Executive Summary

Farmed Fish Fillet as a Functional Food: Technology for Enhanced Fish Diets to Create
Value-Added Fish Products

This study concentrates on the analysis of fish performance as it relates to diet including
vitamin and flavonoid supplements and optimization of the level that maximizes it (economic
efficiency incentive). Second, studies of fish fillet storage in order to maintain freshness and
prevent deterioration of lipid quality, resulting in decrease of consumer acceptance will be
related to specific analysis of volatile compounds. Third, one specific process will be addressed
that is slowing down of lipid degradation that causes off odors, and results in decreased
economic value of fish fillets. Odor is the most common and important quality characteristic
used to determine the freshness of fish. Rejection of fish due to off-odors typically occurs at
microbial levels between 106-109 CFU/g). The off-odors are typically amines, sulfides,
alcohols, aldehydes, ketones, and organic acids.
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Relevance: The research will verify the extent of inhibition of lipid oxidation caused by the
deposition of antioxidants in fish tissue. Lipid oxidation creates both volatiles that produce a
"rancid" odor, and a range of carcinogenic oxidation products.

Response: Fish were studied under different rearing and dietary conditions to identify factors
influencing off-odor development. For Atlantic salmon, we evaluated the effects of rearing
temperature, gender, and the presence or absence of skin on muscle, along with post-harvest
storage and cooking methods. These trials provided insight into how environmental and
physiological factors drive volatile formation.

For rainbow trout and yellow perch, we focused on diet formulation. Experimental feeds
enriched with bioactive plant ingredients including camu camu, maca, wheat, buriti meal, and
buriti oil were formulated and tested for their ability to reduce off-odor volatile production.
Across all species, we developed and applied advanced volatile analysis methods using
selected ion flow tube—mass spectrometry (SIFT-MS) to quantify volatile compounds in real
time. Post-harvest protocols were optimized by comparing cooking methods and refrigerated
storage time points, enabling the establishment of consistent evaluation standards for assessing
diet and processing effects on fish quality.



Results: Five objectives are being pursued in this project:

I.

To formulate 5 experimental diets containing (A) enhanced levels of ascorbyl phosphate
(1,200 mg AP/kg) and tocopherol acetate (800 mg TA/kg), (B) supplement of flavonoids
(myricetin, kaempferol, quercetin, and rutin), (C) a combination of A and B, (D)
ethanol/water extract from tropical fruit of aguaje or buriti (Mauritia flexuosa) or Peruvian
maca (Lepidium meyeni), and (E) control diet supplemented with the recommended fish
diet requirement level of AP and TA.

Student collecting fish samples from tanks using nets for
growth and chemical analysis.

2. To perform growth experiments with rainbow trout Oncorhynchus mykiss (OSU) and

yellow perch Perca flavescens (UWM) juveniles fed the diets above, but with 26 or 14%
lipids, respectively, until there is a 10-fold body weight increase. Growth, diet utilization,
and whole-body chemical composition will be examined. A second experiment will use
fish of a size so that they will reach marketable size with 60 days of feeding and fillets will
be harvested and stored refrigerated for 3, 6, and 12 days.

Rainbow trout length (7 months old). Growth information was collected
before processing the fish for laboratory analysis.



3. To analyze muscle lipid content, fatty acid profiles, thiobarbituric acid reactive substances
(TBARS) and microbial counts on the fillets.

4. To use Selected Ion Flow Tube Mass Spectrometry (SIFT-MS) to measure the volatiles
from fresh, stored, and cooked fillets obtained from 2 species of fish fed the 5 different
diets. To measure the effect of ice storage, cooking of fillet from fish fed different diets on
both the characteristic and “rancid” volatile compounds generated.

5. To measure the effect of refrigerated storage in association with perception, liking, and food
choice using methods of human sensory testing.

This work provided new insights into how diet formulation, rearing conditions, storage
environments, lipid distribution, and cooking methods influence the formation of off-odor
volatiles in fish. It also established SIFT-MS as a rapid, real-time method for evaluating
spoilage-related compounds in aquaculture products. Researchers, aquaculture producers, and
feed formulators gained a clearer understanding of the biochemical and environmental drivers
of off-odors, expanding the scientific foundation for improving fish quality.

Rainbo trout juvenile (60 days old) reared in 20L
tanks equipped with feeding rings.

The project guided practical changes in aquaculture practices and feed strategies. Producers
can now incorporate camu camu and maca into rainbow trout diets, and wheat and camu camu
into yellow perch diets, to reduce off-odor development. In addition, standardized protocols
like using baking as the representative cooking method and three days of refrigerated storage
as a sensitive evaluation point for off-odors detection were established to enable consistent
assessment of product quality across studies and production settings. These practices provide
actionable tools for both research and industry.



By identifying rearing and dietary strategies that reduce off-odor production, the findings
contribute directly to improving the shelf life, quality, and consumer acceptance of aquaculture
products. These improvements can reduce post-harvest losses, increase profitability for
producers, and promote more sustainable and competitive aquaculture systems.

Outreach Overview: We are working with Ohio Sea Grant to incorporate our research
findings into one or more of the following materials and/or events: (1) article in Twineline,
OHSG’s Award-winning quarterly magazine; (2) researcher spotlight in OHSG’s monthly e-
newsletter, (3) presenter on one of OHSG’s “Lake Erie Research Issues Webinar Series”;
and/or (4) invited speaker at OHSG’s “Decision Makers Day” or “Science Writers Workshop”
hosted at Stone Lab.

