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	Project Summary (in non-proprietary lay language suitable to be shared publicly):

	Using soy protein as a fishmeal replacement in domestic aquaculture allows fish producers to decrease operational costs while retaining or enhancing growth performance. There has been tremendous success in integrating soy protein into diets for major aquaculture species (i.e., channel catfish, tilapia, and rainbow trout). There is also an interest in expanding this work to other species using feeds with high levels of fishmeal, such as largemouth bass (LMB). As the demand for this species grows, there is an opportunity to magnify soy protein utilization in this market segment. There is limited information on the response to soybean process variants and optimized inclusion levels for bass. Type and level of inclusion are integral for optimizing inclusion rates that benefit industry-relevant growth performance and health. The proposed project will evaluate soy protein process variants [soybean meal (SBM); fermented soybean meal (FSBM), and soy protein concentrate (SPC)] to investigate LMB growth and development, as well as histological, microbial, and immunological aspects of intestinal health. Together, this allows for the selection of the most appropriate soy ingredient source. The proposed research results are expected to add to the body of knowledge promoting soy-optimized feed formulations and build on existing literature to encourage the use of US-based products in the aquaculture industry. 

Primary Objectives: To evaluate the incorporation of soy protein ingredients in juvenile LMB diet formulations, we have initiated the following objectives: 
Objective 1: Determine growth performance in LMB fed soy protein 
Objective 2: Characterize gastrointestinal health following feeding with soy protein 
Objective 3: Discern changes to columnaris disease susceptibility following feeding with               
soy process variants 

This trial work will better define and compare soy protein sources as fishmeal replacements in LMB diets. This will, in turn, allow for more information to provide to feed formulators and increase the amount of soy in diets for a cultured species that is gaining momentum. In addition to the performance data, information on the intestinal integrity following feeding with these soy ingredients is also extremely valuable for extending insight into other fish species with commercial potential. 

	Detailed Project Status – Expand upon the above section. What key activities were undertaken and what were the key accomplishments during this reporting period?  List each key deliverable from the proposal and describe progress made (or not made) toward achieving it, including metrics were appropriate.

	Objective 1: Determine growth performance in LMB fed soy protein:  
Below in Fig. 1 are the results of the two-way repeated measures ANOVA representing changes by diet (T), time (t), and the interactions of diet and time (T × t) on LMB over the 14-week growth performance trial. [image: ]
Figure 1. Two-way repeated measures ANOVA results for tank biomass, tank biomass gained, relative growth, specific growth rate, food conversion ratio, and thermal growth coefficient of largemouth bass over the 14-week growth performance trial. 

Results showed no significant (p > 0.05) T × t interactions or dietary effects (T) for any of the industry-relevant growth performance or health metrics. Significant changes in growth performance and health were observed over time (p < 0.05).  Together, these results suggest that fish meal can be partially replaced by soybean protein in LMB.  

Objective 2: Characterize gastrointestinal health following feeding with soy protein:
The team has completed and analyzed data for the microbiome objective. Biological samples were collected from three LMB per tank for 16 tanks (N = 48). The samples included fecal extracts from anesthetized fingerlings. If the feces had passed at the time of fecal collection, the fish were euthanized with a more potent dose of MS-222, and a small section of intestinal tissue was collected. These samples were subjected to a 16S amplification of the V3-V4 regions of the DNA at an external lab in California, USA. Next, the results were further investigated at Auburn University to determine the most abundant bacterium down to the genera level found in the gut microbiome of the LMB fingerings following the growth performance trial among the different variants of soybean-based diets. These results can suggest how the different formulated diets with the variation of soybean protein added can affect the microbial communities and the overall gastrointestinal health of LMB. The alpha diversity model results show no significant differences in bacterium richness or evenness within each diets' microorganism community.The overall beta diversity results in the weighted unifrac model show a considerable difference in microbe communities' abundance (p = 0.042), with the largest difference being between soybean meal and soy protein concentrate (p = 0.015). The soybean meal protein source displayed no reports of any genera, as there may have been issues extracting the microbes’ DNA at the external lab. We are in communication with the external lab to obtain these results from their system’s archives to further investigate these results. 
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Figure 2. (a) Most abundant microbe community found in fecal and distal intestinal samples per each experimental dietary treatment, and (b) relative mean of the most significant levels of genera richness of microbes found in the fecal and distal intestinal samples per dietary treatment. 


Figure 3. Kruskal-Wallis test of species richness (a), species evenness (b), and Shannon’s diversity (c) of the distal gastrointestinal microbiome from the collected feces of largemouth bass fingerlings after the completion of the 14-week feeding trial for each experimental dietary treatment. Samples with equal variances were analyzed using an ANOVA test. In ANOVA model assumptions were violated, a non-parametric test was used.


