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Abstract: This study explores the potential of shrimp shells, rich in chitin, antioxidants, and fiber, as a source of 
matrix for various industrial sectors. Physical-chemical analyses of shrimp shell flour showed a moisture content 
of 7.53%, 15.31% ash, 5.37% lipids, 6.76% fiber, and a high protein content of 41.23%. Through spectroscopy, 
functional groups were identified in the structure of the shells, with a peak absorption at 3420 cm-1. In addition, 
the research aims to determine the feasibility of incorporating shrimp shells into industry sectors in order to 
maximize the value of the waste, revealing new possibilities for the use of aquaculture by-products and 
contributing to a more sustainable approach. 
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1. INTRODUCTION 

According to data from the Ministry of 
Agriculture, Livestock and Supply of 
Brazil (MAPA) for 2024, the Brazilian 
crustacean production industry is in a 
growth phase. In Brazil, shrimp farming 
production reached the mark of 7.86 
million tons, showing an annual growth of 
7.52% [1]. The main producing region is 
the Northeast due to its characteristics, 
such as high temperatures and short 
periods of rain, with the states of Rio 
Grande do Norte and Ceará being the 
largest national producers [2], with an 
estimated value of 2.30 billion reais [3]. 

Shrimp farming in Brazil is notable and 
stands out for the dominance of technology 
in production and high acceptance in the 
consumer market, favoring its 
commercialization. According to the 
Brazilian Association of Shrimp Farmers 
(ABCC), in terms of shrimp farming 
practice areas, the most cultivated shrimp 
in Brazil is the Pacific white shrimp, 
scientifically known as Litopenaeus 
vannamei, originated in the Pacific Ocean. 

It is noteworthy that this species is 
generally cultivated in saltwater ponds, 
located mainly in Rio Grande do Norte, 
Ceará, Pernambuco, Paraíba, and Bahia 
[2]. 

Shrimp shells, widely discarded by the 
seafood processing industry, have notable, 
yet unexplored potentials, however, as the 
crustacean processing industry grows, the 
amount of waste produced, such as shells, 
carapaces, viscera, and water used for 
washing and disposal, expands. This waste 
is discarded into the environment, resulting 
in problems for both the ecosystem and 
public health [4]. 

As highlighted by Rios et al., (2020), 
shrimp-related waste contains high 
concentrations of organic matter, lipids, 
proteins, minerals, among other 
compounds [5]. Therefore, it is necessary 
to develop technologies capable of 
ensuring the preservation of these 
compounds, transforming these 
by-products for reinsertion into the market 
or industry [6], reducing harm to 
biodiversity and increasing the quality of 
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life of communities residing near the areas 
where this waste is discarded. 

Albuquerque et al., (2023), highlights the 
importance of this waste, which is rich in 
chitin and chitosan, with a focus on the 
food sector for the production of films and 
coatings with antimicrobial and 
antioxidant properties, in the 
microencapsulation of compounds, in 
addition to being used as agents for 
removing heavy metals [7]. Furthermore, 
Guedes et al., (2025), highlights the use of 
chitosan in the development of polymeric 
films for the incorporation of active 
pharmaceutical ingredients due to their 
characteristics such as permeability, 
solubility, mechanical resistance, and 
biocompatibility, which are essential 
properties for the protection of sensitive 
drugs [8]. 

Thus, this study aims to evaluate the 
potential of shrimp shell waste and its 
compounds through chemical and 
physicochemical characterization 
techniques as an alternative for possible 
industrial applications. 

2. METHODOLOGY 

2.1 Material  

The shrimp shells used in this study were 
obtained in March 2023 from Império dos 
Mariscos, located at the Augusto Franco 
Market, in a single batch. Initially, the 
shells were carefully washed to eliminate 
shrimp meat residues, lipids, and other 
materials. Subsequently, they were boiled 
and rinsed with distilled water. To remove 
residual moisture, the shells were dried in 
an oven at 50 °C for 24 hours. After 
drying, the shells were ground in a knife 
mill and sieved using a mesh with a 16 to 
100 mesh opening. The resulting material 
was then stored in glass containers for later 
use. 

