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Abstract 

Apparent digestibility of solvent-extracted soybean meal (SBM) was determined at four 
levels of inclusion (10, 20, 30 and 40%) and over two periods of time (days 9-17 and days.19- 
24) for common carp (Cyprinus carpio, Cyprinidae). Solvent-extracted SBM was incorporated 
into a casein-based reference diet, and chromium oxide (1 %) was used as an external 
marker. Apparent digestibility of SBM was found to decrease significantly with inclusion 
(86.3-73.1%) but not time. The digestibility of dietary protein also decreased significantly 
with inclusion, and although there was a trend for SBM protein digestibility to decrease with 
inclusion, this was not significant. Dietary lipid and SBM crude energy digestibility were 
found to increase and decrease, respectively, with time. These results indicate that 
digestibility of solvent-extracted SBM and its constituent nutrients for common carp may be 
affected by both level of inclusion and time, and that these factors must be considered when 
determining digest ibility of protein sources for use in the formulation of experimental and 
commercial diets for this species. 
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for meeting the essential amino acid requirements of fish (Lim and 

Akiyama 1992). Soybeans also contain a high level of oil providing a source 
of essential fatty acids and digestible energy (Lim and Akiyama 1992). 
However, a range of anti-nutritional factors and other toxic substances 

which adversely affect growth and health of animals are found in soybeans 
(Lim and Akiyama 1992). 

The use of soybean meal (SBM) as an alternative protein source in 
aquaculture feeds has been extensively studied and has provided varied 
results. The majority of these studies have determined fishmeal 
replacement in common carp (Viola et al. 1981/2, 1983; Abel et al. 1984; 
Viola et al. 1992), catfish (Andrews and Page 1974; Robinson and Li 1994), 

tilapia (Jackson et al. 1982; Shiau et al. 1987, 1990) and salmonids (Cho et 
al. 1974; Rumsey and Ketola 1975; Dabrowska and Wojno 1977; Reinitz 
1980). 

Although research into fishmeal replacement by SBM has been 
contradictory, it is clear that SBM will play an important role in future 
aquaculture diets. In order to formulate the best quality diets, a knowledge 

of the digestibility of nutrients present in SBM and of factors influencing 
that digestibility are required. These issues have not previously been 
reported. Therefore the aims of the present study were to determine the 
effects of inclusion level and time on determining the digestibility of 
solvent-extracted SBM for common carp (Cyprinus carpio, Cyprinidae). 

Materials and Methods 

Common carp of mean weight 45.8 g (SE 1.3 g), were netted by a 

professional fisher from Reedy Lake and Lake Connewarre, Victoria, 

Australia. Animals were stocked at 15 fish per 70-1 aquaria. Each aquaria 
received a continuous flow recirculated freshwater (600 ml per minute) with 
additional aeration. Fish were held at 20±1 °C on a 12 h light: 12 h dark 
photoperiod. 

Solvent-extracted SBM (Metropolitan Commodities Pty Ltd, Melbourne, 
Victoria, Australia) was used as the source of SBM in the present study. 
Prior to incorporation into the experimental diets, the SBM was ground 
using a Wiley mill. The proximate analysis of the SBM used is detailed in 

Table 1. 
A casein-based reference diet was used to determine the digestibility of 

Table 1. Proximate composition as determined by analysis 
of solvent-extracted SBM. 

Component 

Dry matter (g kif 1)
Proteina 

Lipida 

Ash8 

Energy (MJ kg·1)

a % dry weight 

Content 

916 

39.9 
3.3 
7.8 

19.9 
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Apparent digestibility coeffieicnts (ADCs) were calculated using the
ratio of Cr203 in feed and feces:
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X 100 

where X refers to the level of inclusion of the test ingredient in the
experimental diets (%).

Data were initially analyzed using repeated measures analysis of
variance (Zar 1984). If an effect of only inclusion or time was found, and
where no significant interaction between inclusion and time occurred, data
were pooled over the non-significant variable, and analyzed using one-way
analysis of variance. Differences among means were considered significant
at P<0.05. Post hoc analyses were performed using Scheffe's test (P<0.05).
Analyses were performed using StatView 512±™ statistical analysis
software (Brain Power Inc., California, USA).

Results 

Apparent digestibility of the experimental diets and dietary nutrients,
and SBM and its constituent nutrients determined from feces pooled over
days 9-17 and days 19-24 are detailed in Tables 3 and 4, respectively.

Dry matter digestibility of the experimental diets was significantly
affected by level of inclusion of SBM but not time. As the interaction
between inclusion and time was not significant, data were pooled over time
(Table 3). Whole diet digestibility was found to decrease significantly with
increase in inclusion of SBM.

A significant effect of inclusion level but not time on digestibility of
SBM was also found. Again, data were pooled over time (Table 4). The
digestibility of SBM decreased significantly with increase in SBM inclusion.

