

[image: Effects of replacing fish meal with pork meal and supplementing with crystalline amino acids and fish oil on growth performance, body composition, enzyme activity, intestinal morphology, and immune response of Penaeus monodon]
Effects of replacing fish meal with pork meal and supplementing with crystalline amino acids and fish oil on growth performance, body composition, enzyme activity, intestinal morphology, and immune response of Penaeus monodon





ORIGINAL RESEARCH

published: 08 November 2024

doi: 10.3389/fmars.2024.1489436

[image: image2]


Effects of replacing fish meal with pork meal and supplementing with crystalline amino acids and fish oil on growth performance, body composition, enzyme activity, intestinal morphology, and immune response of Penaeus monodon


Qiuchi Chen 1,2,3, Chunxiao Zhang 2,3, Biao Yun 1, Sheng Wang 1, Jun Ma 1 and Xueqiao Qian 1*


1 Livestock and Fisheries Research Center, Guangdong Haid Group Co., Ltd., Guangzhou, Guangdong, China, 2 State Key Laboratory for Mariculture Breeding, Fisheries College of Jimei University, Xiamen, China, 3 Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation, Fisheries College of Jimei University, Xiamen, China




Edited by: 

Songlin Li, Shanghai Ocean University, China

Reviewed by: 

Sofia Priyadarsani Das, National Taiwan Ocean University, TaiwanSlađan Pavlović, University of Belgrade, Serbia

*Correspondence: 

Xueqiao Qian
 qxq@haid.com.cn


Received: 01 September 2024

Accepted: 10 October 2024

Published: 08 November 2024

Citation:
Chen Q, Zhang C, Yun B, Wang S, Ma J and Qian X (2024) Effects of replacing fish meal with pork meal and supplementing with crystalline amino acids and fish oil on growth performance, body composition, enzyme activity, intestinal morphology, and immune response of Penaeus monodon. Front. Mar. Sci. 11:1489436. doi: 10.3389/fmars.2024.1489436






Introduction

The present study aimed to evaluate the effects of substituting fish meal with pork meal in feed on the growth performance, feed utilization, intestinal morphology, and immune function of Penaeus monodon.





Methods

A total of 600 uniformly sized juvenile shrimp with an initial weight of 1.20 ± 0.03 g were randomly assigned to four groups, with each group consisting of six replicates of 25 shrimp each. Fish meal protein was replaced with 0%, 5%, 10%, and 15% pork meal, and crystalline amino acids and fish oil were supplemented accordingly. The groups were designated as P0, P5, P10, and P15, and the study duration was 70 days.





Results

Results indicated no significant difference in specific growth rate (SGR) between the P5 and P10 groups compared to the P0 group. However, the SGR in the P15 group was significantly lower than that in the P5 and P10 groups. Feed conversion rates (FCRs) for the P5 and P10 groups were comparable to the P0 group, whereas the P15 group showed a significantly higher FCR than the other groups. There were no significant differences in whole body composition among all the groups. Apart from alanine, the amino acid composition of muscles did not differ significantly among all the groups. Results of enzyme activity in plasma revealed that the replacement of fish meal with pork meal reduced levels of aspartate aminotransferase (AST) and superoxide dismutase (SOD). Specifically, levels of AST in the P5 and P15 groups were significantly lower compared to the P0 and P10 groups. Histological examination of midgut tissues showed that villus height initially increased and then decreased with higher replacement ratios. The P5 group had the highest villus height, while the P15 group had the lowest villus height. Analysis of gene expression related to liver immune functions indicated that genes in TLR signaling pathway were significantly elevated in the P15 group compared to the other groups.





Discussion

In conclusion, even with the supplementation of crystalline amino acids and fish oil, pork meal should not replace more than 10% of fish meal in the feed of P. monodon to maintain optimal growth and feed efficiency.
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1 Introduction

In the shrimp aquaculture industry, feed costs constitute 50%–60% of the total expenses, with fish meal comprising 30%–40% of the feed (Li et al., 2023). Aquaculture expansion increases demand for fish meal. However, due to natural disasters and overfishing impacts, supplies of fish meal persistently decrease, with prices of fish meal escalating annually. This leads to rising feed costs for shrimp, significantly hindering the sustainable growth of aquaculture. Consequently, identifying new high-quality protein sources to replace fish meal has emerged as a focal point in shrimp feed nutrition research.

