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Abstract. Sustainable aquaculture requires innovative solutions to minimize environmental pollution and
optimize resource utilization. This study investigated the potential of using wastewater from white leg
shrimp (Litopenaeus vannamei) ponds to cultivate Artemia, and then using Artemia as a dietary
supplement for shrimp, in order to develop a sustainable recirculating aquaculture model. The
experiment consisted of five treatments, supplementing Artemia biomass (wet weight basis) at levels of
0% (control, 0% SA - Supplemented Artemia), 10% (10% SA), 20% (20% SA), 30% (30% SA), and
40% (40% SA) of the daily commercial feed, with four replicates per treatment. Shrimp were cultured in
a recirculating biofilter system (200 L tank™) at a density of 60 ind tank™ for 40 days. The effects of
dietary Artemia supplementation on growth performance, survival rate, and feed efficiency of white leg
shrimp were evaluated. The results demonstrated that Artemia could be successfully cultured using
shrimp pond wastewater, achieving high biomass productivity with a nutritional composition suitable for
shrimp dietary supplementation. Supplementing Artemia into the diet significantly improved weight gain,
biomass, survival rate, and feed efficiency of white leg shrimp. The supplementation levels of 30% SA
and 40% SA improved weight gain by 2.94-7.18%, biomass by 14.54-14.89%, survival rate by 7.14-
11.69%, and feed efficiency by 4.14-12.68% compared to the control (p<0.05). These findings provide
scientific evidence for the potential application of a recirculating aquaculture model that reduces
environmental pollution and enhances resource use efficiency. The study suggests that a
supplementation level of 30% SA is effective for enhancing the culture efficiency of white leg shrimp in
intensive farming systems. However, further research is needed to optimize the Artemia production
process using shrimp pond wastewater and determine the optimal supplementation levels for different
cultured species and farming systems. The outcomes of this research contribute to the advancement of
sustainable aquaculture practices, aiming at improving the productivity, quality, and value addition for
aquaculture products, while reducing environmental impacts.
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Introduction. Aquaculture, particularly white leg shrimp (Litopenaeus vannamei)
farming, has become a globally significant industry, contributing substantially to food
security and economic development. The global production of farmed shrimp has
increased from 3.2 million tons in 2010 to 5.6 million tons in 2021, and is expected to
continue growing in the coming years (FAO 2024). However, the rapid expansion of
intensive shrimp farming has been accompanied by environmental challenges, such as
increased wastewater generation and high feed costs. To produce one kg of marketable
shrimp, the estimated water consumption in major shrimp-producing countries like
Ecuador, India, China, Vietnam, and Thailand ranges from 14 to 76.8 m3 (Boyd et al
2021). Furthermore, shrimp can only assimilate 19.1-23.6% of the nitrogen from feed,
while the remaining is discharged into the aquatic environment as organic matter (25.3-
39.5%) and dissolved inorganic salts (NH4*, NO2", NOs3") accounting for 41.4-51.1%
(Chen et al 2018). Wastewater from shrimp farming has negatively impacted the
environment due to the accumulation of waste causing water eutrophication, disease
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outbreaks, and biodiversity loss, consequently compromising the sustainability of shrimp
farming (Iber & Kasan 2021; Tom et al 2021).

To address the wastewater and waste issues in shrimp farming, several advanced
shrimp farming technologies have been researched and applied, such as biofloc
technology, recirculating aquaculture systems (RAS), aquaponics in RAS, aquamimicry,
microalgae-assisted aquaculture, and integrated multi-trophic aquaculture (IMTA) (Choo
& Caipang 2015; Tom et al 2021; Lothmann & Sewilam 2023). These technologies share
the common feature of utilizing dissolved nutrients and water reuse based on the
integration of autotrophic (microalgae) and heterotrophic (mollusks, copepods)
organisms to convert waste into useful biomass, thereby reducing negative
environmental impacts (Magnotti et al 2016; Kumar et al 2017; Tom et al 2021;
Lothmann & Sewilam 2023). However, these technologies or farming models also have
certain limitations, such as high production costs, long culture periods, management
difficulties, large space requirements, and low economic efficiency of
associated/secondary products (Tom et al 2021; Lothmann & Sewilam 2023).
Consequently, their practical application in production has not been truly effective, and
water exchange-based shrimp farming remains the most widely adopted solution in many
countries, especially in Vietham (Pongthanapanich et al 2019).

Artemia, a small crustacean, is widely used in aquaculture as a nutritious food
source for shrimp and fish larvae (Sorgeloos et al 2001). It has diverse sizes, high
nutritional value, and is convenient to use and store. It can be used in various forms,
such as decapsulated cysts, fresh biomass, live, frozen, and dried. To date, numerous
studies have applied Artemia as a supplementary feed for aquaculture species like black
tiger shrimp (Penaeus monodon), white leg shrimp, and mud crab (Scylla
paramamosain), yielding positive results (Dhert et al 1993; Anh et al 2011; Bengtson et
al 2018). Another significant advantage of Artemia is its water filtration ability and
application potential in aquaculture wastewater treatment. Studies have shown that an
adult Artemia can filter up to 64 mL of water per hour and can filter food particles smaller
than 50 pm (Ogburn et al 2023; Li et al 2024). Some studies have used aquaculture
wastewater to cultivate Artemia biomass to recover nutrients from the wastewater and
convert them into the biomass of this zooplankton (Gharibi et al 2021; Magnotti et al
2016; Yao et al 2018). However, this Artemia source is mainly reused in dried form,
replacing fishmeal in the production of aquafeed (Anh et al 2023).

