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Several experiments were conducted to evaluate various forages

and forage levels for use in rabbit diets.

Several tropical forages were evaluated for their potential in

feeding rabbits. One of the tropical forages, Desmodium distortum

produced better growth performance than alfalfa meal. The tropical

forages were used to derive prediction equations for digestible

energy (DE) from chemical analysis. One good predictor of DE was

found to be, DE(cal/g) = 4.39-0.0533(CWC).

Leaves, stems, heads and whole plant preparations of Amaranthus

hypochondriacs and whole plant Amaranthus retroflexus gave poor

growth performance compared to alfalfa meal when fed to growing

rabbits. Amaranthus contains substances which are unpalatable to

rabbits as assessed by low consumption of it. Results show that

these two species of amaranthus are not good substitutes for alfalfa

meal in the diets of growing rabbits.

Growing rabbits in controlled environmental conditions were able

to tolerate up to 90% alfalfa meal in their diets without growth

depression. A trial involving producing does and their litters fed

either a low(28%), medium(54%) or high(74%) alfalfa diet showed that



total litter size and total litter weight at 56 days increased as

the alfalfa level increased in diet. One reason for this was lower

postweaning mortality due to diarrhea on the higher alfalfa diets.

Based on favorable results from the preliminary trial, the 54%

alfalfa diet was tested along with a commercial diet in a 60 doe herd.

Results showed that the 54% alfalfa diet gave results equal to or

better than the commercial diet in overall rabbit production.

In studying the effects of natural light versus controlled

light it was found that the total number of rabbits weaned per doe

per year could be increased by the use of controlled lighting

(16 hours of light per 24 hour period) during an entire year.

Results of the 1 day rebreed versus 14 day rebreed phase of

this study revealed that there was no advantage of rebreeding does

1 day versus 14 days in terms of total numbers of rabbits weaned

per doe per year.

Results of these experiments show that rabbits make efficient

use of forages in producing a high quality meat on feedstuffs which

are largely non-competitive with human needs.
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Forage Utilization By Rabbits

INTRODUCTION

The domestic rabbit, Oryctolagus cuniculus has potential as

an important animal for meat production in the United States and

throughout the world. Its high reproductive capability and fast

growth rate are two important attributes contributing to this

potential. In addition, rabbits can be raised on feedstuffs that

are non-competitive with human needs, which may be of increasing

importance in the future. At the present time, however, there are

numerous problems which limit the profitability of rabbit pro-

duction, such as respiratory (Patton et al, 1980; Petkus et al,

1979) and diarrheal (Whitney, 1976) diseases. One other problem

in the rabbit industry is the limited nutritional knowledge, as

there is much less scientific literature dealing with rabbits than

with other livestock species. This is especially true with respect

to nutrient requirements. The Nutrient Requirements of Rabbits

publication (NRC, 1977) contains numerous blanks for which infor-

mation is totally lacking.

In the United States, alfalfa is a major ingredient in rabbit

rations. In certain parts of the United States and especially

in other parts of the world, alfalfa is not readily available.

One purpose of this research was to evaluate numerous alternative

forages for their feeding value for rabbits. Since rabbit pro-

duction has considerable potential in developing countries,

several tropical forages were tested.
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In addition to examining different forages, the forage

level itself was of practical importance. The upper limit of

the forage level above which a decrease in animal performance

occurs varies among different classes of livestock. It was also

the purpose of this research to more closely determine the optimal

amount of forage in the diets of growing rabbits and also of

reproducing does and their litters.

An experiment to evaluate two diets for overall doe and

litter performance traits was designed in a way that allowed

information to be obtained on two other aspects of rabbit pro-

duction; reproduction and light management.

The reproductive aspect was included to evaluate a 1 day

rebreed versus a 14 day rebreed schedule. Rabbits have the

ability to rebreed within hours after kindling and with con-

current gestation and lactation could potentially produce 11

litters per year. Total number of rabbits weaned per doe per

year and doe longevity were of primary interest.

Finally, the purpose of the light aspect was to study what

is termed "winter decline" (Cheeke et al, 1982) in which concep-

tion rates decrease with consequently fewer rabbits marketed

during the late fall and early winter months, the months of shorter

days. In this experiment, half of the does were raised under

natural light and the other half were raised under controlled

light (16 hours of light per 24 hour period) during the entire

year. If this decline is similar to egg production in poultry,

it might be responsive to photoperiod.
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Utilization of tropical forages by rabbits:
growth, feed efficiency and prediction of
digestible energy from chemical analysis'

D.J. Harris,2'3 P.R. Cheeke,2'3 L. Telek4 and N.M. Patton3

Oregon State University
Corvallis, 97331

'Technical Paper No. 6341
2Department of Animal Science
3Rabbit Research Center
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Utilization of tropical forages by rabbits:
growth, feed efficiency and prediction of
digestible energy from chemical analysis

D.J. Harris, P.R. Cheeke, L. Telek and N.M. Patton

SUMMARY

Several tropical forages were compared with alfalfa meal as

potential feedstuffs for growing rabbits. The dried plant meals

were incorporated at the 40% level in corn-soybean meal diets.

Tropical forages used were: Macroptilium lathyroides, Psophocarpus

tetragonolobus, Desmodium distortum, Manihot esculenta, Clitoria

ternata, Stylosanthes guinensis, Stylosanthes endeavol, Cassia

tora and Panicum maximum. Ten New Zealand White weanling rabbits

were randomly assigned to each treatment. Average daily gains with

D. distortum, M. lathyroides and C. ternata were equal to those fed

alfalfa meal, while gains with the others were lower (P<.05) than

with alfalfa. A high incidence of diarrhea was observed in the P.

tetragonolobus group.

Chemical analysis of the feeds and feces was used to derive

prediction equations for digestible energy (DE) by regression

analysis. One prediction equation involving only the cell wall

constituents (CWC) is: DE(cal/g) = 4.39-0.0533(CWC)(r2 = .754).