Penaeus monodon, popularly known as grass shrimp and black tiger shrimp, is distinguished by its large size, broad salt tolerance, resistance to high temperatures and low oxygen, and strong disease resistance among other traits (Liu et al., 2021). It is one of the three major shrimp species farmed globally. Currently, numerous studies have focused on replacing fish meal with various animal and plant protein sources in the diet of Litopenaeus vannamei (Cummins et al., 2017; Fang et al., 2016; Molina-Poveda et al., 2017; Sun et al., 2016; Valle et al., 2015; Toyes-Vargas et al., 2017). However, nutritional requirements of P. monodon are quite different from those of L. vannamei (Jiang et al., 2013; Zhang et al., 2011; Richard et al., 2011; Sriket et al., 2007). Consequently, a protein source that is appropriate for replacing fish meal in the feed of L. vannamei may not be suitable for P. monodon. Current research on alternative protein sources to fish meal in the feed of P. monodon mainly involves fermented copra meal (Apines-Amar et al., 2016), soybean meal (Lim and Dominy, 1990), microbial biomass products (Glencross et al., 2014), lupin meal (Sudaryono et al., 1999), and several seaweed meals (Simon et al., 2020; Nguyen Thi Ngoc et al., 2018). A substantial number of animal and plant protein sources have not been evaluated for the effectiveness in the feed of P. monodon.

Pork meal is a solid protein ingredient derived from fresh pork offal meat after oil extraction. It boasts high protein and lipid content, while it is affordable and has broad sourcing (Qiu et al., 2015). Common pork meal contains 70.0% crude protein and 8.0% ash, respectively. Under the same weight, the price of pork meal is only approximately 40% of that of fish meal. Due to the existence of homologous viruses and animal ethics, pork meal is forbidden to be added in pig diets, but it is not specified in other animals, so it could replace a certain proportion of fish meal in aquatic feed. The effectiveness of pork meal in feed of aquatic animals has been assessed in species such as L. vannamei (Qiu et al., 2015), Chinese mitten crab (Zhu et al., 2018), tilapia (Hernandez et al., 2010), and Furong crucian carp (Cheng et al., 2020), while its use in the feed of P. monodon has not been documented. Compared to fish meal, pork meal exhibits an imbalanced amino acid profile, which may reduce digestion and absorption rates of feed. Furthermore, due to its high lipid saturation and ash content, substituting a significant proportion of fish meal with pork meal can result in less palatability (Chang et al., 2005; Zhang et al., 2008). In addition, a high proportion of substitutions may compromise the liver and intestinal health of the cultured animals (Robaina et al., 1997). Consequently, it is essential to employ suitable nutritional strategies to mitigate the adverse effects associated with substituting fish meal with pork meal.

Thus, substituting fish meal with pork meal combined with targeted nutritional measures, may effectively mitigate the shortage of fish meal resources and cut down feed costs. The present study may offer a theoretical foundation for the development of efficient and environment-friendly formula feed for P. monodon, fostering the healthy and sustainable growth of its aquaculture industry.




2 Materials and methods



2.1 Experimental feed

Four isoproteic and isolipidic diets were formulated by replacing fish meal protein with 0%, 5%, 10%, and 15% pork meal (Table 1). According to the different substitution ratios of pork meal, four experimental groups were named P0, P5, P10, and P15. All raw materials were crushed and passed 300 μM grading screen; then, the ingredients, excluding fish oil, soybean oil, and soybean lecithin, were mixed according to the principle of gradual amplification, as outlined in the feed formula provided in Table 1. Finally, fish oil, soybean oil, and soybean lecithin were added for further mixing. After adding an appropriate amount of water, the mixture was pelleted by a granulator. The pelleted feed was dried in an oven at 45°C for 12 h. All feeds were stored in a −20°C refrigerator during the experiment.


Table 1 | Composition of experimental diets for Penaeus monodon containing pork meal as a substitute for fish meal.






