
����������
�������

Citation: Guevara-Viejó, F.;

Valenzuela-Cobos, J.D.;

Grijalva-Endara, A.; Vicente-Galindo,

P.; Galindo-Villardón, P. Data Mining

Techniques: New Method to Identify

the Effects of Aquaculture Binder

with Sardine on Diets of Juvenile

Litopenaeus vannamei. Sustainability

2022, 14, 4203. https://doi.org/

10.3390/su14074203

Academic Editor: George P.

Kraemer

Received: 19 February 2022

Accepted: 25 March 2022

Published: 1 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Data Mining Techniques: New Method to Identify the Effects of
Aquaculture Binder with Sardine on Diets of Juvenile
Litopenaeus vannamei
Fabricio Guevara-Viejó 1, Juan Diego Valenzuela-Cobos 1,2 , Ana Grijalva-Endara 3,
Purificación Vicente-Galindo 1,3,4,* and Purificación Galindo-Villardón 1,3,5

1 Centro de Gestión de Estudios Estadísticos, Universidad Estatal de Milagro (UNEMI),
Milagro 091050, Ecuador; jguevarav@unemi.edu.ec (F.G.-V.); juan_diegova@hotmail.com (J.D.V.-C.);
pgalindo@usal.es (P.G.-V.)

2 I+D+i Department, Ecuahidrolizados Industry, Guayaquil 090154, Ecuador
3 Department of Statistics, University of Salamanca, 37008 Salamanca, Spain; anagrijalvae@gmail.com
4 Institute for Biomedical Research of Salamanca (IBSAL), 37008 Salamanca, Spain
5 Centro de Investigación Institucional, Universidad Bernardo O’Higgins, Av. Viel 1497, Santiago 8370809, Chile
* Correspondence: purivg@usal.es; Tel.: +34-664-038-513

Abstract: In this research, a dataset of growth performances and nutritional composition of juvenile
Litopenaeus vannamei after being fed two diets that include aquaculture binder with sardine for
7 weeks was analyzed using data mining techniques: the K-Means Clustering Algorithm and PCA
Biplot, to have a visualization of each parameter (vector) measured. The parameters evaluated
were: weight gain, specific growth rate, feed efficiency, protein efficiency ratio, survival percent,
moisture content, crude protein, crude lipid, and ash content. Data mining tools showed the juvenile
Litopenaeus vannamei fed with mixture 2 (pellets mixed with the binder of sardine subproducts)
presented the highest growth performances and nutritional composition, 23 juvenile L. vannamei
shrimps showed higher relation with crude protein and crude lipid, 30 L. vannamei shrimps presented
higher relation with ash, and 37 juvenile L. vannamei shrimps showed higher relation with ash and
moisture. The results obtained in experimental procedures indicate that the use of a binder of sardine
subproducts in shrimp diets improves the commercial parameters, improving the aquaculture field.

Keywords: aquaculture; binder of sardine subproducts; Litopenaeus vannamei

1. Introduction

Ecuador is considered one of the most important countries for shrimp production.
There is a growing interest in expanding aquaculture using alternative species and tech-
nologies [1,2]. Aquaculture is the second largest component of the Ecuadorian economy,
after fossil fuels [3]. This expansion is almost entirely attributable to shrimp aquaculture
and has led to land use or land cover transitions in Ecuadorian estuaries, with historic
mangroves and other estuarine land to be used as shrimp ponds [4]. The highest production
of shrimp in Ecuador is due two factors: Ecuador shrimp production has traditionally
been semi-intensive, using feed and water exchange but no aeration, and there is much
uninhabited land suitable for large ponds and farms in Ecuador [5]. By the end of 2009,
the country had 175 thousand hectares of active shrimp farms representing 2578 aqua-
culture companies, with an export production of 450 million pounds representing 34%
of the total manufactured products [6]. The increase in shrimp farming activity has also
represented a great source of work in the country [7]. In order to diversify aquaculture
production in Ecuador, several projects have been carried out for the production of shrimp,
Litopenaeus stylirostris [8], Sciaenops ocelatus [9], and Seriola rivoliana [10]. Ecuador produced
510,000 metric tons of white shrimp (Litopenaeus vannamei) in 2018 [11].
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In 2002, as a consequence of the white spot syndrome, alternative shrimp production
methods were developed, such as culture in covered ponds that allowed reduced water
exchange and a more constant temperature level and the so-called “onshore” system, which
consisted of cultivating shrimp at very low salinities using water from wells and rivers
in agricultural areas of the provinces of Manabí and Guayas. Supplementary feeding is
associated with this activity, which influences the cost of shrimp production [12]. The
strategy and the optimization of the feeding are aspects of importance in aquaculture that
imply the formulation of different diets (pellets). The nutrient content present in pellets will
influence shrimp growth, survival, and excreted waste products [13]. In the formulation
of pellets, it is necessary to maintain the valuable dietary nutrients using binders [14];
binders affect pellet stability in three ways: by reducing voids, resulting in a more compact
and durable pellet acting as adhesives, sticking particles together, and exerting a chemical
action on the ingredients and altering the nature of the feed, obtaining a more durable
pellet [15]. Binders are used to reduce the leaching of medication applied to balanced foods
and drugs such as antibiotics, vitamins, organic acids. This type of product as a mixture of
gluten in the diet can be used to obtain the highest values of apparent protein digestibility
(ADP) and apparent dry matter digestibility (ADMD) [16]. The use of binders as attractants
in shrimp feed is not common. In order to illustrate adequate visualization, it is necessary
to use data mining tools, such as K-means clustering algorithm and PCA Biplot, to study
the benefits of binders in the shrimps’ diets.

