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Objectives 

1. 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 (Mauritia 
flexuosa) or Peruvian maca (Lepidium meyeni), and (E) control diet supplemented with the 
recommended fish diet requirement level of AP and TA. 

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. 

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. 

6. To transfer knowledge of improved fish diets to aquafeed manufacturers as well as enhanced fish fillets quality through 
the NCRAC and other outreach programs (Seafood Products Association and National Fisheries Institute). 

Proposed Budgets 
Institution/Company Principal Investigator(s) Objective(s) Year 1 Year 2 Total 

Ohio State University 
Konrad Dabrowski, Sheryl 

Barringer, Christopher Simons, 
Herbert Quintero 

1,2,3,4,5,6 64,715 77,036 141,751 

University of Wisconsin-
Milwaukee Dong Fang Deng 1,2,3 33,242 34,151 67,393 

Totals 97,326 111,818 209,144 

Non-funded Collaborators 
Facility  Collaborator(s) 

Pepperboy Farms  Topher Jacobson 
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Project Summary 

This proposal addresses the aquaculture research priority of enhancing the economic value of fish by 
extending their shelf-life and enhancing quality and consumer acceptance. Specifically, by including antioxidants 
and flavonoids in the diets of fish prior to harvest, we will decrease off odor formation, improving fillet quality and 
consumer acceptance. This change in diet formulation of fish will result in enhanced deposition of vitamins E and C 
and flavonoids (phytochemicals) in fish muscle, creating a value-added food product. Functional foods are 
associated with increases in antiviral and antibacterial activity which slow down lipid degradation responsible for off 
odors, resulting in increased economic value. The hypothesis of the proposed study is that feeding fish essential 
antioxidants, such as vitamins C and E, in combination with flavonoids, known for activity against antibiotic-
resistant bacteria, will promote antimicrobial and anti-oxidative properties in fish fillets. These properties will 
extend the shelf-life during ice storage of fish, maintaining a high quality product while minimizing off odors. These 
processes will be evaluated by analyzing the release kinetics of volatile organic compounds using Selected Ion Flow 
Tube Mass Spectrometry techniques in concert with conventional methods, allowing the correlation of the 
concentration of specific volatile substances with fish quality. Sensory evaluation will be carried out with 
conventional methods of acceptance of the raw filets obtained from each of the five dietary treatment groups and 
compared to fresh (1 day storage), allowing the correlation of the concentration of specific volatile substances with 
fish quality and liking. 

Justification 

Currently, North Central region fish farmers sell most of their fish produced for stocking in recreational 
ponds or as live fish for ethnic fish markets. However, this is a small, focused market, and relying on a single market 
outlet is risky. Diversified fish marketing would reduce market risk for fish farmers. There is a much larger, more 
diverse, and more profitable market for locally grown fresh or frozen fish fillets. Capitalizing on this market requires 
ensuring that the fillets do not develop “rancid” off-odors during shipping. With improved storage quality, the fillets 
could be labelled as local, from conventionally (ponds) grown fish, at a much better cost/benefit ratio, expanding the 
NC region farmed fish industry. Stakeholders, such as the American Frozen Food Institute, believe that “frozen 
foods are essential in a dynamic marketplace.” This research aims to increase the market beyond currently sold 
volumes. By providing “proof-of-concept” and exploring the specific mechanisms involved in improved quality we 
can scale up to commercial levels with input from the industry so they can incorporate this feed with minimal 
additional costs. This proposal addresses the NCRAC aquaculture research priority in respect to fish species. In 
2023 report “Growing Missouri’s Aquaculture Industry: Trends and Outlook”, trout and yellow perch were the most 
important operations in the NC region, 56 and 51, respectively. Furthermore, we submit that enhancing the 
economic value of fish by extending their shelf-life farm products will results in enhanced quality and consumer 
acceptance. Specifically, by including conventional antioxidants (vitamins C and E) and flavonoids in the diets of 
NC aquaculture species prior to harvest, we will improve fillet quality by decreasing off odor formation in storage, 
and boost consumer acceptance. 

We envision that the proposed project will indirectly impact an increase of consumption of fish and more 
specifically polyunsaturated fatty acids (PUFA) by enriched level in fish fillet of trout and perch. Docosahexaenoic 
acid (DHA) is an omega-3 fatty acid that has been found to be the only omega-3 fatty acid which plays a major 
functional role in the prevention of human brain disorders involving photoreceptors, neurons, and their signaling 
synapses. Currently, this essential constituent is not consumed in sufficient amounts by most adults in the US, 
potentially resulting in brain disorders and mental health issues. Treatment of these disorders is estimated at $386 
billion annually for the population of 25 European Union countries. The most important source of PUFA in human 
diets comes from fish, particularly oily fish, such as trout and salmon. Studies in Scotland demonstrated that a daily 
portion of 145 g of salmon comprising 2.4 g of omega-3 PUFA for 4 weeks significantly decreased systolic, 
diastolic, and mean arterial blood pressure, along with triglycerides and LDL-cholesterol while increasing HDL-
cholesterol. These factors have been found to be associated with a predictable decrease by 25% of coronary heart 
diseases! In 2014, 80-90% of adult US seafood consumers did not meet the recommended seafood consumption 
amount of 227g/week based on the National Institutes of Health (NIH) criteria for PUFA. Adequate consumption of 
seafood has been shown to have major health benefits, including the prevention of heart failure and stroke. External 
application of antioxidants has been shown to extend the shelf life of refrigerated Nile tilapia fillets up to 18 days 
(Khalafalla et al., 2015) and the shelf life of refrigerated rainbow trout fillets up to 8 days (Mexis et al., 2009). 
However, these applications require that the additives be labelled, and some extracts also create detectible odors in 



4  

the fish. The addition of antioxidants directly into the diet of the fish eliminates both of these issues.  

Related Current and Previous Work 

 The senior investigator has an extensive record of work using phytochemicals in fish diets (gossypol, 
macamides, piperine; quercetin) to increase growth, resistance to diseases, sterilize progeny, etc. (Rodriguez et al. 
2000; Lee et al. 2005; Trattner et al. 2007; Wojno et al. 2021). His previous research included use of native South 
American plants and fruits in fish diets that explored association between fish     performance and presence of 
flavonoids with antioxidant properties (Palacios et al. 2006) (Fig. 1). The proposed research will add new 
information to the current knowledge on storage of fish products and will expand our expertise on fish nutrition by 
inclusion of the evidence of feeding on quality of fish in human diet (and its health impact through functional 
enrichment or prevention of lipid degradation. 