This study aimed to evaluate the effects of supplementing fresh Artemia biomass,
cultivated from shrimp pond wastewater, on the diet of L. vannamei in an intensive
farming system. The study hypothesizes that Artemia supplementation will improve
shrimp growth, survival, and feed utilization efficiency while contributing to mitigating the
environmental impact of pond wastewater. Four Artemia supplementation regimes (10,
20, 30, and 40% of the total feed) were tested to determine the appropriate
supplementation level, thereby contributing to the effective utilization of wastewater and
enhancing the growth of farmed shrimp. The results of this study will provide crucial
information for developing more sustainable and efficient shrimp farming strategies,
addressing both the environmental and economic challenges faced by the industry.

Material and Method

Artemia biomass culture. Artemia franciscana strain originated from Vinh Chau, Soc
Trang, Vietnam, was used for biomass production. Wastewater from intensive shrimp
ponds with suitable environmental parameters and high microalgae content was filtered
through a 50 um mesh bag and stored in 8 m3 tanks under aeration and shading
conditions for 3-5 days to promote microalgae growth before being used for Artemia
culture. Artemia was cultured in 3 m3 composite tanks placed under a roof with
continuous aeration. The initial stocking density was 1,500 ind L. For the first 5 days,
Artemia was fed Chaetoceros muelleri microalgae according to the feeding protocol
described by Coutteau et al (1992). From day 6 onwards, the prepared wastewater was
supplemented into the culture tanks 3 times day, with gradually increasing volumes
from 5-40% per tank, each time, depending on the age and biomass of Artemia. Waste
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was removed daily by siphoning, and 70% of the water was regularly exchanged every 3
days with wastewater directly from shrimp ponds through a 50 pm filter bag. After 15
days of culture, Artemia was harvested, and biological parameters and biomass were
determined. Samples were soaked in freshwater, drained, divided into small portions and
stored at -20°C for use in experiments. The approximate biochemical composition of
Artemia biomass was also analyzed according to AOAC methods (AOAC 2006).

Experimental shrimp. L. vannamej used in the experiment had a size range of 6.1-6.7
cm and 1.3-1.5 g ind!, exhibiting a good ability to utilize Artemia biomass. The initial
average size of experimental shrimp was 6.41+0.31 cm and 1.42+0.13 g ind™!.

Experimental design and system. The experiment was conducted at the Cam Ranh
Centre for Tropical Marine Research and Aquaculture, Aquaculture Institute, Nha Trang
University, Vietnam. The system consisted of 20 composite tanks (200 L tank™) with an
appropriately designed water supply and drainage system. Wastewater from the culture
tanks was treated by a recirculating biological filtration system before being pumped back
into the system. The culture tanks were equipped with air stones for oxygen supply and
waste aggregation. A commercial shrimp feed with a nutritional composition meeting the
requirements of shrimp (Protein>36%, lipid>4%) was used. Frozen Artemia biomass was
thawed, drained, and the feeding amount was determined according to the experimental
treatments. The experiment included 5 treatments corresponding to 5 levels of Artemia
supplementation in the diet: 0 (control, 0% SA - Supplemented Artemia), 10% (1% SA),
20% (20% SA), 30% (30% SA), and 40% (40% SA), calculated based on the weight of
commercial feed used per day. Shrimp were fed commercial feed 4 times day! and
supplemented with Artemia biomass once day! (except for the control). Shrimp were
cultured at a density of 60 ind tank!. Each treatment was replicated 4 times over a
period of 40 days.

Management and monitoring. L. vannamei were fed commercial feed at a rate of 8%
body weight day!, divided equally into 4 meals. The feed amount was adjusted based on
the shrimp's feeding response and the amount of leftover feed. Culture tanks were
siphoned regularly 4 times day, 2 hours after feeding. Leftover feed was separately
stored for each tank and air-dried to calculate feed utilization efficiency at the end of the
experiment. Daily, 7-10% of the total system water was exchanged. Water quality
parameters were maintained within optimal ranges for shrimp culture: temperature 28-
31°C, salinity 30-35%o, dissolved oxygen =5 mg O: L!, pH 8.1-8.4, alkalinity 120-160
mg CaCOs L, TAN<1 mg L%, and NO2><5 mg L. After 40 days of culture, shrimp were
harvested to determine growth performance, survival rate, and feed utilization efficiency.

Data collection and evaluation. Water quality parameters: dissolved oxygen content,
temperature, and pH were measured using Milwaukee (MW600) and ENzZO 7011
handheld meters. Alkalinity, TAN, and NO2" were determined using Sera test Kits.
Measurement frequency was once every two days.

