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LEAST-COST INGREDIENTS WORK WELL FOR CATFISH FEEDS
PETER B. JDHNSENl

ABSTRACT

CHANNEL CATFISH (ICTALURUS PUNCTATUS) WERE REARED IN THE LABORATORY FROM FRY TO 75 G
ON A PURIFIED DIET. FISH WERE GROWN FROM 75 70 150 6 oN 21 EXPERIMENTAL DIETS_ -

TO EXAMINE THE INFLUENCE OF COMMONLY USED FEED INGREDIENTS ON THE FLAVOR

QUALITY OF THE FISH. FEED COMPONENTS, AT LEVELS USED IN COMMERICAL FEEDS, WERE
SUBSTITUTED INDIVIDUALLY IN SEMI-PURIFIED DIETS. A TRAINED SENSORY PANEL

EVALUATED THE FLAVOR OF THE EXPERIMENTAL FISH USING QUANTITATIVE SENSORY TECHNIQUES.
WHILE THE TRAINED PANELISTS COULD DISCRIMINATE AMONG SOME DIETS ON THE BASIS OF
PARTICULAR FLAVOR ATTRIBUTES. UNTRAINED LABORATORY PERSONNEL REPRESENTING THE
AVERAGE CONSUMER WERE NOT ABLE TO DISCERN DIFFERENCES. THE SIGNIFICANCE OF THE
FINDINGS FOR THE FARM—RAISED CATFISH INDUSTRY IS THAT THE PRACTICE OF LEAST-

COST FORMULATION FOR FEEDS MAY BE FOLLOWED WITHOUT CONCERN THAT THE FLAVOR QUALITY
OF THE FISH WILL BE AFFECTED ADVERSELY.

THE MARKETABILITY OF FARM-RAISED CATFISH DEPENDS LARGELY ON FLAVOR QUALITY. WHILE
ENVIRONMENTAL OFF-FLAVORS IMPARTED TO THE FISH ARE THE GREATEST CONCERN OF THE
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INDUSTRY, THERE HAS BEEN RELATIVELY LITTLE WORK ON THE INFLUENCE OF FEED
INGREDIENTS ON THE FLAVOR QUALITY OF FISH. FEED INGREDIENTS HAVE BEEN EVALUATET
FOR NUTRITIVE VALUE BY ASSESSION PRODUCTION PERFORMANCE, RATE OF GROWTH AND
CONVERSION EFFICIENCY (ReBInsoM 1989). WHILE THE INFLUENCE ON FLAVOR HAS BEEN
LIMITED TO TESTS OF ACCEPTABILITY (DUPREE ET AL.. 1979; SMmiTH ET AL. 1988).

THE PRACTICE OF LEAST-COST FEED FORMULATION HAS BEEN USED TO A LIMITED EXTENT

in THE U.S. caTFISH INDUSTRY (ROBINSON AND WiLson, 1985). RESEARCH HAS
DETERMINED MANY OF THE NUTRITIONAL REQUIREMENTS OF CATFISH, THE NUTRIENT CONTENT
OF FREED INGREDIENTS AND THE BIQ-AVAILABILITY OF NUTRIENTS FROM THE FEED
(RoBinson, 1989).  LIMITED RESEARCH INDICATES THAT LESS EXPENSIVE, LEAST-COST
FORMULATIONS DELIVER PERFORMANCE EQUAL TO FIXED FORMULATIONS (RoBINETTE. 1984).
HOWEVER, BEFORE INDISCRIMINANT SELECTION OF INGREDIENTS FOR NUTRITIONAL BALANCE
IN A LEAST-COST FORMULATION CAN BE RECOMMENDED, EFFECTS OF INGREDIENTS ON THE
FLAVOR OF THE FISH MUST BE KNOWN.

