Metadata, citation and similar papers at core.ac.uk

Provided by Elektronische Publikationen der Universitat Hohenheim

Saponin fractions from fenugreek Trigonella foenum-graecum L.)
as dietary supplements for Nile tilapia Qreochromis niloticusL.)

and common carp Cyprinuscarpio L.)

Timo Stadtlander


https://core.ac.uk/display/56707593?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1










Aus dem Institut fur Tierproduktion in den Tropen u nd Subtropen
Fachgebiet Aquakultursysteme und Tiererndhrung in @&n Tropen und Subtropen
Universitat Hohenheim

Prof. Dr. Klaus Becker

Saponin fractions from fenugreek Trigonella foenum-graecum L.) as
dietary supplements for Nile tilapia Oreochromisniloticus L.) and common
carp (Cyprinuscarpio L.)

Dissertation
zur Erlangung des Grades eines Doktors

der Agrarwissenschaften

Fakultat Agrarwissenschaften

von
Timo Stadtlander

aus Bremen

2012



Die vorliegende Arbeit wurde am 23.10.2012 von #ekultdt Agrarwissenschaften der
Universitat Hohenheim als "Dissertation zur Erlamgu eines Doktors der

Agrarwissenschaften" angenommen.

Tag der mindlichen Prifung: 21.12.2012

1. Prodekan: Prof. Dr. M. Rodehutscord
Berichterstatter, 1. Prufer: Prof. Dr. U. Focken
Mitberichterstatter, 2. Prifer: Prof. Dr. M. Rodé&teord

weitere Berichter bzw. Prifer: PD Dr. U. Weiler



MEINER FAMILIE

LARA



Table of content

Table of Content
Abbreviations

Chapter 1
General introduction

Chapter 2

Treatment with saponins froririgonella foenum-graecunand Quillaja
saponaria influences sex ratio in Nile tilapiaQreochromis niloticusL.,
larvae

Chapter 3

Effect of a saponin fractions extracted frdmgonella foenum-graecurh.
and two commercially available saponins on sexratid gonad histology of
Nile tilapa fry, Oreochromis niloticugL.)

Chapter 4

Effects of fenugreek saponin fractions, a sapogenethyltestosterone and
fadrozole on sex ratio and mortality of geneticédlgnale Nile tilapia,
Oreochromis niloticugL.) fry and occurrence of feed related jaw defibien

Chapter 5

Influence of short and long term feeding Quillaja saponaria Molina
saponins on sex ratio, growth performance and famd/ersion of Nile
tilapia, Oreochromis niloticugL.)

Chapter 6

Effect of feed supplementation with saponins exé@cfrom Trigonella
foenum-graecunh. andQuillaja saponariaM. on growth performance, feed
and nutrient utilization and metabolic efficienoydarp,Cyprinus carpia(L.)

Chapter 7

Evaluation of saponin fractions derived frofmigonella foenum-graecum
and Quillaja saponariafor their effects on growth, nutrient utilizati@nd
body composition of Nile tilapiaQreochromis niloticugL.)

Chapter 8

Effects of saponin fractions froifrigonella foenum-graecurandBalanites
aegyptiacaon gene expression of GH, IGF-1 and their respecatceptors,
growth, nutrient utilization, body composition, @an consumption and
plasma IGF-1 in Nile tilapiaQreochromis niloticugL.)

Chapter 9
General discussion

Acknowlegdements
Summary

Zusammenfassung

1-12

13-22

23-26

27-39

40-53

54-69

70-83

84-101

102-111

112
113-114
115-116



Abbreviations

ALC
ANOVA
AUE
BM
BMG
DPF
EE
ER
FAO
FCR
GH
IGF-1
MT
MBM
MGR
O.C
PER
PPM
PPV
QS
SD
SEM
SGR
TS

Apparant lipid conversion
Analysis of variance

Apparently unmetabolized energy
body mass

body mass gain

days post fertilization

energy expenditure / heat dissipation
energy retention

Food and Agricultural Organization of the téwi Nations
feed conversion ratio

Growth hormone

Insuline like growth factor-1
17-a-methyletestosterone
metabolic body mass

metabolic growth rate

oxygen consumption

protein efficieny ratio

parts per million

protein productive value

Quillaja saponariasaponins
Standard deviation

Standard error of mean

specific growth rate

Trigonella foenum-graecusaponins



Chapter 1

General introduction



Chapter 1: General introduction

The importance of Aquaculture for world food production

In 2010 the Food and Agricultural Organizationioé tUnited Nations (FAO) reported in their
bi-annual report “State of World Fisheries and Aguture” (SOFIA 2010) that in 2008, 115
million of the 142 million tons of fish produced loapture fisheries and aquaculture were
used for human consumption. Of these around 4@g@r (52.5 million tons) were produced
by aquaculture alone. By far the larger share aff pnoduction was grown in freshwater (32.9
million tons) while marine aquaculture contribute®@.7 million tons. A closer look into the
species composition production in 2008 reveals tharinids and, with a large gap in
between, tilapias are quantitatively the dominarugs of fish (carps: 20.7 million tons,
tilapias: 2.8 million tons, FishStat 2011) and @erefore crucial to the worldwide supply of
animal protein. This is also reflected in the fdwt fish accounted for 15.7% of the global
population’s animal protein intake in 2007 or arddTkg of fish per person.

Different regions and countries show different prefices for fish species and commodities.
Especially in China and India but also other paftésia like Vietham for example, people
favor carp species over other whitefish like tigpir pangasius catfistP@ngasiusspp.). A
high percentage of the Asian production is consutoedlly or traded. China has turned by
now into a net importer of fish and sea food altitout is still the biggest producer in the
aquaculture sector in absolute terms. In contmagtistrialized countries, mainly countries in
Europe and the United States of America (USA) prefarine fish, often already processed
into fresh or frozen fillets.

Although carps account for by far the highest prapo of production, tilapias, especially
Nile tilapia, Oreochromis niloticugL.), have, in recent years shown a higher anmeakase

in production compared to most cyprinid speciess(Bcket al 2010). Overall, aquaculture is
the fastest growing food producing sector with aerage annual growth rate of 8.3 per cent
between 1970 and 2008 (SOFIA 2010). However, thie is appearing to slow down.
Bostocket al (2010) reported the annual average growth rat@dmn 2004 and 2008 to be
only 5.8 per cent. Nevertheless it is often prodabat aquaculture production is destined to
make up for decreasing capture fisheries produ¢eautschet al. 2007).

Common carp, Cyprinus carpio (L.) and Nile tilapia, Oreochromis niloticus (L.), two
important species for global freshwater aquaculture

As mentioned before, carps and tilapias are themwst important freshwater finfish taxa in
aquaculture production. Of these, common carp amé Napia are among the four
guantitatively most produced fish species, witlbtaltglobal production in 2009 of 3.216.203
and 2.542.960 tons, respectively (FishStat 201by. Z011, Fitzsimmonset al (2011)
reported production rates for Nile tilapia aboven8lion tons per year. It is thus widely
accepted that freshwater aquaculture will incréaseportance as will marine aquaculture.
Many species are under consideration as new caedidar aquaculture purposes but in all
cases, no matter whether they are considered fmfuption, for revenue, for national or
international trade or merely for small scale urkeguaculture they all face the same
problems. Many species are under consideratioreascandidates for aquacultural purposes:
for production, for revenue, for national or intational trade or merely for small scale urban
aguaculture. However, to be successful, any nopprcach must be based on reliable
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Chapter 1: General introduction

information on topics such as the reproduction eydf the fish, artificial fertilization, larval
nutrition, stocking densities, nutritional requiremts, feeding levels, optimum water quality
parameters and factors influencing meat yield arality.

In the case of carp and tilapia which, historicadlse probably the fish that have been cultured
for the longest time (tilapia in ancient Egypt araip in ancient China), this knowledge base
has already been established and therefore kalylthat the production of these species will
continue to increase in the future.

China dominates the worldwide production of comnoarp with a harvest of more than 2.4
million tons in 2009, followed by Indonesia (0.25lliman tons) and Vietnam (0.11 million
tons). Chinese production of Nile tilapia is sma(le26 million tons) but still outstrips that of
other nations: Egypt (0.39 million tons), Indone&82 million tons), Thailand (0.21 million
tons) and the Philippines (0.19 million tons) (FRQL1).

Both carp and tilapia species are considered toeleivorous or omnivorous (Bostoek al.
2010) with relatively little need for the inclusiaf high levels of fishmeal in their diets. On
average only 5% fishmeal is included in diets farmpcand 6% for diets of tilapia (Deutseh

al. 2007). But in practice, the amount of fish mdmttneeds to be included in the diet
depends on the production system. The more interihiy system, the greater the amount of
fish meal included in the diet and the higher thmliy of the feed. In highly intensive
systems, it is of utmost importance to feed dieftsctv fulfill all the nutritional requirements
of the fish since amounts of nutrients that arenasly available in natural food decrease with
intensification level.

In Asia the common carp is mainly produced extezigivor semi-intensively, often in
polyculture with other cyprinids or in integrategrigulture-aquaculture systems (IAA) (Prein
2002). In these systems little compound feed iedddany.

Nile tilapias however, are found in all kinds obgduction systems from extensive polyculture
in Asia or Africa to highly intensive recirculatissystems in Israel or the USA. In highly
intensive recirculation systems it is imperativeagply formulated diets fulfilling all the
needs of the fish. As a result, feed frequentlyaats for around 50% of the running cost of
an aquaculture enterprise (NRC 2011).

There are several problems commonly associated tépia production. Probably the
biggest drawback in extensive and semi-intensilapii production systems is the large
number of offspring that are produced in mixed gepulations under pond conditions
(Kaliba et al 2006). This phenomenon originates in their praecreproductive behavior.
Both males and females can reach sexual maturitgnt 10-15 g of body mass (own
observations). Furthermore the mouth-breeding bieha¥ Nile tilapia females guarantees a
high survival rate of the larvae and fry.

A high frequency of spawning, compared to otheh pecies, makes up for the relatively
small batch sizes per spawn which mainly dependio®, age and nutritional status of the
female and average around 600-1800 eggs per spawarpale. As a consequence only male
monosex production of Nile tilapia is considereaaficially viable since in pond production
systems, even a percentage as low as 2.5% of feroatelower the average final body mass
and therefore market value of the originally statkwales significantly even though the
overall production may be slightly higher (Lovsheh al 1990). In a study conducted in
Tanzania it was reported that the mixed-sex produgiracticed there was not economically
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Chapter 1: General introduction

viable without including predator control or switay to all-male culture (Kalibat al. 2006).
Another study came to a similar conclusion aboug Miapia production in Kenya. It pointed
out that mixed sex culture is economically unsustiaie, male monosex culture is the system
of choice with the highest financial returns, wipledator controlled mixed sex culture is an
intermediate solution (Kalibat al 2007).

The advantages of monosex fish cultures over mied cultures were summarized by
Beardmoreet al. (2001) and are shown in Table 1.

Table 1: Potential benefits of monosex fish in agltare (after Beardmoret al. 2001), M = male, F
= female

Potential benefit Application to M/F monosex
culture

Higher growth rate M & F, depending on species

Preventing large energy diversion into:

Gonad production M

Courtship behavior M

Production of uneconomic recruits M&F

Reducing aggressive interactions F

Greater uniformity of size at harvest M&F

Avoiding undesirable impacts of sexual maturatiam ™ & f
appearance and flesh quality

Reducing unwanted environmental impact throudh
escapes

Several possibilities exist to control either tmevanted reproduction in mixed sex cultures or
to directly produce male monosex populations oéNlhpia.

Reproduction control and all male production

To control unwanted reproduction the above mentgmedator control system may be used.
This is a polyculture in which the main crop of éiilapia is raised with a small number of
piscivorous fish, e.g. African catfisi§larias gariepinus or largemouth basdlicropterus
salmoidegMcGinty 1985).

Another system is one in which a mixed sex popoitais cultured in hapas or cages so that
spawned eggs that the females are unable to pitlecguse they fall through the mesh of the
hapa and die on the bottom of the pond.

Other systems involve attempts to control or aker sex of the fish. The phenotypic sex in
Nile tilapia is controlled by major and minor geodiactors and by temperature (Wessels &
Horstgen-Schwarck 2011). 1@. niloticus males have heterogametes (XY) and females are
homogametic (XX) (Jalabet al 1971, cited in Wohlfarth & Wedekind 1992, Miiller-
Belecke & Horstgen-Schwarck 1995) as opposed t®i.enacrochirwhere the females show
heterogamety while males show homogamety (Jaladded. 1971, cited in Wohlfarth &
Wedekind 1992).

At around 23-26 days after hatching the gonadsd#ferentiated into ovaries or testes
(Nakamura and Nagahama 1985, 1989), so 0-26 d#sstedtching is the time window for
attempting to actively influence the phenotypicafunctional sex of the fish.
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Hand-sorting males and females is often mentioseoha potential method to establish male
monosex populations. The sex can be distinguislezkiied workers at relatively early ages
of the fish by close inspection of the genital flapiHowever, the probability of error is
relatively high (around 10%) depending on the sMilthe worker and it is extremely time and
labor intensive (Maiet al 1997, Beardmoret al 2001).

YY-supermale

The possibility of influencing the functional sex Wile tilapias by the administration of
androgens (masculinization) and estrogens (fentioizahas lead to the development of the
so called supermales or YY-male technology in wHish possess two Y-chromosomes as
sex chromosomes. Their offspring are geneticallynale (XY) and the sex ratios are usually
more than 95% phenotypically male. The techniquelascribed in detail by Maiet al
(21997).

Exceptions do exist where the offspring of YY-madee not 100% phenotypically male (on
average > 95%, Devlin & Nagahama 2002) becausdefptesence of other genetic and
temperature related factors (Tariq Eedal 2004, Wessels & Horstgen-Schwarck 2011).

Temperature

It has been shown théx. niloticus populations can produce higher percentages afanifal 0
day post fertilization (dpf) fry are exposed tothtgmperatures (36°C). Tesseatal (2006)
temperature treated offspring of a Lake ManzalairstfEgypt) and found that in two thirds of
the samples more than 80% of the fish were maleohtrast, the percentage of males in
samples of temperature treated progeny from LakdoRh (Kenya) was on average around
61% with no male percentage above 80%. Althoughtipe of research is imperative for an
understanding of the functional mechanisms of sserdhination in Nile tilapia it is, at the
current state, hardly an applicable method for targaall male populations for aquaculture
production.

Hybrid tilapia

Large numbers of all male progeny can reliably bedpced by hybridization between two
tilapine species. All-male offspring are for examproduced by crossing. mossambicuX

O. urolepis hornorunor O. niloticusX O. urolepis hornorunwhile from 50 to 100% males
are found after matin@®. niloticusX O. aureus(Wohlfarth & Wedekind 1992). Despite the
success in producing all male progeny by spediiterspecific or intergeneric hybridizations,
several drawbacks were reported. Among them is‘dbestant vigilance” required to keep
parental stocks pure, strain dependent low fecyn@nd hence low fry production) and
reduced acceptance by consumers because of uncmosahtion and general appearance
(Wohlfarth 1994).

Application of androgens

The most widely applied method for producing malenosex Nile tilapia populations is
through dietary hormone administration (Popma &e@r&990). Although the most important
androgen is a synthetic testosterone derivativey-hvethyltestosterone (MT), several other
natural and synthetic androgens have been claimgteld equal results (Pandian & Sheela
1995). As described above, the time of applicaisoinom first feeding until the 26day after
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Chapter 1: General introduction

hatching since by that time the gonads are fullyettgped. The effective concentration
necessary to achieve a 100% masculinization ishénrange of 40-60 mg MT Kgdiet,
depending on the mode of application (Pandian &e#h&995). However, evidence exists
that MT is not only a potential threat to the eamiment but also to people coming into direct
contact with it such as untrained personnel who oridprepare the feed. Instead of being
included in the feed, hormones may also be disdalve solvent and added to the water for
treatment by immersion. However, it has been proweate practical if androgens are
included in the diet.

Potential negative impacts of large scale 1d-methyltestosterone utilization in
aguaculture

The potentially detrimental impacts of the largalsautilization of MT in tilapia production
systems have not been satisfactorily examined enplist. The major concerns which have
been raised include effects on farm workers (cagenic, Velazquez & Alter 2007) and on
consumer health and the impacts of MT enrichedueffis on natural water bodies
downstream from sex reversion facilities. Evidefmethe androgenic potential of effluent
water from MT fed fish ponds was provided by Huktkal (2008). They ran water from
aguaria stocked with gynogenetic female common (@rrarpio fed with a diet containing
100 mg MT kg through aquaria containing carp that had not tesrted with MT and found
that a high percentage of the fish in the secomafsaquaria became masculinized. Earlier
experiments in which MT was added to the water gquasia containing common and
ornamental common carp (koi) showed that betweerh @6d 96.6% of all female fish were
sex inversed (Gomelskst al 1994). Further strong evidence was provided bycdaly and
Mair (1997). They found that Nile tilapia contrddspt in the same respective 900 L tanks as
treatment groups for masculinization (40 mg'KgedMT) and feminization (1000 mg Kg
feed diethylstilboestrol) were also strongly immgacby the hormones.

Saponins

The name saponin is derived from the Latin weaggowhich means soap because, like soap,
saponins can form stable foams in combination wiler. Saponins are glycosides consisting
of a non-polar aglycone, called sapogenin, and @anenore sugar side chains of various
lengths. The aglycone is usually either steroidatiterpenoidal in nature and both types are
derived from a 30 carbon skeleton (Haralampé&digal 2002, Vinckeret al. 2007). Saponins
are mainly produced by a great variety of plantsmfrthe two major plant classes
Magnoliopsida and Liliopsida. The orders with thestnnumerous saponin-containing plant
species are the Liliales (46 species), Fabaleségies) and Apiales (26 species) (Vincken
al. 2007).

Compared to saponins from plants, relatively litdeknown about saponins produced by
marine invertebrates like echinoderms (mainly starbnd sea cucumbers, Reb al 1965,
Kitagawa 1988, D’Aurieet al. 1992, Ebadat al 2010), or sponges (Ebadtaal 2010).
Biological activities reported for various saponisslated from marine organisms included
antitumor-, antileukemic-, antifungal-, antibacéési cytotoxic-, piscicidal-, spermatostatic-
and immunosuppressive activities, thrombin recepittiagonistic effects and inhibition of
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Chapter 1: General introduction

platelet aggregation as reported by Ebatlal (2010). A similar diversity of effects of plant
saponins on animals is reported by Framtisal (2002a) and it is likely that the range of
potential biological activities is as diverse ag tthemical structures of the compounds
themselves.

Usually saponins are considered to act as a defagaast microbial and predatory attacks on
plants (Francigt al 2002a). The high toxicity of saponins extractemhf starfish indicates a
similar function in echinoderms. However, Ribal (1965) found that the toxicity to fish was
higher when saponins were present in the water tidoen they were injected
intraperitoneally which implied that the toxins gsains) were actively absorbed by gill
membranes.

Sparget al (2004) consider saponins to be extremely toxigofmkilothermic animals while
oral toxicity for mammals is thought to be low. $ams in animal nutrition are generally
considered to be anti-nutrients (Burestual 1998, Franciet al 2001a), reducing growth,
lowering feed intake and damaging the intestinatosa. When dissolved in water, saponins
can damage the gill epithelia of fish and are aber&id to be the active components in some
traditionally used fish toxins (Francet al 2001a). Apart from the studies by Franeisal
(2001b, 2002b, c, d) only a few experiments havenbgublished in which saponins have
been added in low concentrations to fish diets

Previous studies using saponins as feed additives fish

Up to now only a few studies have been conducteshich saponins, sapogenins or closely
related plant derived substances have been usee@dsdditives to test for beneficial effects
in freshwater finfish and to our knowledge none basn conducted in marine finfish or
crustaceans. Around a decade ago Francis and guéieaconducted a series of experiments
(Franciset al 2001b, 2002b, c, d) using mainly commercially iade saponin mixtures
derived fromQuillaja saponariaM. containing around 10% sapogenin (Sigma S 2149)
feed supplements for common carp and Nile tilapkee inclusion levels ranged between 150
and 700 mg Kg diet and the diets were fed over one period @rmétting periods of saponin
supplementation and non saponin supplementatioall Experiments one or more beneficial
effects in the saponin diet fed groups comparezbidrol animals were observed.

Franciset al (2001b) showed that 300 mgk@uillaja saponariasaponin in the diet of Nile
tilapia increased the body mass, apparent lipidsexsion, body lipid content, gross energy
content, muscle cholesterol content and energytieteof the fish while the ash content and
the unmetabolized energy were reduced comparetiegdacantrol. One observation, which
could not be proved, was that on average less &nfatl with saponins spawned than in hte
control group.

Franciset al (2002b) showed that Nile tilapia fed for six muohwith 150, 300, 500 and 700
mg kg" Quillaja saponin had higher body masses and increasedisggoiwth rates (SGR)
compared to control while a similar effect over tmonths was only observed in fish fed 150
and 300 mg Kg saponins. A completely different species, the commarpCyprinus carpio
L., belonging to the cyprinidae which do not havieuee stomach (a common attribute for all
carp-like fish) showed beneficial effects ofQuillaja saponin supplementation at lower
concentrations than tilapia. An addition of 150 sagonins kg diet led to a higher final body
mass compared to control fed fish and nutrientizatilon parameters where improved
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Chapter 1: General introduction

compared to the control group and the group fedrBfGaponins K diet. Another striking
result was that the metabolic rate and oxygen aopson per unit body mass gain of carp
fed the low saponin concentration in the diet vaagelr than that of the control fish while the
300 mg kg group had the highest metabolic rates and oxygasumptions per unit body
mass gain (Francigt al 2002c). A different experimental design but witie same
concentrations and fish species also resulteddariphest body mass gain and best nutrient
utilization for carp fed continuously with 150 n@uillaja saponins kg diet compared to
control. Carp fed week-wise alternately with suppated and un-supplemented feed showed
a response lying between the control and 150 ppoapgr (Franciset al 2002d). To this
author’'s knowledge no studies, apart from thos€rahciset al (2001b, 2002b, c, d), have
been published showing a beneficial influence gbosans on growth, metabolism and
nutrient utilization.

Since the beginning of 2006 hormones and antibediditives in sub-therapeutic levels have
been prohibited in the EU (EC 1831/2003). Not aalthe use of these compounds banned in
the formulation of feeds within the E.U., but thmepiortation into the EU of products from
animals raised on anti-biotic or hormone suppleexttifiteds is also prohibited.

Although some studies have been made on the effiésisponins fronQ. saponariaon fish,
only a few saponin rich plants have been invesddbr their potential beneficial effects in
aquaculture. In one study, 9 g of extracts fronbulus terrestris a plant rich in steroidal
saponins (Dincheet al. 2008), were dissolved in 30 L of water and usgdn@asculinize
African catfishClarias gariepinusby immersion (Turan & Cek 2007) resulting in 80%les
compared to 55% males in the control group. Exdréidm the same plant have also been
successfully applied to masculinize convict cichl€ichlasoma nigrofasciaturfCek et al
2007). Feeding freshly hatched Nile tilapia fry &2 days with a high dose (2000 mg'kgf
Quillaja saponariasaponins inhibited reproduction in that group i(8iennet al 2004).

Hypothesis and objectives of this thesis

Trigonella foenum-graecunfenugreek, is a widespread plant cultured in mpagts of
Mediterranean Europe, Africa and Asia (Petropo@@82) and it is rich in steroidal saponins
(Markeret al. 1947, Petropoulos 2002). During this study sap®wuierived fromT. foenum-
graecum and Q. saponariaand fractionated by HPLC were tested, along witheo
commercially available saponins and sapogenins,tiieir effects on sex ratio, gonad
histology, growth performance, nutrient utilizatiand metabolic performance primarily of
Nile tilapia but also of common carp.

It is postulated that the beneficial effects in fiisk are, at least in one or more fractions, more
pronounced because of the fractionation than tfextsf observed by Francet al. (2001b,
2002b, c, d) and Steinbromn al (2004) with non-fractionated material.

This thesis consists of nine chapters, beginninth i general introduction (chapter 1),
followed by chapters 2 to 5 which report experirsewhere saponins were tested for their
potential use for sex inversion and inhibition eproduction in Nile tilapia. Chapters 5 to 8
are dedicated to the evaluation of saponin frastias growth promoters in Nile tilapia and
common carp. Chapter 9 concludes the thesis wiereral discussion and an outlook on
necessary follow up studies for future research.
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Abstract

Nile tilapia production is one of the most rapidhcreasing aquaculture industrial sectors
worldwide. Mixed sex culture is not sustainableaolong term basis because of the high rate
of reproduction, increasing feeding competitiomppands and low harvest of large individuals.
The most common method to prevent unwanted reptmoiuand subsequent overcrowding is
an all male culture which is mainly achieved by tegtic hormone treatment with 17-a-
methyl-testosterone (MT). Since the applicationsghthetic hormones in animal feed is
prohibited in many countries, including the whofdhe EU, due to environmental and health
concerns, endocrine active plant derived substantisa similar effect could serve as a
substitute for MT.

In previous experiments saponin supplementatiorfish diets has shown a potential to
influence sex ratio and reproduction success.

During this experiment we tested the effects ofostial saponins derived from fenugreek
(Trigonella foenum-graecumTS) and soap bark tre®(illaja saponaria QS) as feed
supplement in mixed sex tilapia populations foirtirdluence on sex ratio.

Saponins were extracted by the conventional Soxkethod with hexane/ethanol and
fractionated and isolated by consecutive methaootentrations of 40, 60 and 80% (TS) and
80% (QS). Extracted saponins and commercially abklQuillaja saponin (Sigma) were
added to the diets of Nile tilapia larvae in twdfetient concentrations, 150 and 1000 ppm,
respectively, with Sigma-saponin in 1000 ppm ofligh were fed with experimental diets
and standard diet as control for four weeks arehatirds raised on standard diets only.