Artemia biomass parameters. The total length of Artemia was determined by
randomly measuring 30 individuals using a stereo microscope (Olympus SZ61) with a
calibrated eyepiece micrometer. The wet weight of individual Artemia was determined by
randomly measuring three samples, each consisting of 200 drained Artemia individuals,
using an electronic balance (accuracy: 0.001 g). The wet biomass of Artemia in the tank
was determined by weighing the total harvested Artemia.

Shrimp growth performance. The total length (TL, cm) and body weight (BW, g) of
shrimp at the beginning and end of the experiment were determined by randomly
measuring 30 individuals per tank. Length was measured from the rostrum tip to the
telson end using a caliper (accuracy: 0.1 mm), while weight was measured using an
electronic balance (Viet Nhat, 0.01 g). Growth parameters and survival rate were
calculated as follows:
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Specific growth rate in length:
SGRL (% day1)=100x[Ln(L2)-Ln(L1)]/t

Specific growth rate in weight:
SGRw (% day1)=100x[Ln(W2)-Ln(W1)]/t

Coefficient of variation in length:
CVL (%)=100xSDL>/L>

Coefficient of variation in weight:
CVw (%)=100xSDW2/W>

Condition factor:
CF (g cm3)=100xW2/(L2)3

Survival rate:
SR (%)=100%xN2/N1

Feed utilization efficiency. Feed utilization efficiency was evaluated based on the
amount of feed consumed, uneaten feed, and shrimp growth performance. The following
indicators were calculated:
Feed intake:

FI (g ind!)=Total feed consumed/Final number of individuals

Daily feeding rate:
FR (%BW day1)=100xFI/[(Wi1+W2)/2xt]

Feed conversion ratio:
FCR=FI/(W2-W1)

Protein efficiency ratio:
PER=(W2-W1)/PI

Where:

L1, L2 - the initial and final total lengths (cm);

Wi, W2 - the initial and final body weights (g) of shrimp;
t - the experimental duration (40 days);

SD - the standard deviation;

N1, N2 - the initial and final numbers of shrimps;

PI - the amount of protein intake.

Statistical analysis. Data were analyzed using IBM SPSS Statistics version 26.0.
Normality and homogeneity of variances were tested prior to applying one-way ANOVA to
assess differences among treatments. When significant differences were detected,
Duncan's Multiple Range Test was used for pairwise comparisons at a significance level of
5% (p<0.05). Results are reported as mean valuesxstandard error (SE).

Results

Artemia biomass production. The results demonstrated the successful cultivation of
Artemia biomass using wastewater from white leg shrimp farming (Table 1). The average
wet and dry biomass yields were 56.43+3.66 g m=3 and 4.93+0.26 g m~3 wastewater,
respectively. Biochemical composition analysis revealed that the Artemia biomass
contained 51.60+0.82% crude protein and 12.33+0.40% crude lipid on a dry weight
basis. These findings highlight the high nutritional value of Artemia cultured using white
leg shrimp wastewater and its potential as a supplementary feed for shrimp aquaculture.
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Table 1
Results of Artemia culture using wastewater as a supplementary feed for Litopenaeus
vannamei in the experiment

No. Parameters Values

Size and biomass of Artemia 6.72+0.84
1 Length (mm) 6.72+0.84
2 Wet weight (mg ind1) 5.94+0.61
3 Survival rate (%) 42.13+2.41
4 Wet biomass (g m-3 wastewater) 56.43+3.66
5 Dry biomass (g m-3 wastewater) 4.93£0.26

Proximate biochemical composition

1 Moisture (% wet weight) 91.13+£0.79
2 Crude protein (% dry weight) 51.60+0.82
3 Crude lipid (% dry weight) 12.33+£0.40
4 Carbohydrate (% dry weight) 17.13+£0.25
5 Ash (% dry weight) 18.23+£0.60

Data are presented as mean+SD (n=3).

Water quality parameters. The water quality parameters in the experimental system
remained within acceptable ranges for the growth and development of white leg shrimp
(Table 2). The average temperature, salinity, dissolved oxygen, pH, and alkalinity were
28.07-29.02°C, 31.4-33.1%0, 5.81-6.20 mg Oz L, 8.08-8.32, and 139.7-152.5 mg
CaCOs L1, respectively. Although total ammonia nitrogen (TAN) and nitrite (NO2)
concentrations showed a slight increasing trend over the experimental period, with
ranges of 0.53-0.97 mg L'! and 0.85-1.87 mg L}, respectively, they remained within the
recommended limits for shrimp aquaculture (Boyd & Tucker 2012; Van Wyk & Scarpa
1999).

Table 2
Water quality parameters during the experimental period
Parameters
Days  Temperature Salinity DéiSO/gid H Alkalinity TAN NO2z-N
(°C) (%o) (o ) P (mg CaCOs L") (mg L?) (mg L)

10 28.2+0.32 31.4+0.51 6.20+0.12 8.08+0.10 146.8+11.21 0.53+0.16 0.85+0.25
20 28.1+0.50 32.3+0.62 5.81+0.11 8.10+0.11 139.7+£12.23 0.60+0.21 1.21+£0.31
30 28.5+0.69 32.8+0.66 6.12+0.13 8.17+0.15 142.8+10.91 0.82+0.33 1.41+£0.34
40 29.0+£0.47 33.1+0.71 5.91+0.18 8.32+0.21 152.5+16.18 0.97+0.41 1.87+0.45

Data are presented as mean+SD (n=5).