Data mining refers to the process of extracting knowledge from databases by discov-
ering anomalous situations, trends, patterns, and sequences in the data. Data mining is
a stage within the complete knowledge discovery process that tries to obtain patterns or
models from the collected data. The algorithms of data mining techniques usually have
three components: (1) The model contains parameters to be set from the input data, (2) the
preference criterion compares alternative models, and (3) the search algorithm is similar
to other artificial intelligence programs [17]. There are various data mining techniques
that describe the interesting relationship between different attributes, such as the K-Means
Clustering Algorithm and PCA Biplot [18,19].

The main goal of this study was to use data mining techniques such as the K-Means
Clustering Algorithm and PCA Biplot, identifying the growth performance and the nutri-
tional composition of juvenile Litopenaeus vannamei shrimps after feeding diets that include
an aquaculture binder with sardine.

2. Materials and Methods
2.1. Experimental Design

Ten juvenile Litopenaeus vannamei shrimps (0.70 g) were randomly distributed per tank
(total 180 tanks of 20 L capacity). The experiment was realized at the Shrimp Farm “La
Chorrera” [20,21].

2.2. Preparation of the Mixtures

The two mixtures used in the experiment were made using the following composition:
Mixture 1 (M1): Pellets mixed with the binder (hydrolyzed of sardine subproducts

20%). The formulation was 200 mL of sardine binder on 2 L of water for 25 kg of pellets.
Mixture 2 (M2): Pellets mixed with the binder (hydrolyzed of sardine subproducts

30%). The formulation was 200 mL of sardine binder on 2 L of water for 25 kg of pellets.

2.3. Experimental Diets and Feeding

Ten juvenile shrimps were randomly distributed per tank (180 tanks), and the juvenile
shrimps were fed four times a day. In the feeders were put 200 g of mixture (M1) or 200 g
of mixture (M2). The shrimps were fed four times a day at the following times: 09:00 a.m.,
11:30 a.m., 2:00 p.m., and 4:30 p.m., and the faeces were removed every day. Tests were
performed for seven consecutive weeks [22]. The experiments were realized in triplicate.



Sustainability 2022, 14, 4203 3 of 12

2.4. Growth Performances of Juvenile Shrimps

Three shrimps from each tank were counted, weighed, and measured (after seven
weeks of the feeding trial) to determine: growth performance including weight gain (WG
%), specific growth rate (SGR %), feed efficiency (FE %), protein efficiency ratio (PER), and
survival percent (S %) using the following equations [23,24].

WG (%) =
f inal weight (g) − initial weight (g)

initial weigth (g)
× 100 (1)

Equation (1). Weight gain of juvenile shrimps.

SGR (%) =
ln f inal weight (g) − ln initial weight (g)

days
(2)

Equation (2). Specific growth rate of juvenile shrimps.

FE (%) =
f inal weight (g) − initial weight (g)

f eed ration (g)
× 100 (3)

Equation (3). Feed efficiency of juvenile shrimps.

PER =
wet weight gain (g)
protein intake (g)

(4)

Equation (4). Protein efficiency ratio of juvenile shrimps.

S (%) =
f inal number o f f ish

initial number o f f ish
× 100 (5)

Equation (5). Survival percent of juvenile shrimps.

2.5. Nutritional Composition of Juvenile Shrimps

A proximate analysis of samples was performed according to the Association of
Official Analytical Chemists (AOAC). The moisture was determined by drying shrimp
samples at 100 ◦C to constant weight. Nitrogen (N) was determined using the Kjeldahl
method, and the protein content was calculated using the 6.25 factor. The soxhlet method
was used to determined crude lipid. The ash content was measured by heating the samples
at 600 ◦C for 24 h [25–27]. All test analyses were realized in triplicate per experimental diet.