2.2. Physicochemical evaluation of 
shrimp shell waste  

The following analyses were performed in 
triplicate at the Food Research Laboratory 
(LPA) located at the Institute of 
Technology and Research (ITP) of 
Tiradentes University. 

2.2.1 Moisture determination  

The fresh mass loss of a 2 g sample of the 
shrimp shell waste was determined in an 
oven at 105 °C until constant weight. 

2.2.2 Lipid determination  

The adopted methodology extracted lipids 
hot in a Soxhlet extractor, from a 6 g 
aliquot of the shrimp shell waste sample. 
The method is based on the solubility of 
lipids with nonpolar solvents in reflux 
equipment, with the solvent used being PA 
petroleum ether. 

2.2.3 Fiber determination 

 The defatted sample was subjected to an 
acid digestion with a 1.25% sulfuric acid 
solution, then it was subjected to an 
alkaline digestion with a 1.25% sodium 
hydroxide solution. The sample was 
vacuum filtered and all the remaining 
residue was washed with distilled water 
and incinerated in a muffle furnace at 550 
°C until ash was formed. 

2.2.4 Protein determination  

The Kjeldahl method was chosen for the 
quantification of nitrogen in a sample. This 
method comprises three steps: sample 
digestion, distillation, and titration. In 
digestion, 0.2 g of the shrimp shell waste 
sample was weighed to be digested with 
concentrated sulfuric acid in the presence 
of 1.5 g of catalyst (96% K₂SO₄ + 4% 
CuSO₄5H₂O). Next, the formed 
ammonium bisulfate reacted with sodium 
hydroxide to release ammonia, in the form 
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of ammonium borate. The ammonia was 
released, within the known volume of 
boric acid. The formed ammonium borate 
was titrated with a standardized 
hydrochloric acid solution to obtain the 
nitrogen content. 

2.3 Fourier Transform Infrared 
Spectroscopy (FTIR)  

The shrimp shell samples were analyzed 
by FTIR, using a BOMEM MB-100 
spectrophotometer. The analyses were 
conducted at 25 °C on an Agilent Cary 630 
FTIR model spectrometer, using the 
transmission method in the wavenumber 
range between 4000 and 500 cm-1, with 32 
scans and a resolution of 4 cm-1, 
performed at the Food Research 
Laboratory (LPA) located at the Institute of 
Technology and Research (ITP) of 
Tiradentes University. 

2.4 Scanning Electron Microscopy 
(SEM)  

The characterization of the microstructure 
of the in-natura and defatted shrimp shell 
was performed by the electron microscopy 
technique. The images of the sample 
surfaces were generated with 
magnifications of 9,000 to 15,000 times 
and with energy of 5 and 15 kV, the 
samples were deposited on a metallic 
substrate adhered to a carbon tape and 
covered with a layer of gold. The SEM 
tests were performed on a Jeol brand 
Scanning Electron Microscope, model 
JSM – 7500F belonging to the 
Laboratories of the Multiuser Center for 
Nanotechnology (CMNano) of UFS. 

 

3. RESULTS AND DISCUSSION​  

The chemical composition of shrimp shell 
was evaluated according to standard 
AOAC (2020) procedures and highlighted 

in table 1. The moisture content of the 
residue was determined to be 7.53% 
(w/w). Seabra et al., 2014, and Vieira et 
al., (2011), found moisture contents close 
to this work, with 5.12% and 8.90% 
respectively [9-10]. The higher moisture 
content found in this research indicates 
that the shorter drying time may have 
influenced this parameter. The presented 
ash content, 15.31%, is in a higher range 
than that reported by Brasileiro et al., 
(2012), 6.59% and Fernandes et al. (2013), 
4.35% [11-6]. These differences may have 
arisen due to variations in the types of 
residues, since the mentioned authors used 
shrimp cephalothorax, while, in this study, 
the use of the exoskeleton was opted for, a 
part rich in minerals and chitin. 