Digestibility of crude protein for the experimental diets was high, being
greater than 98% for all experimental diets (Table 3). Although differences
were small, a significant effect of both inclusion and time on dietary protein
digestibility was found. Dietary protein digestibility was significantly
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reported ADCs for SBM protein have generally been much lower (Smith et 

al. 1980; Ferraris et al. 1986; Lorico-Querijero and Chiu 1989; Anderson et 

al. 1992; Hossain et al. 1992; Hajen et al. 1993). As feces were collected by 
siphoning in the present study, it would be expected that protein 
digestibility would be overestimated due to the leaching of water-soluble 
protein (Windell et al. 1978; Smith et al. 1980; Lied et al. 1982). Such an 

effect can be large and may explain the high digestibility of protein 
reported in the present study. 

Although not significant, digestibility of protein from SBM tended to 

decrease with inclusion level of SBM. As the decrease in SBM protein 

digestibility coincided with decreased dietary protein digestibility, this 

suggests the presence of low levels of protease inhibitor. SBM protease 

inhibitors have been previously shown to reduce protein digestibility in fish 
(Krogdahl et al. 1994; Olli et al. 1994). As the reference diet contained a 

highly digestible protein source in casein, and as the loss of soluble protein 
from the feces prior to collection also overestimated protein digestibility, it 

is possible that significant effects of protease inhibitors may have been 

masked by the high protein digestibility observed. 

Digestibility of crude lipid from the experimental diets ranged from 
62.5% to 77.4%, with digestibility of dietary lipid being significantly greater 

over days 19-24 than days 8-17. Dietary lipid digestibility was lower than 

that generally reported for fish oil-based diets (Austreng et al. 1979; 
Takeuchi et al. 1979; Ellis and Smith 1984; Storebakken 1985; Chu et al. 
1991; Medale et al. 1991; Hossain et al. 1992) and for a mixture of fish oil 

and SBM oil (5:2) by rainbow trout (Ellis and Smith 1984). However, ADCs 
for dietary lipid reported in the present study are consistent with values 
determined for tuna oil digestibility by common carp (Appleford and 
Anderson 1997). The increase in dietary lipid digestibility with time would 

appear to reflect an adaptation of the digestive physiology of the animals to 
the experimental diets. A similar increase in tuna oil digestibility with time 

has previously been reported (Appleford and Anderson 1997). 
Apparent digestibility of SBM oil by common carp in the present study 

was highly variable, reflecting the low level of crude lipid in solvent
extracted SBM (3.3%). Soybean oil digestibility was 58-85% for days 8-17 

and 47-75% for days 19-24, although there was no significant effect of 
either inclusion level or time on digestibility. The digestibility of SBM oil 

was low compared with values previously reported for grass carp and 

Mozambique tilapia, 99% and 93%, respectively (Law 1986; Hossain et al. 
1992). 

The low level of lipid digestibility, both from the experimental diets 

and from SBM, may be due to the high levels of complex carbohydrate in 

the diets. The reference diets contained 10% a-cellulose, while inclusion of 
SBM into the diets would further introduce indigestible complex 

carbohydrate into the experimental diets (Lim and Akiyama 1992). It has 
previously been reported that high levels of complex carbohydrate may 
adversely affect lipid digestibility by fish (Steffens 1989; Medale et al. 1991; 
Fagbenro 1992). A decrease in lipid digestibility for common carp with an 
increase in a-cellulose content of the diet has previously been observed 

(Appleford and Anderson, unpubl. observ.). 
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Whole diet crude energy digestibility was not affected by level of 
inclusion of SBM or time, although SBM crude energy digestibility was 
found to decrease with time, being significantly lower over days 19-24 than 
over days 8-17. A consistent digestibility of SBM energy up to 40% inclusion 
supports the findings of Anderson et al. (1991) who found the digestibility 
of crude energy from SBM by tilapia, Oreochromis niloticus, was not 
affected by inclusion level up to 60%, although 100% substitution resulted 
in a significant decrease in energy digestibility. Anderson et al. (1991) also 
found an effect of time on digestibility of crude energy from SBM in tilapia, 

although in that study, crude energy digestibility increased with increase in 
the adaptation period to the diet (1 week versus 15 weeks). Although the 
change in digestibility of SBM energy in the present study was not 
consistent with the findings of Anderson et al. (1991), it is apparent that 
digestibility varies significantly with time. 

If SBM is to be used as a replacement for fishmeal in artificial diets 
for aquaculture, it is necessary to accurately determine its digestibility in 
order to maintain the required digestible protein level and amino acid 
ratios. The present study has shown an effect of both inclusion and time on 
digestibility. The decrease in digestibility of SBM with level of inclusion 
emphasizes the need to determine the digestibility of a dietary ingredient 
over the range of levels at which it is to be included during diet
formulation. The changes in digestibility of dietary lipid and SBM crude
energy indicate the need to also allow for this factor when determining the
digestibility of ingredients for use in the formulation of experimental or
commercial diets.
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