OUR STUDY WAS DESIGNED TO EXAMINE THE CONTRIBUTION OF COMMONLY AVAILABLE FEED
INGREDIENTS TO THE FLAVOR OF FARM-RAISED CATFISH. FEED COMPONENTS, AT THE
LEVELS RECOMMENDED FOR USE IN COMMERCIAL FEEDS, WERE SUBSTITUTED INDIVIDUALLY
INTO SEMI-PURIFIED DIETS. A TRAINED SENSORY PANEL EVALUATED THE FLAVOR OF THE
FISH FED THE EXPERIMENTAL DIETS USING QUANTITATIVE SENSORY TECHNIQUES. IN THIS
WAY, THE CONTRIBUTION OF THE DIFFERENT FEED INGREDIENTS TO SPECIFIC FLAVORS COULD
BE MEASURED. THIS INFORMATION IS NECESSARY TO DETERMINE IF LEAST-COST FEED
FORMULATION 1S COMPATIBLE WITH THE INDUSTRY REQUIREMENT FOR PRODUCING A PRODUCT
OF HIGH QUALITY AND CONSISTENT FLAVOR, AND MORE IMPORTANTLY, TO DETERMINE IF AN
INGREDIENT IMPARTS FLAVORS TO A DEGREE THAT IT WOULD DECREASE PUBLIC ACCEPTANCE
OF THE PRODUCT. '

MATERIALS, METHODS

FISH HUSBANDRY: CHANNEL CATFISH USED IN THIS STUDY WERE YOUNG-OF-THE-YEAR,
WEIGHING AN AVERAGE OF 4.6 G. FISH WERE INITIALLY STOCKED AT THE RATE OF 600
INDIVIDUALS INTO FOUR ALUMINUM CULTURE TROUGHS (300 cM Long x 40 cM WIDE X 25 cm
DEEP), WHICH WERE SUPPLIED WITH 30°C TEMPERATURE-REGULATED WELL WATER AT THE
RATE OF 7.51 PER MINUTE (APPROXIMATELY TWO WATER EXCHANGES PER HOUR).
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A COMMERCIAL CATFISH FEED WAS OFFERED TO THE FISH DURING THE FIRST WEEK. A
SEMI-PURIFIED, NUTRITIONALLY COMPLETE DIET (TABLE 1) FORMULATED TO CONTAIN 407
CRUDE PROTEIN AND 6Z LIPID WAS SUBSTITUTED FOR THE COMMERCIAL FEED DURING WEEK
TWO. THIS DIET WAS OFFERED AD LIBITUM TWICE DAILY, SEVEN DAYS A WEEK UNTIL
WEEK 24 WHEN THE FISH REACHED AN AVERAGE SIZE OF 7% G. NO ATTEMPT WAS MADE

TO MEASURE FEED UTILIZATION EFFICIENCY DURING THIS TIME.

FISH IN EACH TROUGH WERE DIVIDED INTO EIGHT TROUGHS WHEN THE AVERAGE WEIGHT

OF THE FISH WAS CALCULATED To BE 14.5 6. DURING WEEK 10 WHEN THE FISH AVERAGED
56 G EACH, THE LOTS WERE AGAIN DIVIDED AND RESTOCKED INTO 16 TROUGHS. THE FISH
REMAINED IN THESE 1B TROUGHS UNTIL REACHING 75 G. FISH WERE THEN RANDOMLY
DISTRIBUTED INTO 23 PRODUCTION TANKS FOR THE FEEDING TRIALS.

DIET PREPARATION: EXPERIMENTAL DIETS WERE PREPARED BY INCORPORATING 19 COMMONLY
USED FEED INGREDIENTS INTO SEMI-PURIFIED TEST FORMULATIONS AT THE LEVELS USED

IN COMMERCIAL FEEDS (TABLE 1). THESE DIETS WERE MADE ISOCALORIC AND ISO-
NITROGENOUS BY ADJUSTING THE CONCENTRATION OF THE SEMI-PURIFIED PROTEIN (CASEIN).
LIPID (SOYBEAN OIL) AND CARBOHYDRATE (DEXTRIN) COMPONENTS. THE LEVELS OF
VITAMINS: MINERALS AND BINDER (CARBOXYMETHYL CELLULOSE) WERE NOT CHANGED.
CELLULOSE (NON-NUTRIENT BULK) WAS USED TO ADJUST FEED VOLUMES To 1B07.

