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The paddle¢sh, Polyodon spathula (Walbaum), shows
promise as an aquaculture species because, as a stur-
geon relative (Bemis, Findeis & Grande1997), its roe is
processed into black caviar. In addition, the boneless
white meat has shown high potential for consumer
acceptance of both fresh and value-added products
(Wang, Mims & Xiong 1995). Paddle¢sh can be
trained to accept a prepared diet, although they
are obligate ¢lter feeders of zooplankton in nature
(Rosen & Hales 1981). Feed training is necessary for
intensive culture of phase II juveniles (Mims & Shel-
ton 2005) for stocking in ponds or reservoirs. Cur-
rently, commercially available trout or cat¢sh feeds
are fed to paddle¢sh in ponds or tanks (Onders, Mims,
Wilhelm & Robinson 2005). However, no data have
been published on the ability of paddle¢sh to utilize
nutrient sources from prepared diets. The objective
of this preliminary studywas to determine the digest-
ibility of protein, lipid and carbohydrate in practical
diets containing three di¡erent protein and carbohy-
drate levels by paddle¢sh.
Diets were formulated from readilyavailable ingre-

dients with chromic oxide added as an indigestible
indicator (Austreng 1978) (Table 1). Ingredients were
supplied by Rangen (Buhl, ID, USA). The ingredients
were ground using a pin mill (Alpine, Hosokowa Mi-
cron Powder Systems, Summit, NJ, USA), and then
screened to remove particles40.5mmusing a Rotex
screener (Rotex, Cincinnati, OH, USA). Aliquots of
each ingredient were then weighed to produce 50 kg

of each diet. Diets were prepared as follows: wheat
midds and soybean meal aliquots were placed in a
No. 4A Bu¡alo mixer (John E. Smith’s Sons, Bu¡alo,
NY, USA) along with chromic oxide and mixed for 6
min.The remaining ingredients were thenadded and
mixed for an additional 6min. The mixture was fed
into a pilot-scale Wenger X85 extruder (Wenger, Sa-
betha, KS, USA), ¢tted with a 1.6mm die. Extrusion
parameters were: preconditioner ^ 7.5min at 43 1C,
extruder barrel ^ 30 s at 93.5 1C and 6.8 atm. The re-
sulting pellets were dried in a variable circulation
batch drier (Proctor and Schwartz Division,Wolver-
ine (MA), Horsham, PA, USA), and then air cooled.
Finally, the pellets were top coated with lipid.
Age-0 paddle¢sh of meanweight (� SE) 155 � 5 g

were randomly selected from a holding tank and
stocked 12 ¢sh tank�1 into three 2700 L circular
tanks (2.4-m-diameter � 0.6-m-depth), supplied
with £ow-through dechlorinated municipal water
(5.7 Lmin�1, 23 1C). Dissolved oxygen was main-
tained above 75% of saturation using air stones. The
experiment was conducted in three trials of one diet
each with a di¡erent set of paddle¢sh used for each
trial. The paddle¢sh were starved for 2 days before
each trial to clear the digestive tract. The feeding re-
sponse to the chromic-oxide-coated pellets was poor;
therefore, to ensure that paddle¢sh consumed the
diets, the pellets were ground in a co¡ee grinder,
mixed with water to form a paste and loaded into
a 50mL syringe. The syringe was ¢tted with a

Aquaculture Research, 2009, 40, 1785^1788 doi:10.1111/j.1365-2109.2009.02277.x

r 2009 TheAuthors
Journal Compilationr 2009 Blackwell Publishing Ltd 1785

mailto:rick.onders@kysu.edu


6-cm-length plastic tube and the ¢sh were fed by in-
jecting the diet into the oesophagus. Feedingwas per-
formed at 08:00 and 16:00 hours. Before each
feeding, faeces were collected by stripping (Venero,
Miles & Chapman 2007) by application of thumb
pressure to the area immediately anterior to the
anus. Faecal material was collected until 100 g wet
faeces was accumulated from each replicate tank.
Faecal samples were stored at �15 1C.
The diets and faecal samples were analysed by a