 Therefore, the change in diet formulations of fish will result in enhanced deposition of vitamins E and C 
(Matusiewicz and Dabrowski,1995; Lee and Dabrowski, 2003; Rahimnejad et al. 2021) and flavonoids (Park et al., 
2009) in fish muscle. This process will create a value-added food product that can be labelled as “functional or 
therapeutic foods”. The definition of functional food status is associated with an increase in antioxidants which are 
“scavengers” of free radicals, highly reactive unpaired electrons which cause cellular and genetic (chromosomal) 
changes. The antioxidants have also antiviral and antibacterial activity and prevent cellular damage and outbreaks of 
many human diseases. For instance, alcohol extracts of “medicinal plants” were shown to have antiviral activity 
(Abad et al., 1997), anti-inflammatory effects (Pelzer et al., 1998), anti-tumor activity (Larocca et al., 1990), and 
protect against genotoxicity of irradiation and pollutants (Szejk et al., 2017). This list includes research from our labs 
where we demonstrated interaction between flavonoid phytochemical, quercetin and ascorbic acid in protecting 
tilapia juveniles from ultraviolet (UV)- irradiation (Rodriguez et al., 2000) and rainbow trout malformations during 
embryonic development due to sperm infertility (Dabrowski and Ciereszko, 1996).  

Fig. 1. Amazonian palm tree (Mauritia flexuosa) and South American fish that utilize these fruits as food.  Individual 
shown here from experiment carried out in Ohio State University lab, Columbus (Palacios et al. 2006). Fish from top 
to bottom: control (A), camu-camu (B), aguaje (C), and maca (Lepidium sp., D) fed diets supplemented with S. 
American plants. 
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 Dr. Barringer has extensive experience measuring volatiles in foods using the SIFT-MS. This experience 
includes the volatiles responsible for the odor of goat meat (Watkins et al. 2021) and lamb fat (Castada et al. 2017b). 
Her studies determined the cause of off odors in apple juice (Huang et al. 2020), and during frozen storage of orange 
juice, peppers, and other vegetables (Ryo and Barringer 2015, Wampler and Barringer 2012, Azcarate and 
Barringer. 2010). Her extensive research determined methods  for garlic breath deodorization (Kaur and Barringer 
2023, Ozcan-Sinir and Barringer 2020, 2021, Castada et al. 2017a, Mirondo and Barringer 2016, Munch and 
Barringer 2014, Hansanugrum and Barringer 2010), removing undesirable odors from kefir (Kesler et al 2023), the 
creation of desirable and undesirable volatiles during cooking (Smith and Barringer 2014, Smith et al. 2014, Agila 
and Barringer 2012, 2011, Bowman and Barringer 2012, Huang and Barringer 2011) and the volatiles that cause 
corrosion in cans (Dhuey et al. 2021). 

 The proposed research will allow us to verify the extent of inhibition of lipid oxidation caused by the 
deposition of antioxidants in the fish tissue. Lipid oxidation creates both volatiles that produce a “rancid” odor, and 
a range of carcinogenic oxidation products. The collaboration of these researchers representing the field of fish 
nutrition (Dr. Deng Dong-Fang) and inclusion of sensory analysis (Dr. Chris Simons) of the fish fillets allows us to 
study the function of phytochemicals in the diet of aquaculture species, human food processing and acceptability 
using modern techniques for analysis of volatile compounds, to evaluate quality of biological material during 
storage, which creates a unique combination allowing for accelerated progress in enhancing the  quality of the human 
diet. 

Statement Regarding Duplication of Research 

 We consulted USDA Current Research Information System, National Sea Grant Office Funding, NOAA 
Office of Aquaculture Funding Opportunities, Web of Science and Google Scholar as it relates to fish species under 
this investigation and dietary formulations that will include supplements of antioxidant vitamins and flavonoids and 
have not identified any previous or ongoing research which this proposal may duplicate. 

Anticipated Benefits 

 In this study, we will concentrate on 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, we will address 
one specific process, 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. 

Objectives 

1. 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 (Mauritia flexuosa) 
or Peruvian maca (Lepidium meyeni), and (E) control diet supplemented with the recommended fish diet 
requirement level of AP and TA. 

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. 

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, 
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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. 

6. To transfer knowledge of improved fish diets to aquafeed manufacturers as well as enhanced fish fillets quality through 
the NCRAC and other outreach programs (Seafood Products Association and National Fisheries Institute). 

Deliverables 

In the short term, we will provide farmers and researchers with data related to fish diets, acceptance of the 
supplements (some might act as attractants), growth performance (enhanced in trout; Lee et al. 2005) and effect on 
fillet post-ice storage quality. We will obtain for the first time volatile compound characteristics in fresh and ice-
stored fillet for some of the species studied. Lipid and fatty acid profiles of whole fish and fish fillets will be 
characterized. 

We will produce a variety of written outreach deliverables that will explain the nature of utilized 
plant/fruits additives in the context of “functional/therapeutic” food for human consumption. Historically, we 
already have solid background information and data related to dietary vitamin and phytochemicals (plant extracts) 
supplements in tropical fish, Amazonian catfish, pacu (Colossoma) and tilapia diets. The first scientific results in the 
proposed study will also initiate written factsheets and how to access these substances (feed company) and 
incorporate them in the diets. This indeed will require additional funding and economical evaluation. 

In the long term, we will reach out and discuss possible collaboration with our established contact person 
Alex Tsappis, US Aquaculture Business Representative with Alltech, Kentucky. Alltech recently acquired the 
European fish feeds company, Coppens, and we are currently testing their starter feeds in yellow perch and Atlantic 
salmon. 

Procedures 

 The hypothesis of the proposed study is that feeding fish essential antioxidants, such as vitamins C and E, 
in combination with flavonoids associated with medicinal plants known for activity against antibiotic-resistant 
bacteria, adds antimicrobial and anti-oxidative properties to fish fillets (Xu and Lee, 2001; Kubo et al., 1999). In the 
first phase of this project, growth experiments with rainbow trout and yellow perch juveniles will be performed 
using experimental diets that will compare different antioxidants. Specifically, the fish species selected were those 
with the wide range of lipid requirements for optimum growth and health (Grayson and Dabrowski, 2020; Kolkovski 
et al., 2000). Therefore, lipid level in the diets will be targeted at 26 and 14%, respectively. The initial mean weight 
of fish in this study will be 0.5-1 g and experiments will continue until there is a 10-fold body weight increase. 

The second series of experiments will use fish of a size (approximately 50 and 100 g, for trout and perch, 
respectively) that would allow them to reach marketable size within 60 days of feeding. The percentage of dressing 
(after evisceration) and fillets will be determined. Both sets of harvested fillets will be stored separately in plastic 
bags and submitted to different times of storage (3, 6, and 12 days) during refrigeration (at 2–4 °C) (Lesiow et al., 
2009). 

Yellow perch experimental design (UWM) 

Yellow perch progeny will be obtained from broodstock cultured at the School of Freshwater Sciences, 
University of Wisconsin-Milwaukee, and will be reared to the appropriate size required for the current feeding trials.  

 Formulation of Experimental Diets: We will formulate five experimental diets by considering established 
nutrient requirements, with each diet containing 45% protein and 14% lipid. These diets will incorporate various 
feed additives to address the objectives of this proposal: 

A) Enriched levels of ascorbyl phosphate (1,200 mg AP/kg) and tocopherol acetate (800 mg TA/kg). B) Inclusion of 
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flavonoids (myricetin, kaempferol, quercetin, and rutin). C) A combination of diets A and B. D) Utilization of 
ethanol/water extract from tropical fruits such as aguaje (Mauritia flexuosa) or Peruvian maca (Lepidium meyeni) 
roots (Lee et al. 2005). E) A control diet supplemented with the recommended levels of AP and TA in the fish diet. 
These test diets will be manufactured following the methodology described by Jiang et al. (2019). 