2.6. Statistical Analysis

The data-mining techniques (K-Means Clustering Algorithm and PCA Biplot) were
realized using R software version 4.1.1. (R Core Team, Vienna, Austria) .

K-Means Clustering Algorithm

The K-Means algorithm consists of grouping a set of data (M blocks or sample vectors
extracted from the training set) in groups or clusters (K quantization cells, such that
K < M + 1), so that the vectors of the same group present high similarity to each other and
have little similarity with vectors from other groups. This technique indicates that each
training vector (block of samples from the original dataset) belongs to one and only one
quantization cell.

Let X = {~xj}, j = 1, 2, . . . , M + 1 be a training set composed of M vectors N-dimensional,
with M� K. The K-Means algorithm divides the vector space RN assigned to each training
vector to a single cluster via Nearest Neighbor Search (VMP). Precisely,

→
xj will belong to the

group (cell of quantization) V (
→
wi if d (

→
xj,
→
wi) < d (

→
xj,
→
wa), ∀a 6= i, where d (

→
xj,
→
wi) denotes
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the quadratic Euclidean distance between
→
xj and

→
wi. In this case,

→
wi is said to be the VMP

of
→
xj. The VMP search can be associated with a membership function, defined by

µi

(→
xj

)
=

{
1, i f

→
wi = VMP

(→
xj

)
0, otherwise

Thus, the distortion obtained by representing all the vectors of the training set by the
respective VMPs is given by

J1 =
K

∑
i = 1

M

∑
j = 1

µi

(→
xj

)
d
(→

xj,
→
wi

)

To minimize J1, the vectors
→
wi are updated as follows:

→
wi =

∑M
j = 1 µi

(→
xj

)
d
(→

xj

)→
xj

∑M
j = 1 µi

(→
xj

) , i = 1, 2, . . . , K

After initializing the
→
wi vector set, i = 1, 2, . . . , K, the K-Means algorithm can be

summarized as follows:

1. Partitioning—the training set is partitioned into K clusters according to the VMP rule.

2. The new code vectors are the centroids of the clusters, calculated according to Equation
→
wi.

3. Convergence test—algorithm stop criterion.

The partitioning and updating steps are carried out until the stop criteria is satisfied.
Precisely, the algorithm stops at the end of the tth iteration if

J1(t − 1) − J1(t)
J1(t)

≤ ∈,

where ∈ is an algorithm parameter, called distortion threshold, and J1(t) denotes a distortion
obtained in the partitioning of the tth iteration [28].

Additionally, a PCA Biplot [29] was applied to explore and visualize the different
parameters and the most relevant responses.

3. Results and Discussion

The focus of this work was to determine the viability of the use of aquaculture binder
with sardine on diets of juvenile L. vannamei shrimps and to assess its influence on commer-
cial parameters: weight gain, specific growth rate, feed efficiency, protein efficiency ratio,
survival percent, moisture content, crude protein, crude lipid, and ash content.

The numeration of the juvenile L. vannamei shrimps per tank was made following the
next distribution:

1–90: Average of three juvenile L. vannamei shrimps per tank fed with the mixture M1
or M2 after seven weeks.

3.1. Data Mining for Growth Performances of Juvenile Shrimps

Figure 1 presents the use of method K-means clustering algorithm to 90 objects having
5 variables each, using the software RStudio. The graphic (a) presents the use of three
clusters to growth performances of juvenile L. vannamei shrimps fed with the mixture M1
after seven weeks, while in the graphic (b) the use of three clusters to growth performances
of juvenile L. vannamei shrimps fed with the mixture M2 after seven weeks was also
presented. The results show the normal distribution of 90 data points around three clusters
in each graphic. The color of the different clusters showed the specific samples that
presented the highest characteristic measured. Clusters allow separation of a set of objects
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into none-overlapping subsets; the objects in the cluster are similar and dissimilar with the
objects in the other cluster [30].

Figure 1. (a) K−Means Clustering Algorithm to growth performances of juvenile L. vannamei
shrimps fed with mixture 1; (b) K−Means Clustering Algorithm to growth performances of
juvenile L. vannamei shrimps fed with the mixture 2.
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The size of each cluster has relation with the number of data points, the graphic (a):
size of Cluster 1 (color red) is 28, the size of Cluster 2 (color black) is 32, and the size
of Cluster 3 (color green) is 30. Juvenile L. vannamei shrimps fed with the mixture M1
belonging to Cluster 2 showed the highest values of growth performances. Otherwise, the
graphic (b): size of Cluster 1 (color black) is 30, the size of Cluster 2 (color green) is 29, and
the size of Cluster 3 (color red) is 31. Juvenile L. vannamei shrimps fed with the mixture
M2 belonging to Cluster 3 showed the highest values of growth performances. Since the
data points are normally distributed, clusters vary in size with maximum data points and
minimum data points.

