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Effects of dietary hot water
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resistance to non-ionic ammonia
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Litopenaeus vannamei
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Xiaoyu Sun1, ChaoJie Han1 and Yunliang Lu3

1Tianjin Key Laboratory of Aqua-Ecology & Aquaculture, Fisheries College, Tianjin Agricultural
University, Tianjin, China, 2Key Laboratory of Smart Breeding (Co-construction by Ministry and
Province), Ministry of Agriculture and Rural Affairs), Tianjin Agricultural University, Tianjin, China,
3Marine Science and Engineering College, Qingdao Agricultural University, Qingdao, China
Hot water extract of Chlorella vulgaris (CVE) is a biologically substance that

enhances organism’s immune function and antioxidative capacity. This study

evaluated the effect of supplementation with various concentrations of CVE on

muscle nutritional components, non-specific immunity, antioxidation, and

resistance to non-ionic ammonia (NH3-N) stress in Litopenaeus vannamei over

45 days using diets supplemented with CVE at five different concentrations (0%,

0.5%, 1%, 5%, 10%, and 15%). Specifically, fresh and sweet amino acids (Asp, Glu)

significantly increased (P < 0.05) in shrimp fed the 1% CVE diet, reaching 18.12 g/

kg and 33.08 g/kg, respectively. Bitter amino acids (Leu) and Hypoxanthine (Hx)

significantly decreased (P < 0.05) in shrimp fed the 1% CVE diet, at 10.56 g/kg and

10.56 ug/g. CVE supplementary enhanced the activities of acid phosphatase,

alkal ine phosphatase, and nitr ic oxide synthase while decreasing

malondialdehyde levels. Shrimp fed with a 1% CVE diet exhibited significantly

higher enzyme activity than the control group under NH3-N conditions (P <

0.05). Overall, this study demonstrated that 1% CVE as a feed additive significantly

improved the muscle mass, boosted immunity and reduced the stress response

to NH3-N in L. vannamei. This research provides a valuable reference for the

application of CVE as a feed additive in crustacean aquaculture.
KEYWORDS
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1 Introduction

The hot water extract of Chlorella vulgaris (CVE) is a

nucleotide-peptide complex enriched with amino acids, peptides,

vitamins, minerals, nucleic acids, and carbohydrates, which not

only strengthens the immune system and improves antioxidant

activity but also promotes cell growth and enhances the

regenerative capacity of normal cells (Merchant and Andre, 2001;

Kang et al., 2013; An et al., 2016; Yamaguchi, 1996; Kumar et al.,

2020; Kumar et al., 2020). Chlorella (Chlorella sp.) is a genus of

single-cell green algae characterized by relatively easy cultivation,

high productivity, and high protein, chlorophyll, lutein, and other

essential micronutrients (Buono et al., 2014; Jeon et al., 2012; Choi

et al., 2021; Hao et al., 2021). Various Chlorella-based products,

including liquid, powdered, and fermented Chlorella and Chlorella

extracts, are being introduced as feed additives (An et al., 2016). In

recent years, more research has been conducted on powder of

Chlorilla as a feed additive (Ma and Hu, 2024) and less on CVE as a

feed additive. As a feed additive, CVE has been found to reduce

vertebrate plasma peroxidation and increase antioxidant enzyme

activity (Hu et al., 2007; Vijayavel et al., 2007), but it has not been

extensively studied in aquatic animals. The cell wall of Chlorella

vulgaris may limit the entry of digestive enzymes into the cell for

appropriate digestion and absorption of components (Nemcova

and Kalina, 2000). Therefore, CVE is important as a feed additive in

aquatic animals.

Litopenaeus vannamei is one of the most important shrimp

species cultured worldwide. Owing to its high nutritional value, fast

growth rate, and strong adaptability to the environment, it has high

economic value and is widely cultivated worldwide (Aktas ̧ et al.,
2014; Eissa et al., 2023). During aquaculture production, with

prolonged culture time, the residual feed and waste metabolites of

aquaculture animals tend to accumulate, thereby elevating the

concentrations of ammonia nitrogen in the water, which, upon

reaching or exceeding the tolerance limit of the aquaculture stock,

will have the adverse effects of retarding growth and reducing

metabolic capacity (Jensen et al., 2013). Shrimp culture is

susceptible to various environmental factors, and changes in these

factors can cause physiological changes and oxidative stress (Amaya

et al., 2007; Wang et al., 2009). Oxidative stress weakens the

immune system, making animals susceptible to opportunistic

pathogens (Li et al., 2016; Thirugnanasambandam et al., 2019).

