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Abstract.—In livestock industries such as poultry and
swine, an extract of the Yucca shidigera plant has shown
promise in controlling ammonia buildup in production
facilities. In three trials, effects of Y. shidigera extract
on ammonia levels and fish growth in recirculating-wa-
ter aquaculture systems were ¢valuated. When added to
in vitro ammonia solutions, extract concentrations of
0.043% and 0.43% caused a significant (P = 0.05) re-
duction in ammeonia levels afier 24 h. The 0.43% con-
centration also caused significantly (P = 0.05) lower lev-
els of nitrite and higher levels of nitrate. Both
concentrations were subsequently found to be toxic 1o
juvenile channel catfish {{cralurus puncratus). In a feed-
ing trial, fish fed diets containing 1.1-g/kg concentrations
of Y. shidigera extract had decrcased (P < 0.10) weight
gain and increased feed conversion (P < 0.05) compared
with fish fed control diet, but there were no significant
differences (P > 0.05) inammonia, nitrite, and dissolved
oxygen levels, These results suggest that Y. shidigera
could be evaluated as a preconditioning agent for water-
recirculating systems and biofilters but should not be
used in direct contact with fish.

Water reuse or recirculation aquaculture sys-
tems are receiving increased atiention because they
conserve water, allow greater flexibility in site se-
lection, reduce pollution output, and facilitate reg-
ulation of water temperature. Accumulation of ni-
trogenous wastes (ammonia and nitrite) limits
production intensity in water-recirculating aqua-
culture systems.

In other livestock industries, an extract of the
Yucca shidigera plant has shown promise in the
control of ammonia accumulation. Reduction in
ammonia generated from poultry litter has been
demonstrated by Berg (1977) and Rowland et al.
(1979). Jacques and Bastien (1989) reported that,
24 h afier manure collection in gas-sampling bags,
ammonia levels averaged 29 mg/L for manure
from birds not fed Y. shidigera extract and 2 mg/L
from birds receiving extract. Suggested modes of
action include urease inhibition, increased bacte-
rial use of ammonia (Jacques and Bastien 1989),

and direct binding of ammonia (Headon and
Dawson 1990).

Improved performance and increased feed ef-
ficiency have also been demonstrated or claimed
when Y. shidigera extract was incorporated into
feeds for poultry (Johnston et al. 1981, 1982), swine
{Foster 1983; Cromwell et al. 1985; Mader and
Brumm 1987), and cattle (Goodall and Matsushi-
ma 1980). Johnston et al. {1982) suggested that
surfactant properties of components of Y. shidi-
gera extract could aid nutrient absorption. How-
ever, because of the intimate contact fish have
with their cullure environment, any compound
used in aquacuiture systems {and resulting metab-
olites) must be nontoxic to the fish at the levels
required for efficacy.

We conducted tesis to evaluate the eflects of Y.
shidigera extract on ammonia concentrations in
vitro, its toxicity to fish, and iis effects on fish
growth and ammonia production when incorpo-
rated into feeds.

Methods

Preparation of extracts.—The Y. shidigera ex-
tract was prepared by mechanically grinding raw
Y. shidigera plants and collccting waler-extract-
able components. The formulation used in the in
vitro ammonia test and the toxicity test was in
liquid form and contained 10% Y. shidigera ex-
tract, Bacillus subtiffis fermentation extract, and
water. The formulation in the feeding test was in
powder form and contained 30% Y. shidegera ex-
tract, dried B. subtillis fermentation extract, and
calcium silicate as a carrier. These formulations
are sold commercially under the trade name De-
Oderase (Alltech Biotechnology Center, Nicholas-
ville, Kentucky). In all trials, concentrations and
inclusion rates were based on total formulation,
not active ingredients.

In vitro ammonia testing. —The in vitro effects
of Y. shidigera extract on total ammonia levels
were determined in twelve 30-L aquaria. Stock
ammonia concentrations of 2 mg/L were prepared
by mixing ammonium chloride with dechlorinat-
ed tap water. Extract was added in amounis nec-
essary to attain aquarium concentrations of 0.0043,
0.043, and 0.43%; no extract (0.000%) was added
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Figure |.—Eflects of Yucca shidigera extract concentration on concentration (mg/L) of ammonia-nitrogen and
nitrate-nitrogen (lefi pancl) and nitrite-nitrogen and dissolved oxygen (right panel) during 96-h in vitro aquarium
tests. Starting ammonia concentrations were 2 mg/L. Values are means of three replications.

io control aquaria. There were three replications
per treatment. Treatment concentrations were
based on direct application rates recommended
for poultry litter or livestock lagoons (Jacques
1988). Analyses were conducted on water samples
collected at 0, 12, 24, 48, 72, and 96 h. Total
ammonia, nitrite, and nitrate were measured with
a DREL/5 spectrophotometer (Hach Co., Love-
land, Colorado) and pH was measured with an
electric pH meter (Omega Engineering, Stamford,
Connecticut). Dissolved oxygen (DO) and tem-

perature were measured with a polarographic ox-
ygen meter, YSI model 57 {YSI Industries, Yeliow
Springs, Ohio).