The results indicate that several tropical forages can be

successfully used as components of complete diets for growing

rabbits. Rabbit production appears to offer considerable potential

as a means of converting tropical forages into human food.
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INTRODUCTION

Rabbits can convert forages not directly useful for human con-

sumption into high quality meat. In the United States, alfalfa is

the major forage used in rabbit diets. Moderately high levels of

alfalfa have been fed to rabbits without decreasing performance

(Cheeke and Amberg, 1972; Hall and Johnston, 1976; Cheeke and Patton,

1978). In tropical countries, other forages are available which may

be used to feed rabbits. Rabbit production could offer a viable

means of converting these forages into meat, using high forage, low

grain diets. The objective of this study was to evaluate several

tropical forages for their value as feeds for growing rabbits.

MATERIALS AND METHODS

The tropical forages were grown in plots at the Mayaguez

Institute of Tropical Agriculture, Mayaguez, Puerto Rico. They

were harvested during the vegetative stage of growth, oven-dried

and ground in a Wiley mill. The forages used were: Macroptilium

lathyroides, Psophocarpus tetragonolobus (winged bean), Desmodium

distortum (spanish clover), Manihot esculenta (cassava), Clitoria

ternata (butterfly pea), Stylosanthes guinensis, Stylosanthes

endeavol, Cassia tors, and Panicum maximum (guinea grass).

The plant meals were fed at the 40% level into corn-soybean

meal diets. Diets were formulated to contain at least 16% crude

protein, the NRC requirement for growth (NRC, 1977). Diet composi-

tion is given in Table 1. All diets had this composition except

for the C. cora and P. maximum treatments which contained soybean
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TABLE 1. DIET COMPOSITION.

Ingredient % of diet

Ground forage 40.0

Ground corn 34.5

Soybean meal(44% CP) 16.0

Molasses 5.0

Vegetable oil 3.0

Trace mineralized salta 0.5

Dicalcium phosphate 0.5

Celite 0.5

aMorton's Farm and Ranch iOFIXT
T-M SALT. Provides NaC1 and the
following mg/kg elemental levels:
Zn, 17.5; Mn, 14; Fe, 8.75;, Cu, 1.75;
I, 0.35; Co, 0.35.
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levels of 18% and 23%, and corn levels of 32.5% and 27.5% respective-

ly. This was necessary because of the low protein content of these

plant meals. The celite was added for later determination of

apparent digestibilities using an acid-insoluble ash method

(McCarthy et al, 1974). In addition, two samples of a low saponin

alfalfa (Trial 1), and one sample of sun-cured alfalfa meal

(Trial 2), and a commercial rabbit diet (Ralston Purina Rabbit Chow)

were used. All diets were pelleted in a laboratory pellet mill

using a 0.5 cm die. Ten New Zealand White weanling rabbits were

assigned to each treatment and fed the experimental diets for 28

days. In a few cases, there was not sufficient forage to prepare

enough of the complete diet to last the entire 28 day trial; these

instances are indicated in the results (Tables 3 and 5). The

rabbits were individually housed in stainless steel cages

(58x41x38cm) in an environmentally controlled animal research

facility. The rabbits received 12 hours of light per day and the

temperature was maintained at 17°C, with 10 to 20 air changes in

the room per hour. The rabbits were given a 3 day adjustment

period to the experimental diets before data collection began.

Feed consumption was measured and body weights were taken weekly.

The incidence of diarrhea and mortality was also observed. Fecal

samples were collected over a 3 day period for later determination

of apparent digestibility.

The diets were analyzed for crude protein using a micro-

kjeldahl method (AOAC, 1970). Fiber analysis was accomplished by

using a micro-method for acid detergent fiber by Waldern (1971).
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Amylase was used in the determination of diet cell wall constitu-

ents to remove starch as outlined by McQueen (1979). The gross

energy of the diets and feces was measured by using a Parr

Adiabatic Calorimeter, Model 1241.

Data were analyzed by analysis of variance and means were

compared by Duncan's multiple range test (Steele and Torrie, 1960).

In Trial 1, 5 tropical forages, two samples of low saponin

alfalfa and a commercial diet, Ralston Purina Rabbit Chow were

used (Table 2). Average initial weight of rabbits in Trial 1 was

1100g. In Trial 2, 4 tropical forages and one sample of commer-

cial sun-cured alfalfa meal were used. Average initial weight of

rabbits in Trial 2 was 840g.

RESULTS AND DISCUSSION

Trial 1

Analysis of the pure forages and of the complete diets is

shown in Table 2. Growth performance is given in Table 3. Growth

performance was lowest for cassava, stylosanthes and the winged

bean. Stylosanthes has been tested in poultry diets with generally

poor results (Onwudike and Adegola, 1979). Poor growth performance

with both rabbits and chickens suggests that growth-inhibiting

substances may be present. The winged bean is regarded as having

considerable potential as a tropical crop (Anonymous, 1975). The

poor average daily gain (ADG) and the high incidence of diarrhea

suggest that it also may contain substances which interfere with

nutrient utilization. Telek (1979) reported that cassava leaves



TABLE 2. ANALYSIS OF EXPERIMENTAL DIETS (DRY MATTER BASIS).

Treatment

Trial 1

Low saponin alfalfa 1
Low saponin alfalfa 2
Desmodium distortum
Macroptilium lathyroides
Cassava
Stylosanthes endeavoul
Winged bean
Purina rabbit chow

Trial 2

Alfalfa meal
Stylosanthes guinensis
Clitoria ternata
Cassia tora
Guinea grass

Forage composition Complete diet composition

Crude Acid Cell wall Crude Acid Cell wall

protein detergent constituents protein detergent constituents
(CP) fiber(ADF) (CWC) (CP) fiber(ADF) (CWC)

14.8 34.2 47.7 17.7 13.2 19.4

16.7 37.7 42.4 18.1 14.2 21.2

23.0 32.0 43.0 19.3 15.3 21.9

17.8 42.6 54.7 18.3 19.7 25.2

26.2 30.1 43.6 20.6 13.8 20.3

17.9 40.3 51.0 17.3 20.0 26.5

20.2 41.9 58.3 19.0 19.8 28.0

a a a 15.2 23.9 37.6

22.8 30.9 48.5 16.8 17.2 25.0

17.0 43.3 53.4 18.2 18.3 26.1

18.4 42.5 56.9 18.7 17.8 27.6

15.9 33.3 45.4 16.2 15.4 22.3

14.0 51.7 75.4 14.3 21.7 33.6

a
Values for the pure forage were not available



TABLE 3. GROWTH PERFORMANCE TRIAL 1.

