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The Penaeus vannamei is a farmed shrimp 
most traded around the world, and Brazilian Northeast 
region is responsible for 99.4% of total production 
in the country (IBGE, 2018). This species is known 
to its sensory quality, which make it attractive to 
consumer’s purchase. Therefore, the production and 
commercialization of P. vannamei require quality 
evaluations throughout the production steps. Shrimp 
is a highly perishable seafood, due to their intrinsic 
and extrinsic characteristics, such as pH close to 
neutrality, accelerated rigor mortis and high-water 
activity (ANNAMALAI et al., 2015). In addition, 

stress conditions during management and production 
steps could contribute to the oxidative stress leading 
to shrimp fragility and rupture of organs cell 
membranes (LUCIEN-BRUN, 2006).

United States grading standards and 
procedures for grading of fresh shrimp (NOAA/USDC, 
2021) considered as shrimp defects the “unacceptable 
heads” (described as detached cephalothorax or 
red hepatopancreas), “lack of uniformity” (small 
organisms), “black spot” (melanosis) and “broken 
or damaged” (THANASARN et al., 2019). Among 
shrimp defects, hepatopancreas color changes 
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ABSTRACT: The production chain of Penaeus vannamei require detailed quality evaluation from farm to processing plant, to maintain 
the quality standards. We evaluated the impact of production chain steps in main defects of P. vannamei as red hepatopancreas, detached 
cephalothorax and post-mult. Red hepatopancreas and detached cephalothorax exhibited the highest defect incidence, which are related to 
capture method and post-harvest handling procedures. Red hepatopancreas showed a positive correlation (r = 0.56; P = 0.008) with post-molts. 
The Principal Component Analysis (PCA) explained 53.91% of total data variance, where the second principal component (PC2) contributed 
with 19.39% separating shrimp defects and management steps based on square cosines of red hepatopancreas and transport time.  These results 
suggested that steps of production chain as well as post mortem process are directly related to shrimp defects, and the knowledge of these 
factors can contribute to improve the product quality.
Key words: autolytic changes, shrimp defect analysis, detached cephalothorax, red hepatopancreas.

RESUMO: A cadeia produtiva do Penaeus vannamei exige avaliações detalhadas quanto à qualidade do produto desde o campo até a planta de 
processamento, considerando a importância da manutenção dos padrões de qualidade. Foi avaliado o impacto das etapas da cadeia produtiva 
nos principais defeitos do P. vannamei como hepatopâncreas vermelho, cefalotórax desprendido e pós-mudas. Hepatopâncreas e o cefalotórax 
desprendido foram os defeitos de maior incidência, e estão relacionados ao método de despesca e manuseio pós-abate. O hepatopâncreas 
vermelho apresentou correlação positiva (r = 0,56; P = 0.008) com pós-muda. A Análise de Componentes Principais (ACP) explicou 53,91% 
da variância total dos dados, onde o segundo componente principal (PC2) contribuiu com 19,39% separando os defeitos do camarão e as etapas 
de manejo com base nos cossenos quadrados do hepatopâncreas vermelho e tempo de transporte. Esses resultados sugerem que as etapas da 
cadeia produtiva bem como o processo post mortem estão diretamente relacionados aos defeitos dos camarões, e o conhecimento desses fatores 
pode contribuir para a melhoria da qualidade do produto.
Palavras-chave: alterações autolíticas, análise de defeitos do camarão, cefalotórax desprendido, hepatopâncreas vermelho.
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significantly reduces the commercial value of 
theproduct (LUCIEN-BRUN, 2006). Palanini et 
al. (2019) reported losses of US$ 0.9/kg for shrimp 
defects in post-harvest. Therefore, the aim of the 
present study was to evaluate the impact of production 
chain steps in main defects of P. vannamei. 