REFERENCE AND TEST DIETS WERE PREPARED BY MIXING CASEIN (VITAMIN-FREE, HOT-
ALCOHOL EXTRACTED, MICROPULVERIZED), DEXTRIN (WHITE, TECHNICAL): MINERAL MIXTURE
(USP XIV), NON-NUTRITIVE CELLULOSE BULK FILLER (ALPHACEL) AND A DRY TEST
INGREDIENT COMPONENT (IF APPLICABLE) 1 N THE QUANTITIES SHOWN IN TABLE 1. THESE
WERE THOROUGHLY BLENDED FOR 5-10 MINUTES IN THE MIXING CHAMBER OF .AN AMBRETTI
NoobLE ExTRUDER (BrRookLYN, N.Y.). THE CARBOXYMETHYL CELLULOSE WAS THEN ADDED
AND MIXED FOR FIVE MINUTES FOLLOWED BY ADDITION OF THE OIL COMPONENT(S} AND
ANOTHER FIVE-MINUTE MIXING PERIOD.

THE FEED COMPONENTS AND CARBOXYMETHYL CELLULOSE BINDER WERE THEN PRE-

CONDITIONED FOR EXTRUDING BY APPLYING STEAM FOR 20-30 MINUTES WHILE THE MIXER

WAS OPERATING OR UNTIL THE FEED INGREDIENTS HAD REACHED ABOUT 65°C. WATER AT
70°C wAS THEN ADDED TO GIVE A 657 SoLIDS FEED (15 K6 LOTS RECEIVED 8 1 OF WATER).
THE WET COMPONENTS WERE THEN MIXED FOR 15-20 MINUTES, OR UNTIL A CONSISTENCY OF
BREAD DOUGH WAS OBTAINED TO ENSURE FORMULATION UNIFORMITY AND GOOD BINDING
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CHARACTERISTICS. THE VITAMINS WERE THEN ADDED AS THE LAST STEP TO REDUCE
THEIR EXPOSURE TO THE ELEVATED TEMPERATURES, AND THOROUGHLY MIXED INTO THE
TEST FEEDS. THE TEST FEEDS WERE TIGHTLY COMPRESSED AND EXTRUDED THROUGH A 5 MM

TAPERED DIE, CUT INTO 1-3 cM LENGTHS. THE FEEDS WERE STORED IN PLASTIC BAGS
AT -18° C UNTIL FED.

FEEDING PROTOCOL: THe 21 EXPERIMENTAL DIETS. EACH CONTAINING ONE OF THE 19
SUBSTITUTED INGREDIENTS PLUS THE PRACTICAL AND REFERENCE DIETS, WERE RANDOMLY
ASSIGNED TO ONE OF THREE GROUPS OF FISH (TABLE 1). BECAUSE OF THE LENGTH OF
TIME NEEDED TO CONDUCT THE SENSORY EVALUATIONS, THREE STAGGERED HARVESTS WERE
MADE TO EQUALIZE STORAGE TIMES BETWEEN HARVEST AND SENSORY TESTS. THE FEEDING
TEST PERIODS WRE: GROUP 1 - MARCH 26 To May 26; Group II - ApriL 9 TO JUNE 9,
AND GROUP [II - ApriL 30 70 JuNE 30. FEED ALLOWANCES WERE CALCULATED TO RESULT
IN A DOUBLING OF FISH WEIGHT (FROM 75 6 To 150 6) DURING EACH FEEDING PERIOD.

To ENSURE THAT ALL LOTS OF FISH RECEIVED EQUIVALENT FEED AMOUNTS, AND TO
ELIMINATE THE NEED TO NET AND WEIGH: AND THUS STRESS THE FISH DURING THE TEST.
WE ELECTED TO CONSTRUCT DAILY FEEDINIG TABLES. [HE FEEDING TABLES WERE BASED
ON A DAILY FEEDING RATE OF 2.5% PER DAY (DRY WEIGHT BASIS) WITH A FEED
CONVERSION EFFICIENCY OF 1.6:1. THE DAILY ALLOWANCE OF EACH DIET WAS WEIGHED
DAILY, PLACED IN COVERED PLASTIC CONTAINERS, AND STORED OVERNIGHT IN A
HOUSEHOLD REFRIGERATOR (4°C) TO THAW. THE FOLLOWING MORNING, ONE-HALF OF THE
FEED WAS OFFERED TO THE FISH, AND THE REMAINDER WAS FED IN THE LATE AFTERNGON.

