
Int Aquat Res (2023) 15:123–134
https://doi.org/10.22034/IAR.2023.1968874.1337

Increased resistance to thermal shock in pacific white shrimp 
fed on green algae and its effect in conjunction with probiotics
Jaqueline da Rosa Coelho . Uclédia Roberta Alberto dos Santos . Priscila Costa Rezende . Norha 
Constanza Bolívar Ramírez . Felipe do Nascimento Vieira  

Received: 05 October 2022 / Accepted: 05 April 2023 / Published online: 13 April 2023 
© The Author(s) 2023

Jaqueline da Rosa Coelho . Priscila Costa Rezende . Norha Constanza Bolívar Ramírez . Felipe do Nascimento Vieira ( )
Universidade Federal de Santa Catarina – UFSC, Departamento de Aquicultura, Laboratório de Camarões Marinhos – LCM. Rua dos Coroas, 503, 
Barra da Lagoa, CEP: 88061-600, Florianópolis, SC, Brazil
e-mail: jaquesombrio@gmail.come-mail: jaquesombrio@gmail.com

Uclédia Roberta Alberto dos Santos
Universidade Federal de Santa Catarina – UFSC, Departamento de Bioquímica, Laboratório de Biomarcadores de Contaminação Aquática e Imuno-
química – LABCAI. Servidão Caminho do Pôrto, 1 ,Itacorubi, CEP: 88034257, Florianópolis, SC, Brazil

ORIGINAL RESEARCH

Abstract This study aimed to evaluate the in vivo effect of the macroalgae Ulva ohnoi, alone and combined with 
the probiotic Lactobacillus plantarum, on zootechnical, immunological, and microbiological performance, 
thermal resistance and survival of Litopenaeus vannamei challenged with Vibrio parahaemolyticus. The 
shrimp were fed four diets: control, seaweed, probiotic, and a combination of seaweed + probiotic. After six 
weeks, a significant difference between the control and probiotic, and the control and seaweed treatments was 
demonstrated in shrimp challenged with Vibrio, with the highest percentage of mortality being observed in 
the group fed only with seaweed, followed by probiotic, seaweed + probiotic, and control. The control and 
seaweed treatment groups also showed a significant difference in resistance to thermal shock. The animals 
treated with the control diet had the highest mortality rate, followed by seaweed + probiotic, probiotic, and 
seaweed. The zootechnical, immunological, and microbiological parameters did not differ significantly among 
treatments. In conclusion, the use of U. ohnoi alone demonstrated a positive effect on thermal shock resistance 
but did not demonstrate protection against infection caused by V. parahaemolyticus. On the other hand, its 
combined use with L. plantarum in the diets did not have a positive effect on the parameters evaluated.
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Introduction 

The pacific white shrimp (Litopenaeus vannamei) is considered one of the most important species for 
shrimp farming and in recent years, production has increased significantly. Marine shrimp are ectothermic 
organisms that can be stressed due to temperature fluctuations in their culture system. At low temperatures, 
general metabolic functions such as the immune, antioxidant, and osmoregulation systems, and the behav-
ior and growth of these animals, can be negatively affected (Xu et al. 2019; Ren et al. 2021).

In addition, changes in environmental factors contribute to the immunosuppression of cultured animals 
and may increase their susceptibility to diseases caused by pathogenic viruses and bacteria (Reverter et al. 
2014; Klongklaew et al. 2020; Jiao et al. 2021). Among the infections are those caused by bacteria of the 
genus Vibrio, such as Vibrio parahaemolyticus, known to be the etiologic agent of acute hepatopancreatic 
necrosis disease (AHND) that has caused enormous economic losses in global shrimp farming (Boyd and 
Phu 2018; Santos et al. 2020).

One of the strategies employed to control these microbial infections in farmed animals is the use of an-
tibiotics. However, their indiscriminate use is not recommended, since they can accumulate in the tissues of 
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animals and thus increase the health risks to these animals, and humans, as well as having severe environ-
mental impacts (Burridge et al. 2010; Wang et al. 2021). For these reasons, it is of paramount importance to 
seek alternatives using biological methods that aim to improve the immunity of animals, control infections, 
and help their resistance to drops in temperature (Naiel et al. 2021). Among these methods is the use of pro-
biotics, which are described as live microorganisms that, when administered in adequate amounts, confer 
benefits to the host's health (FAO/WHO 2001; Hill et al. 2014). An example of a probiotic is Lactobacillus 
plantarum, which belongs to the lactic acid bacteria (LAB) group (Zheng et al. 2018). When added as a 
supplement to shrimp feed, this strain was shown to decrease the Vibrionaceae count in the intestinal tract 
and improve growth performance, feed efficiency, enzyme activity, and survival of animals challenged with 
this bacterium (Kongnum and Hongpattarakere 2012; Vieira et al. 2016; Li et al. 2018; Nguyen et al. 2018). 
However, studies relating the use of probiotics in the diet of L. vannamei and their effect on resistance to 
thermal shock are still scarce.

Another prophylactic measure that supports the mitigation of diseases, reduces the use of chemotherapy in 
aquaculture and improves the animal's resistance to heat stress is the use of natural products of marine origin 
(Romero et al. 2012; Rezende et al. 2021). Among these are the green algae, which are part of the Ulva genus. 
They are widely distributed worldwide and have significant amounts of bioactive compounds that have shown 
potential in improving the immune system in cultured organisms (Tziveleka et al. 2019; Mantri et al. 2020). 
An example is Ulva ohnoi, a species of green macroalgae with high tolerance to abiotic factors and rapid 
growth, being used in the bioremediation of effluents in aquaculture (Lawton et al. 2013). It comprises poly-
saccharide ulvan and other by-products such as fatty acids, fibers, and amino acids, which can add value to the 
production chain, creating interesting economic possibilities for its use as a biomass (Angell et al. 2014; Glas-
son et al. 2017). In addition, several studies have used macroalgae in the diet of reared animals, as they have 
no toxic effects on cellular metabolism, are simple to rear, grow fast and have notably low production costs 
(Vatsos and Rebours 2015). Ulva fasciata extract added to the diet of black tiger shrimp (Pennaeus monodon) 
was shown to act as a prophylactic agent in the control of vibriosis (Vatsos and Rebours 2015). Extracts of 
Ulva intestinalis, Ulva clathrata, Ulva rigida, and Ulva lactuta species in the diet of L. vannamei improved 
growth performance and immunological parameters (Akbary and Aminikhoei 2018; Elizondo-González et al. 
2018; Klongklaew et al. 2021; Pratiwi and Pratiwy 2021). In addition, research indicates that diets containing 
brown algae fed to marine shrimp have a positive effect on resistance to thermal shock and this could be relat-
ed to their bioactive compounds (Schleder et al. 2017b; Rezende et al. 2021). However, this resistance has not 
yet been proven in L. vannamei fed with the green algae U. ohnoi.

Due to the negative effects of low temperatures on the metabolism of crustaceans, as well as the need 
to seek more sustainable approaches that reduce the use of chemotherapy in shrimp farming, the use of dry 
biomass of U. ohnoi together with the probiotic L. plantarum to supplement the diet of penaeids shows 
promise. In addition to serving as sources of nutrients, they can act in synergy and assist in the immuno-
competence of animals against pathogens, such as those of the genus Vibrio. Therefore, the present study 
aimed to evaluate the in vivo effect of dry biomass of U. ohnoi alone and together with L. plantarum on 
zootechnical, immunological, and microbiological performance, resistance to thermal shock, and survival 
of L. vannamei. challenged with V. parahaemolyticus. 

