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PREFACE

Title X1V of the Agriculture and Food Act of 1980 and the Food Security Act of 1985 authorized
establishment of aquacultural research, devel opment, and demonstration centersinthe United States
(SubtitleL, Sec. 1475[d]) inassociationwith collegesand universities, State Departmentsof Agriculture,
federal facilities, and non-profit privateresearchinstitutions.

TheRegional Aquaculture Centersencourage cooperativeand collaborativeresearch and extension
educational programsinaquaculturehavingregional or national application. Center programscomplement
and strengthen existing research and extension educational programs provided by the Department of
Agricultureand other publicinstitutions.

Themission of the Centersisto support aquacultureresearch, devel opment, demonstration, and
extension education to enhanceviableand profitable U.S. aquaculture production which will benefit
consumers, producers, serviceindustries, and the American economy. Projectsthat aredevel oped and
funded by the Regional Centers are based on industry needs and are designed to directly impact
commercial aquaculture development in all statesand territories. The Centersare organized to take
advantage of the best aquaculture science, education skills, andfacilitiesinthe United States. Center
programsinsureeffective coordination and aregion-wide, team approach to projectsjointly conducted
by research, extension, government, and industry personnel. Inter-agency collaboration and shared
funding arestrongly encouraged.

Beginning with thefirst projects funded by SRAC, theinterest among aquaculture research and
extensionscientistsinthe SRA C activitieshasbeen excellent. Wearevery pleased with theparticipation
by our research and extension scientistsin the Southern Regionin ad hoc Work Group meetingsand
Steering Committees, and their willingnessto serveasPrincipal I nvestigatorsfor theprojects. Webelieve
thisbroad-based representation hasresultedin strong, cooperativeresearchwhichwill beof long-lasting
benefit to aquaculture producers and consumers, and to the growth of the aquacultureindustry inthe
United States.
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|. INTRODUCTION

This Seventh Annual Progress Report of the
Southern Regional Aquaculture Center (SRAC)
covers the period from September 1, 1993, to
August 31, 1994. Sections IV and V include
Termination or Progress Reports on the seven
multi-year research and extension projects
supported by SRAC during this reporting
period.

Work ontheproject, Educational M aterials
for Aquaculturists and Consumers, was
completed during this period and a termination
reportisincludedin Section |V hereof.

ProgressReportsareincludedin SectionV for
the following on-going research and extension
projects:

Characterization of Finfish and Shellfish
Aquacultural Effluents

Food Safety and Sanitation for Aquacultural
Products: Microbial

AquacultureFood Safety: Residues
I mproving Production Efficiency of
Warmwater AquacultureSpeciesThrough

Nutrition

Delineation and Evaluation of Catfish and
Baitfish Pond Cultur ePractices

National Coordinationfor Aquaculture
Investigational New Animal Drug(INAD)
Applications

Work hasalso begun on development of two
additional projects:

Water Quality Enhancement/Off-flavor

Publications, Videos, and Computer
Software

These projects will be initiated after final
approval of the SRAC Board of Directors and
USDA/CSREEShasbeengranted.

The Steering Committeefor Water Quality
Enhancement/Off-flavor will evaluatethecurrent
state of information on the management of off-
flavor in aquaculture ponds and give
recommendationsfor future SRAC initiativesin
thearea. Thepurposewill betoreview thecurrent
state of information, the on-going research and
extension activities, and the need for additional
initiatives on the subject. The Administrative
Advisor and Steering Committeefor thisproject
areasfollows:

AdministrativeAdvisor:
Dr.DonRichardson, Dean
Tennessee Agricultural Experiment Station
Knoxville, Tennessee

Steering Committee-- Research/Extension:
David Rouse, Chair, AL
Larry Wilson, TN
JohnJensen, AL
KenRoberts, LA
Delbert Gatlin, TX
Craig Tucker,MS
Billy Griffin, AR

Steering Committee-- Producer/Industry:
Walter Landry, LA
DavidPearce, AL
Jerry Williamson, AR
Billy GeorgeJanous,M S

The objectives of the project Publications,
Videos, and Computer Software includereview
andrevision, asnecessary, of all SRAC extension
fact sheets and videos; establishment of an on-
going project location to develop and distribute
new SRAC fact sheets and videos for Southen
Region aquacultureindustries; and placement of
current, revisedand new publicationsoncomputer
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software (e.g., compact disk) for more efficient
use, duplication and distribution. The
Administrative Advisor and Steering Committee
for thisproject are:

Administrative Advisor:
Dr. Hiram Palmertree, Director
Mississippi Cooperative Extension Service
Mississippi State, Mississippi

Steering Committee -- Research/Extension:
JimDavis, Chair, TX
Marty Brunson, M S
CharlesCollins, AR
Frank Chapman, FL
TomHill, TN
Bob Durborow, KY

Steering Committee-- Producer/Industry:
M al colm Johnson, TX
Ken Semmens, GA
Harold Benoit, LA
LaneGregory,NC
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1. ORGANIZATIONAL STRUCTURE

The Agriculture Acts of 1980 and 1985
authorized the establishment of aquaculture
research, devel opment and demonstration centers
intheUnited States. With appropriationsprovided
by Congressfor the 1987 and 1988 FY’'s, efforts
were undertaken to develop the five Regional
Aquaculture Centers now in existence.
Organizational activitiesfor SRACbeganin1987,
with the first research and extension projects
initiatedin 1988.

The Board of Directors, the policy-making
body for SRAC, utilizesrecommendationsfroman
Industry Advisory Council (IAC)andaTechnical
Committee (TC) to determine prioritiesfor new
and continuing aguacultureresearch and extension
projectsfor the Southern Region. |AC membership
representsdifferent segmentsof theaquaculture
industry throughout the Region and provides
valuableinputsforidentifying prioritiesfroman
industry perspective. The TC is composed of
research and extension scientistsfromessentially
all stateswithintheregionandidentifiespriorities
fromatechnical perspective. Thesegroupsprovide
valuable inputs into the SRAC program by
identifying and developing priority research and
extension needs in aquaculture. Using
recommendationsfromthesetwogroups, theSRAC
Board of Directors selectspriority categoriesfor
project development and funding.

The thirteen states and two territories
represented by SRAC are Alabama, Arkansas,
Florida, Georgia, Kentucky, Louisiana,
Mississippi, North Carolina, Oklahoma, Puerto
Rico, South Carolina, Tennessee, Texas,
U.S. Virginlslands,and Virginia.

A. ADMINISTRATIVE CENTER

The Administrative Center is located at the
DeltaResearch and Extension Center, Stoneville,
Mississippi. Mississippi State University serves
as the Host Institution. All necessary support

services for the Board of Directors, Industry
Advisory Council, Technical Committee, Steering
Committeesand project Work Groupsareprovided
by the Administrative Center. This includes
monitoring status and progress of projects,
preparing and executing L etters of Agreement,
tracking administrativeand project expenditures,
reviewing progressreportsand assi sting Principal
Investigatorsand participating institutional Grants
Officepersonnel asneeded.

Operationandfunding of theCenter isapproved
by theBoard of DirectorsforinclusionintheGrant
Application submitted annually by the
Administrative Center to USDA/CSREES. The
Center staff al so preparesand submitsto USDA/
CSREES for approval an Annual Plan of Work
covering Center activitiesand projectsto befunded.
Following final approval, L etters of Agreement
are prepared and executed by the Center with all
participatinginstitutions. The Center actsasfiscal
agenttodisburseandtrack all fundsinaccordance
with the provisions of the grants. Additional
AdministrativeCenter responsibilitiesaredetailed
under Section 11 of thisreport.

B. BOARD OF DIRECTORS

TheBoard of Directorsisthe policy-making
body for SRAC. Membershipof theBoard provides
anappropriatebalanceamong representativesfrom
State Agricultural Experiment Stations,
CooperativeExtension Services, 18901 nstitutions,
and the Council of Administrative Heads of
Agriculture.

Thestructureof the Boardisasfollows:

Threemembersof the 1862 Southern Extension
ServiceDirectorsAssociation

Three members of the 1862 Southern
Experiment Station Directors Association

One member of the 1890 Association of
Research Administrators
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Onemember of the 1890 A ssoci ation of
Extension Administrators

One CAHA administrator fromthehost
institution

Membersof theBoard are:

Harold R. Benson, Kentucky State
University

William H. Brown, L ouisiana State
University

L.B.Daniels, University of Arkansas

R.Rodney Foil, Mississippi State
University (Chairman)

DavidE. Foster, ArkansasCooperative
Extension Service

B. G. Hicks, Tennessee Cooperative
Extension Service

Hiram Palmertree, Mississippi Cooperative
Extension Service

Mazo Price, University of Arkansas
at PineBluff

DavidH. Teem, AuburnUniversity

Ex-officioBoard membersare:

Lester Myers, Chairman, Industry
Advisory Council

JamesT. Davis, Co-chairman, Technical
Committee

J.Larry Wilson, Co-chairman, Technical
Committee

CharlesG. Shepherd, Director, SRAC

The Board is responsible for (1) overall
administration and management of the regional
center program; (2) establishment of overall
regional aguacultureresearch and extensiongoals
and allocations of fiscal resourcesto ensure that
thecenter devel opsstrong programsinbothresearch
and extension; (3) establishment of prioritiesfor
regional aquaculture research and extension
education activities based on inputs from the
Technical Committee and Industry Advisory
Council and guidance from the National
Aquaculture Development Plan; (4) review and
approval of annual plans of work and

accomplishment reports; and (5) final selection of
proposalsfor funding by SRAC.

C. INDUSTRY ADVISORY COUNCIL

The IAC, which meets at least annually, is
composed of representativesof stateand regional
agquaculture associations, federal, territorial and
stateagencies, aquacultureproducers, aquaculture
marketing and processing firms, financial
institutions, and other interestsor organizationsas
deemed appropriate by theBoard of Directors.

The IAC provides an open forum wherein
maximum input from private and public sectors
canbegained andincorporatedintoannual and on-
going plansfor SRAC. Thechairmaniselected by
IAC members.

Membersof thelAC are:

J. Neal Anderson, Producer, AR
L.H.Barner, I11, Financial Institution, M S
JamesA. Battle, Jr., Producer, SC
Harold Benoit, Producer, LA
Bill Galbraith, Producer, TN
LaneGregory, Producer,NC
Walter Landry, Other, LA
Lester Myers, Feed Mill/Service,
MS(Chairman)
Rick Perry, Commissioner of
Agriculture, TX
Elwyn Segrest, Producer, FL
Jerry Williamson, Processing/M arketing, AR

| AC membersserveuptothree-year appoint-
ments having staggered terms with options for
reappointment.

The IAC (1) recommends to the Board
research and extension needsand prioritiesfrom
an industry perspective; (2) reviews project
proposals and accomplishment and termination
reports; and (3) recommendstotheBoard, jointly
withtheTechnical Committee, actionsregarding
new and continuing proposals, proposal
modificationsand terminations.
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D. TECHNICAL COMMITTEE

TheTCiscomposed of representativesfrom
participating research institutions and state
extension services, other stateor territorial public
agencies as appropriate, and non-profit private
institutions. Membership of the TC includes
research and extension scientists representing
essentially all statesintheregion. TheTC meets
as needed, but at least annually, and has a co-
chairman for research and for extension.
Co-chairmen servefor twoyearsand areel ected by
TCmembers.

Membersof the TC for research are;

David E. Brune, SC
Frank Chapman, FL
Charles"Bo" Collins, AR
Harry Daniels,NC
CaroleEngle, AR
Delbert Gatlin, TX
Leonard Lovshin, AL
DouglasMarshall,MS
R.P. Romaire, LA
CharlesSanterre, GA
Stephen Smith, VA

Craig S. Tucker,MS
J.L.Wilson, TN (Co-chair)

Membersof the TC for Extension are:

Marley D. Beem, OK
Martin W. Brunson,MS
JamesT. Davis, TX (Co-chair)
Larry Dorman, AR
Robert Durborow, KY
G. J. Flick, Jr., VA
TomHill, TN

Jeffrey Hinshaw, NC
Andy Lazur, FL

G.W. Lewis, GA
Wendell Lorio, LA

Jack Whetstone, SC
GregWhitis, AL

Technical Committee members serve up to
three-year appointmentshaving staggered terms
with optionsfor reappoi ntment.

TheTC (1) recommendstotheBoardresearch
and extensionneedsand prioritiesfromascientific
perspective; (2) devel opsproblem statementsfor
research and extension areasunder consideration;
(3) plans, develops, and implements regional
proposals; (4) reviews proposal sand accomplish-
ment andterminationreports; and(5) recommends
totheBoard, jointly withthel AC, actionsregarding
new and continuing proposals, proposal
modificationsand terminations.

E. PROJECT CRITERIA

* involvesparticipation by two or morestates
inthe Southern Region;

e requiresmorescientific manpower,
equipment, andfacilitiesthangenerally
availableat onelocation;

» approachisadaptableand particularly
suitablefor inter-institutional cooperation,
resultingin better use of limited resources
and asaving of funds;

*  will complement and enhanceongoing
extensionandresearch activitiesby
participants, aswell asoffer potential for
expandingtheseprograms;

» islikelytoattract additional supportfor the
work whichisnot likely to occur through
other programsand mechanisms;

» issufficiently specifictopromisesignificant
accomplishmentsin areasonableperiod of
time (usually upto 3years);

e canprovidethesolutiontoaproblem of
fundamental importanceor fill an
information gap;

* canbeorganizedand conductedona
regional level, assuring coordinated and
complementary contributionsby all
participants.

F. PROJECT DEVELOPMENT
PROCEDURES

Research and extension priorities and
statementsof problemsdefining priority areasare
jointly devel oped and recommended tothe Board
by thelACand TC. Usingtheir recommendations
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asguidelines, the Board sel ects specific problem
areas to be funded and appoints a Steering
Committee (comprised of research, extensionand
industry representatives from the IAC, TC and
other agencies) and an Administrative
Advisor. The Steering Committee has full
responsibility for devel oping adefinitiveresearch
and extension Problem Statement, recommending
levels of funding for each year of the proposed
work, and preparation of the subsequent project
proposal.

An Administrative Advisor isappointed by
theBoard for each activeproject area, and serves
as the coordinator for activities related to the
project, providing continuouslinkagebetweenthe
Work Group, Steering Committee and SRAC.
Responsibilities of Administrative Advisors
areoutlinedinthe SRAC OperationsM anual .

Followingreview of the Problem Statement by
thelACand TC, and review and approval by the
Board, announcements to convene an Ad Hoc
Work Grouparemaderegionally to (1) institutions
and individuals identified by the Steering
Committee; (2) extensionandresearchdirectors
of 1862 and 1890 L and Grant Universitieswithin
the Southern Region; and (3) other institutions,
agencies and organizations within the Southern
Region having demonstrated capabilitiesin the
areaunder consideration.

All Ad Hoc Work Group participantsdesiring
toparticipateinaproposed research and extension
activity must submit a "Commitment By
Participant” form. Participantswill also havean

opportunity to make appropriate comments and
suggestions relative to the development of the
proposal and their interest and capability in
participating. This information is used by the
Steering Committee to draft a proposal,
recommending thebest qualified participants, as
well astentative funding allocations, to address
objectivesoutlinedinthe Problem Statement.

Project proposal sarereviewed by the Steering
Committee, IAC, TC, all proposed participants
and designated peer reviewers from within the
region and from outside theregion. The SRAC
Director submits the project proposal and peer
reviewsto theBoard of Directorsfor review and
approval. Proposals not approved by the Board
are returned for revision or eliminated from
consideration.

Final selectionof projectsandlevelsof funding
aredetermined by theBoard. M ost projectshave
an expected duration of three years. Following
final approval by the Board of Directors and
CSREES, work described in the research and
extension project isimplemented. Participating
scientists, along with the Steering Committee,
comprise the permanent Work Group for the
research and extension effort and areresponsible
for implementation and conduct of the proposed
work.

Separateall ocationsaremadefor research and
extension to ensure strong programs in each of
these areas. All funds allocated for extension
activitiesareadministered through therespective
State Cooperative Extension Services.
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1. ADMINISTRATIVEACTIVITIES

TheSRACadministrativestaff consistsof the
Center Director and Administrative Assistant. A
widevariety of support functionsfor thevarious
SRAC components, includingtheBoard, TC, IAC,
Steering Committeesand project Work Groupsare
providedincluding:

-- Center Director serves as an ex-officio
memberoftheBoard, TC,andIAC.

-- M onitorresear ch and extensionactivities
sponsored by SRAC.

-- Provide documentation for, attend and
assist with meetings of the Board, TC and IAC;
prepare minutes of meetingsof the Board.

-- Attend and participate in meetings of
producers,industry representatives, scientists, and
othersinvolvedintheaquacultureindustry inthe
Southern Region and nationally.

-- Solicit and receive nominations for
membershipsonthe Technical Committeeandthe
Industry A dvisory Council.

-- Coordinate and participate in testimony
beforethe HouseA griculture, Rural D evelopment,
and Related Agencies Subcommittee on
A ppropriationsregarding RA C support.

-- Work with members of the House and
Senate A ppropriations Committees, as well as
other members of Congress from the Southern
Region, insupport ofthe RAC's.

-- TheDirectorof SRAC servesasamember
of theN ational Coordinating Council for A quacul -
ture which consists of the Directors of the five
Regional Centers; Coordinator of A quaculture,
Principal Aquaculture Scientist, and National
A quacultureProgram L eader, CSREES/USDA;
Coordinator of National Agricultural Library
A quaculture Information Center; and National

Program L eader for Animal Nutrition/Aquaculture
for USDA/ARS/INPS.