Sex ratio was determined micro- and macroscopiedtBr approximately 4 months.
Percentage of non-females ranged from 52% (40%4%@ ppm) to 73% (80% QS, 150 ppm)
with two treatments (80% TS 150 ppm and 60% TS () being significantly different
(p< 0.05) from the expected 50:50 ratio.

Although further work is needed to identify the meéfective fraction, single saponin or
mode of action offrigonella saponins. However, it is obvious that plant detigaponins
have a significant masculinization effect in tiaparvae.

Introduction

Worldwide Nile tilapia Qreochromis niloticusproduction increased during the years 2001 to
2006 from 1.113.737 metrical tonnes (mt) to 1.988.it resembling a growth of 79% (FAO
2008), and thus making it one of the fastest grgvitash- and brackishwater fish aquaculture
productions, respectively. One of the major drabao commercial tilapia production is the
precocious maturity and following uncontrolled mguction, resulting in increasing
competition for feed followed by stunted growth dod/ commercial value (Baroiller and
Toguyeni 1996, Wassermann and Afonso 2003). Monpseduction systems show several
advantages over mixed sex production systems Hi&echoice for the faster growing sex of
the species to be produced, lower environmentabh@nghrough escapes, preventing energy
diversions into gonad production, courtship behawaind unwanted reproduction, reducing
aggressive interactions during courtship behaviat krger uniformity of size at harvest
(Beardmore et al. 2001).
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In small scale Nile tilapia farming systems in &&j only monosex production systems were
found to be financially sustainable on a long tepasis with mixed sex culture being
unprofitable and culture systems including predatamtrol, being an intermediate solution
(Kaliba et al. 2006, 2007).

To achieve single sex cultures, several methods baen developed. Hand sorting is among
these methods and needs a high degree of experierxgery labor intensive and even with
a 90% rate of success there will still be consideraeproduction under pond conditions.
Production with genetically male tilapia offers @og alternative but for small scale farmers
in remote locations neither the broodstock norditiggs for stocking may be available to
guarantee a continuous supply of fry throughoutyia. Hormonal treatment is frequently
used to sex reverse tilapia and achieve male manasgulations (Beardmore et al. 2001).
Several hormones and hormone analogues are usachieve this goal. Among the most
frequently used synthetic hormones isdtmethytestosterone (MT) which works well in at
least 23 species belonging to six families, nam@ymonidae (8 species), Cichlidae (5
species), Cyprinidae (5 species), Anabantidae (dcisp), Poecilidae (3 species) and
Cyprinodontidae (1 species) (Pandian and Sheel®)19%e critical period for hormone
application, either through the diet or by immensies within 23-26 days after hatching of
larvae since that resembles the time span whernifunat sex of Nile tilapia can be influenced
(Nakamura and Nagahama 1985, 1989).

A serious drawback for tilapia farmers who inteadell their products internationally is that
administering hormones to food fish or import ofrhone treated fish is, however, forbidden
in several countries (among them the European Uniion concerns regarding consumer
health and safety of the aquatic environment (Ete®ive 1996/22, modified by Directive
2003/74). Endocrine active plant derived substansleswing a similar effect on tilapia or
other food fish as MT does, would be an alternativeynthetic hormones and would have a
greater acceptance among consumers and will nkedy Ibossess a lower environmental risk.
For that reason the interest in plant derived adtives to natural or synthetic hormones is
internationally increasing.

One candidate group of plant secondary compoundssaponins which are glycosides
produced by many plant families (Fenwick et al. )9€nd in some marine invertebrates
(Riguera 1997). They consist of an either tritegpéal or steroidal aglycone (sapogenin) and
a higly variable sugar moiety resulting in a gneatiety of saponins. In general, triterpenoidal
saponins are predominant in cultivated crops wsiiéroidal saponins occur mostly in wild
plants used as herbs or for medicine (Fenwick.et91).

In previous experiments a growth promoting effecsteroidal saponins derived from the
South American soap bark tr€iillaja saponaria(Sigma, S2104) and administered through
the diet to common carpCyprinus carpig and Nile tilapia could be shown (Francis et al.
2001, 2002a). Furthermore a reduced egg produttitilapia was observed by Francis et al.
(2001). A change in the anticipated sex ratio obB0males: females with a significantly
higher percentage of males was observed by Franas (2002b) when Nile tilapia where
fed diets supplemented with 700 pQuillaja saponins.

Immersion experiments conducted by Cek et al. i@726esulted in 87.2% male convict
cichlids Cichlasoma nigrofasciatuyrafter treatment witiribulus terrestrisextract once per
week for two months. The bioactive compoundsTinterrestrisare most likely steroidal
saponins with Protodioscin being the most domiauet (Cek et al. 2007).
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Despite saponins there are other bioactive plamipounds which show some potential for an
application as masculinization agent in aquacult8tgplementation of a fish meal diet with
dried and ground roots from Red Kwao KrelButea superbaresulted in a significantly
increased percentage of males in the Ghana str&n wiloticus The active compounds B
superbawere found to be Daidzein and Genistein, belongmghe Isoflavones which are
believed to act as phytoestrogens (Mengumphan 20a6).

In the work presented here we used saponins esttaftbm Quillaja saponaria and
Trigonella foenum graecunffenugreek) and commercially availabfguillaja saponins
(Sigma, S2104). The different saponin fractions eodcentrations were fed to 7 days post
hatch mixed sex Nile tilapia larvae to test foritledfect on the sex ratio.

Material and Methods

Saponin extraction

Prior to extraction plant material was ground anddifor 72 h. Defatted material was dried
at room temperature and further treated with 70%aretl. Residue was centrifuged and
filtered. Filtrate was purified by flash chromataghy using consecutive methanol/water
concentrations (v/v, 40/60, 60/40 and 80/20) rasylin three fractions (40, 60 and 80%
eluted saponin) termed TS40, TS60 and TS80. Onéy 80% fraction fromQuillaja
saponariawas used in the experiment, termed QS80.

Experimental set-up

At an age of 6 days after hatching 20 mixed Gexiloticuslarvae were stocked in triplicates
into containers with a volume of 2.5 L and connécte a flow through system. Water
temperature was kept at 26 + 1°C and flow rate adjssted to 4 | . From week 7 the flow
rate was raised to 5 I"rand from week 9 onwards the flow rate was incrédses | K. At
week 10 the larvae were transferred to 40 | aguarerecirculation system until they were
sacrificed.

Treatments included nine different experimental and standard diet serving as control (C).
The test diets were produced from standard dieplsupented with either 40, 60 or 80%
eluted fenugreek (TS) and 80% elut@dillaja (QS) saponins and were administered in two
different concentrations, 150 ppm and 1000 ppnpeetsvely (see also Table 1). Saponins
were solubilised in water and added to the dietdeurctontinuous stirring. Commercially
available Quillaja saponins (Sigma, S2149) were only added to thd feel000 ppm.
Feeding started one day after stocking and feeavatlice was five times per day libitum
Pellet size was adjusted to the size of the fistberAfour weeks all diets were changed to
standard diet.

After 10 weeks, fish were killed and sex determjneither microscopically by the gonad
squash method (Guerrero and Shelton 1974) orxitvse clearly distinguishable after gonads
were excised, macroscopically. Females were cousdefdmales and males and those with
undifferentiated sex were counted as non-femaltoAgh intersex fish were observed, they
were counted to the sex which made up the largesibp of the gonad.
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Statistical Analysis

Data was analysed using STATISTICA Version 6. Dats tested by Students t-test against
the expected 50% occurrence of females and foffereice in frequency of occurrence of
non-females between experimental diets and codtetl

Table 1: Feed composition and saponin supplementhgizels and sources

Treatment Supplementation Concentration

Control (C) None None
91.8% Dry Matter (DM)

As percent of DM:

43.5% Crude Protein (CP)

10.9% Crude Lipid (CL)

13.0% Crude Ash (CA)

18.7 kJ ¢ Gross Energy

80% eluted Trigonella foenum-

80TS150 graecumsaponins (TS)
60TS150 60% TS 150 ppm
40TS150 40% TS
80% eluted Quillaja saponaria
80QS150 saponins (QS)
80TS1000 80% TS
60TS1000 60% TS
40TS1000 40% TS 1000 ppm
80QS1000 80% QS
SQS1000 SigmQuillaja saponin
Results

All diets were accepted well by the fish and na detated mortality was observed during the
period of experimental feeding or thereafter. Dmevaiter flow failure in one of the triplicates
of 40TS150 all fish died.

Mortality ranged from 26.7 £ 11.8% (SD; n=3) inamment SQS1000 to 55 + 14.7% (SD;
n=3) in treatment 80QS1000 but was not found tedreelated to treatments. In the control
the observed mortality was 46.7 + 20.1% (SD; nAB)mortality was accounted to agonistic
and cannibalistic behaviour.

In all treatments, including the control, a higipercentage of non-females than females was
observed. The mean percentage of pooled treatmerged from 51.9 £ 2.7% (SD; n=2) non-
females in 40TS150 to 73.2 £ 22.2% (SD; n=3) nandies in 80QS150 with two treatments
showing a significantly higher ratio of non-fematesfemales than the expected 50:50 ratio.
In the diet supplemented with 80TS150 70.0 £+ 3.@D;(n=3) non-females (t-test against
50% expectancy, p < 0.01) and in treatment 60TS3%0 *+ 3.0% (SD; n=3) males and
undifferentiated fish (t-test against 50% expecyapc< 0.05) occurred.
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Figure 1: Frequency of occurence of females and-fammles after feeding with different
experimental feeds. Co = control, 80TS150 = 80%telwfTrigonella saponins with a concentration
of 150 ppm

In single triplicates the highest ratios of malesl aindifferentiated fish to females was
obtained in treatment 80QS150 with 88.2% followgd@B8QS1000 (83.3%).

Discussion

As was shown earlier in several experiments by ¢tsaet al. (2001, 2002a, 2002b, 2002c),
saponins derived from the soap bark t(@eillaja saponariashowed potential as growth
enhancers in common carp and Nile tilapia. Furtloeemthey influenced the sex ratio
resulting in a higher percentage of males in tdafaponins extracted from terrestris with
Protodioscin as the most dominant saponin, alsoltegs in a higher percentage of male
convict cichlids Cichlasoma nigrofasciatun{Cek et al. 2007) after immersion treatments.

In our experiment we showed that saponins extraatedl eluted froml. foenum-graecum
with 60 and 80% methanol and fed at 150 ppm thraudish meal based diet resulted in a
significantly increased non-female to female rafibe saponin fractions extracted fragn
saponariawith 80% methanol and administered at 150 ppmltexsunot only in an elevated
mean percentage of non-females but showed in dpécate with 88.2% the highest
percentage of males and undifferentiated fish efwimole experiment. However, due to the
high standard deviation these results were stifinot significant.

One possible mode of action of steroidal saporgnghrough inhibition of the aromatase
enzyme. The steroidogenic enzyme aromatase isepp@mzyme in conversion of androgens
(androstenedione and testosterone) to estrogeimsr{esand estradiol) (Ryan 1959, Pasmanik
and Callard 1988, Kwon et al. 2002). In am vitro assay using Nile tilapia ovarian
microsomes the 80% eluted saponin fraction derfveich the soap bark tre€( saponaria
showed the highest potency in aromatase inhib{t@wian et al. in press).

Although the most active saponins, mode of actimmcentrations for the different fish
species, duration of treatments and method of egidin (dietary or immersion treatment)
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still have to be determined, saponins as a substgraup show high potential as substitute
for synthetic or natural hormones in sex invergreatments.

As long as hormone treatments are prohibited irersévcountries, tilapia producers who
intend to export to or produce in these countrigshave to look for alternatives to natural or
synthetic sex hormones. Although several studiesderling with the effects of xenobiotics
and other endocrine active substances on the aqratironment and the ichthyofauna (e.g.:
Sumpter 1995, Sumpter and Jobling 1995, Leafiosa@ada et al. 2002, Jobling et al. 2002),
up to now no studies were conducted to evaluatenipact of large scale application of
synthetic hormones, especially &iMethyltestosterone, in aquaculture production.tédg

to evaluate the impact of the synthetic sex hormigtig/nylestradiol (EE on reproductive
success and mechanisms of disruption showed thhbr-term exposure of 40 days to,EE
resulted in no effect on the treated mature fishifeAlong exposure to Effhowever, resulted
in a lowered fecundity and complete failure of wgarction with no fertilization in the F1
generation of the tested Zebrafifafio rerio) (Nash et al. 2004).

Detailed evaluations of the long-term impact of coancial scale treatments of already in use
synthetic sex hormones and of possible alternatikessaponins on consumer’s health and
the aquatic environment are needed. But evenahit be proven that there is no negative
effect of synthetic hormones on humans and floih famna, the consumers, at least in the
EU, will most likely prefer tilapia produced withe help of natural substances.

Conclusion

We could show that saponin fractions, eluted witha®d 80% Methanol froririgonella
foenum-graecurandQuillaja saponariaand administered through the feed at 150 ppm, show
the potential to serve as masculinizing agents. éd@wvmore work is needed to further purify
these saponin fractions or even elute single sagowhich show the highest bioactivity.
Furthermore the most effective concentration andlenaf application for each fish species
intended to sex inverse must be found. Before saponan be used for large scale
commercial sex inversion treatments they have topbaven harmless for man and
environment. This work will continue and will inde the evaluation of the fate of
administered saponins in the fish flesh and inwager and will also include the effects of
saponins on energy metabolism, protein turnoverangdene expression of hormones related
to growth and reproduction in Nile tilapia.
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Tt roedwet o

Ower three million tonnes (t) of tilapia, mostly Nile tilapia
(O reaekromis nilotiews, L), are produced annually making it
the socond most abundantly produced freshowater fish (FAQ,
20100, Tilapia are mouthbmeeders that often produce stunted
populations under pond conditions; one means of prevention
5 to produce all-male fish with the additional advantage that
malks wsually grow faster than females. All-male populations
can he achizved by smupplementing foed with androgens such
as | T-z-Methyltestosterone (MT) during days 1025 post-
hatch {Pandian and Sheela, 1995). However, MT iz consid-
crad to be carcimogenic (Yelzquer and Alter, 2004), and
Hulak et al (208) ako showed that efffuents of systems in
which carp wem fod diets containing MT cawsed masculiniza-
tion of female fish. Furthermore, in aguaculture the applica-
tion of homones to fish destined for human consumption is
prohibited in the Buropean Union under directive 946/22/EC,
artick 3, which also prohibits import of animal products
produced with hormones.

Kwon et al. (20606) showed that Fadrozole, a non-ste roidal
compound, caused masculinization i tlapia by inhibiting
armatase, which i the enzyme responsible for the conver-
son of endogenous androgens to estrogens. Steinhronn et al.
{2004) were able to show that a dose of 20080 ppm (hellaja
saponins {Sigma 5-214% inhibited reproduction of tilapia
after dietary application for 32 days to first-feeding fry, sug-
gesting saponing as a possihle alternative to MT. These sec-
ondary plant compounds comsst of either a steroid or
triterpenoid basic structure {aglycone or sapogenin) phs one
or mome sugar side chains (Francis et al., A¥2a).

In a previous experiment a saponin fraction from the
spaphark tree (Gueillagr saponaria M) inhibited ammatase (v
vitre (Golan et al, 2008). The fenugreek plant (Trigoneila
Joernigm-graecurnt L), widely cultivated in the Middle Fast and
Asia, ako has a high saponin content. The experiment was
themefore condwcted to test whether saponin fractons from
. saporarky and from T. foemen-grascum were ahle to influ-
ence the sex ratio and gonad histology of Mile tilapia.

Materials and me thods

Saponins were extracted from femugreek (T e groeciom
L) according to Marston and Oleszek (20080). Fthanol
extracts were fractionated using a reversad phase HPLC and
different methanolfwater sohitions {viv, 4060, &0/40, 90100
msulting in three saponin elwates or factons (40, &) and
M%) The 9% methanol fracton and two commercial
smponing {Qwiffag saponin, Sigma 54321 and Dicsgenin,
Sigma D163) were added to the diets in concentrations
shown im Table 1. The saponin:g were dissolved in ethanol
{#2.8%) and sprayed on a commercial tilapia diet {TilapiCo
Crumble Excellent, 200—30) pm; Coppens Int., the MNetherlands).
The zame amount of ethanol without saponins was sprayed
om the control diet. Feod was dried in a drying oven and
mefrigerated at 6°C.

A total of 10B) Mie tilapia larvae each of 10 mg hody
max (BM) were evenly distributed into 27 aguaria (40 fish
per aquarium]) each with 2.5 L capacity and connected to a
flow-through system. The flow mte was adjsted to 4 L h™°
{weeks | and 2), increased to S L b~ (week 3) and then to
G6Lh fweek 4) resembling 160, 200 and 2408 water
cxchange per howr in the respective weeks The nime treat-
ments {Tahle 1) were randomly asigned to three agquaria
cach.

Fish were fod af liben by an automatic feeder five times
per day. Omnce per day, foed resdues and foces weme removed
by siphoning. Temperature was kept constant at 26 + 0.1°C
and the light regime st to 12h /12 h D under fluorescent
light with a surface intensity of M) Lx. Experimental foed
was provided for 4 weeks beginning on the 13th day post-
fertilization (5 days post-hatch). At the end of the d-week
peried the fish were tramsfermed to 45 L aquaria in a mcircwe-
lating aguaculiure system kept at 26 + 1°C. Water low rate
in each aguarium was set to 160 L h™", water was filtered by
a mochanical filter, with approximately 30% bypassed
through a trickling hiofilter. Water quality was measred
weekly and ammonia-N kept below 02 me L™, nitrite™
below 0,05 mg L™° and nitrate-™ helow 15 mg L™ Circa &

24



Chapter 3: Effects of saponin fractions and sapiogem sex ratio in tilapia

25

T. Stadilander a al

Expermmental diets and nomonal conemimabomn of saponms

Tahle 2
Permcentage of males, number of samplal fish, modahiy, body mas
{BM) amd total kemgth (TL) m vanous teatments at end o expen-

et Saponm type Conc. ppim ment

Caomnirol Nane 1] Mariahty

1507590 A% Trigonelia fraction 150 Treatment % maks N % BM g} TL {cm)

30T A% Triponela (raction 300

15005 Commarcial (il 150 Comind 53+29 108 100 50 BB+ 101 134+42

IS Commercal (Yl i 1505 41+ 171 10 167 £29 E97 +£0893 133+ 40

TS Commercizl (il 10K TS 56+ 126 98 183 £123 937 £ 085 153+39

15005 Commearcal Diosgenm 150 15005 32 x4l 104 133 £29 943 £ L10 14353

F00DG Commercial Diosgenm 3 S0E 5T+E2 103 M2 +38 9.12+121 149+45

10000E Commercial Diosgenm 100 TS 534+ 128 105 125443 ES8 4103 1261449
15005 52+ 80 106 117 +88 BRI +097 135244
DS &+ 138 110 E3 38 E55+090 12034
LU sY 47+ 34 110 B3 +63 B9 087 13937

—10% of the water was exchanged woekly. A commercial tila- Dilference ns. ni s ns. ns.

pia diet containing no saponins (TilapiCo Start Premium,
Coppens Int., the Metherlands) was provided by automatic
foeders five times a day od Bl Feed madues and foces
were mmoved once per day. All deaths were reconrded. In
waoek 12, the fish were killed with a sharp hlow to the head.
The gonads wemr removed and either stored in 4% bufferad
formalin for histology or in 0.9% saline solution for immedi-
ate detemination of functional sex. The sex was determined
microscopically im all gonads of the surviving tilapia
{m =944 using the gponad squash method (Guerrem and
Shelton, 1974). A total of 108 gonads, 12 per treatment, wene
randomly chosen for histological investigation. After initial
sex determination, 1§ gonad samples from fish in treatments
whem the variahility betwesn replicates and gonads of con-
trol fish was high were preferentially analyzed histologically
according to Streble and Bawerle (2007); the results showed
no significant trends, thus no additional gonads were inwesti-
gated histologically. Values for the percentage of malks in
each group were tested for significant differences by one-way
aMova wing sras 100, A total of 15 fish per treatment was
randomly chosen; body mas (to the nearest 001 g) and total
length {to the nearest mm) were then meassumed and tested by
ome-way Anova for differences.

Resulis

All diets were well accepted by all fish; although the foome-
groek saponin-fad fish showed the highest mortalities of
16.7% (150TSH) and 17.1% (ITSH), there was no statis
tical difference among the treatments, including control.
Omwerall mortality averaged 126 + 62% {mean + SD) and
could mot be attributed to any obvious cause. Statistically,
no differences either in percentage of males, mortality or
growth, wemr found among the treatments (Tahle 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 (150TS9),
IOTSM, INDE and ES). The histological analysis did
not reveal any distinctive anatomical changes or intersex
Atates.

Discussion

The pereentages of males obtained provided no evidence for
masculinization effectz in any of the applisad treatments. In
single replicates of different treatments, 62, 68 and 65%
meales wem achizved (IDOTEH), 100005 and 3OS, mapec-
tively). However, since ther wem also treatments in which

i, nod sagmaticand.
Walum — meam £ S0 from three replicatss per treatment.

single mplicates yielded high percentages of females (72 and
63% in |STSH) and IWDE, respectively], it seems unlikely
that the elkevated mtios of males and femaks in these mepli-
cates were cawsed by the applied saponins. Since in the
respective treatments all conditions were equal, the high vari-
ahility points towanrd 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 tlapia 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 (XKi2h) showed
that feeding Milk tlapia fry with Quillzle saponin supple-
mented feed significantly changed the sex ratio in favor of
malks Furthermore, it was meported by Francis et al. {2001)
that Quillzjfe saponins administered orally with the diet ako
had a growth promoting effect in Mile tlapia; in their experi-
ment, fish fad a concentration of 300 ppm had a significantly
higher total weight gin compared to other treatments and
comtrol. Genermlly substances that exhibit an androgenic
action ako act amabaolically, snce both actions are mediated
via the androgen mceptor and cannot be separated from
cach other, although some stepoids are more anabalic than
androgenic and vice varsa (Shahidi, 20010 ¥ Quillale sapo-
nims ame acting a3 anahalic growth promotes they must also
hawve a certain androgenic activity. However, masculinization
may not necessarly be due to androgen application but can
ako be achieved by inhibition of the enzyme aromatase. In
an i witre experiment Golan et al. (2008) showed that a
Q. szporarly saponin extract inhibited aromatase. In stadies
reporting successul masculinization after ammatase inhibi-
tion no improved growth accompanying the sex meversal was
mentoned {eg. Kwon et al, 2068 Afonso et al, 2001). &
aeems as if two different mechanizms were reaponsible for the
effocts described by Francis et al. {32a,b) and Golan et al.
(20608). The first possibly an androgenic-anabalic action,
while the latter described the aromatase mhibition by sapo-
nits. Methyltsstosterone i wually considered to he a potent
androgen as well as an anabolic growth promoter {Lome and
Matty, |980; Shahidi, 2001). Howewer, there & some evidenos
that MT might not act on sex differentiation through andro-
gemic/anabolic action hut throwugh aromatase inhibhiton (Mor
et al, 2001). Simce in this sudy no influence of saponins on
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the sex ratio or on length and body mass was observed, nome
of the two possible actions were found in the tested saponins
in the applied concentrations. The saponins extracted from
T. foenum-graecim and the commercial Quillzle saponins
amd Dicsgenin are not potential replacements for MT to
achieve sex inversion when applied with the fead in the tested
concentrations, they also did not show a growth promoting
effect. In order to clucidate the difierence between the results
in vitre by Golan et al. (2008) and this ir wive experiment,
absorption of saponins in the fish intestine should be further
investigated. However, as reported by Steinbronn et al.
{200:4), Quilliaje application did prevent reproduction of Milk
tilapia when applied at a high concentmtion {208 ppm) but
not at low concentrations {1530 and 50 ppm). This does not
nocessarily mquire masculinization of females. Inhibiting the
meproduction of mixed sex Mike tilapia would ako largely
increase the profitability of such a pmoduction system,
Therefore another experiment will be conducted to investi-
gate the ahility of saponins derived from T fermom-grae ciom
to imhihit reproduction.
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Chapter 4: Effects of on sex ratios of genetictdiyale tilapia and occurrence of jaw deformities

Abstract

Different saponin fractions derived from fenugre€kgonella foenum-graecuni., the
commercially available sapogenin diosgenin, the-stenoidal aromatase inhibitor fadrozole
and the synthetic androgen @7methyltestosterone (MT) have been fed to firstdieg
genetically female Nile tilapigdQreochromis niloticugL.), fry. The experiment aimed to test
the influence of the saponin fractions and the gbos on sex ratio and gene expression of
male sex related genes during the experimentalrfgqueriod of four weeks and afterwards
on the effect of the test substances on reprodueia fecundity of the females. However,
high frequencies of occurrence (between 6 and 33jone deformities, primarily in the
jaw, prevented the experiment from being finishedhie anticipated way. Here we describe
the effects of the feed additives on sex ratio,tality, reproduction and possible reasons for
the jaw deformities.

Introduction

Large scale, commercially viable Nile tilap@reochromis niloticugL.), production depends
on male monosex culture (Kaliba et al. 2006, 2081though the total fish yield per area is
increased in the presence of small percentagexroflés, the average body mass and
therefore the economic value is reduced due toopreas maturity and subsequent
overcrowding and competition for food and feed (&lowm et al. 1990). On a commercial
scale, the most widely applied androgen, the swicthE/-0-methlytestosterone (MT), is
included in the diets of first feeding fry in comteations of around 50 mg KgPandian &
Sheela 1995). In juvenile Nile tilapia, it takeswand 23 to 26 days for the gonads to become
differentiated into ovaries or testes (Nakamura &Bhama 1985, 1989) and therefore the
hormone is usually fed for four weeks after niloticus have hatched to produce all male
populations.

A possible influence of saponins on the sex rati® oniloticuswas reported by Francis et al.
(2002a) where dietary inclusion of different cortcations (between 150 and 700 mg'kg
diet) of Quillaja saponaria(Molina) saponins led to higher proportions of esalAnother
study reported no reproduction after supplememtatiith 2 g kg diet of the same saponins
to first feeding Nile tilapia fry (Steinbronn et @004).