Materials and methods

The preparation and implementation of all stages of the experiment were carried out in laboratories belonging 
to the Federal University of Santa Catarina (UFSC) located in Florianópolis, Santa Catarina, Brazil. The in 
vivo experiment was conducted at the Marine Shrimp Laboratory (LCM). The collection of macroalgae U. 
ohnoi was performed in the tanks at the Marine Fish Laboratory (LAPMAR). The diets were manufactured at 
the Aquaculture Species Nutrition Laboratory (LABNUTRI) and the diet with added seaweed was prepared at 
the LCM, thermal shock and the infection with V. parahaemolyticus were conducted at the LCM.

Probiotic preparation

For the preparation of the probiotics strain, L. plantarum was first seeded in MRS solution (Man Rogosa 
Sharpe Broth), with 3% NaCl and incubated at 35°C. After 24 h, 10 mL of the probiotic suspension was 
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inserted into 100 mL of whey (containing 3% NaCl and 2% sugar) and incubated in an oven at 35°C for 24 
h. After this period, the pH of the probiotic was measured to confirm bacterial growth, where a pH below 4 
indicates good growth. Then the probiotic was stored in the refrigerator and used for a maximum of 48 h.
For the measurement of L. plantarum in the diet, the probiotic suspension was performed as described 
above and included in the diet. This was then macerated and serially diluted (1/10) in 3% sterile saline. 
Thereafter it was seeded in an MRS agar culture medium and incubated in an oven at 35°C for 48 h. The 
total count of colony-forming units (CFU) obtained was 1.7 × 108 CFU mL-1.

Macroalgae dry biomass

The macroalgae U. ohnoi was collected in March 2021 and it was inside the ponds of the culture of mullet 
(Mugil liza) at LAPMAR. The seaweed was transported to the LCM, any encrusted material was removed, 
and then it was quickly cleaned with fresh water and dried at room temperature for approximately 3 h. 
Subsequently, it was placed in an oven, with air circulation, and dried for 24 h at 38.5°C. Finally, the dry 
biomass was ground, sieved, and stored in a freezer at -20°C until use.

Animals

The research was conducted with the marine shrimp L. vannamei acquired from Aquatec Aquacultura Ltda. 
(Rio Grande do Norte, Brazil). The animals were reared in the LCM in a mature biofloc system, with con-
stant aeration and a heating system, with a salinity of 33 mg L-1 until reaching the weight of 4.5 ± 0.13 g for 
the beginning of the experimental tests.

Preparation of experimental diets

The diets were formulated with the aid of Optimal Formula 2000® software, version 19102009, based 
on the recommendations and nutritional requirements for L. vannamei (Gong et al. 2000; NRC - National 
Research Council. 2011; Zhou et al. 2012)and their potential interaction. A 3 x 4 factorial design consisting 
of three cholesterol levels (0%, 0.2%, and 0.5% of diet. The dry ingredients were crushed and sieved at 600 
μm. Next, the micro-ingredients were homogenized and added to the macro-ingredients. Then, the oils, soy 
lecithin, and water (200 mL kg-1 of the diet) were added to the mixture. The resulting mixture was pelleted 
in a micro-extruder (Inbramaq MX-40), dried in an oven at 40°C, and the finished feed was refrigerated at 
4°C until use.

For the experiment, four diets were tested: a) Control diet (without additives); b) Diet with seaweed added; c) 
Diet containing probiotic, and d) Diet with a combination of seaweed + probiotic. The dry biomass of U. ohnoi 
was added during the preparation of the ration at a concentration of 2%, as described in the study by Legarda 
et al. (2021). L. plantarum (prepared as previously described) was pipetted into the ration 30 minutes before 
feedings with a volume of 100 mL of probiotic per kilogram in the diet, according to the methodology described 
by Vieira et al. (2008) and the relation of total haemocyte count and serum phenol oxidase activity of shrimp 
challenged with Vibrio harveyi. Shrimps were fed with a probiotic-supplemented diet, for eight days, then shifted 
to a commercial diet. Shrimps fed only with the commercial diet served as control. Evaluations were made on 
the 8(th, each gram of feed containing probiotic at a concentration of 1.7 × 108 CFU mL-1. The percentage com-
position of the feed was analyzed as described by AOAC (2005) and the ingredients used are listed in Table 1.

Experimental design

The experiment lasted six weeks and evaluated the effect of the diets previously described for L. vannamei 
shrimp kept in clear water. The design was entirely random, with four replications, totaling sixteen tanks. 
The experimental units consisted of polyethylene tanks, containing 400 L of water, which was renewed, 
completely removing leftover food, feces, and seedlings, on alternate days.

The experimental units had constant aeration and heaters with a thermostat maintaining the temperature 
at 28.3 ± 0.6 ºC. These units were populated with thirty-five shrimps with an initial average weight of 4.5 
± 0.13 g. Feeds occurred four times a day and were adjusted according to weekly biometrics and survival, 



Int Aquat Res (2023) 15:123–134126

following an estimated programmed conversion (Ray et al. 2010). In addition, throughout the experiment, 
water quality parameters, such as dissolved oxygen and temperature, were monitored once a day (YSI 55, 
YSI Incorporated, Yellow Springs, OH, EUA). Once a week, analyses of pH (pHmetro Tecnal®), salinity 
(Eco-Sense YSI EC30), alkalinity (APHA, 2005), nitrite, and total ammonia were performed according to 
Strickland and Parsons (1972).

Evaluation of zootechnical parameters

At the end of the experiment, the final biometrics of all shrimps reared in each experimental unit were cal-
culated to obtain the following zootechnical parameters:
- Weekly growth (g week-1) = (final mean weight - initial weight)/ weeks of rearing;
- Total weight (g) of the animals at the end of the experiment;
- Feed Conversion Ratio (FCR) = feed consumed (kg) / shrimp biomass produced (kg);
- Survival (%) = (final number of shrimp / initial number of shrimp) × 100.

Analysis of immunological parameters

At the end of the experiment, the hemolymph was collected from the ventral sinus of ten prawns per tank (four 
pools per treatment). For this purpose, sterile 1 mL syringes cooled to 4°C were used. From the collected he-
molymph, 50 µL was fixed in modified Alsever anticoagulant solution (MAS, Modified Alsever Solution - 27 
mM sodium citrate, 9 mM EDTA, 115 mM glucose, 336 mM NaCl, pH 7.2) with 4% formaldehyde for total 
hemocyte count (THC). The remainder was coagulated at 4°C, macerated, and centrifuged at 6,000 × g for 10 
min to obtain the serum, which was then aliquoted and stored at -20°C. The number of hemocytes per milliliter 
of hemolymph was estimated by direct counting in a Neubauer chamber. The calculation of total serum protein 
concentration was performed in a flat-bottomed 96-well microplate and estimated using Bradford (1976) with 

Table 1. Formulation and percentage composition of the feed used. 
 

 

 

1Vitamin premix: vit. A - 900 mg kg-1; vit. D3 - 25 mg kg-1; vit. E – 46,900 mg kg-1; vit. K3 – 1,400 mg kg-1; cobalamin 
(B12) – 50 mg kg-1; pyridoxine (B6) – 33,000 mg kg-1; riboflavin – 20,000 mg kg-1; nicotinic acid – 70,000 mg kg-1; 
pantothenic acid – 40,000 mg kg-1; biotin – 750 mg kg-1; and folic acid – 3,000 mg kg-1.  