2.2 Breeding experiment

Juvenile P. monodon were provided by Hai xingnong Seed Co., Ltd. (Zhan Jiang, China). Before the experiment officially started, juvenile P. monodon were fed with commercial feed for 7 days. Subsequently, 600 healthy and vigorous juvenile shrimps with an initial weight of 1.20 ± 0.03 g were selected and randomly divided into four groups with six replicates in each group and 25 shrimps in each replicate. The present experiment was carried out in an indoor recirculating aquaculture system, consisting of 24 aquaculture drums. The breeding experiment lasted for 70 days. During the experiment, shrimps were fed three times daily (8:00, 12:00, and 16:00). The feeding situation was observed 1.5 h after feeding. The amount of feed in each replicate was adjusted according to the feeding situation. During the experiment, the dissolved oxygen content in the water was 4.5–5.3 mg/L, the ammonia nitrogen content was 0–0.2 mg/L, and the water temperature was 27°C–29°C.




2.3 Sample collection

After the breeding experiment, the survival prawns, total weight, and total feed amount of P. monodon in each barrel were counted for calculating survival rate (SR), weight gain rate (WGR), SGR, and FCR. Samples were taken after P. monodon was starved for 24 h. Three prawns were randomly selected from each barrel to measure their body length and weight for calculating condition factor (CF). A total of 12 prawns (two prawns per barrel) were randomly selected from each experimental group and stored at −20°C for body composition analysis. A total of 12 prawns (two prawns per barrel) were randomly sampled from each experimental group, and their muscle tissues were stripped and stored at −80°C for amino acid composition analysis. Six prawns (one prawns per barrel) were randomly selected from each experimental group, and the midgut was dissected and cut, fixed in Bonn’s solution, and used for preparing intestinal tissue sections. A total of 12 prawns (two prawns per barrel) were randomly selected from each experimental group; then, blood was collected with a 1-ml needle soaked in sodium heparin, after centrifuging at 3,000 rpm for 15 min at 4°C, and the supernatant serum was aspirated and stored at −80°C for detection of serum biochemical indicators. A total of 18 prawns (three prawns per barrel) were randomly selected from each experimental group, and the hepatopancreas was dissected and cut, and frozen at −80°C for gene expression detection.




2.4 Growth performance calculation

	

	

	

	

	




2.5 Analysis of shrimp body composition

The moisture, crude protein, lipid, and ash contents of P. monodon were analyzed by Association of Official Analytical Chemists (AOAC) method. The moisture content was determined by drying constant weight method (105°C, 72 h). The contents of crude protein and lipid were detected by Kjeldahl method and Soxhlet extraction method, respectively. The instruments used were a FOSS 2300 Protein automatic analyzer (FOSS, Sweden) and a Buchi 36680 fat extractor (Buchi, Switzerland). The crude ash content was determined in a box-type resistance furnace by 550°C burning method.




2.6 Analysis of muscle amino acid composition

Amino acid content of muscles was measured according to the GB/T14965-1994 in China: the sample was hydrolyzed for 22 h at 110°C with 6M HCl in sealed glass tubes filled with nitrogen. The hydrolyzed samples were taken, and the amino acid concentration was diluted to 50nM with 0.2N sodium citrate buffer, pH 2.2. The pH-adjusted samples were analyzed by a Biochrom 20 Automatic Amino Acid Analyzer (Holliston, USA). The content of tryptophan was determined by the colorimetric method of Basha and Roberts (Basha and Roberts, 1977) after alkaline hydrolysis of each sample. All determinations were performed in triplicate.




2.7 Analysis of serum enzyme activity

The activities of alanine aminotransferase (ALT), AST, SOD, and ceruloplasmin (CP) in serum were detected using the ALT Assay Kit, AST Assay Kit, T-SOD assay kit (Hydroxylamine method) and CP assay kit respectively (Jiancheng, Nan Jing, China). The operation steps were carried out according to the instructions.




2.8 Intestinal tissue section

After the midgut tissue was fixed with Bonn’s solution, it was dehydrated, transparent, dewaxed, and embedded in alcohol step by step, and then sectioned with a tissue microtome (Leica, Wetzlar, Germany) and stained with HE staining method. The sections were observed under a Nikon eclipse ti-s microscope (Tokyo, Japan). The intestinal absorption surface area was analyzed by ImageJ software.