This leads to a decline in immunity, thereby increasing the

likelihood of infection with various pathogens and potentially

widespread mortality (Bhoopathy et al., 2021). Therefore,

improving the antioxidant and immune systems of shrimp is a

practical and urgent problem in the aquaculture industry, especially

intensive aquaculture (Huynh et al., 2017). Research has shown that

the addition of Caulerpa racemosa (Agardh, 1873) polysaccharides

(CRP) to feed can enhance the antioxidant and immune properties

of shrimp (Lee et al., 2020). This illustrates that active microalgal

substances as feed additives can enhance immunity and stress

resistance in aquatic animals (Chen et al., 1988; Pulz and Gross,

2004), and research on active microalgal substances is essential.

In the study of feed additives, amino and fatty acid contents

serve as important indicators of the nutritional value and flavor of
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aquatic products (Peng et al., 2021). The amino acids comprising

muscle are not only important nutrients but also make a valuable

contribution to determining the color, aroma, and taste offish meat.

During the culture of aquatic organisms, the amino acid content of

the muscle can be modified to a certain extent by adding trace

elements to the basic feed and optimizing the ratios of proteins,

which in turn can enhance the nutritional quality of the muscles of

aquatic animals (Long et al., 2020). Inosinic acid is an intermediate

metabolite widely distributed in animals, and the freshness of

aquatic products is often influenced by the accumulated amount

of this acid (Tanimoto et al., 1993). Furthermore, it has been

demonstrated that using the alga Chlorella vulgaris instead of fish

meal as a protein source can significantly enhance the amino acid

and fatty acid content of African catfish (Tikk et al., 2016), and

other functional feed additives have been established to enhance the

development, immunity, and antioxidant capacity of shrimp.

Currently, relatively little information is available regarding the

application of hot water extracts of C. vulgaris (CVE) in crustacean

cultures. In this study, we assessed the effects of CVE as functional

additives in crustacean aquaculture. We examined the effects of

different concentrations of CVE as a feed supplement on the

nutritional composition and antioxidant system of muscles in the

Litopenaeus vannamei. The optimal CVE concentrations screened

were also subjected to ammonia nitrogen stress experiments to

verify the immune-protective effects of CVE on shrimp. This study

aimed to provide nutritional and immunological support for the

application of CVE as a feed additive in aquaculture and to provide

a scientific basis for the health of Litopenaeus vannamei.
2 Materials and methods

2.1 Feed preparation

The method of Hasegawa was used to obtain CVE (Raji et al.,

2020). Dried Chlorella vulgaris cells were suspended in distilled

water at a concentration of 10%(w/v), boiled at 100°C for 20 min,

and centrifuged at 7200 r for 20 min, then the supernatant was

lyophilized to obtain CVE. The basic feed (Table 1) formula is

shown in the Table 1. CVE was added to basic feed by mass

percentage of 0% (control), 0.5%, 1%, 5%, 10% and 15%. Two

percent sodium alginate was added to the feed for bonding. After

mixing, particles with particle size of 1.2 mm were made, dried in

dark, sealed and frozen for standby. The nutritional levels of each

treatment group are shown in Table 1.
2.2 Acclimation and experiment process

The aquaculture experiment was carried out in the circulating

water aquaculture system of Tianjin Key Laboratory of Aquatic

Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural

University. The shrimp for the experiment were collected from

Tianjin Haile aquaculture Cooperative. The breeding system

consists of 60 cm × 30 cm ×50 cm. The test water is sand filtered
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seawater and aerated tap water. Before the experiment, two weeks of

feeding was carried out, during which basic feed was fed. After the

end of temporary feeding, the experiment was started after fasting

for 24 hours. This study randomly divided 900 juvenile shrimp with

an average initial weight of (0.85 ± 0.05) g into 6 groups, each with 3

water tanks (120cm x 120cm x 80cm; 1.0t of water; 50 shrimp).

They were fed with CVE feed with the addition ratio of 0%

(control), 0.5%, 1%, 5%, 10% and 15% respectively for 45 days.

The water temperature is 28–30 °C, the seawater salinity is 23–25,

the mass concentration of dissolved oxygen is > 6mg/L, the pH

value is 7.6–8.1, the mass concentration of ammonia nitrogen is <

0.1mg/L, and the photo period is 12L: 12D. During the experiment,

shrimp were fed four times a day (at 8:00, 12:00, 17:00 and 21:00

respectively), and the number of deaths was recorded. After the

experiment, 3 replicates were set up for each group, and 6 shrimps

per replicate were measured in their hepatopancreas and muscles to

analyse the muscle composition and activity of immune enzyme.
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2.3 NH3-Nonionic ammonia stress

Validation of the appropriate CVE concentration based on the

results of previous experiments and using immunological indicators

(Hasegawa et al., 1995). According to the previously published results

of Litopenaeus vannamei (Supplementary Table 1) (Han et al., 2022),

the experimental concentration of NH3-N is 0.5mg/L. 0.5 mg/L was

prepared from ammonia chloride ammonia nitrogen stock solution.