2Mineral premix: copper – 2,330 mg kg-1; zinc – 10,000 mg kg-1; manganese – 6,500 mg kg-1; selenium - 125 mg kg-1; 
iodine – 1,000 mg kg-1; cobalt – 50 mg kg-1; magnesium – 20 g kg-1; and potassium – 6,1 g kg-1. 

 

 

 

 

 

 

 

 

   

Ingredients (g kg-1) Control Seaweed Probiotic Seaweed + Probiotic 
Soybean meal 324.63 324.63 324.63 324.63 
Wheat flour 150.00 150.00 150.00 150.00 
Fish residue 150.00 150.00 150.00 150.00 
Offal flour 125.67 125.67 125.67 125.67 
Carboxymethylcellulose 5.00 5.00 5.00 5.00 
Soy lecithin 25.00 25.00 25.00 25.00 
Monocalcium phosphate 25.00 25.00 25.00 25.00 
Soy oil 10.00 10.00 10.00 10.00 
Vitamin C 0.70 0.70 0.70 0.70 
Vitamin premix1 5.00 5.00 5.00 5.00 
Mineral premix2 17.00 17.00 17.00 17.00 
Magnesium sulphate 15.00 15.00 15.00 15.00 
Kaolin 100.00 100.00 100.00 100.00 
Sodium chloride 12.00 12.00 12.00 12.00 
Potassium chloride 10.00 10.00 10.00 10.00 
Methionine 5.00 5.00 5.00 5.00 
Fish oil 20.00 20.00 20.00 20.00 
Ulva ohnoi 0% 2% 0% 2% 
Lactobacillus plantarum 0 0 1.7x108 CFU mL-1 per gram of feed 1.7x108 CFU mL-1 per gram of feed 
Moisture 9.04    
Crude protein 39.60    
Ethereal extract 8.71    
Crude fibre  1.87    
Ash 17.65    

Table 1 Formulation and percentage composition of the feed used

1Vitamin premix: vit. A - 900 mg kg-1; vit. D3 - 25 mg kg-1; vit. E – 46,900 mg kg-1; vit. K3 – 1,400 mg kg-1; cobalamin (B12) – 50 mg kg-1; pyridoxine 
(B6) – 33,000 mg kg-1; riboflavin – 20,000 mg kg-1; nicotinic acid – 70,000 mg kg-1; pantothenic acid – 40,000 mg kg-1; biotin – 750 mg kg-1; and folic 
acid – 3,000 mg kg-1. 
2Mineral premix: copper – 2,330 mg kg-1; zinc – 10,000 mg kg-1; manganese – 6,500 mg kg-1; selenium - 125 mg kg-1; iodine – 1,000 mg kg-1; cobalt – 
50 mg kg-1; magnesium – 20 g kg-1; and potassium – 6,1 g kg-1.



Int Aquat Res (2023) 15:123–134 127

bovine serum albumin as a standard. Initially, the serum was diluted in distilled water (1:99) and pipetted 20 
µL in the wells of the plate, in triplicate. Distilled water was used as the control. After the serum and control 
sample distribution was added to all wells, 200 µL of the Bradford solution was prepared with Coomassie 
Brilliant Blue G-250, Sigma dye. After incubating at room temperature for 15 min, the reading was performed 
by spectrophotometry (595 nm). All tests were carried out in triplicate.

The activity of the phenoloxidase (PO) enzyme was determined by spectrophotometry (490 nm) based 
on the formation of DOPA-chromium pigment after the oxidation of the substrate L-dihydroxyphenylalani-
ne (L-DOPA). The serum samples were diluted (1:15) in TBS-1 (1 mM Tris, 336 mM NaCl, 5 mM CaCl2, 
10 mM MgCl2, pH 7.6). Of this solution, 50 µL was incubated in an equal volume of trypsin (Sigma-Aldri-
ch, 1 mg mL-1) enzyme inducer in a flat-bottomed 96-well microplate for 5 min at room temperature. After 
incubation, 50 μL of L-DOPA (Sigma-Aldrich, 3 mg mL-1) was added to all wells. In the controls, trypsin 
was replaced by TBS. The formation of DOPA-chromium was monitored after 5, 10, and 15 min. PO acti-
vity was expressed in units of enzymatic activity (U) by varying 0.001 in absorption/minute/milligram of 
protein (Söderhäll and Häll 1984). For the analysis of serum agglutination titer, 50 μL of TBS-2 solution 
(50 mM Tris, 5 mM MgCl2, 10 mM CaCl2, 150 mM NaCl, pH 7.4)  was initially added to all wells of a 
U-shaped bottom microplate. Then, 50 μL of the serum diluted (1:15) in TBS-2 was added to the first well, 
and serial dilutions were performed until the 12th well. Then, 50 μL of 2% canine erythrocyte solution was 
added to each well, mixed, and incubated for 2 h in a humid chamber at room temperature. In the control 
wells, the serum from the shrimp was replaced by TBS-2. Serum agglutination titer was defined as the reci-
procal of the last dilution capable of agglutinating erythrocytes (Maggioni et al. 2004).

Intestinal tract bacteriological count

For this analysis, the intestines of ten shrimp per tank were sampled and pooled (four pools per treatment), 
totaling forty shrimp per treatment. The intestinal tracts were aseptically extracted, homogenized in a grail, 
and diluted serially (1/10) in sterile 3% saline. Then they were sown in TSA (tryptic soy agar), TCBS (thio-
sulfate citrate bile-salts sucrose agar), and MRS (Man Rogosa Sharpe Agar) for total count of heterotrophic 
bacteria, total count of Vibrio and total count of lactic acid bacteria, respectively. The intestines sown in the 
TSA and TCBS plates were incubated in an oven at 30°C, for 24 h, the MRS plates were incubated in an 
oven at 35°C, for 48 h and later the total counts of colony forming units (CFU) were performed.

Experimental challenge with Vibrio parahaemolyticus

At the end of the rearing, forty prawns of each treatment were transferred to another experimental room and 
distributed in sixteen experimental units of 50 L with constant aeration. Through the dorsal part of the first 
abdominal segment, the shrimps were inoculated with 100 µL V. parahaemolyticus solution at a concentra-
tion of 3 × 108 CFU mL-1 according to the LD50 test previously performed. The animals were monitored for 
48 h, without feeding, and during this period mortality was evaluated.

Thermal shock 

After six weeks of the experiment, forty shrimp from each treatment were transferred from the tanks with wa-
ter at a temperature of 28.3 ± 0.6°C to another experimental room containing 60 L aquariums with salt water 
at a temperature of 11.5 ± 0.1°C (according to TL50 test carried out previously) and with constant aeration. The 
animals were kept at this temperature for 1 h and then transferred to tanks with salt water at a temperature of 
28.7 ± 0.3°C. Shrimp were monitored for 48 h without food and during this period mortality was assessed.

Statistical analysis

Bacterial count data from the intestinal tract were transformed to log10, and those with agglutinating titer 
were transformed to log2 before being subjected to statistical analysis. The homoscedasticity and normality 
of all data were assessed using the Bartlett and Shapiro-Wilk tests, respectively. They were then subjected 
to Factorial analysis of variance (ANOVA) (Probiotic × Seaweed), followed by the Tukey test. All statistical 
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tests were performed in the Statistica 13.5 program (TIBCO Software Inc.), using a significance level of 5%.

