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Genistein, the primary isoflavone in soybean, is one of the chemical components responsible for
some of the off-flavors associated with soy-based foods. The potential effects of genistein on the
sensory and chemical quality of fish muscle may affect the full utilization of soybean meal as an
alternative protein in aquaculture diets. Fingerling trout fed commercial diets containing 0, 500, 1000,
or 3000 ppm pure genistein were analyzed after 6 and 12 months of feeding. Genistein was extracted
by enzymatic digestions in Tris buffer and quantified by high-performance liquid chromatography.
Moisture, fat, protein, ash, and tristimulus color of the fillets were determined. The extent of lipid
oxidation occurring in fillets harvested after 12 months of feeding was studied by measurements of
thiobarbituric acid reactive substances (TBARS) after 4 and 8 days of refrigerated storage at 4 °C.
Triangle tests were performed to determine if there were any detectable sensory differences. A dietary
genistein content of 3000 ppm led to the deposition of approximately 5.4 pmol of genistein/mg of
fillet. Triangle test panelists were unable to detect any significant (p < 0.05) differences between the
fillets from trout fed the 0 and 3000 ppm genistein concentrations. Moisture, ash, and protein content
were influenced by time of harvest, while color was unaffected. TBARS levels on days 4 and 8 were
significantly (p < 0.05) higher in the fillets from the O ppm genistein level than in fillets from fish fed
dietary genistein.

KEYWORDS: Genistein; isoflavones; soy; quality; Oncorhynchus mykiss ; high-performance liquid
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INTRODUCTION isoflavone components, primarily genistein and daidzein, are
The increase in the United States consumption of seafood reported to have anticancer and antiaging effects and to help

from 11.2 pounds per person in 1910 to 15.6 pounds per persorP'€Vent cardiovascular diseased), primarily because of their
in 2002 (1) has placed tremendous pressure on traditional anuowda;we act|\{|ty. More.over,. .g'enlsteln can exert both
fisheries. Nonetheless, many traditional fish stocks have beene.str.oggmc and anhestrogemc activities because of the structural
fully exploited (1), thus limiting the amount of fish meal, the ~Similarities between soy isoflavones and estrogend @9,
primary protein component in aquaculture diets for salmonids. ~ Flesh quality of fish is strongly influenced by diet. Caro-
To keep up with the increased demand for seafood, aquaculturetenoids, lipid sources, antioxidants, and other dietary components
production must continue to grow thereby necessitating a can affect color 11, 12), fatty acid profile {3, 14), texture
suitable alternate dietary protein source. Soybean meal is a(15,16), and flavor {7, 18) of farm-raised fish. Similarly, the
logical solution because it is consistently available in the United absorption of feed components such as isoflavones in the fish
States and in several South American countries, economicallymuscle may offer additional benefits to consumers. Lin et al.
attractive, a source of high-quality protein, and sufficiently (19) showed that genistein deposited in the eggs of Japanese
palatable to most fish species. Soy has been increasinglyquail could increase the appeal of eggs and also increase human
investigated for its potential use in fish diet@—6). Its consumption of isoflavones. Dietary genistein supplementation
was found to decrease lipid oxidation in the liver of hamsters,
*To whom correspondence should be addressed. E-mail: after 5 weeks of feeding; however, lipid oxidation in the muscle
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Table 1. Proximate Composition of Rainbow Trout Diet? Sigma Chemical Co. (St. Louis, MO). Other reagents were purchased
from Fisher Scientific Co. (Fairlawn, NJ). Reagents used for HPLC
percent crude protein 40 percent crude fiber 3 were all HPLC-grade. The solid-phase extraction cartridges were
percent crude fat 10 percent ash 12 obtained from Phenomenex (Torrance, CA), and HPLC vials (2 mL)
were from National Scientific Co. (Duluth, GA).
aData obtained from Nelson and Sons, Inc., UT. Genistein Extraction and Quantification. A modification of the

procedure for genistein extraction from Maubach et 2b) (wvas used
to lipid oxidation and isoflavones, particularly genistein, which in this study. A 2 gportion of the ground fillet was mixed with 9 mL
is known to have a bitter taste2Y), and other chemical ©°f Tris buffer (45 mM at pH 7.4) and homogenized for 60 s. An
components of soy such as saponins, ketones, and aldehyde dditional 10 mL of Tris buffer, lipase (200 mg), and protease