--  Prepareand submittheGrant Application
entering into funding agreement with USDA/
CSREESfor eachfiscal year.

--  Prepareand submit Annual Plansof Work
and Amendmentsto CSREES/USDA.

-- Develop and execute appropriate L etters
of Agreement with participating institutionsin
each funded proposal for the purpose of
transferring funds and coordinating and
implementing projectsapproved under each of
thegrants.

-- Serveasfiscal agenttodistributefunds as
approved under the grantsand as set forth in the
L ettersof Agreement.

-- Approve and process invoices received
from participating institutionsfor reimbursement
of expenditures.

-- Track status of reimbursement of
expendituresto each participatinginstitution for
all funded projects.

-- Monitor budgetary statusand progressof
participatinginstitutionsfor all funded projects.

-- Prepare budgets for the Administrative
Center, track administrative expenditures, and
obtain USDA/CSREESapproval for project and
budgetrevisions.

-- Prepare budget reports for the Board of
Directors, tracking expenditures and status of
funded projectsandthe Administrative Center.

-- Assist personnel from participating
institutions in establishing procedures for
invoicing for expenditures and obtaining
reimbursements.
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-- Assist Steering Committees and Work
Groupswithpreparationandrevisionof proposals
for technical and scientific merit, feasibility and
applicability topriority problem areas.

-- AssistAdministrative Advisorsand Work
Group chairmen asneeded.

-- Solicitand coordinatenational reviewsof
project proposals.

-- Review project progress reports,
publicationsand videos.

-- Distributeextensionfact sheets, research
publicationsand videosto research and extension
contacts throughout the Southern Region, other
RAC's, USDA personnel, and the Aquaculture
Information Center.

-- Produce and distribute the "SRAC
Annual ProgressReport”, whichincludesediting
and proofreading the project reports, designing
and, using desktop publishing, producing
camera-ready copy. Approximately 400 copies
of this report are distributed by the
Administrative Center each year.

-- Produce and distribute "SRAC

PublicationsandVideos' whichlistsresearchand
extension publications and videos developed
through SRAC projects, andthe" SRAC Summary
of Projects". Thisinvolvesediting, designingand,
using desktop publishing, producing camera-ready
copy. Numerousrequestsarereceived for these
reportseachyear, andthey arewidely distributed
throughout the Region.

-- Maintain mailing listsfor solicitation of
proposals and announcements of Ad Hoc Work
Group meetingsand distribution of fact sheetsand
other SRAC publications.

-- Prepare and distribute Work Group
announcements and Requests for Proposals to
researchandextensiondirectorsand other interested
partiesthroughout the Southern Region.

--  Prepareanddistributeinterim reportson
SRAC activitiesto provideinformationregarding
on-going projects.

-- Respond to numerous requests from
aquaculture producers, the public and research
and extension personnel for copiesof fact sheets,
research publications and videos produced by
SRAC and the other Centers, aswell asrequests
for general aquaculture-relatedinformation.
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V. TERMINATION REPORTS

A. EDUCATIONAL MATERIALS
FOR AQUACULTURISTS
AND CONSUMERS

Termination Report
for the period
May 1, 1991to August 31, 1994

FUNDING LEVEL:

YA Lo $39,642
Y AN 2 e $59,000
== T TR $34,500
TOtAl ..o $133,142

PARTICIPANTS:

TexasAgricultural Extension Service(Lead
Institution) - JamesT. Davis, Guy Fipps,
Billy Higginbotham, Katheleen L adewig,
BrucelLesikar, JoeT. Lock, Senae
Schaer, EdnaSmith, Greg Clary, Donna
Logan

TexasAgricultural Experiment Station -
Delbert Gatlin

L ouisianaCooperative Extension Service- Fred
E. Baker, Larry delaBretonne, Michael
Moody, David Bankston, Wendell Lorio,
Jimmy Avery, GregLutz

OklahomaCooperative Extension Service-
Marley Beem

Mississippi Cooperative Extension Service-
Martin Brunson

University of Florida- CharlesCichra,
Frank Chapman, Ruth Francis-Floyd, Roger
Rottman, Jerome Shireman,
P.A.Reed

K entucky StateU niversity - Robert Durborow,
William W urts

Ekk Will Tropical Fish Farm (Florida) - Tim
Hennessey

Tennessee Cooperative Extension Service-
ThomasK. Hill

North CarolinaCooperative Extension
Service- Jeffrey Hinshaw, Tom L osordo

AlabamaCooperative Extension Service-
John Jensen, MikeM asser

GeorgiaCooperative Extension Service- George
Lewis, GeorgeA. Schuler,
RonnieGilbert, Robert Tyson,
P.T. Tybor

VirginlslandsAgriculture Experiment Station-
JamesRakocy

Mississippi Agriculture& Forestry Experiment
Station - Craig Tucker, Martinevan der
Ploeg, David Croshby

South CarolinaCooperative Extension Service-
Jack Whetstone

ADMINISTRATIVE ADVISOR:

MiloJ. Shult

VicePresident for Agriculture
University of Arkansas
LittleRock, Arkansas

PROJECT OBJECTIVES:

1. Prepareanddistributepublicationsneeded
by productionaquaculturiststokeep abreast of the
latest research and development information
available.

2. Prepare and distribute processing and
marketinginformationthat will enhancethemarket
for aguacultural commodities.
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3. Prepare and distribute information for
retailers and consumers which will enhance the
sales of fish and shellfish products grown by
aguaculturists.

REASON FOR TERMINATION:

Completion of objectives.

ANTICIPATED BENEFITS:

TheSRA Cfact sheetshavebecomethestandard
for practical aguaculturepublicationsintheUnited
States. They areal soinwidedemand throughout
the world. This is a direct measure of their
acceptability and usefulness to producers and
scientists. Thenumbersthat havebeen distributed
exceed 200,000 to date. A sample of County
Extension Agents in three states indicates that
most producersutilizethe materialson aregular
basis.

PRINCIPAL ACCOMPLISHMENTS:

Preparing, editing, reproducing anddistributing
41 fact sheetsand four videosduring the period of
the project to date.

IMPACTS:

» County Extensionagentsusing SRAC
educational materialsintheir officescan
providedefinitiveanswersto most
production problems.

* Processorsnow haveanother ready
reference on how toimprovetheir product
safety record. In addition aconsumer can
secureinformation about thewholesome-
ness and safety of aproduct before
purchase.

» Specialistsreportamarked decreaseintheir
workload asthey can now providewritten
information and spendtheir timemore
fruitfully working with actual producerswho
requireimmediateattentionto specific
problems.

* Manyindividualsrequest SRAC materialsto

obtaininformationrelativeto beginning
sometypeof aquacultureendeavor. After
|earning about the challengesand work
involved, at | east 80 percent of thepeople
requesting information decidenot to pursue
suchan endeavor. Estimated average
savingsof expensesand lostinvestmentsare
approximately $30,000 per inquiry.

* Aquacultureproducerslookingforan
alternate crop have been ableto assessthe
market and therequirementsof another
species. They canthendecide, based on
scientific studies, whether their install ation
would meet theanimal’ srequirements.

RECOMMENDED FOLLOW-UP ACTIONS:

Betweenthisproject and apreviousonethere
have been over 100 fact sheets and 15 videos
completed. These need to beplacedinareadily
availablecomputer-integratedlibrary. Theformat
must be of the maximum benefitto both producers
andresearch scientists.

There are still several areas that have not
been addressedinthepublicationsto date. These
should be carefully considered and those with
the widest expected usage should be prepared
anddistributed.

A better method needs to be established to
moveresearchinformationgathered by other SRAC
projectsintothepublic sector. Thismayinvolvea
singlelocationto beresponsiblefor preparation
and distribution of these publications.

PUBLICATIONS:

Beem, Marley. 1991. Aquaculture: Realities
and potentialswhen getting started. (SRAC No.
441)

Brunson, Martin W., C. Greg Lutz and
Robert M. Durborow. 1994. Algaebloomsin
commercial fish production ponds. (SRAC
No.466)
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Davis, JamesT. 1993. Survey of aquaculture
effluent permitting and 1993 standardsinthe South.
(SRACNOo.465)

Davis,JamesT.,D.M. Gatlin,I11,and Max R.

Alleger. 1993. Channel catfish: Dietary effectson
body compositionand storagequality. (SRACNo.
186)

Davis,JamesT.,D.M. Gatlin,I11,and Max R.

Alleger. 1993. Channel catfish production: Impacts
of diet composition andfeeding practices. (SRAC
No. 187)

Durborow, Robert M., David M. Crosby and
Martin W. Brunson. 1992. Nitritein fish ponds.
(SRACNOo0.462)

Durborow, Robert M., David M. Crosby and
Martin W. Brunson. 1992. Ammonia in fish
ponds. SRAC No. 463)

Higginbotham, Billy J. and Greg M. Clary.
1993. Development and management of fishing
leases. (SRACNOo. 481)

Jensen, Gary L. and Martin W. Brunson.
1992. Harvesting warmwater fish. (SRACNo.
394)

Kouka, Pierre-Justin and Carole R. Engle.
1994. Cost of alternative effluent treatmentsfor
catfishproduction. (SRACNo. 467)

Ladewig, Katheleen F. and DonnaW. Logan.
1993. Youcando catfish (SRAC No. 501)

Losordo, Thomas M., Michael P. Masser
and James E. Rakocy. 1992. Recirculating
aquaculture tank production systems - An
overview of critical considerations. (SRAC
No.451)

Losordo, Thomas M., James E. Rakocy and
Michael P. Masser. 1992. Recirculating
aguaculturetank production systems: Component
options. (SRACNo. 453)

Masser, Michael P., Charles Cichra and
Ronnie Gilbert. 1993. Fee-fishing ponds:
Management of fish and water quality. (SRAC
No. 480)

Masser, Michael P. and John W. Jensen.
1991. Calculating treatments for ponds and
tanks. (SRAC No. 410)

Masser, Michael P., James E. Rakocy and
ThomasM. Losordo. 1992. Recirculating aqua-
culturetank production systems: M anagement
of recirculating systems. (SRAC No. 452)

Rakocy, James E., Thomas M. Losordo
and Michael P. Masser. 1992. Recirculating
aquaculture tank production systems:
Integrating fish and plant cultures. (SRAC
No.454)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Introduction to hormone-
induced spawning of fish. (SRAC No. 421)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Capturing, handling, trans-
porting, injecting, and holding brood fish for
induced spawning. (SRACNo. 422)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Determining sexual maturity
of broodstock for induced spawning of fish.
(SRACNO. 423)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Hormonal control of re-
production in fish for induced spawning.
(SRACNo.424)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Hormonepreparation, dosage
calculation, and injection techniques for
induced spawning of fish. (SRAC No. 425)

Rottman, R. W., J. V. Shiremanand F. A.
Chapman. 1991. Techniquesfor taking and
fertilizing the spawn of fish. (SRAC No. 426)
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Rottman, R. W., J. V. Shireman and F. A.
Chapman. 1991. Induction and verification of
triploidy infish. (SRACNo. 427)

Rottman, R. W., Ruth Francis-Floyd, P. A.
Reed and R. Durborow. 1992. Submitting a
samplefor fishkill investigation. (SRAC No.
472)

Rottman, R. W., Ruth Francis-Floyd, P. A.
Reed and R. Durborow. 1992. Useof medicated
feedinfoodfish. (SRACNo. 473)

Rottman, R. W., Ruth Francis-Floyd, P. A.
Reed and R. Durborow. 1992. Theroleof stress
infishdisease. (SRACNo. 474)

Schuler, George A. and P. T. Tybor. 1993.
Developing a HACCP program for the catfish
industry. (SRAC No. 490)

Tucker, Craig S. 1991. Water quantity and
quality requirementsfor channel catfish hatcheries.
(SRACNOo0.461)

vander Ploeg, Martine. 1991. Testingflavor
quality of preharvest channel catfish. (SRACNo.
431)

Wurts, William A. and Robert M. Durborow.
1992. Interactionsof hardness, alkalinity, pH and
carbondioxide. (SRACNo. 464)

VIDEQOS:

Davis, James T. Channel catfish spawning
and hatchery management.

Ladewig, Katheleen. Cando catfish.

Ladewig, Katheleen. Crawfish: Alwaysin
great taste!

Ladewig, Katheleen. Rainbow trout.

Moody, Michael. Aquaculture processing
safety and quality.

MANUSCRIPTS BEING REVIEWED:

Bankston, J. David, Jr.and Fred Eugene Baker.
Open channel flow inaquaculture.

Bankston, J. David, Jr.and Fred Eugene Baker.
Selecting the proper pump.

Bankston, J. David, Jr.and Fred Eugene Baker.
Power for aquaculture.

Bankston, J. David, Jr.and Fred Eugene Baker.
Piping systems.

Cichra, Charles E., Michael P. Masser and
Ronnie J. Gilbert. Fee Fishing: Anintroduction
(SRACNOo0.479)

Cichra, C. E., M. P. Masser and Ronnie J.
Gilbert. Fee-fishing: Location, sitedevelopment
and other considerations. (SRACNo. 482)

Ladewig, Katheleen F. Rainbow trout.

Lorio, Wendell J. and SandraM alone. Hard
clamculture(Mercenariamercenaria)

Lorio, Wendell J. and SandraMalone. The
cultivation of American oyster ( Crassostrea
virginica)

OTHER SOURCES OF SUPPORT:

AlabamaCooperative Extension Service

University of Arkansas

University of Florida

University of Georgia

Kentucky StateUniversity

L ouisianaCooperative Extension Service

Mississippi Agricultural & Forestry Experiment
Station

Mississippi Cooperative Extension Service

North CarolinaCooperative Extension Service

OklahomaCooperative Extension Service

South CarolinaCooperative Extension Service

Tennessee Cooperative Extension Service

TexasAgricultural Extension Service

VirginlslandsAgricultural Experiment Station
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SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR | FUNDING | UNIVERSITY | INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 39,642 75,631 75,631 115,273
2 59,000 63,169 69,169 122,169
3 34,500 32,250 32,250 66,750
Total 133,142 171,050 171,050 304,192
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V. PROGRESS REPORTS

A. CHARACTERIZATION OF
FINFISH AND SHELLFISH
AQUACULTURAL EFFLUENTS

ProgressReport
For the Period
May 1, 1991 to August 31, 1994

FUNDING LEVEL:

Year .o $145,000
YEAN2 .o $169,000
YEAr3 ..o $141,500
TOtal ..o $455,500

PARTICIPANTS:

University of Florida(L ead I nstitution) - Jerome
V. Shireman

AuburnUniversity - ClaudeE. Boyd
Clemson University - David E. Brune

LouisianaState University - R. P. Romaire,
Donald C. Huffman

Ms. StateUniversity - C. Tucker, J. Waldrop

North CarolinaStateUniversity - T. M.
L osordo, Jeffrey M. Hinshaw

TexasA & M University System-J. T. Davis
University of Ark. at PineBluff - Carole Engle
University of Georgia- Gary J. Burtle
Waddell Mariculture Center - J. S. Hopkins

ADMINISTRATIVE ADVISOR:

John T.Woeste, Dean
FloridaCooperative Extension Service
University of Florida

Gainesville, Florida

PROJECT OBJECTIVES:

1. Characterize aquaculture effluents for
finfish and shellfish aquaculture production
systems.

2. Determinebest management practicesand
investigate available and new treatment
technol ogiesto maintainhigh effluent water quality.
These technologies will include water reuse,
conservationandrecycling techniques.

3. Compare the economics of the
management practices and treatment
technologiesin Objective2.

4. Develop and disseminate educational
material s and conduct demonstration projects
for producersand policy makers. Thisobjective
will be conducted throughout the duration of
thisproject.

ANTICIPATED BENEFITS:

Resultsfromthisstudy do not giveimmediate
benefits to the industry. The results obtained,
however, apply to all aquaculture in the
Southeastern United States. Characterization of
aquacultural effluents and investigation of best
management techniqueswill beinvaluabletothe
industry as permitting of effluents of all types
becomes more stringent. Thisdatawill givethe
aquaculture industry a pro-active position as
pertainsto agency permitting policies.

PRINCIPAL ACCOMPLISHMENTS:

Aquacultural effluentswere characterized
for catfish levee ponds by Mississippi State
University, for watershed ponds by Auburn
University, hybrid striped bass by Waddell
Mariculture Center and crawfish effluents by
LouisianaState University. Twenty commercial
catfish pondswereusedintheleveepond effluent
study. High nutrient input ratesand favorable

Page 19



SRAC Seventh Annual Progress Report

December, 1994

conditions for plant growth during summer
monthsresulted in high phytoplankton growth,
settleablesolids, suspended solids, chemical oxygen
demand, and biochemical oxygendemand (BOD).
Total phosphorous, solublephosphorousandtotal
nitrogenwereal so highestinsummer. Ammonia
and nitrate were highest in the cooler months
because photosynthesis was reduced. The
seasonablewater quality parametershave positive
implications on when water isreleased as most
effluentisrel eased during thewinter when effluent
water quality parameters are best. However,
retention ponds for treatment would be more
effectiveduring summer.

Water samples were collected from 25
commercial catfish ponds in central and west-
central Alabama. Ranges for variables were as
follows: BOD ; 1.9-35.54mg/L ; settleablesolids;
0-1.8 mg/L; suspended solids; 5.2-336.7 mg/L;
volatilesolids; 0.02-221.0mg/L ; total phosphorous;
0-1.85 mg/L; soluble reactive phosphorous; 0-
0.74 mg/L; total Kjeldahl nitrogen; 0.58-14.04
mg/L ; total ammonianitrogen; 0.008-8.071mg/L ;
nitrite-nitrogen; 0.001-1.410 mg/L; nitrate-
nitrogen; 0-6.661 mg/L ; dissolvedoxygen; 0.8-16.8
mg/L; pH; 4.9-9.5. Concentrationsof water quality
variableswere skewed toward thelower ends of
theseranges. Concentrations of some variables
were occasionally higher than those normally
encountered in natural streams and exceeded
recommended effluent concentration limits.