The aquaculture binder can be used to mix with other ingredients such as: antibiotics,
vitamins, and organic acids to control bacterial infections and improve shrimp reproductive
performance and egg hatching rate [31]. There is no beneficial effect of increasing the
feeding frequency or ration size on the growth or survival of shrimp (L. vannamei) [32].

Figure 2 shows the factorial graph of the plane 1–2 (PCA-Biplot); graphic (a) presents
the accumulated inertia amounts to 49.1%, while graphic (b) presents the accumulated
inertia amounts to 47%.

Figure 2. Cont.
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Figure 2. (a) PCA Biplot to growth performances of juvenile L. vannamei shrimps fed with the mixture
1; (b) PCA Biplot to growth performances of juvenile L. vannamei shrimps fed with the mixture 2.

In addition, clusters have been calculated using the Biplot coordinates; the overview of
clusters is based on five variables. We observe in graphic (a) important differences between
clusters. Cluster 1 (color blue) indicates the presence of 25 juvenile L. vannamei shrimps fed
with the mixture M1 with higher relation to feed efficiency and weight gain, while Cluster 2
(color green) indicates the presence of 40 juvenile L. vannamei shrimps fed with the mixture
M1 with higher relation to specific growth rate and protein efficiency ratio, and Cluster 3
(color red) indicates the presence of 25 juvenile L. vannamei shrimps fed with the mixture
M1 with higher relation to specific survival.

Otherwise, in graphic (b) there are also differences between the clusters. Cluster 1
(color red) indicates the presence of 19 juvenile L. vannamei shrimps fed with the mixture M2
with higher relation to feed efficiency, whereas Cluster 2 (color blue) indicates the presence
of 30 juvenile L. vannamei shrimps fed with the mixture M2 with higher relation to all the
parameters, and Cluster 3 (color green) indicates the presence of 41 juvenile L. vannamei
shrimps fed with the mixture M2 with higher relation to specific growth rate, weight gain,
and protein efficiency ratio.

Diets that contained more fish meal produced the best growth, survival, and protein
efficiency, which can be attributed to the desirable parameters for the feed shrimp above,
which are high digestibility and attractiveness as well as a balanced amino acid profile [33].
The shrimp fed during the day grew as well as, and had better feed efficiency and survival
than, those fed at night [34]. Protein efficiency ratio values are related with the protein
level, and this is attributed to the use of protein excess as an energy source instead of
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mass formation [35]. The use of binders with sardine in diets can improve the growth
performances due to increasing the feeding and less food waste.

3.2. Data Mining for Nutritional Composition of Juvenile Shrimps

Figure 3 presents the application of method K-means clustering algorithm to 90 objects
having 5 variables, each one using the software RStudio. Graphic (a) presented the use of
three clusters for nutritional composition of juvenile L. vannamei shrimps fed with mixture
1, while in graphic (b) the use of three clusters for nutritional composition of juvenile
L. vannamei shrimps fed with mixture 2 was also shown. The results show the normal
distribution of 90 data points around three clusters in each graphic.

Figure 3. (a) K−Means Clustering Algorithm for nutritional composition of juvenile L. vannamei
shrimps fed with mixture 1; (b) K−Means Clustering Algorithm for nutritional composition of
juvenile L. vannamei shrimps fed with mixture 2.
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The size of each cluster is in relation to the number of data points, graphic (a): size of
Cluster 1 (color red) is 31, the size of Cluster 2 (color black) is 30, and the size of Cluster 3
(color green) is 29. Juvenile L. vannamei shrimps fed with mixture M1 belonging to Cluster 1
showed the highest values of nutritional parameters. Otherwise, in graphic (b): the size of
Cluster 1 (color black) is 30, the size of Cluster 2 (color green) is 28, and the size of Cluster 3
(color red) is 32. Juvenile L. vannamei shrimps fed with mixture M2 belonging to Cluster 3
showed the highest values of nutritional parameters. Since the data points are normally
distributed, clusters vary in size with maximum data points and minimum data points.

Figure 4 presents the factorial graph of the plane 1–2 (PCA-Biplot); graphic (a) presents
the accumulated inertia amounts to 56%, while graphic (b) presents the accumulated inertia
amounts to 54.1% In addition, clusters have been calculated using the Biplot coordinates;
the overview of clusters is based on four variables.