Samples of P. vannamei were obtained from 
the reception sector of a fish processing unit from two 
shrimp farms: Farm 1 and Farm 2, located at 15 and 70 
kilometers, respectively, from processing plant(Itarema, 
Ceará, Brazil). The shrimps were reared under the 
same production conditions, feeding management 
and harvest method (floodgates with BagNet® nets). 
The animals were slaughtered by hypothermia in 
water and ice and submerged at a solution with sodium 
metabisulfite (0,01%) to prevent melanosis. Shrimp 
samples were stored in ice boxes (ratio 1:1) and 
transported to processing plant. Data about harvesting 
time, cultivation time, time of transport to processing 
plant, average weight of shrimp and average weight of 
total harvested animals were collected from the “Certificate 
of Origin” filled out on the farm. The analysis of shrimp’s 
defects was realized for 21 days. Samples of 1.0 kg were 
collected from the ice boxes, totalizing 7.478 shrimps. The 
defects were evaluated by observing the appearance 
of each unit sample and classified into six groups: I. 
post-moult (I and II); II. detached cephalothorax; III. 
red hepatopancreas; IV. broken or ruptured; V. small 
organisms (less than 4 grams); and VI. mild necrosis. 

The variables analyzed in the production 
chain were harvesting time (min); transport time 
(min); average weight of shrimp (g); growing time 
(days) and total average weight harvested (Kg). 
These data were also collected during the same period 
of the defect analysis and then statistically analyzed 
with the defects found in shrimp samples. The defects 
incidence rates were calculated according to the 
incidence formula: Incidence = Defective shrimp / 
Total of shrimp x 100. Results were analyzed using 
Principal Component Analysis (PCA) and Pearson’s 
correlation (XLSTAT Software™; Version 2014.5.03, 
Addinsoft, Inc., Brooklyn, USA).

Regarding shrimp defects, red 
hepatopancreas and detached cephalothorax exhibited 
the highest incidences among the specimens evaluated 
(Table 1) with 28.74% and 17.44%, respectively. 
The observed incidences could be attributed to rapid 
autolytic reactions, which are enhanced according to 
capture method and post-harvest handling procedures, 
as exposure to high ambient temperature for long period 
(GORNIK et al., 2010; ANNAMALAI et al., 2015).

Red hepatopancreas is associated to the 
presence of large amounts of crustacyanins, a complex 

of proteins and carotenoids from shrimp feeding 
(PARISENTI et al., 2011), which are released at high 
temperatures or enzymatic denaturation, contributing the 
appearance of red color (LOCO et al., 2018). Autolytic 
reactions are mainly responsible to the occurrence of 
detached cephalothorax (KIRSCHNIK & VIEGAS, 
2004). The release of endogenous enzymes after post-
mortem metabolism contributed to the decrease of head 
adhesion and to the highly incidence of cephalothorax 
defect (KIRSCHNIK & VIEGAS, 2004).

A positive correlation (r = 0.56; P = 0.008) 
was observed between red hepatopancreas and 
post-moult I and II, probably due to the autolysis of 
hepatopancreas, which occurs faster in crustaceans due 
to their high content of endogenous proteases (NIKOO 
et al., 2021). This correlation is associated to the soft-
shelled and vulnerability of the shrimp after first and 
second moultings (LEMOS & WEISSMAN, 2021). 

The Principal Component Analysis (PCA) 
explained 53.91% of total data variance (Figure 1). 
The first principal component (PC1) contributed to 
34.52% of this variance and separated growing time, 
harvesting time, average shrimp weight and total 
harvesting weight. The second principal component 
(PC2) contributed to 19.39% of the variance. Despite 
the lower percentage, this component separated the 
shrimp defect and management steps based on square 
cosines of red hepatopancreas and transport time.

The findings of the present study indicate 
that the main defects of P. vannamei could be 
attributed to rapid autolytic reactions which are 
enhanced according to capture method and post-
harvest handling procedures. These results suggested 
the necessity to develop suitable processing strategies 
to improve the capture method and post-harvest 

 

Table 1 - Incidence of shrimp (Penaeus vannamei) defects. 
 

Shrimp defects Incidence % 

Red hepatopancreas 1 28.74 
Detached cephalothorax2 17.44 
Post-moult (I and II)3 2.54 
Broken or ruptured4 0.31 
Mild necrosis5 0.24 
Small organisms6 0.07 

 
1Organ located in the cephalothorax presenting red 
coloration; 2cephalothorax/head partially or completely 
detached from the abdomen; 3stages of the recovery phase of 
cyclic exoskeleton exchange; 4mechanical damages along the 
abdomen; 5necrosis usually caused by ante-mortem injuries; 
6specimens weighing much less than commercial standards. 
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management procedures in order to improve shrimp 
quality and minimize economic losses.