On pH 8.10, temperature 22°C and salinity level of 25‰, the

proportion of NH3-N in ammonia nitrogen was calculated

(Whitfield, 1978; Jia et al., 2013). According to this proportion, the

stock solution was diluted to the required ammonia-N concentration.

In the experiment, only healthy and intact shrimp were used. After

fasting for 24 h before the experiment, individuals weighing 0.1–0.15 g

were randomly divided into two groups of glass Aquariums, 20 in each

group, Five shrimps. After NH3-N stress, four individuals were

collected at 1th, 3th, 6th, 12th and 24 h respectively.
TABLE 1 Composition of CVE added in different level and its industrial analysis (% dry matter).

Component
Different CVE experimental diets (% dry matter)

0 0.5 1 5 10 15

Fish meal 22.0 22.0 22.0 22.0 22.0 22.0

Peanut meal 18.0 18.0 18.0 18.0 18.0 18.0

Soybean meal 12.0 12.0 12.0 12.0 12.0 12.0

Squid visceral ointment 5.0 5.0 5.0 5.0 5.0 5.0

Shrimp shell powder 5.0 5.0 5.0 5.0 5.0 5.0

Wheat flour 31.0 31.0 31.0 31.0 31.0 31.0

Fish oil 3.0 3.0 3.0 3.0 3.0 3.0

Fish meal 22.0 22.0 22.0 22.0 22.0 22.0

Peanut meal 18.0 18.0 18.0 18.0 18.0 18.0

Soybean meal 12.0 12.0 12.0 12.0 12.0 12.0

Lecithin 1.0 1.0 1.0 1.0 1.0 1.0

Vitamin premix 0.2 0.2 0.2 0.2 0.2 0.2

Mineral premix 0.5 0.5 0.5 0.5 0.5 0.5

Ca(H2PO4)2 1.5 1.5 1.5 1.5 1.5 1.5

Vitamin C ester 0.1 0.1 0.1 0.1 0.1 0.1

Cholesterol 0.2 0.2 0.2 0.2 0.2 0.2

NaCl 0.2 0.2 0.2 0.2 0.2 0.2

Choline chloride 0.3 0.3 0.3 0.3 0.3 0.3

Proximate analysis

Crude protein 40.1 40.2 40.2 41.6 43.3 44.5

Crude lipid 9.3 9.4 9.6 9.9 10.3 10.6

Ash 13.2 13.3 13.4 13.6 13.9 14.2

Moisture 9.6 9.7 9.9 10.0 10.3 10.5
Vitamin premix contains the following vitamins per kg: VA 8000 IU, VD34000 IU, VE 60mg, VK320mg, VB110mg, VB230mg, VB616mg, calcium pantothenate 50mg, folic acid 5mg, biotin
0.16mg, niacin acid 60.3mg, VB120. 03mg; 2. Mineral premix contains following per kg; MgSO4·H2O 60mg, KCl 450mg, Met-Cu 15mg, FeSO4·H2O 5mg, ZnSO4·H2O 50mg, Ca (IO3)2 0.3mg,
Met-Co 0.8mg, NaSeO30.018mg.
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2.4 Sample collection and preparation

At each sampling, shrimps were dried with absorbent paper and

then quickly dissected on an ice plate. The hepatopancreas and

muscle tissues were collected into a chilled glass homogenizer,

diluted with 50 mM phosphate buffer saline solution (PBS, Solar

Bio, China) (pH = 6.6, v: w = 9: 1) and centrifuged for 3000r for

15 min. The supernatants were collected and stored at -80°C for

measurements of the muscle components and determination of

antioxidant and immune parameters.

2.5 Sample analysis

The samples were dissolved in 0.02 mol/L hydrochloric acid and

fixed, and the amino acids in the samples were determined by the

external standard method, and finally analysed by a fully automated

amino acid analyser.

Muscle quality and other related indexes were detected by high

performance liquid chromatography (HPLC), and the content of

Hypoxanthine and Adenosine monophosphate were uesd Elisa kits

(Jiangsu Kote Biotechnology Co, China).

The Acids phosphatse (ACP), Alkaline phosphatase (AKP),

Glutathione peroxidase(GSH-PX), Nitricoxdesynthase (NOS),

superoxide dismutase (SOD) Hexokinase (HK), Phosphofructokinase

(PK), Lactate dehydrogenase (LDH), Succinate dehydrogenase (SDH)

activitiey level and Malondialdehyde (MDA) and contents using

reagent kits (Nanjing Jiancheng Bioengineering Institude, China).