We observe, in graphic (a), important differences between clusters. Cluster 1 (color
green) indicates the presence of 35 juvenile L. vannamei shrimps fed with mixture M1
with higher relation of moisture and crude lipid, while Cluster 2 (color red) indicates the
presence of 36 juvenile L. vannamei shrimps fed with mixture M1 with higher relation to
ash, and Cluster 3 (color blue) indicates the presence of 19 juvenile L. vannamei shrimps
fed with mixture M1 with higher relation to crude protein. On the other hand, in graphic
(b) there are also differences between the clusters. Cluster 1 (color green) indicates the
presence of 23 juvenile L. vannamei shrimps fed with mixture M2 with higher relation
to crude protein and crude lipid, whereas Cluster 2 (color blue) indicates the presence
of 30 juvenile L. vannamei shrimps fed with mixture M2 with higher relation to ash, and
Cluster 3 (color red) indicates the presence of 37 juvenile L. vannamei shrimps fed with
mixture M2 with higher relation to ash and moisture.

Figure 4. Cont.
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Figure 4. (a) PCA Biplot for nutritional composition of juvenile L. vannamei shrimps fed with mixture
1; (b) PCA Biplot for nutritional composition of juvenile L. vannamei shrimps fed with mixture 2.

The nutrient composition of shrimp is affected by shrimp species and breeding re-
gion [36]. A good protein source for animal nutrition purposes is that with a balanced
content of amino acids [37]. The high crude protein in seafood consists of 70–80% myo-
genic fibronectin and 20–30% sarcoplasmic protein. The ash content reflects the content
of inorganic compounds in biological samples, to a certain extent [38]. In relation to the
crude lipid, the hepatopancreas is the storehouse of lipids, including triglycerides and phos-
pholipids [39]. Shrimp and shrimp subproducts are the most consumed types of seafood
because of their nutritional value [40]. The highest values of nutritional composition in the
shrimps’ bodies obtained with these diets can help to improve the aquaculture in small
scale shrimp farmers.

The PCA Biplot depends on data preprocessing and variable selection and also uses
singular value decomposition (SVD) of the data matrix [41], while the K-means algorithm
assigns each object to the group that has the nearest centroid [42]. The results indicate that
the data mining can describe a good visualization of the conditions of feeding with the
objective to obtain specific commercial parameters of juvenile Litopenaeus vannamei shrimps,
such as growth performance or nutritional composition.

4. Conclusions

Data mining tools such as PCA Biplot and K-means algorithm presented that juvenile
Litopenaeus vannamei shrimps fed with mixture 2 presented the highest relation with specific
growth rate, weight gain, protein efficiency ratio, crude protein, and crude lipid.

The use of data mining techniques on commercial parameters of juvenile Litopenaeus van-
namei shrimps allows the conditions of feeding to be determined in order to obtain the high-
est values in specific parameters such as growth performance or nutritional composition.
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The use of a binder with sardine allows a higher consumption of pellets to be obtained;
a similar result was presented in other studies that used a mixture of pellet with a tuna
binder, and the consumption was higher in comparison with only pellets.

Author Contributions: Conceptualization, F.G.-V. and J.D.V.-C.; formal analysis, J.D.V.-C. and
A.G.-E.; investigation, F.G.-V.; methodology, F.G.-V. and J.D.V.-C.; supervision, P.G.-V. and P.V.-G.;
writing—original draft, F.G.-V., J.D.V.-C., A.G.-E., P.G.-V. and P.V.-G.; writing—review and editing,
P.G.-V. and P.V.-G. All authors have read and agreed to the published version of the manuscript.

Funding: This work is funded by Universidad Estatal de Milagro (UNEMI) Scholarship.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to Facultad de Ciencias e Ingeniería de la Universidad
Estatal de Milagro (UNEMI) and Ecuahidrolizados Industry.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Naylor, R.L.; Goldberg, R.J.; Mooney, H.; Beveridge, M.; Clay, J.; Folke, C.; Kautsky, N.; Lubchenco, J.; Primavera, J.; Williams, M.

Nature’s subsidies to shrimp and salmon farming. Science 1998, 282, 883–884. [CrossRef]
2. Naylor, R.L.; Goldberg, R.J.; Primavera, J.H.; Kautsky, N.; Beveridge, M.C.M.; Clay, J.; Folke, C.; Lubchenco, J.; Mooney, H.; Troell,

M. Effect of aquaculture on world fish supplies. Nature 2000, 405, 1017–1024. [CrossRef] [PubMed]
3. Naylor, R.L. Expanding the Boundaries of Agricultural Development. Food Secur. 2011, 3, 233–251. [CrossRef]
4. Hamilton, S.E.; Stankwitz, C. Examining the relationship between international aid and mangrove deforestation in coastal