ACKNOWLEDGEMENTS

This work was supported by the Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq), Brazil 
(grant number 131550/2021-7), Carlos Chagas Filho Research 
Foundation (FAPERJ), Brazil (E-26/202.415/2019), and was 
financed in part by the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES), Brasil - Finance code 001. 
The authors also thank the Bomar Pescados Company for the 
partnership to develop this study.

DECLARATION   OF   CONFLICT   OF   
INTEREST

The authors declare no conflict of interest. The 
founding sponsors had no role in the design of the study; in the 
collection, analyses, or interpretation of data; in the writing of the 
manuscript, and in the decision to publish the results.

BIOETHICS   AND   BIOSSECURITY   
COMMITTEE   APPROVAL

We authors of the article entitled Impact of production 
chain on defects of farmed shrimp (Penaeus vannamei) declared, for 

allpurposes, the project has not been submitted for evaluation to the 
Ethics Committee of the Universidade Federal Fluminense, but we 
are aware of the content of the Brazilian resolutions of the National 
Council for Control of Animal Experimentation - CONCEA 
“http://www.mct.gov.br/index.php/content/view/310553.html” if it 
involves animals. 

Thus, the authors assume full responsibility for the 
presented data and are available for possible questions, should they 
be required by the competent authorities.

AUTHORS’   CONTRIBUTIONS

The authors contributed equally to the manuscript.

REFERENCES

ANNAMALAI, J. et al. Effect of delayed icing on the quality of 
white shrimp (Litopenaeus vannamei) during chilled storage. Journal 
of Food Processing and Preservation, v.39, p.2878–2885, 2015. 
Available from: <https://doi.org/10.1111/jfpp.12539>. Accessed: Apr. 
10, 2022. doi: 10.1111/jfpp.12539.

GORNIK, S. G. et al. The influence of defined ante-mortem stressors 
on the early post-mortem biochemical processes in the abdominal 
muscle of the Norway lobster, Nephrops norvegicus (Linnaeus, 1758). 
Marine Biology Research, v.6, n.3, p.223-238, 2010. Available from: 
<https://doi.org/10.1080/17451000903147468>. Accessed: Feb. 18, 
2022. doi: 10.1080/17451000903147468.

Figure 1 - Principal Component Analysis (PCA) of shrimp (Penaeus vannamei) defects 
analyzed during 21 days under conditions of the stages of production chain. 



4

Ciência Rural, v.53, n.10, 2023.

Lima et al.

IBGE – INSTITUTO BRASILEIRO DE GEOGRAFIA E 
ESTATÍSTICA. Produção da Pecuária Municipal 2018. Produção da 
Pecuária Municipal, Rio de Janeiro, v.46, p.1-8, 2018. Available from: 
<https://biblioteca.ibge.gov.br/visualizacao/periodicos/84/ppm_2018_
v46_br_informativo.pdf>. Accessed: Apr. 10, 2022.

KIRSCHNIK, P. G.; VIEGAS, E. M. M. Changes in the quality 
of freshwater prawn Macrobrachium rosenbergii during storage 
in ice. Ciência e Tecnologia de Alimentos, v.24, n.3, p.407-
412, 2004. Available from: <https://doi.org/10.1590/S0101-
20612004000300019>. Accessed: Feb. 18, 2022. doi: 10.1590/
S0101-20612004000300019.

LEMOS, D.; WEISSMAN, D. Moulting in the grow-out of farmed 
shrimp: a review. Reviews in Aquaculture, v.13, p.5–17, 2021. 
doi: 10.1111/raq.12461.

LOCO, D. et al. The dynamic origin of color tuning in proteins 
revealed by a carotenoid pigment. The Journal of Physical 
Chemistry Letters, v.9, p.2404−2410, 2018.  Available from: 
<https://doi.org/10.1021/acs.jpclett.8b00763>. Accessed: Feb. 19, 
2022. doi: 10.1021/acs.jpclett.8b00763.

