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ABSTRACT

Blue tilapia, Oreochromis aureus swim-up fry were fed, 0, 1, 10, or 60 ppm 17a-methyltestos-
terone (MT) for 30 days (sex reversal period). Fish that had been fed 0 ppm MT during
the sex reversal period were subsequently fed 0 ppm MT (0—0), 10 ppm MT (0—10)
or 60 ppm MT (0—60) for the next 57 days (post sex reversal period) ;5 fish that had
been fed 60 ppm MT during the sex reversal period were subsequently fed 0 ppm MT
(60—0), 10 ppm MT (60— 10), or 60 ppm MT (60—60) during the post sex reversal period.
One group was fed 1 ppm MT (1—1), while another group was fed 10 ppm MT (10—10)
during the entire 87-day experiment. There was a significant inverse relationship between
concentration of MT and percentage body protein and percentage body fat at the end of
the sex reversal period, while there was a significant positive relationship between concentra-
tion of MT and percentage body moisture. MT treatment during the post sex reversal period
had greater effects on body composition of males at the end of the post sex reversal period
than did MT treatment during the sex reversal period. There was a significant inverse
relationship between MT concentrations, during both the sex reversal and post sex reversal
periods, and gonosomatic indices (GSI) in males. In females, there was a significant inverse
relationship between MT concentrations during the post sex reversal period and GSIL

183



Jae-Yoon Jo, R. Oneal Smitherman and Douglas Tave

INTRODUCTION

The androgen, 17a-methyltestosterone (MT), is used to sex-reverse tilapias for the
production of all-male populations (Hunter and Donaldson 1983). Consumption of MT
during the sex reversal period has recently been found to enhance growth rate of blue
tilapia, Oreochromis aureus (Jo et al. 1988), and Nile tilapia, O. niloticus (Muhaya 1985).

Several studies have shown that body composition can be affected by MT. Percentage
body protein increased in MT-treated common carp, Cyprinus carpio (Matty and Lone
1979), European eel, Anguilla anguilla (Degani 1985), and channel catfish, Ictalurus punc-
tatus (Gannam 1988). On the other hand, protein levels of pink salmon, Oncorhynchus
gorbucha, steelhead trout, Salmo gairdneri (Fagerlund and McBride 1975), and coho sal-
mon, O. kisutch (Fagerlund et al. 1980) were not affected by MT.

Percentage body fat can also be affected by MT treatments. Fat content of common
carp (Matty and Lone 1979), steelhead trout, pink salmon (Fagerlund and McBride 1977),
and coho salmon (Fagerlund and McBride 1975) were increased by MT treatments. Con-
versely, fat content of European eel (Degani 1985, 1986) and channel catfish (Gannam
1988) decreased as a result of MT treatments.

Percentage body protein and fat levels in Oreochromis mossambicus were not affected
by MT (Howerton et al. 1988). Body composition of O. aureus under the influence of
MT has not been evaluated.

The objectives of this study were to evaluate the effects of different concentrations
of MT in the diet and of different treatment durations on body composition and on gonoso-
matic indices of blue tilapia O. aureus.

MATERIALS AND METHODS

Fry Production

On June 29, 1986, three female and two male Auburn University strain blue tilapia,
Oreochromis aureus were stocked into each of twelve 2 m® hapas (mesh size : 1.5X2 mm)
suspended in 3.05 m diameter circular plastic pools (one hapa per pool) at the Fisheries
Research Unit, Alabama Agricultural Experiment Station, Auburn University, Alabama.
On July 6, eggs and/or fry were collected and placed in McDonald hatching jars for
incubation. Sixteen sib-lots, totalling approximately 20,000 fry of the same developmental
stage, were produced.

Sex Reversal Period

On July 12, one hundred and fifty swim-up fry were randomly allocated to each of
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twenty-four 2 m* hapas suspended in eight 20 m?® concrete tanks (3 hapas per tank).
Fry were fed finely ground trout chow with 0 (control), 1, 10, or 60 ppm MT. Groups
fed 1 ppm and 10 ppm MT-treated feed had three replications, while groups fed 0 ppm
and 60 ppm MT-treated feed had 9 replications. Treatments were randomly assigned
to the hapas. After 30 days (August 11), fry were harvested and group weights were
taken in each hapa. The fish from the replicate hapas for each treatment were then
pooled and held in hapas until stocking for the grow-out study.