2.9 RNA extraction and cDNA synthesis

After liver tissues were triturated, total RNA extraction was performed using Trizol (Takara, Tokyo, Japan). Then, the absorbance values of RNA at 230 nm and 260 nm were detected using a Nanodrop 2000 (Eppendorf, Hamburg, Germany). Finally, cDNA was synthesized using Primescript™ RT Reagent Kit (Takara, Tokyo, Japan).




2.10 Real-time quantitative Polymerase Chain Reaction

Real-time quantitative PCR (RT-qPCR) of target genes was performed by SYBR Green Real-Time PCR kit (Takara, Tokyo, Japan) in a fluorescence quantitative PCR machine (Bio-Rad, California, USA). In all treatments of the present experiment, no significant difference in 18s expression was found, suggesting that it could serve as a housekeeping gene. Quantitative results were analyzed by 2−ΔΔCT method (Livak and Schmittgen, 2001).




2.11 Statistical analysis

Statistical analyses were performed using SPSS 20.0. Data were presented as mean ± SEM. To determine significant differences among treatment groups, Tukey’s test was applied for post-hoc analysis following one-way ANOVA. A significance level of p< 0.05 was established for all tests. Assumptions of normality and homogeneity of variances were verified prior to analysis.





3 Results



3.1 Growth performance

Results indicated that the SR remained unaffected among all groups, regardless of the substitution ratio of pork meal (Table 2). As the substitution ratio increased, the final weight, WGR, and SGR of P. monodon initially rose and then declined (Table 2). Substituting fish meal protein with 5% and 10% pork meal did not significantly affect these metrics in P. monodon but showed some improvement (Table 2). Conversely, substituting fish meal protein with 15% pork meal significantly reduced the final weight of P. monodon compared to the control group, with concurrent declines in the WGR and SGR, although these differences were not statistically significant. Regarding FCR, P5 and P10 groups showed no significant difference in feed coefficient from the P0 group, whereas the P15 group exhibited a significant increase. No significant differences were observed in CF of P. monodon among all groups (Table 2).


Table 2 | Effects of replacing fish meal protein with pork meal and supplementing crystal amino acids and fish oil on growth performance and feed utilization of Penaeus monodon..






3.2 Whole body composition and amino acid composition of muscle

There were no significant differences in moisture, crude protein, crude lipid, and ash content of whole shrimp among the four groups (Table 3). In addition, the analysis of amino acid composition of the muscle revealed that there was no significant difference in the content of amino acids except alanine among four groups. As the substitution level increased from 0% to 10%, the alanine content in the muscle gradually rose, with the P10 group showing a significantly higher level than the P0 group. However, in the P15 group, the alanine content in the muscle significantly decreased (Table 4).


Table 3 | Effects of replacing fish meal protein with pork meal and supplementing crystal amino acids and fish oil on body composition of Penaeus monodon.




Table 4 | Effects of replacing fish meal protein with pork meal and supplementing with crystal amino acids and fish oil on the amino acid composition of in the muscle of Penaeus monodon.






3.3 Enzyme activity in serum

Results revealed that substituting fish meal protein with 5%, 10%, and 15% pork meal did not significantly affect the ALT, SOD, and CP enzyme activities in the serum of P. monodon. However, SOD enzyme activity was lower in all three substitution groups compared to the P0 group. AST enzyme activity was also reduced in the substitution groups compared to the control, with significantly lower activity in the P5 and P15 group (Figure 1).




Figure 1 | Effects of replacing fish meal protein with pork meal and supplementing with crystal amino acids and fish oil on the activity of hemolymph enzymes in Penaeus monodon. ALT, alanine aminotransferase; AST, aspartate aminotransferase; SOD, superoxide dismutase; CP, copper blue protein; P0, 0% pork meal replacement group; P5, 5% pork meal replacement group; P10, 10% pork meal replacement group; P15, 15% pork meal replacement group. The error line represents the standard error of the mean (n=6), and different letters indicate significant numerical differences (p<0.05).