Watershed pondswith maximum depths of
3-5 m which thermally stratify during warm
months are sometimes used for commercial
aquaculture. Hypolimnetic water in six
watershed ponds for aquaculture in Alabama
were depleted of dissolved oxygen and had 2.4-
43.2 mg/L of ferrousiron, 0.01-0.25 mg/L of
total manganese, 0.24-3.59 mg/L of total
ammonianitrogen, and 0.07-1.29 mg/L of total
sulfide. Concentrationsof nitrite-N and 5-day
BOD wereno higher in hypolimnetic water than
innormal surface water of aquaculture ponds.
Volumes of oxygen-depleted water averaged
3.2 to 20% of total pond volumes, but much

greater volumes of pond water contained less
than 3 or 5 mg/L of dissolved oxygen. Discharge
of hypolimneticwater from aguaculture pondsinto
natural waterwayscould haveanegativeimpact on
water quality.

Seventeen commercial and two experimental
crawfish ponds in south-central and southwest
Louisiana were selected for effluent
characterization. Thepondsrepresented cultivation
systems including rice-crawfish ponds (rice-
crawfish rotation, rice double cropping);
sorghum-sudan grasses or colonized by native
terrestrial/native aquatic vegetation); and wooded
ponds(nativeterrestrial/nativeaquati c vegetation
and leaf litter). Macrophytic standing crop was
estimated in each pond in mid-October, mid-
January, and mid-April with quadrat sampling.
Effluent sampleswere collected onfour daysina
two-week period in November 1991 (late fall),
February 1992 (winter), and late March - early
April 1992 (spring). Summer samples were
collected onat least threedaysduring pond draining
from late April through early July. Water was
analyzedfor parametersdecided uponby theSRAC
working group.

The Waddell Mariculture Center (WMC)
assessed commercial striped basshybrid (SBH)
pond and effluent water quality. Anattempt has
been madetoincludecommercial pondswitha
wide range of production goals, including
fingerling production ponds. Saltwater and
freshwater pondswereincluded aswell. Since
pond dynamics can result in dramatic short-
term fluctuations in many water quality
parameters, more frequent sampling of SBH
pondsat WM C wasdone. WM C pondsinclude
intensivejuvenile production pondsand grow-
out pondsstocked at two densities. Thelower
stocking density and feeding rate was close to
theaverage of commercial farmsandthehigher
density wasapproached or slightly exceeded the
limitsof fish productionin pondswithout water
exchange. All data sets were sent to North
Carolina State University for inclusion into
databases.
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Excluding fingerling production ponds, the
fish biomass encountered in the commercial
pondsranged from 450to0 12,500 |bs/ac with an
average of 3,700 Ibs/ac. Feeding rates for
production pondsranged from 2 to 133 |bs/ac/
day with an average of 50 Ibs/ac/day. It is
generally believed that digestion processes
within the pond were capable of assimilating
about 100 Ibs/ac/day of feed if supplemental
aeration is available to maintain dissolved
oxygen. Thus, at the higher feeding ratesbeing
used by some commercial SBH farms, adegree
of water exchange may be necessary to transfer
part of the digestion process to the receiving
stream or highland crops. Indeed the highest
water exchangerates have been encounteredin
these pondswith the highest feeding rates.

In summary, the potential for adverse
environmental impact from effluents of striped
bass hybrid ponds is no greater than that of
catfish ponds. Through thoughtful and well-
informed farm design and operation, the potential
for environmental impact can be virtually
eliminated.

In order to determinethe best management
practices (BMP) for catfish effluents it was
necessary to determinethetiming and quantities
of effluentsdischarged from commercial catfish
farmsin Mississippi.

Datawerecollected from commercial catfish
farmswith 10,413 water surface acresdevoted
to food fish production, 1,261 water surface
acres devoted to fingerling production and
hatcheries that hatch more than 100 million
catfishfry annually. These dataindicated that
thefollowing conclusionsarewarranted:

* Thecost of pumping (economics) tendsto
minimizethe amount of water used on
catfishfarms.

* Foodfishandfingerling production
resultsinonly about 20 inches of water
per acre per year being discharged into
theenvironment.

» Dischargeof water fromexcessrainfall for
food fish producersand management
practices(draining pondsprior to stocking
fry) for fingerling producersaccount for
most of thewater rel eased.

* Thetimeof dischargeissuchthat thewater
in pondscontainsthe seasonally lowest
concentration of potential pollutantswhen
discharged.

* Thetimeof dischargeissuchthat the
receiving streamsareat, or near, their
maximumflow.

» Hatchery dischargewater presentsfew, if
any, potential problems.

* Basedonthesedataand analysis, the
commercial catfishindustry presents
minimal environmental pollution problems
fromeffluent discharge.

* Thereisno apparent need to develop a
plan for discharge water treatment at this
time.

Researchersin Mississippi also found that
the best time to release effluents from catfish
pondswasduring thewinter whenwater quality
wasbest. Thiscoincidedwiththerainy season
when most effluentswerereleased. The study
also found that water quality from ponds not
drained each year had suitablewater quality as
in ponds where biological processes reduced
nutrients and organic matter in excess of a
singlepond - volumedischarge. Thisresultsin
lesseffluents and reduced pumping costs.

Research at Auburn University indicated
that of the nitrogen, phosphorous, and BOD
discharged, 50% was discharged in the last
15-20% of the effluent discharged. Of the
settleable solidsdischarged, 50% wasrel eased
inthelast 5% of the effluent discharged. These
findingssuggest that the best way to minimize
the pollution potential of aquaculture pond
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effluents is to harvest ponds as quickly as
possible, and either to not dischargewater during
the seining phase or to discharge this highly
contaminatedwater intoasettlingbasinor retention
pond. It isfeasible to allow effluents to flow
untreated into the environment during the pre-
seining phase of draining as concentrations of
potential pollutantsarelow. Resultsfromundrained
and drained ponds were similar in the Alabama
study. It was concluded that harvest without
drainingwasafeasibletechniquefor reducingthe
pollution potential of catfishfarming.

A study utilizing fish effluents for crop
irrigationwasconductedin Georgia. Bothsoybean
andwheat weregrown. Itwasconcluded that pond
effluent can beapplied asirrigation water to crops
to satisfy aportion of thenitrogen requirement, but
little phosphorous is provided. Pond water is
generally not changed by flushing (25%), but
effluent applicationto cropland could reducethe
volumeof effluent reaching natural systems. Pond
flushing and refilling may reduce the amount of
emergency aeration required for channel catfish
ponds.

Theinfluenceof water recircul ationin outdoor
ponds coupled with the use of filter feeding fish
wasinvestigated asaBM P at acommercial catfish
operation in southeast Texas. They found that
effluent parameterswerewithintherangesreported
by other authors. Thisresearch suggests, although
the pond systems were managed inconsistently,
that production was significantly higher in the
recirculated pondsversusstatic pondswithonly a
slight increaseinlevelsof some of the measured
water quality parameters.

Investigatorsat North CarolinaStateUniversity
researchedtheuseof water hyacinth based treatment
systemsand wetland plant nurseriesfor effluent
treatment. Tolook at theeffectivenessof thewater
hyacinth based treatment system, asystemwasset
up at Tidewater Research Station, Plymouth, N. C.
Twodifferent flow ratesof 80001/d and 160001/
dwerechosenandstudied. Thesystemwasfound
tobefairly efficientinremoving suspended solids.

Thehighest removal efficiency wasabout 90%
whiletheaverageremoval efficiency was 60%.
The average removal efficiency, at the lower
rate of 8000 |/day, was 67% whilethe average
removal efficiency at the higher flow rate of
16000 l/day was 51%. Some reduction of
phosphates was observed in the system. The
average removal efficiency at the lower flow
rate was 16.5% while the average removal
efficiency at ahigher flow ratewas9.5%. The
average removal efficiency for nitrates at the
lower flow rate was 38% while the average
efficiency at thehigher flow ratewas11%. The
average TKN removal efficiency at the lower
rate was 42% while the average removal
efficiency at the higher flow rate was 31%.
Thus, better efficiency wasobtai ned at the higher
detention time. Though a reduction in
ammonia-N content of the effluent was observed
in somecases, overall, theammonia-N content
of the effluent did not show any appreciable
reduction and seemedtoincreasein quiteafew
caseswhich could have been caused by:

a) Decomposition of organic matter into
ammonia.

b) Fixation of N, from the atmosphere by
blue-green algae.

c) Nitrifying bacterianot having achanceto
establishthemselves.

The use of aquaculture effluents to grow
nursery plantswasalsoinvestigated. Thethree
wetland plant species propagated during the
twoyear study grew very well withno additional
nutrient input. From this perspective,
aquaculture pond water/effluent is a suitable
(low cost) irrigation and nutrient sourcefor the
propagation of those plants. From an
aquacultureeffluent control point of view, the
only major benefit wassuspended solidsremoval.
From afarmer'sperspective, thisisanimportant
finding. Through the application of this
technology or by utilizing aconstructed wetland,
aquaculturepond farmershavean alternativeto
discharging untreated waters.
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ResearchersfromtheUniversity of Arkansas
at PineBluff (UAPB) conducted economicanalyses
on effluent management strategiesfor catfish and
hybrid striped bass production in ponds and for
trout production in raceways. Effluent
management strategies analyzed for the
warmwater pond systems included: usingpond
water toirrigaterice, useof constructed wetlands,
and useof filter-feedingfish stockedin ponds. For
the trout model, effluent management strategies
analyzedincluded: constructed wetlands, filter-
feedingfish stockedin pondsfed by theraceways,
and the use of settlement basins. Resultsshowed
that effluent treatment with these technologies
wouldincrease production costsby $0.02to $0.05
per poundfor catfish and $0.28t0 $0.31 per pound
for hybrid striped bass.

The use of effluent for crop irrigation was
shownto betheleast expensivetreatment option.
Thetechnique selected for effluent treatment,
however, will bedetermined by regulationsand
impact on production. However, all treatments
analyzedreduced net farmrevenuesdueto either
treatment cost, optimal farm size, or stocking
rates. This study also showed that imposing
effluent control will create barriers for new
catfish farmers, particularly small-scale (less
than 320 acres) farms.

Aneconomic engineering approachwasused
to construct cost estimates for the parameters
shown below:

3levelsof production
small - 30,000 to 50,000 Ibs/yr
medium - 100,000 Ibs/yr
large- 230,000 | bs/yr
2raceway sizes
6'X35X3
122X 70X 3
3flow rates
500gpm
1500gpm
3000gpm
2 management levels
new
experienced

2final fishweights
140z
48 0z

5effluent treatment methods
surfaceflow constructed wetlands
subsurfaceflow constructed wetlands
settlementbasin
filter-feeding bighead carp
notreatment

Filter-feeding bighead carp had an ability to
reducetheBOD level. Only when BOD levels
were reduced to 2.5 mg/I did the constructed
wetlandsbecomefeasible. Thewetland system
appeared to be more cost effective at lower
water flow ratesand with smaller fish.

Bighead carp production may not be practical
inall trout producing regions. When bighead
carpwereremoved from themodel, net returns
remained the same, but water flow rates (500
gpm) were reduced. When a tax of $60 per
mg/l BOD discharged was levied, net returns
were reduced. However, new producers or
smaller farms in the model, paid the tax on
effluent dischargerather than build constructed
wetlands. Net returnswerereducedby 1%to2%.

A tremendousamount of work hasbeen done
by scoresof researchersonthecharacterization of
effluent from flow-through fish systems,
particularly thosefrom salmonid production. The
enormous variation seen in the reported values
illustratestheimportance of factorssuchasmode
of operation during measurement, stocking density,
compositionof feedandfeed conversionefficiency,
and the intensity of water use. Designers of
systemsfor wastetreatment optionsmust consider
very site-specific and management-specific
parameters in planning to meet the myriad of
environmental regulations applicable to flow-
through systemsin aquaculture.

IMPACTS:

Itisdifficult to estimate theimpactsof the
study directly on productionfarmers. Thedata

Page 23



SRAC Seventh Annual Progress Report

December, 1994

collected doescharacterize aquaculture effluents
and presentsdataon BMP’s. Thisdatawill be
valuable to both farmers and regulators as they
devel op permitting criteriaand options. Economic
dataindicatesthemost feasi bl eeffluent treatment
methods and BMP’s. If treatment methods are
required by public agencies, they could cause
economic barriers to entry into the aquaculture
industry.

PUBLICATIONS:

Boyd, C.E., E.Hernandez, J. C. Williamsand
R.P.Romaire. 1994. Effectsof samplingtechnique
onprecision estimatesfor water quality variables
infish culture ponds. J. of Applied Aquaculture.
4:1-19.

Boyd, C.E.and T. Dhendup. InPress. Quality
of potential effluents from the hypolimnia of
watershed pondsusedinaquaculture. Progressive
Fish-Culurist.

Boyd, C. E. 1993. Catfish pond effluents.
Feedstuffs. January.

Ghate, S. R. and G. J. Burtle. 1993.
Characterization of water in catfish ponds
periodically loweredfor cropirrigationandrefilled
with well water. Aquacultural Engineering (in
review).

Kouka, P. J. and C. R. Engle. 1994. Cost of
alternative effluent treatments for catfish
production. Southern Regional AquacultureCenter
Fact Sheet.

Kouka, P. J., C. R. Engleand G. L. Pounds.
1994. Economicimplicationsof sel ected alternative
effluent treatment technologies for catfish
production. Aquacul ture/FisheriesCenter Working
Paper AFC-94-5. University of Arkansasat Pine
Bluff, PineBluff, AR.

Schwartz, M. F. and C. E. Boyd. In Press.
Channel catfish pond effluents. Progressive Fish-
Culturist.

Schwartz, M. F. and C. E. Boyd. 1994.
Effluent quality during harvest of channel catfish
from watershed ponds. Progressive Fish-
Culturist 56:25-32.

Seok, K., S. Leonard, C. E. Boyd and M. F.
Schwartz. In press. Water quality in annually
drained and undrained channel catfish ponds
over a three-year period. Progressive Fish-
Culturist.

PRESENTATIONS:

Boyd, C.E., 1993. Overview of theeffluent
issue in pond raised catfish. Catfish Farmers
of America. New Orleans, LA. February 25,
1993.

Boyd, C. E., 1993. Management of channel
catfish pondstoreducevolumeand enhancequality
of effluents. U.S. Chapter of theWorld Aquaculture
Society. Holden Head Island, Charleston, SC,
January 27-30, 1993.

Boyd, C. E., 1993. Comparison of primarily
productivity and nutrientscyclinginwetlandsand
aquaculture ponds. U.S. Chapter of the World
Aquaculture Society. Holden Head Island,
Charleston, SC. January 27-30, 1993.

Boyd, C. E., 1993. Impact of water discharge
from aquaculture facilities. Alabama Fisheries
Association. Auburn, AL. January, 1993.

Burtle, G.J.and S. R. Ghate. 1993. Integrated
channel catfish and row crop production for
aquacultural pond effluent re-use. World
Aquaculture Society/South Atlantic Regional
Aquaculture Conference. January 27-30. pp. 13.

Ghate, S. R. and G. J. Burtle. 1993. Water
quality in channel catfish ponds intermittently
drained for irrigation. Proceedings of an
AquacultureEngineering Conference: Techniques
for Modern Aquaculture, edited by J. K. Wang,
American Society of Agricultural Engineers, St.
Joseph,MO. pp.177-186.
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Ghate, S. R., G. J. Burtle, and G. J. Gascho.
1994. A techniqueof intergrating channel catfish
and soybean production systems. Annual Meeting
of theWorld Aquaculture Society, New Orleans,
LA. January 11-18.

Ghate, S.R.and G. J. Burtle. 1992. Managing
catfish pond effluent for devel oping anintegrated
catfishandcropproductionsystem. 1992 University

System Research Symposiumon Research, Athens,
GA.May 8-9.

Ghate, S. R., G. J. Burtle, and M. C. Smith.
1993. Characterization of water quality incatfish
(Ictalurus punctatus) ponds under selective
harvesting production system. World Mariculture
Society/South Atlantic Regional Aquaculture
Conference. January 27-30. pp 19.

SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR | FUNDING | UNIVERSITY [ INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 145,000 90,294 90,294 235,294
2 169,000 146,369 146,369 315,369
3 141,500 129,375 129,375 270,875
Total 455,500 366,038 366,038 821,538

Page 25




SRAC Seventh Annual Progress Report

December, 1994

B. FOOD SAFETY AND SANITATION
OF AQUACULTURAL
PRODUCTS: MICROBIAL

ProgressReport
For the Period
April 1,1992 to August 31, 1994

FUNDING LEVEL:

YA Lo $85,000
=T | $225,000
== T $260,000
TOtAl ..o $570,000

PARTICIPANTS:

University of Tennessee (L ead I nstitution) -
J.L.Wilson, F. AnnDraughon

AuburnUniversity - T. Lovell, T. McCaskey,
BrianPerkins

University of Florida- Steve Otwell,
Gary Roderick, Mark Tamplin

University of Georgia- Y ao-Wen Huang,
George Schuler, Romeo Toledo, Mark
Harrison

LouisianaState University - DougMarshall,
Wendell Lorio

Mississippi StateUniversity - Jim Hearnsberger,
John Martin, Juan Silva, Chinling Wang,
CharlesWhite

TexasA & M University - Gary Acuff, Delbert
Gatlin

TexasAgricultural Extension Service-
KatheleenLadewig

VirginiaPolytechnicInstituteand State
University - JoeW. Boling, George J.
Flick, Geoffrey M. Knobl, and
C. Fernandes

ADMINISTRATIVE ADVISOR:

Graham Purchase, Director of Research
Collegeof Veterinary Medicine
Mississippi StateUniversity
Mississippi State, Mississippi

PROJECT OBJECTIVES:

1.a. Collect data that are available to define
aguaculturedfood safety problemsandtodesigna
control program.

b. Conduct aforum to assess all relevant
dataonfood safety of aquacultured foods. This
event will assemble all knowledgeable
individualsthat can bring their expertiseto bear
onthissubject.

c. Prepareand distribute a bibliography of
the available publications, mimeographs, fact
sheets, and videos relative to food safety and
sanitationintheaquacultureindustry.

d. Evaluatedataonmicrobiological quality
in catfish, crawfish, and rainbow trout processing
anddistribution operations. Determineif thereare
critical control pointswhich need attention.

e. Do supplemental laboratory work to
clarify areasof concern. Thisisdesignedtofill
gapsinthedatabase, not to conduct anindustry-
widesurvey.

