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Saponin in white shrimp Penaeus vannamei diet possible cause of hemocytic 
enteritis, a negative effect in growth performance and survival
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A B S T R A C T

The optimization of production techniques and intensification 
of shrimp culture has led to diversified nutrition and health 
strategies. While the inclusion of additives to improve results 
is common, they must be properly evaluated. This study 
aims to perform a comprehensive evaluation of saponin on 
juvenile white shrimp (Penaeus vannamei). Four saponin 
concentrations (0 %, 2 %, 4 %, and 6 %) were included in a 
commercial diet and fed to shrimp for 28 days under controlled 
culture conditions. The diet without saponin (0 %) showed the 
most significant difference results (p < 0.05) when compared to 
the other concentrations. Survival rates decreased as saponin 
inclusion increased, along with the observed digestive tract 
damage (0 % > 2 % > 4 % > 6 %). Contrary to expectations, 
the evaluated concentrations in this study did not produce 
improvements in shrimp; instead, they resulted in problems in 
the digestive tract. Furthermore, greater fungi proliferation was 
observed in the diet with higher saponin inclusion. 
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R E S U M E N

La optimización de técnicas de producción e intensificación en la camaronicultura han 
diversificado las estrategias en nutrición y salud. La inclusión de aditivos para mejorar resultados 
es cada vez más común y es de gran importancia evaluarlos adecuadamente. Este estudio 
realizó un análisis integral sobre el efecto de saponina en juveniles de camarón blanco Penaeus 
vannamei. Se incluyeron 4 concentraciones de saponina (0 %, 2 %, 4 % y 6 %) en una dieta 
comercial y se alimentaron durante 28 días bajo condiciones controladas de cultivo. El alimento 
sin saponina (0 %) mostró los mejores resultados, el crecimiento fue significativamente diferente 
(p <0.05) respecto a las demás concentraciones. La sobrevivencia mostró reducción conforme la 
inclusión de saponina se incrementó, al igual que el daño en tracto digestivo (0 % > 2 % > 4 % > 6 
%). Las concentraciones evaluadas en este estudio no produjeron mejoras en los camarones, por 
el contrario, provocaron problemas en su tracto digestivo y en el alimento con mayor proliferación 
de hongos a mayor inclusión de saponina.

PA L A B R A S  C L AV E : Nutrición, Penaeus vannamei, saponinas, histopatología, enteritis 
hemocítica.

Introduction

During the last decade, diseases have significantly affected shrimp farming, leading 
to substantial losses worldwide (Abdel-Latif et al., 2023; Flegel, 2019). Strategies such as 
improvements in biosecurity, health management, and genetic selection have been implemented, 
notably reducing the risks of infectious outbreaks (Alday-Sanz et al., 2018). However, despite 
these efforts, controlling and preventing the spread of certain diseases remains challenging. 
This is particularly evident in the cases of white spot syndrome disease (WSSD) and acute 
hepatopancreatic necrosis disease (AHPND), which continue to cause significant losses due 
to the lack of efficient treatments (Han et al., 2019; WOAH, 2021). Given this background, 
nanotechnology and bioactive substances from natural extracts are being explored as additives 
in specialized foods to promote stress tolerance in shrimp farming and combat diseases, showing 
promising results (Abdel-Latif et al., 2023; Sharawy et al., 2022; Tacon, 2017).

Improvements in animal health under optimal nutritional conditions promote favorable 
performance under adverse culture and management conditions in organisms in general (Servin 
et al., 2021). Given the trend of using vegetable protein in aquaculture (El-Naby et al., 2023), 
particularly in shrimp diets, evaluating sublethal effects that could affect intestinal homeostasis 
and lead to deterioration in their health is vital. This is because soybean or sunflower flours contain 
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considerable saponins amounts in their composition (Jannathulla et al., 2018), which could pose a 
health risk for organisms if not considered during the diet formulation. Similarly, some phytogenic 
products containing essential oils, amino acids, organic acids, steroids, and/or triterpenes have 
been evaluated as dietary supplements for similar purposes (Abdel-Latif et al., 2023; Francis et 
al., 2002; Kesselring et al., 2021).