Average daily gain

(g)

Feed efficiency
(feed/gain)

Incidence of
Treatment 1-21 days 1-28 days 1-21 days 1-28 days Mortality diarrhea

a
2.94

bcLow saponin alfalfa 1 40.6a 39.9 2.61a 0/10 2/10

Low saponin alfalfa 2 42.6a 44.1a 2.69a 2.80ab 0/10 2/10

Desmodium distortum 42.5a 45.1a 2.59a 2.62a 0/10 0/10
ab

Macroptilium lathyroides 40.6a f 2.98 f 1/10 2/10
b b cd

31.5 34.5 3.16Cassava 3.22be 0/10 0/10
b

3.62
d

Stylosanthes eudeavoul 31.7 f f 0/10 1/10
b b

31.8 34.5 3.24Winged bean 3.43" d
0/10 5/10

be
Purina rabbit chow 44.4a 44.1a 3.20 3.73e 0/10 1/10

a,b,c,d,e
Values in the same columns with different superscripts were different (P <.05)

(Treatment terminated at 21 days
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contain phenolic compounds which may interfere with protein

utilization. The other tropical forages gave growth comparable

to alfalfa. The highest ADG in Trial 1 was with animals fed

desmodium with a value of 45.1g.

Table 4 shows the digestibility of various components of the

diets; crude protein (CP), acid detergent fiber (ADF), cell wall

constituents (CWC) and energy. Cassava had the lowest CP and ADF

digestibility while desmodium and lathyroides had CP and ADF

digestibilities similar to the alfalfa samples. The lowest DE

was with the commercial diet.

Trial 2

Tropical forages in this trial gave performance generally

lower than alfalfa (Table 5), but growth was still adequate in

terms of commercial rabbit production. Guinea grass seemed to

be unpalatable to the rabbits as assessed by excessive feed

spillage observed throughout the experiment by animals fed this

diet. This may be partly due to the high fiber content of this

tropical grass (Table 2). The digestibility of both ADF and CWC

were lower (P<.05) with guinea grass than for any of the other

diets in the second trial (Table 6).

The various diet components obtained by laboratory analysis

of all diets were used to derive prediction equations for digestible

energy (DE) of the diets. DE was determined individually on 5

animals from each diet from both trials. The ranges of the

components from the various diets used for the prediction equations

were:



TABLE 4. APPARENT DIGESTIBILITY OF EXPERIMENTAL DIETS TRIAL 1.

Crude Acid detergent Cell wall Digestible
protein (CP) fiber (ADF) constituent(CWC) energy(DE)

Treatment digestibility digestibility digestibility (kcals /kg)

Low saponin alfalfa 1 79.9a 29.0a 22.6ab
3376ab

Low saponin alfalfa 2 76.9a 24.2a 21.0
ab

2490a
a

Desmodium distortum 76.6 20.8a 24.3a 3242
bc

b
Macroptilium lathyroides 71.0 21.5a 13.5

bc
3008

de

bc
3 27.7

a
21.2

ab
.Stylosanthes endeavol 68 2922e
bc

67.5Winged bean 24.7a 20.8ab 2962
de

Cassava 59.5
d

6.0
b

16.1
abc

3130
cd

b
Purina 66.5c 8.4 8.0c 2278f

1
Each value is an average of 5 rabbits
a,b,c,d,e,f

Values in the same column with different superscripts were different (P<.05)



TABLE 5. GROWTH PERFORMANCE TRIAL 2.

Average daily gain (g) Feed efficiency (feed/gain)

Incidence of
Treatment 1-14 days 1-21 days 1-28 days 1-14 days 1-21 days 1-28 days Mortality diarrhea

Alfalfa m 2.44
ab 260a

.
steal 33.7a 37.9a 41.4a 2.71a 2/10 2/10

b
33.5

b
3.17

ed
3.13

ab
3.13

bStylosanthes guinensis 27.4a 30.0 3/10 5/10

Clitoris ternata 32.3a e e 2.34a e e 0/10 2/10
ab

7 34.0
b

2.88
be

.Cassia torn 30.1a 31
3.03be

3.02
b

1/10 4/10
a b

26.7 29.3Guinea grass f 3.46
d

3.65
b

f 0/10 4/10

a,b,c,d
Values in the same column with different superscripts were different (P<.05)

e
Treatment terminated at 14 days

(Treatment terminated at 21 days



TABLE 6. APPARENT DIGESTIBILITY OF EXPERIMENTAL DIETS TRIAL 2.

Crude Acid detergent Cell wall Digestible
protein (CP) fiber (ADF) constituent(CWC) energy (DE)

Treatment) digestibility digestibility digestibility (kcals/kg)

Alfalfa

Guinea grass

Clitoria ternata

Stylosanthes guinensis

Cassia tora

75.2a
73.8ab

ab
71 1

64.0c
bc

68.7

19.9a

1.5c

24.5a
b

8.8

25.5a

b
20.5 3249a

5.0c 2693c

29.5a 3132
ab

6.8c 2660c

22.9
b

3045
b

1
Each value is an average of 5 rabbits

a,b,c
Values in the same columns with different superscripts were different (P<.05)
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CP, 14.3% to 20.6%; ADF, 13.2% to 23.9%; CWC, 19.4% to 27.6%; ASH,

6.64% to 9.15%; Acid insoluble ash (AIA), 0.59% to 3.49% and DE,

2278 to 3456 kcals/kg. Using stepwise regression analysis, the

following prediction equations and their coefficients of deter-

mination (r
2
) were obtained for DE in cal/g:

DE = 4.39-.0533(CWC)