SENSORY SAMPLE PREPARATION: EXPERIMENTAL FISH WEIGHING APPROXIMATELY 150G WeRE
PROCESSED USING A MODIFICATION OF COMMERCIAL PROCESSING PRACTICES. FISH WERE
DECAPITATED, EVISCERATED AND PLACED INTO AN ICE BATH TO CHILL. SKINNING WAS
ACCOMPLISHED WITH A JAcCARD MODEL A35-P MEMBRANE SKINNER (OrcHARD Park, N.Y.)
ADJUSTED TO REMOVE SKIN AND FASCIA. SHANK FILLETS WERE PREPARED BY HAND AS

ARE MOST COMMERCIALLY PREPARED FILLETS. THE EXPERIMENTAL METHOD DIFFERS FROM
COMMERCIAL IN THE EQUIPMENT USED FOR DECAPITATION AND EVISCERATION. THE
CRITICAL SKINNING PROCEDURE 1S THE SAME.

SAMPLES FOR SENSORY ANALYSIS WERE MADE INTO BLENDED INDIVIDUAL FISH SAMPLES
(BIFS) FOLLOWING THE METHOD OF JOHNSEN AND KerLy (1990). BRIEFLY, THESE
INDIVIDUAL PORTIONS WERE PREPARED BY COMBINING FILLETS FROM 21 FISH FED THE SAME
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EXPERIMENTAL DIET. THE POOLED FILLETS WERE SHREDDED BY A FOOD PROCESSOR. AFTER
THOROUGH MIXING, 10 G SAMPLES WERE PLACED IN “SEAL-A-MEAL" BAGS (7 X 7 cM).
EXCESS AIR WAS EXPELLED FROM THE BAGS WHICH WERE THEN HEAT SEALED WITH A DAZEY
Micro-SeaL (INDUSTRIAL AIRPORT. KAN). SAMPLES WERE FROZEN AT -20°C ForR 1-17
DAYS UNTIL PRESENTATION TO THE SENSORY PANEL.

SENSORY PANEL PROTOCOLS: ExPERIMENTAL BIFS WERE PLACED IN BOILING WATER AND
COOKED FOR FOUR MINUTES AFTER THE WATER RETURNED TO A BOIL. THE BIFS were
PRESENTED UNDER RED LIGHT TO THE PANELISTS WHO OPENED THE BAGS WITH SCISSORS AND
PLACED APPROXIMATELY HALF OF THE CONTENTS INTO THEIR MOUTHS FOR “FLAVOR-BY-MOUTH”
ASSESSMENT. INTENSITY OF AROMATICS: TASTES AND FEELING FACTORS WERE RECORDED.
DESCRIPTIVE ANALYSIS SPECTRA WERE PREPARED USING AN UPDATED LEXICON (JOHNSEN

AND KeLLy, 1990) mopIFIED FROM JOHNSEN €T AL. (1987). TERMS AND DEFINITIONS

ARE PRESENTED IN TABLE 2. INTENSITIES OF THE ATTRIBUTES WERE JUDGED ON AN
OPEN-ENDED SCALE ESTABLISHED IN REFERENCE TO FLAVOR INTENSITIES THAT ARE ASSIGNED
TO SPECIFIC CHARACTERISTICS APPARENT IN SEVERAL COMMERCIALLY AVAILABLE FOOD
PRODUCTS AS DEFINED BY MEILGAARD ET AL., (1987). DETAILS OF THE SENSORY
EVALUATION TECHNIQUE CAN BE FOUND IN JOHNSEN AND KeLry (1990). THE SECOND HALF
OF THE SAMPLE WAS EVALUATED SIMILARLY AND INITIAL SCORES WERE CORROBORATED OR
ADJUSTED TO REPRESENT THE INTEGRATED SAMPLE. UNSALTED CRACKERS AND ULTRA-

FILTERED WATER WERE USED TO RINSE THE MOUTH BETWEEN SAMPLES. [EXTURE WAS NOT
ASSESSED.