Samples used for analyses were prepared by grinding 1.0 g of muscle

tissue using a high-throughput tissue grinder. To the homogenate thus

obtained, we added 10 mL of 0.86% normal saline pre-cooled at 4°C to

give a 10% homogenate, which was centrifuged for 15min at 8000 rpm

and 4°C. The resulting supernatants were collected and used for

enzyme activity determinations.

2.6 Statistical analysis

The statistics of the experimental data were performed using

SPSS26.0 software, analysed by one-way ANOVA, and multiple

comparisons were performed using Duncan’s method, with P<0.05

indicating a significant difference (Whitfield, 1978). Independent

samples t-test was used to analyse the difference between the overall

means of the two groups of 0% and 1% CVE and the differences

between the two groups were added. Pictures were made using

GraphPad Prism 8 software.

3 Results

3.1 Effect of CVE supplementation on the
amino acid contents of
Litopenaeus vannamei

The effects of supplementing feed with different concentrations

of CVE on the amino acid contents of L. vannamei muscle are

presented in Table 2. The values obtained revealed that the total

amino acid content in muscle was significantly influenced by the
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addition of different concentrations of CVE (P < 0.05). Although we

detected differences among the different amino acids, initially

increase and subsequently decline with an increase in the amount

of supplement of the amino acids showed a tend to CVE, with the

values for Asp, Glu. Ser, Gly, Thr, Val, and Lys peaking in shrimps

fed a diet containing 1% CVE, which were significantly higher than

the value recorded at other concentrations (P < 0.05). Compared

with other concentrations, we detected a significantly lower content

of the bitter-tasting amino acid Leu in shrimps fed a diet containing

1% CVE (P<0.05).
3.2 Effect of CVE supplementation on the
quality-related indices of
Litopenaeus vannamei

The effects of supplementing feed with different concentrations

of CVE on the quality-related indices of L. vannamei muscle are

shown in Table 3. Supplementing feed was found to have significant

effects on the assessed muscle quality-related indices, with values

tending to increase with an increase in the proportion of

supplemented CVE. The one exception in this regard was

hypoxanthine, the content of which in shrimps fed the 1% CVE-

supplemented feed was significantly lower than the in shrimps in

the other treatment groups (P <0.05).
3.3 Effect of CVE supplementation on the
non-specific immunity and antioxidant
activity of Litopenaeus vannamei

As shown in Figures 1A–C, the highest activities of acid

phosphatase (ACP), alkaline phosphatase (AKP) and nitric oxide

synthase (NOS) were recorded in shrimps fed a diet containing 1%

CVE, among which the activities of ACP and AKP were

significantly higher than in shrimps fed the control diet (P< 0.05).

Consumption of CVE was also found to have a significant influence

on the activities of superoxide dismutase (SOD) and glutathione

peroxidase (GSH-Px) and the content of malondialdehyde (MDA)

(P < 0.05) (Figures 1D–F). With an increase in the dietary content of

CVE, there was an initial increase and subsequent decline in the

activity of SOD, whereas the contents of MDA were characterized

by the opposite trend. The highest activities of SOD and GSH-Px

were detected in the 10% and 5% groups, respectively, whereas the

lowest contents of MDA were recorded in shrimps fed the 0.5%

CVE diet.
3.4 Effect of 1% CVE supplementation on
the resistance to non- ionized ammonia
stress of Litopenaeus vannamei

Figures 2A–C shows the activities of ACP, AKP, and NOS in

response to non- ionized ammonia (NH3-N) stress in L. vannamei

fed the CVE-supplemented and control diets. In both the CVE and

control groups, the activity of ACP initially declined prior to a
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subsequent increase, whereas the opposite trend was observed

regarding the activity of NOS. However, compared with shrimps

in the control group, the activity of ACP was significantly higher in

those fed diets supplemented with CVE at each of the assessed time

point, with the exception of the measurements obtained at 3 h (P >

0.05). On release from the imposed stress after 24 h, the activities

ACP, AKP, and NOS in the CVE group shrimps returned to pre-

experimental levels, although the activities ACP and AKP in these

shrimps remained higher than those in the control group shrimps.

As shown in Figures 2D–F), from 0 to 6 h, there were increases in

the activity of SOD and contents of MDA in the CVE groups, after

which the activities and contents declined. On the relief from stress

after 24 h, we detected no significant differences among the CVE
Frontiers in Marine Science 05
groups with respect to the pre-experimental and post-experimental

activities of SOD and GSH- Px or MDA contents (P > 0.05). Among

shrimps in the CVE groups, we detected elevated MDA contents

within 6 h of the onset of NH3-N stress, which had returned to pre-

experimental levels at 24 h. In contrast, a marked increase in MDA

levels was observed between 6 and 24 h in the control group

shrimps (P>0.05). As shown in Figures 3B–D, dietary

supplementation with 1% CVE enhanced the overall activities of

PK, LDS and SDH in the muscle of L. vannamei exposed to NH3-N

stress, the levels of all of which were higher than those in the control

group shrimps 12 at 24 h. As shown in Figure 3A, the activity of HK

in shrimps fed the supplemented diets was also significantly higher

than that during the initial stages of the experiment at 3 h (P > 0.05).
TABLE 3 Effect of feed supplementation with CVE on muscle quality-related indexes of Litopenaeus vannamei (mg/kg).