DE = 4.46-.0597(CWC)+.0088(AIA)

DE = 4.52-.0435(CWC)+.0080(AIA)-.0266(ADF)

DE = 4.29-.0497(CWC)+(.0068)AIA-.0197(ADF)+
.0036(ASH)

DE = -1.28-.0713(CWC)+.0106(AIA)+.0241(ADF)+
.0352(ASH)+.0605(CP)

Other equations using CP were:

DE = 4.73-.0565(CWC)-.048(CP)

DE = 4.31-.0827(ADF)+.0071(CP)

DE = 4.71-.0356(CWC)-.0338(ADF)-.0102(CP)

r
2

= .754

r
2

= .789

r
2

= .797

r
2

= .800

r
2

= .857

r
2

= .758

r
2

= .740

r
2
= .770

Considering the simplicity of the first prediction equation

and the relatively small change in the r
2
as the equations be-

come more complicated, DE(cal/g) = 4.39-.0533(CWC) may be used as

a good predictor of DE. This equation is similar to one reported

by Fonnesbeck, et al, (1975): DE = 4.36-.0491(CWC).

Of the tropical forages, Desmodium distortum and Macroptilium

lathyroides gave weight gains and feed efficiency comparable to

those obtained with alfalfa. In studies using leaf protein con-

centrates from desmodium and lathyroides, good results were also

reported when fed to rats (Cheeke, et al, 1980).

This study has shown that several tropical forages may be



16

successfully substituted for alfalfa in diets for growing rabbits.

Rabbits have many attributes which suggest that they may play an

increasingly important role in food production in tropical

countries (Owen, 1976; 1981), in converting forage-based diets

into meat for human consumption.
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CHAPTER II.

Evaluation of various forage sources (Amaranthus,
Chenopodium, sunflower leaves, grass meal) as

feeds for rabbits'

D.J. Harris,2'3 P.R. Cheeke2'3 and N.M. Patton3

Oregon State University
Corvallis, 97331

'Oregon Agricultural Experimental Station
Technical Paper No 6342
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3Rabbit Research Center
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Evaluation of various forage sources (Amaranthus,
Chenopodium, sunflower leaves, grass meal) as

feeds for rabbits
D.J. Harris, P.R. Cheeke and N.M. Patton

ABSTRACT

Amaranthus retroflexus, leaves, stems, heads and whole plant

preparations of Amaranthus hypochondriacus, whole plant Chenopodium

album, sunflower leaves, Kentucky bluegrass meal, and low saponin

alfalfa meal were evaluated as feedstuffs for rabbits. The

forages were incorporated at a level of 40% in a corn-soybean meal

diet. All Amaranthus samples, Chenopodium album, and sunflower

leaves resulted in reduced growth (P<.05). Gains with low saponin

alfalfa were greater (P<.05) than with commercial sun-cured

alfalfa meal. Kentucky bluegrass gave performance similar to that

with alfalfa meal.
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Rabbits can be fed high roughage diets, and are often raised

on a small backyard scale for meat production. A variety of home-

grown roughage sources might be suitable for rabbits raised under

these conditions. The objective of this study was to feed several

roughage sources that might be employed under conditions of small-

scale rabbit production. These included two common garden weeds,

Amaranthus retroflexus (red-root pigweed) and Chenopodium album

(lamb's quarters), Amaranthus hypochondriacus, sunflower leaves,

and Kentucky bluegrass meal. Alfalfa meal, including a low

saponin type, was used as a control for comparative purposes.

Alfalfa meal is the standard roughage used in rabbit diets in most

of North America. Several fractions of a white-seeded type of

A. hypochrondriacus were used, including leaves, seed heads, stems,

and whole plant harvested in the seed stage. Seed heads of a black

seeded selection were also tested. All forages were oven-dried,

ground in a Wiley mill, and mixed into diets that were pelleted.

Analysis of the pure forages used in Trial 2 are given in Table 7

and analysis of the complete diets used in Trial 1 and Trial 2

are shown in Table 8.

Ten weanling New Zealand White rabbits were assigned to each

treatment. They were housed in groups of five in hanging all wire

quonset-style cages with dimensions of 76.2cm x 76.2cm x 45.7cm.

The roughages were all tested at a dietary level of 40%; the

control diets contained 40% commercial sun-cured alfalfa meal.

The composition of the basal diet is shown in Table 9. The pro-

portions of soybean meal and corn were altered in some diets to



TABLE 7. COMPOSITION OF EXPERIMENTAL FORAGES (DRY MATTER BASIS) - TRIAL 2.

Diet

Crude
protein

(%)

Acid
detergent
fiber (%)

Cell wall
constituents

( %)

Low saponin alfalfa 17.9 30.2 48.8

Commercial alfalfa 17.1 31.7 41.4

Kentucky bluegrass 28.7 25.7 50.7

A. hypodhondriacus leaves 23.0 16.1 21.2

A. hypochondriacus whole plant 13.9 31.0 41.5

A. hypochondriacus stems 11.2 43.7 55.3

A. hypochondriacus heads (white seeds) 14.6 26.3 37.7

A. hypochondriacus heads (black seeds) 15.3 26.9 38.6

Sunflower leaves 18.8 21.6 19.7

1,0



TABLE 8. ANALYSIS OF COMPLETE DIETS (DRY MATTER BASIS).

Diet

Crude
protein

(%)

Acid
detergent
fiber (%)

Cell wall
constituents

(%)

Trial 1

Alfalfa meal 20.1 16.1 31.6
Chenopodium album 18.8 13.6 30.8
Amaranthus retroflexus 17.7 14.5 31.7

Trial 2

Low saponin alfalfa 18.1 14.3 20.2
Commercial alfalfa 19.8 20.9 30.0
Kentucky bluegrass 22.2 11.9 20.2
A. hypochondriacus leaves 18.9 8.4 14.6
A. hypochondriacus whole plant 16.9 13.0 19.6
A. hypochondriacus stems 16.5 18.9 24.8
A. hypochondriacus heads (white seeds) 17.0 10.7 17.4
A. hypochondriacus heads (black seeds) 16.7 12.6 18.7
Sunflower leaves 17.5 10.9 15.7
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TABLE 9. COMPOSITION OF THE
BASAL DIET.

