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Abstract 

Two studies were conducted to evaluate the effects of feeding diets containing graded 
levels of cottonseed meal (CSM) on the reproductive and growth performance of does and 
fryer rabbits. The CSM contained 0.675% and 1.124% free and total gossypol respectively. 
Study one utilized 64 multiparous does that were randomly assigned to four dietary 
treatments of 0%, 5%, 10% and 20% CSM. Each treatment was replicated to contain an 
equal number of 16 does. The does were subdivided into two groups of eight, to which two 
bucks fed either diets of the same CSM leve! or the C<!)ntrol diet were assigned for breeding. 
The does fed 20% cottonseed mea! had the lowest performance with respect to all the 
reproductive parameters measured, and also had the ~ghest mortality rate of 93.75%. 
However, conception rates, birth weight, number of $till-born, preweaning mortality and the 
weights at weaning were not significantly different (P> .05) between treatments. Buck 
performance was not significantly influenced by dietatry effects. The does on the 10% CSM 
diet outperformed all of the other groups in all variables. The second study involved the 
fryers that were weaned from the same experimental cjloes and continued on a fryer diet 
containing the same levels of CSM as the does for a 28 da y growth study, and were placed 
in cages in a group of five or one per cage. The results showed that the fryers on the 20% 
CSM had the poorest performance irrespective of wh4ther they were group-fed or in 
individual cages. It was concluded that 20% CSM (0.135% free gossypol in the diet) 
adversely affected both growth and reproduction, but at least 10% CSM (0.0675% dietary 
free gossypol) can be used without adverse effects. 

Introduction 

Cottonseed meal (CSM) is a widely available protein supplement used in animal feeding. 
It contains gossypol, a toxic phenolic compound, that can have adverse effects on animal 
health and performance (Cheeke and Shull1985). Rutninants are less susceptible to gossypol 
toxicity than nonruminants because of the binding of free gossypol to soluble proteins in the 
rumen (Reiser and Fu, 1962). Possibly the same type of microbial detoxification could occur 
in the cecum of rabbit. McNitt (1981) reviewed the utilization of CSM by rabbits. 
Conflicting reports on the sensitivity of rabbits to gossypol suggest that further evaluation of 
the use of CSM in rabbit diets is necessary. TherefoJt the of objectives of this·studywere: 
1). To evaluate the reproductive performance of does fed different levels of CSM over an 
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extended period of time. 2). To determine if fertility of bucles can be affected by the 
consumption of CSM containing diets. 3). To evaluate the growth performance of weanling 
rabbits fed different levels of CSM. 

Materials and Methods 

The dietary treatments consisted of 0%, 5%, 10% and 20% cottonseed meal (CSM). 
The CSM was used to replace soybean meal on an isonitrogenous basis. Al1 other nutrients 
were balanced to meet the requirement of reproducing and growing rabbits (NRC 1977, 
Cheeke 1987). The diets were mixed and pelleted ata commercial feed mill (Pendelton Grain 
Growers, Hennaston, OR) and were fed ad libitum to the animals throughout the 
experimental period. Tables 1 and 2 show diet composition and the chemical analysis. The 
does were individually housed in cages m.easuring (76 x 76 x 61 cm) equipped with a nest 
box, a I-shaped screened metal feeder (25.4cm long) andan automated waterer located in 
front of each. An additional 12 cages of 76 x 76 x 46cm with no nest box provision were 
used to house the bucks used for breeding and the replacement herds. 
Sixty-four multiparous New Zealand White (NZW) does of varying ages and weights were 
randomly assigned to each of the four dietary treatments (16 does per treatment). Two 
mature bucles on each of the dietary treatments were used to breed the does. The 16 does 
were subdivided into two groups of 8 and bred to a buck fed either the CSM based diets or a 
control diet. The subdivisions are designated as (O%x0%, 0%x20%, 5%x0%, 5%x596, 
10%x0%, 10%x10%, 20%x0%, and 20%x20%), referring to the dietary combination on 
which either does or bucks were on. 

A1l the standard doe management practices were observed with a breed back period of 7 
days. Does that failed to conceive were retumed to the same buck for rebreeding ten days 
after breeding. Those that were palpa.ted to be pregnant were provided with a wooden nest 
box lined at the bottom with 3.2mm wire mesh containing laboratory grade wood shavings on 
the 28111 da y of pregnancy. At kindling~ litter size (number of kits bom alive and weights) · 
and those bom dead were recorded. At day 21, the nest boxes were removed, and body 
weight measured. The kits were weaned on day 28. Does without a litter were fed a 
restricted amount of feed. 