Growth performance. Dietary supplementation of Artemia significantly influenced the
growth performance of white leg shrimp (Table 3). Shrimp fed a diet with 40% SA
exhibited significantly higher weight growth parameters, including final body weight (W2)
and specific growth rate for weight (SGRw), compared to those in the 10% SA and control
(0% SA) groups (p<0.05). However, no significant differences in weight growth
parameters were observed among the 20% SA, 30% SA, and other experimental groups
(p>0.05). Interestingly, Artemia supplementation did not significantly affect the length
growth parameters, length coefficient of variation (CVL), weight coefficient of variation
(CVw), or condition factor (CF) of the shrimp (p>0.05).

Shrimp biomass production. The dietary inclusion of Artemia significantly enhanced
the harvested white leg shrimp biomass (Table 3). The shrimp biomass in the Artemia
supplementation groups (10% SA-40% SA: 3.05-3.24 g L') was significantly higher
than that in the control (2.82 g L'!) (p<0.05). The supplementation of Artemia resulted in
a substantial increase in shrimp biomass, ranging from 8.16 to 14.89%, compared to the
control, highlighting the effectiveness of this feeding strategy in improving white leg
shrimp culture yield.
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Table 3
Growth performance and survival rate of Litopenaeus vannamei cultured under different
Artemia supplementation treatments

Parameters Treatments
0% SA 10% SA 20% SA 30% SA 40% SA
L1 (cm) 6.41+0.31 6.41+0.31 6.41+0.31 6.41+0.31 6.41+0.31
Wi (g) 1.42+0.13 1.42+0.13 1.42+0.13 1.42+0.13 1.42+0.13
L2 (cm) 13.21+0.08 13.18+0.31 13.41+0.14 13.35+0.13 13.67+0.17
W2 (g) 14.63+0.11° 14.57+0.15? 15.16+0.313> 15.06+0.1623° 15.68+0.28b
SGRL (% day™) 1.81+0.02 1.80+0.06 1.84+0.03 1.84+0.03 1.89+0.03
SGRw (% day™?) 5.83+0.022 5.82+0.032 5.92+0.052 5.91+0.032 6.00+0.05°
CVL (%) 2.94+0.40 3.23+0.57 3.95+0.95 3.51+0.91 3.72+0.76
CVw (%) 7.92+0.80 8.08+0.87 8.59+0.64 8.16+0.58 9.45+0.63
CF (g cm3) 0.64+0.01 0.64+0.04 0.63+0.02 0.63+0.01 0.62+0.02
BM (g L) 2.82+0.062 3.10+0.01Pb 3.05+0.07b 3.24+0.09b 3.23+0.10b
SR (%) 64.17+1.082 70.83+1.08P 67.08+1.253b 71.67+2.04b 68.75+1.853P

Data are presented as mean*SE (n=4). Mean values with different superscript letters in the same row indicate
significant differences (p<0.05). SA, supplemented Artemia; Li, initial length; Wi, initial weight; L., final length;
W3, final weight; SGRy, specific growth rate for length; SGRw, specific growth rate for weight; CV., coefficient of
variation for length; CVw, coefficient of variation for weight; CF, condition factor; BM, biomass; SR, survival
rate.

Survival rate. The survival rate of L. vannamei was significantly influenced by the
dietary supplementation of Artemia (Table 3). Shrimp fed diets with 10% SA and 30% SA
had significantly higher survival rates than those in the control, with increases of 10.38%
and 11.69%, respectively (p<0.05). However, no significant differences in survival rates
were detected among the 20% SA, 40% SA, and other experimental groups (p>0.05).

Feed utilization efficiency. The feed utilization parameters of white leg shrimp varied
with the level of Artemia supplementation (Table 4). Feed intake (FI, g ind') and daily
feeding rate (FR, % BW day!) were significantly higher in the 10% SA and 30% SA
groups compared to the control (p<0.05). Similarly, the feed conversion ratio (FCR) in
the 20% SA-40% SA groups was significantly better than in the control (p<0.05).
However, the protein efficiency ratio (PER) was higher in the control compared to the
10% SA and 30% SA groups (p<0.05). These findings suggest that the supplementation
of Artemia in the diet positively influenced the feeding behaviour and feed utilization
efficiency of white leg shrimp, with the 30% SA level being identified as effective for
enhancing the nutritional performance of white leg shrimp in this study.

Table 4
Feed utilization efficiency of Litopenaeus vannamei cultured under different Artemia
supplementation treatments

Parameters Treatments
0% SA 10% SA 20% SA 30% SA 40%SA
FI (g ind?) 11.514+0.26%  12.59+0.22° 12.18+0.282 12.974+0.34> 12.86+0.34°
FR (% BW day?) 3.59+0.06° 3.94+0.10° 3.67+0.07%b 3.94+0.11° 3.76+0.10%b
FCR 1.45+0.01° 1.42+0.023 1.39+0.02°2 1.39+0.012 1.38+0.012
PER 3.19+0.05° 2.91£0.08? 3.14+0.06 2.93+0.082 3.09+0.082

Data are presented as mean+SE (n=4). Mean values with different superscript letters in the same row indicate
significant differences (p<0.05). SA, supplemented Artemia; FI, feed intake; FR, feeding rate; BW, body
weight; FCR, feed conversion ratio, and PER, protein efficiency ratio.