The particular case of saponins, which are present in plants, has shown that their biological 
activity produces benefits in humans when moderately consumed. However, in other animals, 
beneficial, adverse, and even detrimental effects have been reported (Bureau et al., 1998; Francis 
et al., 2002; Francis et al., 2005; Wang et al., 2022). Bureau et al. (1998) observed that the 
addition of 1.5 and 3.0 g of Quillaja saponins per kg of feed for chinook salmon (Oncorhynchus 
tshawytscha) and rainbow trout (Oncorhynchus mykiss) decreased growth and caused damage 
to the intestinal tract. Conversely, in white shrimp (P. vannamei), saponins have been attributed 
with benefits in growth, improvements in digestive processes, intestinal microbiota modulation, 
immune system stimulation, and/or increased survival; however, the benefit in promoting digestive 
tract health was limited (Akbary et al., 2023; Servin et al., 2021). Huang et al. (2022) evaluated 
the effect of bioactive compounds in the culture water with shrimp, concluding that adding them 
once a week over 70 days improved the specific growth rate and average daily growth, with no 
differences in survival compared to the control group. Krogdahl et al. (2015) and Gopan et al. 
(2020) reported that in diets with low saponins concentration, the immune system was stimulated, 
but at high concentrations, growth was affected and damage to the integrity of the intestinal mucosa 
occurred due to interactions with cell membranes. Recently, saponins have been identified as a 
causative agent of distal gut enteritis in salmon (Krogdahl et al., 2015). Given the scarcity of 
existing information on shrimp, this study aimed to comprehensively evaluate the effect of different 
concentrations of saponin extracts on juvenile white shrimp (P. vannamei).

Material and Methods

Inclusion of different saponin concentrations in commercial feed

Commercial feed (containing 35 % protein and 9 % lipids; Purina®) and saponin were 
pulverized using a Nixtamatic® grinder. They were then mixed with a household blender (Blazer 
home®) to create four different saponin treatments. Initially, one treatment did not include saponin, 
while the other three were supplemented with 20, 40, and 60 g/Kg of saponin, resulting in 
concentrations of 0 %, 2 %, 4 %, and 6 %, respectively. Subsequently, each mixture was combined 
with 250 mL of water to form a homogeneous mass. Finally, the mixture was reconstituted into 
pellets using a meat grinder (Torrey®) and stored in Ziploc® bags under refrigeration at 4 °C, 
following the procedure outlined by Loya-Rodriguez et al. (2023).

Acclimatization of organisms

Juvenile white shrimp (P. vannamei) sourced from a local larval laboratory (El Rosario, 
coordinates: 22°54’28.3” N, 106°05’43.5” W) were acclimated in 300 L light gray fiberglass 
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tanks filled with filtered seawater (salinity 33.79 ± 0.5 g/L, temperature 29.90 ± 1.14 °C) and 
provided with constant aeration. Shrimp were fed to satiety three times a day. qPCR (IQ REAL™ 
Quantitative Systems) analyses were conducted on a representative sample from the batch to rule 
out the presence of white spot syndrome virus (WSSV), Taura Syndrome Virus (TSV), and acute 
hepatopancreatic necrosis disease (AHPND), following the methodology outlined by Dangtip et 
al. (2015).