2. Investigatevariousmethodstoreduceand
detect significant pathogenic and spoilage micro-
organisms on processed catfish, rainbow trout,
and crawfish. Coordinate findings with
publicationswork groupif necessary.

3. Conduct afood safety HACCP audit to
determineif thisapproachwouldbecost-effective
andresultinincreased product safety.

4. Producenew publicationsto complement
existing publicationsonfood saf ety and sanitation.
Thesewould becompleted during thesecond and
thirdyearsof the project.
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OBJECTIVE 1A: COLLECT DATA THAT ARE
AVAILABLE TODEFINE AQUACULTURED
FOOD SAFETY PROBLEMSAND TO DESIGN
A CONTROL PROGRAM.

PROGRESS:

Effortsto assessthe food safety of southern
aguacultured productsbased onreportedilinesses,
literaturereviews, andliai sonwithnumerousrel ated
government programsstill reveal that culturedfish
represent the saf est source of muscleprotein and
related nutrientsamong all musclefoodsproduced
intheUnited States. Cultured molluscan shellfish,
which in the southern region are primarily hard
clams, are more suspect for potential microbial
foodborneillnesses, yet actual reportedillnesses
do not reflect any significant reporting of
occurrences from cultured molluscan products.
Likewise, shrimp and crawfish ascooked ready-
to-eat items, are suspect, but not evidenced as
problems. Theseinterim conclusionsarebased on
updated literature reviews per the previously
identified sourcesthrough 1993 and supplements
from pertinent agenciesinregional Stateand Federal
programs.

Agency liaisonthroughthisproject hasmatured
intoanumber of collaborativeprojectstoimplement
respective control measures for aquatic food
product saf ety during processing. M eetingswith
the pertinent regional State agencies and their
professional association, AFDOSS (A ssociation
of Food & Drug Officials of Southern States),
haveledtoaformal partnership calledthe" Seafood
HACCP Alliance for Education and Training".
This partnership, formalized in June, 1994 with
support fromthe National SeaGrant Office, will
involve the network of Cooperative Extension
Servicesandrelated SeaGrant Advisory Programs
workingwithrepresentativesfromthe FDA Office
of Seafoods, USDA, National Marine Fisheries
Service, and all respective regional AFDO
associations to design and deliver a uniform
HACCP education and training program for all
aguaticfood processors. Aquaticfoodsincludeall
seafoods(harvested, cultured orimported). SRAC's
Objective laprovided theinitial opportunity for

the project personnel to draft and advance this
"Alliance" conceptinconjunctionwiththeAFDOSS

organization. Thiseducational "Alliance" will offer

continuing control sfor aquacultured product safety

through the joint development of ‘core HACCP

curriculum’, establishment of acadreof HACCP

instructors, pilot-testingin processing firms, and

maintenance of a 'compendium' of approved

processing methods and recommendations for

HACCPmonitoring andrecord keeping.

Concurrent withthe aforelisted activity, this
project hashel pedfoster regional collaborationin
a joint USDA Extension Service project,
"Implementation of TQM and HA CCP Concepts
for Processing Aquacultured Products”. Thefirst
year of thisprojectisnearing completionwiththe
development and in-plant testing of HACCP
programs for cultured molluscan shellfish
(University of Florida- SteveOtwell withLouisiana
State University - Mike Moody) and catfish
(Mississippi State University - AnnaHood with
VirginiaTech- GeorgeFlick). Thesecondyear of
work is anticipated to begin with cultured
crawfish (LSU - MikeM oody with University of
Florida- Steve Otwell) andtrout (Virginia Tech-
GeorgeFlickwith MSU - AnnaHood). TheSRAC
projectinitiated thiscollaboration. Likewise, asa
consequence of thiswork the SRA Cinvestigator
has been asked to serve as the Chairman of the
Interstate Shellfish Sanitation Conference’s
HACCPCommitteetoinvestigatetheintegration
of proposed HACCP concepts and regulations
withintheexisting Federal manual swhich govern
the production and processing of all cultured and
natural harvested bivalves.

WORK PLANNED:

Duringthefinal year for thisproject objective,
theliterature sourceswill be compiled for quick
reference in written and computer disc formats.
Thisinformationwill support aposition paper on
thesafety of southernaquacultured products. This
paper will include a listing and critique of
recommended control measures (i.e., TQM and
HACCP based) that help assure aquacultured
product safety.
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IMPACTS:

Reviewsof previousand current literatureand
data sourcesfurther substantiate the food safety
statusfor southernaquacultured products. Project
activity helpedfoundanational " Seafood HACCP
Alliancefor Educationand Training” whichwill
lead to more uniform implementation of control
measuresfor aquacultured product safety. Project
activity alsofostered cooperative projectsfunded
by USDA toimplement HACCPprogramsinactual
aguacultureprocesssettingsfor cultured bivalves,
catfish, crawfish andtrout.

OBJECTIVE 1B: CONDUCT AFORUM TO
ASSESSALL RELEVANT DATA ON FOOD
SAFETY OF AQUACULTURED FOODS.
THISEVENT WILL ASSEMBLE ALL
KNOWLEDGEABLE INDIVIDUALSTHAT
CAN BRING THEIR EXPERTISE TO BEAR
ON THIS SUBJECT.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

An Aquaculture Safety Forum was held
February 2-4, 1993, at the Auburn University
Hotel and Conference Center. The2%2day Forum
brought approximately 45 industry, academic,
and government agency representativesfrom 11
southeastern states together to assess all the
relevant data available on the safety of
aquacultured foods. The plenary sessions
provided opportunities for aquaculture
researchers and Extension workers to update
thegroup onrecent research findingsand other
current topics. Thebreakout sessionsafforded
an opportunity for Forum participantsto develop
"White Papers" about the present status and
future needs of the chemical and microbial
aspectsof aguacultured foodsinthesoutheastern
United States. All Forum participantsreceived
an evaluation form onwhichtheir perceptions
of variousaspectsof the Forum could berated
on a scale of 1 (=Poor) to 5 (=Very Good).
Forty percent of theevaluationswere compl eted
and returned. The following ratings are
presented as means +/- standard deviations: the

overall format of the Forum received a very
favorablerating of 4.72+/-0.45. Theattendees
werealsofavorably impressed withthestrength of

theagenda (4.67 +/- 0.47) and the quality of the

speakers(4.61+/-0.49). Evaluationrespondents

indicated that the degree to which the Forum
addressed theissue of aguaculture productssaf ety

merited arating of 4.56 +/- 0.60.

A 157-page Proceedings of the Aquaculture
Products Safety Forum was produced. The
Proceedings included transcripts of 20 formal
presentations made during the plenary sessions,
plusrecommendations made by working groups
regarding microbial and chemical safety of
aquaculturedfood products. Approximately 275
copiesof the Forum Proceedings weredistributed
toextensionworkers, researchers, and government
agency representatives in 33 states plus Puerto
RicoandtheVirginlslands. Whilenoformalized
methodwasestablishedtoevaluatethe Proceedings,
informal commentswere positivewithregardto
content, utility, layout, and design.

A 60-minute live, interactive Aquaculture
Products Safety satellite videoconference was
produced which highlighted the objectives and
recommendations devel oped during the Forum.
Amongtheissuesdiscussedwere: Hazard Analysis
of Critical Control Points (HACCP) method of
fishery product inspection, microbial aspects of
aquaculture safety, and chemical residues and
their relationto aquaculturesafety.

Another portion of the videoconference
presented videotaped excerpts of interviews
(conducted during the forum) in which the
intervieweesdiscussed what they perceived asthe
greatest needsrelated to aquaculture safety, and
what would bethemost appropriatewaystoaddress
thoseneeds. A final segment of theprogramwas
devoted to questions and answers, some of them
phonedinfrominterested viewers.

Videoconference Evaluation Formsweresent
to each AlabamaCooperative Extension Service
County Office. Although relatively few of the
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formswerereturned, thosewhodidrespondfeltthe
videoconferencewasworthwhile. Ratingsof the
panelists’ presentationsranged from "useful” to
"very useful". The interactive segment of the
program was deemed beneficial, with viewers
feeling"somewhatinvolved". Thetechnical quality
of theproductionreceivedratingsthat rangedfrom
goodtoexcellent.

IMPACTS:

Participant and viewer evaluation results
were mentioned previously and demonstratethe
very positiveimpactsthat Objective 1b had on
threedistinct audiences. Sincethe conclusion of
the "Forum Project”, many researchers,
Extension workers, and government agency
personnel have commented asto the"focusing"”
effect produced by the Forum. Many believe
that the Aquaculture Products Safety Forum
helped to reduce the amount of overlap and
increasethecomplementary nature of subsequent
research and Extension efforts relating to
aquacultured productsin the Southeast.

OBJECTIVE 1C: PREPARE AND DISTRIBUTE
ABIBLIOGRAPHY OF THE AVAILABLE
PUBLICATIONS, MIMEOGRAPHS, FACT
SHEETS, AND VIDEOSRELATIVETO

FOOD SAFETY AND SANITATION IN THE
AQUACULTURE INDUSTRY.

WORK PLANNED:

Work onthisobjectivewill beperformedduring
theupcomingyear.

OBJECTIVE 1D: EVALUATE DATA ON
MICROBIOLOGICAL QUALITYINCATFISH,
CRAWFISH, AND RAINBOW TROUT
PROCESSINGAND DISTRIBUTION
OPERATIONS. DETERMINE IF THERE
ARE CRITICAL CONTROL POINTSWHICH
NEED ATTENTION.

ANTICIPATED BENEFITS:

Theaquacultureindustry will benefit directly
from technical information generated in this

project. Methodswill bedeveloped and tested
that may control or prevent the proliferation of
thehuman pathogen Listeria monocytogenes on
ready-to-eat crawfish tail meat. Process
recommendationswill bemadeinthefinal project
report. Vacuum skin packaging, an advanced
packaging system, will improve shelf life and
product appearance of rainbow trout by
inhibiting the production of Clostridium
botulinumtype E toxin. Theseresultswill help
theindustry indistributionandretailingandin
developing standard procedures and methods
for the examination of processed products to
monitor and maintain microbial quality and
safety.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

M odifiedatmospherepackaging (MAP; 74.8%
CO,,10.4%0,,and 14.8%N ,) inhibited growth of
Listeria monocytogenes in crawfish tail meat
treatedwithOand 1% lacticacid (LA) and stored
at 4°Cwhencomparedtoair and vacuum packaging.
Nodifferencesin effectivenessof the packaging
atmosphereswereobservedwith2%LA. Addition
of 200 mg/g glycerol monolaurate (ML) with 1%
LA inactivated L. monocytogenesfor 20dat 4°C
in each packaging atmosphere. This treatment
reduced pH from7.4t05.4.

The growth and toxin production of
Clostridium botulinum type E in rainbow trout
filletsheldinvacuum skin packaging wasstudied.
This advanced packaging method improved the
shelf lifeand product appearance; in addition, no
toxin was produced by C. botulinum type E in
packagedtrout filletsstored at <3°C.

At10°C, atmospherescontaining highlevels
of carbon dioxideslightly increased shelf life of
trout; however, the use of modified atmospheres
at 10°C had littlepractical usefulness. Carbonic
acid dipscaused aslight reductioninmicroflora
of trout (approximately a Y2 log reduction);
however, theeffect wasnegated by the additional
handling and cost involved in preparation of the
dip. No Salmonellaor Listeriaweredetectedin
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any sample of rainbow trout during the study
using FDA and USDA isolationand confirmation
protocols.

Higher concentrationsof carbon dioxide (60%
and 100%) in modified atmospheres with no
addition of oxygen extended shelf life of trout
fillets at least seven (7) days longer than trout
packaged in atmospheres containing oxygen at
3°C. The presence of oxygen in atmospheres
encouraged growth of aerobic bacteria,
psychrotrophic bacteria, yeasts, aerobic
sporeformers, coliforms, proteolyticandlipolytic
bacteria. The odor and appearance of fillets
packaged in atmospherescontai ning oxygenwere
significantly lessacceptabl e (p<0.05). Proteol ytic
and lipolyticbacteriawereextremely sensitiveto
high carbon dioxideatmospheresresultingina4to
6 log difference after 10-15 daysof storage. The
morerapid spoilagein trout packaged in oxygen
containing atmospheres was probably due to
breakdown of amino acids, fatty acid and non-
protein nitrogenous compounds by lipolytic and
proteolytic bacteria.

Oneconcernisthat anaerobic bacteria(i.e.,
Clostridium botulinum) might grow in fillets
packaged under high level sof carbon dioxide.
Our datashow that anaerobic bacteriawere not
significantly increased (p>0.05) in fillets
packaged inatmospherescontaining high levels
of carbondioxide. Adding oxygento modified
atmospheres (22% oxygeninair or 5% oxygen
intheM AP studied) did not significantly change
therecovery of anaerobic sporeforming bacteria.
M aximum numbers of anaerobic sporeforming
bacteria recovered in any treatment were 10
CFU/qg.

Evaluation of microbial data(aerobic plate
counts, total coliforms, and E. coli) representing
5replicate samplesfrom each stage of acatfish
processing operation collected on 3 separate
occasions during the past reporting year has
revealed acritical control point. Further testing
is being performed to substantiate that the
processing step clearly isacritical point and
whether the data are influenced by seasonal

temperature fluctuations. Plans are being
developedto explore processmodificationsto
lessen the impact of the control point on the
microbial load of processed catfish.

WORK PLANNED:

Conduct HA CCPaudit of commercial crawfish
processing operationto validate plan effectiveness
inidentifying hazardsand critical control points,
critical limits, and correctiveactions. Investigate
theuseof ediblefilmstoimprovemicrobial quality
of smoked rainbow trout. Study growth and toxin
production of C. botulinum type E on modified
atmosphere packaged rainbow trout and catfish.
Further study the application of time and
temperatureindicatorson packaged aquaculture
products.

Additional sampling will be conducted to
determinetheeffect, if any, of seasonal temperature
fluctuations on microbial loads and safety of
processed catfish. At least one point in the
processing of catfish hasbeenidentifiedtohavea
significant impact on the microbial load of
processed catfish, and potentially onthemicrobial
safety as well. The processing point will be
investigatedinmoredetail, and waysto circumvent
microbial loads associated with the processing
stepwill beexplored and eval uated.

IMPACTS:

M ethodshavebeentested for the prevention of
growth or destruction of the human pathogen L.
monocytogenes on precooked ready-to-eat crawfish
tail meat and theinhibition of C. botulinumtoxin
inrainbow troutfillets. Thesemethodscan prevent
costly foodborne outbreaksassociated withthese
bacteria.

It hasbeen demonstrated that the shelf life of
rainbow trout can beextended by oneweek at 3 °C
by packaging with 60% carbon dioxide and 40%
nitrogen. Also, packaging of rainbow trout under
60% carbon dioxide/40% nitrogen did not
significantly increaseanaerobic sporecountsduring
the 21-day storageperiodat 3 °C.

Page 30



SRAC Seventh Annual Progress Report

December, 1994

Processing steps have been identified where
microbial counts increase faster than at other
processing sites, which makesthesesitestargetsto
control microbial proliferation, thereby improving
quality and microbial safety of the processed
product.

Theproject hasfocused directly on conditions
which promote quality and safety of marketed
aquaculture products. The demonstration and
training of processing plant personnel duringthe
collection of base line data and the feedback of
datato the industry will have amajor impact on
successful implementation of theHA CCP concept
and onthe safety of aquaculture products.

OBJECTIVE 1E: DO SUPPLEMENTAL
LABORATORY WORK TO CLARIFY AREAS
OF CONCERN.THISISDESIGNED TO
FILL GAPSIN THE DATABASE, NOT
TOCONDUCT AN INDUSTRY-WIDE
SURVEY.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

Datareveal that microbial countson catfish
generally increase by 100- to 1000-fold during
processing. Two conditionsareresponsiblefor
theincrease: a) contamination of flesh after the
skin is removed; and b) growth of the
contaminating organisms. Dataalso indicate
that distribution and final stages of marketing
farm raised, channel catfish have major impacts
onthemicrobial status, both quality and safety,
of fresh catfish products. Further testing is
continuing to help build adatabase essential to
determine the impact of processing and
distribution operationsonthe microbial status
and safety of catfish products.

IMPACTS:

Substantial resources in terms of expertise
and manpower have been provided to build a
microbial database for processed catfish, which
were previously not availableto the aquaculture
industry.