Discussion. Artemia is recognized as an essential feed in the nursing of many aquatic
animal groups due to its nutritional advantages, size diversity, convenience in use and
storage, and as an ideal subject for supplementing essential nutrients through
enrichment techniques (Bengtson et al 2018; Cahyadi et al 2020; Madkour et al 2022).
Therefore, the application of various forms of Artemia (live, fresh, frozen, dried, etc.) in
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the nursing of crustacean species (shrimp, crab, lobster) and marine fish has been
implemented and has yielded positive results in terms of growth, survival rate, feed
utilization efficiency, as well as in general health indicators (Sorgeloos et al 2001; Anh et
al 2011; Madkour et al 2022). However, most of these studies used Artemia in the form
of hatched cysts, nauplii, or meta-nauplii to supplement the early stages of shrimp
culture (postlarvae aged 10-25 days) or fish fry (transitional stage from rotifers to
artificial feed) (Huy et al 2023; Madkour et al 2022). The current study is one of the
pioneering studies using Artemia biomass as a supplementary feed for shrimp in the
second phase of a three-phase shrimp farming process, corresponding to an age of
approximately 20-60 days. At this stage, shrimp reach a size large enough to effectively
utilize Artemia biomass, which is much larger in size compared to the previous stages. To
ensure uniform quality throughout the experiment, we used frozen Artemia biomass as a
supplementary feed for shrimp. The research results have shown the potential
effectiveness of using Artemia biomass as a supplement for shrimp in intensive shrimp
farming models.

This study has also demonstrated that culturing Artemia using wastewater from
intensive shrimp farming activities is feasible and yields high biomass productivity, with
suitable crude protein and lipid contents of 51.6% and 12.3% dry weight, respectively,
which meets the needs of white leg shrimp well. This result is consistent with previous
studies on the utilization of aquaculture wastewater to culture Artemia biomass, with the
nutritional composition of the obtained Artemia samples having crude protein and crude
lipid contents ranging from 50-60% and 10-18% dry weight, respectively (Léger et al
1987; Anh 2009; Huy et al 2020; Bengtson et al 2018). Due to this nutritional
advantage, Artemia biomass has been used as a direct supplementary feed or as a
replacement for fishmeal in the production of feed for aquaculture species, yielding
positive results (Castro et al 2009; Anh 2009; Anh et al 2023). Our study contributes
further evidence on the ability to directly use Artemia cultured from shrimp farming
wastewater to supplement the diet of white leg shrimp. This approach also opens up
prospects for applying recirculating/integrated models in aquaculture, helping to
minimize environmental pollution, improve resource use efficiency, and simultaneously
create a nutritious and safe feed ingredient for aquaculture (Huy et al 2020; Anh et al
2023). The utilization of filter-feeding species such as seaweed/algae, molluscs, and fish
that consume organic debris/vegetation to treat water and recirculate it into the farming
system is not new (Granada et al 2016). However, these groups of species often have
limitations such as requiring large areas, long culture periods, and generating low-value
products, making it difficult to immediately use them as feed for shrimp to close the
process. Therefore, the approach of using Artemia biomass has many more advantages;
however, further research is needed to optimize the efficiency of this model before
applying it to commercial production.

Supplementing Artemia in the diet of white leg shrimp has brought many benefits
in the current study. Shrimp fed a diet supplemented with 30-40% Artemia achieved
significantly higher growth rates and biomass compared to the control, with increases
ranging from 2.92-7.18% and 14.54-14.89%, respectively. Simultaneously, feed
utilization efficiency was also considerably enhanced, with increases of 10.38-12.68% in
feed consumption and 4.14-4.83% in feed conversion efficiency. This result is consistent
with many previous reports related to the use of Artemia as a supplementary feed for
aquatic species such as black tiger shrimp, freshwater prawn, marine crab, and many fish
species (Anh 2011; Madkour et al 2022). The improved growth of shrimp can be
explained by the high protein content, abundance of essential amino acids, and
polyunsaturated fatty acids (DHA, EPA, etc.) found in Artemia (Castro et al 2009; Léger
et al 1987). These essential factors have been proven to play a crucial role in promoting
growth and enhancing feed utilization efficiency in many aquatic species, especially
crustaceans and marine fish (Bengtson et al 2018; Madkour et al 2022). Furthermore, in
the juvenile stage, exogenous digestive enzymes from live feeds such as Artemia have
been demonstrated to play a significant role in the formation, development, and
functional maturation of the digestive system (enzymes, gut structure), thereby
enhancing nutrient absorption capacity, which in turn stimulates the growth and
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development of the cultured species (Madkour et al 2022; Prusinska et al 2020;
Kamaszewski et al 2014). Additionally, in shrimp and fish nursing, the combined feeding
of live and formulated feeds is also believed to enhance prey capture response and
support the digestion of formulated feeds, thereby improving feed utilization efficiency
(Anh 2009; Anh 2011).