 Juvenile Fish Trial: yellow perch weighing between 0.5-1 g/bodyweight will be allocated to one of the test 
diets. Each diet will be distributed across three tanks, with 20 fish in each tank (totaling 120 liters of water). Fish 
will receive three daily feedings at 08:30 h, 12:00 h, and 15:30 h, with a feeding rate of 2-4% of their daily body 
weight at an estimated feed conversion ratio of 1.0. Every two weeks, fish will be weighed in batches and the 
feeding rate will be adjusted accordingly. The culture system will maintain a water flow of 4 L/min and a 
temperature of 22-24°C. Throughout the feeding trial, we will monitor and maintain optimal water quality and 
photoperiod to promote the best growth conditions for the fish. The trial will conclude when the fish achieve a 
tenfold increase in body weight. At this point, the fish will be weighed to determine specific growth rates and feed 
conversion ratios. Individual fish will undergo measurements for body weight and length to calculate various 
morphological parameters (condition factor, hepatosomatic index, viscerosomatic index, and viscera fat index). 
Additionally, four whole fish from each tank will be processed to estimate nutrient retention and the chemical 
composition (dry matter, protein, lipid, and ash). Proximate analysis of both the experimental diets and fish samples 
will be conducted following the methods outlined by AOAC (2002). This information will guide our feeding trial 
with market-size fish. 

Grow-Out Fish Trial: In the grow-out fish trial, yellow perch weighing 80-100g/body weight will be fed the 
test diets, following similar protocols as the juvenile trial. However, these fish will be raised in larger tanks (600L 
water/tank), each containing 10 males and 10 females. This feeding trial will last for 60 days, after which we will 
collect fish fillets for analysis, including nutritional composition, antioxidant contents, and sensory attributes. Fish 
fillets will be collected for the shelf-life analysis proposed in objectives 3 and 4 (OSU; fillets will be shipped on ice 
overnight to Columbus). 

Rainbow trout experimental design (OSU) 

The all-female stock of rainbow trout used for this experiment will be purchased as eyed-stage embryos 
from Troutlodge, Inc. (Sumner, WA). Upon arrival at the OSU Aquaculture Lab, embryos will be transferred to 
flow-through vertical tray incubators (California trays) and held at 6–8°C until hatch and yolk absorption. Alevins of 
rainbow trout are fed commercial diet from the start (Grayson and Dabrowski 2018). An initial sample of fish 
(n=20–60) will be taken for weight measurement and flash freezing in liquid nitrogen. Rainbow trout will be stocked 
into eighteen 20 L fiberglass troughs (3 replicates/diet) at an initial density of 60 fish/tank. Individual troughs have a 
continuous inflow of dechlorinated municipal water, an air stone, and a 100 µm mesh screened outlet. Each tank 
also has a plastic feeding ring floating on the surface to ensure that food would not wash down the drains. 

Fish will be fed 5–6 times per day on a restricted feeding regime in phase 1 experiment based on fish size 
and water temperature (4–4.5% biomass per day) (NRC, 2011; Grayson and Dabrowski 2020). Daily feeding rates 
for each tank will be calculated based on daily growth with an assumed food conversion ratio (FCR) of 1.0. The use 
of a restricted feeding regime (as opposed to satiation feeding) was chosen to replicate the feeding conditions 
recommended to commercial rainbow trout producers by the National Research Council (NRC, 2011). Fish will be 
fed to satiation for a single day at the end of both feeding phases to evaluate the satiation level of voluntary feed 
intake. These single-day trials are intended to determine if acceptance of the different experimental feeds was a 
confounding factor in the experiment. Fish will be carefully fed ad libitum six (30 days) or three (60 days) times 
throughout the day and feed intake per tank will be measured and compared to tank biomass (measured the 
following day) in order to quantify a daily satiation ratio (DSR) as defined in our laboratory procedures (Hussein et 
al., 2013).  

Fish will be collected and weighed at the end of both phases (30 and 60 days of feeding) and feeding rates 
will be re-adjusted accordingly. Mean weight will be determined by weighing the total biomass of each tank, then 
counting the number of fish associated with this biomass. Data on fish weight and feed intake will be used to 
calculate specific growth rate (SGR) and food conversion ratio (FCR) (Rinchard et al., 2007). After the first 30 days 
of feeding, fish density will be reduced via random selection to 30 fish/tank and 15 fish/tank (juveniles and 
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marketable size fish, respectively). Densities will be reduced to prevent overcrowding and water quality 
deterioration within the 20 L tanks. Subsamples of fish will be flash frozen in liquid nitrogen (n= 7/tank for 
biochemical analysis at the end of the second phase (60 days of feeding).  

Methods for storage and sample analysis (OSU) 

Proximate analysis will be carried out on all experimental diets and on fish whole bodies (juveniles) and 
muscle (marketable) after 60 days of feeding. Prior to analysis, whole body fish (n=4/tank) will be minced and 
dehydrated via freeze-drying (<200 mT, -4 °C for 48h). The difference in sample weight before and after drying will 
be calculated. After drying, fish samples will be manually ground, and protein and ash content determined using 
standard AOAC procedures (AOAC, 2002). 

We will evaluate differences in nutritional status of fish following 60 days of dietary treatments and assess 
differences in lipids and fatty acid deposition in whole body and muscle, in neutral and polar lipid fractions. At the 
end of the feeding phase, 6 fish per tank will be flash frozen (N2) and stored at –80 °C. In the case of marketable 
size fish, upon thawing, the relative weight of the fillets will be measured and processed for lipid analysis. At the 
termination of the study and 24-h fasting, dorsal muscle (fillet) will be dissected from 6 fish and stored in plastic 
bags on crushed ice (2 °C) and assigned time “0”. The same fillet samples in triplicate will be sampled at 3, 6, and 
12 days of storage (Timm-Heinrich et al., 2013). Lipids will be extracted, and polar and neutral lipid fractions will 
be separated and methylated as described by Rinchard et al. (2007) and Grayson and Dabrowski (2020). Fatty acids 
will be quantified by gas chromatography using a Varian 3900 gas chromatograph (Varian Analytical Instruments, 
CA). The Thiobarbituric Acid Reactive Substances (TBARS) assay will be used to determine the amount of lipid 
oxidation in the fish samples (Pfalzgraff et al., 1995; Lee and Dabrowski, 2003). 

Shelf-life studies will evaluate the other fish fillets in triplicate by Selected Ion Flow Tube Mass 
Spectrometry (SIFT-MS, Syft Technologies, New Zealand). Briefly, 3 fish from each of the species and each of the 
five dietary treatment groups will be filleted and stored on ice as described above. Headspace volatiles will be 
measured fresh, after ice storage, and during cooking as described in Castada et al. (2017a, b). Volatile compounds 
(pptv to ppbv levels) will be measured in the headspace above the fish (skin and muscle) sample. Alcohols, 
aldehydes, amine, and nitrogen-containing compounds, carboxylic acid, esters, ketones, and sulfides known to be 
responsible for both the characteristic and “spoiled” characteristics of fish will be quantified. 