Treatment
(0%)

Inosine monophosphate
ug/g

Hypoxanthine
ug/g

Adenosine
monophosphate ug/g

Creatine kinase
U/mgprot

0 2319.17 ± 0.09a 2.77 ± 0.08b 64.83 ± 0.60b 0.12 ± 0.00a

0.5 2372.13 ± 0.08a 4.12 ± 0.04de 63.07 ± 0.22a 0.12 ± 0.01a

1 2734.93 ± 0.09b 2.56 ± 0.07a 64.97 ± 0.86b 0.13 ± 0.00ab

5 2771.80 ± 0.06b 3.31 ± 0.07b 64.41 ± 0.85ab 0.14 ± 0.01bc

10 2760.23 ± 0.07b 3.64 ± 0.10c 71.34 ± 0.83c 0.18 ± 0.01c

15 2767.43 ± 0.08b 3.94 ± 0.29d 76.18 ± 1.13d 0.15 ± 0.00d
The significantly difference between groups was represented by different letters (P < 0.05), ug/g represents the number of micrograms per gram, U/mgprot indicates the number of units of
viability per mg of protein.
TABLE 2 Effect of CVE addition to feed on the content of various amino acids in Litopenaeus vannamei (g/kg).

amino
acids

Taste attribute 0% 0.5% 1% 5% 10% 15%

Asp Umami/sourness(+) 13.08 ± 0.07a 15.36 ± 0.40c 18.12 ± 0.66e 17.25 ± 0.25d 14.44 ± 0.2b 16.56 ± 0.45d

Glu Umami/sourness(+) 25.01 ± 0.02a 28.15 ± 0.56c 33.08 ± 0.46f 31.73 ± 0.50e 26.65 ± 0.87b 30.36 ± 0.12 d

Ser Sweet(+) 5.95 ± 0.10a 6.16 ± 0.08a 7.20 ± 0.16c 6.70 ± 0.16b 5.96 ± 0.24a 6.75 ± 0.09b

Gly Sweet(+) 14.04 ± 0.05a 14.84 ± 0.12b 15.95 ± 0.57c 14.07 ± 0.77c 16.07 ± 0.16c 13.85 ± 0.21a

His Bitter(−) 3.81 ± 0.02c 3.16 ± 0.05a 3.76 ± 0.08bc 3.60 ± 0.08b 3.94 ± 0.18cd 3.97 ± 0.12d

Arg Bitter/sweet(+) 15.71 ± 0.15b 14.87 ± 0.52b 13.37 ± 0.51a 15.07 ± 0.15b 14.93 ± 0.35b 16.69 ± 0.64c

Thr Sweet(+) 6.06 ± 0.04a 6.34 ± 0.09b 7.27 ± 0.11e 6.62 ± 0.11c 6.12 ± 0.11a 7.01 ± 0.1d

Ala Sweet(+) 10.08 ± 0.04a 10.60 ± 0.29ab 7.27 ± 0.11ab 10.35 ± 0.24ab 10.26 ± 0.12ab 10.57 ± 0.29b

Pro Sweet/bitter(+) 15.78 ± 0.15a 17.03 ± 0.59b 18.60 ± 0.39c 15.26 ± 0.52a 15.92 ± 0.69a 18.44 ± 0.41c

Tyr Bitter(−) 6.09 ± 0.07a 6.22 ± 0.18a 7.0 ± 0.52b 6.56 ± 0.19a 6.16 ± 0.04a 6.80 ± 0.16b

Val Sweet/bitter(+) 6.99 ± 0.02a 7.11 ± 0.09a 8.10 ± 0.03c 7.62 ± 0.03b 7.96 ± 0.68a 7.81 ± 0.17a

Met Bitter/sweet/
sulfurrous(−)

4.00 ± 0.79a 4.61 ± 0.83c
4.62 ± 0.09c

4.89 ± 0.95d 4.20 ± 0.79b 5.36 ± 0.78e

Ile Bitter(−) 7.2 ± 0.21a 7.46 ± 0.1a 8.36 ± 0.26c 8.10 ± 0.09bc 7.18 ± 0.15a 8.11 ± 0.10b