Results

Water quality parameters

Temperature and dissolved oxygen were maintained at 28.3 ± 0.63°C and 5.69 ± 0.57 mg L-1 respectively 
and remained constant throughout the experiment. The mean for salinity was 32.51 ± 0.74 g L-1, pH 8 ± 
0.14, alkalinity 123.06 ± 4.47 mg CaCO3 L-1, total ammonia 1.02 ± 0.6 mg L-1 and nitrite 0.03 ± 0.05 mg 
L-1. According to Van Wyk and Scarpa (1999), the parameters remained within the appropriate standards 
for the species. 

Evaluation of zootechnical parameters

After the six weeks, no significant differences (P > 0.05) were observed in any of the zootechnical param-
eters analyzed, such as weekly weight gain (WWG), initial weight, final weight, and feed conversion ratio 
(FCR), and survival, as listed in Table 2.

Analysis of immunological parameters

It was not possible to observe significant differences (P > 0.05) in any of the immunological parameters 
analyzed, such as THC, total serum protein concentration, PO, and serum agglutination titer between treat-
ments, as described in Table 3.

Intestinal tract bacteriological count

No significant differences were demonstrated (P > 0.05) in the bacteria count from the intestinal tract of L. 
vannamei fed supplemented diets and a control diet, as shown in Fig. 1.

Table 2. Zootechnical parameters of Litopenaeus vannamei vannamei fed with a control diet, a 

diet containing seaweed, a diet with probiotic, and a diet with the combination of Seaweed + 

Probiotic. 

Treatment WWG(g) Initial weight (g) Final  weight (g) FCR Survival (%) 

Control 1.63 ± 0.33 4.57 ± 0.10 14.34 ± 0.14 1.47 ± 0.06 96.43 ± 2.74 

Seaweeda 1.47 ± 0.30 4.41 ± 0.21 13.22 ± 0.24 1.56 ± 0.08 99.29 ± 1.43 

Probioticb 1.64 ± 0.29 4.47 ± 0.11 14.29 ± 0.25 1.43 ± 0.07 99.29 ± 1.43 

Seaweed + Probioticc 1.48 ± 0.34 4.56 ± 0.15 13.46 ± 0.16 1.56 ± 0.04 99.29 ± 1.43 
a p-value  0.514 0.585 0.185 0.516 0.147 
b p-value 0.832 0.718 0.356 0.554 0.147 
c p-value 0.976 0.120 0.178 0.589 0.147 

The results are presented as mean ± standard deviation of quadruplicates. WWG: weekly weight gain; 

FCR: feed conversion ratio. Different letters indicate: a= p-value for Seaweed treatment, b= p-value for 

Probiotic treatment and c= p-value for interaction between Seaweed + probiotic. 

  

Table 3. Immunological parameters of Litopenaeus vannamei fed with a control diet, a diet 

containing seaweed, a diet with probiotic, and a diet with the combination of Seaweed + Probiotic. 

Treatment THC(x106 Cells mL-1) Protein Concentration(mg mL-1) PO Activity(Unit min-1 mg-1 Protein) Agglutination Titer(log2) 

Control 33.47 ± 13.24 484.81 ± 4.39 5.26 ± 0.96 10.93 ± 0.13 

Seaweeda 36.93 ± 18.58 484.94 ± 3.99 4.76 ± 0.43 10.39 ± 1.02 

Probioticb 38.95 ± 11.18 484.21 ± 2.65 3.57 ± 0.87 10.18 ± 0.90 

Seaweed + Probioticc 37.1 ± 9.93 482.05 ± 0.75 3.37 ± 0.73 10.43 ± 0.66 
a p-value  0.280 0.544 0.385 0.706 
b p-value 0.860 0.305 0.180 0.368 
c p-value 0.148 0.496 0.691 0.315 

 

The results are presented as mean ± standard deviation of quadruplicates. THC: Total Hemocyte Count; 

PO: Phenoloxidase Activity. Different letters indicate: a= p-value for Seaweed treatment, b= p-value for 

Probiotic treatment and c= p-value for interaction between Seaweed + probiotic. 

 

Table 2 Zootechnical parameters of Litopenaeus vannamei vannamei fed with a control diet, a diet containing seaweed, a diet with 
probiotic, and a diet with the combination of Seaweed + Probiotic

The results are presented as mean ± standard deviation of quadruplicates. WWG: weekly weight gain; FCR: feed conversion ratio. Different letters 
indicate: a= p-value for Seaweed treatment, b= p-value for Probiotic treatment and c= p-value for interaction between Seaweed + probiotic.

Table 3 Immunological parameters of Litopenaeus vannamei fed with a control diet, a diet containing seaweed, a diet with probiotic, 
and a diet with the combination of Seaweed + Probiotic

The results are presented as mean ± standard deviation of quadruplicates. THC: Total Hemocyte Count; PO: Phenoloxidase Activity. Different letters 
indicate: a= p-value for Seaweed treatment, b= p-value for Probiotic treatment and c= p-value for interaction between Seaweed + probiotic.
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Experimental challenge with Vibrio parahaemolyticus

After 48 hours, the animals challenged with V. parahaemolyticus showed a significant difference between 
the treatments control and seaweed (P = 0.014579) and control and probiotic (P = 0.0262) as shown in Fig. 
2. It was observed that the animals treated with the diet with seaweed had a higher mortality rate, with 
92.5%, followed by treatments with probiotic with 90%, probiotic + seaweed with 87.5%, and control with 
65%.

Thermal shock

At the end of monitoring, a significant difference between the control and seaweed treatments (P = 0.0485) 
was demonstrated in animals subjected to thermal shock, as shown in Fig. 3. It was observed that the 
animals treated with the control diet had a higher mortality rate, at 37.5%, followed by treatments with 
seaweed + probiotic at 32.5%, probiotic at 27.5%, and seaweed at 22.5%.

Discussion 

Food supplementation with macroalgae and probiotics has generated increasing interest in recent years  

 

 

 Fig 1. Bacteria count from the intestinal tract of Litopenaeus vannamei fed with a control diet, a 

diet containing seaweed, a diet with probiotic, and a diet with Seaweed + Probiotic. The results are 

presented as mean ± standard deviation of quadruplicates and the bars indicate the standard deviation 

of the mean. The p-value refers to the interaction between the treatments Probiotic × Seaweed: Total 

heterotrophic p = 0.563. Vibrio spp. p = 0.575. Total lactic acid p = 0,635. 

  

Fig 1. Bacteria count from the intestinal tract of Litopenaeus vannamei fed with a control diet, a diet containing seaweed, a diet with 
probiotic, and a diet with Seaweed + Probiotic. The results are presented as mean ± standard deviation of quadruplicates and the bars 
indicate the standard deviation of the mean. The p-value refers to the interaction between the treatments Probiotic × Seaweed: Total 
heterotrophic P = 0.563. Vibrio spp. P = 0.575. Total lactic acid p = 0,635.