3.4 Intestinal tissue morphology

Compared with the P0 group, the replacement of fish meal protein with 5%, 10%, and 15% pork meal changed the histomorphology of the midgut of P. monodon (Figure 2). The height of intestinal villi in the P5 group was the highest and significantly higher than that in the P0 and P15 groups. Although there was no significant difference in the height of intestinal villi between the P10 group and the P0 group, there was also an upward trend, and it was significantly higher than that in the P15 group. In contrast to the results of the P5 and P10 groups, the height of intestinal villi in the P15 group was the lowest among four groups and was significantly lower than that of the other three groups (Figure 3).




Figure 2 | Effect of replacing fish meal protein with pork meal and supplementing with crystal amino acids and fish oil on the intestinal tissue morphology of Penaeus monodon. P0, 0% pork meal replacement group; P5, 5% pork meal replacement group; P10, 10% pork meal replacement group; P15, 15% pork meal replacement group.






Figure 3 | Effect of replacing fish meal protein with pork meal and supplementing with crystal amino acids and fish oil on the intestinal villus height of Penaeus monodon. P0, 0% pork meal replacement group; P5, 5% pork meal replacement group; P10, 10% pork meal replacement group; P15, 15% pork meal replacement group. The error line represents the standard error of the mean (n=7), and different letters indicate significant numerical differences (p<0.05).






3.5 Expression of immune-related genes in hepatopancreas

The results of gene expression revealed that the expression of Toll, myeloid differentiation primary response gene 88 (MyD88), tumor necrosis factor receptor associated factor 6 (TRAF6), and heat shock protein 70 (HSP70) remained stable initially and then increased with the rising substitution ratio, peaking in the P15 group. There was no significant difference in the expression of immune-related genes in the P5 and P10 groups compared with the P0 group. While the expression of myd88 and traf6 in the P15 group was significantly elevated compared with the P10 group. Although there was no significant difference in the expression of toll and hsp70 between the P15 group and the P0 group, a rising trend was found (Figure 4).




Figure 4 | Effect of replacing fish meal protein with pork meal and supplementing with crystal amino acids and fish oil on the immune gene expression of hepatopancreas in Penaeus monodon. MyD88, myeloid differentiation primary response gene 88; TRAF6, tumor necrosis factor receptor associated factor 6; HSP70, heat shock protein 70. P0, 0% pork meal replacement group; P5, 5% pork meal replacement group; P10, 10% pork meal replacement group; P15, 15% pork meal replacement group. The error line represents the standard error of the mean (n=7), and different letters indicate significant numerical differences (p<0.05).







4 Discussion

Since the mid-twentieth century, rendered animal protein meals have been used in animal feeds (Tacon, 2020). Pork meal is an animal protein source with a wide range of sources and relatively low price. To date, the effect of pork meal in the feed of P. monodon has not been evaluated.

Hernandez et al. found that while replacing up to 40% of fish meal protein with pork meal did not significantly inhibit the SGR of L. vannamei, overall growth performance still showed a downward trend as the replacement ratio increased (Hernandez et al., 2008). In contrast to this study, the present study demonstrated that a low proportion of pork meal substitution promoted the growth of P. monodon. Lim et al. indicated that pork meal is rich in protein and lipids, making it suitable for formulating feeds for certain carnivorous fish species (Lim et al., 2021). Given that P. monodon is primarily carnivorous, this may explain why pork meal is well-suited for this species. Additionally, the study of Hernandez et al. did not include the supplementation of fish oil and crystalline amino acids (Hernandez et al., 2008). In the present study, the inclusion of crystalline amino acids helped balance the amino acid profile, thereby enhancing protein absorption of feeds. A past study have suggested that the slow growth observed when replacing fish meal with alternative animal protein sources may be attributed to the reduced content of unsaturated fatty acids due to lower fish oil levels in the feed (Ma et al., 2020). The high levels of saturated fatty acids in pork meal have also been identified as a contributing factor to decreased growth performance (Fei, 2017). Therefore, the supplementation of fish oil in the present study, which provided polyunsaturated fatty acids such as EPA and DHA, may contributed to the observed growth promotion.