Leu Bitter(−) 11.8 ± 0.23b 12.8 ± 0.14c 10.56 ± 0.29a 13.5 ± 0.29d 11.94 ± 0.15b 13.46 ± 0.32b

Phe Bitter(−) 6.62 ± 0.11a 6.82 ± 0.09b 8.47 ± 0.12d 7.41 ± 0.12c 6.54 ± 0.15ab 7.39 ± 0.13c

Lys Sweet/bitter(+) 13.91 ± 0.28b 14.83 ± 0.51bc 16.76 ± 0.62d 15.72 ± 0.62cd 11.33 ± 0.24a 16.99 ± 0.10d
“+” Had a good contribution to taste; “−” had a bad contribution to taste. The significantly difference between groups was represented by different letters (P < 0.05).
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B C

D E F

A

FIGURE 2

Activity level of ACP (A), AKP (B), NOS (C), SOD (D), GSH-Px (E) and the content of MDA (F) in L. vannamei response to nonionic ammonia stress
after dietary 1%CVE. The”*”means the significant differences between control group and the treatment group at the same time. Different lowercase
letters mean significant difference(P < 0.05), whereas different capital letters mean significant difference (P < 0.05).
B C

D E F

A

FIGURE 1

Activitiey level of ACP (A), AKP (B), NOS (C), SOD (D), GSH-Px (E) and the content of MDA (F) in L. vannamei after dietary CVE. Significant difference
between the groups was denoted by different letters (P < 0.05).
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4 Discussion

CVE is a compound enrich with amino acids, polysaccharide

and other substances, more easily absorbed by the body, so CVE as a

feed additive in aquaculture has a positive prospect of application.

In previous study, it was found that CVE has significant effects on

the growth of Litopenaeus vannamei. Adding 1% CVE to the feed

can effectively improve the final weight, gain rate, specific growth

rate, and survival rate of Litopenaeus vannamei, and reduce the feed

coefficient (Han et al., 2022).

The composition and content of amino acids are important

indicators of the nutritional value of proteins, and CVE is rich in

amino acids; therefore, its use as a feed additive in the aquatic

industry has significant advantages (Chen et al., 2021). In the

present study, we found that supplementing feed with different

proportions of CVE promoted an increase in amino acid content in

the muscle of L. vannamei. Feeding the 1% CVE feed group

significantly increased the “fresh sweet” amino acid content and

reduced the “bitter” amino acid content of the shrimp. Similarly,

replacing fish meal with C. vulgaris in the diet of African catfish has

been shown to promote a significant increase the contents of “fresh”

amino acids (Arg, Val, Thr, and Lys) in the muscle of these fish

(Tikk et al., 2016), and consistently, replacing 20% of fish meal with

microalgae in the diet of L. vannamei was found to enhance the

content of fresh amino acids (Phe, Arg, Glu) in the muscle of these

shrimps (Pês et al., 2016). Collectively, these findings indicate that
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supplementing the feed of L. vannamei with 1% CVE had the

greatest effect on enhancing the flavor and protein quality

of shrimp.

Nucleotide degradation-related compounds are important

indicators for evaluating the freshness and flavor of aquatic

products (Clausen et al., 2018). The degradation of adenosine

triphosphate (ATP) in the muscle begins to take place; ATP

breaks down into adenosine diphosphate (ADP), ADP breaks

down into adenosine monophosphate (AMP) by creatine kinase

(CK), AMP generates inosine monophosphate (IMP) by adenosine

monophosphate dehydroammonia enzyme, and IMP will be

hydrolyzed to produce hypoxanthine (Hx), which has a bitter

flavor (Tikk et al., 2016). The content of inosinic acid and its

degradation products in aquacultured species is not only

determined by breed but is also associated with factors such as

feed composition (Bremner et al., 1988; Greene and Bernatt-Byrne,

1990). To date, comparatively few studies have assessed the flavor-

enhancing effects of dietary CVE supplementation on aquaculture

products. Our findings revealed that supplementing shrimp feed

with different concentrations of CVE contributed to increases in the

IMP, AMP, and CK contents of shrimp muscle, with levels

gradually increasing with an increase in the proportion of

supplemented CVE. The hypoxanthine content in shrimp fed the

1% CVE-supplemented diet was significantly lower than that in the

other groups (P< 0.05), whereas the levels of IMP, AMP, and CK

were significantly higher than those recorded in the control group
B

C D

A

FIGURE 3

Activity level of HK (A), PK (B), LDH (C), SDH (D) in L. vannamei response to nonionic ammonia stress after dietary 1%CVE. The”*”means the
significant differences between control group and the treatment group at the same time. Different lowercase letters mean significant difference(P <
0.05), whereas different capital letters mean significant difference (P < 0.05).
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(P<0.05). Similarly, the addition of glycerol monolaurate (GML) to

feed enhances the inosinic acid content of large yellow croaker

(Larimichthys crocea) muscle (Zhuang et al., 2022). Glu and Asp

could play roles in the nucleotide synthesis and further trigger the

generation of inosinic acid (Kurihara, 2015). Therefore, the

contents of Glu and Asp were significantly increased after CVE

sup plementation which could be the explanation for the increase in

the inosinic acid content. Current research on algal additives has

revealed that algae contain various active substances, high protein

and low fat contents, and multiple vitamins, which, when

incorporated into feed, can contribute to enhancing the quality

and flavor of animal muscle (Ahmad et al., 2020).

