shrimp hy-
drolysate and shrimp meal are considered. Despite some studies 
reporting either positive or negative effects of the dietary inclu-
sion of shrimp-derived products on the growth performance of 
aquaculture species, most studies did not find any significant 
effects. The discrepancies in outcomes between studies can be 
caused by differences in, amongst other things, the investigated 
aquaculture species and dietary inclusion levels of shrimp-
derived products. For example, the dietary replacement of fish-
meal or soybean meal with shrimp-derived products seems to 
have a more positive effect on crustaceans than on fish, possibly 
because shrimp-derived products more closely align with the 
nutritional requirements of crustaceans [194]. Furthermore, 
different dietary inclusion levels are likely to exert subsequent 

different effects on growth performance. Low dietary inclusion 
levels of shrimp meal generally did not affect growth perfor-
mance in the depicted studies, whereas high dietary inclusion 
levels have been shown to negatively affect one or more growth 
performance indicators in some studies [92, 195–198]. Hardy 
et al. [93] suggested that the reduction in performance may be 
due to the lower contents of essential amino acids in shrimp 
meal compared to fishmeal [92], which has also been described 
in Section 3. Additionally, shrimp-derived products contain rel-
atively high amounts of ash (10%–28% DM). As ash has no ener-
getic value, a high dietary ash content dilutes the energy density, 
which can negatively affect the amount of energy available for 
maintenance and growth. Lastly, shrimp-derived products con-
tain chitin (1%–16% DM), which has previously been associated 
with negatively affecting the growth performance of different 
fish species [199, 200]. These effects may not be apparent at low 
dietary inclusion levels but may appear when a larger fraction 
of the protein source is replaced. Other factors could have also 
contributed to discrepancies between study outcomes, including 
the type of solid processing waste included (head, abdominal 
exoskeleton, and/or tail), type of processing, shrimp species, and 
shrimp source (wild or aquaculture) [14, 77, 201, 202]. However, 
due to the lack of detailed information on the shrimp-derived 
products used, an in-depth assessment of the impact of each of 
these factors on growth performance could not be performed.

Some studies have shown that the replacement of commonly 
used protein sources with shrimp-derived products increases 
feed intake [54, 73, 85, 90]. Previous studies have suggested that 
shrimp-derived products may act as a feed attractant and en-
hance feed palatability in both fish and crustaceans [85, 203, 204]. 
Even though the specific compounds in shrimp-derived prod-
ucts with attractant properties are currently unknown, potential 
compounds with these properties include essential fatty acids, 
free amino acids, nucleotides, peptides, and/or sterols, some of 
which are described in Section 3. Moving forward, the identifi-
cation and subsequent isolation of compounds with attractant 
properties could aid in improving the efficiency of feeding in the 
aquaculture industry.

4.2   |   Nutrient Digestibility and Digestive Enzyme 
Activity

Although the digestibility of diets containing shrimp-derived 
products as replacements for conventional protein sources has 
only been investigated in a handful of studies (Table 6), it seems 
that once inclusion levels of shrimp-derived products reach 
25%–30% of the total diet, there is a resultant decrease in protein 
and lipid digestibility. The decrease in nutrient digestibility may 
result from the presence of dietary chitin, as evidenced by a prior 
study conducted on Atlantic salmon (S. salar). That study demon-
strated that crude protein digestibility significantly decreased 
with increasing dietary chitin contents and a similar trend was 
observed for lipid digestibility [205]. High dietary levels of chi-
tin or other indigestible materials can result in significantly re-
duced nutrient digestibility due to the decreased gastrointestinal 
transit time, limiting the time available for nutrient digestion 
and absorption [206]. Additionally, chitin can physically block 
access of digestive enzymes to substrates like protein and lip-
ids, reducing their digestibility [207]. Furthermore, chitin is 
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often in a matrix with protein, lipids, and minerals that remain 
unavailable when chitin is either not digested or only partially 
digested [208]. Complete chitin digestibility requires several chi-
tinolytic enzymes including endochitinases and exochitinases. 
Endochitinases split the chitin polymer from within, whereas 
exochitinases split the ends of the chitin polymer. Whether chi-
tin can be digested is dependent on several factors, including the 
fish or crustacean species and their natural feeding habits.