commercial laboratory (Woodson-Tenent Labora-
tories Division, Euro¢ns Scienti¢c, Des Moines, IA,
USA). The laboratory measured protein, lipid, moist-
ure, ash and chromic oxide. Carbohydrate was calcu-
lated by di¡erence (Barrows & Hardy 2001); however,
¢bre was not determined. Therefore, reported carbo-
hydrate levels are in£ated by the ¢bre content. Avail-
able energy values for the diets were estimated
according to the procedure described by King
(2004); (Table 2).
The apparent digestibility coe⁄cient (ADC) for

each diet was calculated according to

ADC ð%Þ ¼ 100 1� Nf

Nd
� Id

If

��� �

where Nf is the nutrient in faeces, Nd is the nutrient
in diet, Id is the indicator in diet and If is the indicator
in faeces. The mean values for ADC of protein, lipid
and carbohydrate were compared by ANOVA. t-Tests
were used when multiple comparisons were re-
quired.
There was no signi¢cant di¡erence in ADC

(P40.05) for protein among diet treatments, which

averaged 84.2%. For lipid, ADC was also not signi¢-
cantly di¡erent (P40.05) among the diets, averaging
59.8%. For carbohydrate, ADC was not signi¢cantly
di¡erent (P40.05) between diet one (34.1%) and two
(30.9%); however, diet 3 was signi¢cantly lower
(Po0.05) than the other two diets at 22.9% (Table 3).
Zooplankton, the natural food of paddle¢sh, is

high in protein and lipid. Mischke, Li and Zimba
(2003) reported proximate compositions of zooplank-
ton collected fromponds that averaged 65% and 8.8%
for protein and lipid, respectively, on a dry matter ba-
sis. However, paddle¢sh have been shown to survive
and growon diets much lower in protein and lipid. In
a study comparing commercially available feeds, On-
ders et al. (2005) reported no signi¢cant di¡erences in
growth or survival when paddle¢shwere fed either a
commercial trout feed (45% protein, 16% lipid) or a
commercial cat¢sh feed (32% protein, 4.5% lipid). In
addition, the paddle¢sh fed either feed were of condi-
tion factor similar to paddle¢sh reared in ponds on

Table 1 Formulations (g kg�1) for determining ADC of nu-
trients in practical diets fed to paddle¢sh

Ingredient (protein)

Diet

1 2 3

Menhaden fish meal (64%) 60 50 40

Soybean meal (47.5%) 356 226 109

Distiller’s grains with solubles (28%) 149 149 149

Wheat midds (16.7%) 179 179 179

Wheat flour (12%) 141 281 410

Corn gluten meal (42.6%) 50 50 50

Menhaden fish oil 20 20 20

Dicalcium phosphate 8 8 8

Vitamin mix 20 20 20

Mineral mix 5 5 5

Stay C (35%) active 2 2 2

Choline chloride (70%) 3 3 3

Chromic oxide 7 7 7

ADC, apparent digestibility coe⁄cient.

Table 2 Proximate composition (% wet weight) of three
practical diets fed to paddle¢sh in order to determine ADC
of nutrients, and calculated available energy from protein,
lipid and carbohydrate

Diet component

Diet

1 2 3

Moisture 8.6 9.4 9.7

Protein 34.2 29.3 24.8

Lipid 8.0 7.8 7.7

Ash 7.2 6.5 5.8

Carbohydrate 42.0 46.9 52.1

Available energy (MJ kg�1)� 12.7 12.2 11.9

�Estimated using the following available energy values: protein
17.6MJ kg�1, lipid 34.5MJ kg�1, carbohydrate 9.4MJ kg�1(King
2004).
ADC, apparent digestibility coe⁄cient.

Table 3 Apparent digestibility coe⁄cients (ADC) for pro-
tein, lipid and carbohydrate from three practical diets fed to
paddle¢sh�

Component

Diet

1 2 3

Protein (%) 83.8 � 1.7a 84.8 � 1.4a 83.9 � 0.7a

Lipid (%) 66.3 � 1.8a 66.0 � 4.3a 47.7 � 25.6a

Carbohydrate (%) 34.1 � 0.1a 30.9 � 3.3a 22.9 � 2.9b

�Values are means (� SD) for three replications. Means in the
same row with di¡erent superscripts are signi¢cantly di¡erent
(Po0.05).