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Cumulative mortality of Litopenaeus vannamei fed with a control diet. a diet containing seaweed, 

a diet with probiotic, and a diet with a combination of Seaweed + Probiotic after a challenge with V. 

parahaemolyticus. The results are presented as mean ± standard deviation of quadruplicates. The p-
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as a means of growth promotion, immunomodulation, and reduction in the use of chemotherapy in the 
production of aquatic animals (Vidhya Hindu et al. 2019). In addition, some studies have shown that the 
use of seaweed as a food additive can help animals to resist adverse weather conditions. For this reason, 
mortality after the thermal shock was evaluated and it was possible to observe that shrimp fed with U. ohnoi 
demonstrated a significantly lower mortality rate when compared to the control group. These findings are 
consistent with those of other studies that confirmed that the use of dry biomass (0.5 and 2%) of the algae 
Sargassum filipendula (S) alone and in combination (1%S:2%U) with Undaria pinnatifida (U) significantly 
improved the thermal shock resistance of shrimp (Schleder et al. 2017b; Rezende et al. 2021). Thus, it is 
suggested that the bioactive compounds present in the seaweed used in this study may have contributed to 
the improvement of the thermal resistance of the animals. However, analyses were not performed to con-
firm this hypothesis. 

The temperature fluctuations that occur in aquaculture crops, such as those found in the southern region 
of Brazil in the winter period, are considered a limiting factor for the growth and development of animals 
(Shields 2019). According to the review by Ren et al. (2021), the shrimp L. vannamei has a temperature 
tolerance range between 16 and 38ºC, but optimal growth is from 28 to 32ºC (Ponce-Palafox et al. 1997; 
Van Wyk and Scarpa 1999). However, when the water temperature exceeds the shrimp's regulatory capaci-
ty, low temperatures slow the growth rate and can even cause mortalities (Ren et al. 2021). Because of this 
problem, several studies have evaluated the tolerance of these crustaceans to cold and explored the effects 
that it causes (Pontinha et al. 2018; Xu et al. 2019).  

Among the numerous effects are changes in the neuroendocrine response and its signaling molecules, 
such as dopamine and norepinephrine, in addition to oxidative and antioxidant responses in shrimps (Pan et 
al. 2008; Mapanao et al. 2018; Xu et al. 2018). Low temperatures can also cause immunological changes, 
such as the reduction of THC found in L. vannamei when the temperature decreases from 28 to 13°C, as 
well as suppressing antibacterial activity, making animals more susceptible to pathogens (Powell and Watts 
2006; Fan et al. 2013; Xu et al. 2019). Changes in the energy metabolism of crustaceans are also found, as 
energy consumption increases and the activity of digestive enzymes decreases, causing a metabolic disor-
der with behavioral and physical changes (Anestis et al. 2008). Another effect is on the fatty acid metabo-
lism of crustaceans, which are sensitive to cold and can modify their cellular composition, decreasing the 
proportion of saturated fatty acids, leading to a rapid increase in the proportion of unsaturated fatty acids, 
which could affect the fluidity of the cell membrane (Fan et al. 2019; Meng et al. 2019; Azra et al. 2020a, 
b; Ren et al. 2020).

The alteration in the cell membrane caused by cold has already been highlighted by Schleder et al. 
(2017a) who used the brown seaweed Sargassum filipendula (0.5%) in the diet of L. vannamei. They ob-
served increases in polyunsaturated phospholipids which are related to greater fluidity of the membrane  
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and in proteins related to microbial defenses. Furthermore, Legarda et al. (2021) when supplementing with 
U. fasciata (10 g kg−1) in the diet of yellowtail amberjack (Seriola Dorsalis) found an increase of approx-
imately 49% in docosahexaenoic acid (DHA) in fish muscle tissue. Based on these studies, it is suggested 
that the increase in unsaturated fatty acids may be due to their incorporation into the cell membrane, thus 
increasing its fluidity and this could explain, in part, the greater resistance to thermal shock in animals fed 
diets supplemented with algae.

Seaweeds, when included at low levels in the diet, can behave as immunostimulant sources and improve 
the immune response of animals. This has also been demonstrated with the use of probiotics (Vidhya Hindu 
et al. 2019). However, when evaluating the survival of shrimp fed supplemented diets and challenged with 
Vibrio parahaemolyticus, a negative effect on their resistance was observed. Even the animals fed the diet 
containing only U. ohnoi had the highest mortality rate, demonstrating a significant difference from the 
control group. In addition, the animals supplemented with probiotics showed a higher mortality rate when 
compared to the control group. In contrast to these results, Akbary and Aminikhoei (2018) observed that 
the use of U. rigida extract in L. vannamei diets improved animal resistance after bacterial challenge with 
Photobacterium damselae, and the same was verified in red seabream (Pagrus major) fed with Ulva pertusa 
and infected with Photobacterium damselae subsp. Piscicide (Satoh et al. 1987). Results divergent from 
those obtained in the present study were also reported by several studies in which the use of Lactobacillus 
sp. increased the resistance of shrimp when challenged with V. harveyi (Vieira et al. 2010; Kongnum and 
Hongpattarakere 2012; Li et al. 2018). One explanation for these contradictory results is that probiotics 
are influenced by factors such as culture conditions, the method of administration and concentration, the 
probiotic strain, and the species of fish or shrimp used (Toledo et al. 2019). In relation to experiments using 
algae, some authors, such as Fumanal et al. (2020), demonstrated that the proportion of algae can influence 
the final result, and it is necessary to test its specific effects for each species of animal and diet formulation, 
always considering that its compounds may vary in different species of algae (Martínez-Antequera et al. 
2021). Furthermore, the results obtained in the present study suggest that the inoculum of V. parahaemolyt-
icus, used at a concentration of 3 × 108 CFU mL-1 (obtained in a previous LD50 test), may have been very 
high, and the control group reached 65% mortality, slightly above the expected 50%.

The addition of 2% dry seaweed biomass alone and together with the probiotic in the diets did not show 
significant differences in the counts of intestinal tract bacteria, such as lactic acid bacteria (LAB), which 
indicates that there was no colonization of these bacteria in the intestines of shrimps, the expected prebiotic 
effect not occurring. There were also no statistical differences in the evaluated immunological parameters, 
which is consistent with findings of other studies (Fumanal et al. 2020). In addition, the zootechnical pa-
rameters of the animals fed the supplemented diets were not affected, suggesting that there was no interfer-
ence from possible anti-nutritional factors present in the algae, as demonstrated in other studies  (Bandara 
2018; Vizcaíno et al. 2019, 2020; Sáez et al. 2020).

Although several studies demonstrate that seaweed and probiotics have many benefits for the health of 
farmed animals, there are divergences in the results found in the literature. These differences may be due 
to the variation of the farmed species and its physiology, the macroalgae and the probiotic strain used, the 
method of inclusion, the dosage administered, the place and season of the year in which the algae were 
harvested, and the form of drying them (Vatsos and Rebours 2015; Araújo et al. 2016; Uribe et al. 2019; 
Vizcaíno et al. 2019). Consequently, the results obtained in the present study reveal the importance of 
evaluating the effects of the use of different species of Ulva in shrimp feeding and their combination with 
probiotics. To our knowledge, this is the first report on the inclusion of U. ohnoi alone and together with L. 
plantarum in L. vannamei diets.

Conclusion

The inclusion of U. ohnoi in the diet of L. vannamei demonstrated a positive effect on resistance to thermal 
shock but did not demonstrate protection against infection caused by V. parahaemolyticus. The use of this 
macroalgae together with L. plantarum in the diets did not exert any synergistic or antagonistic effect on the 
zootechnical, immunological, and microbiological performance of the animals. 