OBJECTIVE 2. INVESTIGATE VARIOUS
METHODSTO REDUCE AND DETECT
SIGNIFICANT PATHOGENICAND SPOILAGE
MICRO-ORGANISMSON PROCESSED
CATFISH, RAINBOW TROUT, AND
CRAWFISH.COORDINATE FINDINGS

WITH THE EDUCATIONAL PUBLICATIONS
WORK GROUP | F NECESSARY.

ANTICIPATED BENEFITS:

The catfish industry (some processors) has
askedfor helpininvestigating methodstoreduce
total bacterial counts and eliminate/control
pathogens in the process. An indicative
microbiological quality control program will
simplify safety/risk assessment of the processed
products. Currently, there are no standards for
dressed fresh/frozen catfish products based on
indicativemicrobesasacriterion. Thiswork will
show various methods to reduce bacterial loads
duringdressing, chilling, marinating, and prior to
packaging. Thesemethodswill bedemonstrated
and tested at theindustry level. Also, inahighly
competitive market, asin the catfish industry, a
processthat could reduceinitial numbersof bacteria
couldextend shelf lifeandimprovesafety of catfish
fillets, resulting in a more stable economic
environment for the catfish processor.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

The effectiveness of lactic acid, sodium
carbonate peroxyhydrate and trisodium phosphate
in inhibiting the growth of Salmonella, E. coli
and L. monocytogenes were evaluated. General
Purpose M edium (BioMerieux) containing 1 or
2% lactic acid, or 0.25, 0.5, 1 or 2% sodium
carbonate peroxyhydrate (Pergenox®©), or 1, 2 or
4% trisodium phosphate completely inhibited the
in-vitro growth of Salmonella, E. coli, and
L. monocytogenes as measured by theimpedance
bactometry.

The antimicrobial agents described above
alsowereevaluated for reducing bacterial loads
on whole processed channel catfish. The
correlation between impedance detection time
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from bactometer and standard total plate count

has been established. A decrease of 1 hour in
detection time means an approximateincrease
of 0.49 1og CFU/g catfish. One percent or 2%

lacticacid significantly (p<0.05) decreased 1.67

t02.811og CFU/gin processed catfish dipped

for 1 min or 5 min at day O treatment. One
percent Pergenox© and 0.5% trisodium
phosphate were not as effective as lactic acid

for decreasing bacterial load on processed catfish

dipped for either 1 or 5 min.

Variousantimicrobials(phosphates, phenolic
derivatives, sodium percarbonate, and spices) were
used at variousconcentrationsto study minimum
inhibitory concentrations(M1C) andtheir effects
on Salmonella spp. and Escherichiacoli 0157:H7
inmodel liqguid media.

Phosphatebased compounds, especially those
with sodium tripolyphosphate at 1-3%, reduced
Salmonella countsby morethan 11og CFU/mL but
had little effect on E. coli. Phenolic-based
compounds, teaextracts, teapolyphenol,, and dried
muscadine must had more effect on Salmonella
than E. coli. Polyphenol extract and dried
muscadine must at 0.5 and 1% wereeffectivevs.
Salmonellaand E. coli 0157:H7. Pergenox ™, had
aMIC of lessthan 2%. Of the seasonings, one
developed with mustard and organic acids, had
MIC of 8% or less(tartar mix) whereastheothers
had little effect. Pergenox ™ at 0.1% and dried
muscadine must at 3% had bactericidal and
bacteriostatic effect on E. coli 0157:H7,
respectively.

Todeterminetheeffect of |actic acid on shelf
lifeof refrigerated catfish, filletswerepreparedin
anindustrial processing environment andtreated
with lactic acid in a manner which could be
consistently applied and similar to a production
linefacility. Initial processing, including harvest,
deheading, skinning, eviscerationandfilletingwere
conducted at L& R Aqua Catfish Farms, 5821
County Road 18, Damon, TX.

Application of lactic acidtreatmentsto catfish
filletsutilized tumbling proceduresin an attempt

toloosenthemeat tissuestructure, possibly making

attached bacteriamore accessibleto the organic
acid sanitizer. Afterfilleting, filletsweretumbled

in0.5, 1.0, 2.0 and 3.0% concentrations of lactic

acid for 1 or 3 min. Filletswerethen placed in

commercial bulk containersand transported under

refrigerationtothelaboratory for storageat 4 °C.
Initially and every 2daysfor 16 days, 3replicates
from each treatment group were subjected to
microbiological and chemical analysis.

Microbiological analysesincluded APC, yeast and

mold countsand numbersof |actic acid bacteria.

Chemical analysesincluded determination of pH,

total volatilenitrogen, trimethylamineandresidual

lacticacid.

Sensory eval uation of sampleswasperformed
according to the 3-class system of organoleptic
evaluation utilized by US-FDA for seafood
products. Theanalystisarecognized analyst by
FDA for many different types of seafood and
shellfish.

A routineindicativemicrobiological quality
control program for application by the catfish
processor hasbeen devel oped and isbeing studied
to arrive at standards for catfish products.
M ethodol ogies have been identified and used to
enumerate the indicative microbiological count
(e.g., mesophilic, psychrotrophic, fecal [e.g.,
E. coli, total coliform counts] and human [e.g.,
Staphylococcusaureus] contaminants) aswell as
antibioticresistant bacteriato approved antibiotics
for treating diseased catfish. Bothfreshandfrozen
catfishfilletswereevaluated for someindicative
microbial counts. Therewasnodifferenceinthe
indicativemicrobial quality for theproducts. The
freshandfrozen catfishfilletshad low mesophilic,
psychrotrophicandtotal coliform counts. E. coli
cellswere not detected, which suggests that the
processorsproduced agood product withreasonable
shelf life.

M echanical and chemical methodswill beused
to reduce bacterial count and extend shelf life. A
|aboratory-scal e spray washer hasbeen assembled
and will be used to evaluate the effect of spray
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washes in lowering microbial count. Frozen
catfish filletsheld frozen at -80°C are used to
evaluate effects of spray washing. Concerns
have been expressed regarding the bacterial
adhesioninfrozenfillets. Generally, itisbelieved
that bacteria adhere to the fillet when contact
timeexceeds 15-30 min. To overcomeproblems
associated with bacterial adhesion, E. coli was
considered asanindicator organism. E. coli did
not grow in peptonewater or phosphate buffer
whenheldonice(0°C) for 24 h. Catfishfillets
were spiked with the indicator organism cells
(105 cfu/g) and held on ice for 2.0 h. Counts
were enumerated at 30 min interval for 2.0 h.
Therewasnodifferencein spiked and recovered
cell count over the2.0 h period. Therefore, the
E. coli cell count did not change or bacterial
cellsdid not adhereto thethawed catfish fillet
insignificant quantities. Thus, E. coli could be
used as an indicative organism for mechanical
and chemical wash studies.

A procedure has been developed and
evaluated for a non-destructive method of
sampling channel catfish for bacteriological
analysis. The procedure is applicable for
sampling of processed fish, fillets, frozen and
breaded products. Benefits of the procedure
include improved sensitivity of microbial
detection, reduced time and cost of sample
preparation for microbial analysis, and the
procedure is non-destructive and easily
accomplished. The procedure has been
standardized to maximizethedetection of microbes
onprocessed catfish, andthedataarebeing prepared
for submissionto seek approval of the procedure
as an official method of microbial sampling of
processed catfish. During the past year the
procedure was evaluated for the detection of
bacterial pathogens. Studieshavedemonstrated
that therinsetechniguecan consistently recover as
few asthreeviable E. coli 0157:H7, S. typhimurium
or L. monocytogenes inocul ated per catfishfillet.
Becausetheprocedureinvolvessamplingtheentire
surface of the processed fish and includes two
pathogen enrichment steps, theprocedurecan detect
low numbersof pathogensonthesurfaceof catfish.

Theincidenceof L. monocytogenes hasbeen
measured on aquacultured catfish and pond
water. The skin and viscera of fresh catfish, as
well aspondwater, wereassayed for thepresence
of Listeria spp. Results were negative for all
catfish exteriors and viscera. The incidence of
L. monocytogenes onretail catfishfilletswasalso
measured using the FDA enrichment method.
Biochemical analysesidentified 37% of filletsas
containing L. monocytogenes.

Catfish fillets inoculated with 10,000
L. monocytogenes per gram were stored at 4°C
(39°F), and enumerated just beforetreatment, and
lhand1l, 4, and 7 days after treatment. Control
samplesshowedthat dippinginocul atedfillet pieces
into sterile, deionized H ,O reduced the original
inoculum of L. monocytogenes by 10-fold (from
10,000 to 1,000 L. monocytogenes per g catfish
meat). However, L. monocytogenes grew back to
initial levels by day one, and then increased to
greater than 100,000 cells per g of meat within 7
days at refrigeration temperatures. In contrast,
treatinginocul atedfillet pieceswiththeprocessing
aidAlta2341atlevelsof 2.50r 5% resultedin 10-
foldlessL. monocytogenes duringthe 7-day study.
An even greater effect was seen when fish were
treated with 10% Alta 2341; L. monocytogenes
dropped to 300 per g of meat within 1 hr after
treatment and remained below levels of control
samplesand 2.5 and 5% Alta2341 through 7 days
of refrigerated storage.

WORK PLANNED:

The next phase of this project consists of
testing various chemicals (peroxides, chlorides,
phenolics, phosphates, spicederivatives, 0zone) in
water (cleaning water, chiller water, glazewater)
and fish samples alone or in combination with
high-pressure sprays, sonication, or UV light to
reduce total bacterial load and control/inhibit
certain pathogensof interest.

Another part of this study will be directed
towards sampling finished, incoming and
intermediateproductsfor Listeriamonocytogenes,
Aeromonas hydrophilia and Pseudomonas
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aer uginosatoascertainwhether they arepresentin
catfish, at what level, and their source. Thiswill
enable usto recommend technology or develop
technology to control/inhibit these pathogensin
thefinal product.

Threecatfishprocessorshaveexpressedinterest
and have agreed to cooperate in developing an
indicativemicrobiological quality control program
for their plants. The indicative microbiological
quality control programwouldincludeaerobic, as
well as fecal and human contamination counts.
Objective 2 has been modulated to study the
microbiol ogical safety issuewithemphasison 11
emergingpathogens.

Theincidenceof L. monocytogenes on catfish
fillets justifies exploring additional hurdles to
prevent post-harvest contamination and the
potential for foodbornelisteriosis. Futurestrategies
will includeamatrix of antimicrobials(i.e., various
bacteriocins, food grade chemicals, and
combinationsthereof), application methods(i.e.,
sprays, dips, hydrocolloid carriers), and other
parameters (i.e., antimicrobial delivery under
various temperature, and modified atmosphere

packaging).
IMPACTS:

Itistooearly intheprojectto measurefinal
impacts. However, recommendationshave been
extended to three catfish processors and two
have adopted some of them in their operations.
M ost processorsdesireinformation on general
plate counts(mesophilic and psychrotrophic) as
well asfecal counts(E. coli andtotal coliform
counts) for catfish products. Application of the
indicator microbiological quality control
program will provide information on a daily
basis and thus seasonal variations may be
observed. Althoughthereareno microbiological
standardsfor fresh catfish fillets counts, shelf
lifeisreduced by spoilage microorganisms. The
consensusisthat when theindicative microbial
countislow the product hasextended shelf life.
However, a product with longer shelf lifeis
unsafe for consumption if the low levels of

microorganisms are pathogens. Therefore, a
comprehensiveexaminationof microbia pathogens
isbeingdone. Thiswill giveabetter understanding
of the pathogenic risk factor of the processed
product. The mechanical and chemical spray
washing is a nonspecific method of reducing
microbial load. Thereductionincountwill reduce
spoilage organisms and therefore extend the
product’ sshelf life.

The developed procedureis presently being
used at the Alabama Fish Farming Center to
evaluate catfish productsfrom processing plants
inAlabama.

L. monocytogenes doesnot appear to bevery
prevalentinaguaculture pondsor onwhol ecatfish.
L. monocytogenes contamination of filletsappears
to occur post-harvest, and can be present on more
than 30% of fillets. Processing aids, suchasAlta
2341, can markedly lower levels of L.
monocytogenes on catfishfillets.

OBJECTIVE 3. CONDUCT AFOOQOD SAFETY
HACCP AUDIT TODETERMINE IF THIS
APPROACH WOULD BE COST-EFFECTIVE AND
RESULT ININCREASED PRODUCT SAFETY.

WORK PLANNED:

Work onthisobjectivewill beperformedduring
theupcomingyear.

OBJECTIVE 4. PRODUCE NEWPUBLICATIONS
TOCOMPLEMENTEXISTINGPUBLICATIONSON
FOOD SAFETYAND SANITATION. THESE
WOULD BE COMPLETED DURING THE SECOND
AND THIRD YEARSOF THE PROJECT.

ANTICIPATED BENEFITS:

Information gathered for thisproject will be
avaluabletool for improving themicrobiol ogical
safety of aquacultureproducts. Thisinformation
will be given to state Cooperative Extension
Services to relay to the aquaculture industry
because their knowledge of target industries
and individuals within their state makes this
method of education very effective. No other

Page 34



SRAC Seventh Annual Progress Report

December, 1994

means are presently available to adequately
relay thisinformation than by state Cooperative
Extension Services.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

Information and reportsfromvariousresearch
scientistsaswell asaliteraturereview dealingwith
thefood saf ety/microbial study issueshavebeen
obtained. Representatives of both processor and
consumer groupswereinterviewed; both groups
agreed that negative mediacoveragehasresulted
in consumers perceiving that numerous fishery
products are unsafe, and that there is aneed for
written materials to bolster consumers’
confidenceinaquacultured products. Therefore,
the information collected will be used in the
development of extension type fact sheets or
brochures. Outlinesfor publicationshave been
formed with information provided by research
scientistsand theliteraturereview. Information
onfoodborneillnessesdueto microbiological
contamination (i.e., how they were caused, those
at risk, where they were found and how they
were controlled) hasalso providedinformation
that will be helpful in writing the fact sheets.
Other valuable information included the
purchasing, storage, handling, preparation,
temperaturecontrol, spoilage and processing of
seafood. Outbreaksof foodborneillnesshasled
to information on the economic effects of
foodborneillness, including coststo the private
and public sector. Research has also been
collected on pesticides, residues, risks, chemicals
and regulatorsand their rolein microbial food
safety. Theinformation collected should produce
educational materials for the aquaculture
industry and the general public.

WORK PLANNED:

Two publicationsare planned to becompl eted
during Y ear 3:

(1) Consumer Facts About Oyster Products,
which will provide consumerswith information
about the National Shellfish Sanitation Program

(used by the statesto ensure consumersaccessto
oyster productsapprovedfor humanconsumption),
home handling, storage, preparation, and safety
recommendations; and

(2) Alabama’'s Catfish Quality Assurance
Project, whichwill detail theintent and effectsof
thisnovel, microbiologically-based approachto
catfish quality assurance that is cooperatively
operated by Auburn University, catfishfarmers,
and processors.

APPENDIX

PUBLICATIONS:

INPRINT

Perkins, B.E., Editor. 1993. Proceedings:
Aquaculture Products Safety Forum. Auburn
University, MarineExtensionand Research Center.
Mobile, AL. 157 pp.

Perkins, B.E., Coordinator and Host. 1993.
Aquaculture Products Safety: Satellite
Videoconference. AlabamaCooperative Extension
Service. AuburnUniversity, AL. 58 min.

Dorsa, W.J. 1994. Effectsof heat, |actic acid,
and modified atmosphere packaging on Listeria
monocytogenes on cooked crawfishtail meat. Ph.D.
Dissertation. L ouisiana State University, Baton
Rouge.

Pothuri, V.D.P. 1994. Combined effects of
packaging atmospheresand chemical preservatives
on the growth and survival of Listeria
monocytogenesincrawfishtail meat. M.S. Thesis.
LouisianaState University, Baton Rouge.

Oh, D.H., and D.L. Marshall. 1993.
Antimicrobial activity of ethanol, glycerol
monolaurate or lactic acid against Listeria
monocytogenes. International Journal of Food
Microbiology 20: 239-246.

Dorsa, W.J.,D.L. Marshall, and M. Semien.
1993. Effect of potassium sorbateand citricacid
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sprayson growth of Listeria monocytogenes on
crawfish (Procambarusclarkii) tail meatat 4°C.
L ebensmittel-Wissenschaft und Technol ogie(Food

Scienceand Technology) 26: 480-482.

Oh,D.H.,andD.L.Marshall. 1993. Influence
of temperature, pH, and glycerol monolaurateon
growth and survival of Listeriamonocytogenes.
Journal of Food Protection 56: 744-749.

Dorsa, W.J., D.L. Marshall, M.W. Moody,
and C.R. Hackney. 1993. L ow temperaturegrowth
andthermal inactivationof Listeriamonocytogenes
incrawfishtail meat. Journal of Food Protection
56: 106-109.

Liu,H.1994. A rinseprocedurefor bacterial
analysis of processed, farm-raised catfish
products. Ph.D. Dissertation, Auburn
University, AL.

Jackson, M. 1994. Microbial safety and quality
of refrigerated trout using modified atmosphere
packaging. M.S. Thesis, The University of
Tennessee, Knoxville,

Denton, M. 1993. Theoccurrenceand growth
of Salmonellaonrainbow trout filletspackagedin
differentatmospheres. M.S. Thesis, TheUniversity
of Tennessee, Knoxville.

Garren, D.M., M.A. Harrison, and Huang,
Y.W. 1994. Clostridium botulinum type E
outgrowth and toxin production in vacuum skin
packaged rainbow trout. Journal Food Protection
(inpress).

Huang, Y.W. 1994. Uses of vacuum skin
packagingtoimprove product quality of freshfish
treated with sodium lactate and propyl gallate.
Proceedings, Food Preservation 2000: I ntegrating
Processing, Packaging, and Consumer Research.
Scienceand Technology Corp., Hampton, VA (in
press).