Chitinolytic enzymes have been found in several fish and crus-
tacean species including Atlantic herring (Clupea harengus), big 
skate (Raja binoculata), black tiger shrimp (P. monodon), cobia 
(Rachycentron canadum), European lobster (Homarus gam-
marus), Nile tilapia (O. niloticus), Pacific sand sole (Psettichthys 
melanostictus), rainbow trout (O. mykiss), shiner perch 
(Cymatogaster aggregata), starry flounder (Platichthys stellatus), 
and white leg shrimp (L. vannamei) [29, 67, 200, 209–212]. The 
presence of chitinolytic enzymes in the gastrointestinal tract is 
not necessarily an indication of substantial chitin digestion, as 
both endochitinases and exochitinases need to be present in an 
optimal ratio and activity. To evaluate whether chitin is digested, 
chitin digestibility studies need to be performed. Unfortunately, 
research to date has tended to focus on the existence of chitino-
lytic enzymes rather than chitin digestibility in fish and crus-
taceans. This is partly due to the fact that there is currently no 
standardized chitin quantification method available, and partly 
because the determination of chitin digestibility is complicated, 
particularly in crustaceans [91, 213]. Determining chitin digest-
ibility in crustaceans is intricate for several reasons. Firstly, 
crustaceans shed their exoskeleton during moulting, which 
ends up in the fecal fraction during digestibility determination. 
Secondly, the peritrophic membrane (=a barrier protecting the 
intestinal tract from the damage of undigested material) sur-
rounding fecal material also contains chitin. Previous work 
showing negative chitin digestibility in crustaceans may not 
necessarily be an indication of poor chitin digestibility [213]. 
Instead, it could imply that currently applied digestibility meth-
ods might not be suitable for determining chitin digestion in 
crustaceans, emphasizing the need for alternative methods of 
investigation.

4.3   |   Body Composition

As aquatic products are eventually used for human consump-
tion, their total body composition and muscle composition are 
important determinants of their nutritional quality and market 
value. Table 7 provides an overview of currently available liter-
ature studies investigating the effects of replacing conventional 
protein sources with shrimp-derived products on the total body 
composition or muscle composition in fish and crustaceans. 
Most studies reported that dietary inclusion of shrimp-derived 
products had no significant effect on final total body composi-
tion and/or muscle tissue composition. According to these re-
search findings, the inclusion of shrimp-derived products in the 
investigated organisms did not result in substantial changes in 
their macro nutritional quality.

Interestingly, one study investigated the effect of replacing fish-
meal with shrimp meal on the pigmentation of yellow croaker 
(Larimichthys crocea) and found that dietary inclusion of shrimp 

meal resulted in increased skin carotenoid and skin melanin 
contents in the dorsal and ventral skin, originating from ca-
rotenoids [214]. Shrimp-derived products contain substantial 
amounts of carotenoids, particularly astaxanthin and its esters. 
These compounds are recognized for enhancing pigmentation 
in several aquatic species, including Atlantic salmon (S. salar), 
kuruma shrimp (Marsupenaeus japonicus), rainbow trout (O. 
mykiss), and red porgy (Pagrus pagrus) [87, 196, 215, 216]. The 
dietary inclusion of shrimp-derived products may thus be suit-
able for improving the pigmentation of aquatic products, ren-
dering them more attractive to consumers. Additionally, it may 
provide economic benefits by reducing the need for supplement-
ing pigments in aquafeed. However, further studies are required 
to determine the optimal inclusion levels of shrimp-derived 
products for pigmentation and their cost-effectiveness, consid-
ering possible effects on growth performance.

4.4   |   Health Performance

Health performance is a central concern in aquaculture pro-
duction systems. The intensification of the aquaculture sector 
has resulted in increased stocking densities, which can induce 
stress. Induced stress can impair overall health and can make 
aquatic animals more vulnerable to diseases. Certain compo-
nents present in shrimp-derived products (e.g., chitin, astax-
anthin, and peptides) have been shown to contain bioactive 
properties in different animal species when administered in 
their purified form. For example, astaxanthin has been demon-
strated to possess immunomodulatory properties, enhancing 
survival against pathogenic challenges in various fish and 
crustacean species. This effect has been observed in common 
carp (C. carpio), kuruma shrimp (M. japonicus), northern snake-
head (Channa argus), oscar (Astronotus ocellatus), and whiteleg 
shrimp (L. vannamei) [217–221]. Furthermore, chitin is known 
for its direct and indirect immunomodulatory properties. Chitin 
can have direct effects on the immune system of animals. For 
animals whose natural diet does not contain chitin, antigen 
sampling cells may recognize chitin as a pathogen-associated 
molecular pattern, potentially triggering an immune response 
[222–224]. Additionally, chitin has indirect prebiotic effects 
by altering the gut microbiota composition and/or activity in 
several animal species [225, 226]. Furthermore, chitin and its 
derivative chitosan have been shown to purge potentially patho-
genic bacteria from the gut by attaching these microorganisms 
to chitin-binding proteins in different animal species [227, 228]. 
All of these could be underlying mechanisms for the observa-
tion that chitin and chitosan have improved survival against 
pathogenic challenges in a variety of aquatic species including 
common carp (C. carpio), whiteleg shrimp (L. vannamei), and 
yellowtail (Seriola quinqueradiata) [229–231]. However, these 
compounds have all been administered as high-purity com-
pounds, which might not necessarily have similar effects when 
they are in a matrix with other compounds.