Similar to the findings of the present study, other studies have demonstrated that replacing fish meal with high proportions of pork meal can inhibit the growth of cultured animals. Huang et al. found that when pork meal replaced more than 30% of fish meal, the growth performance of Trachinotus ovatus was negatively affected (Huang et al., 2022). Hernandez et al. reported that substituting 40% of fish meal with pork meal reduced the growth rate of L. vannamei (Hernandez et al., 2008). Lee et al. observed that replacing more than 20% of fish meal with pork meal had a significant adverse impact on the growth and development of Sebastes schlegelii (Lee et al., 2024). The imbalance in amino acid composition and the low digestibility of pork meal are likely reasons why excessive replacement of fish meal negatively affects feed palatability. Additionally, in shrimp farming, the prolonged presence of feed in the water leads to the rapid dissolution of crystalline amino acids, making it difficult to maintain a balanced amino acid profile under high replacement levels.

Consistent with results about growth performance, in the present study, when the replacement level was <10%, there was no significant difference in the FCR of the feed compared to the control group, indicating that within this replacement range, the shrimp could effectively absorb and convert the nutrients. However, when the replacement level exceeded 10%, the FCR of the feed became significantly higher than that of the other groups. This phenomenon has also been observed in studies on Oreochromis niloticus (Hernandez et al., 2010), Furong crucian carp (Cheng et al., 2020). and Micropterus salmoides (Bian et al., 2022).

Regarding whole body composition of P. monodon, the present study found that different levels of pork meal substitution had no significant effect on the moisture, crude protein, and ash content of P. monodon. This result aligns with findings in L. vannamei (Qiu et al., 2015) and M. salmoides (Bian et al., 2022). Although there was no significant difference in crude lipid content across the four groups, the 15% substitution group exhibited slightly higher crude lipid levels compared to the other groups. This could be attributed to the higher lipid content in pork meal, which is rich in saturated fatty acids, potentially leading to excessive lipid accumulation due to less efficient lipid metabolism (Zhou et al., 2005).

Amino acid profiles in the muscle and other tissues are commonly used to assess the dietary amino acid utilization (Mambrini and Kaushik, 1995). Several studies on various species have shown that substituting FM with alternative protein sources, without amino acids supplementation, can lead to reduced levels of certain amino acids (Kari et al., 2022; Xu et al., 2022). In addition, the amino acid composition of the muscle, especially the level of flavor amino acids, can affect the flavor of the muscle of farmed animals (Espe, 2008), which then affect the economic benefits of breeding animals. In the present study, the muscle of P. monodon in the P10 group showed significantly higher alanine content compared to that in the P0 group. This increase can be explained by the higher alanine content in pork meal relative to fish meal (Hernandez et al., 2010), along with the fact that P. monodon in the P10 group did not show significant differences in FCR compared to the control group. However, in the P15 group, where FCR was significantly lower than that of the P0 group, the muscle alanine content was significantly reduced. In addition, the levels of umami amino acids such as glutamic acid, aspartic acid, phenylalanine, glycine, and tyrosine did not differ significantly among the four groups, suggesting that the substitution of fish meal with pork meal may not markedly affect the muscle flavor of P. monodon.

The intestine is the primary digestive organ in shrimp, and the height of intestinal villi is a key indicator of nutrient absorption capacity, as higher villi indicate a greater absorptive surface area (Mai et al., 2020). In the present study, when pork meal substitution was below 10%, the midgut villus height of P. monodon increased, which may partially explain why the low substitution groups did not show significant differences in growth performance and feed conversion efficiency compared to the control group. In contrast, in the P15 group, villus height was significantly reduced, which could be a contributing factor to the observed growth inhibition and increased feed conversion ratio in this group. Similar to these findings, Huang et al. reported that when pork meal replaced fish meal at a high level in the diet of T. ovatus (Huang et al., 2022), a decrease in villus height in the foregut and midgut was observed, indicating that excessive substitution level can alter the intestinal morphology, which consequently damage the digestive and absorptive capacity of the fish.