Figure 4. Inverse Simpson plot of the alpha diversity by the time of the distal gastrointestinal microbiome from the collected feces of largemouth bass fingerlings after the completion of the 14-week feeding trial for each experimental dietary treatment. 

Figure 5. Beta diversity “Bray Curtis” plots of the distal gastrointestinal microbiome from the collected feces of largemouth bass fingerlings after completion of the 14-week feeding trial for each dietary treatment. 


Figure 6. Beta diversity “unweighted and weighted – Unifrac" plots of the distal gastrointestinal microbiome from the collected feces of largemouth bass fingerlings after completion of the 14-week feeding trial for each dietary treatment. 
[image: ]
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Figure 7. Composition of differential abundances classified at the genera level when compared between experimental diet treatments (a-f) of largemouth bass fingerlings after completion of the 14-week feeding trial for each dietary treatment. 

[image: ]

Figure 8. Relative abundance of the microbial community in the formulated experimental diets and protein source used in each dietary treatment. 

Table 1. Average quantitative histology measurements for largemouth bass fingerlings’ distal gastrointestinal tract of each experimental diet (µm). All data are mean ± SEM (standard error of mean) and p-value (adapted from Ramena et al. 2020).  

	Somatic indices  
	SBM 
	FSBM 
	SPC 
	Basal 
	p-value 

	Horizontal diameter 
	1807.13 ± 78.01 
	1354.38 ± 87.24 
	1385.32 ± 166.56 
	1582.10 ± 78.59 
	0.09 

	Vertical diameter 
	1935.29 ± 29.49 
	1611.30 ± 137.20  
	1441.81 ± 137.71 
	1736.06 ± 92.89 
	0.09 

	Height of the mucosae 
	480.55 ± 138.81a 
	269.67 ± 79.64b 
	240.85 ± 42.94b 
	441.51 ± 51.91a 
	> 0.01 

	Mucosae fold thickness 
	135.94 ± 24.51a 
	92.52 ± 11.07b 
	92.80 ± 12.45b 
	85.82 ± 9.42b 
	> 0.01 

	Subepithelial mucosa thickness 
	180.43 ± 33.05a 
	145.47 ± 26.87ab 
	114.95 ± 23.61b 
	134.97 ± 21.03ab 
	0.04 

	Serosa thickness  
	36.84 ± 7.80 
	26.90 ± 8.75 
	25.80 ± 4.74 
	17.92 ± 1.86 
	0.09 

	Lamina propria thickness  
	28.59 ± 6.70a 
	20.62 ± 2.88ab 
	19.51 ± 3.92ab 
	14.61 ± 1.54b 
	> 0.01 

	MT/LP 
	4.99 ± 0.71 
	4.66 ± 0.23 
	5.78 ± 1.01 
	5.90 ± 0.24 
	0.18 



 The team has also finished one portion of the quantitative histology objective to assist with further investigations of any possible enteritis caused by soybean diets. Results show significant differences among the dietary treatments in the height and thickness of the mucosae folds, as well as thickness in the subepithelial layers and lamina propria. On average, LMB fed the soybean meal diet displayed thicker mucosa folds and lamina propria, which could suggest this diet caused higher effects of enteritis in all the treatment groups. Further analyses are being conducted on the distal intestines to get a complete picture of the overall health of the intestines following the growth performance from a histological point of view. In addition to the gastrointestinal histology objective, the team is finalizing the results of the gene expression investigated simultaneously with histology to get an overall perspective of the long-term effects of soybean diet. The qualitative histology and gene expression results will be included in the final report update. 

Objective 3: Discern changes to columnaris disease susceptibility following feeding with 
soy process variants 

[image: ]
Figure 9. Kaplan-Meier survival curve of the long-term growth performance trial LMB when exposed to an immersion infection challenge with Flavobacterium columnare strain ARS-LMB-23-5 over 84 h. Diets include soybean meal (SBM), fermented soybean meal (FSBM), soy protein concentrate (SPC), and a control diet (Basal).
The Kaplan-Meier survivability model shows survivability of each dietary treatment at each sampling. The team will conduct an additional short-term growth performance trial (8 weeks) with the same soy protein sources to obtain more data related to disease susceptibility. We will use the same F. columnare isolate strain from the first trial. Currently, we are raising LMB fingerlings to the same average weight as the long-term study. These fingerlings were obtained as eggs spawned in February 2024 from the same producer, Red Hill Fish Farm in Boston, Georgia. We estimate these fingerlings will be suitable for trials in June 2024.  
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