Amino acids and inosine can also be used together as indicators

for evaluating the flavor of aquatic animal meat (Yamaguchi, 1998).

Research has shown that replacing fishmeal with C. vulgaris in the

deit of L. vannamei can effectively improve muscle quality (Li et al.,

2022). Application of a dietary lysine to feed can increase the

content of amino acids, fatty acids, and inosine in grass carp

muscle, thereby improving the muscle quality of grass carp

(Ctenopharyngodon Idella) (Tang et al., 2023). CVE as an extract

of C. vulgaris enriched with amino acids that has the same positive

effect. Subsequent comparative studies will be conducted on aquatic

animals by adding C. vulgaris and C. vulgaris extracts.

The activity of immune enzymes in the hepatopancreas

influences the metabolism and antioxidant capacity of shrimp and

can serve as an important indicator of the immune capacity of

aquatic animals. In the present study, ACP, AKP, and NOS enzyme

activities were the highest in the CVE 1% group, SOD and GSH-Px

increased with increasing CVE addition, and MDA content was the

lowest in the 0.5% CVE group. Hot water extracts of Chlorella can

stimulate or enhance the immune system of animals (Kotrbacek

et al., 2015). Previous studies have shown that the shrimp fed the

Panax ginseng polysaccharides (GSP) diet had significantly

increased ACP, AKP, T-SOD and GSH-Px activities in L.

vannamei (Liu et al., 2011). Increasing of ACP, AKP and NOS by

dietary CVE suggested that the CVE might contain some bioactive

substances involving in the regulating of fish immune response.

Immunostimulants obtained by hot water extraction of Chlorella

cells, such as the powerful antioxidants vitamin C, and

polysaccharides (Spolaore et al., 2006) have been observed to

increase the immune resistance of shrimp and fish (Maliwat et al.,

2016). Microalgae in general are considered as potential sources of

natural antioxidants (Tsao and Deng, 2004). Chlorella was also

reported to have a better activity in inhibiting lipid peroxidation

and have antioxidant property (Bengwayan et al., 2010). Research

has shown that supplementing Atlantic salmon feed with 10%

AquaArom enhances the activities of SOD and other antioxidant

enzymes while reducing temperature responsiveness (Kamunde

et al., 2019). The activity found that The addition of 10%

Chlorella powder to feed promoted a significant increase in SOD

content and a reduction in MDA content in rainbow trout (Chen

et al., 2021), possibly attributing to the antioxidant activity of

polyphenols and flavonoids in the Chlorella (Shibata et al., 2003).

Research has shown that adding amino acids to feed can enhance

the antioxidant capacity, non-specific immune ability, and ability to
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resist adverse environments of aquatic animals (Oehme et al., 2010;