Conflict of interest The authors have no competing interests to declare.



Int Aquat Res (2023) 15:123–134132

Authors’ contributions All authors have contributed equally to data collection, data analysis, writing, reviewing, editing, and finally, 
approving the final manuscript.

Acknowledgments We are grateful to the Marine Fish Laboratory (LAPMAR) for the help during the collection of the macroalgae, 
the Laboratory of Marine Shrimp Center (LCM), and the Laboratory of Nutrition of Aquaculture Species (LABNUTRI), all forming 
part of the Federal University of Santa Catarina (UFSC) and located in Florianópolis (SC). This research was supported by FAPESC, 
which awarded a Ph.D. scholarship to the first author, CAPES for the doctoral scholarship to Priscila Costa Rezende and the research 
scholarship to Norha Constanza Bolívar Ramírez, the Master’s Scholarship to the Uclédia Roberta Alberto dos Santos, and research 
scholarships offered to Felipe do Nascimento Vieira (310250/2020-0). Finance Code 001 for the funding, also Aquavitae Project 
(Horizon 2020, número 818173) and FAPESC project 2020TR728.

References

Akbary P, Aminikhoei Z (2018) Effect of water-soluble polysaccharide extract from the green alga Ulva rigida on growth perfor-
mance, antioxidant enzyme activity, and immune stimulation of grey mullet Mugil cephalus. J Appl Phycol 30:1345–1353. https://
doi.org/10.1007/s10811-017-1299-8

Anestis A, Pörtner HO, Lazou A, Michaelidis B (2008) Metabolic and molecular stress responses of sublittoral bearded horse mussel 
Modiolus barbatus to warming sea water: Implications for vertical zonation. J Exp Biol 211:2889–2898. https://doi.org/10.1242/
jeb.016782

Angell AR, Mata L, de Nys R, Paul NA (2014) Variation in amino acid content and its relationship to nitrogen content and growth rate 
in Ulva ohnoi (Chlorophyta). J Phycol 50:216–226. https://doi.org/10.1111/jpy.12154

AOAC, Association of Official Agricultural Chemists (2005) Official methods of analysis of AOAC International, 18th ed. USA.
APHA, American Public Heal Association (2005) Standard methods for the examination of water and wastewater, 21st ed
Araújo M, Rema P, Sousa-Pinto I, Cunha LM, Peixoto MJ, Pires MA, Seixas F, Brotas V, Beltrán C, Valente LM (2016) Dietary inclusion 

of IMTA-cultivated Gracilaria vermiculophylla in rainbow trout (Oncorhynchus mykiss) diets: effects on growth, intestinal mor-
phology, tissue pigmentation, and immunological response. J Appl Phycol 28:679–689. https://doi.org/10.1007/s10811-015-0591-8

Azra MN, Aaqillah-Amr MA, Ikhwanuddin M, Ma H, Waiho K, Ostrensky A, Tavares CPS, Abol-Munafi AB (2020a) Effects of 
climate-induced water temperature changes on the life history of brachyuran crabs. Rev Aquac 12:1211–1216. https://doi.
org/10.1111/raq.12380

Azra MN, Tavares CPDS, Abol-Munafi AB, Ikhwanuddin M (2020b) Growth rate and fatty acid composition of orange mud 
crab instars, Scylla olivacea, reared at different temperatures. Egypt J Aquat Res 46:97–102. https://doi.org/10.1016/j.
ejar.2019.11.006

Bandara T (2018) Alternative feed ingredients in aquaculture: Opportunities and challenges. J Entomol Zool Stud 6:3087–3094
Boyd CE, Phu TQ (2018) Environmental factors and acute hepatopancreatic necrosis disease (AHPND) in shrimp ponds in Viet 

Nam: Practices for reducing risks. Asian Fish Sci 31:121–136. https://doi.org/https://doi.org/10.33997/j.afs.2018.31.S1.009
Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of 

protein-dye binding. Anal Biochem 72:248–254. https://doi.org/10.1016/0003-2697(76)90527-3
Burridge L, Weis JS, Cabello F, Pizarro J, Bostick K (2010) Chemical use in salmon aquaculture: A review of current practices and 

possible environmental effects. Aquaculture 306:7–23. https://doi.org/10.1016/j.aquaculture.2010.05.020
Elizondo-González R, Quiroz-Guzmán E, Escobedo-Fregoso C, Magallón-Servín P, Peña-Rodríguez A (2018) Use of seaweed Ulva 

lactuca for water bioremediation and as feed additive for white shrimp Litopenaeus vannamei. Peer J. https://doi.org/10.7717/
peerj.4459

Fan L, Wang A, Wu Y (2013) Comparative proteomic identification of the hemocyte response to cold stress in white shrimp, Litope-
naeus vannamei. J Proteomics 80:196–206. https://doi.org/10.1016/j.jprot.2012.12.017

Fan L, Wang L, Wang Z (2019) Proteomic characterization of the hepatopancreas in the pacific white shrimp Litopenaeus vannamei 
under cold stress: Revealing the organism homeostasis mechanism. Fish Shellfish Immunol 92:438–449. https://doi.org/10.1016/j.
fsi.2019.06.037

FAO/WHO (2001) Report on joint FAO/WHO expert consultation on evaluation of health and nutritional properties of probiotics in 
food including powder milk with live lactic acid bacteria. 413–426. https://doi.org/10.1201/9781420009613.ch16

Fumanal M, Di Zeo DE, Anguís V, Fernández-Diaz C, Alarcón FJ, Piñera R, Albaladejo-Riad N, Esteban MA, Moriñigo MA, Bale-
bona MC (2020) Inclusion of dietary Ulva ohnoi 5% modulates Solea senegalensis immune response during Photobacterium 
damselae subsp. piscicida infection. Fish Shellfish Immunol 100:186–197. https://doi.org/10.1016/j.fsi.2020.03.007

Glasson CRK, Sims IM, Carnachan SM, Nys R, Magnusson M (2017) A cascading biorefinery process targeting sulfated polysaccha-
rides (ulvan) from Ulva ohnoi. Algal Res 27:383–391. https://doi.org/10.1016/j.algal.2017.07.001

Gong H, Lawrence AL, Jiang DH, Castille FL, Gatlin DM (2000) Lipid nutrition of juvenile Litopenaeus vannamei I. Dietary cho-
lesterol and de-oiled soy lecithin requirements and their interaction. Aquaculture 190:305–324. https://doi.org/10.1016/S0044-
8486(00)00414-2

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, Morelli L, Canani RB, Flint HJ, Salminen S, Calder PC, Sanders ME 
(2014) Expert consensus document: The international scientific association for probiotics and prebiotics consensus statement on 
the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol 11:506–514. https://doi.org/10.1038/nrgas-
tro.2014.66

Jiao L, Dai T, Zhong S, Jin M, Sun P, Zhou Q (2021) Vibrio parahaemolyticus infection influenced trace element homeostasis, im-
paired antioxidant function, and induced inflammation response in Litopenaeus vannamei. Biol Trace Elem Res 199:329–337. 
https://doi.org/10.1007/s12011-020-02120-z

Klongklaew N, Praiboon J, Tamtin M, Srisapoome P (2021) Chemical composition of a hot water crude extract (HWCE) from Ulva 
intestinalis and its potential effects on growth performance, immune responses, and resistance to white spot syndrome virus and 
yellowhead virus in pacific white shrimp (Litopenaeus vannamei). Fish Shellfish Immunol 112:8–22. https://doi.org/10.1016/j.
fsi.2021.02.004