 Following the removal of perch and trout fillets from ice storage (12 days), consumer acceptance of the raw 
filets obtained from each of the five dietary treatment groups, will be compared using standard protocols employed 
routinely in the Simons laboratory (e.g., Cotter et al., 2022). One hundred fish consumers will be recruited from the 
Sensory Evaluation Center’s consumer database, which contains nearly 6000 volunteers from the Columbus-
metropolitan area. Participants will assess overall and aroma liking, and attribute (color, texture, fish aroma) 
intensity acceptability of raw fillets, from each of the five treatment groups, using the 9-point hedonic scale or Just-
About Right (JAR) Likert scales, respectively. A power analysis (α=0.05, power of 80%) indicates a sample size of 
100 is required to identify a mean difference of 1 point on the hedonic scale with an anticipated σ=3.5. Data from 
each consumer for each fish fillet will be collated and analyzed by 2-way ANOVA to quantify differences in liking 
and JAR ratings between the fish of different storage duration. 

Outreach and Evaluation Plan 

Our research team contacted Ohio Sea Grant’s and received commitment to working with us to incorporate 
our research findings into one or more of the following materials and/or events throughout the life of our project or 
shortly after the grant ends: (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 
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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 PIs, 
to increase knowledge transfer.  

The results and information about and obtained from this experiment will be submitted for publication to 
both food science and aquaculture news outlets, including Food Technology, World Aquaculture Magazine, and 
Global Aquaculture Advocate. Research articles will also be produced and submitted to relevant peer reviewed 
journals, such as the Journal of Food Science, Journal of Food Processing, Journal of the World Aquaculture 
Society, and Aquaculture. 

The Department of Food Science and Technology at Ohio State has a long term, established relationship 
with the American Frozen Food Institute (AFFI), Seafood Products Association and National Fisheries Institute and 
the potential results of this research, reduced food waste, increased consumer acceptance due to reduced off–odors, 
and decrease in energy cost due to extended shelf-life of frozen fish products. These organizations are members-
driven national trade associations that advance the interest of all segments of the frozen food in the US. We will 
inform its members about progress in our research and seek their input in promoting this new technology in the food 
industry. 

Three graduate students (UWM and OSU) and several undergraduate technicians will be intimately involved in 
research and preparing their dissertations for a higher degree. PIs will share responsibility for co- advising these 
students. We expect to train advocates for higher fish consumption in the U.S. as means to promote use of sea food 
as healthy diet preventing several human diseases. Further, assuming positive results of this research we will 
communicate with medical researchers at OSU who are currently examining positive effects of polyunsaturated fatty 
acids from fish in women during gestation and their impacts on the development of prostate cancer (Dr. Martha 
Belury, Human Nutrition coordinator at OSU).  
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Facilities available 

OSU Aquaculture and Food Science (Dabrowski and Barringer) 

 The Ohio State University Aquaculture Laboratory in Columbus, OH consists of 8 rooms in Kottman Hall 
on OSU main campus. The main fish housing room is equipped with two dechlorination systems for incoming city 
water, an egg incubation system, and a series of tanks for rearing newly hatched embryos, juveniles, and adult fish in 
a light and temperature-controlled setting. All experimental units are equipped with individual aeration and can be 
operated as both flow through and recirculating systems when temperature control becomes necessary. Tank sizes 
range from 20L troughs, 37L aquaria, 60L conical and circular tanks up to 400L circular tanks enabling replicated 
growth studies to be conducted. Analysis, storage, and preparation of samples/diets will be done with a Varian 3900 
gas chromatograph (Varian Analytical Instruments, CA), commercial freeze dryer, -80°C biofreezer, centrifuges, 
homogenizer, YSI ProQuatro (YSI Inc, Yellow Springs, OH), commercial mixer, Selected Ion Flow Tube Mass 
Spectrometry (SIFT-MS, Syft Technologies, New Zealand), analytical and top loading balances.  

OSU Sensory testing Laboratory (Simons’ lab) 

 The OSU Sensory Evaluation Center (SEC) is equipped to provide all necessary sensory testing services for 
our study. The sensory lab is comprised of ten isolated, sensory testing booths, a preparatory room, with a 
convection/conventional oven, two microwaves, an industrial dishwasher, and a reach-in freezer and refrigerator, 
and a monitor that displays the server information, aiding in proper sample delivery. In addition, Compusense Inc. 
(Guelph, ON, Canada) software will be used for generating ballots, randomization, and on-line data collection. 
Collected data can be exported directly to Excel or other statistical analysis software including IF Programs and 
SPSS. The SEC also manages a database of nearly 6000 Columbus-area consumers who have expressed interest in 
participating in experiments and a recruiting infrastructure to access this database.   

UWM Aquaculture and Feed Nutrition (Deng’s lab) 

The UW-Milwaukee Great Lakes Aquaculture Center (GLAC) has a 2,394 m2 aquaculture workspace with both 
flow-through and recirculating systems. An automated system supplies dechlorinated water at ambient cold water, 
hot water, and refrigerated water to the fish rearing tanks at a capacity of 4,542 L/min. Water temperature can be 
controlled to meet the requirements of a study. Specific systems available for this project include the following 
systems for larvae and fingering culture: 40 x 30L, 24 x 50L tanks, 60 x 100L tanks, and 21 x 350L tanks. We also 
house 15 large 2.44-m (8-ft) diameter tanks used for broodstock and 18 x 1.22-m (4-ft) diameter circular tanks. The 
wet labs have well-established protocols for biosecurity control and fish maintenance at different life stages. There 
are four groups of out-of-lifecycle broodstock for fingerling production every season. The nutritional lab has 
laboratory workspace and equipment for sample preparation and nutritional analysis such as Labconco freeze dryer, 
automatic Soxhlet extraction, nitrogen analyzer, oven dryer, dehydrator, muffle furnace oven, microscopes, 
microPhazir-AG, spectrophotometer, analytical balances, centrifuge, homogenizer, water quality kits, and nanodrop. 
The feed processing lab has equipment for grinding, mixing, cold extruding, and drying as well as freezers and 
refrigerators. 
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Project Leaders 
 

State Name and Institution Specialization 
Ohio Konrad Dabrowski, The Ohio 

State University 
Nutrition, Genetics 

Ohio Sheryl Barringer, The Ohio State 
University 

Food Science 

Ohio Christopher Simons, The Ohio 
State University 

Food Science 

Ohio Herbert Quintero, The Ohio 
State University 

Extension, Aquaculture 

Wisconsin Dong Fand Deng, University of 
Wisconsin-Milwaukee 

Nutrition, Aquaculture 
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ORGANIZATION AND ADDRESS 
The Ohio State University 
1960 Kenny Road 
Columbus, OH 43210 

 
USDA AWARD NO. Year 1: Objective 1,2,3,4,6 
 
Duration Proposed 

Months: _12_ 
 

Funds Requested by 
Proposer 

 
Duration Proposed 

Months: ____ 
 

Funds Approved by 
CSREES 

(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds (If 
required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Konrad Dabrowski, Sheryl Barringer, Chistopher Simons, Herbert Quintero 
 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 
 

 
 

 
  

Calendar 
 

Academic 
 

Summer 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
  

2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. ___ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

  
 

 
   

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
c. ___ Paraprofessionals ...................................................................................................  