According to the results obtained (Table 
1), the shrimp shell flour presented 5.37% 
lipids, a value higher than those found by 
Brasileiro et al., (2012) and Fernandes 
(2009), who obtained 3.16% and 1.10%, 
respectively [11-12]. This difference may 
be related to the exclusive use of shells in 
this study, while the others used the 
complete residue (cephalothorax and 
exoskeleton). The fiber content was 
6.76%, lower than the 8.92% reported by 
Rosenfeld et al., (1997) for the 
seven-bearded shrimp (Xiphopenaeus 
kroyeri), possibly due to the difference 
between the species [13]. As for the 
protein content, the analyzed flour 
presented 41.23%, this value is below the 
values obtained by Lima et al., (2007) and 
Fernandes (2009), with 66.01% and 
50.01%, respectively, when using other 
residual parts of the shrimp [14-12]. These 
data suggest that the cephalothorax may 
represent a higher alternative source of 
protein compared to other anatomical 
parts. 

3.1. Fourier Transform Infrared 
Spectroscopy (FTIR)  
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From the spectroscopy performed on the 
in-natura and defatted shrimp shell 
samples, it was possible to determine the 
presence of functional groups present in 
their structure, as shown in Figure 1. It was 
observed that, for both in-natura (A) and 
defatted (B) samples, the FTIR analysis 
found the same functional groups, with the 
absorption peak observed at 3420 cm-1 
referring to the hydroxyl group (OH), 
indicating the presence of amine (Nordin 
et al., 2025) [15]. At 1660 cm-1 there are 
C=O bonds, frequently found in biological 
substances, at 1560 cm-1 the amide II 
group and at 1100 cm-1 the carbonyl group 
(C-O), with the presence of C-O bonds 
(Mamad et al., 2025) [16]. From the result 
obtained, it is noted that the defatting 
treatment of the sample is an indifferent 
factor in the determination of functional 
groups, as the same groups were obtained 
for the treated and untreated sample. With 
this, the removal of lipids present in the 
sample does not alter its chemical 
composition and structure, and the 
in-natura form can be used without 
pre-treatment for potential industrial 
applications. 

3.2. Scanning Electron Microscopy 
(SEM) 

Figure 2 (a, b) shows the micrograph 
obtained for the in-natura shrimp shell and 
for the defatted sample. The result 
obtained shows agglomerates and particles 
with magnitudes of 300x for both samples. 
It is noted that, from the microscopic 
evaluation, it is possible to observe 
particles with regular geometric 
conformation and with a large distribution 
of pores. 

Also observed is the morphology of the 
shrimp shell, highlighting that in both 
samples the particles showed homogeneity 
and compaction, such as the presence of 
aggregates with the formation of orifices 
due to diffusion between the particles. In 

both samples, the presence of calcium 
carbonate was detected, represented by the 
whitish coloration in the particles [17]. 
This result demonstrates that the 
pre-treatment is effective, showing a 
structure similar to the in-natura residue, 
thus being able to be applied in several 
industrial sectors due to its high 
distribution of pores that can be filled with 
molecules of interest. 

4. CONCLUSION  

The study proposes a sustainable approach, 
aligned with the current needs of the food 
industry, highlighting the importance of 
using this waste in a responsible manner, 
which can bring benefits to human health, 
reduce resource waste and contribute to 
food security and environmental 
preservation. From the physicochemical 
analyses, it was possible to verify that the 
shrimp shell flour reached a moisture 
content of 7.53%, 15.31% ash, 5.37% 
lipids, 6.76% fiber and 41.23% protein. 
With spectroscopy, functional groups were 
identified in the shell structure, reaching an 
absorption peak at 3420 cm –1. 
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Tables, figures and graphics 

Tabela 1. Nutritional characterization of 
shrimp shell flour in comparison with 
other studies. 

Protein 
(%) 

Lipid 
(%) 

Fibers 
(%) 

Moistu
re (%) 

Ref. 
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41,23 5,37 6,76 7,53 Origina
l work 

66,01 ND ND ND Lima et 
al., 

(2007) 

50,01 1,10 ND ND Fernan
des 

(2009) 

ND 3,16 ND ND Brasilei
ro et al. 
(2012) 

ND ND 8,92 ND Rosenf
eld et 
al., 

(1997) 

Figure 1. Fourier Transform Infrared 
Spectroscopy (FTIR) for fresh (A) and 
defatted (B) shrimp shells. 

 

Figure 2. Morphology of shrimp shells (a) 
in natura and (b) defatted 
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