PANEL SESSIONS BEGAN WITH MEMBERS TASTING AND REVIEWING THE INTENSITY REFERENCE
STANDARDS. A COMMERCIALLY OBTAINED CATFISH SAMPLE WAS THEN PRESENTED AND
EVALUATED. THE PANEL SCORES FOR INDIVIDUAL ATTRIBUTES WERE CALCULATED AND
DISCUSSED. (ONSENSUS VALUES WERE THEN AGREED UPON. THIS EXERCISE HELPED
INDIVIDUALS ESTABLISH THEIR DAILY CALIBRATION. SAMPLES OF THE EXPERIMENTAL
FISH WERE THEN PRESENTED IN A RANDOM ORDER. [HE PANEL MET TWICE A WEEK AND
EVALUATED SIX EXPERIMENTAL SAMPLES IN TWO-MOUR SESSIONS. ALL PANELISTS RATED
THREE REPLICATES OF EACH SAMPLES COVER THE COURSE OF THE EXPERIMENT.

SENSORY DATA ANALYSIS: FisH FED ON THE REFERENCE DIET (TaBLE 1,21 A,B,C) WERE
INCLUDED IN EACH OF THE THREE HARVEST GrRouPs. UsING GeEnNerRAL LINEAR MODELS.
AnaLysis ofF VARIANCE (SAS Inc. 1985), Duncan’s MuLtirLe Rawnce TEST FOR
VARIABILITY INDICATED THAT THERE WERE NO SIGNIFICANT DIFFERENCES IN PANELIST
RESPONSES AMONG THE REFERENCE GROUPS FROM THE THREE HARVESTS. THUS: THE THREE
HARVEST GROUPS WERE CONSIDERED TO BE ONE AND DIETS FROM ALL GROUPS WERE ANALYZED
TOGETHER. '
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INDIVIDUAL PANELISTS TASTED THREE SETS OF REFERENCE FISH (TABLE 1, Z1 a.B,cC) IN
THREE REPLICATE TESTS FOR A TOTAL OF NINE EVALUATIONS. MEANS OF INTENSITIES
FOR EACH SENSORY ATTRIBUTE WERE CALCULATED FOR EACH PANELIST. THESE VALUES
WERE THEN SUBTRACTED FROM A PANELIST'S SENSORY SCORE FOR THE CORRESPONDING
ATTRIBUTE OF EACH TEST DIET EVALUATION. BECAUSE INGREDIENTS OF THE REFERENCE
DIET WERE COMMON TO ALL TEST DIETS AS THE CARRIER, THIS DIFFERENCE SCORE FOR
EACH SENSORY ATTRIBUTE IS THOUGHT TO REFLECT THE CONTRIBUTION OF THE TEST
INGREDIENT ALONE.

USING AN INDIVIDUAL PANELIST'S MEANS RATHER THAN GROUP MEANS ALLOWS FOR

MAXIMUM SENSITIVITY OF RESPONSE. SUBTRACTING INDIVIDUAL MEANS RESULTS IN
DIFFERENCES THAT DO NOT INCLUDE VARIANCE FROM PANELISTS USING SLIGHTLY DIFFERENT
RANGES OF THE INTENSITY SCALE. IN A SENSE, THIS NORMALIZES THE SENSORY SCORES
TG PANELISTS THUS GREATLY REDUCING PANEL EFFECTS FROM THE ANALYSIS OF VARIANCE,

RESULTS AND DISCUSSION

FIVE SENSORY ATTRIBUTES IDENTIFIED IN THE LEXICON OF CATFISH FLAVOR DESCRIPTORS
(JoHnsen anD KeELLy. 1990} RELATE TO THE DESIRABLE FLAVOR CHARACTERISTICS OF
FARM-RAISED CATFISH. NUTTY, CHICKENY: CORN AND FAT COMPLEX ARE AROMATICS,
WHILE SWEET IS A BASIC TASTE. THESE FIVE SENSORY ATTRIBUTES WERE USED IN THIS
STUDY TO DEFINE THE FLAVOR SPECTRUM OF FARM-RAISED CATFISH.