Thus, it was considered whether the dietary inclusion of 
shrimp-derived products would affect health performance 
indicators in aquaculture species. Table  8 provides an over-
view of studies investigating the effects of dietary inclusion 
of shrimp-derived products on health performance indicators 
in a range of aquaculture species. Numerous performance 
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indicators have been investigated in different studies. Based 
on the limited number of studies, it seems that the dietary in-
clusion of shrimp-derived products did not affect investigated 
health performance indicators. Interestingly, one study found 
that the dietary inclusion of shrimp meal resulted in an activa-
tion of the innate immune system [232]. When African catfish 
(Clarias lazera) were fed a diet containing shrimp meal, there 
was an increase in both phagocytic activity and phagocytic 
index in heterophils compared to those fed a diet containing 
soybean meal [232]. The increased activity of these immune 
system parameters could be related to the bioactive compo-
nents described above. However, to further investigate this, 
more in-depth studies are required to identify the effects of 
shrimp-derived products on health performance and the con-
tribution of the different bioactive components.

5   |   Current Challenges and Recommendations

The incorporation of shrimp-derived products into aquafeed 
presents several challenges that must be carefully addressed 
to ensure the production of safe and high-quality feed. These 
challenges encompass nutritional, economic, and quality, 
and safety aspects. In this section, the different challenges 
are addressed and potential strategies to overcome them are 
proposed.

5.1   |   Nutritional Challenges

Several nutritional constraints, such as the presence of chi-
tin and high ash content, impede the use of shrimp meal and 
shrimp silage in aquafeed. Aquaculture research has indicated 
that dietary chitin can exert dual effects on aquatic animals. 
While low dietary inclusion levels can modulate immune func-
tioning and gut microbiota composition, high dietary inclusion 
levels have been shown to negatively impair nutrient digest-
ibility and growth performance [199, 205, 225, 226, 229–231]. 
Feeding shrimp-derived products only to aquaculture species 
that are capable of digesting chitin will improve the utiliza-
tion of these raw materials. Furthermore, separating shrimp 
solid processing waste into fractions of higher (head) and 
lower (abdominal exoskeleton and tail) nutritional quality, fol-
lowed by their targeted use for different aquatic species, can 
improve raw material utilization without requiring additional 
processing. Further processing of shrimp-derived products to 
reduce chitin contents may be beneficial when high dietary 
inclusion levels are desired. Three main ways to reduce chi-
tin in shrimp raw material are by chemical, mechanical, and 
biological treatments. Chemical treatments generally involve 
the use of acidic or alkaline solutions to break up the chitin 
structure. For example, a previous study treated shrimp meal 
with a 3% formic acid solution and found a reduction of 15% 
chitin on a DM basis [83]. However, chemical treatment may 
also affect the physicochemical properties of other nutrients, 
such as amino acids, which could potentially decrease the nu-
tritional quality of the raw material. Moreover, chemical treat-
ment generates substantial volumes of chemical effluents that 
can, in some cases, be discharged into nearby water bodies, 
adversely affecting ecosystems [88]. Mechanical treatment re-
fers to the mechanical removal of chitin-containing fractions 