Ecuador from 1970 to 2006. J. Land Use Sci. 2012, 7, 177–202. [CrossRef]
5. Boyd, C.E.; Davis, R.P.; McNevin, A.A. Comparison of resource use for farmed shrimp in Ecuador, India, Indonesia, Thailand,

and Vietnam. Aquac. Fish Fish. 2021, 1, 3–15. [CrossRef]
6. PROECUADOR. Instituto de Promoción de Exportaciones e Inversiones. El Camarón Congelado es el Tercer Producto de Exportación;

PROECUADOR: Quito, Ecuador, 2013.
7. Carrillo, D. La Industria de Alimentos y Bebidas en el Ecuador; Instituto Nacional de Estadística y Censos: Loja, Ecuador, 2009.
8. Rivera, L.M.; Trujillo, L.E.; Pais-Chanfrau, J.M.; Núñez, J.; Pineda, J.; Romero, H.; Tinococo, O.; Cabrera, C.; Dimitrov, V. Functional

foods as stimulators of the immune system of Litopenaeus vannamei cultivated in Machala, Province of El Oro, Ecuador. Ital. J.
Food Sci. 2018, 31, 227–232.

9. Guartatanga, R.; Schwartz, L.; Wigglesworth, J.M.; Griffith, D.R.W. Experimental Intensive Rearing of Red Drum (Sciaenops ocellatus)
in Ecuador; CENAIM: San Pedro de Manglaralto, Ecuador, 1993.

10. Blacio, E.; Darquea, J.; Rodríguez, S. Avances en el cultivo de Huayaipe, Seriola rivoliana (Valenciennes 1833), en las instalaciones
del CENAIM. Mundo Acuic. 2003, 9, 23–24.

11. Boyd, C.E.; Davis, R.P.; Wilson, A.G.; Marcillo, F.; Brian, S.; McNevin, A.A. Resource use in whiteleg shrimp Litopenaeus vannamei
farming in Ecuador. J. World Aquac. Soc. 2001, 52, 772–788. [CrossRef]

12. Lawrence, A.L.; Lee, P.G. Research in the Americas. In Crustacean Nutrition. Advances in World Aquaculture; D’Abramo, L.R.,
Conklin, D.E., Akiyama, D.M., Eds.; World Aquaculture Society: Baton Rouge, LA, USA, 1997; Volume 6, pp. 566–587.

13. Smith, D.M.; Burford, M.A.; Tabrett, S.J.; Irvin, S.J.; Ward, L. The effect of feeding frequency on water quality and growth of the
black tiger shrimp (Penaeus monodon). Aquaculture 2002, 207, 125–136. [CrossRef]

14. Partridge, G.J.; Southgate, P.C. The effect of binder composition on ingestion and assimilation of microbound diets MBD by
barramundi Lates calcarifer Bloch larvae. Aquac. Res. 1999, 30, 879–886. [CrossRef]

15. Palma, J.; Bureau, D.P.; Andrade, J.P. Effects of binder type and binder addition on the growth of juvenile Palaemonetes varians and
Palaemon elegans (Crustacea: Palaemonidae). Aquac. Int. 2008, 16, 427–436. [CrossRef]

16. Argüello-Guevara, W.; Molina-Poveda, C. Effect of binder type and concentrationon prepared feed stability, feed ingestionand
digestibility of Litopenaeus vannamei broodstock diets. Aquac. Nutr. 2013, 19, 515–522. [CrossRef]

17. Valcárcel, V. Data Mining y el Descubrimiento del Conocimiento. Ind. Data 2004, 7, 83–86. [CrossRef]
18. Guevara-Viejó, F.; Valenzuela-Cobos, J.D.; Vicente-Galindo, P.; Galindo-Villardón, P. Application of K-Means Clustering Algorithm

to Commercial Parameters of Pleurotus spp. Cultivated on Representative Agricultural Wastes from Province of Guayas. J. Fungi
2021, 7, 537. [CrossRef] [PubMed]

19. Guevara-Viejó, F.; Valenzuela-Cobos, J.D.; Vicente-Galindo, P.; Galindo-Villardón, P. Data-Mining Techniques: A New Approach
to Identifying the Links among Hybrid Strains of Pleurotus with Culture Media. J. Fungi 2021, 7, 882. [CrossRef]

http://doi.org/10.1126/science.282.5390.883
http://doi.org/10.1038/35016500
http://www.ncbi.nlm.nih.gov/pubmed/10890435
http://doi.org/10.1007/s12571-011-0123-6
http://doi.org/10.1080/1747423X.2010.550694
http://doi.org/10.1002/aff2.23
http://doi.org/10.1111/jwas.12818
http://doi.org/10.1016/S0044-8486(01)00757-8
http://doi.org/10.1046/j.1365-2109.1999.00418.x
http://doi.org/10.1007/s10499-007-9155-5
http://doi.org/10.1111/anu.12003
http://doi.org/10.15381/idata.v7i2.6140
http://doi.org/10.3390/jof7070537
http://www.ncbi.nlm.nih.gov/pubmed/34356916
http://doi.org/10.3390/jof7100882


