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Introduction

Over three million tonnes (t) of tilapia, mostly Nile tilapia
(Oreochromis niloticus, L.), are produced annually making it
the second most abundantly produced freshwater fish (FAO,
2010). Tilapia are mouthbreeders that often produce stunted
populations under pond conditions; one means of prevention
is to produce all-male fish with the additional advantage that
males usually grow faster than females. All-male populations
can be achieved by supplementing feed with androgens such
as 17-a-Methyltestosterone (MT) during days 10-25 post-
hatch (Pandian and Sheela, 1995). However, MT is consid-
ered to be carcinogenic (Velazquez and Alter, 2004), and
Hulak et al. (2008) also showed that effluents of systems in
which carp were fed diets containing MT caused masculiniza-
tion of female fish. Furthermore, in aquaculture the applica-
tion of hormones to fish destined for human consumption is
prohibited in the European Union under directive 96/22/EC,
article 5, which also prohibits import of animal products
produced with hormones.

Kwon et al. (2000) showed that Fadrozole, a non-steroidal
compound, caused masculinization in tilapia by inhibiting
aromatase, which is the enzyme responsible for the conver-
sion of endogenous androgens to estrogens. Steinbronn et al.
(2004) were able to show that a dose of 2000 ppm Quillaja
saponins (Sigma S-2149) inhibited reproduction of tilapia
after dietary application for 32 days to first-feeding fry, sug-
gesting saponins as a possible alternative to MT. These sec-
ondary plant compounds consist of either a steroid or
triterpenoid basic structure (aglycone or sapogenin) plus one
or more sugar side chains (Francis et al., 2002a).

In a previous experiment a saponin fraction from the
soapbark tree (Quillaja saponaria M.) inhibited aromatase in
vitro (Golan et al., 2008). The fenugreek plant (7rigonella
foenum-graecum L), widely cultivated in the Middle East and
Asia, also has a high saponin content. The experiment was
therefore conducted to test whether saponin fractions from
Q. saponaria and from T. foenum-graecum were able to influ-
ence the sex ratio and gonad histology of Nile tilapia.

Materials and methods

Saponins were extracted from fenugreek (7. foenum-graecum
L.) according to Marston and Oleszek (2000). Ethanol
extracts were fractionated using a reversed phase HPLC and
different methanol/water solutions (v/v, 40/60, 60/40, 90/10)
resulting in three saponin ecluates or fractions (40, 60 and
90%). The 90% methanol fraction and two commercial
saponins (Quillaja saponin, Sigma S4521 and Diosgenin,
Sigma D1634) were added to the diets in concentrations
shown in Table 1. The saponins were dissolved in ethanol
(99.8%) and sprayed on a commercial tilapia diet (TilapiCo
Crumble Excellent, 200-300 um; Coppens Int., the Netherlands).
The same amount of ethanol without saponins was sprayed
on the control diet. Feed was dried in a drying oven and
refrigerated at 6°C.

A total of 1080 Nile tilapia larvae each of 10 mg body
mass (BM) were evenly distributed into 27 aquaria (40 fish
per aquarium) each with 2.5 L capacity and connected to a
flow-through system. The flow rate was adjusted to 4 L h™!
(weeks 1 and 2), increased to 5 L h™! (week 3) and then to
6 L h~" (week 4) resembling 160, 200 and 240% water
exchange per hour in the respective weeks. The nine treat-
ments (Table 1) were randomly assigned to three aquaria
each.

Fish were fed ad libitum by an automatic feeder five times
per day. Once per day, feed residues and feces were removed
by siphoning. Temperature was kept constant at 26 + 0.1°C
and the light regime set to 12 h L/12 h D under fluorescent
light with a surface intensity of 300 Lx. Experimental feed
was provided for 4 weeks beginning on the 13th day post-
fertilization (5 days post-hatch). At the end of the 4-week
period the fish were transferred to 45 L aquaria in a recircu-
lating aquaculture system kept at 26 + 1°C. Water flow rate
in each aquarium was set to 160 L h~!, water was filtered by
a mechanical filter, with approximately 30% bypassed
through a trickling biofilter. Water quality was measured
weekly and ammonia-N kept below 0.2 mg L™', nitrite-N
below 0.05 mg L' and nitrate-N below 15 mg L™'. Circa 8
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Table 1
Experimental diets and nominal concentrations of saponins

Table 2
Percentage of males, number of sampled fish, mortality, body mass
(BM) and total length (TL) in various treatments at end of experi-

Diet Saponin type Conc. ppm  ment

Control None 0 Mortality

150TS90 90% Trigonella fraction 150 Treatment % males N % BM (g) TL (cm)

300TS90 90% Trigonella fraction 300

150QS Commercial Quillaja 150 Control 53+29 108 100 +£50 8.86+1.01 134+42

300QS Commercial Quillaja 300 150TS90 47 £ 17.1 100 16.7+29 897+093 133+4.0

1000QS Commercial Quillaja 1000 300TS90 56 +12.6 98 183+12.3 937+0.85 153+3.9

150DS Commercial Diosgenin 150 150QS 52+6.1 104 133+£29 943+£1.10 163+53

300DS Commercial Diosgenin 300 300QS 57+82 103 142 +38 9.12+1.21 149+6.5

1000DS Commercial Diosgenin 1000 1000QS 53 +12.8 105 125+43 858 +£1.03 12.6+49
150DS 52+8.0 106 11.7+88 8.80+£097 135+44
300DS 46 £ 13.8 110 83+38 855+090 12.0=+3.6
1000DS 47 £3.4 110 83+63 893+0.87 139=+37