(head, abdominal exoskeleton, and tail) and is performed 
by methods such as meat/bone separation. Meat/bone sepa-
ration has thus far shown to be only moderately successful 
in the removal of chitin from shrimp solid processing waste. 
For instance, a previous study was able to reduce the chitin 
content in shrimp heads by just 30% using meat/bone sepa-
ration [88]. On the contrary, biological treatments have been 
more successful in chitin removal, as they specifically target 
chitin and have relatively mild treatment conditions (i.e., tem-
perature, pH, and pressure) [103]. To specifically target chi-
tin, chitinolytic enzymes or chitinoclastic microbes are used 
to degrade chitin into more digestible compounds, such as 
chitin oligomers or glucosamine subunits. Studies using bi-
ological treatment have successfully converted up to 90% of 
chitin in shrimp solid processing waste into these compounds 
[32, 115, 233, 234]. For further research, it is recommended to 
focus on optimising biological methods to obtain the highest 
quality protein fraction with the lowest amount of chitin and 
ash, while also considering time and costs.

As shown in Table 2 and discussed in Section 3.4, most shrimp-
derived products have a particularly high ash content (up to 
30% DM). The high ash content can be an issue when shrimp-
derived products are included in aquafeed as certain minerals 
and/or mineral salts can reduce the absorption efficiency of 
other nutrients such as carotenoids, as previously shown in fish 
[74, 196]. A high ash content can additionally limit the appli-
cations of shrimp-derived products, as it dilutes the amount 
of energy-containing nutrients, making it more challenging to 
formulate feed that meets the nutritional requirements of aqua-
culture species. To reduce the ash content, (additional) washing 
steps may be implemented to remove water-soluble components 
[10]. Furthermore, other methods described above for chitin re-
moval may also assist in the removal of certain (water-insoluble) 
ash components.

5.2   |   Economic Challenges

To make shrimp-derived products competitive to traditional 
protein sources, several economically related challenges 
must be addressed including market value and year-round 
availability.

The market value of shrimp-derived products depends on 
several factors, including the location and applied processing 
steps. The financial burden of managing shrimp processing 
waste often falls on processing plants, with the disposal costs 
being location-dependent. For example, disposal in Australia 
can cost up to 150 USD/ton [235]. To mitigate these disposal 
costs, processing plants may offer shrimp processing waste 
for free, provided that the purchaser covers the transporta-
tion costs. These transportation costs can widely vary based 
on the location of the processing plant, distance of transpor-
tation, and the volume of processing waste transported. The 
market value of shrimp solid processing waste is estimated at 
50–300 USD/ton, with shrimp heads generally having a higher 
market value than shrimp abdominal exoskeleton and tails 
due to their higher nutritional value [235–237]. Additional 
processing to produce shrimp-derived products will enhance 
the market value significantly; however, the manufacturing 
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costs will also increase. To properly assess the economic fea-
sibility of converting shrimp processing waste into shrimp-
derived products an assessment study is required to identify 
all manufacturing costs related to further processing. This 
includes additional transportation costs, the use of chemicals 
and enzymes, facility expenses, energy expenditures, and 
storage expenses for both pre- and post-processing.

Year-round availability of an alternative raw material is a re-
quirement for its successful incorporation in aquafeed. Shrimp 
processing waste is globally available year-round but local avail-
ability may vary depending on the season, which is particularly 
the case for wild catch shrimp, which comprise a significant 
amount of the total shrimp processing waste market [7]. To en-
sure year-round local availability of the products, preservation 
techniques can be used, such as drying, to significantly prolong 
their shelf life.

5.3   |   Quality and Safety Challenges

The inclusion of shrimp-derived products in aquafeed poses 
certain quality and safety challenges. Spoilage is a primary con-
cern, as shrimp solid processing waste is prone to rapid dete-
rioration through various spoilage processes that have recently 
been extensively reviewed [238]. These processes primarily 
include protein degradation, microbial degradation, and oxida-
tion of proteins and lipids. Protein degradation occurs due to 
endogenous proteases originating from the head, muscle, and/
or digestive tissues, which break down protein structures into, 
amongst others, free amino acids that can subsequently be used 
as a substrate for microbes [238]. Microbial spoilage involves the 
activity of microbes present in the culture system or digestive 
tract, utilizing available nutrients and leading to the formation 
of volatile nitrogen compounds and biogenic amines, which 
pose safety concerns [27, 239]. Additionally, protein and lipid ox-
idation can occur, resulting in the formation of peroxides, which 
can decompose into various off-flavor compounds, decreasing 
the nutritional quality and potentially negatively affecting the 
palatability of aquafeed [240]. To minimize spoilage, appropri-
ate processing and storage conditions of shrimp solid processing 
waste are essential. Thermal treatment can be effective in dena-
turing certain proteases and providing a degree of sterilization, 
which can reduce enzymatic and bacterial degradation [241]. 
Furthermore, maintaining suitable storage conditions, such as 
low temperatures and limited moisture, can help slow down 
spoilage processes [241]. Implementing these measures system-
atically can aid in preserving the quality of shrimp processing 
waste and subsequent shrimp-derived products intended for 
aquafeed purposes.