- . . - . 2 mg) were added to the homogenized mixture, vortexed, and
(21-23). Lipid concentrations in the muscle of cobia fed soy- incubated at 37C for 60 min. Then, 10 mL of sodium acetate buffer

pased diets were found to significantly increase with an iNCrease o1 5 o) and 12QuL of -glucuronidase/arylsulfatase were added to
in soybean meal, while muscle ash and protein varied without the sample and further incubated foh at 37°C. A 15 mL volume of
a definite trend 24). The estrogen-like effects of genistein  hexane was added and then centrifuged (Beckman TJ-6 centrifuge with
(6, 9) may affect proximate composition of fish muscle; refrigeration unit, Palo Alto, CA) at 30@0for 30 min at 4°C. The
however, the effects of individual soy components on proximate hexane layer was discarded, and the methanol-buffer layer was diluted
composition of fish have not been reported. Dietary genistein with 15 mL of water. Solid-phase extraction columns were precondi-
may therefore have positive or negative effects on the sensorytioned with 4 mL of ethyl acetate, 4 mL of methanol, and 4 mL of
and chemical quality of fish muscle, which may effect the full Water, consecutively. After sample application, the cartridges were
utilization of soy in fish feed. rinsed with 10% methanol (v/\{) in water and genistein was eIuteq with
The objective of this study was to determine if genistein was 4 mL of methanol. All ground fillet samples were extracted in duplicate

. . . . o per tank.
deposited into the muscle, if the tissue genistein levels were Experiments to validate the adequate performance of the extraction

dependent upon dose, and to evaluate the effects of dietary, ocequre were carried out on salmon tissue. Samples of salmon muscle
genistein on the physical, chemical, and sensory quality of \eighing 2 g were injected with 100L of a 4000ug/mL genistein
rainbow trout reared on diets containing 0, 500, 1000, or stock solution (in methanol). The spiked muscle samples were held
3000 ppm genistein. Although rainbow trout diets may contain overnight at 4°C to allow complete evaporation of methanol.
up to 40% soybean meal, corresponding to approximately Extractions as described above were performed the next day. Defatted
3000 ppm genistein, a 280% soybean meal inclusion is more  soy flour was also extracted concurrently and analyzed as a quality
typical. The rationale of the study was not to justify the use of control check sample.

genistein in fish feeds but to identify soy components that may Analysis of genistein was carried out by reversed-phase HPLC using

ntiallv aff l ri f the end or . a HP 1050 series pump and auto sampler (HewlRtickard Inc., DE)
potentially affect quality attributes of the end product equipped with a photodiode array detector (PDA). A guard column

(Phenomenex, CA) preceded the Phenomenex (Torrance, CA) Ultremex

MATERIALS AND METHODS 5 Gs analytical column (150« 4.5 mm, 5um). An isocratic mobile

Experimental Treatments. A total of 395 rainbow trout fry, phase consisting of acetonitrile/water/phosphate buffer and tetrahydro-
Oncorhynchus mykiss, having a mean weight of 4.5 g, were randomly furan _at a f_Iow_ rate of 1 mL/min was used_. The run time_ was set to
distributed into 12 flow-through tanks (305 °C) at the University of 12 min. Injection volume was 5@L. Elution was monitored at