Saponins are secondary plant compounds occurringany cultured and wild plants and
consist of a steroidal or triterpenoid aglycondezhlksapogenin and one or more sugar side
chains (Francis et al. 2002b). Besides plants, domer marine invertebrates also produce
saponins, probably as defense against predatare(Ril. 1965; Ebada et al. 2010).

Up to 38 different saponins have been describdxbtpresent ilQ. saponariag(Guo & Kenne
2000, Bankefors et al. 2008). Fractionation of ¢hesponins led to the discovery of a fraction
that caused inhibition of the enzyme aromatasatro that was stronger than that caused by
the unfractionated material (Golahal 2008).

Aromatase is responsible for the aromatization rafregens (primarily androstenedione or
testosterone) to estrogens (estrone and estrgBiahting & Ahmed 2009) and its inhibition
in vivo was found to lead to high proportions of males@mplete masculinization of Nile
tilapia (Kwon et al. 2000; Afonso et al. 2001).

28



Chapter 4: Effects of on sex ratios of genetictdiyale tilapia and occurrence of jaw deformities

Another widely spread and cultivated plant richrsaponins is fenugreekrigonella foenum-
graecum It is used as an herb and spice and also intivadl medicine in Mediterranean,
central and East Asian regions. The saponins frenudreek are predominantly steroidal
saponins whileQ. saponariacontains mainly triterpenoid saponins (Marker ket 1847,
Murakami et al. 2000; Bankefoet al 2008). Fenugreek saponins showed high biological
activity in aromatase inhibition assagsvitro (data not shown).

The intention of this study was to test two différeéaponin fractions with high biological
activity in vivo and a commercially available sapogenin, diosgefointheir effects on sex
ratio, reproduction and gene expression on aromd@¥P19A1) and an exclusively male
related gene, tDMRT1dpublesex/mab-3elated transcription factor-1, Kobayasti al
2008). As positive controls, a validated androdefia-methyltestosterone (MT) and the non
steroidal aromatase inhibitor fadrozole (FAD) wierduded in the study.

Material and methods

The saponins were extracted from foenum-graecunusing the method of Marston and
Oleszek (2000) with minor modifications. Ethanotragts were fractionated using a reversed
phase high-performance liquid chromatography (HPCGmbiFlash RETRIEVE, Teledyne
Isco, Lincoln, NE) and different consecutive metblamater solutions (v/v, 40/60, 60/40,
90/10) resulting in three saponin eluates or fomdi(40, 60 and 90%) of which the 40%
eluate was discarded. The 60 and 90% eluates wesmically modified by autoclaving
(240°C, 60 min.) to increase their biological atyiv

The experimental diets were prepared at the Hehhewersity of Jerusalem, Department of
Animal Science at the Robert H. Smith Faculty ofiégjture in Rehovot.

Table 1: Proximate composition of the basal andvgradiets used during this experiment (according
to manufacturer). CP = crude protein, CL = crugédli, CA = crude ash, CF = crude fiber, DE =
digestible energy

Israeli basal Dutch basal Dutch grower

diet diet diet
CP (gkg) 480 450 440
CL(gkgh) 55 100 110
CA (gkg) 84 86 95
CF(gkg) 22 13 15
DE (MJ kg') 16.5 17.7 17.7

As basal diet for the experiment a commercial Istédapia larvae diet (Table 1) was used
and the different additives (both saponin fractjodi®sgenin, MT and FAD) dissolved in
methanol and mixed with the diets which were afteds freeze dried. The concentrations of
the different additives are shown in Table 2.
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Table 2: Concentration of the different additivestihe Israeli experimental diets. (CMc3TS60 =
chemically modified cluster 3 of tHerigonellafoenum-graecumnsaponin 60% fraction, CMc3TS90 =
chemically modified cluster 3 of thel. foenum-graecumsaponin 90% fraction, MT =
methyltestosterone, FAD = fadrozole)

Diet Additive Concentration

(mg kg*)
1 None Control
2 CMc3TS60 2000
3 CMc3TS90 1600
4 Diosgenin 4000
5 MT 60
6 FAD 250

A total of 2000 genetically femal®. niloticus larvae from the Hebrew University of
Jerusalem, Department of Animal Science at the RdtheSmith Faculty of Agriculture in
Rehovot were divided into two groups, one experi@eand one non-experimental. The
experimental group (around 820 animals) was diviggain into two groups, 720 fish which
were stocked at a density of 40 fish per aquarioto 18 aquaria (2.5 L) of a flow-through
system (FTS) and around 100 fish which were sto¢ckExione extra aquarium of the same
system. The fish of the non-experimental (aroun@d0)}group were kept in an aquarium (45
L) of a recirculation aquaculture system (RAS). Waer flow rate in the FTS was set for the
first two weeks to 4 L 1, for weeks three and four to 5 [*fand afterwards to 6 L*h The
water flow rate in the RAS was between 170-200'LIh both systems the temperature was
kept at 27 + 1°C. The water quality was in the mptn range for Nile tilapia and the light
regime was set to 12/12 light/dark. All fish weezlfusing automatic feeders (Rondomatic
400, Grasslin, St. Georgen, Germany) that provided six times a day. The capacity of the
automatic feeders for the approximately 1200 fishthe RAS was insufficient to provide
enough feed and therefore the fish were additigrfal by hand to apparent satiation once a
day. The 18 x 40 fish in the FTS were fed the Isegerimental and control diets in three
randomized replicates per treatment. The 100 fistne FTS and those in the RAS were fed
with a different commercial basal diet from the ihNgtands (Table 1). The experimental diets
were fed for four weeks, followed by the Dutch bakiat. After six weeks, all fish from the
FTS were moved into aquaria in the RAS. During sheweeks in the FTS, mortality was
recorded for all experimental treatments; howeverais not recorded for the 100 ‘extra’ Fish
in the FTS or for the 1200 fish in the RAS but themindition was checked daily. Four weeks
after the stocking of all experimental groups itite RAS the feed for all fish, both those on
the experimental diets and those on the Dutch cawialaliet was changed to a Dutch grow
out diet (Table 1).

Sixteen weeks after the experiment started, thebeuarof fish was reduced to 10 in each
aguarium. One male tilapia was put into each agoatp test for reproduction. In each case,
the male chosen was slightly bigger than any ofigtealready present. Offspring-incubating
females were taken, eggs or larvae removed, thalésmveighed and eggs or larvae counted
and incubated. All fish sampled before the reprtidactrial were killed by a sharp blow on
the head and sexed. Fish sampled after the regrodudal or which were found dead were
also weighed to the nearest 0.1 g and sexed ifljeds.e. if gonads were still present). Sex
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determination was conducted either microscopicaltgording to Guerrero and Shelton
(1974) or, if possible, macroscopically. All santplésh were checked for visible body
deformities. In addition, a spot-sample of 20 fisim the 1200 fish that had throughout been
kept in the RAS was sexed around 10 weeks aftegxtperiment started.

During the experiment, an increasing number of whefiies were observed, especially in the
jaw and gill region of the fish. It was thereforectled not to conduct the gene expression
studies since we could not be sure that the gepeession levels of the intended target genes
were not influenced by the deformities. All diet®th basal diets and all experimental diets)
were analyzed for their content of phosphorous ¢&lium (CA), zinc (Zn), L-ascorbic acid
(Vit C), vitamin A (Vit A), vitamin D; (Vit D) and a-tocopherol acetate equivalents (Vit E)
by the Landesanstalt fur Landwirtschaftliche Chen{leA Chemie), University of
Hohenheim, Stuttgart, Germany.

Statistical analysis was done using SPSS vers.f@0r@ortality and differences in percentage
of deformities between the different treatmentse Bime-way ANOVA procedure was used
with mortality or percentage of deformities as aialdle and treatment as the between-
subjects factor. The significance level for alltsewas set to 5%. To test for homogeneity of
variance, a Levene test was applied and ANOVA amdgducted if the Levene test was
insignificant. If the one-way ANOVA showed a sigo#nt difference between the treatments,
a Tukey's HSD test was applied post-hoc to testther level of difference and p-values
between the different groups.

Results

The observed mortalities for all treatments werghhat around 30% while amongst the
fadrozole fed fish two out of three died during thgperimental feeding phase (Table 3).
Deformities as shown in Figure 1 were first obsdraean average body mass of around 5 g
in all treatments but in different rates of occaae (Table 3). Feeding Nile tilapia with MT
supplemented feed led to the lowest amount of jaalfarmations (around 6%) while the
treatment with FAD led to the highest rate of ocence (33%) (Table 3). No statistical
connection between severity of the deformities theddifferent treatments was observed. The
deformities included mainly deformities of the jamhile in few but not quantified cases
twisted pectoral fins, humpbacks and malformatiointhe gill operculum were also observed.
The deformities were not assessed in detail anxinaoliographs were taken. The deformities
did not prevent the fish from feeding although ame severe cases (Fig. 1) the mouth gape
was too small for larger pellet sizes.

Total masculinization was achieved by the methid&srone treatment while the fadrozole
treatment resulted in high masculinization ratelsviith high standard deviation. Two of the
three replicates had medium rates of masculinizgd8 and 69% males, respectively) while
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Figure 1: Examples of the observed jaw deformitigh severe cases on the left side and less severe
cases on the right side
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in the third replicate a total masculinization (¥®)0was achieved. Percentages of males in
both fenugreek saponin fraction groups and thegaios fed fish were below 5% while no
male fish was found in the control group (Table 3).

Table 3: Observed mortality at the end of experirmefeeding, occurrence of deformities and
percentage of males for the different experimegitalips. Values = mean + SD, N = 3.

(CMc3TS60 = chemically modified cluster 3 of fhegonellafoenum-graecursaponin 60% fraction,
CMc3TS90 = chemically modified cluster 3 of thefoenum-graecunsaponin 90% fraction, MT =
methyltestosterone, FAD = fadrozole)

Treatment  Males (%) Mortality (%)N' Deformities (%) N*

FTS DF 0.00 Low ~100 0.00 ~100
RASDF  0.00 Low ~1200 0.00 ~1200
Control 0.00+0.0028.3+5.20 106  19.9+13.7 26
CMc3TS60 2.15+3.72 36.7+11.3 95 16.1+7.2 25
CMc3TS90 3.57+3.57 28.3+3.82 101 9.37+24 26
Diosgenin  1.19+2.0635.0+13.9 104 11.9+11.6 22
MT 100 +0.00 29.2+3.82 108 6.13+2.9 24
FAD 74.0+23.8 64.2+804 80 33.0+11.5 24

" Flow-through system, fed entirely with Dutch fead,SD given since no replicates available

* Recirculation aquaculture system, fed entirelyhwitutch feed, no SD given since no replicates
available

* Mortality not quantified but estimated to be nbbae 10%

" Sample size at the end of experimental feeding

* Sample size after reduction to 10 fish per repica

Neither the fish kept in the flow-through systend dad with non experimental feed nor the
fish kept during the whole time in the recirculatiaquaculture system showed any signs of
increased mortality. They also did not develop gy or other body deformities comparable
to those developed by the fish fed the experimeahéds.

During the reproduction phase we observed increagggession and aggression related
mortality amongst fish fed initially with MT and BA We also checked daily in all other
aguaria for signs of mating behavior between tbek&td male and the fish of unknown sex.
However, only three females spawned, two of themevirecubating eggs and the third one
was spotted when the eggs had already hatched . oTthmse females were initially fed with
CMc3TS60 and one with CMc3TS90. The average bodgsniBM) for the fish fed with
CMc3TS60 at spawning was 40.9 g. One female hadlgfarmities while the other did not.
The number of offspring from the un-deformed femates 289 eggs (7.2 eggs M) and

for the deformed female 71 larvae (1.7 BM). The body mass of the un-deformed female
fed with CMc3TS90 was 55.1 g and 391 eggs wereteduf7.1 ¢ BM) (Table 4).
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Table 4: Observed reproduction data with body nasédhe females, the counted eggs/larvae, the
offspring per gram body mass, whether females stadedormity and the observed mortality in the
offspring

CMc3TS60 CMc3TS60 CMc3TS90

BM (g) of female  40.1 41.7 55.1
Eggs/larvae 289 71 391
Offspring / BM 7.2 1.7 7.1
Deformity no yes no
Mortality offspring low low total

The analysis for some macro- and micro minerals aita@mins associated with bone

formation revealed only small differences betwedas tivo basal diets fed during the larval
and fry phase on the one side and the diets anputbleshed requirements on the other. Both
diets were over-fortified in most minerals and witas compared to the published

requirements. The only remarkable insufficiencyha Israeli diet was vitamin A compared

to the published requirements. The Israeli diet lwa®r in zinc, vitamin C and vitamin E and

higher in calcium and vitamin D compared to thedbudiet (Table 5).

Table 5: Analysis of the two basal diets fed totitapia fry
Israeli basal diet Dutch basal diet Requirement

Phosphorous (%) 1.02 1.04 0.4
Calcium (%) 1.66 1.58 0.7
Zinc (mg kg 154 235 20
Vit C (mg kg') 257 600 20
VitA (mg kg?) 1.2 8.1 1.8
VitD (IUkg?") 83 68 9
VitE (mg kg®) 180 200 60

@ Requirements according to NRC 2011

Discussion

A replacement of MT by environmentally friendly &gn” products to produce all male
tilapia populations or to stop uncontrollable refurction would be a desirable goal for the
tilapia industry especially if such products coddd administered in the form of a feed
additive. Earlier publications by Franas al. (2002a), Steinbronat al. (2004) and Golan et
al. (2008) pointed towards such effects in sapoaimd saponin fractions or eluates derived
from Quillaja saponaria Furthermore, unpublished vitro results forTrigonella foenum-
graecumsaponin fractions pointed towards similawvitro effects as observed by Golanal
(2008). The results of this study do not supportapplication of the chemically modified
fenugreek saponin eluates or diosgenin for magealion in Nile tilapia. The commercially
applied MT had the highest potential for sex inwarsfollowed by fadrozole while in the
plant derived saponin fractions and the sapogatiosgenin) only isolated examples of sex
inversed fish were observed. The surprisingly lovasoulinization potential and high
mortality rates during the experimental feeding qghéor fadrozole can not be explained.
Depending on treatment duration and fadrozole cunaton, male sex ratios well above
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80% have been reported in other studies (Kwbal 2000; Afonscet al. 2001; Higa et al.
2003)

The results obtained from the reproduction triate®o ambiguous to prove any effect of the
saponin fractions or diosgenin on the reproductbdity of the experimental fish. No
obvious reason was found why only three femalesvspd during the total eight months of
the trial since the water quality, temperature aattient supply were in the optimum ranges
for Nile tilapia. The limited space and the desijrthe aquaria (cubic with a standing pipe in
the center and a negatively sloped bottom) mighelead an impact.

Around 90% of the offspring of two of the spawnifegnales survived while all eggs of the
third female died. The reason for this could notde¢ermined but it is likely that counting
391 eggs by hand took too long and the aerationpewas

The three females who spawned were from groups evlliggs included chemically modified
saponins which implies that saponins do not coreplenhhibit reproduction. A replacement
for methyltestosterone as a feed additive is delsirbor large scale tilapia production due to
its potentially negative impacts on human healdrdimogenic, Velazquez & Alter 2004) and
the environment. To our knowledge no in-depth pa#tion exists on the impacts of the
effluents from farms or hatcheries using MT on igéascale on the aquatic environment
downstream of the facilities. However, several mations report that MT can masculinize
fish and invertebrates in aquaria adjacent to exyartal systems or to ponds of outdoor
systems (Gomelsky et al. 1994; Abucay & Mair 199iane et al. 2006; Hulak et al. 2008).
Until it has been definitely proved that farm eéfhus do not influence downstream aquatic
fauna it is best to assume that MT polluted wadersave the ability to alter sex ratios.

The observed deformities in fish fed during the eskpental feeding phase with the Israel
basal diet are certainly caused by the Israeli dieé¢ severity of the deformities is obviously
influenced by the treatments. No such deformitiesenobserved in fish kept in either the
flow-through system or the recirculation aquacwdtsystem and fed with the Dutch basal
feed. Certainly the treatments had a significaféotfon the frequency of occurrence of the
deformities as the fadrozole fed fish had the rsgtiequency followed by the control fed
fish. No publications about these special typemalformations in the jaws have been found
for O. niloticus Several physiological, environmental, geneticnotgotic and nutritional
factors have been mentioned as possible causégleta deformities (Lall & Lewis-McCrea
2007) especially in larval and juvenile stagesisii.f The observed jaw disorders during this
experiment are clearly related to the diet and rnthestefore be due either to a deficiency or
excess of one or more macro or micronutrients. [Bhaeli diet was comparatively low in
lipids and therefore a deficiency in essentialyfaitids (EFA) probably occurred during the
crucial early developmental stages although in laerostudy purified diets with only 5%
lipids or none at all did not result in such defdres (Chou & Shiau 1996). Nevertheless
EFA have been reported to be important for bonen&bion in freshwater fish. However,
these fish need only shorter chain poly unsaturéatty acids (PUFA) like 18:3n-3 and
18:2n-6 because they are able to synthesize laigen PUFA from the shorter ones (Lall &
Lewis-McCrea 2007).
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Genetic causes of the observed deformities carxtleded since these would have affected
effect all the fish to a similar degree.

Jaw and vertebrae deformities in Atlantic salm8almo salarL., produced in Chile have
been reported to be caused by too high water teahpes and vitamin C deficiency (Roberts
et al. 2001). Another influence of temperature oevaopment in Atlantic halibut,
Hippoglossus hippoglossus, larvae was reported by Boll & Holmefjord (1988ho found
that a significantly higher proportion of fish redr at 10°C had mouth deformities than those
reared at 6°C and 2°C. In our experiments, enviental influences such as water pollutants
and different water temperatures can also be egdla$ causative factors since about one
hundred fish were kept in the same system but figal tve Dutch basal diet and these fish
were unaffected.

The disturbance of the retinoic acid receptor pasghwegulating the osteoblasts in the jaw
region was suggested to be the major factor iniocgyaw deformities in Japanese flounder,
Paralichthys olivaceugTemminck & Schlegel), (Haga et al. 2003) but va& mo way to
check whether this was the case in the preseny.stud

The most remarkable difference in the analysiheftvo different basal diets fed during the
initial weeks of the experiment was the vitamin éntent which was considerably lower in
the Israeli diet compared to the other basal didtlawer than recommended (NRC 2011).
Other than that none of the analyzed vitamins aimgtrals usually correlated (Lall & Lewis-
McCrea 2007) with bone deformities were below tguirement levels as published in NRC
(2011).

Although it is unlikely that the factor in the Istabasal diet causing the jaw deformities also

influences the sexual development, this possibdéagnot be excluded. However, our results

certainly show that the tested saponin fractions$ @@ sapogenin diosgenin are not viable

alternatives to MT if high degrees of masculiniaatiare the required result. Regarding a

potential reduction of reproduction potential calibg the saponin fractions, the lack of data

allows for no clear conclusions and the experinmeatds to be repeated under more favorable
conditions and certainly with a different basaltdie
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Chapter 5: Short and long term feeding of sapottrgenetically female tilapia

Abstract

Earlier experiments found positive influence of tdig supplementation with Quillaja
saponaria Molina saponins on growth, nutrient zdtion, sex ratio and metabolism of
common carp Cyprino carpio (L.) and Nile tilapiae®@chromis niloticus (L.).

This experiment was conducted as a long term fegeeperiment under field conditions in
concrete ponds in Jericho, Palestinian Authority esmluate commerciaQ. saponaria
saponins as potential alternative tod-faethyltestosterone treatment. The effects of sagon
on growth, sex ratio, fish condition and reprodoictivere evaluated.

A total of 1000 genetically femal®. niloticuswere stocked before first feeding into the 25
tanks of a flow-through system at the Al-Quds Umsity in Abu Dis, East Jerusalem. They
were reared there for six weeks before being temredd to the field station in Jericho and
being stocked into 25 hapas of approximately 64®Ilume for the growth and reproduction
trial. Five different treatments were applied, @oatrol group (C) receiving a diet devoid of
saponins, diets C10 and C25 which were fed forfitise four experimental weeks with the
control diet supplemented wit. saponariasaponins containing 10 and 25% sapogenin,
respectively and which were fed thereafter with ¢batrol diet. Diets QS10 and QS25 were
supplemented throughout the experiment with theessaponins as C10 and C25. The overall
growth performance of all groups was bad with bodgsses between 72 (C25) and 89 g
(QS25) after 41 weeks. The QS25 group gained sigmifly more weight than all other
groups although not showing a significantly redufssti conversion. The condition factors of
all groups were good and ranged between 1.61 (Glpraind 1.69 (QS10) without statistical
differences. No sex inversion occurred in any tresit and reproduction was found in all
treatments but with different, non-significant imséy.

It is concluded that the tested saponins are resrative to MT to produce male monosex
populations or to inhibit reproduction of mixed ddapia. However, the effect on body mass
gain needs to be more closely evaluated.

Introduction

Nile tilapia, Oreochromis niloticusis one of the most important freshwater finfigreces
cultured globally. A production of over 3millionrte has been predicted f@r. niloticusin
2011 (Fitzsimmons et al. 2011).

Commercially viable production of Nile Tilapia inafzania and Kenya was only possible
using male monosex culture (Kaliba et al. 2006,7200he fact that male monosex culture in
commercial or industrial scale operations yields thighest financial returns is generally
accepted.

The most widely applied technology to produce nmabmosex populations in tilapia is dietary
application of 17a-methyltestosterone (MT) or other androgens (PandiaSheela 1995).
The phenotypic sex in tilapia can be influencedtiar first four weeks after hatching because
the gonads are not fully developed until 25-26 dafysr hatching (Nakamura & Nagahama
1985, 1989). However, besides being potentiallginagenic (Velazquez & Alter 2004) and
therefore posing a constant risk for workers pregathe feed on farm, MT must also be
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considered to be environmentally harmful. Sevesgeements have shown that water in
which fish were fed with MT containing diets had emfluence on sex ratios of fish fed
control diets (Gomelsky et al. 1994, Abucay & Mal997, Hulak et al. 2008).
Methyltestosterone also affects invertebratesatdoncentrations (Crane et al. 2006) which
implies that effluent water downstream from fambt using MT for sex inversion poses a
constant threat to natural aquatic vertebrate aneriebrate fauna.

Environmentally friendly and health safe substsui® MT could be found amongst the class
of chemical substance called saponins. They areogiglic plant secondary compounds
present in many cultivated plant orders or in m&arvertebrates (Rio et al. 1965, D’Auria et
al. 1992, Ebada et al. 2010). Saponins consishdglycone (sapogenin) and one or more
sugar side chains, glycosidically linked to the cgggmin. The aglycone is usually either
steroid or triterpenoid and both types are basedao®0 carbon skeleton molecule
(Haralampidis et al. 2002, Vincken et al. 2007)ey lare considered to be toxic for fish and to
be potent anti-nutritive factors in terrestrial {@ia sources for fish feeds like soy bean
(Bureau et al. 1998, Francis et al. 2001a).

A previous study usin@Quillaja saponariasaponins (QS) reported that inclusion of 700 mg
kg' in the diet influenced the sex ratio of Nile timpvith higher male to female ratios in
saponin fed groups compared to control groups (#saet al. 2002a). Extracts from another
saponin rich plantTribulus terrestrisL., also showed a masculinizing effect on convict
cichlid Cichlasoma nigrofasciatur@tnther (Cek et al. 2008) affarias gariepinusBurchell
(Turan & Cek 2007).

As well as its potential application as a sourcermfironmentally friendly androgens Francis
et al. (2001b, 2002b, c) reported that dietary @5tb an increase in growth and improved
nutrient utilization in common cai@yprinus carpio(L.) and Nile tilapia.

In this experiment we tested two saponin mixturé wifferent sapogenin content (purity)
from Q. saponaria One contained low sapogenin levels (~10%) andother high levels
(~25%). Their effects on sex ratio, growth perfonte feed and nutrient utilization of all
female Nile tilapia are reported. The saponins westteer fed throughout the trial or during
the first four weeks only.

Here we present only part of the results becawsexperiment is still ongoing.

Material & Methods

Three different diets were prepared, one diet veaslas control and contained no saponins,
and the other two diets consisted of the contret gilus 2000 mg ky Sigma Quillaja
saponariasaponin mixtures with 10 or 25% sapogenin cont8rn2149 and S 4521, Sigma-
Aldrich Chemie GmbH, Steinheim, Germany). The cosmoan of the basic diet fed during
the first six weeks and the two diets fed alteriyatbereafter are given in Table 1. The
saponins were added to the respective basic didissplving them in a minimum volume of
water and spraying the solution onto the feed wdtileing. The control diet was sprayed with
water not containing saponins. Excess water wasvethby freeze drying and the feeds were
then stored in a refrigerator at 6°C until required
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Table 1: Composition (according to manufactureesdatiption) of the different experimental diets
used during the experiment.
Starter feed On growing feed Alternate grower feed

CP (g kg) 480 400 350
CL (g kgh) 55 90 50
CF (gkg) 22 50 51
Ash 84 65 59
DE (kJg") 16.5 16.0 16.0

At the start of the experiment, five different treant groups were randomly assigned to the
25 boxes of a flow-through system with five replesaper group. The control group (C) was
fed throughout the experiment with the respectimetol diet, containing no saponins. Group
C10 was fed for four weeks with feed containing ®0@lg kg' of the saponin mixture
containing 10% sapogenin, group C25 was fed forstrae time with the diet containing the
25% sapogenin saponin mix in the same concentraBeginning in the fifth week groups
C10 and C25 received the same diet as the contooipgfor the rest of the experiment.
Groups QS10 and QS25 were fed throughout the wlxperimental time with the diets
containing 10% sapogenin (QS10) and 25% sapoge@i®2%) at 2000 mg Ky diet,
respectively.