Huang, Y.W.,andHuang, C.Y. 1994. Effects
of sodium |lactate and potassium lactate on color,

pH and bacterial counts of tilapia held in
overwrapping, vacuum skin packaging and
modified atmospheres. Proceedings Tropical and
Subtropical Fisheries Technological Conference
of theAmericas. University of Florida, Gainesville,
FL (inpress).

Huang, Y.W., Low, I., Huang, C.Y., and
Chung, K.T. 1994. Effect of tannic acid, gallic
acid and propyl gallate on storagelife of catfish.
Proceedings Tropical and Subtropical Fisheries
Technological Conference of the Americas.
University of Florida, Gainesville, FL (inpress).

Ladewig, K.,andD.W.Logan.1992.Y ouCan
Do Catfish. SRAC Publication No. 501.

Ladewig,K.,andD.W. Logan. 1993. El bagre
esdeliciosoy nutrivo. SRACPublication N o .
501-S.

Bolton, L.F. 1993. Effects of antimicrobial
agentsand vacuum-skin packaging on shelf lifeof
rainbow trout during refrigerated storage. M.S.
Thesis. University of Georgia, Athens.

MANUSCRIPTS

Oh,D.H.,andD.L.Marshall.1995. Enhanced
inhibition of Listeriamonocytogenes by glycerol
monolauratewith organic acids. Journal of Food
Science (accepted).

Dorsa, W.J., and D.L. Marshall. 1995.
Influence of lactic acid and modified atmosphere
onthermal destruction of Listeriamonocytogenes
incrawfishtail meat homogenate. Journal of Food
Safety (accepted).

Anthony, B.A., Draughon, F.A ., and Denton,
M.E. 1994. Listeria spp. in fresh rainbow trout
purchased from retail markets. Journal of Food
Quality (accepted).

He,L.P.,andHuang, Y .W.1994. Useof time
temperatureindicator to monitor the shelf life of
packaged fresh catfish.
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Huang, C.Y ., Zheng, M., and Huang, Y .W.
1994. Psychrotrophic plate count, nucleotide
degradation productsand col or changesof sodium
lactatetreated rainbow trout filletsasaffected by
packaging method at 4 °C.

Huang, C.Y.,andHuang, Y.W. 1994. Effects
of packaging systemonlactatetreatedtilapiafill et
stored at 4°C.

Huang, Y.W., Bolton, L.F., Harrison, M.A |
and Toledo, R.T. 1994. Effects of trisodium
phosphateand | actic acid on microbiological and
physical quality of packaged rainbow trout.

Huang, Y.W., Bolton, L.F., and Harrison,
M.A. 1994. Effects of sodium lactate on
microbiological changesof prepackaged rainbow
trout duringrefrigerated storage.

Huang, Y.W., Huang, C.Y ., and Burtle, G.
1994. Aeromonashydrophila and psychrotrop
population of cage-and pond-raised channel
catfish.

PAPERSPRESENTED

Garrido, V, M. Moody, and S. Otwell. 1994.
Pilot-testing of a HACCP Program for Oyster
Processing. 19th Annual Seafood Science and
Technol ogy Conferenceof the Americas, September
13, New Orleans, LA.

Otwell, S. 1994. Mandatory HACCP
Programsfor Processing Cultured Molluscan
Shellfish. Annual M eeting of the Pacific Coast
Oyster Growers Association, October 2-4,
Seaside, OR.

Otwell, S.1995. Cultured Shrimp Production
and ProcessingwithHACCP. Aquaculture 1995
World Aquaculture Society, February 1-4, San
Diego, CA.

Pothuri, P.V.D., D.H. Oh, and D.L.
Marshall. 1994. Effect of lactic acid and
monolaurin on Listeria monocytogenes in
crawfish tail meat stored in air, vacuum, or

modified atmosphere. IFT Annual M eeting
Technical Program: Book of Abstracts, No.
59C-5, June 25-29, Atlanta, GA.

Dorsa, W.J., and D.L. Marshall. 1994.
Combined effectsof heat, |acticacid, and modified
atmosphere packaging against Listeria
monocytogenes in cooked crawfishtail meat. IFT
Annual Meeting Technical Program: Book of
Abstracts, No. 66-7, June25-29, Atlanta, GA.

Silva, P.L., JL. Silva, C.L. Wang and
M. Scruggs. 1994. Reduction of microbial loadsin
channel catfish processing operations by use of
high pressure sprays and various additives. IFT
Annual Meeting, Abstract No. 71D-15, June 25-
29, Atlanta, GA.

Shelton, M.T., Juan L. Silva, and C.
Handumrongkul. 1994. Minimum effectiveand
inhibitory concentration and action of various
antimicrobialson Salmonella spp. and Escherichia
coli 0157:H7. Paper presented at the 1994 CI S 3
Summer Program, Mississippi State, M S.

Wang, C., and M.L. Scruggs. 1994. An
impedance methodfor evaluating the efficacy of
| acti c acid and pergenox toreducebacterial counts
in processed channel catfish. Animal Disease
Research Workersin Southern States, M arch 28-
30, Baton Rouge, LA.

Nufiez, A., J.L. Silva, A.F. Hood, and J.M.
Kim. 1994. Microbial loadsin achannel catfish
processing operation. IFT Annual Meeting,
Abstract No. 71D-14, June 25-29, Atlanta, GA.

McCaskey, T.A.1993. Bacterial evaluation of
catfish products. Proceedingsof the Aquaculture
Products Safety Forum, February 2-4, Auburn
University, AL.

Denton, M.E., F.A. Draughon, B.K. Anthony,
and W. Tan. 1993. Prevalence of Salmonellain
rainbow trout (Oncorhynchus mykiss). Proc.,
Annual Meeting International Association Milk
Food and Environmental Sanitation, Abstract#52,
Atlanta, GA.
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Anthony, B.K.,F.A.Draughon, M.E. Denton,
and W. Tan. 1993. Comparison of methods for
isolation of Listeria from rainbow trout
(Oncorhynchus mykiss). Proceedings, Annual
M eeting I nternational AssociationMilk Foodand
Environmental Sanitation, Abstract#143, Atlanta,
GA.

Bolton, L.F., Huang, Y.W., and Harrison,
M.A. 1993. Effects of sodium lactate on
microbiological changesand Torrymeter readings
of prepackaged rainbow trout duringrefrigerated
storage. Institute of Food Technol ogists Annual
Meeting, July 10-14, Chicago, IL.

Huang, C.Y ., Zheng, M., and Huang, Y .W.
1993. Psychrotrophic plate count, nucleotide
degradation productsand col or changesof sodium
lactatetreated rainbow trout filletsasaffected by
packaging method at 4°C. Institute of Food
Technologists Annual Meeting, July 10-14,
Chicago, IL.

Huang, Y.W., Bolton, L.F., Harrison, M .K .,
and Toledo, R.T. 1993. Effects of trisodium
phosphateand | actic acid on microbiological and
physical quality of packaged rainbow trout.
International Association Food, Milk and
Environmental Sanitation Annual M eeting, August
1-4, Atlanta, GA.

Huang, Y.W., Huang, C.Y ., and Burtle, G.
1994. Aeromonas hydrophila and psychrotrops
popul ation of cage- and pond-rai sed channel catfish.

Institute of Food Technol ogists Annual M eeting,
June25-29. Atlanta, GA.

He, L.P., and Huang, Y.W. 1994. Use of
timetemperatureindicator to monitor the shelf
life of packaged fresh catfish. International
Association Food, Milk and Environmental
Sanitation Annual Meeting, July 31-August 3,
San Antonio, TX.

Huang, C.Y .,andHuang, Y .W. 1994. Effects
of packaging system onlactatetreatedtilapiafillet
stored at 4°C. International Association Food,
Milk and Environmental Sanitation Annual
Meeting, July 31-August 3, San Antonio, TX.

Garren, D.M., Harrison, M.A., and Y.W.
Huang. 1993. Clostridium botulinum type E
outgrowth and toxin productioninvacuum-skin
packaged rainbow trout. Abstract, Institute of
Food Technologists, July 10-14, Chicago, IL.

Huang, Y .W. 1993. Usesof sodiumlactateon
packaged rainbow trout. Aquaculture Products
Safety Forum Proceedings, February 2-4, Auburn
University, AL.

Huang, Y.W. 1993. Use of vacuum-skin
packagingtoimprove product quality of fresh
fish treated with sodium lactate and propyl
gallate. Abstract, Food Preservation
2000:Integrating Processing, Packaging and
Consumer Research, October 19-21, Natick,
MA.

SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR | FUNDING | UNIVERSITY | INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 85,000 77,623 77,623 162,623
2 225,000 139,740 2,500 2,000 15,000 158,240 383,240
3 260,000 141,760 200 1,800 143,760 403,760
Total 570,000 359,123 2,700 3,800 15,000 379,623 949,623

Page 38




SRAC Seventh Annual Progress Report

December, 1994

C. AQUACULTURE FOOD
SAFETY: RESIDUES

ProgressReport
For the Period
September 11, 1992 to August 31, 1994

FUNDING LEVEL:

Year ..o $100,000
YEAN2 .o $155,000
YEAr3 ..o $101,000
TOtal ..o $356,000

PARTICIPANTS:

University of Georgia(Lead Institution) -
GeorgelL ewis, JamesShelton, C. R.
Santerre, P.Bush

Mississippi StateUniversity - Earl G. Alley, L.
G.Lane

LouisianaState University - Robert M. Grodner,
Wendell Lorio

AuburnUniversity - W. Rodgers

TexasA & M University - Delbert Gatlin, James
T.Davis

University of Florida- C. Wel

Tennessee Technological University -
C.J.O'Bara

ADMINISTRATIVE ADVISOR:

Neal Thompson, Professor
University of Florida
Gainesville, Florida

PROJECT OBJECTIVES:
Objectivel: Survey andreview of databases

for pesticide, PCB and metal residues in farm-
raised catfish, crawfish and rainbow trout.

Objective2: Protocolsandguidelinesaretobe
developed and disseminated for a residues
monitoring program.

Objective 3: All research scientists
participating inthe study areto be contacted and
requested to send reportsand/or any information
that they havethat could beusedinthedevel opment
of Extension-typefact sheetsor brochures. The
informationreceivedwill becatalogued asreference
sourcessothat outlinesand eventual ly fact sheets
can bewrittenwiththisnew data. Also, alibrary
searchwill beconductedfor additional information
that may be applicable in writing the products
mentioned above.

Objective 4: The University of Georgiais
actively devel oping achemical applicationrecord
system for producers. Thisinformation will be
completedinyear threeof theproject.

Objective5: Thesteady growthin per capita
consumption of fish and seafood products has
causedincreased attentionto product safety. There
is always a potential for problems due to
contamination of foodsby pesticides, heavy metals,
and pharmaceutical compoundseither from direct
or indirect sources. Thesepotential problemscan
occur on the farm, during processing, or at the
wholesale/retail levels. Thereisaneed tominimize
potential problemsduringandfollowingproduction
by determining the influence of processing on
residues.

Theaim of thisstudy isto determinethefate of
residuesfromthefarmtotheprocessing plant and
finally to aproduct which would be prepared by
theconsumer.

Objective 6: The aim of this project is to
attempt to improve the available information on
residuesinfarm-raised channel catfish, crawfish
and rainbow trout so that consumers can more
realistically assessissuesrel ated to consumer saf ety
fromscientific data.

Information onresiduesisavailablefor many
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food products, and someisavailablefor specific
aquaculture products. Various state and federal
agencies and private companies have collected
dataon chemical residuesin channel catfish. The
guality and quantity of thisdataisunknown. For
instance, distinctionsbetween farm-rai sed channel
catfish and ‘wild’ channel catfish are often
overlooked. Theexposureof ‘wild’ channel catfish
to hazardous compounds is often greater due to
point source environmental contamination, and
data collected from ‘wild’ catfish may not be
representative of aquaculture products. In the
development of an appropriate database, related
publicationsand educational programs, distinctions
will be madebetween farm-raised channel catfish
and‘wild’ channel catfish.

Conduct additional sampling of channel
catfish and other aquaculture products to
improve the data base. Because of the related
costs, additional funds may be needed from
industry and/or federal sou rces.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS

Objective 1: Dataincluded inthisreport on
fish and seafood products were retrieved from
FOODCONTAM, anational database consisting
of state generated information on pesticide and
other toxic chemical residues in human foods.
Dataaregenerated by stateagriculture, food, and
health protection agenciesresponsiblefor assuring
thequality and safety of foodsgrown or imported
into their states. The data are presented in four
separatecomputer generated packetsfor FY 1986-
1989, FY 1990-1992, FY 1993 and First Quarter
FY 1994.

Objective2: Protocolsand guidelineswere
developed and disseminated for a residues
monitoring program. We are currently using
these protocols in collecting and analyzing
residue data.

Objective 3: Educational materials will be
developedinthethirdyear of the project.

Objective 4: A chemical application record
system will be developed in thethird year of the
project.

Objective 5: Work has begun at the
participating universitiesto determinethefate of
residuesduringtheprocessing of fish. Analytical
methodsfor pharmaceutical compoundshavebeen
developed at the University of Florida. Dosing of
fishwith antibioticsor pesticidesand removal of
filletshasbeen completed at Auburn University.
Processing of thedosedfishwill soon beconducted
at The University of Georgia. Fish sampleswill
then besent to Floridaand AuburnUniversity for
antibioticresidueanalysison raw and processed
filletsor analyzed at UGA for pesticideresidues.
Production studies involving residues from
antibiotics applied during production are
progressing at TexasA & M.

Wild catfishwith known pesticideresidues
will be processed and analyzed at The University
of Georgia in order to develop a processing
model which can beused with dosed fish. These
resultsare expected to haveasignificant benefit
toward the design of thisstudy. During the past
years, feral catfish were collected from sites
whichwerepreviously found to be contaminated
with pesticides. Fillets were obtained and
processing will occur during the summer with
residueanalysisinthefall.

Objective 6: Progressfor thefirst two years
included: development of four standard operating
procedures for sample collection, sample
preparation, pesticideanalysis, and metal analysis,
producersand processorswhowill providesamples
wereidentified; six of theeight quarterly sample
collectionshaveoccurred; and residueanalysesfor
four of thecoll ection periodshavebeen compl eted.
Residuedatahave been provided to cooperatorsin
theseven states.

WORK PLANNED:

Thefollowing providesinformation concerning
the sequence of research activities which are
currently underway:
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CATFISH PROCESSING

After appropriate dosing of pesticidesand
pharmaceuticals, channel catfish will be
processed by researchersat The University of
Georgiainto four consumer-ready productsin
order to determine the effects of different
processing conditionsontheresidues. Catfish
were stunned, beheaded, eviscerated, skinned,
filleted and washed. Bothfilletsfrom each fish
were frozen for subsequent residue analyses
either beforeor after cooking. One of thefrozen
complimentary filletswill bethawed then either:
(1) breaded andfried invegetableoil at 190 °C;
(2) breaded and baked at 190 °Cinaconventional
oven; (3) injected with a mixture of
polyphosphatesand citric acid, thenfrozen for
four weeks, thawed, breaded and fried in
vegetableoil at 190°C; or (4) brined and smoked
inatemperature- and humidity-controlled smoke
house to achieve an internal temperature of
71°C for 30 minutes. Raw and cooked fillets
will behomogenized following processinginto
a table-ready item and stored at -80°C until
analyses.

PESTICIDEAND PHARMACEUTICAL
RESIDUE ANALYSES

Pesticideresidueswill bedeterminedinfillets
from duplicate fish for each treatment using
standard procedures (FDA, PAM-1 Methods,
AOACMethods, etc.).

Devel opment of methodsto determineresidues
of pharmaceuticalsin catfish were conducted at
theUniversity of Floridafrom dosed catfishraised
at Auburnand TexasA&M Universities. Processed
catfish samples which are generated during this
study will beanalyzed at theUniversity of Florida
and AuburnUniversity. Beforeand after processing,
pharmaceutical residueswill bequantifiedinfillets
from three replicate fish per treatment by high
performanceliquid chromatography (Weiss, etal,
1987) or other appropriate methods.

LONG-TERM PHARMACEUTICAL FEEDING

Thereis some concern that pharmaceuticals

are being used in commercial aquaculture for
prophylaxis. Sincethesepracticesmay significantly
influenceresiduelevelsinthefishandthusproduct
safety, additional experimentswill beconductedto
determine the effects of long-term exposure to
pharmaceuticalsonresiduelevelsand depletion
rates.

Two separatefeedingtrialswill beconducted
at TexasA& M University. Theexperimental diets
will contain graded levelsof oxytetracyclineand
Romet-30. All fishwill then befed acontrol diet
without antibiotic supplementation for one
additional month. Growth and feed efficiency of
fishfedthevariousdietswill bedeterminedweekly.
At monthly intervals, muscle samples will be
obtained from one fish per tank (three fish per
treatment) and analyzed at theUniversity of Florida
for oxytetracyclineand Romet-30residualsusing
amodified procedure from Weiss et al, (1987).
Catfish samplesfromthisexperimentwill alsobe
usedinthemethodsdevel opment phasetodetermine
theappropriate stepsnecessary when performing
sampling, sample extraction, clean-up,
concentration, and analyses.