Wisconsin—Madison Aquaculture program facility. The fish were fed 262 nm. Data were collected using HP Chemstation software. Genistein
one of four diets: a Silver Cup Trout (Nelson and Sons, Inc., UT) Wwas identified by comparing spectral data and retention times to that
commercial feedTable 1), which was incorporated with either 0, 500, ~ of pure genistein standards (Sigma Chemical Co., MO). Calibration
1000, or 3000 ppm genistein (Steraloids, Inc., Newport, RI). The curves based on peak areas, prepared by using a series of concentrations
genistein solutions were prepared in ethanol and sprayed onto theOf pure genistein, were used for quantitation.
commercial feed. The feed was then placed in a hood until all ethanol ~ Color Analyses.Measurements of color were performed immediately
evaporated and then stored in a refrigerator &€4Fish were fed to on the ground fillet using a benchtop Hunter Colorscan XE (HunterLab,
satiation once daily for 12 months. Three fish from each tank were Reston, VA). A 0/45 angle of reflectance was used with the spec
sampled after 6 and 12 months of consuming the experimental feeds.excluded. Port size was 2.00 inches, while the area of viewing was
The trout reared in this study were test animals in a larger collaborative 1.00 inches. The ground homogenate was filled to a 10 mm thickness
research project conducted with the University of Wisconitadison in a 2.5 inch glass cup and pushed down with a white ceramic disk.
to evaluate the long-term effects of genistein on trout growth, The tristimulusL, a, b measurements were recorded for the ground
reproduction, and quality. Hence, earlier sampling periods, i.e., prior sample from each tank. Thevariable represents lightneds< 0 for
to 6 months, were not conducted. The effects of genistein on growth black and 100 for white)a represents the intensity in red; aid
and reproductive physiology will be reported elsewhere. represents the intensity in yellow. The values recorded were an average
Fillet Preparation: Fish were gutted, cleaned, filleted, and then of three readings, each taken at & 4fgle turn.
shipped overnight on ice to the University of Maine. Fillets for sensory Proximate Analyses Protein, moisture, ash, and fat were determined
evaluation were then rinsed with cold running water, put into Ziploc using standard AOAC method2@). Moisture determination was done
freezer bags, and frozen immediately-at7 °C. The remaining fillet by drying samples in an oven at 106 overnight. Dried samples were
portions from each tank were skinned and ground together in a food ground and used for determination of crude protein by the Kjeldahl
processor (Black and Decker Handy Chopper Plus, HC 3000) for 45 s. method (Kjeltec Autoanalyzer, Foss Tecator, Denmark). Protein values
The ground sample was then placed in a Ziploc bag and refrigerated atwere obtained by multiplying nitrogen by a factor of 6.25. Fat was
4 °C for genistein analyses, for determination of color, moisture, crude determined by petroleum ether extraction and ash by heating at
protein, ash, and fat content, and for analysis of thiobarbituric acid 550 °C in a muffle oven for 6 h. Proximate data were analyzed
reactive substances. Genistein analysis was performed the next daystatistically on a dry-weight basis to determine the effects of dietary
while proximate analyses were completed within a week of refrigerated genistein levels or time of harvest on proximate composition.
storage. Thiobarbituric Acid Reactive Substance (TBARS) Analysis.
Chemicals and SuppliesGenistein (45,7-trihydroxyisoflavone) for TBARS were determined on days 4 and 8 of refrigerated storage
the preparation of standard solutions, crude lipase (from porcine (4 °C) on fillets from the 12-month old trout, to observe if dietary
pancreas), protease (froBtreptomyces griseus), ageglucuronidase/ genistein exerted any antioxidative effect. These 2 days were selected
arylsulfatase (98 800 units/mL of3-glucuronidase and 1060 as allowing a sulfficient time interval for lipid oxidation to occur and
5000 units/mL of arylsulfatase froielix pomatig were obtained from for any antioxidative effects to be noticed. The extent of lipid oxidation
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was determined by measuring levels of malondialdehyde (MDA), a 12

secondary lipid oxidation product. The thiobarbituric acid methi@ (

was used in which filtrate obtained fro4 g ofground fillet was reacted

with thiobarbituric acid in a boiling water bath for 20 min and 8

absorbance of the color complex formed was read at 530 nm.
Sensory Analysis.Sensory difference testing was conducted on

fillets after 6 and 12 months of the feeding study. The fillets from the

0 and 3000 ppm diet treatments were thawed in a refrigerator@t 4

on the day before testing was conducted. Fillets were baked in a gas 2

oven for 15 min at 205°C and cut into 7.5x 5 cm portions,

approximately 30 min before testing. The baked fillets were then held 0

at room temperature for 5 min and served immediately to panelists.