A total of 1000 genetically female Nile tilap. niloticuswere obtained from the Hebrew
University of Jerusalem, Department of Animal Scerat the Robert H. Smith Faculty of
Agriculture in Rehovot. They were equally dividedd the 25 2.5 L boxes (40 fish btxof
the flow-through system at the Department of Earttdl Environmental Sciences, Faculty of
Science and Technology, Al-Quds University, Eastusiem, West Bank. The flow rates
were on average set to 3.6 L, ihe temperature was kept at 28 + 0.2°C under emolight.
One week after the start of the experiment thekgtgadensity was reduced to 30 fish in each
box.

To calculate the amount of feed for the first weslgody mass of 0.01 g was assumed for a
single individual fish to avoid the exposure of fineto the handling stress of the weighing
procedure. Afterwards, a sub-sample of the fish waghed for each box weekly and feed
amounts calculated accordingly (Table 2). The boxese cleaned once per week. Water
quality was tested with commercial aquaria te kihanufacturer according to availability,
e.g. Merck and JBL) for ammonia, nitrite, and clder Water levels of ammonia and nitrate
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Table 2: Daily feeding rates during the experimepgaiod before the reproduction trial started.

Week Feeding level (% of BM)
1 30
2-4 20
4-6 15
6-19 10
19-23 7
23-25 5
25 - 27 4
27 -30 2
30-35 3
35-36 4.5
36 -39 4
39-40 3.5

were on average between 0.5 and 1.0 mauid never exceeded 2.0 mg for NH," during

the indoor phase (first six weeks). For N@he water levels were on average between 0.05
and 0.1 mg [* and never exceeded 0.8 mg for a longer period during the indoor phase.
During the pond phase these values never excebdse of the indoor phase.

Initial high chlorine concentrations in the watbe{ween 0.3 and 0.5 mg*).during the first
week caused the death of approximately 10-15% fibert @arbon filters were installed on day
nine, mortality was minimal. Feed was provided fivees per day by hand.

After six weeks the fish were transferred to anaagiture research facility outside Jericho,
West bank, for further grow-out. All surviving fisliom each box were stocked into a
corresponding hapa net supported by a frame wélsitte 80 cm * 80 cm * 120 cm (W * L *
D) with a coarser meshed inner layer (10 mm) arfitheéa meshed outer layer (1 mm mesh
size). The hapas were set up in different congueteds according to treatment with around
20 cm of the hapa net being above the water sunfeselting in around 640 L volume.
Groups QS10 and QS25 were each kept in separatis poprevent any influence of leached
saponins in the water on the result. Groups C, &1DC25 were divided at random between
two more ponds. All ponds had the same water sparoearby groundwater well. The water
was changed periodically according to water qualdyameters in the ponds and availability
of water. During the wintertime the temperatureshie ponds dropped down to around 19°C
and ponds were covered overnight with black polytheheet to prevent excessive loss of
heat. While the fish were in the ponds the basat @ias changed twice, according to
availability, but the saponin levels were maintdirféable 1). The fish were group weighed
every two weeks and feed allowance adjusted acuptdi new body masses.

During wintertime water temperatures fell to suliopl levels so the amount of feed was
reduced. Feeding levels were increased when temopesarose again in the spring. The
lowest recorded temperatures during winter weraurado21°C and the highest recorded
temperatures were around 32°C during summertime.

After 40 weeks, a total of 212 fish were samplednirall treatments for proximate
composition, blood sampling and macroscopic serrdgehation. A maximum of nine fish
per hapa were taken if the number of fish in theahaas 19 or more. Of these between two
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and four fish per hapa were directly killed by aghblow on the head, weighed to the nearest
0.1 g, measured to the nearest 0.1 cm (total lefidthand stored in ice slurry until all fish
were sampled. Afterwards, they were transportedht® fish-laboratory at the Al-Quds
University and frozen at -8°C until analysis whidok place about a week later. Between two
and five fish per hapa were designated for bloodpsimg and were transported alive from
Jericho to Rehovot (about 100 km). After anesthesta 200 mg [* MS222, blood was
sampled with heparinized syringes from the caud@h.vResults of blood analysis will be
published elsewhere. The fish were then killed sharp blow on the head, weighed to the
nearest gram, and their sex was determined bytdibservation of the gonads.

To test for reproduction, the number of females lpggva was first reduced to eight females
per hapa each and then two m@leochromis niloticus< O. aureusof approximately 120 g
BM, obtained from the aquaculture station at Dsra¢l, were stocked in each hapa resulting
in a female to male ratio of 4:1. All males wererked by fin-clips. Every two weeks hapas
were checked for breeding females and any offspiiege removed, counted and weighed
over a total period of six weeks. Offspring weresgly classified as eggs, developed eggs
(i.e. when tail clearly distinguishable) and hattleggs or larvae. For a better overview the
results of the reproduction were pooled treatmesewver the six weeks of the reproduction
trial (Table 3).

Table 3: Pooled reproduction data for the diffegmotups collected during six weeks

Control C10 C25 QS10 QS25
Eggs 178 + 252 440 =700 130 + 236 394 +£716 6823
Developed eggs 00 108 + 182 109 + 186 104 + 169198 + 333
Larvae 66 + 108 194 + 225 143 + 300 29+ 64 447156
Average total offspring 244 + 334 742 £ 749 382143 527 +708 1265 + 1176
Average offspring / average 1.2+1.9 1.4+17 19+14 19+27 3.5+3.7
female bodymass (g)
Edematous ovaries (%) 80.0+6.8 67.5+20.9 67188 725+205 60.0+18.5

Values = mean + SD (N = 5)

The trial for the effects of saponins on reproduttivas carried out for 10 weeks with the first
sampling for offspring after four weeks. Duringghime, the voluntary feed intake of the fish
declined for no apparent reason so the daily fdledvance was reduced stepwise from 3.5%
of BM to approximately 0.55% of BM to avoid wastifged and polluting the water. Spot
sampling for stomach content analysis was conduefesr the reproduction trial ended.
Stomachs and intestines were dissected and opededsaially analyzed for food categories
(e.g. feed pellets, invertebrates and other). Fish used in the proximate composition
analysis, for blood sampling or for the reproductinal were analyzed by the Israeli Central
Fish Health Laboratory for ecto- and endoparasites for general condition. Before the
reproduction trial started, fish were treated wittrmectin and ponds and hapas cleaned and
scrubbed thoroughly.

Of the fish designated for the determination oforal composition two per hapa were cut
into small pieces with secateurs, autoclaved fom3autes at 121°C and homogenized with
an Ultra-Turrax T25 (IKA-Labortechnik, Staufen, @Gemy). Afterwards they were freeze
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dried and their water content determined by difieee Nitrogen content was determined with
an element analyzer (C/N VarioMAX, Elementar Analysysteme GmbH, Hanau, Germany)
and the corresponding crude protein percentagellesdd as (N (g) x 6.25 x 100)/weight of
sample (g). Crude lipid was determined by Soxhtet erude ash was determined by burning
at 500°C for 6 hours in a muffle furnace (N11, N#berm, Lilienthal, Germany). Gross
energy was determined with a bomb calorimeter (IBA700, IKA Labortechnik, Staufen,
Germany).

To compare the effects of the different treatmémesfollowing parameters were calculated as
follows:

Mortality (%) 100 - (surviving fish / stocked fighL00)

Individual Body Mass Gain (IBMG (Q)) Individual fah body mass (g) — individual
initial body mass (g)

Specific Growth Rate (SGR (% d&y 100 x [(In final mass - In initial mass) / days
of experiment]

Feed Conversion Ratio (FCR) Feed consumption (dayter) / live body
mass gain (g)

Condition factor (K) 100 * (BM (g) / TL (cm)3)

For statistical analysis, the program SPSS 10.M(®°SS, Chicago, IL, USA) was used. The
average final body mass at the end of the grovdh the feed conversion ratios (FCR), the
mortalities, the total length and the conditiontéacfor the five different treatments were
analyzed using the procedure “Compare means — ageAMOVA”. A test for homogeneity
of variance (Levene’s test) was applied and the XNnly conducted when the Levene
test was insignificant (p > 0.05). To test for natrdistribution, a Kolmogorov-Smirnov test
was applied. In cases where the ANOVA was significthe Tukey's HSD test was applied
to test for differences between treatments.

Results

During the feeding experiment all fish acceptedfedlds and ate them during the first two
minutes after feeding. No adverse effects of sap@upplementation on behavior were
observed at first, but behavior changed considgrabbrtly after the reproduction trial
started. All fish, females and males, reduced tleeid intake significantly and feed allowance
was reduced stepwise to 0.55% of BM compared tsoDBEBM before the reproduction trial
started. Only a few ectoparasites were found byfifiiehealth service but none were present
on the fish’s skin in sufficient number to have sed any adverse effects. Among the
parasites observed weil@actylogyrussp., Trichodinasp.,Sessilinasp. andGyrodactylussp.

in low to medium densities. One endoparasi@allaria sp.) was found but only
infrequently.
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Table 4: Initial and final body masses, feed cosiger ratio (FCR) and mortality of the differently
treated fish

Control C10 C25 QS10 QS25
Average initial BM (g) 0.01 0.01 0.01 0.01 0.01
Average final BM (g) 808+5.7 79.8+6.7 71.9+94 79.6°+58 88.7+1.6
FCR 1.29+0.06 1.22+0.07 1.29+0.06.31+0.05 1.32+0.06
Mortality (%) 31.3+9.0 18.0+20.8 240%55 @&10.3 17.3+19.2
Condition Factor 1.61+0.12 1.62+0.13 1.64+0.0.69+0.11 1.65+0.10

Values = mean + SD (N = 5), different superscriptshe same row indicate significant differences
(ANOVA, p< 0.05)

Around 20-30% of the fish died during the experitmdrhis level of mortality is relatively
high (Table 4), but was not statistically differemhong treatments due to high variation in the
replicates. The control fed fish had numericallg tbwest survival rate (69%) as opposed to
approximately 80% in the saponin fed fish (Tablevth)ch shows that neither short nor long
term supplementation with saponins had any abndynma&lgative impact on the fish. The
average body mass in the differently treated graffes four weeks of feeding (groups C10
and C25 were from now on fed with the control diggs between 92 and 102 mg with no
statistically significant differences. After 40 vkse the fish fed continuously with QS25
throughout the whole experiment were significaritavier than those in any of the other
groups (Table 4). Their body mass was on averadg@d digher than fish fed continuously
with control feed. The growth advantage of QS25rdkie other groups was observed from
the 23rd week onwards. In contrast, fish fed farrfaveeks only with C25, grew less than
those in the other groups but the difference wasstatistically significant. By the end of the
experiment, the fish in this group weighed 11.3%s léhan those in the control group. The
condition factors ranged from 1.61 in the controdup to 1.69 in the QS10 group with no
statistical difference between the groups (Table 4)

No male fish were observed in any of the treatemligs or the control. No sex inversion
occurred.

No differences in proximate composition betweendtiterently fed fish were found. Values
for crude protein, crude lipids, crude ash and ge®ergy were similar among the treatments
and are shown in Table 5.

Table 5: Proximate composition of the differentlyated fish

Control C10 C25 QS10 QS25

CP(gkg'FM) 16.7%0.30 16.6 051 16.7+0.26 16.5+0.6416.9 + 0.43
CA (gkg'FM) 3.24+0.21 3.25+0.13 3.30+0.18 3.26 +0.223.34 £ 0.10
CL (gkg'FM) 8.66+0.89 8.26+0.82 8.39+1.03 8.41+0.898.21 +0.78
GE (kJ g FM) 7.47+0.30 7.34+0.38 7.34+0.38 7.32 +0.457.36 + 0.32

Values = mean + SD (N = 5)

Statistically no differences in reproduction werid between the different groups but
numerically the reproduction success was lowestisbrbeing fed the control diet throughout
the experiment while fish fed continuously with sajms containing 25% sapogenin showed
the highest reproduction success (Table 3). Atethé of the reproduction trial all killed

females were opened and high percentages (betviérrothe QS25 group and 80% in the
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control group) of ovaries were strongly edematdiable 3, Fig. 1). These ovary deformities
were found in all treatments.

Discussion

This is the first time that commercial saponins éhdpeen used in a long-term experiment
under field conditions. The results of this studg different from those of several studies in
which commercially available saponins derived frQuillaja saponariawere fed to common
carp Cyprinus carpioand O. niloticus under laboratory conditions. Among the differences
between this experiment and the experiment repdoted-rancis et al. (2002a) was the
duration of saponin supplementation and the sapogemtent of the). saponariasaponins.
Francis and colleagues use@asaponariaextract containing around 10% sapogenin (Sigma
S 2149), whereas during this study an extract erthund 25% sapogenin content (Sigma S
4521) was additionally fed.

In comparison to the observations made by Frartces. 2002a) (obtained with mixed sex
Nile tilapia fry) no masculinization was observedridg this study in which genetically
female tilapia fry were stocked. An inhibitory effeof a saponin fraction derived frof.
saponariaon aromatase, the enzyme responsible for aroniatizaf androgens to estrogens
(Banting & Ahmed 2009) was observed vitro by Golan et al. (2008). Inhibition of
aromatase frequently led to masculinization in Nillgpia (Kwon et al. 2000, Afonso et al.
2001). Although Stadtlander et al. (2008) reportesculinization of mixed sex Nile tilapia
fry with saponin fractions derived from. foenum-graecum larger scale repetition of that
experiment resulted in no statistically significaifterences (Stadtlander et al., unpublished).
Extracts of another plant rich in steroidal sapenimibulus terrestris have been reported to
affect sex ratio in favor of males. Mixed sex camichlidsCichlasoma nigrofasciaturand
mixed sex African catfisiClarias gariepinushad significantly higher proportions of males
compared to controls after immersion treatmentsk (€eal. 2007, Turan & Cek 2007).
However, it must be said that comparisons betwdadies are difficult given the large
variations in experimental conditions, saponin emtations and mode of application (e.g.
dietary application vs. immersion treatments).

In this study, a growth promoting effect was onlyserved in fish continuously fed with
QS25 but not, as reported by Francis et al. (2Q0itb¥ish fed long term with QS10.
However, that difference might arise from the digfg saponin concentrations added to the
feed (300 mg K§ in Francis et al. 2001b vs. 2000 mg“kghis study). However, a
significantly higher growth rate usually should decompanied by a significantly reduced
feed conversion ratio, which has not been obsedwthg this experiment. Although no
guantification of phytoplankton and invertebrateorbass has been undertaken, visual
observations of algae and invertebrates, primanigge larvae of the family Chironomidae,
being attached to the hapas, were made. Spot sanpliistomach contents revealed algae
like stomach contents although throughout the expmrt compound feed was offered. It
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Figure 1: Pictures of Nile tilapia with normal appance (a), swollen belly (b), little edematous and
strongly edematous ovaries (c-f) and ova obserugside the ovary in the body cavity (g-h).

must be assumed that natural food and Aufwuchs tl@rhapa nets was consumed besides
the offered compound feed and influenced growthfaed conversion. The five hapas of the
QS25 group were stocked alone in one concrete pbrid m3 volume while the stocking
density of the other ponds was comparably highexextheless no strong algae blooms were
observed in any of the ponds and water temperatueammonia and nitrite concentrations
of all ponds were similar over the whole experimaémieriod. Nile tilapia are generally
considered herbivorous (Khallaf & Alne-na-ei 198wanika et al. 2004) while own
observations suggest Nile tilapia to be highly aoppustic. The growth advantage observed
by the QS25 group can therefore not be fully atteld to the saponin supplementation.
Despite low overall growth performance the conditfactors in all groups were generally
good with a numerical but statistically insignifitarend towards higher condition factors in
fish fed continuously with saponinQuillaja saponariasaponins are known and widely
applied in vaccines because they are good adjuaaetshey are forming immune stimulating
complexes (Barr et al. 1998). A beneficial effedtlong term supplementation with a
potential pre-biotic substance might explain paftshe growth advantage accompanied by
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numerically higher condition factors seen in thelQ@nd QS25 groups. Short term saponin
supplementation seemingly had rather detrimentatef on growth in the C25 group.
Although statistically not different from the cooitr fish fed short term (C25) with the same
saponins in the same concentrations were actua@ylar than fish from all other groups.
Reproduction occurred in all treatments but torengnificantly different degree. Numerically
the best reproduction performance was observeisinféd continuously th€). saponaria
saponin containing 25% sapogenin. Previously Stemb et al. (2004) reported no
reproduction after supplementation wifd. saponariasaponins containing around 10%
sapogenin at the same concentration as used insthés/ (2000 mg Kg. During this
experiment reproduction was observed in all treatsxdut with numerically different but
statistically insignificant intensity. However, tlodserved reproduction success seems to be
rather limited which could be attributed to theatelely high amounts of edematous ovaries
found in females of all treatments.

Numerically the QS25 group showed the lowest inuigeof edematous ovaries while the
control fish showed the highest occurrence. Simdbhservations were made in another
experiment conducted under controlled laboratonyddens with the same starter feed as
used during this experiment. Fish fed with a conghjedifferent larval feed during that trial
did not show the high occurrence of edematous esaHowever, the true reason for the high
deformities in the ovaries remains unknown althotighsaponins seem not to be the cause.
The reduction in feed intake might be associateth wihe ovary deformities since as
consequence of the swollen gonads all internalnsgae compressed (Fig. 1) including the
stomach.

The results of this experiment do not support apliegtion of the tested commercially
available Q. saponariasaponins as a substitute of methyltestosteronanisculinization.
Furthermore, although the results are less con@ughe reproduction seems not to be
inhibited by the tested saponins. Although duehto édematous ovaries, no clear statements
can be made and a repetition of this experimentldhiee conducted under more controlled
conditions. The observed growth advantageDofniloticus continuously fedQ. saponaria
saponins containing 25% sapogenins can not cléarigttributed to the saponins and should
be tested for long term under controlled conditions
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Chapter 6: Effects of saponin fractions on carggrerance

Abstract

Saponins are generally regarded as anti-nutrititabrs in animal diets. However in some
previous experiments it has been shown that lowl$eofQuillaja saponariasaponins in the
diets of common carpCyprinus carpio(L.), and Nile tilapia,Oreochromis niloticugL.),
showed some potential as growth promoters.

We included low concentrations of eluated saporantions in the diets of common carp and
measured the effects on growth, proximate compositieed and nutrient utilization and
oxygen consumption. Saponin fractions were derifrech fenugreek,Trigonella foenum-
graecum(L.), and the South American soap-bark ti@aillaja saponaria(M.). Supplements
were prepared using consecutive methanol fraciiomaif ethanol extracts resulting in 40%,
60% and 80% methanol saponin eluates. All threedezek eluates (40TS, 60TS, 80TS) and
the 80% methanol eluate fro@ saponaria80QS) were added at 150 mg'kdjet. Fish that
were fed the diet supplemented with fenugreek sapoeluated with 60% methanol had
numerically the best nutrient and feed utilizateomd growth performance. They consumed
less oxygen and spent least energy per gram oéipraccretion compared with the other
groups.
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Introduction

From 1970 to 2008 aquaculture showed an averageabmmnowth rate of 8.3% (SOFIA

2011). Today almost every second fish consumeddwade originates from aquaculture and
this tendency is increasing (Cressy 2009, Naylaal e2009). With an annual production of
20.6 million metric tonnes (FAO 2010) Cyprinids @ine most important group of cultivated
freshwater fish. The common cai@yfprinus carpiol.) is one of the worlds most commonly
produced fish species and contributed just undeill®>n metric tons in 2008 (FAO 2010).

Worldwide demand drives the continual increasequagulture production. Besides boosting
production by simply building more and bigger aguagce enterprises, increases in
production can also be achieved by other meansm#&bance by optimizing feed utilization,

improving rearing techniques, increasing the sdmason of facilities, and augmenting

disease resistance by the inclusion of inmunostating additives in the feed.

One option is to use secondary compounds from gl@we such group of substances that
may act as growth enhancers are the saponins. @heyglycosidic compounds mainly
produced by plants that are often activated afsué damage and act for instance as
antimicrobial defense substances (Gus-Mayer €194). Saponins can be found in a great
variety of different plants (Vincken et al. 2009)¢cluding many cultured plants like the soy
bean which is the most common plant protein sotocaquaculture feeds. Saponins consist
of a steroidal or triterpenoidal core structurdezhlaglycone or sapogenin and one or more
sugar side chains. Due to large variations in eithe aglycone or the sugar moiety they
produce very diverse biological effects in animalsietailed review of the biological actions
of saponins is given by Francis et al. (2002a).

Although in animal nutrition saponins generally amnsidered to be anti-nutritional factors
(Francis et al. 2001) they have also been showmat@ beneficial metabolic effects and to
promote growth if they are included in the diesmall quantities. Francis, Makkar & Becker
(2002b, c) included different concentrations of coancially availableQ. saponariasaponins
(Sigma S 2149) in the diet @F. carpioand found that 150 mg Kgncreased the growth and
reduced the oxygen consumption of the fish.

At least 38 different saponins have been identifre. saponaria(Bankefors et al. 2008,
Guo & Kenne 2000) but up to date it is unclear Wwhimes show what kind of effect and in
what strength. In this study saponins have beemaeted and fractionated from the barkCf
saponariaand one fraction included in the diets of commarpcas have fractions derived
from the seeds of. foenum-graecunh. (fenugreek), another saponin-rich middle easter
plant containing at least 19 different saponins @kami, Hishi, Matsuda & Yoshikawa
2000). Several beneficial effects of saponins ffetent animal species have been reported.
Hassan et al. (2008) applied different concentnatiof Q. saponariasaponins to zebrafish
(Danio rerig) in a bio-assay and concluded that a concentrati@nug or less per milliliter of
water functions as a growth promoter while 10 pgnure are lethal for the zebrafish
embryos. Pham et al. (2006) showed that some ofdpenins derived fror®. saponaria
formed immuno-stimulatory-complexes (ISCOMs). Farthore Quillaja saponins are
applied as feed additives in terrestrial livestmkammonia and odor control (Cheeke 2000).
Ethanol extract off. foenum-graecumvas found to be an excellent alternative to a well
known anti-diabetic drug when tested in rats wittifiaially induced diabetes (Eidi et al.
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2007). Diosgenin, a sapogenin present in fenugregkjulated ion transport in human
cortical neuronal cells (Wang et al. 2006).

In this study we supplemented the feed of juveadexmon carp €. carpig.with different
saponin eluates or fractions derived from fenugraett the soap-bark tree and investigated
the effects on growth, feed and nutrient utilizatiand metabolic parameters.

The purpose of this study was to evaluate differgaponin eluates as potential growth
promoters in carp. The extracted saponins weréidreated to narrow the biological activity
of saponins down to a certain fraction with theufatgoal in mind to find and isolate one or
more active saponin(s) or sapogenin(s) which cdaddused as environmentally friendly
growth promoters in aquaculture.

Materials and Methods

Saponin extraction

Plant materials (seeds from foenum-graecurand bark fromQ. saponaria were ground on

a Wiley Mill (Arthur H. Thomas, Philadelphia, PA)ittw a mesh size of 2 mm and afterwards
dried for three days at 55°C. Ten grams of the po&der was defatted by the Soxhlet
method with hexane (150 ml) as solvent for 3 holine residue was further treated with 70%
ethanol in water (150 ml) for 9 hours. The solutwas centrifuged (10 min., 40°C at 18 000
g) and the supernatant filtered through a WhatnagepNo.1.

The filtrate was purified by flash chromatograpl@o(biFlash RETRIEVE, Teledyne Isco,

Lincoln, NE) using consecutive methanol/water comi@ions (v/v, 40/60, 60/40, 80/20)

resulting in three different saponin eluates octioms (40%, 60% and 80%). The active
saponin mixtures have been subjected to a revgrsage preparative HPLC to isolate the
active ingredients into pure individual compoun@isey are currently under investigation to
fully elucidate their structure by MS / 2-D NMR sp®scopy. The exact structures will be
published separately in a different journal.

Based on earlier observations andranitro study (Golan et al. 2008) all three fenugreek and
the 80%Quillaja fractions were investigated.

Experimental Diets

Four saponin supplemented diets and one controlveieee prepared. The ingredients and
proximate composition of the basal diet are shownTable 1 and Table 2. The saponin
supplemented diets were prepared by adding 150gfh@kthe saponin fraction to the control
diet. The supplement (22.5 mg) was dissolved imB@vater and added to the feed (150 Q)
while stirring for 10 minutes. The control diet eded the same amount of water without any
Table 1. Ingredients of the basal and experimefitas
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Diet
Ingredient Control 80TS 60TS 40TS 80QS
Trigonella80% fraction (mg kg) 150
Trigonella60% fraction (mg kd) 150
Trigonella40% fraction (mg kg) 150
Quillaja 80% fraction (mg kQ) 150
Fish medl (g kg") 500 500 500 500 500
Whole wheat meal (g k§ 420 420 420 420 420
Sunflower oil (g kg) 40 40 40 40 40
Vitamin premiX (g kg*) 20 20 20 20 20
Mineral premixX (g kg") 20 20 20 20 20

®Norwegian fish meal obtained from Wuerttembergistbstralgenossenschaft, Germany.
"Prepared after Gaye-Siesseggeal. (2004).

saponins. The resulting diets were termed C (cHntd®TS, 60TS and 80TS (fenugreek
saponin fraction eluated with 40, 60 or 80% metharespectively) and 80QS for the diet
supplemented with saponins derived fr@m saponaria(Fig. 1). The feed mash was made
into pellets using a domestic meat grinder (Bosamfort plus, Robert Bosch GmbH,

Gerlingen, Germany) fitted with a 2 mm die. Thelgislwere dried at 40°C for 36 hours and
afterwards kept at 6°C. The pellets sank in watelnaere accepted well by the fish.

