Executive Summary

Application of Bile Acids to Improve Larval Fish Production

This project enhances understanding of how dietary lipid levels and bile acid supplementation
influence nutrient absorption, metabolism, and energy use in fish. Through metabolomic
analyses, it provides new scientific evidence on the mechanisms by which bile acids improve
nutrient utilization and hepatic metabolic balance. Stakeholders gain a clearer understanding of
how dietary formulation can be fine-tuned to support better metabolic efficiency without
compromising fish growth.

The outcome of this project will encourage feed producers and farmers to adopt optimized diet
formulations—specifically, high-lipid diets supplemented with bile acids—to improve feed
utilization and reduce nutrient waste. Researchers and extension professionals can integrate
these results into training programs and best-practice recommendations, promoting the use of
metabolomic tools for feed evaluation and nutrient monitoring.

Progress Report

Project Title: Application of Bile Acids to Improve Larval Fish Production [Progress
Report]

Total Funds Committed: $206,045

Initial Project Schedule: January 1. 2024-December 31, 2025 {Extended to December 31,

2026]

Current Project Year: September 1, 2024-August 31, 2025

Participants: Dong-Fang Deng, University of Wisconsin-Milwaukee; Chi Chen, University of
Minnesota; Tyler Firkus, University of Wisconsin-Stevens Point

Extension Liaison: Emma Hauser, University of Wisconsin-Stevens Point

Relevance: This project is highly relevant to advancing sustainable aquaculture on the region
by improving understanding of nutrient requirements and metabolism of the yellow perch and
walleye. The findings provide practical strategies to enhance feed efficiency, reduce waste, and
promote healthier, more cost-effective production systems. Ultimately, this work supports the
development of nutritionally optimized and environmentally responsible feeds for the
aquaculture industry

Response: We investigated potential feed formulations using locally sourced bile acids from
pork processing industries, aiming to optimize feed for improving production capacity for
yellow perch (Perca flavescens) and walleye (Sander vitreus).

Results: Four objectives are being pursued in this project:

1. Evaluate the composition of bile acids derived from pork processing by-products and
develop feed formulation for feeding trials.
A two-factor experimental design was used to formulate four practical test diets containing
two lipid levels (13% and 17%) and two levels of pork bile supplementation (0% and
0.02%). The bile acid inclusion level was selected based on previous feeding trials. All test
diets were analyzed for proximate composition, amino acid and fatty acid profiles, mineral



content, and bile acid composition, confirming that measured nutrient levels were
consistent with formulation targets. Quantitative analysis of free and conjugated bile acids
(bile salts) in 6 feeds showed that glycohyodeoxycholic acid (GHDCA) glycohyocholic
acid (GHCA) and glycochenodeoxycholic acid (GCDCA) were major contributed from pig bile
were present in the bile acid supplementation diets, but not in other diets. The taurocholic
acid (TCA), taurochenodeoxycholate-Na (TCDCA), and chenodeoxycholic acid-Na
(CDCA) were the major bile acids presented in the commercial diet.

Sorting Fish for F eedng Trials

. Evaluating the composition of bile acids derived from pork processing by-products and
developing feed formulation for feeding trials.

A two-factor experimental design was used to formulate four practical test diets containing
two lipid levels (13% and 17%) and two levels of pork bile supplementation (0% and
0.02%). The objective was to investigate the interactive effects between dietary lipid level
and bile supplementation on fish growth performance, nutrient utilization, and hepatic
metabolism. It was hypothesized that bile product supplementation would enhance lipid
digestion, nutrient utilization and thus fish overall growth performance. The bile acid
inclusion level was selected based on previous feeding trials. A commercial diet was
included as a reference (Table 1). All test diets were analyzed for proximate composition,
amino acid and fatty acid profiles, mineral content, and bile acid composition, confirming
that measured nutrient levels were consistent with formulation targets.

Two feeding trials were conducted with yellow perch (Perca flavescens) and walleye
(Sander vitreus) under flow-through systems with temperature maintained at 20-21 °C.
Results for walleye are pending; this report focuses on the yellow perch trial. The trial
lasted 12 weeks, with 15 fish per tank and three replicate tanks per diet. Fish (initial body
weight 17.9 + 0.09 g) were fed four meals daily at 1.5-2.5% of estimated body weight.

The results showed that no significant differences were observed among dietary treatments
in fish growth, morphological indices (condition factor, carcass index, hepatosomatic
index, visceral fat index), or whole-body proximate composition except for lipid content
after 12 weeks. Protein retention was similar across treatments, but lipid retention was
significantly higher in fish fed the 13% lipid diets compared with those fed 17% lipid.