The levels of AST and ALT in the blood are primary indicators used to assess hepatopancreatic damage in shrimp (Zhang et al., 2019; Nyblom et al., 2004). These enzymes are predominantly located within the organelles of hepatocytes, and their elevated serum levels correspond with the extent of hepatocyte damage due to the excessive release of these active enzymes. In the present study, the levels of AST were significantly lower in all substitution groups compared to the control group, suggesting that substituting fish meal with pork meal reduced liver damage in P. monodon to some extent. Similar results were reported by Lee et al., where substituting fish meal with pork meal did not significantly affect serum ALT and AST levels in S. schlegelii. However, in that study, the levels of AST in all substitution groups were also lower than those in the control group (Lee et al., 2024).

The antioxidant capacity of the body reflects its ability to eliminate excess reactive oxygen species (ROS), which is critical for defending against oxidative stress and maintaining redox homeostasis. SOD is considered the primary defense against oxidative stress, as it catalyzes the conversion of superoxide anion (O2−) into oxygen (O2) and hydrogen peroxide (H2O2); the latter is subsequently converted into non-toxic water (H2O) by catalase (CAT) and glutathione peroxidase (GSH-Px) (Mai et al., 2020). In the present study, SOD activity in plasma decreased with increasing levels of pork meal substitution, indicating that excessive pork meal in the diet reduced the antioxidant capacity of P. monodon. This finding is consistent with that of Lee et al. (2024).

Previous studies have shown that replacing fish meal with a high proportion of pork meal can lead to immune and inflammatory responses in aquatic animals. As shown in the study of juvenile golden pompano, when more than 30% of fish meal in the feed was replaced by pork meal, Nf-κB signaling pathway was activated, significantly increasing the gene expression of pro-inflammatory cytokines IL-1β and IL-8 and reducing the expression of anti-inflammatory cytokines IL-10 and TGF-β (Huang et al., 2022). In the case of Macrobrachium rosenbergii, when the proportion of pork meal in the feed reaches 15%, the levels of immunoglobulin and lysozyme in the plasma were significantly reduced (Zhai et al., 2023). However, there has been no report on the effect of replacing fish meal with pork meal on the immune response of P. monodon. Therefore, the present study analyzed the impact of pork meal substitution for fish meal on the immune response of liver in P. monodon. Unlike vertebrates, which possess a well-developed immune system, invertebrates primarily rely on their innate immune system to defend against pathogens (Li and Xiang, 2013). The Toll-like receptors (TLRs) pathway plays a crucial role in innate immunity, activating the expression of inflammatory factors via MyD88-dependent and MyD88-independent pathways (Medzhitov et al., 1997). Studies have shown that nutrients like fatty acids can regulate the expression of toll and the myd88 (Ding et al., 2018; Zuo et al., 2012). In addition, recent work has provided evidence that endogenous HSPs, which are thought to be released from dying infected cells, can increase the activation of innate immune responses via interactions with Toll-like receptors (Osterloh et al., 2004; Asea et al., 2002; Akira et al., 2006). In addition, studies in L. vannamei showed that the gene expression of hsp70 was significantly upregulated in shrimp infected with Vibrio alginolyticus and Vibrio parahaemolyticus (Zhou et al., 2010; Junprung et al., 2019). In the present study, it was found that a 15% pork meal substitution for fish meal significantly upregulated the expression of myd88 and its downstream gene traf6, indicating an enhanced immune response in this group. The expression of hsp70 also increased in P15 group compared with P0 group. The results indicated that when the proportion of pork meal in the diet of P. monodon reached 15%, the innate immune response of shrimp was activated. This may be due to compromised digestion and absorption, leading to weakened shrimp and increased susceptibility to pathogens in the surrounding water environment.

In conclusion, the present study found that substituting up to 10% of fish meal with pork meal, along with the corresponding supplementation of fish oil and crystalline amino acids, did not adversely affect the growth performance, body composition, muscle amino acid composition, and liver and intestinal health of P. monodon. However, when the substitution level reached 15%, significant growth inhibition, increased feed conversion ratio, and adverse effects on intestinal morphology were observed.
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Data were presented as mean + SEM, there is no significant difference between data bearing same letter.
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“Number in the diet identifier indicates replacement level of fish meal protein with pork meal
protein (e.g. P5 = 5% pork meal).
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