_ 40% MeOH 60% MeOH 80% MeOH
| 60% H,O 40% 40% H,0 60% 20% H.,O 80%
fraction fraction fraction
Defatted
Trigonella seeds
s 150 ppm 150 ppm 150 ppm
Quiliaja bark included in included in included in
diet 40TS diet 60TS diet 80TS
diet 80QS

Fig. 1: Scheme of the consecutive methanol eluditamtionation and incorporation of 150 ppm of the
respective saponin fraction into the four differemperimental diets, MeOH = methanol, TS =
Trigonella foenum-graecursaponin, QS Huillaja saponariasaponin
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Table 2: Proximate composition and gross enerdhefliets.

Diet CP CL CA GE

(g kg' DM) (kJ g' DM)
Control 420 125 110 20.9
80TS 421 124 124 20.6
60TS 418 127 120 20.8
40TS 420 127 118 20.8
80QS 418 128 122 20.7

Crude Ash = CA, Crude Protein = CP, Crude LipidSls Gross Energy = GE

Experimental set-up

Twenty-one common carpC( carpig from the Federal Research Center for Fisheries,
Institute for Fisheries Ecology, Ahrensburg, Gergnatith an average body mass of 9.4 + 1.2
g (mean = SD) were divided into two groups, théiahigroup and the experimental group.
The six fish of the initial group were killed bysharp blow on the head and the fish carcasses
stored at -20°C until further analysis. The 15 fadhthe experimental group were placed
individually in 15 chambers of a respirometric gyst(Focken et al. 1994) and the five
different diets were randomly assigned to threé #mch. Feed was offered at 5 times
maintenance level (metabolic body mas<fkg 3.6, Meyer-Burgdorff et al. 1989). The daily
amount of feed was equally distributed between feexling stations of an automatic feeder
and offered at 9:00, 11:00, 13:00, 15:00 and 17A20east once per day the chambers were
inspected for feed residues. The fish were weighere a week and the amount of feed was
adjusted according to the new body mass. For 24shafter stocking and 24 hours before
each weighing, feeding was stopped to allow time defecation and minimize weighing
errors After weighing, each fish was kept in plastic beiskfor approximately 5-10 minutes
while its respirometric chamber was cleaned. Tgbtlregime was set to 12 hours light/dark
and water temperature was maintained at 27 + 1%€ryeday approximately 5-10% of the
total water volume was changed. Total ammonia cinta&s kept below 0.2 mg™. nitrite
below 0.1 mg [* and nitrate below 10 mg'L

At the end of the five week experiment the fish evkilled by a sharp blow on the head and
frozen at -20°C until proximate chemical analysaswwerformed.

Chemical analysis

Prior to chemical analysis, the carcasses wereckawvied for 45 min at 12C, homogenized
with an Ultra-Turrax T25 (IKA-Labortechnik, Staufeermany), refrozen at -20°C and
freeze-dried with a Lyovac GT 2 (SRK-SystemtechRiledstadt, Germany).

The chemical analysis was conducted on each ingibitish, including the six fish from the
initial group, according to AOAC methods (1990). dnef, dry matter was determined by
drying the material to constant mass over night0&°C, crude protein (CP) was determined
by macro-Kjeldahl with a conversion factor of CAIN%6.25, crude lipid was determined by
the Sohxlet method, gross energy was measured i lsalorimetry (IKA C 7000, Staufen,
Germany) and ash content by ashing over nightrirutile oven at 500°C (Nabertherm N11,
Lilienthal, Germany).

59



Chapter 6: Effects of saponin fractions on carggrerance

Calculations

The following parameters were calculated as shown:

Metabolic Body Mass (MBM (K&)
Metabolic Growth Rate (MGR)

Specific Growth Rate (SGR (% d&)y
Routine Metabolic Rate (RMR)
Energy Expenditure (EE (kJ))
Energy Retention (ER (kJ))
Metabolizable Energy (ME), (kJ)
EE (% of GE fed)

ER (% of GE fed)

ME (% of GE fed)

AUE (% of GE fed)

O, consumption (g) / protein gain (g)
EE (kJ) / protein gain (g)

Protein Efficiency Ratio (PER)
Feed Conversion Ratio (FCR)

Statistical analysis

(Live body mass (g) / 1008
Live body mass gain ifg one week / average
metabolic live body mass (k8 during the same
week (Dabrowski et al. 1986)
100 x [(In final mass - In initial mass) / dagé
experiment]
mean Oxygen consuomptin 24 h (mg) /
metabolic body mass (R x 24
Oxygen uptake (g) x864(kJ g O, Huisman
1976)
Final gross energy (&D)fish — initial gross
energy (kJ) of fish
ER (kJ) + EE (kJ)
EE (kJ) x 100 / Feed energy intgide
ER (kJ) x 100 / Feed energy int@de
ER (kJ) + EE (kJ) x 100 / Feedrgyentake (kJ)
100 - EE (%) - ER(%)
Total oxygemsamption (g) / total protein gain
(9)
Total EE (kJ) / totabfmin gain (g)
Live body mass g@h/ feed protein intake (g)
Feed consumption faajter) / live body mass

gain (g)

All data were analyzed using the General Linear 8e®dGLM) or the Repeated Measures
(for growth and metabolic growth rate) procedureStatistical Analysis System (SAS, 1982)
followed by a Scheffé post-hoc test to assessigimfisance of differences between different
feeding groups. The values are expressed as me8&M unless stated otherwise. All
statements of significance were based on a prababilp< 0.05.

A power analysis was conducted using G*Power \&(fs2 (Faul et al. 2007). A post-hoc
power analysis was applied using the “F-test familNOVA: fixed effects, omnibus,
one-way” procedure of the program. The determirfBtiesize and achieved statistical power

are reported in Table 6.
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Results

General observations and behavior

No fish died during the experiment. The fish readi¢cepted all diets and consumed the feed
during the first two minutes after feeding, whiclinimized leaching of saponins from the
feed into the water.

Proximate chemical analysis

By the end of the experiment, all fish containetigher percentage of lipids and a lower
percentage of ash than the initial group. The peagge of protein increased slightly but the
differences were not statistically significant (TeaB). Fish fed with 60TS had the lowest lipid
content at the end of the experiment, gaining leans all other groups. The same group had
also the lowest dry matter content at the end @kttperiment (Table 3).

Table 3: Initial and final proximate chemical arsdyof control and experimental fish.

Group CP CL CA DM GE
(g kg' FM) (kJ g' FM)

Initial group 141 +2.19 24.7 +3.10 30.6 +0.72 4196.20 3.34+0.21
Control 148 + 2.31 49.9+7.20 22.1+0.26 2141#59. 4.62 +0.33
80TS 146 + 2.03 43.9+0.36 22.6 £0.29 206 +0.86 4.37 +0.04
60TS 143 +2.08 36.1 + 6.47 21.8+1.09 196 +7.95 4.08 +0.19
40TS 149 + 1.67 45.1+1.96 21.7 £0.12 210 +3.99 4.41+0.19
80QS 146 +1.79 46.2 + 3.68 24.0+1.36 212 +4.19 4.39+0.11

Fresh Matter (FM), values are expressed as medivk, 8 = 3

Growth rates

At the end of the experiment, fish fed with the 6@8augreek saponin eluate showed the
highest relative body mass gain while those fedh wie 40% eluate showed the lowest. The
control group showed the second best percentagease followed by the 80QS and the
80TS groups (Table 4However, none of these results was statisticadfiyiicant due to high
variation within groups and small sample size. 8pegrowth rate as well as MGR (Fig. 2)
showed similar results as the percentage body esswith the 60TS group showing the
highest growth rates and the TS40 group the lowidst. sequence of the other groups was
similar to the sequence in percentage growth (Téple

Metabolic rates

The metabolic rate of all groups of fish increasedr the first three weeks and that of the
40TS group was highest. From week three till wae& the metabolic rate decreased in all
groups overall but fish fed 60TS and 80TS showstight increase from week four to week

five. In week five, the fish fed witQuillaja saponins had a significantly lower metabolic rate
than the other four groups, including the contfog( 3). Overall it appears that fish fed with

60TS and 80TS had the lowest oxygen consumpti@s @ter the experimental period.
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25 1
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MGR (g kg**® day™)

D 1 1 1 1 1 1
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Week

Fig. 2: Average metabolic growth rate of the colnéired experimental groups. Values are presented as
mean + SEM, n =3

Feed conversion and protein efficiency

The feed conversion ratio (FCR) was generally gooall groups with values below 1. The
best feed conversion was achieved in fish fed 0% Genugreek methanol eluate of
foenum-graecunfFCR = 0.88) while the highest feed conversion feasd in the group fed
the 80QS supplemented diet (FCR = 0.94).

Table 4: Growth performance and nutrient utilizatio

Control 80TS 60TS 40TS 80QS

Initial body mass (g) 9.1 +0.19 9.3+0.64 9.5.38 10.2+£0.74 8.9+0.15
Final body mass (g) 38.1+1.86 37.7+3.09 401909 39.6 +2.31 36.8+1.73
Body mass gain (g) 29.0+£1.74 285250 31.49B0 29.4+1.64 27.9+1.88

Growth (%) 419+13.0 407 £9.60 430+7.20 391208 413+21.3
SGR (% day) 409+0.11 4.01+0.08 4.16+0.06 3.89+0.07 .044:0.18
MGR (g kg®¢day') 15.4+0.44 151+0.44 158+0.23 15.0+0.22 5.2%0.65
FCR 0.91+0.03 091+0.03 0.88+0.01 0.92+0.010.94 +0.06
PER 247+004 236+0.11 254x0.05 2.52+0.062.42 +0.08
PPV (%) 37.1+0.61 351+168 36.7+0.95 3788  35.1+1.37
ALC (%) 43.0+490 452151 57.6+109 46QF  47.8+577

Feed intake (g DM) 26.2+0.64 25.8+1.20 274390 27.1+0.97 26.0+0.20

SGR = specific growth rate, MGR = metabolic growtite, FCR = feed conversion ratio, PER =
protein efficiency ratio, PPV = protein productivalue, ALC = apparent lipid conversion. Values are
expressed as mean + SEM, n =3
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Fig. 3: Metabolic rates over the whole experimeptaiod. Values are presented as mean + SEM, n =
3, data points are spaced horizontally for betaaity

The protein efficiency ratio (PER) followed the satrend with the 60TS group showing the
highest body mass gain per gram protein fed (2t6WQwed by the 80TS group and the
control. Again the fish fed the diet supplementathvgaponins derived fror®. saponaria
had the lowest value (PER = 2.42) (Table 4).

Energy utilization

The complete energy balance is shown in Table Snétically all saponin supplemented

feeding groups had lower energy retentions thamcoinérol group.

The 40TS group had the highest energy expendinddhe 60TS group the lowest.

The AUE (%) was highest for the 60TS group and kiwer the 40TS group (Table 5). The

60TS group consumed the lowest amount of oxygergpen of retained protein while the

40TS group had the highest oxygen consumption pen gorotein accretion. The dissipated
heat is calculated from the oxygen consumptionrdfioee the same trend within the various
treatments as observed for oxygen consumption @en grotein accretion was observed for
the heat dissipation per gram of protein accretldowever, due to low sample size these
results showed no statistically significant diffeces.
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Table 5: Energy balance for all five experimentalugps.

Control 80TS 60TS 40TS 80QS

Initial fish GE (kJ) 30.3+0.62 30.8+2.181.7+0.60 33.8+2.47 29.7 +£0.50
Final fish GE (kJ) 175+5.83 165+15.0 166+5.4675+12.9 162+7.42
Ingested feed GE (kJ) 545+16.4 535+30.6 568BF¥9 563+24.6 539+5.18

ER (kJ) 145+6.45 134+13.0 135+5.13 141+10B32+7.81
EE (kJ) 282+13.1 260+8.60 255+4.80 318+29253+31.6
ME (kJ) 427 +195 394+17.1 390+3.30 459+37.485+384
AUE (kJ) 118 £+33.8 141 +223 179+13.0 103 +#113.154+13.4

ER (% of GE fed) 26.5+1.81 251+1.023.7+1.02 25.0+1.22 245+1.25
EE (% of GE fed) 52.0+3.66 489+3.394.9+1.43 56.3+2.88 46.9+5.63
ME (% of GE fed) 78.7+548 73.9+3.2®8.6+1.78 81.4+3.25 71.3+6.74
AUE (% of GEfed) 21.3+5.48 26.1+3.2B1.4+1.78 18.6+3.25 28.7+6.74
g0, g'CP 439+0.31 4.24+0.384.02+0.27 4.79+0.24 4.15+0.47
kJ EE g CP 65.2+4.66 63.0+5.686.9+2.97 71.1+3.60 61.6+7.05

Gross Energy (GE), Energy Retention (ER), Energydaxliture (EE), Apparently Unutilized Energy
(AUE), Metabolizable Energy (ME) and Oxygen Constimp and Energy Expenditure per gram
Protein gain. Values are expressed as mean + SEN, n

Power analysis

The conducted power analysis showed that in alédeparameters the effect sizes obtained
were generally high (above 0.4). However, the addgyowers were rather low ranging from
0.14 to 0.28 which leads to high type Il error @bitities and therefore high probabilities of
accepting a wrong null hypothesis (Table 6).

Table 6: Results of the power analysis (numerator ¢, denominator df = 10, critical f = 3.478)
showing the observed effect size and the statigimaer

Parameter Effect size fPower
BMG (%) 0.5357 0.229
BMG (G) 0.5635 0.251
SGR (% day) 0.4777 0.188
MGR (g kg day') 0.4336 0.161
FCR 0.4125 0.149
PER 0.3988 0.142
PPV (%) 0.4429 0.166
ACL (%) 0.4955 0.200
OC (9) 0.5838 0.268
OCgd'CP 0.4588 0.176
ME (%) 0.5974 0.279
ER (%) 0.5060 0.207

BMG = body mass gain, SGR = specific growth rat&R1= metabolic growth rate, FCR = feed
conversion ratio, PER = protein efficiency rati®®W= protein productive value, ACL = apparent
lipid conversion, OC = oxygen consumption, OE @P = oxygen consumption per gram of crude
protein  accretion, ME = metabolizable energy, ER  =energy retention
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Discussion

In the past the metabolic efficiency of diets imnaa production was frequently enhanced by
adding growth promoting substances like syntheé&oogd hormones or sub-therapeutic doses
of anti-biotics. Most of the applied hormones wemedrogens but estrogens were also
occasionally used (Lone & Matty 1980, Noppe et 28108). However, following public
concerns about possible adverse health effects emwvdonmental impacts of synthetic
hormones and anti-biotics and their subsequentilptam by the European Union (EC
1831|2003) efforts have been made to find “gredet@atives (Dibner & Richards 2005).

Possible alternatives might be found among thersappsecondary plant compounds which
can be found in at least 29 plant orders of whigh ltiliales and the Fabales have the most
saponin containing plants (Vincken et al. 2007).

Saponins have either a steroidal or triterpenaideg structure, called sapogenin or aglycone
and one or more sugar side chains, glycosidicaiketd to the sapogenin.

In a previous study on common carp Francis et(2002b) demonstrated that saponins
derived fromQuillaja saponariapromoted growth. Carp that had been fed with 150 m
saponin kg of feed grew by 372% and attained 18% higher eetmdy mass than fish in
the control group. In a second experiment carptiiedsame diet and supplementation level
with Quillaja saponins grew by 443% and attained a 20% higrenage body mass and carp
fed bi-weekly on a saponin supplemented or cordiel did grow by 407% and had at the
end of the experiment an average body mass of Hfeahat of control fish (Francis et al.
2002c). In our study as compared to Francis 802D, c), carp which ate a similar basic
diet supplemented at the same level but with saysoaktracted fronTrigonella foenum-
graecumand eluted with 60% methanol increased their bodgs on average by 430% or
27% above the average body mass of the control fish

The 60TS group also had the lowest feed convemnahthe highest protein efficiency ratio
although the differences between all groups werallsim contrast to the studies of Francis
et al. (2002b, c), the performance of fish whosa dias supplemented with 80% methanol
Quillaja saponin eluate was poorer compared to controlfitgd Overall, fish fed 40TS
showed the lowest performance in most of the pateimeHowever, none of the results
obtained was statistically significant due to loanmgple numbers. The power analysis
revealed that the observed effect sizes for alhipaters were high with the smallest one
being 0.3988. Due to the low N the observed powene also low with the highest being
0.279 for the percentage of the metabolizable gnekglow statistical power means high
probabilities for a type Il error which, in caseME (%), would be as high as 72.1%.

The difference of the performance of tQeillaja saponins in the studies by Francis et al.
(2002Db, c) and this study could be due to the dffe compositions in the saponins. It is
likely that in the 80% methanol fraction Qfuillaja other saponins are present and/or the
ratios of the different saponins to each other \@mpared with those in the commercially
availableQuillaja saponins used by Francis et al. (2002b, c) wharftasn total saponins
extracted fronQuillaja saponaria

On the contrary certain evidence exists that tbéogical action of saponins is not due to the
high activity of one single saponin but rather soknad of synergistic effect of saponin
mixtures. In rat pituitary cells the highest rekedabout 22 times higher than the control) of
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growth hormone (GH) was measured after stimulatiith a crude methanol extract from
fenugreek while purified saponins or sapogeninshdidreach comparable levels (Shim et al.
2008). Single purified saponins extracted from tesert date Balanites aegyptiadaa
common saponin rich plant from the Middle East dat show anti-diabetic effects while
different mixtures of single saponins showed sigaiit anti-diabetic activity (Kamel et al.
1991).

Saponins in animal nutrition are often regardedgeswvth inhibitors and anti-nutritional
factors (Francis et al. 2001, Bureau et al. 1998)dur results and those of Franeisal.
(2002b, c) show that it would be a generalizatmdéclare all saponins as anti-nutrients.

Regarding soy-saponins Liener (1981) suggested viagnosaponins from the list of
anti-nutrients. However, in his article he was or@ferring to adverse effects in chicks, rats
and mice but not fish.

The reason for this apparent contradiction mayhla¢ saponins are a very diverse group of
compounds whose biological actions are likely taabealiverse as their structures (Francis et
al. 2002b). For instance, there exist at least 3&udfft saponins iQ. saponaria(Bankefors

et al. 2008) and at least 19 in foenum-graecunfMurakami et al. 2000) and only by
fractionation and later purification of single sapts can beneficial saponins be
distinguished from detrimental ones. Given the fmbsssynergistic effects of saponin
mixtures or combinations of different purified sapt as described by Kamel et al. (1991)
and Shim et al. (2008), the vast number of possaf®nin combinations from plants like
foenum-graecunor Q. saponariacalls for high-throughpun vitro assays instead @i vivo
experiments.

Contrary to expectations, no statistically sigrfit differences were found between the
control and the saponin fractions treated groupghenone hand or within the treatment
groups on the other. On the contrary it appearsfesh fed with the 40% methanol fraction

from fenugreek tended to have inferior performataceontrol while only the 60% methanol

eluate from fenugreek showed any potential as at marived growth promoter. We must
conclude that the application of the tested sapdnaictions in the applied concentrations,
except for the 60% methanol eluated fenugreek sapiaction, are not suited as plant
derived growth promoters for common cafp,carpia
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Abstract

Saponins are generally regarded as anti-nutritidaetiors in aquaculture diets. However,
previous experiments have shown that low dietavelgeof saponins derived froQuillaja
saponariado have growth promoting effects on common carxpMite tilapia. Based on these
experiments, we conducted an experiment in whicHedeeluated saponin fractions fragn
saponaria and Trigonella foenum-graecunffenugreek) to Nile tilapia in a respirometric
system allowing for continuous measurement of oryggnsumption. Saponins were eluated
with consecutive methanol/water concentrations, (#6/60, 60/40, 80/20) resulting in three
different eluates for each plant. Fractions chosemne the 80% methanol eluate frafn
saponaria(80QS) and all three eluates frolm foenum-graecund0TS, 60TS and 80TS).
Three fish each were fed with low levels (150 mg kiiet) of saponins in the diet and a
control diet without saponins. Growth, feed andrieuat utilization, proximate composition,
oxygen consumption and metabolic performance weakiated.

The fish grew between 224 % (40TS) and 266 % (@dniver the eight week period. Feed
conversion ratios were between 0.94 (80TS) and @03S) and protein efficiency ratios
between 2.54 (80TS) and 2.16 (40TS). Due to lowpdamsizes, no statistical differences
were found between control fish and saponin fel fisowever, numerically one of the tested
saponin fractions (40TS) shows inferior performance

It is concluded that the tested saponins in theedesoncentrations are no potential growth
promoter for Nile tilapia. On the contrary, onectian appears to be a potent growth
inhibitor.
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Introduction

From 1970 till 2008 the worldwide aquaculture pratitin for food fish has increased at
average annual rate of 8.3% (SOFIA 2010). In 20ppraximately every second fish
consumed by man was produced by aquaculture (CB&38, Naylor et al. 2009). Although
the largest proportion of farmed finfish are cymswith around 12 million metric tonnes
(mmt) (FAO 2010), tilapia production, especiallatiof Nile tilapiaOreochromis niloticus
L., is increasing rapidly. In 2002 1.1 mmt Nileapia were produced while in 2008, only six
years later, the production had more than douldétid mmt (FAO 2010).

Tilapias are considered herbi- and omnivorous hduistrially manufactured tilapia feeds still
often contain fishmeal as a protein source (New\&fijlstrom 2002; Furuya et al. 2004). As
a general trend, inclusion levels of fishmeal impound feeds are decreasing (Tacon and
Metian 2008). Despite this, the dramatic rise ialtéish and shrimp production worldwide
means that there is an overall increase in the ddrf@a fishmeal (Péron et al. 2010) to the
extent that it is now a limiting resource.

Fish production may be increased by improving fedétization which, in the past, was
achieved by the addition of steroid hormones (ageins and estrogens) to diets (Lone &
Matty 1980; Noppe et al. 2008). In the Europeanodnihowever the use of steroids for
animal production has been prohibited since 2005 {B31/2003). Plant derived alternative
growth enhancers could be a replacement for stéiaichones. Among the possible candidate
substances are saponins, glycosidic compounds eittler a steroid or triterpenoid core
structure called aglycone or sapogenin. One or rmoegar chains are glycosidically linked to
the aglycone. Saponins are, because of the higngilly of sugars and aglycones, a very large
group of compounds with a wide and variable ranggbi@ogical activities as reviewed by
Francis et al. (2002a). Saponins are mainly prodiune various plants as defense against
microbial or predatory attacks (Gus-Mayer et aB4)9 but also in some marine invertebrates
like starfish (Rio et al. 1965).

In previous studies it has been shown that sapafensed from the South American soap
bark tree Quillaja saponariaM.), had a growth promoting effect in common cagprinus
carpio (L.) and Nile tilapia,Oreochromis niloticugL.) (Francis et al. 2001a; 2002b, c).
Furthermore, a fractionation of saponins fr@n saponariaresulted in varying biological
activities ofQ. saponariasaponin fractions in an aromatase inhibitiowitro assay (Golan et
al. 2008).

Fenugreek Trigonella foenum-graecurh.), commonly cultivated in the Middle East and
Asia, is another saponin rich plant (Marker 194kal&a 2002). It is traditionally used as a
medicinal plant and a herb for various dishes andeported to exhibit antidiabetic and
hypocholesterolaemic effects (Al-Habori and Ram&88). A fenugreek methanol extract
and a newly isolated saponin were recently repddedcrease secretion of growth hormone
in rat pituitary cells in vitro (Shim et al. 2008).

We conducted an eight week experiment in a comjuaetrolled respirometric system
(Focken et al. 1994) to evaluate the effects of $oyyplementation levels of saponin fractions
derived fromT. foenum-graecurand Q. saponariain the diets on proximate composition,
growth, oxygen consumption and metabolic perforreaioé Nile tilapia, Oreochromis
niloticus (L.).
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Material and Methods

Saponin extraction

Saponins were extracted from fenugreek se&dgogenum-graecunh.) seeds anduillaja
saponariabark generally according to Marston and Oleszél@2. Ethanol extracts were
fractionated by flash chromatography (CombiFlasiREEVE, Teledyne Isco, Lincoln, NE)
and consecutive methanol/water solutions (v/v, @068/40, 80/20) resulting in three saponin
eluates or fractions (40, 60 and 80%). All thresefions of fenugreek and the 80% methanol
fraction fromQ. saponariavere used for this experiment.

Table 1: Ingredients of the basal and experimehéts and chemical composition of the standard diet

Diet

Ingredient Control 40TS 60TS 80TS 80QS
Trigonella40% Fraction (mg K9 150
Trigonella60% Fraction (mg K9 150
Trigonella80% Fraction (mg K9 150
Quillaja 80% Fraction (mg kg 150
Fish medl (g kg") 500 500 500 500 500
Whole wheat meal (g kg 420 420 420 420 420
Sunflower oil (g kd) 40 40 40 40 40
Vitamin premiX (g kg*) 20 20 20 20 20
Mineral premiX (g kg?) 20 20 20 20 20
Standard diet DM CA CP CL GE

(%) (9kg'DM) (gkg'DM) (gkg'DM) (kJ g' DM)

93.2 119 419 126 20.8

DM = dry matter, CA = crude ash, CP = crude prqt€in = crude lipids, GE = gross energy
®Brown fish meal ,Seelowe* obtained from Vereinifischmehlwerke Cuxhaven VFC, Germany.
"Prepared after Gaye-Siessegger e{24104).

Experimental Diets

Based on a standard diet, which also served asnaotdiet, four experimental feeds
containing saponins were prepared. The ingredigmtssimate composition and ingredients
of the diets are shown in Table 1. The 80% methdraition derived fromQuillaja
saponaria and all three fractions fronTrigonella foenum-graecunwere added at a
concentration of 150 ppm (150 mgkéeed). The saponins where dissolved in water &nd i
necessary the dissolution was reinforced with shitra-sound treatments. The saponin
solutions were added under continuous stirringht® feed mash. The resulting diets were
named according to their supplementation, C (contd®TS, 60TS and 80TS for the three
diets supplemented with fenugreek saponin fractaons 80QS for th€. saponariasaponin
fraction. The feed mash was made into pellets (2 diameter) using a domestic food
processor with meat mincing attachment (Bosch Cangfius). The pellets were dried in a
compartment dryer at 40 °C for 36 hours and stategl°C until needed.
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Experimental set-up, sampling and chemical analysis

A total of 20 mixed seXOreochromis niloticugManzala strain, obtained from the Georg-
August-University Gottingen, Department of Aquaatdt and Ecology) were divided into 6
groups, 5 experimental groups each containing tang@als and one initial group, containing
five animals. The body mass at the beginning ofetkgeriment was 37.8 + 8.7 g (average +
SD). Due to the high variance in the initial fishes the fish groups were chosen in a way that
the variance inside the groups was high but betwkengroups there were no significant
differences (ANOVA, p < 0.05).