Experimental design and system

After obtaining negative test results for the aforementioned diseases and completing the 
acclimatization period, a total of 640 juvenile shrimp weighing 0.23 ± 0.1 g and measuring 35.44 ± 
0.23 mm on average were randomly distributed into 16 experimental units (40 organisms per unit). 
Each unit consisted of round fiberglass tanks with a useful capacity of 50 L, featuring black walls 
and a white bottom. Each concentration (0 %, 2 %, 4 %, and 6 %) was tested in four replicates. 
The shrimp were fed three times a day (at 08:00, 12:00, and 16:00) for 28 days. Culture conditions 
included filtered water (10 µm), constant aeration using diffuser stones, and a photoperiod of 12 
hours of light followed by 12 hours of darkness. Before the first daily feeding, each experimental 
unit was siphoned to remove feces, uneaten food, or any waste material. Daily recordings were 
made of temperature (29.90 ± 1.14 °C), salinity (33.79 ± 0.5 g/L), and dissolved oxygen (3.18 ± 
0.7 mg/L) using a YSI 85 Multimeter. Other physicochemical parameters such as nitrite, nitrate, 
ammonium, and pH were measured using commercial kits (API Saltwater Master Test Kit). The 
reaction time of the shrimp to feeding was recorded at the moment they caught the pellet and 
began consuming it (consumption reaction).

At the end of the 28-day experimental period, individual tests were conducted on all shrimp 
across all concentrations and replicates. Subsequently, the following parameters were calculated: 

Growth (Pan et al., 2007) 

Specific Growth Rate (Stadtlander et al., 2013). 

Survival (Li et al., 2007)
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Histopathological analysis

The initial control involved randomly sampling 17 shrimp to assess their health before 
initiating feeding with the established saponin concentrations. On day 22 of feeding, a high mortality 
episode occurred, prompting the random collection of eight shrimp from each concentration 
(two shrimp per replicate) for fixation and subsequent histopathological analysis. Similarly, on 
day 28 of feeding, eight shrimp from each concentration were fixed in Davidson’s solution and 
processed histologically for evaluation. Each shrimp was longitudinally cut, and each section 
was dehydrated in ethanol solutions at 70 %, 80 %, 96 %, and 100 % before being embedded in 
paraffin wax following the method defined by Bell & Lightner (1988). Sections of 5 µm thickness 
were obtained from each shrimp using a manual microtome (Leica RM 2125RT), stained with 
hematoxylin-eosin-floxin, and mounted on slides (Lightner, 1996). Each sample was examined 
under an Olympus microscope (CX31) to identify tissue alterations. The histopathological 
condition observed in the controls (both before and after feeding) was used as a reference 
to detect tissue alterations and assess effects on shrimp health. Consequently, any observed 
alterations in the shrimp after feeding with different saponin concentrations were considered 
indicative of the saponin effect at the respective experimental concentration (Frías-Espericueta 
et al., 2008a).

Statistical analysis

Data obtained for initial weight and length, as well as final weight and length, were 
subjected to Kruskal-Wallis statistical analysis followed by a Dunn’s post hoc test. Gained 
weight, length increment, and specific growth rate data were analyzed using a one-way ANOVA 
with a Tukey post hoc test. Survival data were analyzed using a Kaplan-Meier test with a Holm-
Sidak post hoc test. All analyses were conducted with a 0.05 significance level using Sigma  
Plot software.

Results and Discussion

Crustaceans detect food through chemoreceptors (aesthetascs), so diets must be attractive 
for rapid identification and consumption (Junnathulla et al., 2021). In the present study, the feed 
with different inclusions was accepted by the shrimp; however, acceptance varied among the 
tested concentrations. The consumption reaction was immediate for the feed without saponin 
(0 %). Shrimp fed with the 2 % concentration exhibited a consumption reaction of < 2 seconds, 
while those fed with the 4 % concentration showed a reaction time of >4 seconds. Shrimp fed 
with the 6 % concentration had a reaction time of >15 seconds, and in some cases, the feed was 
not consumed. In this regard, Jumah et al. (2020) demonstrated in P. monodon that the inclusion 
of Quillaja saponin, at a concentration of 0.6 g/kg in the diet, affects attractiveness compared to 
food with lower inclusion levels. Similarly, Junnathulla et al. (2021) reported that the soybean 
meal inclusion in shrimp diets, which contains tannins and saponins, reduced feed attractiveness, 
leading to reduced consumption and response time. It has been reported that saponins can be 
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toxic to certain organisms, and their toxicity is concentration-dependent (Francis et al., 2002). 
Oncorhynchus tshawytscha and Oncorhynchus mykiss fed with diets supplemented with 1.5 and 
3.0 g/Kg of Quillaja saponin showed reduced consumption, growth suppression, and digestive 
tract damage (Bureau et al., 1998).