Testing was conducted at the Consumer Testing Center, University of Genistein content (ppm) in feed B12mo

Maine. A total of 24 untrained panelists, primarily University of Maine

students, faculty, and staff, performed the difference tests. Triangle testsFigure 1. Mean genistein content in rainbow trout fillets. Values in chart

(28) were done in which panelists were presented three fillets (two are mean genistein content in picomoles per milligram of fillet (n = 6 per

from the same dietary treatment and one from the other dietary dietary treatment). Error bars represent +standard deviation (SD).

treatment) in randomized order. They were then asked to taste the filletsnd = not detected.

and pick the odd (different) one. The objective was to determine whether

a significant number of panelists could differentiate the two samples. Taple 2. Correlation between Dietary Genistein and Genistein Level

Fillet portions were coded with three-digit codes and served on paper Estimated in Tissues

plates. The sensory difference testing was done under standardized

10 -

Genistein
{pmolimg)
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.

0 1000 3000 memo

lighting, controlled temperature (22—2&€), and in positive-air flow genistein in genistein in
booths (29). Sensory testing of genistein-fed trout was performed with genistein fillets harvested fillets harvested
the approval of the University of Maine’s Human Subjects Review in feed at 6 months at 12 months
Committee. genistein in feed® 1.000

Statistical Analysis. Two-way analyses of variance (ANOVA) were genistein in fillets 0.932¢ 1.000
performed on genistein, proximate, color, and TBARS data with the harvested at
diet treatments (0, 500, 1000, and 3000 ppm) and time of harvest 6 months?
(6 and 12 months) as categorical variables. Calculation of standard genistein in fillets 0.993¢4 0.889 1.000
deviations and line slope was done in Microsoft Excel (Microsoft, harvested at
Redwood, WA), and ANOVA was done in SYSTAT (SYSTAT 12 months?

Software Inc., Point Richmond, CA). When ANOVA showed significant
treatment effects, pairwise comparisons using Fisher's significant 2 Genistein content (ppm) in feed. »Genistein content (pmol/mg) in fillets
difference test were done. Statistical significance of sensory results washarvested from 6- and 12-month growth periods (n = 4 for all diet levels).
determined from tables for the critical number of correct respor2&s (¢ Correlation is significant at the 0.05 level (2-tailed). ¢ Correlation is significant at
required for triangle tests. the 0.01 level (2-tailed).

RESULTS AND DISCUSSION genistein/_mg of tissue were ob_tained in studt&_@) (o_n female
rats fed diets supplemented with 50§/g of genistein for 140