Sustainability 2022, 14, 4203 12 of 12

20. Xie, S.W.; Li, Y.T.; Zhou, W.W.; Tian, L.X.; Li, Y.M.; Zeng, S.L.; Liu, Y.J. Effect of γ-aminobutyric acid supplementation on growth
performance, endocrine hormone and stress tolerance of juvenile Pacific white shrimp, Litopenaeus vannamei, fed low fishmeal
diet. Aquac Nutr. 2017, 23, 54–62. [CrossRef]

21. Arambul Munoz, E.; Ponce Palafox, J.; De Los Santos, R.; Aragon Noriega, E.; Rodriguez Dominguez, G.; Castillo Vargasmachuca,
S. Influence of Stocking Density on Production and Water Quality of a Photo Heterotrophic Intensive System of White Shrimp
(Penaeus vannamei) in Circular Lined Grow out Ponds, with Minimal Water Replacement. Lat. Am. J. Aquat. Res. 2019, 47, 449–455.
[CrossRef]

22. Mmanda, F.P.; Lindberg, J.E.; Halden, A.N.; Mtolera, M.S.P.; Kitula, R.; Lundh, T. Digestibility of local feed ingredients in tilapia
Oreochromis niloticus juveniles, determined on faeces collected by siphoning or stripping. Fishes 2020, 5, 32. [CrossRef]

23. Mohanty, R.K. Growth performance of Penaeus monodon at different stocking densities. J. Inland Fish. Soc. India 1999, 31, 53–59.
24. Bae, J.; Hamidoghli, A.; Djaballah, M.S.; Maamri, S.; Hamdi, A.; Souffi, I.; Farris, N.W.; Bai, S.C. Effects of three different dietary

plant protein sources as fishmeal replacers in juvenile whiteleg shrimp, Litopenaeus vannamei. Fish. Aquat. Sci. 2020, 23, 2.
[CrossRef]

25. Valencia del Toro, G.; Ramírez-Ortiz, M.E.; Flores-Ramírez, G.; Costa-Manzano, M.R.; Robles-Martínez, F.; Garín Aguilar, M.E.;
Leal-Lara, H. Effect of Yucca schidigera bagasse as substrate for Oyster mushroom on cultivation parameters and fruit body quality.
Rev. Mex. Ing. Quim. 2018, 17, 835–846. [CrossRef]

26. Valenzuela-Cobos, J.D.; Vásquez-Véliz, G.; Zied, D.C.; Franco-Hernández, O.M.; SánchezHernández, A.; Garín Aguilar, M.E.; Leal
Lara, H.; Valencia del Toro, G. Bioconversion of agricultural wastes using parental, hybrid and reconstituted strains of Pleurotus
and Lentinula. Rev. Mex. Ing. Quim. 2019, 18, 647–657. [CrossRef]

27. Association of Official Analytical Chemists (AOAC). International Official Methods of Analysis; AOAC: Washington, DC, USA, 2002.
28. Madeiro, F.; Galvão, R.R.A.; Ferreira, F.A.B.S.; Cunha, D.C. Uma alternativa de aceleração do algoritmo fuzzy k-means aplicado à

quantização vetorial. TEMA Tend. Mat. Appl. Comput. 2012, 13, 193–206. [CrossRef]
29. Pasqualoto, K.F.; Teófilo, R.F.; Guterres, M.; Pereira, F.S.; Ferreira, M. A study of physicochemical and biopharmaceutical

properties of Amoxicillin tablets using full factorial design and PCA biplot. Anal. Chim. Acta 2007, 595, 216–220. [CrossRef]
[PubMed]

30. Razavi Zadegan, S.M.; Mirzaie, M.; Sadoughi, F. Ranked k-medoids: A fast and accurate rank-based partitioning algorithm for
clustering large datasets. Knowl.-Based Syst. 2013, 39, 133–143. [CrossRef]

31. Valenzuela-Cobos, J.D.; Vargas-Farias, C.J. Study about the use of aquaculture binder with tuna attractant in the feeding of white
shrimp (Litopenaeus vannamei). Rev. Mex. Ing. Quim. 2020, 19, 355–361. [CrossRef]

32. Velasco, M.; Lawrence, A.L.; Castille, F.L. Effect of variations in daily feeding frequency and ration size on growth of shrimp,
Litopenaeus vannamei (Boone), in zero-water exchange culture tanks. Aquaculture 1999, 179, 141–148. [CrossRef]