In this research it was observed that feed with 6 % saponin presented higher fungal growth 
when kept without adequate refrigeration, the high-purity saponin used for this study turned out to 
be highly hygroscopic (Figure 1).

Figure 1. Fungal growth in specialized shrimp feed with different concentrations of 
saponins included (0 %, 2 %, 4 % and 6 %).

According to the obtained results, the saponin addition to the shrimp diet did not influence 
the physicochemical parameters of the water under open flow conditions, as no significant variations 
were observed in the physicochemical parameters evaluated, and the values were within the 
recommended range for shrimp (Instituto Nacional de Pesca, 2018; https://www.gob.mx/inapesca/
acciones-y-programas/acuaculturacamaron-blanco-del-pacifico, March 2023). These results were 
expected due to the constant water flow, which allowed for a total replacement every 7.5 hours.

Weight and length data at the beginning (IW and IS, respectively) and at the end (FW and 
FS, respectively) of the evaluation were analyzed using a Kruskal-Wallis test (α=0.05), which 
indicated that the initial data did not show significant differences (p>0.05) between concentrations 
at the beginning of the test, but exhibited significant differences at the end (p < 0.05) (Table 
1). Data on weight gain (WG), length increment (SI), and specific growth rate (SGR % d-1) 
were analyzed using one-way ANOVA followed by Tukey’s post hoc analysis. The analysis of 
these results (Table 1) suggests that shrimp fed without saponin (0 %) exhibited higher growth 
in both weight and length (WG=0.82 g and SI=20.98 mm) compared to the 2%, 4%, and 6% 
saponin treatments. This finding aligns with previous studies by Jannathulla et al. (2018) with 
P. vannamei and Chen et al. (2011) with Japanese flounder, who reported a negative effect 
on the growth parameters of the organisms as saponin concentration increased, even when 

https://www.gob.mx/inapesca/acciones-y-programas/acuaculturacamaron-blanco-del-pacifico
https://www.gob.mx/inapesca/acciones-y-programas/acuaculturacamaron-blanco-del-pacifico
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dealing with saponin concentrations lower than those used in the present study (0.8 to 6.5 g/Kg). 
These results exhibit the tolerance and resilience of organisms to saponin concentrations of up 
to 20 g/Kg, without showing significantly different effects on survival compared to the control. In 
contrast, Huang et al. (2022) reported that P. vannamei juveniles treated weekly with different 
concentrations (0 to 5 mL/m3) of bioactive compounds based on saponins in the culture water 
showed better growth than untreated shrimp.

Table 1. Results of juvenile white shrimp Penaeus vannamei fed four 
concentrations of saponin (Conc.) for 28 days.

Conc IW (g) FW (g) WG (g/d) IS (mm) FS (mm) SI (mm/d) SGR (%/d) S (%)

0 % 0.23±0.01 1.05±0.43c 0.82±0.10c 35.06±4.79 56.04±8.19c 20.98±1.21c 5.44±0.31c 86.25±4.79c

2 % 0.24±0.01 0.78±0.38b 0.54±0.06b 35.54±5.01 50.96±7.83b 15.42±1.48b 4.19±0.33b 86.25±2.50c

4 % 0.24±0.01 0.61±0.36ª 0.37±0.05a 35.55±4.35 46.96±8.15ª 11.41±1.08a 3.36±0.28a 52.50±6.12b