—10% of the water was exchanged weekly. A commercial tila-  Difference n.s. ns.  ns. n.s. n.s.

pia diet containing no saponins (TilapiCo Start Premium,
Coppens Int., the Netherlands) was provided by automatic
feeders five times a day ad libitum. Feed residues and feces
were removed once per day. All deaths were recorded. In
week 12, the fish were killed with a sharp blow to the head.
The gonads were removed and either stored in 4% buffered
formalin for histology or in 0.9% saline solution for immedi-
ate determination of functional sex. The sex was determined
microscopically in all gonads of the surviving tilapia
(n = 944) using the gonad squash method (Guerrero and
Shelton, 1974). A total of 108 gonads, 12 per treatment, were
randomly chosen for histological investigation. After initial
sex determination, 18 gonad samples from fish in treatments
where the variability between replicates and gonads of con-
trol fish was high were preferentially analyzed histologically
according to Streble and Biuerle (2007); the results showed
no significant trends, thus no additional gonads were investi-
gated histologically. Values for the percentage of males in
each group were tested for significant differences by one-way
ANOVA using spss 10.0. A total of 15 fish per treatment was
randomly chosen; body mass (to the nearest 0.01 g) and total
length (to the nearest mm) were then measured and tested by
one-way anova for differences.

Results

All diets were well accepted by all fish; although the fenu-
greek saponin-fed fish showed the highest mortalities of
16.7% (150TS90) and 17.1% (300TS90), there was no statis-
tical difference among the treatments, including control.
Overall mortality averaged 12.6 + 6.2% (mean + SD) and
could not be attributed to any obvious cause. Statistically,
no differences either in percentage of males, mortality or
growth, were found among the treatments (Table 2). How-
ever, some treatments showed a high variability, with one
replicate having elevated numbers of males and, in the same
treatment, another replicate showing a high number of
females, resulting in high standard deviations (150TS90,
300TS90, 300DS and 1000QS). The histological analysis did
not reveal any distinctive anatomical changes or intersex
states.

Discussion

The percentages of males obtained provided no evidence for
masculinization effects in any of the applied treatments. In
single replicates of different treatments, 69, 68 and 65%
males were achieved (300TS90, 1000QS and 300QS, respec-
tively). However, since there were also treatments in which

n.s., not significant.
Values = mean + SD from three replicates per treatment.

single replicates yielded high percentages of females (72 and
63% in 150TS90 and 300DS, respectively), it seems unlikely
that the elevated ratios of males and females in these repli-
cates were caused by the applied saponins. Since in the
respective treatments all conditions were equal, the high vari-
ability points toward randomly skewed sex ratios in the
stocked larvae. The single replicates seem to show some
effect of the applied saponins, but the pooled data per treat-
ment shows that neither the types of saponins nor their con-
centrations influence sexual differentiation in Nile tilapia fry.
These results are supported by the histological investigation,
which did not show any abnormal development of the
gonads.

In a previous experiment, Francis et al. (2002b) showed
that feeding Nile tilapia fry with Quillaja saponin supple-
mented feed significantly changed the sex ratio in favor of
males. Furthermore, it was reported by Francis et al. (2001)
that Quillaja saponins administered orally with the diet also
had a growth promoting effect in Nile tilapia; in their experi-
ment, fish fed a concentration of 300 ppm had a significantly
higher total weight gain compared to other treatments and
control. Generally substances that exhibit an androgenic
action also act anabolically, since both actions are mediated
via the androgen receptor and cannot be separated from
each other, although some steroids are more anabolic than
androgenic and vice versa (Shahidi, 2001). If Quillaja sapo-
nins are acting as anabolic growth promoters they must also
have a certain androgenic activity. However, masculinization
may not necessarily be due to androgen application but can
also be achieved by inhibition of the enzyme aromatase. In
an in vitro experiment Golan et al. (2008) showed that a
Q. saponaria saponin extract inhibited aromatase. In studies
reporting successful masculinization after aromatase inhibi-
tion no improved growth accompanying the sex reversal was
mentioned (e.g. Kwon et al., 2000; Afonso et al., 2001). It
seems as if two different mechanisms were responsible for the
effects described by Francis et al. (2002a,b) and Golan et al.
(2008). The first possibly an androgenic-anabolic action,
while the latter described the aromatase inhibition by sapo-
nins. Methyltestosterone is usually considered to be a potent
androgen as well as an anabolic growth promoter (Lone and
Matty, 1980; Shahidi, 2001). However, there is some evidence
that MT might not act on sex differentiation through andro-
genic/anabolic action but through aromatase inhibition (Mor
et al., 2001). Since in this study no influence of saponins on



Effects of saponins on tilapia larvae

the sex ratio or on length and body mass was observed, none
of the two possible actions were found in the tested saponins
in the applied concentrations. The saponins extracted from
T. foenum-graecum and the commercial Quillaja saponins
and Diosgenin are not potential replacements for MT to
achieve sex inversion when applied with the feed in the tested
concentrations; they also did not show a growth promoting
effect. In order to elucidate the difference between the results
in vitro by Golan et al. (2008) and this in vivo experiment,
absorption of saponins in the fish intestine should be further
investigated. However, as reported by Steinbronn et al.
(2004), Quillaja application did prevent reproduction of Nile
tilapia when applied at a high concentration (2000 ppm) but
not at low concentrations (150 and 500 ppm). This does not
necessarily require masculinization of females. Inhibiting the
reproduction of mixed sex Nile tilapia would also largely
increase the profitability of such a production system,
Therefore another experiment will be conducted to investi-
gate the ability of saponins derived from 7. foenum-graecum
to inhibit reproduction.
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