Genistein AnalysesAverage genistein recoveries of 56.1% days. The genistein concentrations in these tissues are similar
(48.3%) were obtained from the spiked fish muscle, which are to the tissue genistein values found in our study, despite
lower than the genistein recoveries of 70% %.6%) reported  significant differences in species, tissue, length of feeding, and
by Maubach et al.25) using the same method for breast tissue. mode of genistein delivery. A unique feature of this study is
Therefore, the values reported here should be considered lowthat to the best of our knowledge this is the first published report
estimates of genistein in the muscle. However, the objective of of genistein deposition in fish muscle. It is highly probable that
this study is to examine whether genistein deposition occurs in genistein concentration in fish tissues is dependent on the type
fish tissues and thereafter to study the effects of genistein onof soy supplement ingested and on the type of tissue analyzed.
quality attributes of trout fillets. Results indicate that genistein The studies mentioned above reported a dose-dependent increase
concentration in the fillets was significantlyp (< 0.05) in genistein deposition. For both the Japanese qui) and
influenced by levels of genistein in the diet. The highest human breast tissu€%) studies, the lower of two genistein
estimated level of genistein;5.4 pmol/mg was found in the  doses resulted in lower amounts of genistein in the tissue. In
fillets from the trout fed the 3000 ppm genistein diet (Figure our study too, estimated genistein deposition in trout muscle
1). No genistein was detected in fillets from the 0 ppm genistein increased with dietary levels except at the 500 ppm dietary level.
diet. A positive correlationTable 2) was found between dietary  This may have been due to the extreme variability in final fish
genistein and tissue genistein levels in rainbow trout harvestedweight within treatmentsTable 3), which resulted in notewor-
at 6 months = 0.93, p < 0.05) and those harvested at thy differences among the fillets from the 500 ppm treatment.
12 months (r= 0.99,p < 0.01). The 6 months of consuming Some fish were twice the size of others, indicating a much
dietary genistein resulted in the same level of genistein in the higher feed consumption and a correspondingly higher absolute
fillet as was deposited by the 12-month feeding. Analysis of amount of genistein consumed.
variance revealed that amounts of genistein levels in fillets were  Thiobarbituric Acid Analysis. Dietary genistein had a
not significantly different for the two time periods studied. significant lowering effect on lipid oxidation in the refrigerated

Breast tissue from female subject5f who took tablets fillets. TBARS levels on days 4 and 8 were significantly
containing 100 mg genistein for 5 consecutive days was found (p < 0.05) higher (Figure 2) in the fillets from the 0 ppm
to contain 15.3 pmol of genistein/mg of tissue. Similar studies genistein level than in fillets from the other dietary treatments.
in which genistein-containing gel capsules (100 mg/day) were This compares well with the results of Fang et &0) who
fed to Japanese quall9) for 5 days resulted in a @g genistein showed significantly lower TBARS values in the liver of
deposition per egg yolk. Liver levels of 7.3 pmol of total hamsters fed genistein at 200 ppm than in hamsters fed no
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Table 3. Average Weight of Individual Rainbow Trout at 6 and 12
Months?

genistein content average weight average weight
(ppm) in feed (g) at 6 months (9) at 12 months
0 181.0£533 433.3+136.7
500 206.5+67.6 520.7 +173.2
1000 180.0 £ 65.4 462.7 +133.2
3000 170.8 +64.0 515.1 £ 155.6

@Values are average weight = SD (n = 102 for 0 ppm diet; n = 93 for
500 ppm diet; n = 93 for 1000 ppm diet; and n = 106 for 3000 ppm diet). No
statistical significant differences (p > 0.05) were found between mean weights for
the different diet groups at either time period.
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Figure 2. TBARS levels in rainbow trout fillets. Values are mean

malondialdehyde in micrograms per milligram of fillet. Error bars represent
+SD (n = 6 per dietary treatment). Different letters indicate statistical
difference (p < 0.05) among treatments on day 4 (a and b) and day 8
(A and B) based on one-way analysis of variance followed by a comparison
of means with Fisher's LSD test.

genistein. TBARS levels in trout tissue were inversely related
with dietary levels of genistein, particularly at the two ends of
the range studied. A nonsignificant negative correlation was
found between TBARS levels in the fillet and estimated tissue
genistein in fillets harvested at 12 months of growth={

D’Souza et al.

result in any detectable effects in fillet quality. Dietary toco-
pherol again proved to be the most effective among other
antioxidants used in the study on pa@b) as shown by the
highest percentage of polyunsaturated fatty acids and the lowest
TBARS values in the fillets. Frigg36) and Scaife (37) both
reported a reduction in lipid oxidation products in fillets from
trout and salmon fed dietary tocopherols. A significant organo-
leptic preference for trout fillets containing the higher levels of
tocopherols was also reporte86). Waagbo 13) indicated a
combined effect of vitamin E and n-3 PUFA content on the
flavor of salmon. Rancid flavor was significantly higher in fish
raised on a high n-3 PUFA and low vitamin E diet.