The initial group was anesthetized by immersionwiter containing 250 mgLMS 222
(Tricaine Methane-Sulfonate) and the fish wereekillthrough decapitation while still
uNCoNSCIous.

The 15 experimental fish were stocked individuaiyo the 15 boxes of a respirometric
system with a volume of 15 liters each (Fockenl.e1@94). The water temperature was kept
at 27 = 1 °C and the light regime was set to 1Rt land 12 h dark. The five different diets
(Control, 40TS, 60TS, 80TS and 80QS) were randomsiigned in three replicates to the
chambers. The feed was applied at three times gmeaintenance requirement (10.5 §°Kg
d*, Meyer-Burgdorff et al. 1989) per day, dividedadnthree feeding stations. Feed was
applied via automatic feeders (Rondomatic 48€gsslin GmbH, St. Georgen, Germany) at
9:00, 13:00 and 17:00. Once every week, all fisiremeeighed to the nearest 0.01 g,
respirometric-chambers cleaned and amount of fdpssted according to the new body mass.
While the chambers were cleaned, the respectivewisre kept in 15 L buckets with well
aerated water. After stocking at the start of tkpeement and before each weighing fish
were starved for 24 hours.

Every day approximately 5-10% of the total watelunze was exchanged, total ammonia-N
was kept below 0.2 mg1, total nitrite-N was kept below 0.15 mg'land total nitrate-N was
kept below 50 mg . The flow rates in the respirometric boxes weljestéd to 0.5 L mit.

At the end of the 8 week feeding experiment alh ffleom the respirometric system were
killed and fish carcasses were stored in a -20r@€zer until further analysis.

For the determination of the proximate compositibe fish were cut into pieces and
autoclaved for 45 minutes at 121 °C before homagian with an Ultra-turrax T25 (IKA
Labortechnik, Staufen, Germany). All fish were gmel individually. Homogenate was
refrozen at -20 °C before freeze drying (SRK Systetmik, Riedstadt, Germany). Proximate
chemical analysis was conducted according to AOAsthods (1990).

Briefly, dry matter was determined by drying thetem&l to constant weight for at least 8
hours at 105 °C. For crude protein (CP) deternomatine macro Kjeldahl (Buchi B 324 + 719
S Titrino, Bichi Labortechnik GmbH, Essen, Deutaodl) method with a conversion factor
of CP = N*6.25 was used, crude lipids were deteeaiby the Soxhlet method using petrol
ether as solvent, gross energy was determined bybboalorimetry (IKA C 7000, IKA
Labortechnik, Staufen, Germany) and ash conteragbyng over night in a muffle oven at
500 °C (Nabertherm N11, Nabertherm, Lilienthal, Gany).
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Calculations

The following parameters were calculated as shown:

Metabolic Body Mass (MBM (K&)

Metabolic Growth Rate (MGR (g K day™)

Specific Growth Rate (SGR (% d&y
Routine Metabolic Rate (RMR)
Energy Expenditure (EE (kJ))
Energy Retention (ER (kJ))
Metabolizable Energy (ME), (kJ)
EE (% of GE fed)

ER (% of GE fed)

ME (% of GE fed)

AUE (% of GE fed)
O, consumption (g) / protein gain (g)

EE (kJ) / protein gain (g)
Protein Efficiency Ratio (PER)

Protein Productive Value (PPV (%))
Apparent lipid conversion (%)

Feed Conversion Ratio (FCR)

Statistical analysis

(Live body mass (g) / 1000}
Live body mass gain (g) / average metabolic
live body mass (K&f) / experimental period
(Dabrowski et al. 1986)
100 x [(In final mass - In initial mass) / days
of experiment]
mean oxygen consunmmgtiac24 h (mg) /
metabolic body mass (R x 24
Oxygen uptake (g) 864kJ g O,
Huisman 1976)
Final gross energy ¢tJ)sh — initial gross
energy (kJ) of fish
ER (kJ) + EE (kJ)
EE (kJ) x 100 / Feed energy intgide
ER (kJ) x 100 / Feed energy intgid@
ER (kJ) + EE (kJ) x 100 / Feedrgyentake
(kJ)
100 - EE (%) - ER(%)
Total oxygemsamption (g) / total protein
gain (9)
Total EE (kJ) / totabfmin gain (g)
Live body mass ga@h/ feed protein intake

(9)
Total proteimng@) x 100 / total protein fed

(9)
Total lipid gain (g)LOO0 / total lipid fed (g)
Feed consumption (catyar) / live body
mass gain (g)

All data are shown as mean + standard deviation) (Sbot stated otherwise. All statistical

analyses were performed using SPSS 10.0 (IBM SE8fago, IL, USA). A Levene’s test

was used to test for homogeneity of variance antieaway ANOVA was used to test for
differences between groups at a significance let/pl= 0.05.

Due to the low sample sizes a statistical powetyarsawas conducted using G*Power vers.
3.1.2 (Faul et al. 2007). Post-hoc power analysee wonducted using the ANOVA: fixed

effects, omnibus, one-way procedure of the F-@siilfy to determine the achieved statistical
power and the observed effect size. The resultiseopower analysis are shown in table 5.
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Results

All the diets were accepted by the fish equallylveeld eaten during the first two minutes

after provision of the pellets. No differences i@hhvior between the fish of the different

treatments were observed.

Although, over the time of the experiment, rela@maount of protein and lipids increased and
ash decreased in all groups, no statistical diffegs were found between either the different
groups for proximate composition at the end of ékperiment or between the initial group

and the experimental groups (Table 2).

Table 2: Initial and final proximate chemical arga$yof control and experimental fish on fresh matte
basis.

Initial group  Control 40TS 60TS 80TS 80QS
Crude protein (g k'é) 159+4.35 163+6.88 165+3.62 160+6.76 16844y 164 +5.27
Crude lipids (g kd)  62.2+8.63 67.4+220 67.2+10.1 61.9+9.610.2#555 67.4+11.4
Crude ash (g k'@ 53.9+278 465+2.06 47.6+0.97 459+513F.64 256 457+0.11
Dry matter (g k) 283+142 283+7.14 286+10.2 273+16.7 2835 283+14.9
Gross energy (kJ) 6.40+0.62 6.54+0.06 6.51+0.43 6.23+0.4563+0.29 6.54+0.45
values are expressed as mean + SD, n =3

No statistical differences were found between titerént treatments for growth, neither
relative growth nor absolute growth. However, theexe numerical differences which might
have been more pronounced given a higher sampme Bie best growth was observed in the
control group closely followed by 80TS. The lowgsbwth was observed for fish fed 40TS
(Table 3). Basically the same result (numerically ot statistically different) was found for
the evaluated feed utilization parameters where48hows the lowest performance and
control and 80TS fed fish showed the highest peréorce (Table 3).

Table 3: Growth performance, feed conversion anidemi utilization of the tilapia.
Control 40TS 60TS 80TS 80QS

Initial body mass (g) 31.3+£8.25 39.0£3.86 38821 35.8+£8.37 3511252
Final body mass (Q) 8191145 86.3 £9.88 82918 925+182 89.6x14.0
Body mass gain (g)  50.7 + 6.29 47.3+119 486144 56.8+10.2 545+12.3
Growth (%) 266 £ 21.6 224 £41.4 253 +434 266101 255+ 30.6
SGR (% day) 1.74+0.15 142+033 164+032 1.71+0.10.66% 0.22
MGR (g kg®fday')  7.01+0.34 582+144 6.60+1.21 7.05%+0.36.856 1.06
Feed conversionratio  0.96 + 0.04 1.15+£0.30 $020 094+0.05 0.98+0.15
Protein efficiency ratio 2.49+0.11 216+055 3@+042 254+0.13 2.47+0.37
Protein productive valuge) 41.4 +4.40 36.8 +£9.40 38.0+4.14 42.1+0.61 .3413.92
Apparent lipid convers. (%) 62.1 + 4.56 56.2+25.052.2+17.2 67.2+7.44 61.6+14.6
Feed intake (g DM) 48.7 £8.23 5221271 49.7805 53.3+9.02 52.3+£5.05
Values are expressed as mean + SD, n=3

Although no significant differences were found, getly the control showed the lowest
metabolic rates, followed by fish fed with 40TS iehiish fed with 60TS and 80TS had the
highest metabolic rates (Figure 1). A similar reswds obtained for the oxygen consumption
per gram of protein gained. Control fed fish conedmumerically least oxygen per gram of
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protein accretion while fish fed 60TS had the hgjhexygen consumption per gram protein
gained.

Energy retention was highest for fish fed 80TS Wwhit combination with a relatively low
energy expenditure resulted, numerically, in thghbst metabolizable energy. Energy
retention and energy expenditure were numericallyebt in the 40TS group resulting in the
lowest metabolizable energy (Table 4).

Table 4: Energy balance for all five groups.
Control 40TS 60TS 80TS 80QS
Initial fish GE (kJ) 200 +52.7 249+24.6 213+525 228 +535 224+16.1
Final fish GE (kJ) 535+89.5 564 +94.1 512 +63.5 616 +143 587 107
Ingested feed GE (kJ) 1010+171084 +56.2 1033 +120 1106 + 187 1085 + 105
ER (kJ) 336+36.8 314+111 299+45.6 388+90.8 363+92.5
EE (kJ) 390+102 404 +30.8 455+176 466107 455 +90.0
ME (kJ) 725+138 718+127 754+173 853+163 818+182
AUE (kJ) 285+47.2 366+145 279+52.6 253+97.5 267 +78.7
ER (% of GE fed) 33.5+1.8929.0+10.5 29.2+5.22 34.8+2.71 33.1+5.52
EE (% of GE fed) 38.2+4.6837.4+450 43.2+11.7 425+8.84 41.6 +4.44
ME (% of GE fed) 71.7 +3.57 66.4+12.9 72.4+8.27 77.2+7.20 74.8 £9.95
AUE (% of GE fed) 28.3+3.57 33.6 +12.9 27.6 +8.27 22.8+7.20 25.2+9.95
Cons. Q(g) / protein gain (g) 3.12+0.663.55+1.10 3.90+1.53 3.37+£0.74 3.36 +0.18
Gross Energy (GE), Energy Retention (ER), Energydaxiiture (EE), Apparently Unutilized Energy
(AUE), Metabolizable Energy (ME) and Oxygen Constimpper gram Protein gain. Values are
expressed as mean = SD, n=3

The power analysis revealed medium to high effexgss(generally an effect size of 0.1 is
considered as small, 0.25 as medium and >0.4 gs)laanging from 0.31 to 0.48 however
the statistical powers were very low, ranging frorh to 0.19 (Table 5).

Discussion

In the past saponins were often described as amtitional factors present in many plant
derived protein sources (Francis et al. 2001b). [8@n is the main plant protein source used
in commercial aquaculture diets and is rich in sam® unless they are specially treated.
Bureau et al. (1998) showed that alcohol extraasvedd from soybean have severe
detrimental effects on feed intake and subsequentthy of chinook salmonCncorhynchus
tshawytschpand rainbow trout@. mykisk

Only a few studies have been published in whichllsmausion levels of saponins were used
as a growth promoter in fish. It has been shown itheusion levels of 150 m@Quillaja
saponariasaponin kg diet had several beneficial effects, includinghigigbody mass gain,
improved feed conversion, protein utilization ameérgy retention in common car@yprinus
carpio (Francis et al. 2002b, c). In Nile tilapia similaffects were observed at inclusion
levels of 150 and 300 m@. saponariasaponin kg diet (Francis et al. 2001b). Several
differences between the experimental designs nidlaence the various results. Saponins
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Table 5: Results of the power analysis (numerater4l denominator df = 10, critical f = 3.478)

showing the observed effect size and the statigimaer

Effect size Power

BMG (%) 0.4799
BMG (g) 0.4122
SGR (% day) 0.4696
MGR (g kg day') 0.4704
FCR 0.4424
PER 0.4144
PPV (%) 0.4195
ALC 0.3687
0, 0.3182
EE/CP 0.3062
ER (%) 0.4216
ME (%) 0.4650

0.189
0.149
0.183
0.1830
0.1657
0.150
0.153
0.127
0.105
0.101
0.154
0.180

Body mass gain (BMG), specific growth rate (SGRgtabolic growth rate (MGR), feed conversion
ratio (FCR), protein efficiency ratio (PER), pratgiroductive value (PPV), apparent lipid conversion
(ALC), oxygen consumption @ energy expenditure per gram retained crude jpr¢&E/CP),

energy retention (ER), metabolizable energy (ME)

derived fromQ. saponariaare generally triterpenoid while saponins frémfoenum-graecum

are mainly steroidal (Marker et al. 1947; Cheek@®@OFurthermore in all three experiments
by Francis et al. (2001, 2002b, c) a crude sapomxture was used and up to now 38
different saponins have been describedQirsaponaria(Guo and Kenne 2000; Bankefors et

al. 2008).
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Figure 1: Average routine metabolic rates of tHfedint treatments. Values are expressed as mean +

SEM,n=3
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In our experiment the saponins were consecutivedgtibnated by HPLC eluation with
increasing methanol concentrations and differautel were fed to the fish.

In other studies fractionation of crude saponins fegulted in different results. In one study
saponins derived from the desert daBslanites aegyptiacawere evaluated for their
antidiabetic activity in streptozotocin induced liBéic mice. Some saponins did not yield a
result when applied individually but showed sigrafit antidiabetic activity when applied in
combination with one or more other saponins (Kaetell. 1991). In ain vitro experiment it
has been shown that a crude methanol extract. dbenum-graecunand one individual
saponin derived from that extract had the high#steon GH secretion of rat pituitary cells
while other saponin fractions and individual sapsnshowed lower activity compared to
control (Shim et al. 2008). Furthermore saponingsvdd from Quillaja saponaria and
fractionated in the same way as in our experimerewested in aim vitro bio assay for their
effect on aromatase and the 80% methanol eluateezhthe highest enzymatic inhibition
while the 40 and 60% eluates showed lower inhibgi¢Golan et al. 2008). A fractionation
seems sometimes to improve the biological actiwibyle in other cases the opposite is the
case.

The results of this experiment do not support ampidl application of the tested saponin
fractions in the applied concentrations frdmfoenum-graecurandQ. saponariaas growth
promoters for Nile tilapia. We did not observe gesed growth rates or body mass gains for
the saponin fed groups, nor did the saponin frastionprove the feed conversion, nutrient
utilization or oxygen consumption compared to tbatml group. Numerically the 80TS fed
fish were similar or slightly superior to the caitrfed fish in terms of growth, feed
conversion, nutrient utilization and oxygen constiorpwhile the other saponin fed fish were
numerically inferior which points to the differesaponin fractions having different effects.
While the 80TS fraction had no effect or even dlighbeneficial effects on tilapia
performance, the 40TS eluate seems to have actess amn anti-nutrient and the 60TS and
80QS eluates appear to be neither beneficial niomtEntal for Nile tilapia. Because of the
restrictions in sample size inherent in our expental system, we performed a statistical
power analysis. The statistical power is defined-#swheref is the probability of a type II
or false negative error i.e. the erroneous rejactd the null hypothesis. Given the low
powers observed in our experiment, ranging fromt6.0.19 and the relatively high effect
sizes, it is therefore likely that the tested sapomay well have effects on the evaluated
parameters which have not been recognized duetlmthsample sizes. Based on our present
results however, we must conclude that the testpdrsn eluates in the tested concentrations
are not useful as growth promoters for Nile tilapldne data even suggest that saponin
fraction 40TS might reveal itself as a potent amtirient if tested in an experiment with
higher sample sizes. The apparently conflictingentyihg physiological actions of these
saponin fractions is obscure, so further resednchild include determination of their effects
on blood and endocrine parameters as well aseffeicts on nutrient digestion.
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Chapter 8: Effects of saponin on tilapia perforngaand gene expression

Abstract

Saponins in aquaculture feedstuffs are generallysidered anti-nutritional. However, in
several experiments it was shown that low leveD(ppm) supplementation with saponins
from Quillaja saponaria the South American soap bark tree, yielded séuseaeficial
effects. Among them were improved growth rates,dfe®nversion efficiency, protein
utilization and reduced oxygen consumption per dottly mass gain in common carp
(Cyprinus carpi9. In Nile tilapia,Oreochromis niloticussupplementation levels of 300 ppm
showed similar beneficial effects as the 150 ppetusion in carp diets.

Based on the above mentioned results an experinvast conducted in which saponin
fractions (eluated with 60% or 80% methanol) fraenugreek Trigonella foenum-graecum
L.) and a methanol extract from the Egyptian dedai® Balanites aegyptiach.) were fed at
different concentrations to 15 individually stockdde tilapia (19.1 + 0.6 g, mean £ SD) in a
respirometer system. Five treatments, namely aralodtet (no saponin), three fenugreek
saponin diets and one desert date saponin dietfete three replicates each.

Every week the fish were weighed and feed allowava calculated accordingly. At the end
of the eight week experiment the fish were anadégtt and killed. IGF-1 levels in plasma
were determined using a radio-immuno-assay, exipress genes encoding for IGF-1, GH
and their receptors were determined using semiigatve reverse transcriptase real time
PCR and proximate composition determined.

Fish fed with 60%T. foenum-graecursaponins at a concentration of 300 mg kbowed the
highest performance. Their expression levels of &b IGF-1 genes were highest followed
by control. The other groups had a significantiwéo expression of GH and IGF-1. These
results were also reflected in the numerically lggetvth and feed utilization parameters and
the lowest oxygen consumption.

On the contrary, all other saponin supplementati@ssiited in reduced performance with
considerably higher oxygen consumptions for figh660 mg k& 60% fenugreek saponins.
Results of gene expression levels strongly coedlatith other performance parameters.

The obtained results suggest that the 60% MeOHezTaigonella foenum-graecusaponin
fraction has a potential as natural growth promdggending on applied concentration.

Introduction

With the rapidly growing aquaculture industry thenthnd for high quality fish feeds is
increasing. At current and expected aquaculturevifraates the demand will eventually
outgrow the availability of fish meal as highly dggible protein source (Hardy 2010). As a
consequence the inclusion levels of plant derivedems are increasing for formulated fish
and crustacean feeds. However these plant derngr@édients have, in comparison to fish
meal, a serious drawback since they always comtiaor more anti-nutrients like protease
inhibitors, lectins, gossypol, phytic acid, tannorssaponins (Francet al 2001a).

While saponins are generally considered as antiamif it has been shown in several
experiments that low concentrations@iillaja saponaria(South American soap-bark tree)
saponins in the diet are improving the oxygen comsion, nutrient utilization and growth
performance of carpCyprinus carpioand Nile tilapia,Oreochromis niloticusrespectively.
When fed to common car€yprinus carpid at 150 mg kg in the diet,Quillaja saponaria
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saponin supplementation resulted in significantigréased final body mass, reduced the
oxygen uptake per unit body mass gain and imprdhedprotein and energy utilizations
compared to the control (Fran@sal 2002a, b). Nile tilapia fed with 300 pp@ saponaria
saponins in their diet showed a significantly highedy mass gain and increased energy
retention when compared to the control fish (Fraatal 2001b).

Saponins are glycosidic compounds mainly produceglants that are often activated after
tissue damage and act for instance as antimicral@idnse substances (Gus-Mawgeral.
1994). Saponins can be found in a great varietgtiféérent plants, including many cultured
plants like soybean which is the most common pfaotein source for aquaculture. Some
marine invertebrates like starfish also produceosas most likely as a chemical defense
against predators (Rt al. 1965).

Saponins consist of a steroidal or triterpenoidakcstructure called aglycone or sapogenin
and one or more sugar side chains. Due to the lagations in either the aglycone or the
sugar moiety they produce very diverse biologi¢eats in animals. A detailed review of the
biological actions of saponins is given by Fraratial. (2002c).

Saponin fractions were derived from two differetdrnps, one being Fenugre€ekiigonella
foenum-graecunthe other one being the Egyptian desert d2agnites aegyptiaceBoth are
frequently occurring and cultivated in the MiddledE and are rich in different saponins
(Markeret al 1947, Dawidar and Fayez 1969, Hostyal 1992, Kamel 1998, Murakaret

al. 2000). Both plants are commonly used in traditido&k medicine in the Middle East.
Ethanol extract off. foenum-graecumvas considered an excellent alternative to a well
known anti-diabetic drug as tested in artificiallyduced diabetic rats (Eidét al 2007).
Diosgenin, a sapogenin present in fenugreek, didutte ion transport in human cortical
neuronal cells (Wangt al. 2006).

The desert date is traditionally used as an aatietic drug in folk medicine in Egypt and
other parts of northern Africa and the Middle E&stmelet al. (1991) were able to show that
aqueous extracts of the desert date mesocarpstaffichdtions reduced the blood glucose
levels significantly. A totally different applicam of the desert date was demonstrated by
Chapagairet al. (2008) who used saponins extracted from a roovek callus as a larvicidal
agent against the mosquiftedes aegyptithe major vector for dengue fever and dengue
hemorrhagic fever.

The saponins were added in low concentrations @odiats of Nile tilapia. To test whether
saponin fractions derived from Fenugreek and tiserdelate yield similar results as obtained
for carp and tilapia by Francis et al. (2001b, 2008, an eight week feeding experiment with
Nile tilapia was conducted. Based on previousdrialo eluates from fenugreek (one in two
concentrations) and a methanol extract from thertlemte were chosen and tested for their
effects on gene expression of GH, IGF-1 and theseptors, IGF-1 plasma levels, growth
performance, oxygen consumption, nutrient util@at@nd chemical composition.

Material and methods

Experimental set-up
A total of 20 male Nile tilapiaQ. niloticus,with a body mass of 19.0 + 0.5 g (mean + SD)
were divided in two groups. At the start of the esmment five fish were killed by a sharp
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blow on the head and immediately frozen at -20°€ dobsequent analysis of chemical
composition. The fish were obtained from the Ursigr of Gottingen, Department of
Aquaculture and Water Ecology.

The other fifteen fish were individually stocked I2-L chambers of a fully computer
controlled respirometric system (Focketral. 1994).

The flow rates were adjusted to 0.3 L thiand the temperature was kept at 27°C. The light
cycle was set to 12/12 light/dark and water qualias analyzed once per week. Once weekly
the fish were weighed to the nearest 0.1 g andetb@ ration adjusted accordingly. After the
individual weighing the fish were kept for 5 to dfinutes in a bucket with well aerated water
while the respective respirometer chamber was elkaihe feed rations were calculated as
four times (14 g k§*® day") the daily energy maintenance requirement (3.5 %%iday") on
metabolic body mass basis.

A standard diet was prepared according to Tablehitiwalso served as control diet. The
different saponin fractions were added to the saeshdliet in different concentrations (Table
1) resulting in four saponin supplemented dietsést according to the included fraction and
its concentration, for example 60TS600 refers t® 8% methanol extractebrigonella
saponin eluate or fraction included at 600 ppm &/BA stands foBalanitessaponin. The
five diets were randomly assigned to the 15 chamipetriplicates.

Table 1: Ingredients of the basal and experimehéts and chemical composition of the standard diet

Diet
Ingredient Control 60TS30060TS600 80TS300 80BA300
Trigonella60% Fraction (mg kY 300 600
Trigonella80% Fraction (mg KY 300
Balanites80% Fraction (mg K§ 300
Fish med (g kg") 500 500 500 500 500
Whole wheat meal (g K9 420 420 420 420 420
Sunflower oil (g kg) 40 40 40 40 40
Vitamin premi¥X (g kg") 20 20 20 20 20
Mineral premix (g kg*) 20 20 20 20 20
Standard diet DM CA CP CL GE

(%) (9kg'DM)  (gkg'DM) (gkg'DM) (k] g'DM)

93.2 119 419 126 20.8

DM = dry matter, CA = crude ash, CP = crude prot€in = crude lipids, GE = gross energy
®Norwegian fish meal obtained from Wuerttembergistbetralgenossenschaft, Germany.
"Prepared after Gaye-Siesseggeal. (2004).

At the end of the eight week feeding period all erkpental fish were anaesthetized with
200 ppm MS 222, weighed, blood drawn from the chueéim and killed with a sharp blow to
the head. Afterwards, brain, liver and muscle sasiphere taken and stored on liquid
nitrogen for later gene expression analysis whike ¢arcasses were kept at -20°C for later
proximate composition analysis. For the chemicallysis the fish were chopped while still
frozen, autoclaved for 30 minutes at 120°C, homagehwith an Ultra-Turrax T25 (IKA-
Labortechnik, Staufen, Germany), refrozen and &erred. Water content was calculated by
difference from body mass at slaughter and dryenatiass after freeze drying. Basically the
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chemical analysis was conducted according to AOREDQ) on each individual fish. In brief,
dry matter was determined by drying over night tinstant mass at 105°C, ash was
determined by ashing over night at 500°C, crudel [{€L) was determined by a modified
Smedes method (Smedes 1999, Schlechteieah 2003). Crude protein (CP) was determined
using a C/N-analyzer (C/N VarioMAX, Elementar Ansgysysteme GmbH, Germany) and N
X 6.25 = CP. Gross energy was determined usingnabbcalorimeter (IKA C 700, IKA
Labortechnik, Staufen, Germany) and benzoic ac&tasdard.