Besides the significant improvement in growth and feed utilization efficiency, the
survival rate of shrimp in the Artemia-supplemented groups was also higher compared to
the control group, especially in the 10 and 30% supplementation groups, with increases
ranging from 10.38-11.69%. This result is similar to findings from previous studies that
also used different forms of Artemia as supplements in the nursing of various shrimp and
fish species (Madkour et al 2022; Anh et al 2011). Artemia is used as a feed for the
nursery stage in most marine fish species, and supplementing Artemia helps reduce fish
mortality, cannibalism, and uneven growth (Sorgeloos et al 2001). Some studies have
shown that, in addition to essential amino acids and polyunsaturated fatty acids, Artemia
also contains many other substances with high biological activity such as B-glucan,
peptidoglycan, vitamin C, and carotenoids (Léger et al 1987; Sorgeloos et al 2001).
These nutrients play a vital role in enhancing resistance, immunity, and stress tolerance
in many cultured shrimp and fish species (Ciji & Akhtar 2021). Notably, salinity or
formalin shock tests in black tiger shrimp (Penaeus monodon) postlarvae after being fed
a diet supplemented with Artemia in the form of live or dried feed replacing a portion of
the protein in the formulated feed showed better tolerance compared to the diet without
Artemia supplementation (Dhert et al 1993; Anh et al 2023). Furthermore, feeding live
fresh Artemia significantly reduced the rate of cannibalism in crab larvae, decreasing by
1.6-3.5 times compared to frozen Artemia, fresh shrimp, and dried Artemia (Anh 2011).
Several studies also confirm that providing suitable live feeds significantly reduces
cannibalism in many crustacean species, especially during the molting stage (Romano &
Zeng 2017). A complete and balanced nutritional composition may play an essential role
in satisfying nutritional needs, thereby contributing to reducing cannibalism and
increasing the survival rate of crustaceans (Anh 2011; Romano & Zeng 2017). The higher
survival rate in the supplemented groups compared to the control, especially in the 10
and 30% groups in the current study, on the one hand, affirms the positive role of
supplementing Artemia in the diet of white leg shrimp; however, this result also suggests
that further research is needed to determine the optimal supplementation level for
shrimp survival while minimizing the amount of Artemia used.

This study demonstrates the potential of using Artemia biomass cultivated in
shrimp farming wastewater as a feed for the same species. The research opens up the
possibility of an approach that holds significance for the current shrimp farming industry,
in terms of economic, environmental, and sustainable development aspects. However, as
an initial assessment, our study still has some limitations that need to be addressed.
Firstly, we have not determined the detailed nutritional composition of the supplemented
Artemia, particularly the essential amino acids, polyunsaturated fatty acids, exogenous
digestive enzymes, and other important nutrients, or the relationship between this
supplementary nutritional composition and the nutritional composition of the shrimp at
harvest. Secondly, although there were no abnormal manifestations related to diseases
throughout the experimental period, further studies on the biosafety of the Artemia
source used in this approach are required. Additionally, many technical indicators need to
be researched, supplemented, and refined before they can be applied to commercial-
scale production practices. Addressing the aforementioned limitations is crucial for
enhancing the effectiveness and feasibility of cultivating Artemia using wastewater from
shrimp farming activities and using it as a feed for this species, thereby closing the
recycling process and improving the economic and environmental efficiency of shrimp
farming in the current challenging context.

Conclusions. The research findings indicate that Artemia can be successfully cultivated
using wastewater from shrimp ponds, and supplementing Artemia biomass into the diet
at a level of 30% of daily commercial feed leads to significant improvements in growth
performance, survival rate, and feed efficiency of shrimp. This result suggests that
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Artemia biomass can substantially replace commercial feed, potentially reducing
production costs and environmental impacts of shrimp farming. These findings highlight
the potential of this approach for efficiently recycling nutrients, reducing environmental
pollution, and enhancing the sustainability of shrimp farming activities. However, before
widespread application in production practices, more in-depth studies are needed on the
relationship between the nutritional composition of supplemented Artemia and cultured
shrimp, and the biosafety of using this feed source. Further research is also necessary in
order to improve the process on a larger scale, to optimize efficiency and to ensure
economic feasibility.

Acknowledgements. This research was supported by the Ministry of Education and
Training, Vietham (Grant No. B2022-TSN-09). The authors thank Nha Trang University
and Cam Ranh Centre for Tropical Marine Research and Aquaculture for the support in
terms of time and facilities.

Conflict of interest. The authors declare no conflict of interest.
References

Anh N. T. N., 2009 Optimization of Artemia biomass production in salt ponds in Vietham
and use as feed ingredient in local aquaculture. PhD thesis, Ghent University,
Belgium, 186 p.

Anh N. T. N., 2011 Using Artemia biomass as feed in nursing brackish water aquatic
species. Can Tho University Journal of Science 19b:168-178.