6 % 0.24±0.01 0.71±0.33ab 0.47±0.10ab 35.48±5.58 50.73±7.38ab 15.25±1.56b 3.82±0.48ab 18.13±1.25a

 IW=initial weight; WG=weight gained; SI=increase in size; FS=final size; SGR=specific growth rate; S=survival. 
0 % = without saponin inclusion; 2 % = with 2 % saponin inclusion; 4 % = with 4% saponin inclusion and 6 % = 
with 6 % saponin inclusion. Letters indicate homogeneous concentrations obtained in the corresponding post 
hoc analyses (Dunn/Tukey/Holm-Sidak) where those with no significant differences between them (p > 0.05) 

share equal letters.

In the present study, an effect on shrimp survivability was observed depending on saponin 
concentration (Table 1), with significant differences (p < 0.05) distinguished in shrimp fed 0 % and 
2 % compared to other concentrations. The results indicate that survival decreased as saponin 
inclusion increased (0 % > 2 % > 4 % > 6 %), with the 6 % concentration exhibiting the highest 
mortality between days 8 and 14 of feeding, reaching 25 % mortality by day 11. Similar results 
were observed for the 4 % concentration by day 22. These two concentrations demonstrated 
markedly negative effects compared to the 0 % and 2 % concentrations. On day 28 of feeding, 
survival rates were 18.13 % for the 6 % concentration, and 52.50 % for the 4 % concentration, 
while for the 2 % and 0 % concentrations, they were 86.25 % (see Figure 2).
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Figure 2. Kaplan-Meier survival curve in Penaeus vannamei juveniles fed with 
different saponin concentrations (0 %; 2 %; 4 %, and 6 %). 

Letters indicate homogeneous concentrations obtained in the post hoc analysis (Holm-Sidak) where those with 
no significant differences between them (p > 0.05) share equal letters.

Histopathological evaluation

Before beginning saponin feeding, shrimp were observed to be healthy with a normal 
appearance and behavior, showing no disease signs, a condition that was confirmed by 
initial PCR analysis and histological evidence (Figure 3). No histopathological changes 
were observed in tissues or organs. All analyzed shrimp exhibited digestive tracts 
without damage to the stomach, intestine, or hepatopancreas (Figures 3a and b). The 
hepatopancreas appeared normal, without tubular epithelium damage, with an evident 
abundance of secretory vacuoles in B cells and lipid vacuoles in R cells (Figure 3b). The 
gills of all shrimp showed normal epithelium, except for 3 out of 17 shrimp evaluated, 
which exhibited focal necrosis in secondary filaments.
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Figure 3. Microphotographs of juvenile white shrimp Penaeus vannamei before 
being fed with different saponin concentrations included in the food. 

Middle intestine with epithelium (Ep) and muscular (Ms) layers without apparent pathological (a) and 
hepatopancreatic tubules with normal microanatomy. Hematoxylin-eosin-phloxin staining.

The effects of saponins on animal health depend on the species, compound origin, and 
exposure route (Couto et al., 2015). Meanwhile, the effect of saponins on the intestinal tract of 
animals has been attributed to increased permeability in intestinal cell membranes (Francis et 
al., 2005). In the present study, shrimp fed with added 4 % and 6 % of saponin developed severe 
midgut enteritis, while hepatopancreatic tissue (Figure 4) and zootechnical parameters, including 
survival at the end of the experiment, were affected. These results are consistent with Krogdahl 
et al. (2015), who reported that diets with concentrations between 2 and 10 g/Kg of soy saponins 
caused enteritis in salmonids, altering digestive and immunological functions, a condition closely 
related to obtained observations made in the present study. However, shrimp seem to exhibit 
greater tolerance to saponin inclusion in the diet compared to fish (Couto et al., 2015; Krogdahl 
et al., 2015; Yasir et al., 2021). From day 22, shrimp fed saponins (2 %, 4 %, and 6 %) showed 
damage to the intestine and hepatopancreas, including severe development of hemocytic enteritis 
in the midgut and tubular epithelium atrophy (Figure 4).
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Figure 4. Microphotographs of the intestine (a – d) and hepatopancreas (e – h) of 
juvenile white shrimp Penaeus vannamei fed for 22 days with inclusions of 0 % (a, 

e), 2 % (b, f), 4 % (c, g) and 6 % (d, h). a. 