Post Sex Reversal Period

On August 14, fry from each treatment were randomly reallocated to 2 m® hapas that
were suspended in a 0.1 ha earthen pond. The group that had been fed 0 ppm MT-
treated feed during the sex reversal period was divided into three sub-groups ; for the
next 57 days, the 3 sub-groups were fed either 0, 10, or 60 ppm MT-treated feed. These
groups were designated 0—0, 0—10, and 0—60, respectively. The group that had been
fed 60 ppm MT-treated feed during the sex reversal period was also divided into three
sub-groups ; for the next 57 days, the three sub-groups were fed either 0, 10, or 60
ppm MT-treated feed. These groups were designated 60—0, 60— 10, and 60— 60, respecti-
vely. The groups that had been fed 1 ppm or 10 ppm MT-treated feed during the post
sex reversal period received 1 or 10 ppm MT-treated feed respectively. They were desig-
nated 1—1 and 10— 10, respectively. Each treatment had 6 replications, and 15 fish were
randomly assigned to each replicate hapa. On October 10, each fish was manually sexed
and weighed to the nearest 0.1 g.

Experimental Feed

During the sex reversal period, fry were fed a commercial trout chow (40% protein).
Trout chow was ground and screened through a 1 mm sieve, and vitamin premix for domestic
animals was added at 2% of total feed. Fish were fed ad libitum three times daily.

During the post sex reversal period, fish were fed a commercial floating catfish fingerling
feed (36% protein). Fish were fed ad libitum twice daily.

Hormone-treated feed was prepared as described by Shelton et al. (1978). After appropriate
amounts of MT were added to the feed, it was dried, and soybean oil was added at 5%
of total weight to prevent MT from leaching and to supply more energy. Control feed was
treated in the same manner except no MT was added. Feed was stored in plastic bags
and kept in a freezer.

Proximate Analysis

At the end of the sex reversal period, 50 fish per treatment were randomly sampled
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for proximate analysis. At the end of the post sex reversal period, 18 fish per treatment
were sampled for proximate analysis. Percentage body protein, percentage body fat, and
percentage body moisture of whole fish were ascertained. Percentage nitrogen was deter-
mined using the standard Kjeldahl method (AOAC 1950) ; percentage protein was then
determined by multiplying percent nitrogen by 6.25. Percentage fat was determined by
the Gerver method (AOAC 1984). Percentage moisture was determined as described
by AOAC (1975).

Gonosomatic Index

When fish were harvested at the end of the post sex reversal period, gonads were
collected from 48 randomly chosen fish per treatment and were stored in 15% formalin.
Gonads were weighed to the nearest milligram. Gonosomatic index (GSI) was calculated
by using the following formula : (gonad weight/body weight) X 100.

Statistical Analysis

Regression analysis (Steel and Torrie 1980) was used to determine the relationships
among MT concentration and percentage body protein, percentage body fat, percentage
body moisture, and GSI

Table 1. Effects of various concentrations (ppm) of 17a-methyltestosterone (MT) in the diet on
mean percentage body protein, mean percentage body fat, and mean percentage body
moisture of blue tilapia, Oreochromis aureus at the end of the sex reversal period

MT Protein Fat Moisture
0 14.6 5.7 75.1
1 14.5 51 75.7
10 14.6 4.6 76.2
60 139 34 78.1

RESULTS AND DISCUSSION

Mean percentage body protein, percentage body fat, and percentage body moisture
at the end of the sex reversal period are listed in Table 1. Protein and fat contents
of the 60 ppm MT-treated group were the lowest, while its moisture content was the
highest. Mean protein and fat contents decreased significantly as MT levels increased,
while average moisture content increased significantly (Fig. 1).

Proximate analyses at the end of the post sex reversal period are listed in Table 2,
and the results were similar to those obtained after the sex reversal period. There
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Fig. 1. Relationships between 17a-methyltestosterone (MT) concentrations in the diet and mean percen-
tage body moisture, mean percentage body fat, and mean percentage body protein in blue
tilapia, Oreochromis aureus at the end of the sex reversal period.

was a significant inverse relationship between concentration of MT in the post sex reversal
period and percentage body protein and body fat at the end of the post sex reversal
period, while there was a significant positive relationship between concentration of MT
in the post sex reversal period and percentage body moisture at the end of the post
sex reversal period (Fig. 2).

Percentage body protein ranged from 16.4% for groups fed 0 ppm MT during the
post sex reversal period to 15.6% for groups fed 60 ppm MT. Percentage body fat ranged
from 114% for groups fed 0 ppm MT during the post sex reversal period to 94% for
groups fed 60 ppm. Percentage moisture ranged from 68.4% for groups fed 0 ppm MT
during the post sex reversal period to 70.7% for groups fed 60 ppm.