Anh N. T. N., Ut V. N., Wille M., Hoa N. V., Sorgeloos P., 2011 Effect of different forms of
Artemia biomass as a food source on survival, molting and growth rate of mud crab
(Scylla paramamosain). Aquaculture Nutrition 17(2):e549-e558.

Anh N. T. N., Toi H. T., Hoa N. V., 2023 Evaluating Artemia biomass and gut weed (Ulva
intestinalis) meal as a dietary protein source for black tiger shrimp (Penaeus
monodon) postlarvae. The Egyptian Journal of Aquatic Research 49(1):97-103.

Bengtson D. A., Léger P., Sorgeloos P., 2018 Use of Artemia as a food source for
aquaculture. In: Artemia biology. CRC Press, pp. 255-286.

Boyd C. E., Tucker C. S., 2012 Pond aquaculture water quality management. Springer
Science and Business Media, 700 p.

Boyd C. E., Davis R. P., McNevin A. A., 2021 Comparison of resource use for farmed
shrimp in Ecuador, India, Indonesia, Thailand, and Vietham. Aquaculture, Fish and
Fisheries 1(1):3-15.

Cahyadi J., Satriani G. I., Gusman E., Weliyadi E., 2020 Inhibiting Vibrio harveyi infection
in Penaeus monodon using enriched Artemia salina with mangrove fruit Sonneratia
alba extract. AACL Bioflux 13:1674-1681.

Castro T., Sandoval H., Castro A., Castro J., Castro G., De Lara R., Hernandez L. H.,
2009 Monthly assessments of proteins, fatty acids and amino acids in Artemia
franciscana cultivated in ‘Las Salinas de Hidalgo’, state of San Luis Potosi, Mexico.
Aquaculture Nutrition 15(2):123-128.

Chen Z., Ge H., Chang Z., Song X., Zhao F., Li J., 2018 Nitrogen budget in recirculating
aquaculture and water exchange systems for culturing Litopenaeus
vannamei. Journal of Ocean University of China 17:905-912.

Choo H. X., Caipang C. M. A., 2015 Biofloc technology (BFT) and its application towards
improved production in freshwater tilapia culture. Aquaculture, Aquarium,
Conservation and Legislation 8(3):362-366.

Ciji A., Akhtar M. S., 2021 Stress management in aquaculture: A review of dietary
interventions. Reviews in Aquaculture 13(4):2190-2247.

Coutteau P., Brendonck L., Lavens P., Sorgeloos P., 1992 The use of manipulated baker's
yeast as an algal substitute for the laboratory culture of Anostraca. Hydrobiologia
234:25-32.

Dhert P., Bombeo R. B., Sorgeloos P., 1993 Use of ongrown Artemia in nursery culturing
of the tiger shrimp. Aquaculture International 1:170-177.

AACL Bioflux, 2024, Volume 17, Issue 5. 2026
http://www.bioflux.com.ro/aacl



Gharibi M. R., Noori A., Agh N., Atashbar B., 2021 Rainbow trout farm effluent as a
potential source of feed and medium for mass culture of Artemia parthenogenetica.
Aquaculture 530:735714.

Granada L., Sousa N., Lopes S., Lemos M. F., 2016 Is integrated multitrophic aquaculture
the solution to the sectors’ major challenges?-a review. Reviews in Aquaculture
8(3):283-300.

Huy D. N., Hong B. T. T., Nhanh N. T. L., 2020 Effects of wastewater from shrimp
hatcheries on survival rate, growth, and reproduction of Artemia. Journal of
Fisheries Science and Technology, Nha Trang University 2:40-48.

Huy D. N., Hoang M. H., Hong B. T. T., Thao D. M., Dung V. T., 2023 Using Artemia as a
supplementary feed for white leg shrimp (Penaeus vannamei Boone, 1931) in the
early stage of a multi-phase shrimp farming process. Journal of Fisheries Science
and Technology, Nha Trang University 2:11-19.

Iber B. T., Kasan N. A., 2021 Recent advances in Shrimp aquaculture wastewater
management. Heliyon 7:e08283.

Kamaszewski M., Wéjcik M., Ostaszewska T., Kasprzak R., Kolman R., Prusifiska M., 2014
The effect of essential fatty acid (EFA) enrichment of Artemia sp. nauplii on the
enzymatic activity of Atlantic sturgeon (Acipenser oxyrinchus Mitchill, 1815) larvae-
preliminary study. Journal of Applied Ichthyology 30:1256-1258.

Kumar S. D., Santhanam P., Ananth S., Kaviyarasan M., Nithya P., Dhanalakshmi B.,
Park M. S., Kim M. K., 2017 Evaluation of suitability of wastewater-grown
microalgae (Picochlorum maculatum) and copepod (Oithona rigida) as live feed for
white leg shrimp Litopenaeus vannamei post-larvae. Aquaculture International
25:393-411.

Léger P., Bengtson D. A., Sorgeloos P., Simpson K. L., Beck A. D., 1987 The nutritional
value of Artemia: a review. Artemia Research and Its Applications 3:357-372.

Li K., Wang Y., Du G., Yao X., Bao H., Han X., Sui L., 2024 Multi-effects of temperature
and particle size on the filter-feeding rate of brine shrimp Artemia at different
growth stages and densities. Aquaculture International 32(6):7355-7367.