Farm-raised channel catfish, rainbow trout
andredswamp crawfishwill continuetobecollected
from commercial ponds and processing sites at
interval sfor the2-year period. L ocationsfor sample
collectionareasfollows:

L ocation
catfish
Processors
Catfish

Pond Sites
Rainbow Trout
Pond Sites
Crawfish
Production
Sites

Mississippi
Alabama
Georgia
Louisiana
Tennessee
Florida
Texas

NN DT DWW
AP WWhA,wWwh
W N

1
N

TOTAL

=
[N
N
(63}
(6]
(6]
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Pond sitesfor channel catfish, rainbow trout
and red swamp crawfish have been selected to
obtainthemostdiverseandrepresentativesampling
sites from each state. Catfish and rainbow trout
will be harvested from ponds within each state;
fillets, including bellyflap, will be collected and
frozen. Crawfishwill beharvested, raw tail flesh
will be obtained and frozen. I n addition, catfish,
rainbow trout and crawfishfeed will be collected
for analyseswhenfishwithelevatedresiduesare
found. Catfish fillets obtained from commercial
processing facilitieswill becollected and frozen.
Frozen sampleswill be shippedto TheUniversity
of Georgia where a composite sample will be
coded, homogenized, frozen and distributed to
analytical facilities. Sampleswill bemaintained at
-80°Cforfiveyearsfor futureretesting or additional
residueanalyses. Thefollowing residueswill be
determined:

Organochlorines Metals
PCBs Copper
alpha-Chlordane Cadmium
delta-Chlordane Lead
Heptachlor Mercury
Heptachlor Epoxide Arsenic
Didldrin Sdlenium
Endosulfan! & 11 Chromium
Endosulfansulfate Barium
Endrin Silver
DDD,DDE,DDT

Toxaphene

Hexachlorobenzene

Mirex

BHC(Lindane)

Organophosphates Pyrethroids
Chlorpyrifos Cypermethrin
Diazinon Fenvderate
Malathion

methyl-Parathion

ethyl-Parathion

Sincepharmaceutical compoundsareapproved
for useduring production, samplesof catfishwill
be maintained at -80°C until such time as the

methods have been satisfactorily devel oped and
additional funds become available. The total
number of pesticide and metal assays to be
conducted from samplescollected duringthistwo-
year study is368 (i.e., 11 processing sitesplus 35
pond sites, sampled at quarterly intervals for a
two-year period). Multiplesof all samplescollected
during thisstudy will be maintained at -80°C for
five years from collection date for subsequent
residuedeterminationswhich may beof interest to
theindustry.

Quality Assurance will be conducted by the
University of Georgia in a facility which is
independent of sample analyses. A Standard
Operating Procedure (SOP) will bedevel oped prior
toany sampleanalysestoensurethevalidity of the
datagenerated during thisstudy.

IMPACTS:

Regulatory agenciesarecurrently evaluating
animal drugs for use in aquaculture systems. A
major impact of thisstudy will beto determinethe
fate of antibiotics from production through
processing. Itisnot knownwhether prophylactic
treatment with antibioticswill increasetheresidues
in harvested catfish which have or have not been
heldfor adequatewithdrawal timesbeforeharvest.

One of the important educational aspects
whichwill result from thisstudy will be abetter
understanding of the fate of antibioticsusedin
production. Theinformation generated during
thisstudy will becommunicated to production
and processing segmentsof theindustry to help
avoid problems which may occur involving
resistant organismsand residuesin the processed
fish.

Theresultsgenerated during thisproject are
likely to haveamajor impact ontheaquaculture
industry. Thedataare expected tofollow trends
from other limited sampling experimentswhich
demonstrate much lower residuesin farm-raised
productsthan in wild caught fish. The results
from this study will be used to find potential
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problemsrelating to elevated residuesand solve
these problems with the help of the producer or
processor. Furthermore, thisstudy will serveasa
pilot study for the industry to develop a quality
assuranceprogramtoroutinely monitor for residues
inaguacultureproducts.

Educational opportunitiesareal so expected a
result of this project. First, producers and
processors will be made more aware of the
importance in reducing residues in aquaculture
products. Second, there will be many analytical
methodsdevel oped from thisstudy whichwill be
useful for peopleto conduct futuretesting. Third,
undergraduate and graduate students as well as
faculty participants will become more aware of

SUPPORT:

aguacultural productsand practicesand bebetter
abletoservetheindustry.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED:

Campbell, J., N.Khanna, T.K. Park, C.R.
Santerre, R.Reinert, V.Blazer and R.Barrows.
1994. Absorption of dieldrinin feed by striped
bass. Bulletin of Environmental Contamination
and Toxicology (submitted).

Therehavebeen no publicationswhich have
resulted fromthisstudy at thistime. However, it
is expected that numerous publications will be
generated aswork on thisproject progresses.

Additional support hasbeen received by TheUniversity of GeorgiafromtheNational Biological
Survey under a project entitled, "Use of Immune Factors in Fish as Indicators of Environmental
Contamination,"” with R. Reinert as the Pl and C. Santerre as CoPl and V. Blazer as the agency
coordinator. Resultsfrom thisresearch are demonstrating the rel ationship between residue level s of

pesticidesinfish and exposurethroughthediet.

OTHER SUPPORT TOTAL
SRAC+

SRAC OTHER TOTAL OTHER

YEAR| FUNDING [ UNIVERSITY | INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 100,000 29,978 29,978 129,978

2 155,000 60,785 95,048 155,833 310,833

3 101,000 48,651 48,651 149,651
Total 356,000 139,414 95,048 234,462 590,462
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D. IMPROVING PRODUCTION
EFFICIENCY OF WARMWATER
AQUACULTURE SPECIES
THROUGH NUTRITION

ProgressReport
for the period
January 1, 1994 to August 31, 1994

FUNDING LEVEL:

Year L. $280,310
Year2(projected) ......cccoeveerierieiierienns $249,485
Year 3(projected) ......cccoeveerierieiierienns $234,705
Total oo $764,500

PARTICIPANTS:

TexasA&M University - Delbert M. Gatlin
(Institutional leader), WilliamH. Neill,
JamesT. Davis, L.V.DiMichele,
J.B.Cotner

Mississippi State University - E.H. Robinson
(Institutional leader), H.R. Robinette,
R.P.Wilson

AuburnUniversity - R.T. Lovell (Institutional
leader), UptonHatch

University of Arkansasat PineBIuff -
RebeccaT. Lochmann

LouisianaStateUniversity - R.C.Reigh

Kentucky State University - C.D. Webster
(Institutional leader), J.H. Tidwell

East CarolinaUniversity - MargielL.
Gallagher

University of Georgia- Gary J. Burtle
(Institutional leader), G. L. Newton

MemphisStateUniversity - KennethB. Davis
(Institutional leader), Bill A. Simco

ADMINISTRATIVE ADVISOR:

Dr.L.B.Daniels, Associate Director
ArkansasAgricultural Experiment Station
University of Arkansas

Fayetteville, Arkansas

PROJECT OBJECTIVES:

1. Determine minimum effective levels of
vitamin and protein/amino acid supplementation
tomaximizefeed efficiency incommercial-scale
channel catfish production.

2. Evaluatefeeding strategiesandtheir effects
on commercial-scal e channel catfish production.
Of particular concernwill betheeffectsof feeding
time, frequency, and rate (satiation or restricted)
on production efficiency. Feeding regimes to
achieve maintenance of body weight and
compensatory growth alsowill beaddressed.

3. Investigate nutritional aspectsthat aremost
limiting production of baitfish and hybrid striped
bass. This will include determining digestible
energy and availability of amino acidsin practical
feedstuffsfor hybrid striped bassand therelative
contribution of natural foodsand preparedfeedsto
growth of baitfish under conditionsof commercial
production.

ANTICIPATED BENEFITS:

It isanticipated that resultsfrom part of this
project will provide more cost-effective diet
formulationsand improved feeding strategiesto
be used in the commercial rearing of channel
catfish. Advancements in these areas will
significantly improve production efficiency by
reducing diet costs and increasing feed
utilization. The benefits obtained from these
advancementswill be substantial because over
one-half of the variable production costs
associated with channel catfish aquaculture
relateto dietsand feeding. Theefficiency and
profitability of baitfish production also should
beimproved by obtaining specificinformation
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onthenutritional requirements of thesefish and
how to meet those requirements most
economically. Additional information
concerning nutritional requirementsof hybrid
striped bass and their utilization of feedstuffs
alsowill facilitatethe devel opment of optimized
formulations that will reduce diet costs and
improve production efficiency of thisemerging
sector of aquaculture.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

A seriesof feedingtrialshasbeeninitiated in
|aboratoriesand experimental pondstoinvestigate
vitamin and protein/amino acid supplementation
of practical dietsfor channel catfish. At Mississippi
State University, Delta Research and Extension
Center, studieshavebeenunderway in pondssince
May, 1994 to determine practical requirementsfor
vitamin C, riboflavin, and niacin. Thefish have
beenfed experimental dietsdaily to satiation and
havereached asize of about 0.25- 0.35kg per fish
(0.5t00.751b). Samplesof two hundredfishfrom
each pond will be taken in November, 1994 to
evaluatetreatment effects. Samplesof liver tissue
will betakenfor vitaminassay. Samplesof liver,
bone, and gill tissueswill betakenfor histological
examination.

Blood samples also will be obtained from
these fish by colleagues at the University of
Memphisso that cortisol concentration can be
determined asameasure of the stressresponse
of fish fed different vitamin levels. Fish not
used for tissue sampling will bereturnedtothe
appropriate pond and fed throughout thewinter.
All fishwill be harvested in February of 1995.
A similar investigation concerning thevitamin
E requirement of channel catfishisunderway in
pondsat TexasA& M University and will follow
the same sampling schedule as previously
described except cortisol measurementswill not
bemade.

In the Department of Biochemistry at
Mississippi State University, preparations for

|aboratory studiesto determinethebioavailability
of vitaminsfromfeedstuffsfor catfishisunderway.
Experimental diets are being formulated and
prepared so that studiesmay begin shortly.

Another investigation to optimize dietary
protein/amino acid supplementation of channel
catfish diets is underway at Louisiana State
University. Fish of multiplesizeswerestocked
inApril and June of 1994. Feeding of custom-
formulated experimental diets, onewith animal
protein and onewithout, beganin July and will
continuethroughthefall of 1996. Eachdietis
being fed at two maximum feeding rates--
satiation (maximum of 134.5 kg/ha/day; 120
Ibs/acre/day) or restriction (78.45 kg/ha/day;
70 lbs/acre/day). All fish are being fed to
satiation at the present ti me because maximum
feeding rates have not yet been achieved in any
pond. Feed allotmentsare being adjusted daily
to provideasmuchfeed asthefishwill eat. This
will continue until the maximum feeding ratefor
the pond hasbeen achieved, at which point there
will beno further increase.

Thefirsttop-harvest will occur inthespring of
1995 and will recur at 3-4 month intervals
thereafter. Fingerlingswill berestocked assoonas
possible following a top-harvest to maintain a
density of 24,710 fish/ha (10,000 fish /acre) for
theduration of thethree-year growthtrial.

Several studiestoinvestigatevariousfeeding
strategiesin channel catfish productionalsoare
currently inprogress. Laboratory experiments
are underway at Texas A&M University to
investigate how different degrees of feed
restriction influence compensatory growth of
channel catfish. Fish have been either starved
or fed at 1.5 or 3% of body weight per day for
onemonth after which they areall beingfedto
satiation for another month. Changesinweight
gain, feed efficiency and body compositionis
being measured throughout the trial to assess
theeffectsof feed restriction.

At Auburn University, channel catfish that
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either had been fed or not fed over winter were

challenged with Edwardsiellaictaluri in April of
1994. Largefish(460gor 1.0lbaverage) not fed

weresignificantly moreresistantto Edwardsiella
ictaluri infectionthanfedfish; however, small fish

(36gor0.081baverage) notfedweresignificantly

lessresistant to infection thanthosefed. During

thewinter of 1994-95, channel catfish of twosizes

will be maintained under three different feeding

regimes: no feed, partial feeding and continuous
feeding. Weight and body composition changes
will be measured and the fish will be challenged

with Edwardsiella ictaluri. Mortalitieswill be
determined and aseriesof immunol ogical assays
will beperformed.

Inthe Department of Wildlifeand Fisheries
at Mississippi State University, astudy of the
effects of size-class distribution (small fish,
large fish, or mixed population of large and
small fish) on protein utilization and feed
conversion of catfishisunderway. Appropriate
sizesof fishwerestocked inpondsinJune, 1994
and the fish are being fed either a 28 or 32%
proteindiet daily. Harvestingwill begininlate
November, 1994.

Several other studiesarein progress with
baitfish and hybrid striped bassto investigate
various aspects of their nutrition and feeding.
Investigators at the University of Arkansas at
Pine Bluff haverecently completed astudy in
whichthedietary proteinrequirementsof golden
shinersand goldfishin aquariawereestablished.
Other experimentsusing stable carbonisotopes
are being conducted with golden shiners in
aquaria and ponds to determine the relative
contribution of natural productivity in ponds
and prepared dietsto the nutrition of thesefish.
Aquarium studiesto determinethedietary lipid
requirements of golden shiners and goldfish
alsoarein progress.

At East Carolina University, a series of
feeding trialsis in progress to determine the
digestibility of simple and complex
carbohydrates by two different sizesof original

crosshybrid striped bass. Atthistimeseveral
digestibility trials have been completed with
different carbohydratesincluding dextrin, wheat
starch, potato starch, wheat middlings, beet
mol asses, sugarcane mol asses, sorghum grain
andrice-mill byproduct. Samplesarecurrently
being analyzedfor nutrient digestibility.

Digestibility determinations also are in
progress at Texas A&M University with
reciprocal cross hybrid striped bass. Diets
containing practical feedstuffs such as
menhaden fishmeal, anchovy meal, meat and
bone meal, poultry byproduct meal, soybean
meal and cottonseed meal have been fed and
sampleanalysisiscurrently in progress.

At Kentucky State University, astudy has
been compl eted to determinetheoptimal dietary
protein and lipid levels for reciprocal cross
hybrid striped bass. Juvenile fish (average
weight of 125 g or 0.28 Ib) were stocked into
cages and fed one of eight practical diets
containing 29, 36, 42, or 46% protein withtwo
lipid levels per protein level. Effects of the
variousdietary treatmentson growth and body
composition, aswell asfatty acid composition,
storage and texture quality, and organoleptic
attributes of filletsare being determined.

WORK PLANNED:

All project activitiesareproceeding asplanned
with one exception. The experiment to be
conducted at the University of Georgia with
ethanol -extracted soybean meal wasdelayed due
todiseaseproblemsthat limited thenumber of fish
availablefor thestudy.

IMPACTS:

At thisearly stage in the project, specific
benefits to the aquaculture industry have not
beenidentified. However, considerablebenefits
resulting from this project are anticipated in
thefuture.
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PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED:

PUBLICATIONSINPRINT
MANUSCRIPTS

Lochmann, R.T. and H. Phillips. In press.
Dietary protein requirement of juvenile golden

shiners(Notemigonuscrysoleucas) and goldfish
(Carassiusauratus) inaguaria. Aquaculture.

Webster, C.D., L.G. Tiu, J.H. Tidwell,
P.VanWykandR.D.Howerton. Inreview. Effects
of dietary protein and lipidlevelson growth and
body composition of sunshine bass ( Morone
chrysops x M. saxatilis) reared in cages.
Aquaculture.

SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR | FUNDING | UNIVERSITY | INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 280,310 290,009 19,000 309,009 589,319
2 249,485 251,522 251,522 501,007
3 234,705 221,510 221,510 456,215
Total 764,500 763,041 19,000 782,041 1,546,541

Page 47



SRAC Seventh Annual Progress Report

December, 1994

E. DELINEATION AND EVALUATION
OF CATFISH AND BAITFISH
POND CULTURE PRACTICES

ProgressReport
for the period
April 1,1994 to August 31, 1994

FUNDING LEVEL:

Year L. $147,500
Year2(projected) ......cccoveveevieiieiierienns $152,000
Year 3(projected) ......cccoveveevierieiierienns $150,500
Total oo $450,000

PARTICIPANTS:

AuburnUniversity - Jerry Crews, Leonard
L ovshin, John Jensen, Michael M asser,
ChrisHyde, GregWhitis

L SU Agricultural Center (Cooperative
Extension Service) - C. Greg L utz

Mississippi StateUniversity (DeltaResearch
and Extension Center) - Chuck Weirich

TexasA & M University (TexasAgricultural
Extension Service) - Greg Clary, JoeL ock

University of Arkansasat PineBluff - Carole
Engle, Nathan Stone, David Heikes, Larry
Dorman, SteveKillian

University of Georgia- RonnieGilbert

ADMINISTRATIVE ADVISOR:

Dr. David Foster, AssociateVice

President for Agriculture-Extension
University of Arkansas
LittleRock, Arkansas

PROJECT OBJECTIVES:

1. Develop catfish and baitfish standardized
production and financial performance analysis

(SPFPA-CC and SPFPA-BF) guidelines which
include measuresfor evaluating the performance
of commercial catfish and baitfish production
systems.

2. Delineateand evaluate current commercial
catfish and baitfish production practices (i.e.,
stocking, feeding, aeration, water exchange, pond
sizeand configuration, harvesting, etc.) utilizing
SPFPA-CC and SPFPA-BF guidelines.

3. Identify relationshipsbetween production
and measures of production and financial
performanceascal culated accordingto SPFPA-CC
and SPFPA-BF guidelines.

4. Develop management tools to assist
commercial catfishand baitfish producers, lenders,
aguaculturespecialistsand othersindetermining
theefficacy of selected production practices.