MT concentration during the sex reversal period had little effect on percentage body
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fat and percentage body moisture at the end of the post sex reversal period (Fig. 3).
On the other hand, percentage body protein decreased significantly. These results indicate
that MT treatment during the post sex reversal period had a greater effect on body
composition at the end of the post sex reversal period than did MT concentration during
the sex reversal period.
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Fig. 2. Relationships between 17a-methyltestosterone (MT) concentrations in the diet during the
post sex reversal period and mean percentage body moisture, mean percentage body fat,
and mean percentage body protein in blue tilapia, Oreochromis aureus at the end of the

post sex reversal period.

Jo et al. (1988) showed that MT had significant positive anabolic effects on weight
gain of Oreochromis aureus. These results suggest that the significant increase in body
weight observed by Jo et al. (1988) were due to an increase in moisture content, not
protein or fat.

In contrast, Fagerlund and McBride (1975, 1977) found that percentage fat increased
in MT-treated steelhead trout, pink salmon, and coho salmon, but percentage protein
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was unaffected. Matty and Lone (1979) found that fat and protein content of MT-treated
common carp increased. Degani (1985) reported that MT-treated European eel had less
fat, but an increased protein level. Gannam (1988) found that MT-treated channel catfish
gained less fat but more protein than untreated controls. The inconsistency of these results
may be due to species-specific differences or differences in experimental protocols.

Table 2. Effects of various concentrations and durations of 17a-methyltestosterone (MT) on mean
percentage body protein, mean percentage body fat, and mean percentage body moisture

of blue tilapia, Oreochromis aureus at the end of the grow-out period

Treatment* Protein Fat Moisture
0—0 164 114 68.4
0—10 16.1 9.8 70.0
0—60 15.8 9.7 70.1
1-1 16.1 10.3 69.5

10—10 154 9.6 70.2
60—0 16.1 11.1 68.8
60—10 15.8 10.3 69.8
60— 60 15.6 94 70.7

* The first number refers to ppm MT during the sex reversal period ; the second number refers
to ppm MT during the post sex reversal period.

Table 3. Effects of various concentrations and durations of 17a-methyltestosterone (MT) on mean
gonosomatic indices (GSI) of male and female blue tilapia, Oreochromis aureus

Treatments* Male GSI Female GSI
0—0 0.097 0.160
0—10 0.051 0.075
0—60 0.051 0.076
1-1 0.091 0.114

10—10 0.048 -
60—0 0.083 -
60— 10 0.035 -
60— 60 0.023 -

% The first number refers to ppm MT during the sex reversal period ; the second number refers
to ppm MT during the post sex reversal period.

Effects of MT on GSI's of males and females are listed in Table 3. Consumption of
MT adversely affected gonadal development of both sexes. These results are similar to
those observed in brown trout (Ashby 1957), coho salmon (McBride and Fagerlund 1973 ;
Fagerlund and McBride 1975: Billard et al. 1982), and Oreochromis aureus (Eckstein
and Spira 1965).
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Fig. 3. Relationships between 17a-methyltestosterone (MT) concentrations in the diet during the
sex reversal period and mean percentage body moisture, mean percentage body fat, and
mean percentage body protein in blue tilapia, Oreochromis aureus at the end of the post

sex reversal period.

There was a significant inverse relationship between MT concentrations, during both
the sex reversal and post sex reversal periods, and GSI's of males (Fig. 4). Mean GSI
for the 0—0 group was 1.9 times greater than those of the 0—10 and 0—60 groups.
These groups were treated identically during the sex reversal period, but not during
the post sex reversal period. Mean GSI's of the 60—10 and 60—60 groups were 58%
and 72% less than that of the 60—0 group, respectively. These groups were treated
identically during the sex reversal period, but were treated differently during the post
sex reversal period. These results indicate that increasing concentrations of MT during
the post sex reversal period adversely affected gonadal development.

Consumption of MT during the sex reversal period also adversely affected gonadal
development. Mean GSI of the 0—10 group was 5% and 44% greater than those of
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10— 10 and 60— 10 groups, respectively. Mean GSI of the 10— 10 group was 37% greater
than that of the 60—10 group. Mean GSI of the 0—0 group was 18% greater than that
of the 60—0 group.
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Fig. 4. Relationships between 17a-methyltestosterone (MT) concentrations, during both the sex
reversal and post sex reversal periods, and gonosomatic indices (GSD of male blue tilapia,
Oreochromis aureus and the relationship between MT concentrations during the post sex
reversal period and GSI of female blue tilapia.

There was an inverse relationship between MT concentrations during the post sex reversal
period and GSI's of females (Fig. 4). GSI of the 0—0 group was 14, 2.1, and 2.1 times
greater than those of the 1—1, 0—10, and 0—60 groups, respectively. Because only two
MT treatments during the sex reversal period produced females, the regression between
MT concentration during the sex reversal period and female GSI was not determined.
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