Int Aquat Res (2023) 15:123–134 133

Klongklaew N, Praiboon J, Tamtin M, Srisapoome P (2020) Antibacterial and antiviral activities of local thai green macroalgae crude 
extracts in pacific white shrimp (Litopenaeus vannamei). Mar Drugs 18:1–23. https://doi.org/10.3390/md18030140

Kongnum K, Hongpattarakere T (2012) Effect of Lactobacillus plantarum isolated from digestive tract of wild shrimp on growth and 
survival of white shrimp (Litopenaeus vannamei) challenged with Vibrio harveyi. Fish Shellfish Immunol 32:170–177. https://
doi.org/10.1016/j.fsi.2011.11.008

Lawton RJ, Mata L, de Nys R, Paul NA (2013) Algal bioremediation of waste waters from land-based aquaculture using Ulva: select-
ing target species and strains. PLoS One 8. https://doi.org/10.1371/journal.pone.0077344

Legarda EC, Viana MT, Zaragoza OBDR, krzynska AK, Braga A, Lorenzo MA, Vieira FN (2021) Effects on fatty acids profile of 
Seriola dorsalis muscle tissue fed diets supplemented with different levels of Ulva fasciata from an integration multi-trophic 
aquaculture system. Aquaculture. https://doi.org/10.1016/j.aquaculture.2021.736414

Li E, Xu C, Wang X, Wang S, Zhao Q, Zhang M, Qin JG, Chen L (2018) Gut Microbiota and its modulation for healthy farming of 
pacific white shrimp Litopenaeus vannamei. Rev Fish Sci Aquac 26:381–399. https://doi.org/10.1080/23308249.2018.1440530

Maggioni DS, Andreatta ER, Hermes EM, Barracco MA (2004) Evaluation of some hemato-immunological parameters in fe-
male shrimp Litopenaeus vannamei submitted to unilateral eyestalk ablation in association with a diet supplemented with 
superdoses of ascorbic acid as a form of immunostimulation. Aquaculture 241:501–515. https://doi.org/10.1016/S0044-
8486(03)00530-1

Mantri VA, Kazi MA, Balar NB, Gupta V, Gajaria T (2020) Concise review of green algal genus Ulva linnaeus. J Appl Phycol 
32:2725–2741. https://doi.org/10.1007/s10811-020-02148-7

Mapanao R, Chang CC, Cheng W, Liu KF (2018) Silencing tyrosine hydroxylase retards depression of immunocompetence of Litope-
naeus vannamei under hypothermal stress. Fish Shellfish Immunol 72:519–527. https://doi.org/10.1016/j.fsi.2017.11.035

Martínez-Antequera FP, Martos-Sitcha JA, Reyna JM, Moyano FJ (2021) Evaluation of the inclusion of the green seaweed ulva ohnoi 
as an ingredient in feeds for gilthead sea bream (Sparus aurata) and european sea bass (Dicentrarchus labrax). Animals 11:1–19. 
https://doi.org/10.3390/ani11061684

Meng X, Dong L, Shi X, Li X, Sui J, Luo K, Luan S, Chen B, Cao B, Cao J, Kong J (2019) Screening of the candidate genes related to 
low-temperature tolerance of Fenneropenaeus chinensis based on high-throughput transcriptome sequencing. PLoS One 14:1–13. 
https://doi.org/10.1371/journal.pone.0211182

Naiel MAE, Farag MR, Gewida AGA, Elnakeeb MA, Amer MS, Alagawany M (2021) Using lactic acid bacteria as an immunostimu-
lants in cultured shrimp with special reference to Lactobacillus spp. Aquac Int 29:219–231. https://doi.org/10.1007/s10499-020-
00620-2

Nguyen TTG, Nguyen TC, Leelakriangsak M, Pham TT, Pham QH, Lueangthuwapranit C, Nguyen VD (2018) Promotion of Lac-
tobacillus plantarum on growth and resistance against acute hepatopancreatic necrosis disease pathogens in white-leg shrimp 
(Litopenaeus vannamei). Thai J Vet Med 48:19–28

NRC - national research council (2011) Nutrient requirements of fish and shrimp. The National Academies Press, Washington, .D.C
Pan LQ, Hu FW, Jing FT, Liu HJ (2008) The effect of different acclimation temperatures on the prophenoloxidase system 

and other defence parameters in Litopenaeus vannamei. Fish Shellfish Immunol 25:137–142. https://doi.org/10.1016/j.
fsi.2008.03.016

Ponce-Palafox J, Martinez-Palacios CA, Ross LG (1997) The effects of salinity and temperature on the growth and survival rates of ju-
venile white shrimp, Penaeus vannamei, Boone, 1931. Aquaculture 157:107–115. https://doi.org/10.1016/S0044-8486(97)00148-8

Pontinha V, Vieira F, Hayashi L (2018) Mortality of pacific white shrimp submitted to hypothermic and hyposalinic stress. Bol do Inst 
Pesca 44:. https://doi.org/10.20950/1678-2305.2018.310

Powell ML, Watts SA (2006) Effect of temperature acclimation on metabolism and hemocyanin binding affinities in two crayfish, 
Procambarus clarkii and Procambarus zonangulus. Comp Biochem Physiol - A Mol Integr Physiol 144:211–217. https://doi.
org/10.1016/j.cbpa.2006.02.032

Pratiwi DY, Pratiwy FM (2021) Comparison of Ulva lactuca and Ulva clathrata as ingredients in Litopenaeus vannamei feeds. Int J 
Fish Aquat Stud 9:192–194. https://doi.org/10.22271/fish.2021.v9.i1c.2401

Ray AJ, Lewis BL, Browdy CL, Leffler JW (2010) Suspended solids removal to improve shrimp (Litopenaeus vannamei) production 
and an evaluation of a plant-based feed in minimal-exchange, superintensive culture systems. Aquaculture 299:89–98. https://doi.
org/10.1016/j.aquaculture.2009.11.021

Ren X, Wang Q, Shao H, Xu, Y, Liu P, Li J (2021) Effects of low temperature on shrimp and crab physiology, behavior, and growth: 
A Review. Front Mar Sci 8. https://doi.org/10.3389/fmars.2021.746177

Ren X, Yu Z, Xu Y, Zhang Y, Mu C, Liu P, Li J (2020) Integrated transcriptomic and metabolomic responses in the hepatopancreas 
of kuruma shrimp (Marsupenaeus japonicus) under cold stress. Ecotoxicol Environ Saf 206:111360. https://doi.org/10.1016/j.
ecoenv.2020.111360

Reverter M, Bontemps N, Lecchini D, Banaigs B, Sasal P (2014) Use of plant extracts in fish aquaculture as an alternative to chemo-
therapy: Current status and future perspectives. Aquaculture 433:50–61. https://doi.org/10.1016/j.aquaculture.2014.05.048

Rezende PC, Soares M, Guimarães AM, Coelho JR, Seiffert WQ, Schleder DD, Vieira FN (2021) Brown seaweeds added in the diet 
improved the response to thermal shock and reduced Vibrio spp. in pacific white shrimp post-larvae reared in a biofloc system. 
Aquac Res 52:2852–2861. https://doi.org/10.1111/are.15136