Does that died or were culled were replaced immediately, using the replacement criteria 
of Sanchez et. al. (1986), and the dead ones taken to the Veterinary Diagnostic La.boratory 
for determination of the cause of death. The nulliparous does kept for replacement were 
raised on the same experimental diet they were to be placed on later, and were bred at 
approximately 5-6 months of age. Upon weaning at day 28, the litters were placed into 
either a group of :five or one per cage for the growth study. They were fed the same dietas 
they were on preweaning for an experimental period of 28 days, during which beginning 
weight, ending weight, feed consumption, and mortality were recorded. 
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All proximate analysis were determined by using the standard procedures of AOAC 
(1984). The CSM used in the formulation of the ration was analyzed for gossypol content by 
Hron et. al. (1990). Data were subjected to one way analysis of variance using the GLM 
methods of SAS (1991). Upon detection of significante, treatment means were separated by 
Duncan's multiple range method of means comparison (SAS 1991). 

Results and Discussion 

The diets and their chemical composition are shown in table 1 and 2 respective! y. The 
nutrients were basically the same in all the dietary treatments except the gossypol content of 
the CSM, which is shown to 0.675 % and 1.124 % fi!ee and total gossypol respectively, 
which was reflected in the gossypol content of the diets. Table 3 shows the breeding 
combinations and the effects of CSM on the reproductive performance of the does. There 
was no difference with respect to percent conception tate among all treatments. All the other 
parameters were significantly lower from the combinations of 20%x0% and 20%x20% CSM 
diet, but these were not significantly different (P> .05) from the control diet. The 
performances of does on 5% and 10% CSM were sim.ilar and not different (P> .05) between 
each other. Difference in performances between does bred to bucks on either the same CSM 
levels or control diets were not significant (P> .05), indicating that the levels of CSM used 
did not significan ti y influence male fertility. Contrary¡, Randel et. al. 1992, suggested that at 
effective doses, gossypol causes males to be infertile. 

Table 4 shows the litter preweaning performance. All variables were not significantly 
affected by the dietary treatments, except the average weight at day 21 and average weight at 
weaning~. The highest average weight at day 21 was <lbtained from the O%x0% combination 
(451.60igm), but was not significantly different from the 20%x20% (376.56 gm) and 
5%x0% (381.32). The average number of kits born per litter was not significantly different 
between treatment, but the average number weaned per litter was highest from those on 
5%x5%, but was not significantly different from 0%~0%, 5%x0%, 10%x0% and 
10%x10%. The lowest number of kits weaned per litter were from those on O%x0%, 
20%x20% and 20%x0% which significantly different from the rest. The possible reason for 
this observation may be due to the fact that there wete fewer number of kits weaned per 
litter from these groups, hence they had more milk and subsequently, a better performance. 
The lowest weight at weaning was from the 20%x0~, and was significantly different from 
the rest of the treatment combination (P< .05). This might have also been related to gossypol 
toxicity, sin ce the 20% CSM had high levels of gossypol. 