The data obtained from this study suggest an antioxidant
effect of dietary genistein in fish tissuda.vitro studies of the
antioxidant activity of genistein (38) showed that genistein is
an active scavenger of hydrogen peroxide but is less effective
against other peroxidative systems. Genistein also proved
effective against UVA and UVB or peroxyl-radical-induced lipid
peroxidation in multilamellar liposomes. In assay studies by Lee
(39), genistein was found to have better antioxidant capacity in
human low-density lipoprotein oxidation than its glycoside but
a lower antioxidant effect when compared detocopherol.
Although there are a number of studies describing the antioxi-
dative effect of genisteirin wuitro, there is scant literature
reporting the antioxidative effects of dietary genistgirvivo.
However, the report by Fang et a2Q) indicated that hamsters
fed genistein-supplemented (50 and 200 ppm) diets for 5 weeks
had significantly reduced lipid oxidation in the serum, liver,
and in low-density lipoproteins. Genistein supplementation
significantly raised serum antioxidant capacity and decreased
TBARS in the low-density lipoproteins and the liver. The
antioxidative effects of genistein on hamster tissnevivo
corresponds well with our trout muscle TBARS data; however,
a more comprehensive study is needed to prove the role of
dietary genistein on lipid oxidation in fish fillets during
refrigerated storage.

Color. It is well-documented that diet influences fillet color,
which is a primary quality attribute for salmonid&)}. However,

—0.496,p > 0.05), indicating that TBARS levels decreased with to tht.a.best of our knowledge, no pl.Jin.shed research exists that
an increase in tissue genistein levels. These results show thatSPecifically looks at the effects of individual soy components
although dietary genistein levels as low as 500 ppm significantly On fish fillet color. Preliminary results from ongoing studies in
reduced the extent of lipid oxidation in the resultant fillets, the the authors’ laboratory investigating the effects of diets contain-

relationship between tissue genistein and fillet lipid oxidation N9 Whole soybean meal on the quality of rainbow trout fillets
was nonlinear. show significant effects on color. Francesco et4f) concluded

Among other factors, the stability of the free radical generated that. !ong-term fgedlng W.'th plant proteins resulted in a
during oxidation is key in the effectiveness of an antioxidant. significant color difference in rainbow trout fillets. Because in

Phenolic antioxidants occupy a favored status in this regard bytq_e Slrelslent stu?y n(()j Eigtnificanft_l?iife;enci?‘_ir? f? r bv?:ju_ets t
the formation of quinones, which exhibit stability because of (Table 4) were found between fillets from the different diets a

resonance delocalizatio8Y). Genistein thus exerts antioxidative both time periods studied, we can conclude that genistein does

effects because of its phenolic structure. The results of this studynOt influence fillet color. Thgre was also no effect of time of
also support the theory by Boggio et é82) who reported that harvesF on the color O.f. the fillets. o

storage stability of flesh could be improved by increasing the ~ Proximate Composition. There was a significant decrease
levels of natural antioxidants in flesh through feed supplementa- in moisture, ash, and protein content in the fillets as fish matured.
tion. Other researchers have also studied the effects of dietarytfowever, diet did not have a significant effect on protein, ash,
antioxidants on lipid oxidation and fillet quality of Atlantic ~ fat, or moisture content of the fillet§ @ble 5).