Paddle¢sh macronutrient digestibility R J Onders et al. Aquaculture Research, 2009, 40, 1785^1788

r 2009 TheAuthors
1786 Journal Compilationr 2009 Blackwell Publishing Ltd, Aquaculture Research, 40, 1785^1788



zooplankton exclusively (Mims & Knaub1993); how-
ever, ¢llet lipid and abdominal fat levels were signi¢-
cantly higher in the paddle¢sh fed the trout feed,
indicating that available energy exceeded the
requirement.
The diets used in this study contained between

2.6% and 3.8% protein derived from ¢sh meal; how-
ever, the high ADC for protein (84.2%) indicates e⁄-
cient use of plant-based protein ingredients as
well. Degani (2002) investigated the digestibility
of soybean meal and ¢sh meal by adult hybrid stur-
geon; Russian sturgeon, Acipenser gueldenstaedtii
(Brandt) � Acipenser bester (female beluga sturgeon,
Huso huso L � male sterlet, Acipenser ruthenus L)
and reported that ADC for soybean meal and ¢sh
meal were not di¡erent at 82% and 81% respectively.
These values are similar to the average ADC for pro-
tein (84%) obtained in the present study, in which
soybean meal accounted for 53%, 41% and 24% of
the total protein in the three diets respectively. Stur-
geon and paddle¢sh have similar digestive tracts, in-
cluding an intestine with an attached pyloric
caecum, a spiral valve intestine and a short rectum,
and these results suggest similar levels of protease
activity as well.
Paddle¢sh lipid digestibility became highly vari-

able (Table 3) as carbohydrate increased from 42%
to 52% (Table 2). In a study by Me¤ dale, Blanc and
Kaushik (1991), lipid digestibility by Siberian stur-
geon, Acipenser baerii (Brandt), decreased as diet lipid
increased from12% to 20% of wet weight proximate
composition, and as crude starch increased from 0%
to 10% of the diet composition. These authors sug-
gested a possible association between crude starch
in the diet and decreased lipid digestibility, while
pointing out that increased lipid content did not de-
crease lipid digestibility in other carnivorous species,
such as rainbow trout, Oncorhynchus mykiss (Wal-
baum) (Takeuchi, Yokoyama, Watenabe & Ogino
1978). In the present study, the wheat £our content
was adjusted to increase total carbohydrate, increas-
ing crude starch as well, while lipid remained con-
stant. This may indicate a requirement for limiting
sources of crude starch in practical diets for paddle-
¢sh, and investigating alternate ingredients to limit
interference with lipid digestibility.
Paddle¢sh do not appear to utilize carbohydrate

well, as would be expected for a species adapted to
nutrients of animal origin. However, grain-based
practical ¢sh diets contain carbohydrate necessarily
and may also provide an economical energy source.
Kaushik, Luquet, Blanc and Paba (1989) reported that

Siberian sturgeon do not utilize complex carbohy-
drate well. However, they also reported that pro-
cessed carbohydrate sources, such as extruded or
gelatinized corn starch or extruded whole corn,
could be used as an energy source in Siberian stur-
geon diets, limited by adverse liver e¡ects at high le-
vels. Similarly, Flynn-Aikens, Hung and Hughs (1993)
reported thatwhite sturgeon,Acipenser transmontanus
(Richardson), were able to utilize D-glucose and with
higher body weight gain and feed e⁄ciency when
compared with ¢sh fed diets containing dextrin and
cellulose or cellulose alone. Although the practicality
of using puri¢ed digestible carbohydrate in commer-
cial feeds for sturgeon or paddle¢sh is questionable, it
may be useful to investigate further the digestibility of
various carbohydrate forms by paddle¢sh, in conjunc-
tionwith liver and lipid digestibility e¡ects.
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