Saponins were extracted from fenugreek seddsfdenum-graecuni.) seeds generally
according to Marston and Oleszek (2000). Ethantvbets were fractionated using a reversed
phase HPLC and different consecutive methanol/wsoditions (v/v, 40/60, 60/40, 80/20)
resulting in three saponin eluates or fractions gand 80%) of which the 40% eluate was
discarded. An 80% methanol extractBalanites aegyptiacavas produced by grinding 5 g of
seeds to a fine powder and mixing with 80% methawel night. Afterwards the extract was
centrifuged (5 minutes at 2400 g) and the supenbatallected and evaporated in a rotary
evaporator at 40°C. After another MeOH washing stegn 80% MeOH and subsequent
centrifugation the extract was washed with 10 mtabal, centrifuged, butanol phase
incubated over night at 6°C and next morning evafgor at 45°C. The material was dissolved
in aqua dest. and freeze dried before use.

Calculations
The following parameters were calculated as shown:

Metabolic Body Mass (MBM (K&f)
Metabolic Growth Rate (MGR (g K day?)

(Live body mass (g) / 1005}

Live body mass gain (g) / average metabolic
live body mass (K) / experimental period
(Dabrowskiet al. 1986)

100 x [(In final mass - In initial mass) / days
of experiment]

Specific Growth Rate (SGR (% d&y

Routine Metabolic Rate (RMR)
Energy Expenditure (EE (kJ))
Energy Retention (ER (kJ))
Metabolizable Energy (ME), (kJ)
EE (% of GE fed)

ER (% of GE fed)

ME (% of GE fed)

AUE (% of GE fed)
O, consumption (g) / protein gain (g)

EE (kJ) / protein gain (g)
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mean oxygen consummpiio 24 h (mg) /
metabolic body mass (k) x 24
Oxygen uptake (g) x864(kJ g O,
Huisman 1976)
Final gross energy @Jjsh — initial gross
energy (kJ) of fish
ER (kJ) + EE (kJ)
EE (kJ) x 100 / Feed energy int@de
ER (kJ) x 100 / Feed energy intgd
ER (kJ) + EE (kJ) x 100 / Feedrggyantake
(kJ)
100 - EE (%) - ER(%)
Total oxygemsamption (g) / total protein
gain (9)
Total EE (kJ) / totabfmin gain (Q)
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Protein Efficiency Ratio (PER) Live body mass g@h/ feed protein intake
(9)

Protein Productive Value (PPV (%)) Total proteimg@) x 100 / total protein fed
(9)

Apparent lipid conversion (%) Total lipid gain (g)LOO / total lipid fed (g)

Feed Conversion Ratio (FCR) Feed consumption (dayter) / live body

mass gain (g)

Radio-Immuno-Assay

Blood was drawn from each fish with a heparinizeohllsyringe from the caudal vein after
anaesthetizing the fish with 200 ppm MS 222. Tlaob8lwas centrifuged at 4°C and 2,500 g
for 5 minutes and the plasma was frozen at -20%C tlke determination of the plasma levels
of IGF-1 a fish IGF-1 RIA kit from GroPep [includinAnti Barramundi IGF-1 Polyclonal
Antiserum (Rabbit) and Recombinant Barramundi IGf-dtes calcarife)] (catalogue nos.
PAF1 and YU100 respectively) was used following tresic methodology of Claus and
Weiler (1996) with some minor changes.

Isolation of total RNA

Extraction of total RNA from brain (including pitary), liver and muscle tissues of Nile
tilapia was carried out using TRIzol® Reagent (€&896-026, Invitrogen, Germany)
according to the manufacturer’s instructions witinen modifications. Tissue samples were
homogenized in 1 ml of TRIzol® Reagent per 50 mghaf tissue. RNA was dissolved in
diethylpyrocarbonate (DEPC)-treated water.

Total RNA was treated with 1 unit of RQ1 RNAse-filedlAse | (Invitrogen, Germany) to
digest DNA residues, re-suspended in DEPC-treatediterw and quantified
photospectrometrically at 260 nm. Purity of tottNARwas assessed by the 260/280 nm ratio
which was between 1.8 and 2.1. Additionally, intiggwas assured with ethidium bromide-
stain analysis of 28S and 18S bands by formaldehgd&ining agarose gel electrophoresis.
Aliquots were used immediately for reverse traqgmn (RT) otherwise they were stored at
-80°C.

Reverse transcription (RT) reaction

The complete Poly(A)RNA isolated from Nile tilapia tissues was revetsmscribed into
cDNA with a total volume of 20 pl using RevertAttiFirst Strand cDNA Synthesis Kit (MBI
Fermentas, Germany) according to manufacturersuictgins. The RT reaction was carried
out at 25°C for 10 min, followed by 1 h at 42°Cddmished with a denaturation step at 99°C
for 5 min. Afterwards the reaction tubes containRig preparations were flash-cooled in an
ice chamber until subjected to DNA amplificationings the quantitative Real Time
polymerase chain reaction (RT-gPCR).

Quantitative Real Time-Polymerase Chain Reaction (R-gPCR)
An iQ5-BIO-RAD Cycler (Hercules, CA, USA) was useddetermine the Nile tilapia cDNA

copy number. PCR reactions were set up ingR5reaction mixtures containing 125
1x SYBR® Premix Ex TagTM (TaKaRa, Biotech. Co. )td0.5 pL 0.2 uM sense and
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antisense primers, 6|4 distilled water, and %L of cDNA template. The reaction program
was allocated to 3 steps. First step was at 95f6fG3 min. Second step consisted of 50
cycles in which each cycle divided to 3 sub-stépsat 95.0°C for 15 sec; (b) at 60°C for 30
sec; and (c) at 72.0°C for 30 sec. The third stapsisted of 71 cycles which started at 60.0°C
and then increased about 0.5°C every 10 sec up.@®. At the end of each RT-gPCR a
melting curve analysis was performed at 95.0°Check the quality of the used primers.
Each analysis included a non template control.

The sequences of specific primers of the genes asddsequence references are listed in
Table 2. The quantitative values of RT-gPCR of GBIF-1 and their receptor genes were
normalized to the bases [®factin gene expression.

Table 2. Primer sequences used for RT-gPCR

i Sequence references
Gene Primer sequence (5-3))

GH F: GAACTG ATG CCAGCC ATG A Ber and Daniel (1992)
R: AGC TAC AGAGTGCAGTTTG

GHR-1 F: CCA TCA GAT GAG CAACTT CTG AAAAGT Jiaoet al. (2006)
R: ACT TCC TGG TGAATC AGC CTT A

GHR-2 F: CAC AGACTT CTACGC TCAGGT CA Kajimuraet al. (2004)
R: TGA GTT GCT GTC CAG GAG ACA

IGF-1 F: GTC TGT GGA GAG CGAGGC TTT Schmidet al. (2003)
R: AAC CTT GGG TGC TCT TGG CAT G

IGF-1 R, F: CTAAGGGCGTGGTTAAGCAC Greene and Chen (1999)
R: TTGTTGGCGTTGAGGTATGC

IGF-1 R, F: AGG GAC GAG CCA GAG ACG Greene and Chen (1999)
R:TTC AGA GGA GGG AGG TTG

B-actin F: GTG ATG TGA CGC TGG ACC AAT C Hwanget al. (2003)
R: CCATGT CAT CCC AGT TGG TCACAAT
aF: forward primer; R: reverse primer.

Statistical Analysis

All data was analyzed using SPSS version 10.0 (EBRES, Chicago, IL, USA). All data is
presented as mean + SEM if not stated otherwisete$bfor homogeneity of variance a
Levene test was applied while the test for normigkridution was conducted with a
Kolmogorov-Smirnov test. To test for significantfdiences between the groups all data was
subjected to an ANOVA with a subsequent Scheffét-pos test. Pearson’s correlation
coefficient was used to check for correlations agnparameters. Statistical significance level
was p < 0.05.
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Results

Observations, growth performance, oxygen consumptioand nutrient utilization
All fish accepted the respective diets and ateptioeided feed during the first two minutes.
No abnormal behavior or signs of stress were oleserv

Table 3: Initial and final proximate chemical argdyof control and experimental fish on fresh nratte
basis.

Initial group  Control 60TS300 60TS600 80TS300 83BA.
Crude protein (%) 11.80.17 152+050 15.1+0.15 153+0.21 14.8280.15.3+0.10
Crude lipids (%) 3.3%£0.10 6.9+0.28 6.8+018.16036 6.3+£0.28 6.2+0.62
Crude ash (%) 4.0+0.12 45+014 44+010 #HMO7 44+011 44+0.11
Dry matter (%) 229+0.19 27.4+1.06 27.1+0.126.1+0.23 259+0.37 26.1+0.80

Gross energy (kJ4j) 4.51+0.12 6.08+0.35 594+0.12 5.62+0.1863+0.20 5.67 +0.24
values are expressed as mean + SEM, n=3

Over the experimental period all groups gained Iantyiin protein, lipids and subsequently in
energy (Table 3). Fish fed with either control @T6300 feed showed a numerically higher
apparent lipid conversion compared to the otheosiapfed groups (Table 4).

Fish fed with 60TS300 grew numerically best in temh body mass gain and final body mass
compared to all other groups. The other saponin gexips showed the lowest growth
response while the control fed fish grew closen®@0TS300 group (Table 4).

Table 4: Growth performance, nutrient utilizatiomddGF-1 plasma levels of tilapia.

Control 60TS300 60TS600 80TS300 80BA300
Initial body mass (g) 19.2+0.34 18.9 +0.32 180.26 18.9+0.41 19.3 +0.06
Final body mass (g) 52.0+6.25 54.0+6.21 442317 45.8 £ 4.93 47.0+£3.04
Body mass gain (g) 32.8+6.03 35.1+6.38 25.6442 27.0+5.09 27.2+2.98
Growth (%) 270+29.3 286 +35.0 238+14.8 2447192 243 +15.0
SGR (% da')}) 1.75+£0.19 1.85+0.23 1.54+0.11 1.56 £0.22 .58% 0.11
MGR (g kg€ day™) 6.47+081 6.86+098 552+044 566+0.88 .745 0.46
Feed conversion ratio 1.13+0.13 1.12+0.17 *8309 1.35+0.22 1.31+0.10
Protein efficiency ratio 2.17+0.29 2.21+£0.29 81+0.13 1.85+0.27 1.85+0.14

Protein productive valuge) 34.4 +3.33 34,7 +4.29 295+1.31 28.6 £3.16 .0301.98

Apparent lipid convers. (%) 62.5+7.04 62.1+4.6646.3+5.43 485+2.13 47.8+5.18

Feed intake (g DM) 35.6+1.76 37.3+2.20 33.6%20 34.3+1.95 35.5+1.18

IGF-1 plasma level (ng M) 23.8 +2.68 23.1+3.63 22.5 + 3.46 25.3£2.29 3.525.65
values are expressed as mean + SEM, n=3

The same results can be observed in all measumctaoulated growth performance and
nutrient utilization parameters. Fish fed with 6308 always showed better or equal
numerical values compared to the control group eviile 60TS600 group exhibited the
lowest performance. Strong positive correlationseneund between feed utilization (FCR,
PER and PPV) and growth performance (MGR, SGR, RFBMBMG) (p < 0.01).

Somewhat different to the growth and nutrient zdition performances was the oxygen
consumption. It was highest for fish fed with 60§ ky* of the 60%Trigonella fraction fed
fish while it was lowest in fish fed with only 300g kg* of the same fraction. It can be seen
from Fig. 1 that the oxygen consumption in the 6600 treatment increases from week 4
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onwards together with a dramatically increasingnégdéad error of mean. This is caused by a
dramatically increasing oxygen consumption of agy@icate in the respective treatment. The
control and the other two saponin fed groups hadxygen consumption between those two
groups (Fig. 1). The oxygen consumption per gramprotein gain was lowest for fish fed

with 60TS300 followed by control fed fish, whilewas highest for fish fed with 60TS600

(Table 5). Logically, a similar result is gained the heat dissipation (energy expenditure)
since it is calculated from the oxygen consumpiidnisman 1976). Negative correlations
were found for the energy expenditure per unit aftgin gain and growth performance

(MGR, SGR, FBM and BMG) showing that lower oxygesnsumptions resulted in higher

growth performance (p < 0.05).

450 -—{ —s—Control — G0TS300 ---&-- 60TS600 80TS300 —m - 80BA300 }7

400

350

300 A

250

200

150

RMR (0z (mg) kg®® h™)

100

50

Week

Figure 1: Average weekly routine metabolic raterote experimental period. Values are
presented as mean £+ SEM, n =3

Gene expression and IGF-1 plasma level

Expression of GH in brain and pituitary was higHestfish fed 60TS300 followed by control
while the other saponin fed groups showed a sigamtly reduced expression of GH. A
similar result was obtained for the expression BIR=2 expression in brain and pituitary but
not in liver and muscle tissue. IGF-1 expressios significantly lower for all saponin treated
groups compared to control except 60TS300 whichmwaserically even higher than control.
No differences were found between groups and tsssuexpression of GHR-1, IGF-1,Bnd
IGF-1 R,. and between plasma levels of IGF-1 (Fig. 2 andE&pression levels of GH did
strongly correlate to growth related parameters BMG (r = 0.99, p < 0.01), MGR (r = 0.99,
p <0.01), SGR (r = 0.99, p < 0.001), nutrientizdition parameters like FCR (r = -0.98, p <
0.005), PER (r=0.98, p < 0.005), PPV (r = 0.9% p.01) and ER (r = 0.96, p < 0.01).
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Similar correlations but not as strongly pronouneesie found between expression of IGF-1
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and performance related parameters (see Table 6).
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Figure 2: Expression of GH in brain and pituitandaH receptors 1 and 2 in brain & pituitary, liver

and muscle, respectively. Values are presenteceas mSD, n = 3,

p<0.01

* =

To our knowledge, this is the first experiment wher traditional growth trial has been

combined with proximate composition analysis,

Discussion

respetry and gene expression to evaluate

the effects of supplementation with saponin fration Nile tilapia. Furthermore this is the
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T T T T
Control 60TS300 60TS600 80TS300 80BA300

IGF-1 R, expression

1.0 4 ‘ Brain & Pituitary O Liver 8 Muscle

Control 60TS300 60TS600 80TS300 80BA300

IGF-1 R, expression

3

Control 60TS300 60TS600 80TS300

0BA300

Figure 3: Gene expression of IGF-1 in liver and {GFeceptors a and b in brain & pituitary, liveidan
muscle, respectively. Values are presented as m&nh n =3, *=p < 0.01

first time that saponin extracts have been fraetied to be tested as possible natural growth
promoters.

While the observed differences between growth, erygonsumption and proximate
composition between control and treatments were statistically significant due to low
number of replicates (which is limited by the numbg&boxes of the respirometer system),
the expression of GH, GHR-2 and IGF-1 showed sicanit differences between treatments.
The expression of GH in the pituitary and brain #melexpression of IGF-1 in the liver were
significantly reduced for all saponin treatmentsept 60TS300 which had numerically even
higher expressions of these genes than the comrolur experiment the expressions of GH
and IGF-1 genes directly reflected the overall penfance including the growth rates and the
various evaluated feed utilization and metabolicapeeters of the respective treatments. All
results point towards a performance depressiofi Baponin supplemented treatments except
the 300 ppm supplementation with the 60% metharaatibnated saponin eluated from
foenum-graecumseeds. High expression levels of GH and IGF-1 geresulted in
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numerically highest growth rates and best nutnigitization while significantly reduced gene
expressions of GH and IGF-1 resulted in numericldlyest growth and inferior nutrient
utilization.

Table 5: Energy balance for all five groups.
Control 60TS300 60TS600 80TS300 80BA300

Initial fish GE (kJ) 86.8+1.5585.4+1.43 84.3+1.15 85.1+1.85 87.0+0.29
Final fish GE (kJ) 314+324 321+38.3 249+16.256+18.9 265+11.5
Ingested feed GE (kJ) 739+36.6 775+456 69811 711+405 738+24.4
ER (kJ) 227 +£32.0 235+38.8 165+17.3 171+191778+11.4
EE (kJ) 201 +32.7 186+20.7 258+59.2 198+12107 +4.35
ME (kJ) 429 +64.7 422+54.7 423+459 369+ 155376+ 14.6
AUE (kJ) 310+ 30.7 353+9.25 275+64.9 342 +735.362+15.7
ER (% of GE fed) 30.5+2.8530.0+3.45 23.6 £2.04 23.9+1.66 24.2+1.23
EE (% of GE fed) 27.0+3.1423.9+1.63 37.5+9.68 28.2+2.14 26.8+0.29
ME (% of GE fed) 57.5+5.9953.9+4.11 61.1+8.46 52.1+2.57 50.9+1.24
AUE (% of GE fed) 42.5+5.9946.1 +4.11 38.9+8.46 47.9+257 49.1+1.24
Cons. Q(g) / protein gain (g) 2.61 +0.132.36 £+ 0.26 4.34 +1.30 3.45+0.74 3.00 £ 0.23
EE (kJ) / protein gain () 38.7+1.9385.0+£3.87 64.5+19.4 51.2+11.0 44.6 +3.48

Gross Energy (GE), Energy Retention (ER), Energyeixliture (EE), Apparently Unutilized Energy
(AUE), Metabolizable Energy (ME) and Oxygen Constiomp and Energy Expenditure per gram
Protein gain. Values are expressed as mean + SENM, n

Generally an over-expression of GH in transgersh fiesults in significantly higher growth
rates as reported for coho salmon (Dewinal. 2004), Atlantic salmon (Det al 1992),
Arctic charr (Pitkaneret al 1999), rohu (Venugopat al 2004), common carp (Hinits and
Moav 1999), channel catfish (Dunhagh al 1999) and Nile tilapia (Rahman and Maclean
1999).

In anin vitro study it has been shown that saponins extracted ffenugreek significantly
stimulated GH release in rat pituitary cells. Thesinpotent substance proved to be a crude
methanol extract of. foenum-graecun~ 22-fold higher GH release compared to control)
while dioscin (~18-fold) and fenugreek saponin 13-fold) where also highly potent (Shim
et al 2008). Although no direct growth promotion wasetved in GH transgenic tilapia, a
significantly improved feed utilization was repattey Martinezt al (2000). The differences
between the different treatments compared to chnélthough we did not measure GH
release, were far less pronounced as the aboveamedtresults. Feeding common carp with
150 mg per kg diet for eight weeks with cruQeillaja saponariasaponins resulted in
significantly increased final body mass and impbwexygen consumption while a similar
effect was yielded in tilapia when the saponinus@n level was raised to 300 mg-kdiet
(Franciset al 2001b, 2002 a, b). The two main differences betwihose experiments and
our experiment where the nature of the saponin®rma side and the degree of saponin
fractionation on the other sid€. saponariasaponins are of triterpenoid nature (Guo &
Kenne 2000) whilel. foenum-graecuniMarker et al. 1947, Murakamet al 2000) andB.
aegyptiaca(Marker et al 1947, Dawidar and Fayez 1969) saponins are obidad nature.
The goal of this experiment was to test if sapodiesved from two common and widespread
Middle Eastern plants can be used as environmgrtahdly growth promoters. To do so a
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Table 6: Pearson’s correlation coefficients foestdd growth and nutrient utilization parameterd fmn gene expression. * = p < 0.05,

** =p<0.01
BMG (%) ER (%) EE (%) PPV (%) PER MGR SGR 02 g™~ CP gain FCR GH expr. (brain&pituitary)

BMG (%) -

ER (%) 0.945* -

EE (%) -0.685 -0.601 -

PPV (%) 0.945* 0.983* -0.562 -

PER 0.979** 0.991* -0.647 0.978** -

MGR 0.997* 0.955* -0.702 0.960** 0.984** -

SGR 0.997* 0.951* -0.677 0.961** 0.981** 0.999** -

02 g'l CP gain -0.835 -0.808 0.946* -0.789 -0.831 -0.859 -0.840 -

FCR -0.955* -0.991* 0.583 -0.998** -0.988** -0.968** -0.967** 0.801 -

GH expr. (brain&pituitary) 0.990** 0.959** -0.592 0.972* 0.983* 0.990** 0.993* -0.780 -0.976** -

IGF-1 expr (liver) 0.920* 0.897* -0.679 0.826* 0.924 0.904* 0.895* -0.774 -0.855 0.888*
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fractionation was conducted with the future goalmimd to identify and purify a single
compound responsible for a growth promoting efi@etexperienced in the experiments of
Francis and his colleagues. However, evidencesettist the biological activity of saponins is
not the consequence of one single biologicallyvacgaponin or sapogenin which can be
extracted and purified but rather that saponin uneg exhibit the highest biological activity.
As mentioned above, the highest release of GH trpitaitary cells was measured after
stimulation with crude methanol extract derivedirtenugreek (Shiret al. 2008) and Kamel

et al (1991) showed that single saponins derived fBoraegyptiacashowed no anti-diabetic
activity while different mixtures of single extract saponins showed significant anti-diabetic
activity. Also Francist al (2001b, 2002a, b) used cru@eaillaja saponin mixtures yielding
far more pronounced effects than we observed inegperiment. Nevertheless we found a
tendency that certain saponin fractions were lesgindental for growth and nutrient
utilization (60% methanol fraction) while anotheadtion of the same plant seemed to exhibit
stronger anti-nutritional activity (80% methanoladtion) when applied in the same
concentration of the diet. Furthermore the conegioin of the saponin matters since 600 ppm
of the 60% MeOH extract from Fenugreek in the glietded similar bad results as 300 ppm
of the 80% MeOH extract from Fenugreek. The vamamt the oxygen consumption
experienced in the 600 ppm treatment of the 60% ek methanol fraction is starting to
increase from the™week onwards. The cause is a strongly increasiygem consumption
of a single fish while the other two fish’'s metabaiates only increase slightly which could
be explained by increasing body mass. That migimt powards a rising inability of the fish’s
metabolism to cope with higher amounts of this sfgegaponin fraction.

Despite a potential application of saponins as gngwomoter in aquaculture they might also
be used to influence the sex ratmovivo. This is especially interesting for tilapia sinte
commercial tilapia production depends on male mexasiltures which are at the moment
mainly produced by application of a synthetic agéig 17e-methyletestosterone.
Commercial extracts ofribulus terrestris known as Gokshura, had a significant effect on
sex ratio and in the highest dose also on growtthefAfrican catfishClarias gariepinus
(Turan and Cek 2007). Furthermore, the same exivastable to increase the sex ratio of
male convict cichlidsGichlasoma nigrofasciatun{Ceket al 2007).

Gokshura is reported to be rich in steroidal sap@but with varying compositions depending
on origin (Dinchewet al 2008).

Up to now only very little attention has been paiceffects and potential of saponins as feed
additives in aquaculture feeds. While saponinsimarase in terrestrial livestock feeds for
example to control ammonia and odor (Cheeke 1989) are generally still considered anti-
nutrients for aquatic animals.

We conclude that the saponin fractions derived fféenugreek and the desert date in the
applied concentrations are no possible alternatore prohibited antibiotics as growth
promoters in Nile tilapia production. However, ataan potential as growth promoter might
be found in the 60% MeOH saponin fraction from Fgeek or in crude saponin extracts and
that the effects of the saponins are likely to ®mecentration depending.

More studies are needed to test a possible optimigtary concentration of that saponin
fraction (60TS). Furthermore, the decreased pedoce of other saponin treated fish,
including the higher concentration of 60TS, poimntsvard anti-nutritional effects. The
combined results are in good coherence since higkession levels of GH and IGF-1 genes
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positively correlated with parameters related towgh, nutrient digestion and metabolic
efficiency.
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General discussion and conclusion

In the work presented here, tilapia diets were Rippnted with commercial and small-scale
extracts of saponins, saponin fractions or eluated,sapogenins. The goals of the work were
twofold. Firstly to test whether these supplemerdgrs be used as a replacement foral7-
methyltestosterone (MT) to inhibit reproductioniovert the sex ofOreochromis niloticus
and secondly whether they can act as growth prasiote

Due to the potential of MT to masculinize or havihen negative impacts on aquatic
organisms (fish, Gomelsky et al. 1994, Abucay & M&97, Hulak et al. 2008; invertebrates,
Oehlmann & Schulte-Oehlmann 2003, Crane et al. PG&& to its carcinogenicity
(Velazquez & Alter 2004) it would be highly desilabf the tilapia industry could find a
plant-derived “green” alternative for MT. The traidefish and other animals fed during their
production phase with hormones (among certain @dditives) is prohibited in the European
Union (EU) since 2006 (EC 1831|2003). The poterdmhger for consumers of MT sex-
inversed Nile tilapia seems to be rather small. @d®et al. (1986a, b) fed tilapia with a diet
containing radiolabelled MT. When they switched tfigh to a non-treated diet, the

radioactivity decreased exponentially until, afedr days, only 5 ng MT'btissue remained
(< 1% radioactivity of the initial radioactivity Vel).

However, in the EU, the consumer’s acceptance pftgoe of hormone, anti-biotic treated
animal product or genetically modified organismgenerally very low. The production of
hormone free tilapia fillets could therefore resnla considerably increased acceptance.

An influence ofQuillaja saponariasaponins on sex ratio, growth, nutrient utilizatiand
metabolic performance was reported by Francis et(2001a, 2002a, b, ¢). The main
differences between the work performed by Franedé @lleagues and that conducted in this
study are the plant species from which the sapowiese derived and the purity of the
saponins themselves. During this study saponinse vextracted from either fenugreek
Trigonella foenum-graecunor Quillaja saponariaand afterwards fractionated by HPLC
while Francis et al. (2001a, 2002a, b, c) used cerially available saponin mixtures (S
2149, Sigma-Aldrich Chemie GmbH, Steinheim, GermaBgponins fronQ. saponariaare
predominantly of the triterpenoid type (Bankeforsile 2008) while the ones froiih foenum-
graecumare steroidal (Marker et al. 1947, Murakami e@D0).