 
 

 
 

 
 

 
 

 
d. _2_ Graduate Students ..................................................................................................  43,829 

 
 

 
 

 
 

 
e. _1__ Prebaccalaureate Students ....................................................................................  

 
3,000 

 
 

 
 

 
 

 
f. ___ Secretarial-Clerical .................................................................................................  

 
 

 
 

 
 

 
 

 
g. ___ Technical, Shop and Other .....................................................................................  

 
 

 
 

 
 

 
 

 
Total Salaries and Wages .................................................................................... � 

 
46,828 

 
 

 
 

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 

 
3,887 

 
 

 
 

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  �  
50,715 

 
 

 
 

 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
 
 

 
 

 
 

 
 

 
E. Materials and Supplies 

 
7,500 

 
 

 
 

 
 

 
F. Travel 

 
0 

 
 

 
 

 
 

 
G. Publication Costs/Page Charges 

 
0 

 
 

 
 

 
 

 
H. Computer (ADPE) Costs 

 
0 

 
 

 
 

 
 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
 
  33,728 

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
 

6,500 
 
 

 
 

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 58,215 

 
 

 
 

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 
 
 

 
 

 
 

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 64,715 

 
 

 
 

 
 

 
N. Other .............................................................................................................................  � 

 
 

 
 

 
 

 
 

 
O. Total Amount of This Request ....................................................................................  � 

 
64,715 

 
 33,728 

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director  
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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ORGANIZATION AND ADDRESS 
The Ohio State University 
1960 Kenny Road 
Columbus, OH 43210 

 
USDA AWARD NO. Year 2: Objective 1,2,3,4,5,6 
 

Duration 
Proposed 

Months: _12_ 
 

Funds Requested 
by Proposer 

 
Duration 
Proposed 

Months: ____ 
 

Funds Approved 
by CSREES 
(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds 
(If required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Konrad Dabrowski, Sheryl Barringer, Chistopher Simons, Herbert Quintero 

 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 
 

 
 

 
  

Calendar 
 

Academic 
 

Summer 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
  

2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. ___ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

  
 

 
   

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
c. ___ Paraprofessionals ...................................................................................................  

 
 

 
 

 
 

 
 

 
d. __2_ Graduate Students ................................................................................................  45,153 

 
 

 
 

 
 

 
e. _1__ Prebaccalaureate Students ....................................................................................  3,089 

 
 

 
 

 
 

 
f. ___ Secretarial-Clerical .................................................................................................  

 
 

 
 

 
 

 
 

 
g. ___ Technical, Shop and Other .....................................................................................  

 
 

 
 

 
 

 
 

 
Total Salaries and Wages .................................................................................... � 

 
48,233 

 
 

 
 

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 

 
4,003 

 
 

 
 

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  �  
52,236 

 
 

 
 

 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
 
 

 
 

 
 

 
 

 
E. Materials and Supplies 8,800 

 
 

 
 

 
 

 
F. Travel 

 
1,500 

 
 

 
 

 
 

 
G. Publication Costs/Page Charges  

 
 

 
 

 
 

 
H. Computer (ADPE) Costs  

 
 

 
 

 
 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
 
 

 
 

 
34,739 

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
14,500 

 
 

 
 

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 62,536 

 
 

 
 

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 

 
 

 
 

 
 

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 77,036 

 
 

 
 

 
 

 
N. Other .............................................................................................................................  � 

 
 

 
 

 
 

 
 

 
O. Total Amount of This Request ....................................................................................  � 77,036 

 
 34,739 

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director 
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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ORGANIZATION AND ADDRESS 
The Ohio State University 
1960 Kenny Road 
Columbus, OH 43210 

 
USDA AWARD NO. Year 1 &2: Objective 1,2,3,4,5,6 
 

Duration 
Proposed 

Months: _24_ 
 

Funds Requested 
by Proposer 

 
Duration 
Proposed 

Months: ____ 
 

Funds Approved 
by CSREES 
(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds 
(If required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Konrad Dabrowski, Sheryl Barringer, Chistopher Simons, Herbert Quintero 

 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 

 

 

 

 

 

 
Calendar 

 
Academic 

 
Summer 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 
2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. ___ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

  
 

 
  

 

 

 

 

 

 

 
 

 
 

 
  

 

 

 

 

 

 

 

 
c. ___ Paraprofessionals ...................................................................................................   

 

 

 

 

 

 

 

 
d. __2_ Graduate Students ................................................................................................  88,972 

 
 

 
 

 
 

 
e. _2__ Prebaccalaureate Students ....................................................................................  

 
6,090 

 
 

 
 

 
 

 
f. ___ Secretarial-Clerical .................................................................................................   

 

 

 

 

 

 

 

 
g. ___ Technical, Shop and Other .....................................................................................   

 

 

 

 

 

 

 

 
Total Salaries and Wages .................................................................................... � 

 
95,061 

 
 

 
 

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 

 
7,890 

 
 

 
 

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  �  
102,951 

 
 

 
 

 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
 

 

 

 

 

 

 

 

 
E. Materials and Supplies 

 
16,300 

 
 

 
 

 
 

 
F. Travel 

 
1,500 

 
 

 
 

 
 

 
G. Publication Costs/Page Charges  

 

 

 

 

 

 

 

 
H. Computer (ADPE) Costs  

 

 

 

 

 

 

 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
 
 

 
 

 
68,467 

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
21,000 

 
 

 
 

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 

 
120,751 

 
 

 
 

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 

 
 

 
 

 
 

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 141,751 

 
 

 
 

 
 

 
N. Other .............................................................................................................................  � 

 
 

 
 

 
 

 
 

 
O. Total Amount of This Request ....................................................................................  � 141,751 

 
 68,467 

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director 
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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ORGANIZATION AND ADDRESS 
University of Wisconsin -Milwaukee 
 

 
USDA AWARD NO. Year 1: Objective 1,2,3,4 
 
Duration Proposed 

Months: _12_ 
 

Funds Requested by 
Proposer 

 
Duration Proposed 

Months: ____ 
 

Funds Approved by 
CSREES 

(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds (If 
required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Dong-Fang Deng 
 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 
 

 
 

 
  

Calendar 
 

Academic 
 

Summer 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
  

2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. _1_ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

6  
 

 
 18,720  

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
c. ___ Paraprofessionals ...................................................................................................  

 
 

 
 

 
 

 
 

 
d. __ Graduate Students ....................................................................................................   

 
 

 
 

 
 

 
e. _1__ Prebaccalaureate Students ....................................................................................  

 
3,920 

 
 

 
 

 
 

 
f. ___ Secretarial-Clerical .................................................................................................  

 
 

 
 

 
 

 
 

 
g. ___ Technical, Shop and Other .....................................................................................  