Ingredient

Roughage source

Soybean meal (44% CP)

Ground corn

40

16

34.5

Trace mineralized salt
a

0.5

Molasses 5

Vegetable oil 3

Dicalcium phosphate 0.5

Celite 0.5

Morton's Farm and Ranch iOFIXT
T-M SALT. Provides NaCl and
the following mg/kg elemental
levels: Zn, 17.5; Mn, 14;
Fe, 8.75; Cu, 1.75; I, 0.35;
Co, 0.35.
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maintain a dietary protein level of at least 16%, the recommended

level for growth (NRC, 1977). In these instances, the respective

percentages of soybean meal and corn were: A. retroflexus 17.8,

33.2; A. hypochondriacus whole plant, 18, 32.5; white-seeded and

black seeded A. hypochondriacus seed heads, 17, 33.5; and A.

hypochondriacus stems, 21, 29.5. Trial 1 consisted of treatments

of commercial alfalfa meal, A. retroflexus, and C. album (Table 10).

It was conducted for 12 days at which time it was terminated due

to the limited supply of Amaranthus and Chenopodium. Trial 2 con-

sisted of the treatments also shown in Table 10, and was conducted

for 28 days. Growth, feed efficiency and mortality were measured

for both trials.

In trial 1, growth was very poor with A. retroflexus and C.

album (Table 10). Half of the animals fed A. retroflexus died;

necropsy revealed impaction of the cecum as the cause of death.

In trial 2, all A. hypochondriacus preparations gave growth that

was reduced (P<.05) compared to the alfalfa meal control. The

black seeded A. hypochondriacus gave very poor growth, with a high

rate of mortality.. The rabbits appeared to find the diet very

unpalatable as assessed by the low consumption of it. Growth

on the diet with dried sunflower leaves was also very poor, and a

high incidence of fur pulling was observed (Fig. 1). Sunflowers

contain chlorogenic acid, a phenolic compound which binds with

proteins. Thus it is likely that the poor growth and fur pulling

in the rabbits fed sunflower leaves was due to a protein deficiency

induced by chlorogenic acid. Growth rate was greatest with the



TABLE 10. PERFORMANCE OF WEANLING RABBITS FED VARIOUS ROUGHAGE SOURCES.

Treatment
Average daily Feed efficiency

gain(g) (feed/gain) mortality

Trial 1

Alfalfa meal 38.9a 2.63 0

Chenopodium album 23.5
b

4.41 0

b
Amaranthus retroflexus 14.7 3.30 50

Trial 2
ab

Low saponin alfalfa 39.2a 2.83 30
b

Commercial alfalfa 32.0 2.91ab 0

ab
Kentucky bluegrass 36.7 2.68a 0

ab
A. hypochondriacus leaves 24.6c 10

A. hypochondriacus whole plant 23.1cd 3.21ab 0

cd
1 3.68

b
.A. hypochondriacus stems 23 0

cd 3.15ab
A. hypochondriacus heads (white-seed) 20.8 20

d
A. hypochondriacus heads (black-seed) 14.0 80

d
Sunflower leaves 16.0 6.89c 0

a,b,c,d
Values in the same column with different superscripts were different
(P<.05) within each trial



FIGURE 1. HAIR PULLING FROM RABBITS CONSUMING SUNFLOWER LEAVES.
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low saponin alfalfa (Table 10). Saponins have growth-inhibiting

effects in other species, such as swine (Cheeke et al, 1978)

and have adverse effects on palatability (Cheeke et al, 1977).

Low saponin alfalfa thus may be advantageous for high-alfalfa

rabbit diets.

There is considerable interest in the potential of Amaranthus

varieties as crops (Cole, 1979; Feine et al, 1979). However, these

results with rabbits, and other studies with rats (Cheeke et al,

1981; Cheeks and Bronson, 1980; Connor et al, 1980) suggest that

Amaranthus has growth depressing properties. Amaranthus contains

saponins (Banerji, 1980; Cheeks and Bronson, 1980), oxalates

(Feine, et al, 1979), phenolics (Cheeke et al, 1981) and a heat-

labile hepatoxin (Connor et al, 1980), some or all of which may

be involved in the poor growth seen in this study. Of the

various forages as alternatives to alfalfa that were studied,

only Kentucky bluegrass meal gave acceptable animal performance.



27

CHAPTER III.

Utilization of diets containing varying levels of
alfalfa by rabbitsl

D.J. Harris,2'3 P.R. Cheeke2'3 and N.M. Patton3

Oregon State University
Corvallis, 97331

1Oregon Agricultural Experiment Station
Technical Paper No. 6343
2Department of Animal Science
3Rabbit Research Center



28

Utilization of diets containing varying levels of
alfalfa by rabbits

D.J. Harris, P.R. Cheeke and N.M. Patton

SUMMARY

Three trials were used to evaluate the effects of various

levels of dietary alfalfa on rabbit performance. One trial using

levels of 20% to 90% alfalfa was performed with growing rabbits

to determine at what level, if any, growth performance would be

depressed. Later, an experiment involving producing does and

their progeny was performed to evaluate a low(28%), medium(54%)

and high(74%) alfalfa level diet for overall rabbit performance.

Finally, a total collection digestibility trial was done to

determine the digestibility of various components of the 28, 54

and 74% alfalfa diets. Results of the growth trial with weanling

rabbits showed growth was not depressed up to the 90% level.

Fryer rabbits can achieve good growth rates on high alfalfa diets

under controlled conditions. The trial involving producing does

consuming a 28, 54 or 74% alfalfa diet suggests that does can

maintain good production when fed levels of 54 and 74% alfalfa.