Toxicity testing.—Ninety juvenile channel cat-
fish ([ctahirus punctatus) were randomly stocked
into nine 30-L aquaria, 10 fish per aquarium {mean
initial weight, 1.9 g; mean total length, 5.9 cm).
During the 7-d acclimation period, fish were fed
a 38%-protein trout diet (Purina, $t. Louis, Mis-
souri) at a rate of 3% of body weight per day. Fish
were not fed for 48 h before treatment. The three
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FiGure 1.—Extended.

treatments were {1) dechlorinated tap water {con-
trol), (2) 0.043% Y. shidigera extract concentra-
tion, and (3) 0.43% Y. shidigera cxtract concen-
tration. Each treatment was replicated in three
tanks. All aquaria were well aerated and supplied
with constant illumination. Fish were monitored
hourly, and dead or moribund fish were removed.
At the conclusion of the trial, samples of gill and
liver were taken from two fish per aquarium; the
tissues were fixed in Bouin’s solution, embedded
in paraffin, sectioned, and stained with hematox-
ylin and cosin. Sections were examined with a
light microscope.

Diet preparation and feeding trial. —Juvenile
channel catfish (mean weight, 12 g) were randomly
stocked into twelve 30-L aquaria at a density of
10 fish/aquarium. For 10 weeks fish were fed one
of four diets at 3% of body weight per day, split
into two equal feedings (0700 and 1500 hours).
Fish were weighed weekly and feeding rates were
adjusted accordingly. The diets were prepared by
grinding a commercial trout diet (38% crude pro-
tein; Purina) in a Wiley Mill (250 gm). Yucca shi-
digera extract powder was added at rates of 0.011,
0.110, or 1.100 g/kg diet. Ingredients were thor-
oughly mixed, and water was added to obtain a
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TabLE 1.—Net weight gain, average individual weight, total length, feed conversion, percentage of visceral fat,
hepatosomatic index, and survival ratc of channel catfish fed diets containing Yucca shidigera extract for 10 weeks.
Values are means + SEs for three replications, Means within a row having different letters were significantly difierent
at P < 0.05 except for net weight gain which was significant at P < 0.10.

Concentration of Y. shidigera extract in feed

Variable 0.000 g/kg 0.011 g/kg 0.110 g/kg 1.100 g/'kg

Net weight gain (%) 157.47 £ 2191 ¢ 126.72 £ 11.20y 133.71 £ 16.78 y 104,18 £ 8.72z
Mean weight/fish (g} 28.44 = 1.692 26334+ 1642 26,76 = 3.152 2492+ 131z
Total length {cm) 15,10 £ 0.14 2 1503 £ 020z 15.01 £ 0.50z 1474 £ 0.152
Feed conversion 2612031z 305+040z 247 £020z 370+ 0.24y
Visceral fat (%) 201 £0.192 1,47 + 034 2 1.85+0.§3z 1.50 £ 0.48 z
Hepatosomatic index .73+ 0122 1.73 2017z 1.76 £ .28z 1.92 £ 030z
Survival (%) 1000 + 0.0z 76.7 £ 2082 733+ 289z 100.0 £ 0.0z

30% moisture level. Diets were passced twice
through a mincer with die, formed into 1.6-mm-
diameter strands, and dried (25°C) for {6 hin a
convection oven. After drying, the diets were bro-
ken up and sieved into appropriate pellet sizes.

Ammonia, nitrite, nitrate, temperature, DO, and
pH were measured three times per week as de-
scribed previously. Fish were not fed during the
last 24 h before the experiment ended. At the end,
all fish were individually weighed and mcasured.
Livers of all fish were removed and weighed. Two
fish per aquarium were randomly selected for his-
topathologic examination, and their liver and gill
tissues were extracted and prepared as already de-
scribed.

Growth performance and feed conversion were
measured in terms of final individual fish weight
(), total length (cm), percentage weight gain, per-
centage survival, and feed conversion. We calcu-
lated feed conversion as (total feed fed, g)/(total
weight gain, g) and the hepatosomatic index as
100 x (liver weight)/(body weight). Data were
subjected to analysis of variance (ANOVA) by the
SAS ANOVA procedure (SAS Institute 1988). If
significant differences between means were iden-
tified, Duncan’s multiple-range test was used to
separate means. Percentage and ratio data were
transformed to arcsine values before analysis (Zar
1984).

Results
Inm Vitro Ammonia Testing

Aquaria treated with 0.043 and 0.43% Y. shi-
digera extract concentrations had significantly (P
< 0.05) lower levels of total ammonia after 24 h
than the control or 0.0043% treatments (Figure
1). After 72 h, dissolved oxygen was significantly
lower (P < 0.05) in aquaria treated with 0.043
and 0.43% extracts. After 96 h, aquaria treated
with 0.43% extract had significantly (P < 0.05)

lower nitrite and higher nitrate levels than other
treatments.