 
 

 
 

 
 

 
 

 
Total Salaries and Wages .................................................................................... � 

 
22,640 

 
 

 
 

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 

 
2,602 

 
 

 
 

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  �  
25,242 

 
 

 
 

 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
 
 

 
 

 
 

 
 

 
E. Materials and Supplies 

 
8,000 

 
 

 
 

 
 

 
F. Travel 

 
0 

 
 

 
 

 
 

 
G. Publication Costs/Page Charges 

 
0 

 
 

 
 

 
 

 
H. Computer (ADPE) Costs 

 
0 

 
 

 
 

 
 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
 
   

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
 
 

 
 

 
 

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 33,242 

 
 

 
 

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 
 
 

 
 

 
 

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 33,242 

 
 

 
 

 
 

 
N. Other .............................................................................................................................  � 

 
 

 
 

 
 

 
 

 
O. Total Amount of This Request ....................................................................................  � 

 
33,242 

 
  

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director  
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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ORGANIZATION AND ADDRESS 
University of Wisconsin -Milwaukee 
 

 
USDA AWARD NO. Year 2: Objective 1,2,3,4 
 

Duration 
Proposed 

Months: _12_ 
 

Funds Requested 
by Proposer 

 
Duration 
Proposed 

Months: ____ 
 

Funds Approved 
by CSREES 
(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds 
(If required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Dong-Fang Deng 

 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 
 

 
 

 
  

Calendar 
 

Academic 
 

Summer 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
  

2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. __1_ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

6  
 

 
 19,760 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
c. ___ Paraprofessionals ...................................................................................................  

 
 

 
 

 
 

 
 

 
d. ___ Graduate Students ..................................................................................................   

 
 

 
 

 
 

 
e. _1__ Prebaccalaureate Students ....................................................................................  2,400 

 
 

 
 

 
 

 
f. ___ Secretarial-Clerical .................................................................................................  

 
 

 
 

 
 

 
 

 
g. ___ Technical, Shop and Other .....................................................................................  

 
 

 
 

 
 

 
 

 
Total Salaries and Wages .................................................................................... � 

 
22,160 

 
 

 
 

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 

 
2,726 

 
 

 
 

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  �  
24,886 

 
 

 
 

 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
 
 

 
 

 
 

 
 

 
E. Materials and Supplies 7,265 

 
 

 
 

 
 

 
F. Travel 

 
2,000 

 
 

 
 

 
 

 
G. Publication Costs/Page Charges  

 
 

 
 

 
 

 
H. Computer (ADPE) Costs  

 
 

 
 

 
 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
   

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
   

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 34,151   

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 
   

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 34,151   

 
 

 
N. Other .............................................................................................................................  �    

 
 

 
O. Total Amount of This Request ....................................................................................  � 34,151   

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director 
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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ORGANIZATION AND ADDRESS 
University of Wisconsin -Milwaukee 
 

 
USDA AWARD NO. Year 1 &2: Objective 1,2,3,4 
 

Duration 
Proposed 

Months: _24_ 
 

Funds Requested 
by Proposer 

 
Duration 
Proposed 

Months: ____ 
 

Funds Approved 
by CSREES 
(If different) 

 
Non-Federal 

Proposed Cost-
Sharing/ 

Matching Funds 
(If required) 

 
Non-federal Cost-

Sharing/ 
Matching Funds 

Approved by 
CSREES 

(If Different) 

 
PROJECT DIRECTOR(S) 
Dong-Fang Deng 

 
A. Salaries and Wages 

1. No. of Senior Personnel 
 

a. ___ (Co)-PD(s) . . . . . . . . . . . . . . . . . . . . . .  
b. ___ Senior Associates . . . . . . . . . . . . . . . .  

 
CSREES FUNDED WORK MONTHS 

 
 
 
 
 

 

 

 

 

 

 

 
Calendar 

 
Academic 

 
Summer 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 
2 .  N o .  o f  O t h e r  P e r s o n n e l  ( N o n - Fa c u l t y) 
a. _1__ Research Associates-Postdoctorates . . .  
b. ___ Other Professionals . . . . . . . . . . . . . . . .   

12  
 

 
 38,480 

 

 

 

 

 

 

 
 

 
 

 
  

 

 

 

 

 

 

 

 
c. ___ Paraprofessionals ...................................................................................................  

   
 

 

 
d. ___ Graduate Students ..................................................................................................     

 
 

 
e. _2__ Prebaccalaureate Students ....................................................................................  6,320   

 
 

 
f. ___ Secretarial-Clerical .................................................................................................  

   
 

 

 
g. ___ Technical, Shop and Other .....................................................................................  

   
 

 

 
Total Salaries and Wages .................................................................................... � 44,800   

 
 

 
B. Fringe Benefits (If charged as Direct Costs) 5,328   

 
 

C. Total Salaries, Wages, and Fringe Benefits (A plus B) ..............................................  � 50,128   
 
 

 
D. Nonexpendable Equipment (Attach supporting data.  List items and dollar amounts for each 

item.) 
    

 

 
E. Materials and Supplies 15,265   

 
 

 
F. Travel 2,000   

 
 

 
G. Publication Costs/Page Charges     

 

 
H. Computer (ADPE) Costs     

 

 
I. Student Assistance/Support (Scholarships/fellowships, stipends/tuition, cost of education, 

etc.  Attach list of items and dollar amounts for each item.) 
   

 
 

 
J. All Other Direct Costs (In budget narrative, list items and dollar amounts and provide 

supporting data for each item.) 
   

 
 

 
K. Total Direct Costs (C through I) .................................................................................  � 67,393   

 
 

 
L. F&A/Indirect Costs.  (If applicable, specify rate(s) and base(s) for on/off campus activity.  

Where both are involved, identify itemized costs in on/off campus bases.) 
   

 
 

 
M. Total Direct and F&A/Indirect Costs (J plus K) ....................................................... . � 67,393   

 
 

 
N. Other .............................................................................................................................  �    

 
 

 
O. Total Amount of This Request ....................................................................................  � 67,393   

 
 

 
P. Carryover -- (If Applicable) . . . . . . . . . . . Federal Funds: $                                   Non-Federal funds: $                             Total $ 
 
Q. Cost Sharing/Matching (Breakdown of total amounts shown in line O) 

Cash (both Applicant and Third Party)  ................................................................................................................................. � 
Non-Cash Contributions (both Applicant and Third Party)  ................................................................................................... � 

 
Leave Blank 

 
 

 
 

 
 

 
NAME AND TITLE (Type or print) 

 
SIGNATURE (required for revised budget only) 

 
DATE  

Project Director 
 

 
 

 
 

 
Authorized Organizational Representative 
 

 
 

 
 

 
Signature (for optional use) 
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Budget Justification 
(Dabrowski) 

Objectives: 1,2,3, 4 
A. Salary, Wages and Fringe Benefits: $54,772 
1) Res. Asst./Grad. Students: $48,178. Dr. Dabrowski will advise a Graduate student for two years, beginning in year 
1 of the project. In years 1 and 2 this student will be paid full time on a graduate research assistantship stipend for 9-
months each year. The graduate student working with Dr. Dabrowski will be responsible for experimental objectives 
1, 2, and 3. 
2) Pre-Bachelor Student(s): $6,594. An undergraduate student researcher will be paid an hourly rate of $10/hr for 10 
weeks, 30 hours per week during the summer in years 1 and 2 to assist with culture and analysis of the experiments 
in the aquaculture lab at OSU. Job duties will include general fish husbandry, water quality monitoring, sampling, 
and entering data associated with the proposal objectives. 