The incidence of postweaning diarrhea and mortality decreased as

the alfalfa level increased.
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INTRODUCTION

Alfalfa is a major feed ingredient for rabbit rations in

North America. The optimum level for use in rabbit diets has

not been established but previous studies have shown that rabbits

will tolerate moderately high levels of alfalfa without a decrease

in performance (Cheeke and Amberg, 1972; Hall and Johnston,

1976; Cheeke and Patton, 1978). Pote et al (1980) fed levels of

0, 10, 20, 30, 40, 50, 60 and 74% alfalfa to growing rabbits and

observed good weight gains up to and including the 74% level.

The poorest growth was with the 0% alfalfa level. In Pote's work,

alfalfa was substituted directly for corn; alfalfa completely

replaced corn at the 74% level. The 74% level was the only

treatment that had no mortality due to enteritis, a disease which

plagues the rabbit industry and is characterized by profuse

diarrhea (Pout, 1971; Kruijt, 1976; Nikkels et al, 1976; Whitney,

1977). The objective of Trial 1 was to test higher than pre-

viously reported alfalfa levels for their effects on growth, feed

efficiency, incidence of diarrhea and mortality with growing

rabbits.

Based on the favorable results with fryer rabbits in the

first trial, a second trial was designed to see if does could

maintain good production on medium and high alfalfa diets. The

objectives of Trial 2 were to evaluate a low(28%), medium(54%) and

high(74%) alfalfa diet on overall rabbit performance of does and

their progeny.

Trial 3 was a total collection digestibility trial with
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the objective of determining the digestibility of various com-

ponents of the 28, 54 and 74% alfalfa diets that were used in

Trial 2.

MATERIALS AND METHODS

Trial 1

Alfalfa levels of 20, 70, 74, 78, 82, 86 and 90% were fed to

growing rabbits. There was no grain in any of the diets except

for the 20% alfalfa diet which contained 54% corn (Table 11).

Analysis of the diets is given in Table 12. Ten New Zealand

White weanling rabbits approximately 28 days of age were assigned

to each treatment and fed the experimental diets ad libitum for

28 days. All diets were pelleted.

The animals were individually housed in stainless steel cages

measuring 46cmx61cmx38cm. The experiment was conducted in an

environmentally controlled room with a temperature of 17°C. An

automatic timer provided light from 7am to 7pm. The ventilation

rate in the room was from 10 to 20 air changes per hour. Growth,

feed efficiency, incidence of diarrhea and mortality were

measured. Results were analyzed by analysis of variance and

means were compared by Duncan's multiple range test (Steele and

Torrie, 1960).

Trial 2

A total of 15 New Zealand White does were divided equally

into 3 groups and fed either a low(28%), medium(54%) or high(74%)

alfalfa diet and fed the diets through breeding, gestation and



TABLE 11. COMPOSITION OF EXPERIMENTAL DIETS - TRIAL 1.

% Alfalfa

20 70 74 78 82 86 90

Alfalfa meal (dehy) 20 70 74 78 82 86 90

Ground corn 54

Soybean meal (44% CP) 21 25 21 17 13 9 5

Trace mineral salts 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Dicalcium phosphate 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Limestone 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Molasses 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Vegetable oil 1.0 1.0 1.0 1.0 1.0 1.0 1.0

aMorton's Farm and Ranch iOFIXT T-M SALT. Provides NaC1 and the following
mg/kg elemental levels: Zn, 17.5; Mn, 14; Fe, 8.75; Cu, 1.75; I, 0.35;
Co, 0.35.
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TABLE 12. ANALYSIS OF DIETS (DRY MATTER BASIS) - TRIAL 1.

Crude
protein

Acid
detergent Cell wall

Digestible
energya

% Alfalfa (%) fiber (%) constituents(%) (kcals /kj)

20 19.2 10.5 15.7 2487

70 23.6 27.3 34.1 2411

74 22.5 26.4 34.4 2323

78 21.9 28.1 35.8 2235

82 20.7 28.5 36.0 2147

86 18.5 31.1 39.7 2059

90 14.5 35.3 42.8 1971

a
Calculated assuming 1800, 3660, 2500, 4000 and 7600 kcal/kg
for alfalfa, corn, molasses, soybean meal and corn oil,
respectively.
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lactation. Diet composition and analysis is shown in Table 13.

After weaning, the offspring were fed to market age of 56 days on

the same diet as in the pre-weaning period. Does were rebred 14

days postpartum and remained on the same feed throughout the

experiment. If a doe died or was culled from the experiment for

health reasons, she was replaced by a null-parous doe approximate-

ly 5 months of age. The 54% and 74% diets contained no grain

and were fed ad libitum. The 28% alfalfa diet was limit fed

(170 g/day) until kindling. Upon kindling does were then fed

ad libitum until the litter was weaned at 28 days. No fostering

of litters was performed. At 28 days of age, the litter was re-

moved from the doe and began the postweaning phase of this study

which was a growth trial from 28 to 56 days of age. Litters

remained on the same diet they were on in the pre-weaning phase.

Does were individually housed and caged in conditions typical of

commercial rabbit production. Body weights of the kits were

measured at birth, at 21 days, at 28 days and at 56 days. The 21

day weight is a reflection of milk production of the does (Hall

and Johnston, 1976), the 28 day weight is the weight at weaning

and the 56 day weight is the standard market age. The data were

analyzed by analysis of variance and were adjusted for the effects

of parity and month of service. Means were compared using

Duncan's multiple range test.

Trial 3

A total collection digestibility trial was also performed

with the 28, 54 and 74% alfalfa diets used in Trial 2. Rabbits
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TABLE 13. DIET COMPOSITION AND ANALYSIS - TRIAL 3.

% Alfalfa

Ingredient 28 54 74

Alfalfa meal(sun cured) 28 54 74

Soybean meal(44% CP) 16.62 21 21

Trace mineral salt
a

0.30 0.5 0.5

Dicalcium phosphate 1.57 0.25 0.25

Molasses 3 3

Tallow 1.25 1.25

Wheat mill run 20

Barley 28.2

Ground corn 22.36 -
Bentonite 2

Limestone 0.45

Vitamin-mineral premix 0.26

DL-Methioine 0.24

Analysis (%):

Crude protein 17.3 21.7 22.1

Acid detergent fiber 11.1 23.3 26.5

Cell wall constituents 17.8 31.7 34.8

aMorton's Farm and Ranch OFIXT T-M SALT. Provides
NaC1 and the following mg/kg elemental levels: Zn,
17.5; Mn, 14; Fe, 8.75; Cu, 1.75; I, 0.35; Co, 0.35.
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were housed in stainless steel metabolism cages during the

digestibility trial. Six rabbits approximately 8 weeks old were

assigned to each diet and were given a 7 day adaptation period

followed by a 7 day collection period. Feed and water were given

ad libitum. Feces was collected and analyzed by methods

recommended by AOAC (1970). Diet composition and analysis is

shown in Table 13.