ANALYSIS OF THE INFLUENCE OF FEED INGREDIENTS ON SPECIFIC FLAVORS IS BASED ON
THE CALCULATED DIFFERENCE IN SCORES BETWEEN THE EXPERIMENTAL AND REFERENCE DIETS.

THE EXPERIMENTAL DIETS CAN BE GROUPED INTO THREE MAJOR CATEGORIES: FATS AND
orLs (8, 10, 11, 13), FISH MEALS AND ANIMAL BY-PRODUCTS (3,6,7,9,12,14) anp
VEGETABLE MATTER (2,4,5.15,16:17,18.:19,20). EXAMINATION OF DIET IMPACT ON THE
INDIVIDUAL SENSORY ATTRIBUTES OR THE COMPOSITE RANK SCORES REVEALS THAT THERE
WAS NO CONSISTENT PATTERN OF EFFECT FOR THE DIFFERENT CATEGORIES.

WHILE THE TRAINED PANELISTS COULD DISCRIMINATE AMONG SCME DIETS ON THE BASIS

OF PARTICULAR ATTRIBUTES, UNTRAINED LABORATORY PERSONNEL REPRESENTING THE AVERAGE
CONSUMER WERE NOT ABLE TO DISCERN DIFFERENCES DURING INFORMAL TASTING. THis

WAS PARTICULARLY SO IF SAMPLES WERE EVALUATED ON SUCCESSIVE DAYS. THEY REPORTER
THAT ALL SAMPLES WERE GOOD-TASTING FARM-RAISED CATFISH.
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THE GENERAL CONCLUSION OF THIS STUDY IS THAT THE DESIRABLE FLAVORS OF FARM-

RAISED CATFISH ARE PRODUCED BY THE FISH ON THE BASIS OF THEIR OWN BIOCHEMISTRY
RATHER THAH THE FEED THEY CONSUME. PREVIOUS STUDIES OM FARM~RAISED CATFISH
EXAMINING THE EFFECT OF A HIGH FISH OIL DIET ON FLAVOR INDICATED THAT DIFFERENCES
WERE DETECTABLE, 3UT DID NOT INFLUENCE ACcePTABILITY (Duprgs ET AL.. 1979).

THE PRESENT STUDY EXTENDS THIS OBSERVATION TO CONCLUDE THAT QUANTITATIVE DIFFERENCES
FOR PARTICULAR SENSORY ATTRIBUTES WERE NOT AFFECTED BY THE TESTED DIET INGREDIENTS

AT THE LEVELS USED TO AN EXTENT THAT A CONSUMER COULD DISCERN DIFFEREMCES IN
FLAVOR QUALITY.

THE SIGNIFICANCE OF THE FINDINGS FOR THE CATFISH INDUSTRY IS THAT THE PRACTICE
OF LEAST-CGST FORMULATION FOR FEEDS MAY 3E FOLLOWED AT THE LéVELS USED IN THIS
STUDY WITHOUT CONCERM THAT THE FLAVOR QUALITY OF THE FISH WILL BE AFFECTED
ADVERSELY. [HE SUBSTITUTION OF FEED INGREDIENTS ON THE 2ASES OF COST, WHILE
ENSURING THAT THE DIET IS NUTRITIONALLY BALANCED, WILL ALLOW THE FISH FARMER TO
MINIMIZE PRODUCTION COSTS AND STILL DELIVER A CONSISTENT AND HIGH QUALITY
PRODUCT 7O THE CONSUMER.