B. Nonexpendable Equipment: $0 
C. Materials and Supplies: $12,800 

Requesting $12,800 for both years of the project with $6,000 in Year 1 (Y1) and $6,800 in Year 2 (Y2). Requesting 
$1,000 (Y1=$500; Y2=$500) for high-quality live diets and materials used for their culture (rotifers, artemia, 
microalgae, brewer’s yeast, etc.). $1,796 (Y1=$796; Y2=$1000) is requested for diet ingredients, 
$2,550 (Y1=$1,550; Y2=$1,000) is requested for lipid extraction and supplies for gas chromatography (reagents, 
vials, gas cylinders, glass pipettes, chromatography column, etc.). $3,454 (Y1=$1,500; Y2=$1,954) for 
miscellaneous supplies needed for fish husbandry (i.e. nets, water de-chlorination treatment, water quality analysis 
reagents, mechanical filter pads, dissolved oxygen meter probe (YSI) replacement, calcium carbonate, salt, rubber 
tubing, PVC, nylon mesh, etc.). $2,000 (Y1=$1,000; Y2=$1,000) for temperature regulating equipment (heater 
sticks, chiller, etc.). $1,000 (Y2=$1,000) for water pumps and aerators. $3,000 (Y1=$1,000; Y2=$2,000) laboratory 
consumables (plastic and glassware, micropipette tips, calibration services for micropipettes, disposable gloves, 
scintillation vials, iodine, hot glue gun sticks, etc.). 

D. Travel: $1,500 
Requesting $1,500 for hotel, registration fee, per diem, and flight for the PI or graduate student to travel to 
Aquaculture America, an annual conference of the World Aquaculture Society Meeting in New Orleans, LA from 
March 5-9, 2025, to present the results of this study. 

E. All Other Direct Costs: $1,500 
Requesting $1,500 (Y1=1,500) for services from OARDC STAR lab to conduct proximate and mineral analysis of 
the formulated diets and fish.  

Budget Justification  
(Barringer) 

Objectives: 4 
A. Salary, Wages and Fringe Benefits: $48,178 

Res. Asst./Grad. Students: $48,178. Dr. Barringer will advise a Graduate student for two years, beginning in year 1 
of the project. The student will be paid full time as a graduate research assistant for 9 months (AU/SP) in years 1 and 
2. The graduate student working with Dr. Barringer will be responsible for experimental objectives 4. 

B. Nonexpendable Equipment: $0 
C. Materials and Supplies: $3,000 

Requesting $3,000 for both years of the project with $1,500 in Year 1 (Y1) and $1,500 in Year 2 (Y2). Requesting 
$3,000 (Y1=$1,500; Y2=$1,500) for reagents, ice, compressed gases, BTEX gas, and silicon septa utilized in SIFT-
MS analysis. 

D. Travel: $0 
E. All Other Direct Costs: $0 

 

Budget Justification  
(Simons) 

Objectives: 5 
A. Salary, Wages and Fringe Benefits: $0 
B. Nonexpendable Equipment: $0 
C. Materials and Supplies: $500 
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$500 requested for consumables (gloves, plates, glassware, ice, sensory lab maintenance, etc.) 
D. Travel: $0 
E. All Other Direct Costs: $9,500 

$6,500 requested for sensory testing services through the OSU Sensory Evaluation Center. Service includes test design 
and set-up, subject recruiting, test execution, data analysis, and report writing; $3000 requested for panelist incentives 
(100 panelists X $30). 
 

Budget Justification  
(Quintero) 

Objectives: 6 
A. Salary, Wages and Fringe Benefits: $0 
B. Nonexpendable Equipment: $0 
C. Materials and Supplies: $0 
D. Travel: $0 
E. All Other Direct Costs: $10,000 

Requesting $10,000 (Y1=$5,000; Y2=$5,000) for the development of extension materials, workshops, 
and multimedia outputs to transfer knowledge of improved fish diets to aquafeed manufacturers as well as 
enhanced fish fillets quality through the NCRAC and other outreach programs. 

 
 

Budget Justification 
Dong-Fang Deng (University of Wisconsin-Milwaukee) 

 
Objective 1, 2 & 5 Total budget = $ 67,393 
Yeat-1 Budget $33,242) 
A. Salary, Wages and Fringe Benefits ($25,242=$22,640, salary + $2,602 benefits).   
A budget is needed to cover salary and benefits for a part-time (a total of 6 months) research assistant with ($18,720, 
salary+ 13.4% fringe, $2,508) and a trainee for 280 hours at a rate of $14/hour ($3,920+$94, fringe rate 2.4%). The 
lab assistant and student are responsible for the experiments under the supervision of Dr. Deng.  
B. Nonexpendable Equipment: No budget is required for this. 
C. Materials and Supplies ($8,000): The budget is required to cover the cost of commercial feed and ingredients 
($2,000), analytical and fish lab supplies ($5,000), and wet lab maintenance ($1,000). 
D. Travel. No budget is required. 
E. All Other Direct Costs: No budget is required. 
 
Yeat-2 Budget (total, $34,151) 
A. Salary, Wages and Fringe Benefits ($24,886 =$22,160, salary + $2,726 benefits).   
A budget is needed to cover salary and benefits for a part-time (a total of 6 months) research assistant with ($19,760, 
salary+ 13.5% fringe, $2,668) and a trainee for 160 hours at a rate of $15/hour ($2400+$58, fringe rate 2.4%). The 
lab assistant and student are responsible for the experiments under the supervision of Dr. Deng.  
B. Nonexpendable Equipment: No budget is required for this. 
C. Materials and Supplies ($7,265): The budget is required to cover the cost of commercial feed and ingredients 
($2,000), analytical and fish lab supplies ($2,765), wet lab maintenance ($1,000), and $1,500 for publication. 
D. Travel. $2,000 is requested for travel to the Annual World Aquaculture Society meeting. It will cover 
registration, flight tickets, and hotel fees. 
E. All Other Direct Costs: No budget is required. 
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Estimated Summary Budget for Year 1 (2024) 
 

 Objective OSU 
(Dabrowski, Barringer, 

Simons, Quintero) 

UWM 
(Deng) 

TOTAL 

Salaries, Wages, and Fringe 
Benefits 1,2,3,4 50,715 25,242 75,957 

Equipment -- 0 0 0 
Materials and Supplies 1,2,3,4 7,500 8,000 15,500 
Travel -- 0 0 0 
All Other Direct Costs 6 6,500 0 6,500 
TOTAL 1,2,3,4,6 64,715 33,242 97,326 

 
 

Estimated Summary Budget for Year 2 (2025) 
 

 Objective OSU 
(Dabrowski, Barringer, 

Quintero) 

UWM 
(Deng) 

TOTAL 

Salaries, Wages, and Fringe 
Benefits 1,2,3,4 52,236 24,886 77,122 

Equipment -- 0 0 0 
Supplies 1,2,3,4,5 8,800 7,265 16,065 
Travel 6 1,500 2,000 3,500 
All Other Direct Costs 5,6 14,500 0 14,500 
TOTAL 1,2,3,4,5,6 77,036 34,151 111,818 