Romero J, Gloria C, Navarrete P (2012) Antibiotics in aquaculture – use, abuse and alternatives. In: carvalho ed, david gs sr (ed) health 
and environment in aquaculture. InTech, Croatia, pp 159–198

Sáez MI, Vizcaíno A, Galafat A, Anguís V, Fernández-Díaz C, Balebona MC, Alarcón FJ, Martínez TF (2020) Assessment of long-
term effects of the macroalgae Ulva ohnoi included in diets on Senegalese sole (Solea senegalensis) fillet quality. Algal Res 
47:101885. https://doi.org/10.1016/j.algal.2020.101885

Santos HM, Tsai CY, Maquiling KRA, Tayo LL, Mariatulqabtiah AR, Lee CW, Chuang KP (2020) Diagnosis and potential treatments 
for acute hepatopancreatic necrosis disease (AHPND): a review. Aquac Int 28:169–185

Satoh K, Nagagawa H, Kasahara S (1987) Effect of Ulva meal supplementation on disease resistence of red sea bream. Nippon Suisan 
Gakkaishi 53:1115–1120

Schleder DD, Blank M, Peruch LGB, Vieira FN, Andreatta ER, Hayashi L (2017a) Thermal resistance of pacific white shrimp fed 



Int Aquat Res (2023) 15:123–134134

Sargassum filipendula: A MALDI-TOF mass spectrometry approach. Aquaculture 481:103–111. https://doi.org/10.1016/j.aqua-
culture.2017.08.028

Schleder DD, Rosa JR, Guimarães AM, Ramlov F, Maraschin M, Seiffert WQ, Vieira FN, Hayashi L, Andreatta ER (2017b) Brown 
seaweeds as feed additive for white-leg shrimp: effects on thermal stress resistance, midgut microbiology, and immunology. J 
Applied Phycol 29(5):2471-2477

Shields JD (2019) Climate change enhances disease processes in crustaceans: Case studies in lobsters, crabs, and shrimps. J Crustac 
Biol 39:673–683. https://doi.org/10.1093/jcbiol/ruz072

Söderhäll K, Häll L (1984) Lipopolysaccharide-induced activation of prophenoloxidase activating system in crayfish haemocyte 
lysate. BBA - Gen Subj 797:99–104. https://doi.org/10.1016/0304-4165(84)90387-8

Strickland JDH, Parsons TR (1972) A practical handbook of seawater analysis. 167:185. https://doi.org/10.1002/iroh.19700550118
Toledo A, Frizzo L, Signorini M, Bossier P, Arenal A (2019) Impact of probiotics on growth performance and shrimp survival: A 

meta-analysis. Aquaculture 500:196–205. https://doi.org/10.1016/j.aquaculture.2018.10.018
Tziveleka LA, Ioannou E, Roussis V (2019) Ulvan, a bioactive marine sulphated polysaccharide as a key constituent of hybrid bioma-

terials: A review. Carbohydr Polym 218:355–370. https://doi.org/10.1016/j.carbpol.2019.04.074
Uribe E, Vega-Gálvez A, García V, Pastén A, López J, Goñi G (2019) Effect of different drying methods on phytochemical content 

and amino acid and fatty acid profiles of the green seaweed, Ulva spp. J Appl Phycol 31:1967–1979. https://doi.org/10.1007/
s10811-018-1686-9

Van Wyk P, Scarpa J (1999) Farming marine shrimp in recirculating fresh water systems. Harb Branch Oceanogr Inst 141–162
Vatsos IN, Rebours C (2015) Seaweed extracts as antimicrobial agents in aquaculture. J Appl Phycol 27:2017–2035. https://doi.

org/10.1007/s10811-014-0506-0
Vidhya Hindu S, Chandrasekaran N, Mukherjee A, Thomas J (2019) A review on the impact of seaweed polysaccharide on the growth 

of probiotic bacteria and its application in aquaculture. Aquac Int 27:227–238. https://doi.org/10.1007/s10499-018-0318-3
Vieira FN, Buglione CC, Mouriño JLP, Jatobá A, Martins ML, Schleder DD, Andreatta ER, Barracco MA, Vinatea LA (2010) Effect 

of probiotic supplemented diet on marine shrimp survival after challenge with Vibrio harveyi. Arq Bras Med Veterinária e Zootec 
62:1–12

Vieira FN, Jatobá A, Mouriño JLP, Neto CCB, Silva JS, Seiffert WQ, Soares M, Vinatea LA (2016) Use of probiotic-supplemented diet 
on a pacific white shrimp farm. Rev Bras Zootec 45:203–207. https://doi.org/10.1590/S1806-92902016000500001

Vieira FDN, Neto CCB, Mouriño JLP, Jatobá A, Ramirez C, Martins ML, Barracco MAAM, Vinatea LA (2008) Time-related action of 
Lactobacillus plantarum in the bacterial microbiota of shrimp digestive tract and its action as immunostimulant. Pesqui Agropecu 
Bras 43:763–769. https://doi.org/10.1590/S0100-204X2008000600013

Vizcaíno AJ, Fumanal M, Sáez MI, Martínez, TF, Moriño MA, Fernández-Díaz C, Anguis V, Balebona MC, Alarcón FJ (2019) Evalu-
ation of Ulva ohnoi as functional dietary ingredient in juvenile Senegalese sole (Solea senegalensis): Effects on the structure and 
functionality of the intestinal mucosa. Algal Res 42:101608. https://doi.org/10.1016/j.algal.2019.101608

Vizcaíno AJ, Galafat A, Sáez MI, Martínez TF, Alarcón FJ (2020) Partial characterization of protease inhibitors of Ulva ohnoi and their 
effect on digestive proteases of marine fish. Mar Drugs 18: https://doi.org/10.3390/md18060319

Wang Q, Zhang Y, Yang Q, Fu S, Qu B, Defoirdt T (2021) One health pathogen surveillance demonstrated the dissemination of gut 
pathogens within the two coastal regions associated with intensive farming. Gut Pathog 13:1–16. https://doi.org/10.1186/s13099-
021-00442-4

Xu Z, Guan W, Xie D, Lu W, Ren X, Yuan J, Mao L (2019) Evaluation of immunological response in shrimp Penaeus vannamei 
submitted to low temperature and air exposure. Dev Comp Immunol 100:103413. https://doi.org/10.1016/j.dci.2019.103413

Xu Z, Regenstein JM, Xie D, Lu W, Ren X, Yuan J, Mao L (2018) The oxidative stress and antioxidant responses of Li-
topenaeus vannamei to low temperature and air exposure. Fish Shellfish  Immunol 72:564–571. https://doi.org/10.1016/j.
fsi.2017.11.016

Zheng X, Duan Y, Dong H, Zhang J (2018) Effects of dietary Lactobacillus plantarum on growth performance, digestive enzymes and 
gut morphology of Litopenaeus vannamei. Probiotics Antimicrob Proteins 10:504–510. https://doi.org/10.1007/s12602-017-9300-z

Zhou QC, Zeng WP, Wang HL, Wang T, Wang YL, Xie FJ (2012) Dietary arginine requirement of juvenile Pacific white shrimp, 
Litopenaeus vannamei. Aquaculture 364–365:252–258. https://doi.org/10.1016/j.aquaculture.2012.08.020

Publisher’s Note 
IAU remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


	_Hlk115105025
	_Hlk115874935
	_Hlk115875369