salmon (33), turbot (34), and pacu (35). Tocopherol, which like ~ Sensory Testing-Triangle test panelists could not detect any
genistein has a phenolic structure, when incorporated into thesignificant differences between the trout fillets from the 0 and
feed, protected salmon fillet38) against iron ascorbate- 3000 ppm genistein treatments. For= 24, a total of 13 correct
stimulated oxidation. In iced storage, fillets of turb@4 responses were required to conclude a significant difference at
containing increased levels of-tocopherol exhibited signifi- p < 0.05 (28). However, only 8 panelists (6-month growth
cantly lower (p< 0.001) levels of lipid oxidation and showed period) and 5 panelists (12-month growth period) correctly
significantly less (p< 0.001) color deterioration (higher hue identified the odd fillet samples. These numbers were less than
angle and lower chroma) than fillets containing low levels of that required to confirm significance at a 5% levéhble 6).
a-tocopherol. However, an increase in ascorbic acid did not Matsuura et al. (41) suggested that genistein and daidzein may
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Table 4. L, a, and b Values for Rainbow Trout Fillets?
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6 months 12 months
genistein content
(ppm) in feed L a b L a b
0 63.88+ 1.6 242+0.9 1556 +15 64.18 £ 3.5 2.89+£0.7 16.74+0.9
500 62.34+1.4 292+0.3 15.74 + 0.6 62.46 £0.2 2.61+£0.5 15.86 +0.4
1000 64.99+19 23308 15.46 £ 0.6 61.78+ 1.0 37706 16.77+0.5
3000 65.04 £ 0.6 3.16£0.7 16.01+04 63.38+1.1 237+£0.2 16.40 £ 0.6

@Values shown are average values + SD (n = 3 for each dietary treatment). Two-way analysis of variance revealed no significant (p < 0.05) differences between fillet

color of trout fed genistein-fortified diets harvested at 6 and 12 months of growth.

Table 5. Proximate Composition of Rainbow Trout Fillets?

percent moisture percent protein® percent fat? percent ash?
genistein content
(ppm) in feed 6 months 12 months 6 months 12 months 6 months 12 months 6 months 12 months
0 75.8+0.8 75.8+0.8 744+18 734+14 13110 148+29 22%03 16+£0.1
500 775+19 73.9+11 76.0+25 712+21 nac na na na
1000 77.2+14 75.5+04 75.0+37 71.7+30 na na na na
3000 76.8+2.0 749+13 73.0+25 723+21 141+52 164+58 19+0.2 16+0.1

a All values are mean + SD (n = 6 per dietary treatment). ? Percent protein, fat, and ash given on a dry weight basis. Fat and ash analyses were performed on rainbow

trout fed the 0 and 3000 ppm genistein diet. ©na = not analyzed.

Table 6. Triangle Tests on Rainbow Trout Fillets

number of
correct critical
responses number significant
received of correct difference
fish pairs (out of 24) responses? (p<0.05)
0 ppm versus 3000 ppm 8 13 no
(6 months)
0 ppm versus 3000 ppm 5 13 no
(12 months)

2 Critical number of correct responses required for a statistical significance in
a triangle test, adapted from Meilgaard et al. (28).

be responsible for the objectionable taste of soy milk. It should
be noted that fluid soymilk contains 6.06 mg of genistein and
4.45 mg of daidzein per 100 g of soymilkZ), which are much
higher than the levels found in our study. Robinson et48) (
showed that genistein concentrations of less than 40063

M in starch solutions were not picked up by consumers. We
can conclude that, with regard to genistein in fish flesh, the
estimated levels of5.4 pmol/mg did not result in any sensory
differences between the fillets from the dietary levels tested in
our study.

Dietary genistein resulted in genistein deposition in fish flesh
without adversely affecting the flavor, color, or proximate
composition of the fillets. However, TBARS values were lower
in genistein-fed fish, suggesting that dietary genistein may
improve the shelf life of fillets during refrigerated storage. The
genistein levels found in trout fillets were much lower (ap-
proximately 1/100th) than that found in commercial soy foods,
for example, tofu and tempeh, which contain approximately 20.6
and 24.8 mg of genistein/100 g of samp#). It is therefore
difficult to draw any conclusions about the potential human
health benefits from these low amounts.

This study is a first step toward explaining the effects of
individual soy components on some of the important quality
attributes of fish. More detailed research is needed to conclude
the effects of dietary genistein on the oxidative stability of fish
fillets. More importantly, the results of this study are indicative

only of genistein, which is one of many components of soybean.
The effects of feeding soybean meal-based diets on the physical,
chemical, and sensory quality of rainbow trout are currently
under investigation.
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