The investigators will present feeding trials fish performance and fillet storage data at annual
Ohio Aquaculture Association meetings, North Central Regional Aquaculture Center
conferences, and US Aquaculture Society conferences as well as to Food Industry conferences,
such as Institute of Food Technologists Annual Meeting and SIFT-MS User Meeting. Social
media through OSU’s College of Food, Agriculture, and Environmental Science will
additionally be used to communicate results to the community. Periodic posts (quarterly) will
be made with updates on current project status, and to remind industry that they may contact
the Pls, to increase knowledge transfer.

Targeted Audience: Aquaculture farmers and the fish processing industry.

Outcomes/impacts: This project advanced understanding of how rearing conditions, diet
formulation, physiological factors, storage environments, lipid distribution, and cooking
methods influence volatile development in aquaculture species. By optimizing SIFT-MS
methodology, we established a rapid, real-time tool for detecting spoilage-related volatiles and
identified the biochemical origins of rancid and fishy odors in Atlantic salmon, rainbow trout,
and yellow perch. These findings expanded fundamental knowledge of the drivers of off-odor
formation, linking environmental, nutritional, and processing factors to product quality
outcomes.

Our findings guided the design of experimental protocols for assessing off-odors in aquaculture
research and practice. In Atlantic salmon, rearing trials demonstrated that cooler temperatures
with a light/dark cycle consistently reduced volatile formation compared to warm, continuous-
light conditions, providing actionable guidance on environmental management strategies to
minimize quality loss before harvest. For rainbow trout, dietary interventions clearly
influenced muscle lipid content and volatile profiles. Diets enriched with camu camu and maca
were most effective in lowering off-odor compounds, showing that natural, plant-based
additives can be incorporated into feed formulations to improve sensory quality without
compromising growth. In yellow perch, diets containing wheat and camu camu produced the
most stable volatile profiles and reduced the accumulation of rancid aromas. These results
highlight that different species respond to dietary modifications, but targeted nutritional
interventions can be tailored to reduce spoilage-related odors across aquaculture species.

We also established standardized evaluation methods, baking as the representative cooking
process and three days of refrigerated storage as a sensitive time point for consistent detection
of volatile differences across species and treatments. Collectively, these results demonstrate



that both rearing conditions and diet formulation can be strategically adjusted to control oft-
odor producing volatile development, and they provide aquaculture producers with practical,
evidence-based tools to enhance product quality and consumer acceptance.

Integrating optimized diets with improved rearing, storage, and cooking strategies has the
potential to extend the shelf life and marketability of farmed fish. By reducing spoilage-related
volatiles, these approaches improve consumer acceptance, reduce economic losses, and
contribute to more sustainable aquaculture practices. In the long term, the adoption of these
practices will support higher-value aquaculture products and strengthen the competitiveness of
U.S. aquaculture in global markets.

No mortality was associated with dietary treatments, and survival rates ranged from 97.5% to
100%. After 9 weeks, fish fed the commercial diet exhibited the highest final body weight and
weight gain, significantly exceeding the growth of fish fed the three laboratory-formulated
diets (p < 0.05). Among experimental diets, yellow perch fed the wheat flour-based diet
showed the lowest growth performance, while those fed Camu-camu or mixed starch diets
achieved comparable weight gains (p > 0.05). Feed conversion ratio did not differ significantly
among treatments (p > 0.05).

Fish fed the commercial diet had higher condition factor, hepatosomatic index, and Visceral fat
compared to those receiving the laboratory diets, although no significant differences were
found among the Camu-camu, mixed starch, and wheat flour treatments. Carcass index (yield)
was the lowest in fish fed the commercial diet. Protein efficiency ratio (PER) was highest for
fish fed the commercial diet but was not significantly different from those fed Camu-camu or
mixed starch diets. The lowest PER was observed in fish fed the wheat flour-based diet.

Proximate composition of whole fish did not differ significantly among dietary treatments,
indicating consistent nutrient deposition regardless of feed source. However, nutrient retention
differed among diets. The commercial diet yielded significantly higher protein and energy
retention compared to the wheat flour diet (p < 0.05). Fish fed Camu-camu or mixed starch
diets had intermediate retention values, not significantly different from either the commercial
or wheat flour groups. Lipid retention was highest in fish fed the mixed starch diet, followed
by those fed Camu-camu and wheat flour diets, and lowest in those fed the commercial diet.
Overall, replacing wheat flour with Camu-camu improved growth and nutrient retention of
juvenile yellow perch without adversely affecting morphological indices, feed conversion, or
proximate composition. The performance of fish fed Camu-camu and mixed starch diets was
comparable, likely due to higher digestible carbohydrate availability relative to wheat flour.
These findings suggest that Camu-camu and mixed starch are promising carbohydrate sources
for yellow perch feeds.

The superior performance of fish fed the commercial diet may be attributed to its higher lipid
content (15% vs. 13%) and superior physical characteristics (extruded pellets vs. crumbles).
Extrusion processing enhances starch gelatinization, improving carbohydrate digestibility and
pellet stability in water, which can enhance feed intake and nutrient utilization of commercial
diet. However, elevated visceral fat deposition and liver enlargement in fish fed the
commercial diet raise potential health concerns that warrant further investigation in longer-
term studies.
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