ANTICIPATED BENEFITS:

Narrow margins between production costs
and revenuesresult in challengesfor managers
of commercial catfish and baitfish production
systems. Decisions must be made regarding
resource allocation, optimal production
alternatives, reinvestment, marketing strategies,
use of credit and many other issues. A
standardized system to measure productionand
financial performanceisnecessary to monitor
the impact that decisions have on the
productivity, financial performance of entire
farms, and more specifically on commercial
catfish and baitfish enterprises. Standardization
lendsitself to comparing performance of farms
with different locations, management levels,
production strategies, sizes and other
characteristics. This project proposes to
delineate and evaluate current commercial
practicesby developing astandardized system
of production and financial performance
measures for catfish and baitfish operations
independent of size, production methods, or
marketing strategies. Thisstandardized system
will thenbeusedto makeanintegrated evaluation
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of biological and financial risk, and the
consequences of management decisions on
productivity and profitability with a group of

cooperating producersin six southeastern states.

Theresultswill only beindicativeof thecooperators
and not necessarily the entireindustry but should

beginto elucidate best management practices. At

theconclusionof theproject thestandardized system

that has been developed will be available for

producersto utilizethroughout the nation.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

CATFISH

Objective 1: A draft of the Standardized
Production and Financial Performance Analysis
for Commercial Catfish (SPFPA-CC) Guidelines
was completed and distributed to all project
participants. These guidelines define suggested
standardsfor measuring productivity, profitability
and return on assets for catfish production
operationswithcommercial hatchery andfoodfish
enterprises.

Objective 2: Draft SPFPA-CC guidelines
includeafarm and production practicesdescriptive
section that will allow enumerators to document
current farming production practices being used
throughout theindustry. Thisinformationwill be
important as specialists work with farmers to
improve their efficiency. Additionally, it will
allow for categorizing farms for comparative
analysis.

Objective3: Work onthisobjectiveissubject
todatacollection, therefore, noprogressisnotedin
thisreport.

Objective 4: Participants have begun to
conceptualize computer software, educational
programs and related publications as a result of
completing the initial draft of the SPFPA-CC
guidelines.

BAITFISH

Preliminary meetingshavebeenheldtodevelop

baitfish standardized production and financial
performanceguidelines. Visitshavebeenmadeto
anumber of baitfishfarmersto assessfeasibility of
prorating joint costs for farms that raise several
different speciesof baitfish. Baitfish guidelines
will be finalized after review of the completed
catfishguidelines.

WORK PLANNED - 1994-95:

Objectivel: Participantswill meettofinalize
SPFPA-CC guidelines. Industry representatives,
producers, lendersand otherswill beincludedin
thedevel opment processfromthispoint onasthey
likely can provideuseful input. Industry approval
will be solicited following completion of the
guidelines.

Objective 2: Data collection will begin
immediately following final drafting of
SPFPA-CC guidelines. Producers exhibiting a
variety of different production practiceswill be
asked to participate during the testing phase for
implementing analysis procedures according to
guidelines.

Objective3: Work onthisobjectiveissubject
to data collection, and very little progress is
expected at thistime. However, preliminary plans
will bemadefor sel ecting methodol ogy appropriate
toanalyzing data.

Objective 4: Final products necessary to
implement analysis according to SPFPA-CC
guidelines will be completed and distributed to
users. Thesewill includesoftware, datacollection
forms, inventory formsand rel ated informational
articles for training and further explanation of
important issues.

BAITFISH

Baitfish guidelineswill befinalized and pre-
tested with several producersinthecomingyear.
After modificationsaremadebased onthepre-test,
data collection will begin. The 1995 effort will
concentrate primarily on datacollection, but work
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todevelop preliminary draftsof enterprisebudges
will beinitiated.

IMPACTS:

Due to the early nature of the project, very
little impact is noted at this time. However,
participantsand industry peoplewithwhom they
work have begun discussing critical issues
surrounding the eval uation of commercial catfish
and baitfish operations according to accepted
guidelines. Information gathered throughout this

project and resulting from analyseswill provide
producers much more timely data for decision
making and will assi st academic participantswith
program devel opment.

PUBLICATIONS, MANUSCRIPTS, OR
PAPERS PRESENTED:

Draft by project participantsof Standardized
Production and Financial Performance
Analysis - Commercial Catfish (SPFPA-CC)
Guidelines, August, 1994.

SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR [ FUNDING | UNIVERSITY | INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 147,500 178,024 178,024 325,524
2 152,000 176,746 176,746 328,746
3 150,500 180,605 180,605 331,105
Total 450,000 535,375 535,375 985,375
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F. NATIONAL COORDINATION
FOR AQUACULTURE
INVESTIGATIONAL NEW ANIMAL
DRUG (INAD) APPLICATIONS

ProgressReport
for the period
September 1, 1992 to August 31, 1994

FUNDING LEVEL:

SRACfunding (9/1/93-8/31/94) ........... $2,000
Total funding (9/1/92-8/31/94) ............. $35,180

PARTICIPANTS:

Michigan State University - Robert K. Ringer
and Ted R. Batterson

USDA/CSREES, Washington,DC-Henry S.
Parker

PROJECT OBJECTIVES:

1. Ensureeffectivecommunicationsamong
groupsinvolvedwithINAD applications,including
liaisonwith Canada.

2. Serveasaninformation conduit between
INAD applicants and the U.S. Food and Drug
Administration/Center for Veterinary Medicine
(FDA/CVM).

3. Champion preparation and submission of
INAD applicationshby affected groups.

4. Seek opportunities for and encourage
grouping of applications.

5. Function as an information source for
INAD applications.

6. Coordinate educational efforts as
appropriate.

7. ldentify potential fundingsourcesfor INAD
activities.

ANTICIPATED BENEFITS:

Investigation and approval of safe
therapeutic drugs for use by the aquaculture
industry isoneof thehighest prioritiescurrently
facing the industry. At present, only a few
approved compounds are available to the
industry and further development of the
aquacultureindustry isseverely constrained by
alack of approved drugs essential for treating
over 50 known aquaculturediseases. TheFDA/
CVM has afforded the aquaculture industry
throughout the U.S. with a window of
opportunity to seek approval of legal drugsto
beusedintheir production practices. The need
for additional drugsisgreat, but securing data
necessary to satisfy the requirement of FDA/
CVM for drug approval is time consuming,
costly, and procedures are rigorous. The
obtaining of drugs for legal use through the
INAD processisone method the industry can
provide FDA/CVM with data on efficacy and
also aid the producer in their production
practices.

Educating potential INAD applicantswill
save time and effort for both the industry and
FDA/CVM. A National Coordinator for
Aquaculture INADswould serve as a conduit
betweenan INAD applicantandtheFDA/CV M.
The Coordinator would help to alleviatetime-
demandson FDA staff, thusallowing moretime
to processagreater number of applications, as
well as increasing the breadth of research
endeavorswithintheindustry. Thegrouping of
INAD applicants should help to alleviate
redundancy, amalgamate efforts, and increase
theamount of efficacy data, all of which should
result in greater progress toward developing
available, approved therapeutic drugs.

PROGRESS AND PRINCIPAL
ACCOMPLISHMENTS:

In September 1992, Dr. Robert K. Ringer,
Professor Emeritusof Michigan StateUniversity,
was hired on a part-time basis as National
Coordinator for AquacultureINAD Applications.
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Dr. Ringer servedinthat capacity through August
31, 1994. He also serves as the National
Coordinator for USDA's National Research
Support Project No. 7 (NRSP-7) for Minor Use
Animal Drugs.

As National Coordinator for Aquaculture
INADsheparticipatedwithFDA/CV M ineducational
workshopsonINAD proceduresand requirements.
These workshops were conducted throughout the
U.S. and attended by several hundred within the
aguaculturecommunity. Thisincludedworkshops
held in conjunction with the U.S. Trout Farmers
A ssociation, Boston Seafood Show, and Aquaculture
ExpoV inNew Orleans. TheworkshopattheBoston
Seafood Show wasvideotaped andisnow available
on cassette from the Northeastern Regional
AquacultureCenter. Inadditiontotheworkshops,
talks were presented on aquaculture drugs at the
request of several organizations,includingtheWorld
AquacultureSociety.

Dr. Ringer also helpedinthepreparation of a
letter that FDA/CV M usedinrequesting disclosure
informationfromthosehol dingaguaculturelNADs.
Bylaw, FDA/CV M cannot releaseany information
about an INAD without such permission. Asof
September 1994, 70 disclosure permissions had
been granted. A table containing information
about thesedisclosureswasrecently madeavailable
tothegeneral public. Thisincludedthenamesand
addressesof theINAD holdersaswell asthedrug
and speciesof fishintended for useof thedrug. It
is intended that this table will be periodically
updated after additional disclosure permissions
havebeen obtained.

Every effort was made by the National
Coordinator to encourageapplicant grouping. The
Coordinator also provided to INAD applicants
specific instructions on proper procedures and
requirementsfor submitting applicationsto FDA.

It wasrepeatedly stressed to the aquaculture
community that aquacultureINADsaremerely a
stop-gap measureand effortsmust beundertaken
to support approval of new animal drugs.

WORK PLANNED:

Dependent upon adequatefinancial resources,
efforts during the next year will focus on New
Animal DrugApprovals(NADAS)foraguaculture.
A National NADA Coordinator will behiredif the
position can be supported at aminimum of ahalf-
timelevel.

IMPACTS:

Establishment of theNational Coordinator for
Aquaculture INAD applications has broadened
awareness not only of INAD procedures and
requirements but also of the need to carry
investigationsbeyondthel NAD togainapproval
of New Animal Drug Approvals.

Asaresult of this broadened awareness, the
National Research Support Program-7 (NRSP-7)
and FDA, sponsored atwo-day national workshop
Drugs in Aquaculture: Current Status - Future
Goals. This workshop was held in Bethesda,
Maryland, September 29-30, 1994. Published
proceedingsof theworkshop areforthcoming.

Because of limited funds, this position was
only supported on a part-time basis (less than
15%). Therefore, not all intended aspects of
coordination were accomplished. The Joint
Subcommitteeon Aquaculture, Working Groupon
Quality Assurance in Aquaculture Production,
which established the position, hasrealized the
benefitsof aNational Coordinator for aquaculture
drugs. That group is making every effort to
establish the position on afull-time basisin the
future.

SUPPORT:

Moniesto support the National Coordinator
for Aquaculture INADs were from a variety of
sources. Themajority of thefundswereprovided
by USDA's Office of Aquaculture ($25,500).
FDA'sOfficeof Seafood Safety provided $3,680.
Threeof the Regional Aquaculture Centerseach
provided $2,000: theNortheastern, North Central,
and Southern. Additional support for travel for
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Dr. Ringer was provided by the Tropical and
Subtropical Regional Aquaculture Center and
North CarolinaState University. Indirect support
was also provided from funds for Dr. Ringer's

activitiesasNational Coordinator forthe NRSP-7.

PAPERS PRESENTED:

Ringer, R.K. 1993. Workshop on INADs,
NADAs, and the IR-4 Project. California
Aquaculture Association, Oakland, October 11,
1993.

Ringer, R.K.1993. INAD workshop: Proper
drug and chemical useinaquaculture. 9th Annual
FloridaAguaculture A ssociation Conference, Fort
Pierce, November 6, 1993.

Ringer, R.K. 1994. National INAD
Coordinator's role in aquaculture. Aquaculture
Expo VII/Annual World Aquaculture Society
M eeting, New Orleans, January 13, 1994.

Ringer, R.K. 1994. State of current USDA
regulations on drug, therapeutic, and chemical
use. North Carolina Aquaculture Development
Conference, New Bern, February 5, 1994.

Ringer,R.K.1994. Investigational New Animal
Drugs Workshop. Tropical and Subtropical
Regional AquacultureCenter Industry Advisory
Council Meeting, Honolulu, Hawaii, March 14,
1994.
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VI. SRACRESEARCHAND EXTENSION PROJECTS

Project Duration Funding Grant No.

Analysisof Regional and National
Marketsfor Aquacultural Products
Produced for Food intheSouthern
Region. Dr. J. G. Dillard, Mississippi 04/01/88-06/30/90
StateUniversity, Principal Investigator Project Total $346,038 87-CRSR-2-3218

Prepar ation of Souther n Regional

AquaculturePublications. Dr.J. T.
Davis, TexasA&M University, 01/01/88-12/31/90
Principal Investigator Project Total $150,000 87-CRSR-2-3218

Perfor manceof Aeration Systems

for Channel Catfish, Crawfish, and
Rainbow Trout Production. Dr.C.E.
Boyd, Auburn University, Principal 03/01/88-10/31/90
Investigator Project Total $124,990 87-CRSR-2-3218

Develop aStatistical DataCollection
System for Far m-Raised Catfish and
Other AquacultureProductsinthe

Southern Region. Dr.J. E. Waldrop,

Mississippi State University, Principal 06/01/89-11/30/90

Investigator Project Total $13,771 88-38500-4028
Immunization of Channel Catfish . Y. 1-05/02/89-04/30/90 $50,000 88-38500-4028
Dr.J. A. Plumb, Auburn University, Y'r.2-05/01/90-04/30/91 49,789 89-38500-4516
Principal Investigator Project Total $99,789

Enhancement of thelmmuneResponse

to Edwardsiellaictaluri in Channel Y. 1-05/02/89-04/30/90 $46,559 88-38500-4028
Catfish. Dr.J. R. Tomasso, Clemson Yr.2-05/01/90-10/31/91 51,804 89-38500-4516
University, Principal Investigator Project Total $98,363

Effect of Nutrition on Body

Composition and Subsequent Stor age Yr.1-05/02/89-04/30/90 $274,651 88-38500-4028
Quality of Farm-Raised Channel Y'r.2-05/01/90-04/30/91 274,720 89-38500-4516
Catfish.Dr.R. T.Lovell, Auburn Yr.3-05/01/91-12/31/92 273,472 90-38500-5099
University, Principal Investigator Project Total $822,843

Page 54



SRAC Seventh Annual Progress Report December, 1994
SRACRESEARCHAND EXTENSION PROJECTS (CONTINUED)
Project Duration Funding Grant No.
Harvesting, L oadingand Grading Yr.1-05/02/89-04/30/90 $124,201 88-38500-4028
Systemsfor Cultured Freshwater Yr.2-05/01/90-04/30/91 124,976 89-38500-4516
Finfishes.Dr. R. P.Romaire, Louisiana Yr.3-05/01/91-04/30/93 124,775 90-38500-5099
StateUniversity, Principal Investigator Project Total $373,952
Prepar ation of Extension Publications
on Avian Predator Control in Aqua-
culture Facilities. Dr. James T. Davis,
TexasA& M University, Principal 05/01/90-12/31/92
Investigator Project Total $15,000 89-38500-4516
National Extension Aquaculture
Workshop. Dr. Carole Engle,
University of Arkansasat Pine Bluff, 10/01/91-09/30/92
Principal Investigator Project Total $3,005 89-38500-4516
Educational M aterialsfor Yr.1-05/01/91-04/30/92 $3,971 87-CRSR-2-3218
Aquaculturistsand Consumers . 35,671 88-38500-4028
Dr.J. T. Davis, TexasA&M Total Yr.1 $39,642
University, Principal | nvestigator Yr.2-06/01/92-05/31/93 $59,000 91-38500-5909
Yr.3-06/01/93-12/31/94 34,500 92-38500-7110
Project Total $133,142
Characterization of Finfishand Yr.1-05/01/91-04/30/92 $13,081 88-38500-4028
Shellfish Aquacultural Effluents . 82,747 89-38500-4516
Dr. J. V. Shireman, University of 49,172 90-38500-5099
Florida, Principal Investigator Total Yr. 1 $145,000
Yr.2-06/01/92-05/31/93 $169,000 91-38500-5909
Yr.3-06/01/93-012/31/94 $141,500 92-38500-7110
Project Total $455,500
Food Safety and Sanitation for Yr.1-04/01/92-03/30/93 $ 3,851 89-38500-4516
Aquacultural Products: Microbial . 81,149 90-38500-5099
Dr. J. L. Wilson, University of Total Yr.1 $85,000
Tennessee, Principal Investigator Yr.2-06/01/93-05/31/94 $225,000 92-38500-7110
Yr.3-06/01/94-05/31/95 $260,000 93-38500-8393
Project Total $570,000
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SRACRESEARCHAND EXTENSION PROJECTS (CONTINUED)

Project Duration Funding Grant No.
AquacultureFood Safety: Residues . Yr.1-09/11/92-09/30/93 $100,000 91-38500-5909
Dr. GeorgeLewis, University of Yr.2-10/01/93-09/30/94 $44,631 90-38500-5099
Georgia, Principal Investigator. 110,369 91-38500-5909

Total Yr. 2 $155,000
Yr. 3-10/1/94-09/30/95 $101,000 93-38500-8393
Project Total $356,000
I mproving Production Efficiency of Yr.1-01/01/94-12/31/94 $ 28,148 90-38500-5099
War mwater AquacultureSpecies 122,705 91-38500-5909
Through Nutrition . Dr. Delbert 129,457 92-38500-7110
Gatlin, TexasA&M University, Total Yr.1 $280,310
Principal Investigator. Yr. 2- Projected 249,485
Yr. 3 - Projected 234,705
Project Total $764,500
Delineation and Evaluation of Yr.1-04/01/04-03/31/95 $77,073 92-38500-7110
Catfish and Baitfish Pond Culture 70,427 93-38500-8393
Practices. Dr. Michael Masser, Total Yr.1 $147,500
AuburnUniversity, Principal Yr. 2- Projected 152,000
Investigator. Yr. 3 - Projected 150,500
Project Total $450,000
National Coordinationfor Aquaculture
I nvestigational New Animal Drug
(INAD) Applications . (Incooperation
with other Regional Aquaculture Yr.1-09/01/93-08/31/94
Centersand USDA..) Project Total $2,000 90-38500-5099
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