Conversely, the protein efficiency ratio was higher in fish fed 17% lipid diets. The lowest
feed conversion ratio (FCR) and whole-body lipid content were observed in fish fed the
17% lipid diet with bile supplementation, whereas the highest FCR and lipid content
occurred in fish fed the 13% lipid diet without bile supplementation. These results
suggested that bile acid supplementation may help to improve lipid utilization in perch. The
mechanism will be discussed in objective 3
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3. Mechanisms through Which Bile Acids Enhance Nutrient Absorption and Metabolism in
Larval Fish.
Feed, liver, and bile samples were analyzed for free amino acids (FAAs), free fatty acids
(FFAs), and bile acids using liquid chromatography—mass spectrometry (LC—MS). Liver
metabolites were extracted following the Bligh and Dyer method. FFAs were derivatized
with 2-hydrazinoquinoline, and FAAs with dansyl chloride before LC-MS analysis on an
Acquity™ UPLC—Xevo G2-S QTOF-MS system. Data processing and statistical analyses
were conducted using MarkerLynx™, SIMCA-P+, and QuanLynx™ software.

Liver metabolite profiling revealed clear effects of both dietary lipid level and bile acid
supplementation. Fish fed the 17% lipid diet showed higher concentrations of most
individual and total FAAs compared with those fed the 13% lipid diet. Likewise, bile acid
supplementation increased hepatic FAA levels. In contrast, total FFAs were lower in fish
fed 17% lipid diets and tended to decrease further with bile supplementation, although the
latter effect was not statistically significant due to variability.

Two way analysis confirmed that dietary lipid level and bile acid supplementation
significantly altered hepatic metabolic profiles. In yellow perch liver, higher dietary lipid
levels and bile addition elevated total FAAs but reduced FFAs, suggesting more efficient
lipid utilization and conservation of amino acids. These metabolic adjustments indicate that
bile acids enhance nutrient absorption and energy metabolism in fish fed high-lipid diets.



Although growth performance did not differ among treatments, hepatic metabolism
responded strongly to diet composition. Fish fed the low-lipid diet retained more hepatic
lipid, likely as a compensatory mechanism to preserve essential fatty acids rather than
oxidize them for energy. The higher carbohydrate content of these diets may have also
reduced the need for lipid catabolism. Conversely, fish fed high-lipid diets showed
improved protein efficiency ratios, implying greater use of lipids for energy and reduced
amino acid oxidation, consistent with the higher hepatic FAA levels observed after short-
term fasting.

Bile acid supplementation appeared to further enhance lipid utilization, resulting in higher
hepatic FAA concentrations and lower FFAs. The modest increase in FFAs among
supplemented groups suggests reduced lipid oxidation, consistent with more efficient
energy metabolism.

In conclusion, these findings suggest that pork bile byproduct supplementation can improve
hepatic lipid metabolism in yellow perch. This strategy may support the formulation of
high-lipid diets (up to ~17%) that enhance feed utilization and metabolic efficiency while
reducing waste—an important consideration for sustainable aquaculture. Ongoing analyses
of physiological and health indicators will help clarify the long-term benefits and practical
implications of this dietary approach.

4. Conducting extension research to validate the laboratory findings at commercial farms.
Due to the delayed process of lab study, no extension research was conducted yet. But we
have discussed with industrial partners for a plan to have extension research in 2026.

Outreach Overview: The results have not yet been shared with the intended users because the
feed formulation is still being finalized and be validated at fish farm to obtain more convincing
data. based on ongoing laboratory studies. Currently, we are analyzing samples collected from
the last two trials. Once these analyses are complete, new studies will be designed to evaluate
an improved feed for the fish, with plans to begin by March-May 2025 when fish are available.
Extension trials will be planned following the completion of these studies.

Targeted Audience: This project is designed to reach a broad range of stakeholders in the
aquaculture industry who influence or directly manage feed formulation and production
practices. The primary audiences include:
e Aquaculture producers and hatchery managers seeking to improve feed efficiency,
growth consistency, and fish health.
e Feed manufacturers and nutritionists responsible for developing cost-effective, high-
performance diets.
e Researchers and extension specialists focus on fish nutrition, metabolism, and
sustainable feed innovation.
e Policy and industry partners are involved in promoting environmentally responsible
aquaculture development.

Outcomes/Impacts: The outcomes of this project will be shared with our targeted audiences,
including researchers, the feed industry, pork processing companies, and fish farmers. Feed



companies can use the findings to develop new feed formulations that benefit fish farming.
Pork processing companies will gain additional avenues for utilizing their byproducts, helping
to reduce waste management costs. The findings of this study will also enhance our
understanding of fingerling fish nutrition, providing valuable insights for future research.
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