Lothmann R., Sewilam H., 2023 Potential of innovative marine aquaculture techniques to
close nutrient cycles. Reviews in Aquaculture 15(3):947-964.

Madkour K., Dawood M. A., Sewilam H., 2022 The use of Artemia for aquaculture
industry: An updated overview. Annals of Animal Science 23(1):3-10.

Magnotti C., Lopes R., Derner R., Vinatea L., 2016 Using residual water from a marine
shrimp farming BFT system. Part II: Artemia franciscana biomass production fed
microalgae grown in reused BFT water. Aquaculture Research 47(9):2716-2722.

Ogburn N. J., Duan L., Subashchandrabose S. R., Sorgeloos P., O'Connor W., Megharaj
M., Naidu R., 2023 Agricultural wastes for brine shrimp Artemia production: A
review. Reviews in Aquaculture 15(3):1159-1178.

Pongthanapanich T., Nguyen K. A. T., Jolly C. M., 2019 Risk management practices of
small intensive shrimp farmers in the Mekong Delta of Viet Nam. FAO Fisheries and
Aquaculture Circular No. 1194. Rome, FAO, 30 p.

Prusinska M., Nowosad J., Jarmotowicz S., Mikiewicz M., Duda A., Wiszniewski G., Sikora
M, Biegaj M., Samselska A., Arciuch-Rutkowska T. K., Otrocka-Domagala 1.,
Kucharczyk D., 2020 Effect of feeding barbel larvae (Barbus barbus (L, 1758))
Artemia sp. nauplii enriched with PUFAs on their growth and survival rate, blood
composition, alimentary tract histological structure and body chemical composition.
Aquaculture Reports 18:100492.

Romano N., Zeng C., 2017 Cannibalism of decapod crustaceans and implications for their
aquaculture: a review of its prevalence, influencing factors, and mitigating
methods. Reviews in Fisheries Science and Aquaculture 25(1):42-69.

Sorgeloos P., Dhert P., Candreva P., 2001 Use of the brine shrimp, Artemia spp., in
marine fish larviculture. Aquaculture 200(1-2):147-159.

Tom A. P., Jayakumar J. S., Biju M., Somarajan J., Ibrahim M. A., 2021 Aquaculture
wastewater treatment technologies and their sustainability: A review. Energy Nexus
4:100022.

AACL Bioflux, 2024, Volume 17, Issue 5. 2027
http://www.bioflux.com.ro/aacl



Van Wyk P., Scarpa J., 1999 Water quality requirements and management. In: Farming
marine shrimp in recirculating freshwater systems. Van Wyk P., Davis-Hodgkins M.,
Laramore R., Main K. L., Mountai J., Scarpa J. (eds), pp. 141-162, Harbor Branch
Oceanographic Institution, Florida, USA.

Yao M., Luo G., Tan H., Fan L., Meng H., 2018 Performance of feeding Artemia with
bioflocs derived from two types of fish solid waste. Aquaculture and Fisheries
3(6):246-253.

*** AOAC, Association of Official Analytical Chemists, 2006 Official methods of analysis
(18™ edition). Association of Official Analytical Chemists International, Washington
D.C. USA.

*** FAO, Food and Agriculture Organization, 2024 The state of world fisheries and
aquaculture 2024. Blue transformation in action. FAO, Rome, Italy, 264 p.

Received: 30 August 2024. Accepted: 26 September 2024. Published online: 09 October 2024.

Authors:

Huy Dinh Nguyen, Aquaculture Institute, Nha Trang University, 02 Nguyen Dinh Chieu, Vinh Tho, Nha Trang
City, Khanh Hoa Province, Vietham, e-mail: huynd@ntu.edu.vn

Le Bich Thi Nguyen, Aquaculture Institute, Nha Trang University, 02 Nguyen Dinh Chieu, Vinh Tho, Nha Trang
City, Khanh Hoa Province, Vietham, e-mail: lebich0931@gmail.com

Sy Tan Nguyen, Aquaculture Institute, Nha Trang University, 02 Nguyen Dinh Chieu, Vinh Tho, Nha Trang City,
Khanh Hoa Province, Vietham, e-mail: synt@ntu.edu.vn

Thong Van Le, College of Aquaculture and Fisheries, Can Tho University, 3/2 Xuan Khanh, Ninh Kieu, Can Tho
City, Vietham, vanthong@ctu.edu.vn

Dung Van Tran, Aquaculture Institute, Nha Trang University, 02 Nguyen Dinh Chieu, Vinh Tho, Nha Trang City,
Khanh Hoa Province, Vietnam, e-mail: dungvt@ntu.edu.vn

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Nguyen H. D., Nguyen L. B. T., Nguyen S. T., Le T. V., Tran D. V., 2024 Potential of Artemia biomass cultivated
from white leg shrimp wastewater as a supplemental daily feed: Effects on shrimp growth performance,
survival, and feed efficiency. AACL Bioflux 17(5):2018-2028.

AACL Bioflux, 2024, Volume 17, Issue 5. 2028
http://www.bioflux.com.ro/aacl