Midgut without pathological changes in the epithelium (Ep) and muscle (Ms) layers; b. Intestine with mild 
hemocytic infiltration (arrow) and an epithelium with reduced size cells (arrowhead); c – d. Intestine with severe 
hemocytic enteritis damage (arrow); e. Normal hepatopancreatic tubules and abundant secretory vacuoles and 
lipids in B and R cells (arrows); f. Lipid-depleted tubules and secretory vacuoles in  R and B cells (arrow); g – h. 
Hepatopancreas with tubular epithelium atrophied (arrowhead) and few or no secretory vacuoles and lipids. 

Hematoxylin-eosin-phloxin staining.
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Shrimp fed without saponins (0 %) were observed without apparent pathological changes in 
the digestive tract (Figure 4a), and only 1 out of the 8 analyzed showed mild hemocytic infiltration. 
Intestinal damage was not severe with the inclusion of 2 % saponin compared to those fed 4 % 
and 6 % saponin. However, 3 out of the 8 analyzed showed incipient signs of enteritis, such as 
hemocytic infiltration in the muscle layer with slight modification in the intestinal epithelium height 
(Figure 4b). Hemocytic enteritis was observed in 5 out of the 8 and 7 out of the 8 shrimp analyzed 
at 4 % and 6 % concentrations, respectively (Figure 4c, d). These results differ from those reported 
by Huang et al. (2022), who observed that the addition of saponin-based extracts in the water did 
not significantly influence the structures of the digestive tract in shrimps. However, the thickness 
of the muscle layers and the height of the intestinal villi tended to be greater when compared to 
the control, possibly due to the selected administration route.

Although exposure to saponins has been associated with inflammatory processes in the 
digestive tract of fish (Bureau et al., 1998; Francis et al., 2002; Krogdahl et al., 2015), currently, 
there are no reports on the development of enteritis in P. vannamei shrimp fed diets containing 
saponins. Chen et al. (2011) observed negative effects on the intestinal tract of Japanese flounder 
fed concentrations of 3.2 and 6.4 g/Kg of saponin, finding decreased intestinal goblet cells, as well 
as hyperplasia of intestinal villi and decreased lamina propria in the intestinal mucosa as saponin 
concentrations increased. The negative effects of saponins are attributed to their astringent and 
irritant properties, which increase the permeability of intestinal cells, facilitating the entry of antigens 
and toxins (Böttger & Melzing, 2013; Francis et al., 2002; Knudsen et al., 2008). Alterations in the 
intestinal mucosa, such as increased intraepithelial lymphocytes and supranuclear vacuoles, were 
associated with sublethal effects by the inclusion of 1 and 2 g/Kg saponin in a diet for juvenile gilt-
head bream (Sparus aurata), potentially compromising function and/or predisposing to the entry of 
opportunistic pathogens (Couto et al., 2014). Recently, Huang et al. (2022) observed modifications 
in the tissue architecture of shrimp intestines cultured in waters treated with saponin products, such 
as the presence of supranuclear vacuoles and increased undulations of the intestinal epithelium, 
findings that differ from a healthy intestinal tract (Bell & Lightner, 1988). Similar results were 
obtained in this study, including incipient signs of inflammation in the submucosa and sections 
of epithelium with shape modifications, such as reduced epithelial cell height in shrimp fed 2 
% saponin, suggesting that these modifications could be associated with sublethal effects as 
mechanisms to maintain intestinal homeostasis.