Table 5 shows the effects ofCSM on the reproductive performance of the 16 does per 
treatment irrespective of the buck diet. The number 0f litters born dead and the average 
weight at weaning were not (P> .05) significantly intluenced by the dietary treatments. Other 
measured parameters were significantly lower (P< .05) between the does on the 20% CSM, 
and the rest of the treatments. Although the number of the litter bom alive, weight at birth, 
number at day 21, and the average weight at weaning that were lower on the 20% CSM, 
they were not significantly different from the control diet. Doe mortality was very high 
(93.75%) for the group on 20% CSM. Out of the 16 does that were started on-the 
experiment, only one survived to the end of the 12 months study, the rest including several 
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of the replacements died, apparently of gossypol toxicity. This indicates that the diets 
containing higher levels of CSM (20%) influenced the peñormance of the does in all of the 
measured variables. The ID50 for rabbits is between 350 to 600 milligrams/kilogram of 
body weight (Randel et. al. 1992, Abou-Donia 1976). Higher levels of free gossypol are also 
known to depress intake and impair the ability of does to adequately support their k.its, and in 
poultry, they are known to depress hatchability and egg production (Johnston and Berrio, 
1985, Fitzsimmons et.al., 1989). Other studies have suggested that gossypol may have no 
effect on females (Nomier and Abou-Donia 1985), but Zirlde et. al. (1988), reported that 
embryos cultured in higher doses of gossypol acetic acid degenerated, suggesting that it may 
have a direct action on embryos. Randel et. al. 1992, also indicated that gossypol may have 
direct effects on developing embryos. In males, it has been reported that up to 99.9% 
antifertility efficacy was achieved in human subjects that received a 20 mg/day gossypo1 
based pill for six months with their sperm showing decreased motility and malformed 
spermatozoa (Anonymous 1978). Chang et.al., (1980) also indicated that rabbits fed 
lOmglkg of body weight gossypol acetic acid for 15 weeks had lower sperm numbers and the 
gossypol caused immotile, curved and detached head and tail of spermatozoa in rats and 
hamsters. Randel et. al. (1992) have reported similar observations. Thus it appears higher 
levels of gossypol were responsible for the poor peñormance of the does fed diets containing 
higher levels of CSM. The result of the growth trials either in group or individual cages is 
presented in table 6. The initial weights of the fryers on each of the dietary treatments were 
significantly (P< .05) different because a1l of the weaned rabbits were used without an 
attempt to equalize their body weights, a reflection in the overall net gain of the rabbits in 
both studies. Group survival was highest from the 5% CSM based diet. Out of the 38 
groups of five fryers per cage placed on the 5% CSM, 25 groups survived without any 
mortality. 

Mortality was highest from the rabbits on the 20% CSM diets in both trials (group and 
individual) being 32% and 34% respectively. This may be associated with the higher free 
gossypollevels (0.135%) in the 20% CSM which was higher that the FDA recommended 
dietary level of 0.04% for nonruminants. Several other reports have indicated that high 
levels of gossypol are known to cause mortalities in various species of animals (Akanbi et. al 
1984, Balogun et. al., 1990). Waldroup, and Goodner (1973) indicated that increasing levels 
of gossypol are shown to correlate with increased mortality. 

Mortality of fryer rabbits is not uncommon. One of the major causes implicated in 
mortality of young rabbits is enteritis, particular! y if the diet contains high levels of starch, 
because such diets are known to allow bacteria such as Clostrú:lium spiroforme to proliferate 
leading to diarrhea or enteritis. (Cheeke 1987; Sinkovics et. al. 1980a). In non-ruminants 
Haschek et. al. (1989) indicated that, toxicity and mortality problems can occur if the 
animals ingest dietary gossypol, which is then absorbed from the gastrointestinal tract and 
transported to the k.idney, muscle, and other tissues. Mortality is believed to result when 
gossypol binds to the free epsilon group of lysin~ maldng it unavailab1e for protein synthesis 
which then results in problems like iron chelation in the gastrointestinal tract and liver 
causing anemia and inhibition of oxygen release from hemoglobin and subsequently, death. 

· It is therefore, not surprising that rabbits on higher levels of CSM based diets had such a 
high percent mortality. However, it is not clear why mortality occurred from the groups on 
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the control dietas high as in the group on the 10% CSM diet, but it may be associated with 
enteritis which is one of the main causes fryer mortality in rabbit production, (Cheeke et. al 
1987). . 

Figure 1 shows the effects of CSM on average daily feed intake, average weight gain and 
feed effioiency in the two studies (grouped and individual). In both trials, the fryers on the 
20% CSM diet showed a significantly poorer performance (P< .05) from the other 
treatments. Although the daily intake of free gossypol in 10% and 20% CSM based diets 
was high, it did not significantly influence the averag~ daily feed intake of the individually 
caged fryers. High levels of gossypol in diets of different species of animals may result into 
depressian of feed intake (Ofojekwu and Ejike 1984). 

Summary and Concblsions 

The effect of CSM on the reproductive and growth performance of does and fryer rabbits 
was studied for an extended period of twelve months. The does were individually caged and 
fed graded levels of CSM diets and bred to bucks that were either on the same levels of 
CSM or control diet. The fryers were weaned from the experimental does and continued on 
the same' level of CSM for a 28 da y growth study. They were placed either in a group of 
five or one per cage. The results indicated that performance of does fed higher levels of 
CSM diets significantly decreased with respect to all tJ¡e variables measured, but there was 
no apparent influence of CSM on male fertility. FryeJt performance in both growth studies 
also indicated that poor performance was correlated tó higher CSM levels. Thus it can be 
concluded that does and fryer rabbits can fed diets containing up to 10% levels of CSM 
without adverse effects on doe and fryer performance. 
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