RESULTS AND DISCUSSION

Trial 1

Means and standard errors of the means for performance traits

of growing rabbits consuming alfalfa levels from 20% to 90% are

shown in Table 14. Average daily gain (ADG) after 23 days was not

different (P<.05) with any of the alfalfa levels. Feed efficiency

was significantly (P<.05) better with the 20% alfalfa level than

all the other levels with the 70 though 90% levels being similar.

Feed consumption tended to increase as the level of alfalfa in

the diet increased. Because daily consumption increased on the

higher alfalfa, lower energy diets, daily digestible energy intake

remained relatively stable suggesting that rabbits are similar

to other livestock species in that they tend to consume feed to

meet their energy requirements. This agrees with work by Lebas

(1975) and Garcia et al (1975) who reported that an increase in

fiber content increased the feed ingested. The incidence of

diarrhea was highest on the 20% alfalfa diet, the only diet with

cereal grain added. Mortality in this experiment was very low



TABLE 14. GROWTH PERFORMANCE MEANS AND STANDARD ERRORS OF RABBITS FED
VARIOUS ALFALFA LEVELS - TRIAL 1.

Alfalfa
Average daily

gain (8)

Average daily
consumption(g)

Average daily
DE intake

(kcal)
Feed efficiency

(feed/gain)

Incidence
of

diarrhea Mortality

20 39.141:2.12 9913.44 246 2.5741.10 4/10 1/10

70 39.041 .84 13212.8
bc

318 3.40
b
±.11 0/10 0/10

74 36.3412.85 12415.0 288 3.64 1.37 0/10 0/10

78 36.7411.75 12314.1b 286 3.39
b
1.14 0/10 0/10

82 40.8411.65 144±3.7c 309 3.55 1.11 0/10 0/10

86 38.3411.41 142±5.3c 292 3.75b1.16 1/10 1/10

90 35.9411.52 13513.6
bc

266 3.78 1.11 0/10 0/10

a,b1c
Values in the same column with different superscripts were different (P <.05)
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which may partly be explained because the experiment was con-

ducted in an environmentally controlled facility. Higher alfalfa

diets have also been shown to have a protective effect against

diarrhea in rabbits (Cheeke and Patton, 1978; Pote et al, 1980).

Results of Trial 1 indicate that fryer rabbits can be successfully

raised on high alfalfa diets without a decrease in growth, under

environmentally controlled conditions.

Trial 2

Means and standard errors of the means for preweaning results

of Trial 2 in which does and their progeny were fed either a

low(28%), medium(54%) or high(74%) alfalfa diet are given in

Table 15. These data include litters that had at least one

rabbit survive to 56 days of age. The preweaning performance was

similar among the three diets with no statistical significance

(P<.05) for any of the traits observed. Does on the 54% alfalfa

diet showed numerically more kits from kindling through weaning.

The combined doe and litter feed efficiency showed numerically

the 54% alfalfa diet to be the most efficient. Preweaning

mortality was similar among the diet groups.

Means and standard errors of the means for postweaning litter

performance are given in Table 16. The average number of rabbits

per litter at 56 days of age was greater (P<.05) with the 74%

alfalfa diet than the 28 or 54% alfalfa diets. The reason for

this was lower (P<.05) mortality during the postweaning period of

animals on the 74% alfalfa diet compared to the other diets.

Litter size and weight at 56 days increased while mortality



TABLE 15. PREWEANING LITTER PERFORMANCE MEANS AND STANDARD ERRORS TRIAL 2.

Total 74 born Litter size Litter wt. Litter size Litter wt. Feed efficiency % mortality
Diet N 0 born alive 21 days 21 days(g) 28 days 28 days(g) 1-28 days 1-28 days

28% alfalfa 19 10.31.54 93.712.4 9.11.45 27991124 7.81.43 41391202 3.841.26 17.713.9

54% alfalfa 13 10.91.65 96.811.5 9.41.43 2731±126 8.8±.48 4224±254 3.62±.18 16.0±3.4

74% alfalfa 16 9.91.45 96.812.0 8.41.52 2497±163 8.31.49 3903±232 4.451.22 15.4 ±3.9



TABLE 16. POSTWEANING LITTER PERFORMANCE MEANS AND STANDARD ERRORS - TRIAL 2.

Average Feed efficiency % % overall

Litter size Litter wt. Average WE daily gain (feed/gain) mortality mortality

Diet N 56 days 56 days(kg) 56 days(g) 28-56 days(g) 28-56 days 28-56 days 1-56 days

28% alfalfa

54% alfalfa

74% alfalfa

19

13

16

5.21.454

6.61.59a

7.31.49b

7.791 .75

9.4111.00

10.241 .82

1488452

1402139

1401150

33.511.4

32.411.3

33.011.3

4.501.34a

3.401.21
b

ab
3.781.22

32.1±4.8

24.5±4.9

12.0±3.8

47.5±4.8a

37.96.4
ab

26.114.6
b

a,bValues in the same column with different superscripts were different (P'.05)
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decreased as the forage level of the diet increased. These

findings tend to support a theory proposed by Cheeke and Patton

(1980) that rabbit diarrhea may be caused by a carbohydrate over-

load of the hindgut. A high forage, low grain diet would prevent

large amounts of soluble carbohydrates from reaching the cecum

and colon where this undigested grain could act as a substrate

for the proliferation of organisms such as Clostridium perfringens

type E (Patton et al, 1978) and Escherichia coli (Prescott, 1978).