 
 

Estimated Summary Budget for Years 1 & 2 (2024 – 2026) 
 

 Objective OSU 
(Dabrowski, Barringer, 

Quintero) 

UWM 
(Deng) 

TOTAL 

Salaries, Wages, and Fringe 
Benefits 1,2,3,4 102,951 50,128 153,079 

Equipment -- 0 0 0 
Supplies 1,2,3,4,5 16,300 15,265 31,565 
Travel 6 1,500 2,000 3,500 
All Other Direct Costs 5,6 21,500 0 21,500 
TOTAL 1,2,3,4,5,6 141,751 67,393 209,144 
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Budget increase justification: 

In the evaluation of the preproposal the reviewers mentioned concerns related to ice-
refrigerated fish transport and related quality. We have addressed this issue by adding Dr. Ch. 
Simons from OSU Food Science Department who will be directing sensory panel evaluation of 
fish fillet following different duration of shelf-life extension. This resulted in A $10,000 (5-6% 
increase in the overall budget. 
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Schedule for Completion of Objectives 
 

Start date: 09/01/2024                                          Completion date: 08/31/2026 
 
Objectives and Tasks 
 Year  

Year 1 Year 2 
S 
O 

N 
D 

J 
F 

M 
A 

M 
J 

J 
A 

S 
O 

N 
D 

J 
F 

M 
A 

M 
J 

J 
A 

Objective 1             

Acquiring dietary ingredients, biochemical analysis, protein, 
lipid, minerals, diet formulations and production 

            

Preparing broodstock of perch and trout, spawning, alevin 
and larval rearing, juvenile fish acclimation to new diets 

            

Objective 2             

Performing feeding trials with rainbow trout/ and YO and 
analysis of body composition, juveniles and marketable size 
fish 

            

Objective 3             

Analysis of whole fish and filet for lipids, fatty acids, 
minerals 

            

Objective 4 
 

            

Analysis of fish fillet for volatile compounds (SIFT-MS) and 
TBARS 
 

            

Objective 5 
 

            

Analysis of sensory characteristics by panel of evaluators 
 

            

Objective 6      
 

            

Written outreach factsheets and “how-to” explaining the 
nature of fish fed plant/fruits additives as 
“functional/therapeutic” food for people 
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VITA 
 
Konrad Dabrowski, Professor   Phone: (614) 292-4555  
Ohio State University, School of Environment and Natural Resources,  Fax: (614) 292-7432 
210 Kottman Hall, 2021 Coffey Road, Columbus, Ohio 43210   E-mail: dabrowski.1@osu.edu  
 
EDUCATION 
M.Sc.     Inland Fisheries; Agriculture University, Olsztyn, Poland, 1972  
Ph.D. Fisheries; Agriculture University, Olsztyn, Poland, 1976 
D.Sc. Fish Physiology, Agricultural University, Szczecin, Poland, 1984 
 
POSITIONS 
Professor, School of Natural Resources, The Ohio State University, Columbus, Ohio (1989-present)  
Visiting Professor, University of Ghent, Belgium (2009) 
Visiting Professor, Institute of Zoology, University of Innsbruck, Innsbruck, Austria (1987-1989)  
Visiting Professor, Department of Biology, University of Paris VII, Orsey, France (1985)  
Visiting Professor, Department of Aquaculture, University of Fisheries, Tokyo (1984-1985) 
Assistant/Associate Professor, Inland Fisheries and Water Protection, Agriculture University, Olsztyn, Poland (1972-
1987) 
 
SCIENTIFIC AND PROFESSIONAL ORGANIZATIONS 
American Fisheries Society World Aquaculture Society 
 
RECENT PUBLICATIONS 
Books 
Kestemont, P., Dabrowski, Summerfelt, R. 2015. Biology and Culture of Percid Fishes. Principles and Practices. 

Springer, Dordrecht, 901 pp. 
Zaccone, G., Dabrowski, K., Hedrick, M.S., Fernandes, J.M.O., Icardo, J.M. 2015. Phylogeny, Anatomy and 

Physiology of Ancient Fishes. CRC Press, Boca Raton, FL, U.S.A., 297 pp. 
 
Peer Reviewed (recent out of 400) 
Kemski, M., Rappleye, C., Dabrowski, K., Bruno, R., Wick, M. 2020. Transcriptomic response to soybean meal-based 

diets as the first formulated feed in juvenile yellow perch (Perca flavescens). Scientific Reports (published). 
Marcek, B.J., Burbacher, E.A., Winslow, K.P., Dabrowski, K., Ludsin, S.A. 2020. Interactive effects of hypoxia and 

temperature on consumption, growth, and condition of juvenile hybrid Striped Bass. Transactions of the 
American Fisheries Society 149:71-83. 

Dabrowski, K., Miller, M. 2018. Contested paradigm in raising zebrafish (Danio rerio). Zebrafish 15: 295-309. 
Delomas, T.A., Dabrowski, K. 2018. Effects of homozygosity on sex determination in zebrafish Danio rerio. J. Fish 

Biol. 1178-1187. 
Delomas, T. Dabrowski, K. 2018. Improved protocol for rapid zebrafish growth without reducing reproductive 

performance. Aquaculture Res. 50: 457-463. 
Delomas, T. Dabrowski, K. 2018. Why are triploid zebrafish all male? Molecular Reprod. Develop. 85: 612-621. 
Dabrowski, K., M. Wojno, M. Miller, K. Kwasek, J.D. Grayson. 2018. Continued embryonic development, survival, 

and growth of walleye larvae following exposure to dewatering and storage in melting ice temperatures. N. 
Amer. J. of Aquaculture 80: 404-410. 

Delomas, T. Dabrowski, K. 2018. Larval rearing of zebrafish at suboptimal temperatures. J. Thermal Biol. 74: 170-
173. 

Kemski, M., Wick., M., Dabrowski, K. 2018. Nutritional programming effects on growth and reproduction of 
broodstock and embryonic development of progeny in yellow perch (Perca flavescens) fed soybean meal 
based diets. Aquaculture 497: 452-461. 
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VITA 
 

Sheryl Barringer  
Department of Food Science and Technology Telephone:     (614) 688-3642 
110 Parker Hall, 2015 Fyffe Road Fax:                (614) 292-0218 
Columbus, OH 43210 -1007 e-mail: barringer.11@osu.edu 

EDUCATION 
1989 B. S.     Food Science, Highest Honors University of Illinois: Urbana, Illinois               
1994 Ph. D.   Food Science University of Minnesota: St. Paul, Minn 

EMPLOYMENT  
1994-2000  Assistant Professor:  Dept. of Food Science and Technology, The Ohio State University  
2000-2004  Associate Professor: Dept. of Food Science and Technology, The Ohio State University  
2001 Visiting Professor: Department of Process Engineering, University College, Cork, Ireland 
2008 Visiting Scientist: Syft Technologies, Inc. Christchurch, New Zealand 
2012-2014  Interim Department Chair: Dept. of Food Science and Technology, Ohio State University  
2004-present  Professor: Department of Food Science and Technology, The Ohio State University  
2015-present Department Chair: Department of Food Science and Technology, Ohio State University 
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