LUCIEN-BRUN, H. Proactive measures address hepatopancreas 
problems in HOSO shrimp. Global Aquaculture Advocate. 2006. 
Available from: <https://www.aquaculturealliance.org/advocate/
proactive-measures-address-hepatopancreas-problems-in-hoso-
shrimp/>. Accessed: Apr. 10, 2022.

NIKOO, M. et al. Autolysis of Pacific white shrimp (Litopenaeus 
vannamei) processing by-products: Enzymatic activities, lipid and 
protein oxidation, and antioxidant activity of hydrolysates. Food 
Bioscience, v.39, e100844, 2021. Available from: <https://doi.
org/10.1016/j.fbio.2020.100844>. Accessed: Mar. 26, 2022. doi: 
10.1016/j.fbio.2020.100844.

NOAA - NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION/ USDC. U.S. Grading Standards and 
Procedures for Grading. Seafood Inspection Manual, Part 5, 
2021. Available from: <https://media.fisheries.noaa.gov/dam-
migration/part_5_grade_standards.pdf>. Accessed: Feb. 6, 2022.

PALADINI, E. P. et al. Quality management model for perishable 
food in a fishing industry.Journal of Food Process Engineering, 
v.42, e13171, 2019. Available from: <https://doi.org/10.1111/
jfpe.13171>. Accessed: Apr. 10, 2022. doi: 10.1111/jfpe.13171.

PARISENTI, J. et al. Effect of background color on shrimp 
pigmentation. Boletim do Instituto de Pesca, v.37, n.2, p.177–
182, 2011. Available from: <https://institutodepesca.org/index.
php/bip/article/view/37_2_177-182>. Accessed: Feb. 6, 2022.

THANASARN, N. et al. Automated discrimination of deveined 
shrimps based on grayscale image parameters. Journal of Food 
Process Engineering. v.42, n.4, e13041, 2019. Available from: 
<https://doi.org/10.1111/jfpe.13041>. Accessed: Apr. 10, 2022. 
doi: 10.1111/jfpe.13041.

https://www.noaa.gov/
https://www.noaa.gov/


Ciência Rural, Santa Maria, v.53:10, 2023  10.1590/01038478crerr20220269 

e10269 

Erratum 

 

Erratum 

In the article "Impact of production chain on defects of farmed shrimp 
(Penaeus vannamei)" published in Ciência Rural, volume 53, number 10, DOI 
http://dx.doi.org/10.1590/0103-8478cr20220269. 

 

In the author’s, where we read: 

Loíse Caroline Santos de Lima, Ricardo Carriero,  André Luiz Medeiros de 

Souza, Ana Paula Amaral de Alcântara Salim,  Micheli da Silva Ferreira 

 

Read: 

Loíse Caroline Santos de Lima, Ricardo Carriero,  André Luiz Medeiros de 
Souza, Ana Paula Amaral de Alcântara Salim,  Micheli da Silva Ferreira, Sérgio 
Borges Mano 



Ciência Rural, Santa Maria, v.54:08, 2024  10.1590/01038478crerr120220269 
e110269 

Erratum 

 

Erratum 

In the article "Impact of production chain on defects of farmed shrimp (Penaeus 
vannamei)" published in Ciência Rural, volume 53, number 10, DOI 
http://dx.doi.org/10.1590/0103-8478cr20220269. 

 

In the author’s, where we read: 

Loíse Caroline Santos de Lima, Ricardo Carriero, André Luiz Medeiros de Souza, Ana 
Paula Amaral de Alcântara Salim, Micheli da Silva Ferreira, Sérgio Borges Mano. 

 

Read: 

Loíse Caroline Santos de Lima, Ricardo Carriero, André Luiz Medeiros de Souza, Ana 
Paula Amaral de Alcântara Salim, Sérgio Borges Mano, Micheli da Silva Ferreira. 


	rrr.pdf
	1678-4596-cr-53-10-e20220269.pdf
	1678-4596-cr-53-10-e20220269.pdf
	_Hlk117025098
	_Hlk116997221

	1678-4596-cr-53-10-120220269.pdf

	1678-4596-cr-53-10-220220269.pdf

	0103-8478-cr-54-08-e220220269.pdf