Cheng et al., 2012). In this study, the addition of CVE significantly

increased the amino acid content in L. vannamei. This indicates that

CVE as a feed additive can accelerate liver metabolism and reduce

lipid peroxidation and enhances antioxidant capacity of

L. vannamei.

The most economical and effective CVE additive (1%) was

selected for ammonia nitrogen stress experiments on L. vannamei

to verify its protective effect of CVE as a feed additive on the

organismal immunity of L. vannamei. Among the shrimp exposed

to NH3-N stress, we found that the activities of ACP and AKP in

those fed the supplemented diet were invariably higher than those

in the control group after 6 h. The MDA content in the control

group was characterized by an initial decline and subsequent

increase, and when measured at 24 h, MDA levels in the 1%

CVE group were found to 3 be significantly lower than those in the

control group (P < 0.05), with an overall contrasting trend of an

initial increase and subsequent decline. Moreover, when measured

at 3 h, we detected a significantly higher level of NOS activity in

shrimps fed the supplemented diet compared with those in the

control shrimps (P<0.05), with the levels of activity reaching a

maximum at 12 h. Whereas the research found that NOS activity

in L. vannamei initially increased and subsequently declined in

response to exposure to heat stress (Jia et al., 2014). These authors

similarly observed initial increases and subsequent declines in

NOS activity in shrimps exposed to 0.1 mg/L NH3-N stress,

whereas in response to treatment with 0.5 mg/L NH3-N, they

detected a significant reduction in NOS activity, a reduction in

SOD activity, and increases in the content of MDA (Jia et al.,

2017). When shrimp are stimulated by environmental factors it

leads to disruption of the body’s antioxidant system. Excessive

non-ionic ammonia can cause metabolic disorders in aquatic

animals, affecting their ionic regulation ability and damaging

cellular structure to cause harm to the organism (Chen et al.,

1988; Cheng and Chen, 2001). When exposed to oxidative stress,

organisms deploy various antioxidative defense mechanisms,

including enzymatic (e.g., SOD and glutathione peroxidase) and

non-enzymatic (e.g., MDA) (Al-Ghanim et al., 2020). This is

similar with previous reports that dietary Chlorella improved

survival rate of L. vannamei under hypoxia challenge (Pakravan

et al., 2017).The shrimp fed the CVE diet may contribute to these

specific enzymes involved in immunological activity to enhance

ammonia nitrogen stress resistance. CVE, as a feed additive,

enhanced the antioxidant capacity and detoxification activity of

L. vannamei in the treated group compared to those in the

control group.

Research has shown that the addition of calcium pyruvate to

feed impairs glucose utilization in L. crocea, as evidenced by the

elevated plasma glucose levels and reduced activities of enzymes

associated with glucose metabolism (HK, PFK, PK, and PDH) in the

liver and muscles (Zhang et al., 2023). In the present study, we

found that the muscle activities of HK, LDH, and SDH showed

similar trends in the control and treatment groups, whereas the KH

activity increased to different extents during the early stage of

treatment. In contrast, the activity of PK in the muscle was
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characterized by a declining trend in the control group shrimp and

an initial decline and subsequent increase in shrimp fed the

supplemented diet, thereby indicating the enhanced blood glucose

regulatory capacity of these shrimp. In response to the imposition of

nonionic ammonia stress, we detected a decline in LDH activity in

the muscle of L. vannamei when measured at 6 h, which implies an

initial gradual attenuation of anaerobic respiration in these shrimp,

although we detected a subsequent recovery of activity at the 12-h

time point. The vigor of shrimp fed a supplemented diet was found

to be significantly higher than that of the control group shrimp,

which is presumed to be associated with the effects of CVE in

regulating metabolic levels in L. vannamei, thus contributing to the

enhancement of the anaerobic respiratory capacity of these shrimp

when exposed to stress conditions. A similar pattern of response

was observed for SDH following exposure to non-ionic ammonia

stress, with activities in the muscle of the control group shrimp

characterized by a declining trend over time, whereas an initial

decline in activity followed by a subsequent increase was detected in

shrimp fed the supplemented feed. These findings indicate the

higher aerobic respiratory capacity of shrimp in the 1% CVE

group and an inhibition of aerobic respiration in the control

group, which could be ascribed to tissue hypoxia in these control

shrimp. Consumption of a diet supplemented with 1% CVE was

found to promote the immune capacity of these shrimps, which,

compared with those in the control group, incurred less damage

when exposed to non-ionic ammonia stress conditions.

The indicator for determining shrimp stress and health status is

the immunological enzyme activity. In terms of immune response,

we We added different proportions of CVE and selected the most

economical and effective 1% CVE as the feed additive and to verify

its promoting effect on the immunity of L. vannamei under

ammonia nitrogen stress. CVE can enhance the activity of

immune enzymes and antioxidant enzymes in L. vannamei.The

study has found that adding C. vulgaris to feed can enhance the

immunity of L. vannamei and immune biomarker responses,

leading to disease resistance in cultured shrimp (Eissa et al.,

2024);. CVE as the extract of C. vulgaris has a positive role in

enhancing the immunity of L. vannamei.
5 Conclusions

Our findings indicate that supplementing the feed of the shrimp

L. vannamei with CVE may contribute to improving muscle nutrient

composition, antioxidant capacity, and non-specific immunity and

that under conditions of NH3-Nstress, a diet supplemented with 1%

CVEmay be beneficial in protecting tissues from the adverse effects of

oxidative stress and, to a certain extent, reduce lipid peroxidation.

However, supplementation of feed with higher levels of CVE did not

appear to be conducive to conferring further beneficial effects. In this

study, we obtained evidence indicating that supplementary CVE have

a significant influence on the nutrient composition and immune

response capacity of L. vannamei. In terms of shrimp health, our
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findings provide a valuable scientific basis for enhancing the quality

of aquaculture environments and important insights into the

mechanisms underlying the beneficial effects of CVE on the

physiology and ecology of aquatic invertebrates. Moreover, these

findings will contribute to the further development of microalgal

resources and aquaculture applications of CVE.
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