33. Huang, F.; Wang, L.; Zhang, C.; Song, K. Replacement of fishmeal with soybean meal and mineral supplements in diets of
Litopenaeus vannamei reared in low-salinity water. Aquaculture 2017, 473, 172–180. [CrossRef]

34. Tacon, A.G.J.; Cody, J.J.; Conquest, L.D.; Divakaran, S.; Forster, I.P.; Decamp, O.E. Effect of culture system on the nutrition and
growth performance of Pacific white shrimp Litopenaeus vannamei (Boone) fed different diets. Aquac. Nutr. 2002, 8, 121–139.
[CrossRef]

35. Shahkar, E.; Yun, H.; Park, G.; Jang, I.K.; Kyoung Kim, S.; Katya, K.; Bai, S.C. Evaluation of optimum dietary protein level for
juvenile whiteleg shrimp (Litopenaeus vannamei). J. Crust. Biol. 2014, 34, 552–558. [CrossRef]

36. Liu, Z.; Liu, Q.; Zhang, D.; Wei, S.; Sun, Q.; Xia, Q.; Shi, W.; Ji, H.; Liu, S. Comparison of the Proximate Composition and
Nutritional Profile of Byproducts and Edible Parts of Five Species of Shrimp. Foods 2021, 10, 2603. [CrossRef] [PubMed]

37. Gil-Núñez, J.C.; Martínez-Córdova, L.R.; Servín-Villegas, R.S.; Magallon-Barajas, F.J.; Bórques-López, R.A.; Gonzalez-Galaviz,
J.R.; Casillas-Hernández, R. Production of Penaeus vannamei in low salinity, using diets formulated with different protein sources
and percentages. Lat. Am. J. Aquat. Res. 2020, 48, 396–405. [CrossRef]

38. Halim, N.R.; Yusof, H.M.; Sarbon, N.M. Functional and bioactive properties of fish protein hydolysates and peptides: A
comprehensive review. Trends Food Sci. Technol. 2016, 51, 24–33. [CrossRef]

39. Gulzar, S.; Raju, N.; Nagarajarao, R.C.; Benjakul, S. Oil and pigments from shrimp processing by-products: Extraction, composition,
bioactivities and its application—A review. Trends Food Sci. Technol. 2020, 100, 307–319. [CrossRef]

40. Nirmal, N.P.; Santivarangkna, C.; Rajput, M.S.; Benjakul, S. Trends in shrimp processing waste utilization: An industrial
prospective. Trends Food Sci. Technol. 2020, 103, 20–35. [CrossRef]

41. Ringner, M. What is principal component analysis? Nat. Biotechnol. 2008, 26, 303–304. [CrossRef] [PubMed]
42. Kodinariya, T.M.; Makwana, P.R. Review on determining number of cluster in K-means clustering. Int. J. Adv. Res. Comput. Sci.

Manag. Stud. 2013, 1, 90–95.

http://doi.org/10.1111/anu.12358
http://doi.org/10.3856/vol47-issue3-fulltext-7
http://doi.org/10.3390/fishes5040032
http://doi.org/10.1186/s41240-020-0148-x
http://doi.org/10.24275/uam/izt/dcbi/revmexingquim/2018v17n3/Valencia
http://doi.org/10.24275/uam/izt/dcbi/revmexingquim/2019v18n2/Valenzuela
http://doi.org/10.5540/tema.2012.013.02.0193
http://doi.org/10.1016/j.aca.2007.03.065
http://www.ncbi.nlm.nih.gov/pubmed/17606003
http://doi.org/10.1016/j.knosys.2012.10.012
http://doi.org/10.24275/rmiq/Bio615
http://doi.org/10.1016/S0044-8486(99)00158-1
http://doi.org/10.1016/j.aquaculture.2017.02.011
http://doi.org/10.1046/j.1365-2095.2002.00199.x
http://doi.org/10.1163/1937240X-00002267
http://doi.org/10.3390/foods10112603
http://www.ncbi.nlm.nih.gov/pubmed/34828883
http://doi.org/10.3856/vol48-issue3-fulltext-2361
http://doi.org/10.1016/j.tifs.2016.02.007
http://doi.org/10.1016/j.tifs.2020.04.005
http://doi.org/10.1016/j.tifs.2020.07.001
http://doi.org/10.1038/nbt0308-303
http://www.ncbi.nlm.nih.gov/pubmed/18327243

	Introduction 
	Materials and Methods 
	Experimental Design 
	Preparation of the Mixtures 
	Experimental Diets and Feeding 
	Growth Performances of Juvenile Shrimps 
	Nutritional Composition of Juvenile Shrimps 
	Statistical Analysis 

	Results and Discussion 
	Data Mining for Growth Performances of Juvenile Shrimps 
	Data Mining for Nutritional Composition of Juvenile Shrimps 

	Conclusions 
	References