TABLE 1. Compasition of test diets {g’kg of ingredlent in dry diet)

Digt np Dasernplion Tagt  Casen Daefrin ",‘xl (_":elfubse Dhar’
Group i ’
2 Envhean meat. solvan a0 188 | 25 tyr 100
axtracied vao huylls
48% crude protein
4 Cattonsead meat, splven| 140 156 o2 ] 2a 100
adracted wee hulls
417 cruda protein
5 Corn, dest valow grain 280 95 b} &0 a04 nn
2 §7% cruda proten
10 Paley [al, cruda rendanngs 0 zn 151 2n 270 n
12 Meat and hane meal. tanderag 1) 63 140 51 TAE 10n
S0 47 crure orotan
12 Wheat midgs. tess than 8574 ann 185 15 31 218 100
fihar. 16,47y crude oratan
‘6 Hice bran. 12,77 crude prolam N0 Jas 45 12 bt 1100
20 ®ra.Fag” lish meal subsiiuie 100 R 150 0 ara 100
1 1% crude pratsin
214 Rslerence - 420 150 A0 arn 1nn
Group
3 Siaed meal. dehyorated llour nn 130 180 ] 251 104
87.5% srude protein
3 Catlicn maal, processing clant ‘o 61 ] 30 19 o]
rendenags, 377 cruda pratein
Menhaden meal. whaols tish i sy ten =0 247 e
7% cruds protan
3 Catfieh ail, cruda pracsssing i} ti0 ] Bl 2m ng
pised randenings
't Lam ountied 1n HEn 130 0 zn neh
17 \fanhaden 2 20 d20 130 o 2Tn ey
17 Yn, serghum grain 230 ax] 2 s3 ED ] n
L1.17% crude orolein
t8  Disiillers solids.delydrateq ] 2 k2 B 2R5 A
with solubles, 27 6% crude oretain
738 Ralarengn - N R =n T tnn
G ¥l
' Praciical. commerca) catlish lead zn '+ D 3} 7 30
2 Pnyitey byprodurts, inciuges: 200 295 150 18 207 100
biced. leaiher, meal and hona meal
50% crude grotrin
o Harang meal, mecrames astragion ’ 10 LR "30 i e hn
T2.2% crude prolein
‘8 Seybean meal. Wl lar, heat 313 za° bo b L] ‘an
processed, 38.0% crude prolsin
21 Raterence — nan 152 1 70 np

'Oi-:'ier-:r'qredlenis 0 g-kg dry me: carbgeymathvt ceilipe ez - 30.0; =ail mivigre ISP 21V .20 0
and uitamin mixturg - 30.0.

Sail mixtyra USP X1V confains in grkag: armmenium aium - 0.092: cupriz suifalg - D I7R: tarrin
ammariym cirate - $5,29; manganese suilala - 1,201 potassium rdide - 0.041- sodiym fugebe .
0.507: calcium carbariate - £8.6; calcium cirats 208.3; ~aleum biphozphkalr - 112.8: magnesiym
carbanate - 35.2: magnesium sullate - 383; potassium chionde - 24,7+ dibasin antassium chioaphale
- 218.8: and sgdium chloride - 771,

Yitamin mixture far each kg dry diet containg in 11 wamin A paimiase - 2.000: cairlerngl -

4,£40: and alphz ineppherol acalaie §0: i mg: menadiona - 20: ascorbic acid - 500; thismine Q-
nttlayin - 00; pyridodng - S pantothenic and - 20Q; mcotinic scid - 750; binlin 5, tolic acd - 25,
and sitarmn 8-12 . 0 |2 and in g choting - 15, innsilol - Z: and rnan.nuinlive Bulk thiller) . 11 240

TABLE 2. Catfish flavor descriplors

Casgcrpior Daseniption
Aremalicg
Mty Tha aramatic sesecialed with rash pacars and othar Fard<hall nls
Crarspny The dromane asseriatad wilh gweel conked shickan meat .
3t cinpleg The ammaric azz3oated wilh daey s prnducts, yeatar wegalahle
shornemnng and cookad slucksn smn
T The aramat agsoniaiad wilh amgwar ron kermnie

To=ipgm
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