In the present study, it was observed that the hepatopancreatic epithelium of shrimp 
exhibited affectation in its microanatomy, presenting damaged tubules with pyknotic cells, lipid 
reduction, and reduced secretory vacuoles in epithelial cells. Damage in the hepatopancreas and 
the number of affected shrimp increased in direct relation to the increase in the concentration 
of included saponin (Figure 4e - h). Shrimp fed without saponin (0 %) showed a normal tubular 
epithelium (Figure 4e), with abundant secretory vacuoles in B cells and lipid vacuoles in R cells, 
as observed in 6 out of the 8 analyzed shrimp. Only 2 out of the 8 shrimp presented minimal 
reductions in vacuoles in R cells. Shrimp fed 2 % saponin presented a tubular epithelium with 
reduced numbers of secretory vacuoles in B cells and lipid vacuoles in R cells, as observed in all 
8 of the analyzed shrimp (Figure 4f). In comparison, shrimp fed 4 % and 6 % saponin developed 
severe atrophy of the tubular epithelium, and vacuoles in R and B cells were absent in 2 and 5 
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out of the 8 analyzed shrimp, respectively (Figure 4g, h). Lipid depletion related to the saponins 
presence has already been documented in studies such as that by Jannathulla et al. (2018), who 
observed a decrease in cholesterol and triglycerides in the hemolymph related to the increase 
in the saponin percentage. These cell damage and lipid decrease are associated with the great 
capacity of saponins to alter cell membranes, interacting with cholesterol and, in some cases, 
causing alterations in cellular organelles (Schulz, 1990; Stewart et al., 2016).

At 28 days (end of the experiment), the treatments with 4 % and 6 % saponin caused 
shrimp to exhibit histopathological alterations similar to those found on day 22 of feeding, including 
intestinal damage manifested as hemocytic enteritis and atrophy of the tubular epithelium in the 
hepatopancreas (Figure 5a, b). Shrimp fed with 2 % and 0 % saponin showed midgut without 
epithelial damage in all 8 of the analyzed shrimps. However, 2 out of the 8 shrimp fed with 2 % 
saponin and 1 out of the 8 shrimp fed with 0 % saponin showed a slight reduction of lipid vacuoles 
at the hepatopancreas level and focal tubular necrosis.

Figure 5. Microphotographs of white shrimp juvenile Penaeus vannamei after 
feeding period (28 days).

 Intestine with severe hemocytic enteritis (a) shrimp fed 6 % and hepatopancreas (b) with atrophied tubular 
epithelium and scared secretor vacuoles and lipidic cells at day 28. Hematoxylin-eosin-phloxin staining.

In addition, it is important to consider that shrimp exposed to saponin-based compounds and 
pure saponin extracts added to the culture water also showed modifications in the microanatomy 
of the hepatopancreas, including a lower amount of reserve vacuoles (lipid vacuoles in R cells) 
and secretory vacuoles in B cells (Huang et al., 2022), as well as detachment of the basal lamina, 
degradation of hepatopancreatic tubules, and decreased exoskeleton roughness (Nagesh et 
al., 1999). This highlights the importance of further research to evaluate the sublethal effects of 
saponin on digestive tract microanatomy. Exposure to pathogens or toxic agents, including heavy 
metals exposure, has been implicated in causing hemocytic enteritis in shrimp (Lightner, 1996; 
Frías-Espericueta et al., 2008b). However, its pathogenesis remains unclear.
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Conclusions

In the present study, shrimp fed with saponin developed severe hemocytic enteritis and 
damage to the hepatopancreas directly related to the tested concentration. These results underscore 
the necessity for further research focused on evaluating the related pathogenic mechanisms. It 
is important to consider that the inclusion of ingredients in foods should be thoroughly evaluated, 
considering aspects such as the effect of the product on the organism and water, as well as the 
impact it may have on the physicochemical and organoleptic properties of the diet.
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