Toxicity Testing

In aqguaria treated with 0.43% Y. shidigera ex-
tract, all fish died afier 2 h. After 4 h, all fish in
the 0.043% concentration were dead. No fish died
in the control tanks. Histopathologic examination
revealed moderate 1o severe hyperplasia of the gill
epithelium in fish exposed to Y. shidigera exiract;
hyperplasia was not present in control fish. Water
quality measurements did not difler significantly
{P = 0.05) between treatments.

Feeding Trial

Fish fed a diet containing 1.1 g Y. shidigera
extract per kilogram feed had significantly (P <
0.10) lower weight gain (104,2%) than fish fed con-
trol feed (157.5%; Table 1). There was no signif-
icant difference (P > (.05) in total length, visceral
fat weight, or hepatosomatic index between treat-
ments. Feed conversion was significantly higher
(P < 0.05) for fish fed the 1.1 g/kg feed (3.7) than
for fish given other feeds (Table 1). There were no
significant differences (P > 0.05) in survival be-
tween treatments. Histopathologic examination
did not reveal any differences in gills or livers of
fish from different treatments. Inclusion of Y. shi-
digera extract in feeds caused no significant dif-
ferences (P > 0.05) in total ammonia, nitrite, or
DO (Table 2). Nitrate concentrations were signif-
icantly lower (P < 0.05) than control values in all
aquaria receiving treated feed, and pH was sig-
nificantly higher (P < 0.05) in aquaria with fish
fed diets containing 0.11 and 1.1 g extract/kg.

Discussion

The addition of Y. shidigera extract to in vitro
ammonia solutions reduced ammonia concentra-
tions. These results agree with those of Headon
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TasLe 2.—Summary of water quality analyses for aquaria containing channel catfish fed diets containing Yucca
shidigera extract. Mcans (+SE) arc based on samples from three replicate aquaria taken daily for temperature and
dissolved oxygen and twice weekly for ammonia, pH, nitrite, and nitrate for 10 wecks. Means within a row having

different letters were significantly different (P < 0.05).

Concentration of Y. shidigera extract in feed

Variable 0.000 g/kg 0.011 g/kg 0.110 g/kg 1.100 g/kg
Temperature ("C) 26.1 £0.1z2 26.2 00z 262 +00z 26,1 0.1z
Dissolved oxygen (mg/L) 74+01z 7T53x0l1z 7.5+0l1z 7.5+0.1z
pH 7.1 0.0z 72200 zy 7.3+01y 73+00y
Total ammonia (as mg N/L} 0.27 £ 001 z 0.37 2 0.01 2 0.36 £ 0.10z 0,36 £ 0.052
Nitrite (as mg N/L) 0.526 £ 0.127z 0.509 + 0.178 2 0389 £ 0.178z 0.557 £ 0.088 2
Nitrate (as mg N/L) 220+ 1.7x 167+ 25y 143+ 1.5z 120+ 20z

and Dawson (1990), who stated that reduction of
ammonia could be due to either binding of am-
monia with some fraction of the Y. shidigera ex-
tract or by conversion of ammeonia to another
compound. The present study supports the theory
of conversion. In aquaria treated with 0.43% ex-
tract, nitrite concentrations rose as ammonia lev-
els declined; subsequently, nitrite concentrations
decreased and nitrate concentrations increased,
This indicates the actions of cither chemical oxi-
dation or nitrifying bacteria. In aquatic systems,
bacteria of the genus Nitrosomonas oxidize am-
monia to niirite, which is oxidized to nitrate by
bacteria of the genus Nitrobacter. Microbial or
chemical nitrification is also supported by con-
current declines in oxygen levels, because these
are oxygen-consuming reactions.

However, concentrations of Y. shidigera extract
capable of reducing aqueous ammonia concentra-
tions were toxic to juvenile channel catfish. Yucca
shidigera extract contains at least three steroid sa-
ponins (Kaneda ¢t al. 1987). Basu and Rastogi
(1967) stated that saponins tend to alter cell wall
permeability. Such a change could affect the os-
moregulatory capabilities of the fish because the
skin, and especially the gills, are important os-
moregulatory organs. Saponins, even in dilute so-
lutions, also cause hemolysis (Basu and Rastogi
1967). Hemolysis could severely impair gill func-
tion becausc blood and water may be separated
by only one cell layer in the gill lamellae. Recent
work in Europe has shown that the saponin com-
ponent of the extract can be removed without
climinating ammonia reduction capabilities (D.
R. Headon, University College, Galway, Ireland,
personal communication); thus, removal of sapo-
nin could reduce the toxicity problems and should
be evaluated further in aquatic systems.

Previous studies have shown that addition of
Y. shidigera to formulated turkey diets reduced
ammonia accumulation. In our study no reduc-

tion in ammonia production or accumulation
could be demonstrated when Y. shidigera extract
was incorporated into prepared channel catfish di-
¢ts. Reduced growth and increased feed conver-
sion with extract incorporation indicate reduced
feed consumption or utilization, which differs from
the positive growth responses reported for cattle
(Goodall and Matsushima 1980), swine (Foster
1983), and poultry {Johnston et al. 1981).
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