If not properly handled, shrimp solid processing waste can har-
bor a diverse range of persistent pathogens. These include bac-
teria (e.g., Salmonella spp. and Vibrio spp.), viruses (e.g., white 
spot syndrome virus), and parasites (e.g., protozoa and nema-
todes) [242]. Thermal treatments, such as cooking or extrusion, 
are effective in inactivating heat-labile pathogens in seafood 
[242]. Additionally, ensiling shrimp processing waste can reduce 
pathogenic activity, as the low pH creates an environment that 
is inhospitable to several pathogens [243]. Pathogen contamina-
tion can be further minimized by, amongst others, maintaining 

hygienic conditions, using disinfectants, and conducting regular 
pathogen testing.

Moreover, the potential accumulation of contaminants, par-
ticularly heavy metals and persistent organic pollutants, is 
another concern that needs to be considered [39, 89, 244–247]. 
Research across crustaceans has demonstrated that certain 
heavy metals can accumulate in the hepatopancreas and 
exoskeleton, resulting in their presence in shrimp solid pro-
cessing waste [248, 249]. Heavy metals known to accumu-
late in shrimp include arsenic, mercury, cadmium, and lead 
[39, 89, 250]. The extent of this accumulation is influenced by 
the levels of heavy metals in the environment and the specific 
shrimp species [251]. In addition to heavy metals, persistent 
organic pollutants (including polychlorinated biphenyls, diox-
ins, and certain pesticides) pose another concern. Persistent 
organic pollutants are compounds resistant to biodegrada-
tion and can therefore accumulate in the environment and, 
subsequently, in marine organisms [89]. For example, brown 
shrimp (Crangon crangon) have been shown to accumulate 
certain polychlorinated biphenyls [89]. Diligent monitoring 
and effective management of the accumulation of heavy met-
als and persistent organic pollutants are crucial to ensuring 
the safe incorporation of shrimp-derived products in aquafeed 
and, ultimately, human consumption.

6   |   Conclusions and Future Perspectives

This literature review described the nutritional composition, 
applications, challenges, and prospects of three shrimp-derived 
products (meal, hydrolysate, and silage) as alternative ingredi-
ents in aquaculture feed. Among these products, shrimp hy-
drolysate exhibited the highest nutritional value due to its high 
crude protein content, balanced amino acid profile, low chi-
tin content, and low ash content. Despite having significantly 
higher ash and chitin contents, shrimp meal and shrimp silage 
still contain moderate to high levels of crude protein and a bal-
anced amino acid profile.

The differences in nutritional value and the varying processing 
requirements affect their applications. Shrimp hydrolysate, with 
its superior nutritional value but intensive processing require-
ments, is most suited for carnivorous high-value aquaculture 
species such as Atlantic salmon (S. salar) and rainbow trout 
(O. mykiss). In contrast, shrimp meal and shrimp silage, which 
require less energy-intensive processing, are more appropriate 
for omnivorous lower-value aquaculture species that naturally 
consume feeds high in ash and chitin, such as common carp (C. 
carpio) and catfish (C. gariepinus).

Utilizing each shrimp-derived product for the appropriate aqua-
culture species already partially helps overcome some of the nu-
tritional challenges related to their incorporation of aquafeed. 
Additionally, separating shrimp solid processing waste into 
higher (head) and lower (abdominal exoskeleton and tail) nutri-
tional quality can aid in efficiently utilizing shrimp solid waste. 
Further processing techniques (chemical, mechanical, and bi-
ological) can be applied to reduce chitin and/or ash contents, 
improving their nutritional value. Advancing these process-
ing techniques can also help reduce associated costs, making 
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shrimp-derived products more competitive with currently used 
raw materials. One of the main quality and safety challenges is 
spoilage, which can be minimized through appropriate process-
ing and storage conditions.

The prospects for using shrimp-derived products in aquaculture 
feed are promising, offering relatively high-quality aquafeed in-
gredients while simultaneously utilizing current shrimp solid 
waste streams.
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