Effect of saponins on sex ratio, gonad histology drreproduction

Four experiments (Chapters 2-5) were conductedhiotwthe effects of saponin fractions and
a commercially available sapogenin on sex ratipraguction and gonad histology of Nile
tilapia were tested. The saponin fractions wereivddr from Quillaja saponaria and
Trigonella foenum-graecunDiosgenin, a pure commercial steroidal sapogevhich was
also applied, is the aglycone of dioscin, a sapqrsent in, among other$, foenum-
graecum(Marker et al. 1947). Except for the experimentcdégd in chapter 2 no influence
of saponins or the sapogenin on the sex ratio wbkserved. In the experiment described in
chapter 2, two fractions were found to have a §igant influence on the sex ratio of mixed
sex Nile tilapia. These were the 60% and 80% methaluated fenugreek saponins, each

included at a level of 150 mg Kgliet.
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In chapter 3 a similar fraction, the 90% methardobhi&d fenugreek fraction and diosgenin

were applied in the same and higher concentraiipb8 mg kg1 and 300 mg k'é) but this
time with higher stocking densities and considegrainicreased total sample sizes. No
statistically significant influences on sex ratiwsre found but large variations in sex ratios
among the replicates of the same treatment werenadxs with marked masculinization in one
replicate and feminization in another. Histologiaaklysis was done for sub-samples of these
remarkable replicates but no differences betweenisgens from treatments and control were
found. In chapters 4 and 5 genetically female idaprovided by the Hebrew University of
Jerusalem, Department of Animal Science at the RdtheSmith Faculty of Agriculture in
Rehovot, were used for the experiment. No staéiyicsignificant difference was observed
between saponins extracted from foenum-graecumdiosgenin and commerciaD.
saponariasaponins and the negative controls. It must tbeeebe assumed that the effects
observed in chapters 2 (significant differencesvieen two treatments and control) and 3
(high variation in the same treatment but diffenaqlicates) were random effects caused by
inhomogeneous initial stocking of the mixed sexapia fry at the beginning of the
experiment.

For a statistical evaluation of the influence op@ains on reproduction too little data is
currently available. Of the three females obserspeawning in the experiment described in
chapter 4, all three were fed with saponins eldtech T. foenum-graecumHowever, no
statistical evaluation would be possible with tliaited data. Results presented in chapter 5
suggest that commerci@l. saponariasaponins had no influence on reproduction.

Very few publications exist in which saponins, sapcextracts or sapogenins have been used
to sex inverse or otherwise influence reproductionfish or tilapia. The herblribulus
terrestrisis rich in steroidal saponins (Kostova & Dinché03) the nature of which depends
on their origin (Ganzera et al. 2001). Extracts oterrestrishave been used to masculinize
convict cichlidsCichlasoma nigrofasciaturand African catfisiClarias gariepinus Turan &
Cek (2007) boiled commercially available extractsTo terrestrisin water and added the

resulting solution to water in aquaria to give aemtecations of 0, 0.1, 0.2 and 0.3 g bf the
original extract.C. nigrofasciatummixed sex fry were raised in each aquarium (35 per
aquarium, three replicates) from three days afatching. All tested concentrations resulted
in a significantly higher percentage of males coragdo the control. The highest number of
males occurred in the highest concentration (Cekl.e2007). A similar experimental setup

with higher concentrations (0, 3, 6 and 9 )Lwas used to test the influenceTofterrestris
extract on sex ratios of one day old mixed sexHiags of C. gariepinus All treatments
resulted in a significantly greater number of malempared to the control with the highest
numbers of males in the highest concentrationsafT & Cek 2007).

Effects of saponins on growth, nutrient utilizationand metabolic performance

Improving growth and nutrient utilization is notaessarily simply a matter of boosting the
growth of the fish. Improved nutrient utilizatiometabolic performance and improved health
compared to control diets are also desirable effetta feed additive for aquaculture. An

increased production with the same input or theesgnoduction with reduced input both

improve the productivity and commercial viabilitfyan aquaculture operation.
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In comparison to Francis et al. (2001a, 2002b, @)significant differences for growth,
nutrient utilization and metabolic performance bew control and any fish fed with saponin
fractions, either fronT. foenum-graecurar from Q. saponariawere found in carp or tilapia.
However, several remarkable results were found istargly in the different experiments
described in chapters 5-8. In all fish fed with #@/60% (v/v) methanol/water eluated
fenugreek saponin fraction, the evaluated param&tere numerically inferior to those of the

control or other saponin fed fish. In carp, a seppntation level of 150 mg l%g:iiet of the
60% fenugreek saponin fraction led to numericallgesior growth and performance (chapter
6) while the same concentration of the same elledein tilapia to similar growth and
performance compared to control fed fish (chapjeRaising the concentration of the 60%

fenugreek saponin fraction to 300 mg'lkg;ed to numerically improved growth and

performance of tilapia. Further increase of thee#action to 600 mg k'bdiet resulted again
in inferior performance compared to the controlafuier 8). The 80/90% methanol fraction
derived from fenugreek (during the course of thejgmt the eluent concentration of the
methanol/water mixture was changed from 80/20 nmetthaater to 90/10 methanol/water)
showed numerically slightly improved values of femshversion, protein and lipid utilization
in only one experiment but in the other two expemts its performance was equal or inferior
to control fed fish. The 80% saponin fraction dedv¥romQ. saponaria which showed the
highest aromatase inhibition vitro (Golan et al. 2008), led only to results similkathose in
control fed fish. The reported advantages of dyesaipplementation with crudg. saponaria
saponin mixtures (Francis et al. 2001a, 2002a) Im carp and tilapia could not be observed.
This finding indicates that different fractions thie Q. saponariaeluate are responsible for
inhibition of aromatase and for the effects on gfoand metabolism. These ‘fractions’ may
be either different single saponins or combinatbsaponins.

Combinations of single, previously extracted sapsnirom the target plants resulted in
synergistic effects as described in Shim et alo®@&nd Kamel et al. (1991) far. foenum-
graecumandB. aegyptiacarespectively.

Results from the experiment at the Jericho fieddi@h (chapter 5) show a significantly higher
growth of all female fish continuously fed with eude saponin mixture fror®. saponaria
containing around 25% sapogenin. In comparisoih, fiegl continuously witlQ. saponaria
saponins containing around 10% sapogenin did noiv s similar response nor did fish fed
short term (for the first 28 days after hatchingghveither saponin mixture.

A significantly reduced oxygen consumption per gr@nody mass gain has been found by
Francis et al. (2002c) . carpio fed for eight weeks with a commercially availalie
saponaria saponin mixture. Common carp fed with a diet cioig 150 mg kg of
fenugreek saponin eluted by 60 % methanol showedumerically but statistically
insignificant reduction in oxygen consumption peairg of protein accretion compared to the
control (chapter 6) while tilapia fed with the sanfenugreek fraction in the same
concentration had a numerically but also insigaificincrease in oxygen consumption per
gram of protein accretion (chapter 7). In contrasliet supplemented with 300 mg']kgf the
same eluate resulted in a numerically reducedddsumption per gram protein gain in Nile

tilapia while a concentration of 600 mg'kgf diet resulted again in a numerically increased
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O, consumption per gram protein gain compared torobf{thapter 8). These results clearly

show a concentration dependent reaction of the tishaponin supplementation and point
towards a beneficial effect of saponins on proteinover.

Mode of action of saponins

Probably the most interesting but also the modicdit question often asked at conferences
is, “How do saponins work?”. That question is ateé@ which can not be answered easily or
probably answered in this context at all. One efgiloblems is the high diversity of saponins.
In Quillaja saponariaalone at least 38 different triterpenoid saportiage been described
(Guo & Kenne 2000, Bankefors et al. 2008) andiigonella foenum-graecurat least 19
different steroidal saponins have been isolated @ratacterized (Murakami et al. 2000).
Another major difference between the two plantdusering the course of this thesis is the
structure of their aglycones. IQ. saponariathe aglycone of the different saponins has a
triterpenoid structure whil&. foenum-graecurhas a steroidal one.

The inclusion of a single methyl-group at the"1z-atom througha-alkylation instead a
hydroxyl-group makes the difference between oraltyive (17e-methyltestosterone) and
orally inactive (testosterone) androgens (Shahidd1). Single saponins might have a
beneficial or desired effect on fish growth, nuitieutilization, nutrient retention or
reproduction, while another pure saponin from thme plant, present in the same extract
might have a detrimental effect. Therefore thevitlial saponins present in a saponin extract
and their relative quantity might cause beneficaldetrimental effects, or the effects may
even cancel each other out. The idea during thidystvas to isolate fractions specifically
responsible for beneficial (on growth or reprodoic})i or detrimental effects using HPLC
fractionation of crude methanol extracts of maifdly foenum-graecunbut also ofQ.
saponaria Results in chapters 6 and 7 show that saponatidres eluated fronT. foenum-
graecumwith 40/60 (v/v) methanol/water yielded numerigalhferior effects on growth,
nutrient utilization and metabolism. Those elutathw0/40 (v/v) methanol/water (chapters 6
and 8) gave results that are numerically supedahé control. This implies that groups of
saponins with similar chemical characteristics picEd similar biological effects, either
beneficial or detrimental.

Saponin fractions fror®. saponarig/Golan et al. 2008) anb. foenum-graecurfunpublished
results) had inhibiting effects on the enzyme ataswin vitro which usually leads to
masculinization (Kwon et al. 2000, Afonso et al02)) The degree of masculinization after
administration of non steroidal aromatase inhilit@ generally concentration and time of
application dependent (Afonso et al. 2001, Gad. &x(4.0).

One big difference between the vitro (conducted by the Israeli partners) aindvivo
experiments described in chapters 2-8 was the mbdgplication. In thén vitro experiments

a direct contact of the test substance with thgetatissue took place, while in tl vivo
experiments the test substances were applied \Wweghfeéed. In this case, therefore, the
saponins had to pass the stomach and had probedtydhemically altered due to the low pH
of around 1.4 to 1.5 in Nile tilapia stomachs (Gbtawv 1989) before reaching the intestine.
Furthermore they had to pass the intestinal menebbafiore being absorbed into the blood.
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Unpublished results seem to show that saponinsrasteied to Nile tilapia via the feed have
afterwards been found in the blood of the fish, alhshows that saponins can in fact pass
through membranes.

Some published studies point towards more compiegven systemic modes of action. A
large increase in growth hormone (GH) secretiomabfpituitary cellsin vitro was reported
after stimulation with a crude methanol extractfariugreek (22-fold increase compared to
control) and with dioscin, the saponin that hassgemin as aglycone (18-fold increase
compared to control) (Shim et al. 2008). Otheregsingle saponins or sapogenins did not
have similarly marked effects on GH secretion, pkder one newly identified saponin,
fenugreek saponin | (Shim et al. 2008). These teswidicate systemic effects. Crude
methanol extract affects GH secretion the mostatitbugh dioscin seems to cause a great
part of that response, unknown factors presenthm methanol extract appear to act
synergistically so that the effect of dioscin isreased even more. Similar results have earlier
been reported for dioscin extracted from anothposen rich plantDioscorea batatasThe
70% methanol extract led to the greatest increageH secretionn vitro (rat pituitary cells)
and in vivo (after intravenous injection). Thi@ vitro increase was 10-fold compared to
control while thein vivo GH-release was doubled compared to control (Leal.e2007).
Saponins extracted fromalanites aegyptiagaa saponin rich plant commonly called desert
date, were tested for their anti-diabetic efficen€ompounds previously extracted and
isolated fromB. aegyptiacand orally administered to streptozotocin indudedbetic mice in
varying combinations produced the greatest redacto blood glucose when all of the
isolated compounds where used. No anti-diabetiecefivas found when single compounds
were administered (Kamel et al. 1991).

Effects of the same compoun@, saponariasaponins, reported by Francis et al. (2001a) on
growth and nutrient utilization on the one hand agpd-rancis et al. (2002a) on the sex ratio
of Nile tilapias on the other indicate the presewntetypical anabolic-androgenic effects
commonly produced by androgens (Shahidi 2001). Themerally exhibit two effects
simultaneously, by being anabolic (growth promatiragnd androgenic (promoting male
sexual characteristics or changing sex completdifese effects can not be completely
separated from one another since both are mediatethe same receptor, the androgen
receptor (AR). However, at supraphysiologic leveladrogens might exert their anabolic
effects by interaction with glucocorticoid receptdhereby decreasing protein catabolism
(Shahidi 2001). Furthermore, differences also arishe intensity of these effects relative to
each other with some hormones acting in a moreogedic than anabolic manner while
others show the opposite behaviour. The effect tefo&l hormones on genital tissues,
secondary sex organs and extragenital tissuessvgrieatly between species and is also
dependent on concentration, treatment durationraade of application (Kochakian 1961,
1975, Shahidi 2001). Testosterone for example ipatwelly inactivated after oral
administration through oxidation of the B#ydroxy group, but if C17 undergoes
alkylation the product, l1@Methyltestosterone, becomes orally active and tepa
degradation is inhibited (Shahidi 2001).

In the long term experiment described in chaptenly a growth promoting effect was found
and that solely in the diet containiQy saponariasaponin with 25% sapogenin content. No
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males and therefore no sex inversion were obsetuedg the one year period of culturing,
implying that the observed effects are likely nadiated through the androgen receptor and
are therefore not androgenic-anabolic effects.

A beneficial effect of saponins not so far mentng a potential immunostimulant effect.
Some saponins, especially those extracted f@ansaponaria are known to form Immuno
Stimulatory Complexes (ISCOMs) and are widely usedvaccinations for humans and
animals (Barr et al. 1998, Pham et al. 2006) alghoit seems that the effect on fish is
significantly less pronounced than that on humé&nar(cis et al. 2002d).

CONCLUSION

In general saponins have been regarded as angimigtin fish nutrition (Bureau et al. 1998,
Francis et al. 2001b). During this study is wassae to back up previous results published
by Francis et al. (2001, 2002a, b, c) showing atdietary concentrations of saponins can
not generally be regarded as antinutrients. Thrduggttionation of thel. foenum-graecum
saponins it was possible to provide informationveng that certain fractions act in a more
detrimental manner while others can be consideed@ential growth promoters. The
saponin fractions used in the present series okraxpnts were administered as food
additives in various concentrations but under tloeselitions, none proved to be suitable as a
plant derived substitute for Ilo-methyltestosterone either for the production oflena
monosex cultures of Nile tilapia or as an inhibitf reproduction in mixed sex tilapia
populations. On the other hand, the observed sffeat growth, nutrient utilization and
metabolism proved more promising (though a trifledbgguous) and should be investigated in
greater detail to evaluate a potential application these fractions as feed additive for
aquaculturally valuable species. Ongoing resednclld also include investigations into the
effects of saponins on gut flora and the immuneaesys Although saponins are naturally
occurring secondary compounds in plants, theirfigation, concentration and application in
fish feeds might have negative impacts on the enwient or on the health of farm workers.
If, in the future, potent saponin extracts are ipti use, a prerequisite would be to conduct
studies to ensure that they are non toxic and enrientally harmless.
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Summary

Summary

The future role and importance of aquaculture far world food supply is more and more
recognized by the public. High quality feed for sémtensive and intensive aquaculture
operations are necessary to guarantee a futurenaons growth of fish production. Nutrient
utilization efficiency has in the past been augredrity addition of feed additives, mainly
anti-biotics and hormones. That practice is prakibiin the European Union sinc& f
January 2006 and the consumer acceptance of peopliortuced in that way is low. Around a
decade ago saponins, secondary plant metabolimge been found to be potential
alternatives for aquafeeds. Saponinmixtures derik@d the South American soap bark tree
Quillaja saponaria have been found to have beneficial effects omvtirpfeed and nutrient
utilization and on metabolism of common c&yprinus carpioand Nile tilapiaOreochromis
niloticus Furthermore, in one of the early experiments »ars¢io in favor of males was
observed in saponin fed tilapia compared to coriisbl not supplemented with saponins. An
influence on sex ratio of Nile tilapia would be hig desirable since industrially Nile tilapia
production is only financially viable if all maleopulations are produced since mixed sex
tilapia populations tend to reproduce uncontrodablhe production of all male tilapia
populations is mainly conducted by feeding the piddly environmentally hazardous and
carcinogenic synthetic hormone &i7methyltestosterone to sexually undeveloped tildpia
The above mentioned problems led to a joint resegroject with partners in Israel and
Palestine in which this dissertation has been cctedu The aim of the project was the
fractionation of crude saponin extract derived fréenugreekTrigonella foenum-graecum
and its testingn vitro andin vivo. It was assumed that a higher biological acticibyld be
achieved if saponin fractions instead of crude ores would be applied. After in vitro
testing, different saponin fractions or eluatevehlaeen tested on their effects on growth, feed
and nutrient utilization, metabolism, proximate gasition, gene expression of GH and IGF-
1, sex ratio, reproduction and gonad histology. tMofk the feeding experiments were
conducted with Nile tilapia but one experiment veéso conducted with carp. Three of the
feeding experiments have been conducted in a systgmble of measuring continuous
respiration of the fish. Another experiment hasrbeenducted at a field station at Jericho,
Palestine.

The experiments conducted to evaluate the influesfceaponin fractions on sex ratio of
undifferentiated tilapia fry have been conductednprily in a flow-through system. The
tested saponin fractions and a tested sapogenimairsuitable to produce male monosex
tilapia populations. The sex ratios after suppletagmn of diets of mixed sexed tilapia fry did
only in one case show a significantly higher proiporof males than the control. In a larger
scale repetition of that experiment the previouseobations could statistically not be proofed.
It must be assumed to be random effects or beehdtrof initially biased sex ratios after
stocking undifferentiated tilapia fry. An experimien which genetically female tilapias were
fed with two fenugreek saponin fractions and pesitand negative controls supported that
finding. A long term feeding experiment conductedlaricho revealed no influence of the
long and short term supplementégl saponaria saponin mixtures on sex ratio and
reproduction of genetically female tilapia. A siarillaboratory experiment with fenugreek
saponin fractions could not be evaluated in thgare.
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The experiments evaluating the effects of the sapfvactions on growth, feed and nutrient
utilization, gene expression of GH and IGF-1 andxpnate composition revealed no
significant differences. But in all experiments oftaction eluated with 60%/40% (v/v)
methanol/water showed numerically improved valumsared to control and other fractions.
Furthermore one fraction eluated with 40%/60%/ Xvmethanol/water gave constantly
numerically inferior results of tested parameteosnpared to control. That supports the
conclusion that the 40% methanol fraction contaaponins generally referred to as anti-
nutrients. In only one experiment, conducted atchier significantly higher growth was
observed after long term supplementation witp.asaponariasaponin mixture containing
elevated sapogenin content.

The presented data in this thesis is not supporingapplication of the tested saponin
fractions as environmentally friendly alternative rmethyltestosterone to produce all male
populations of tilapia or to inhibit uncontrollabteproduction. Additional experiments are
needed to evaluate different modes of applicatike immersion treatments or injections
since during the experimental work of this thedlisested saponins were added to the feed.
An application of the tested fenugreek saponintivas as growth promoters yields a higher
potential although the experimental results areetbhagoon low sample sizes due to capacity
restrictions of the respirometric system. Therefareepetition under near commercial or
commercial conditions must be considered.
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Zusammenfassung

Die zukunftige Bedeutung der Aquakultur fir die Wehahrung wird mehr und mehr auch
von der breiten Offentlichkeit erkannt. Wichtige rvaussetzung fir das weitere, stetige
Wachstum der Aquakulturproduktion ist die ausremclee Produktion von hochwertigem
Futter fir semi-intensive und intensive Produkti@ie Verwertungseffizienz ist in der
Vergangenheit im europdischen Raum oft durch digaBa von Wachstumsbeschleunigern,
z.B. Antibiotika und Hormone, gesteigert wurdenr Basatz solcher Futteradditive ist in der
EU seit 1. Januar 2006 nicht mehr zulassig undefferaudem einen schlechten Ruf bei den
Konsumenten. Vor ungefahr einer Dekade wurden Sappsekundare Pflanzenmetabolite,
als mogliche Alternativen zu den Futteradditivetdenkt. Saponinmischungen vQuillaja
saponaria dem sudamerikanischem Seifenrindenbaum, zeigteKdrpfenCyprinus carpio
und Niltilapien Oreochromis nilotice positive Wirkungen auf Wachstum, Futter- und
Nahrstoffverwertung sowie auf den Metabolismus. téfbin wurde in einem Experiment ein
hoherer Anteil an mannlichen Tilapien in einer Sapageflutterten Gruppe im Vergleich zur
Kontrolle gefunden. Dies ware ein weiterer attredatiEffekt von Saponinen bei Tilapien, da
kommerzielle Aquakultur von Niltilapien nur finamedi rentabel ist, wenn rein-mannliche
Populationen zur Produktion verwendet werden. Gemgeschlechtliche Populationen
unkontrollierten Nachwuchs erzeugen und die WeibdWaulbriter sind. Die Erzeugung rein
mannlicher Tilapienpopulationen wird derzeit graéds durch das potentiell Umwelt-
gefahrdende und krebserregende synthetische HotfarMethyltestosteron gewahrleistet.
Aus den oben genannten Problemen hat sich ein lgrgevorhaben mit Partnern in Israel
und Paléastina entwickelt, in dessen Rahmen diesseDation entstanden ist. Ziel des
Vorhabens war das Fraktionieren durch Hochleistigssigkeits-Chromatographie und
Testen von Saponinen des Bockshornkl&egonella foenum-graecumEs wurde davon
ausgegangen, dal3 eine erhohte biologische Aktig&itinden wird, wenn statt grober
Saponinmischungen Fraktionen als Futteradditiveugnwerden. Verschieden& vitro
getestete  Saponinfraktionen  bzw. Saponineluate  ewurd in  verschiedenen
Futterungsexperimenten auf ihre Wirkung auf WaahstEutter- und Nahrstoffverwertung,
Metabolismus, grobchemische Zusammensetzung, Gersstpn von GH und IGF-1,
Geschlechterverhéltnis, Reproduktion und Gonaderibige getestet. Priméar wurden dafir
Niltilapien genommen aber auch ein Futterungserpamt an Karpfen durchgefihrt.

Drei der Futterungsexperimente wurden zum  Zweck ddontinuierlichen
Sauerstoffverbrauchsmessung in  einer computergasteu Respirationsmessanlage
durchgefuhrt, ein weiteres in Aul3enanlagen in Beri€alastina.

Die Experimente zur Feststellung des Einflusses Bookshornklee Saponinfraktionen auf
das Geschlechterverhaltnis von undifferenziertelapiénlarven wurden primar in einer
Durchfluanlage durchgeftnhrt.

Fur die Erzeugung von rein mannlichen Tilapienpapohen eignen sich die in dieser These
getesteten Saponinfraktionen vdn foenum-graecunund Q. saponariaund ein ebenfalls
getestetes Sapogenin nicht. Die Geschlechtervarbsdt nach Fltterung von
gemischtgeschlechtlichen Tilapienlarven wiesen inueinem Experiment signifikant mehr
Mannchen auf, als bei den Fischen, die mit Korfurti#tr gefiittert wurden. In einem gréf3er
angelegten Wiederholungsexperiment konnten dieerggdhenden Beobachtungen statisitisch
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nicht bestatigt werden und mussen zufélligen Eéeldder einer von vornherein beim Besatz
der Becken entstandenen Ungleichverteilung der I@edater zugeordnet werden. Dies
bestétigte sich durch ein Experiment in dem gecetisveibliche Tilapien mit zwei
Saponinfraktionen vom Bockshornklee sowie Positurd Negativkontrollen geflttert
wurden. Ebenfalls wurde bei einem LangzeitexperimanJericho kein Einflu3 auf das
Geschlecht und die Vermehrung nach kurz- und lastgfer Fltterung von rein weiblichen
Tilapien mit Saponinmischungen v@nh saponariaim Vergleich zu Fischen die ohne Zusatz
von Saponinen gefittert wurden, gefunden. Ein Leqmeriment, in welchem Bockshornklee
Saponinfraktionen getestet werden sollten, konigsbezlglich nicht ausgewertet werden.
Bei den Experimenten zur Evaluierung der Effekt@a @@n getesteten Saponinen auf das
Wachstum, die Futter- und Nahrstoffverwertung, @enexpression von GH und IGF-1 sowie
die grobchemische Zusammensetzung und den Metahaisgab es keine statistisch
signifikanten Ergebnisse. Es gibt aber in allen étkpenten Hinweise darauf, dal3 eine
bestimmte Bockshornklee Saponinfraktion, eluiert 80%/40% (v/v) Methanol/Wasser,
bessere Ergebnisse liefert als die Kontrollen umel ahderen Saponinfraktionen. Die
40%/60% (v/v) Methanol/Wasser Saponinfraktion liefellber alle durchgefiihrten
Exeperimente die numerisch schlechtesten Ergebriises lal3t darauf schliel3en, dafd diese
Fraktion die oftmals in der Literatur beschriebenginti-Nutrients* enthalt. Nur ein
signifikantes Wachstumsergebnis konnte mit konérigher Fitterung von eineQ.
saponariaSaponinmischung mit hohem Sapogeningehalt inRieeczielt werden.

Die in dieser These gefundenen Ergebnisse lasseht nhoffen, die getesteten
Saponinfraktionen als umweltfreundlichen Ersatz Mathyltestosteron zur Erzeugung von
rein mannlichen Tilapienpopulationen oder zur Upitetung von unkontrollierter
Vermehrung nutzen zu kdénnen. Jedoch sollten nogefixente zur Verabreichungsmethode
durchgefuhrt werden, da samtliche in dieser Thesschdjefihrten Experimente
Futterungsexperimente waren. Es muften, um dierdasgnen Saponinfraktionen als
potentielle Ersatzstoffe fuir Methyltestosterone sabBefen zu kodnnen, noch
Tauchbehandlungen und Injektionen getestet werden.

GroRReres Potential bieten die Bockshornklee Safrakiionen bei einem moglichen Einsatz
als Wachstumsforderer, wobei die erzielten Ergefeniauf Experimenten mit kleinen
Stichprobenmengen, anlagenbedingt, beruhen. Dali@&temin diesem Forschungsfeld ein
.upscaling” stattfinden, so dalRl die Saponinfraktion unter nahezu kommerziellen
Bedingungen getestet werden konnten.
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