These organisms can produce toxins which may cause damage to the

gut lining and cause an electrolyte imbalance leading to diarrhea,

dehydration and death. Both the 54 and 74% alfalfa diets used

in this trial did not contain any cereal grain. Average daily

gain was similar among the diets and average individual weights

of rabbits on the 28% alfalfa diet were numerically higher than

the other diets. The most efficient gains were with the 54%

alfalfa diet with a value of 3.40 compared to the 74% and 28%

diets with values of 3.78 and 4.50 respectively.

Results of this trial, involving only a limited number

of does, suggests that does can maintain good production when fed

levels of 54% and 74% alfalfa. Postweaning incidence of diarrhea

decreased as the alfalfa level increased.

Trial 3

Results of the total collection digestibility trial are given

in Table 17. Crude protein digestibility was higher (P<.05) with

the 54% alfalfa diet than the 28% alfalfa diet. Acid detergent

fiber and cell wall constituents digestibility were higher (P<.01)



TABLE 17. APPARENT DIGESTIBILITIES OF EXPERIMENTAL DIETS TRIAL 3.

28% alfalfa diet

54% alfalfa diet

74% alfalfa diet

Crude Acid detergent Cell wall Digestible
protein fiber constituents energy

digestibility(%) disestibility(%) digestibility (kcal/kg)

72.4a 4.6c 0.6c 3100

76.6
b

25.9
d

17.4
d

2815
d

75.1
ab

20.9
d

19.4
d

2527e

a,b
Values in the same column with different superscripts differ (P <.05)
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with the 54 and 74% alfalfa diets than the 28% alfalfa diet.

Digestible energy for the 28, 54 and 74% alfalfa levels were

different (13.01) with values of 3100, 2815 and 2527 kcal/kg

respectively. Digestible energy of the diets decreased as the

alfalfa level increased.

An amino acid analysis of the 28, 54 and 74% alfalfa diets

was conducted; results are shown along with requirements (NRC,

1977) for growing rabbits in Table 18. The publication on NRC

requirements for rabbits is much less complete than for other

livestock species. The 28, 54 and 74% alfalfa diets appeared to

be adequate in all of the essential amino acids required for

growing rabbits as reported by the NRC except for methionine

and cystine. All three of the diets contained slightly less than

the NRC requirement of these sulfur-containing amino acids.
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TABLE 18. AMINO ACID ANALYSIS AND REQUIREMENTS FOR GROWTH.

Alfalfa level (%)
NRC

a
28 54 74

Amino acids Requirements % (%) (%) (%)

Lysine 0.65 0.77 1.04 1.16

Methionine
0.6

0.45 0.26 0.25

Cystine 0.08 0.08 0.14

Arginine 0.6 0.71 1.07 0.97

Histidine 0.3b 0.34 0.43 0.58

Leucine 1.1
b

1.42 1.76 1.82

Isoleucine 0.6b 0.76 0.87 0.94

Phenylalanine
1.1

b 0.84 0.91 0.93

Tyrosine 0.56 0.69 0.66

Threonine 0.6 0.72 1.06 1.12

Valine 0.7b 0.90 1.24 1.30

Tryptophan 0.2 c c c

a
NRC, 1977

b
May not be minimum but known to be adequate

c
Value not available
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Effect of diet, light and breeding schedule on
rabbit performance

D.J. Harris, P.R. Cheeke and N.M. Patton

SUMMARY

A twelve month experiment was conducted to examine three aspects

of rabbit production: (1) the long term effects of feeding a high

alfalfa level (54%) diet to does and their litters versus a com-

mercial diet; (2) the effects of rebreeding does 1 day postpartum

versus 14 days postpartum; (3) the influence of raising rabbits

under controlled versus natural light. Results showed the total

number of rabbits weaned per doe were: commercial diet, 33.6 vs.

54% alfalfa diet, 38.7; postpartum breedback, 34.9 vs. 14 day

breedback, 38.3; natural light, 34.7 vs. controlled light, 37.6.

Mortality from birth to weaning was: commercial diet, 41.4% vs.

54% alfalfa diet, 35.5%; postpartum breedback, 40.7% vs. 14 day

breedback, 36.1%; natural light, 36.1% vs. controlled light, 40.4%.

The results showed that rabbits fed the 54% alfalfa diet performed

equal to or better than those fed the commercial diet. Results

also indicate that there is no advantage in rebreeding does 1 day

postpartum compared to 14 days postpartum as far as total number

of rabbits weaned. There was an increase in the total number of

rabbits born and weaned when raised in controlled light compared

to natural light.
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INTRODUCTION

Rabbit production has potential in helping to meet the world's

food needs (Cheeke, et al, 1980; Owen, 1976; McNitt, 1980).

Scientific research in most areas of rabbit production is limited

compared to other livestock species; therefore, this experiment

was designed to investigate specific aspects of rabbit nutrition,

reproduction and light management.

Preliminary studies with alfalfa have shown good performance

when rabbits were fed diets containing 54% alfalfa (Harris et al,

1981). The first objective of this experiment was to further

evaluate a 54% alfalfa diet in a long term, larger scale experiment.

The second objective of this experiment was to compare the

overall performance of rabbits raised under natural light which

varied according to the time of year versus controlled light which

was a 16 hour photoperiod throughout the year. Rabbits in late

fall and early winter often exhibit a decline in production

(Cheeke et al, 1982), which, if it is comparable to egg production

in poultry, might be responsive to photoperiod.

Rabbits will readily breed one day after kindling and with

gestation being only 31 days, the litter interval could be short-

ened so that each doe could potentially produce 11 litters per year.

The third objective of this experiment was to compare the per-

formance of rabbits rebred 1 day versus 14 days postpartum.

MATERIALS AND METHODS

A 12 month trial yielding a total of 425 litter records from
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60 New Zealand White does was used to determine the effect of

diet, light and breeding schedule on rabbit performance. If a

doe died during the experiment or was culled for health reasons,

she was replaced by a null-parous doe. Does in this experiment

were bred for the first time at approximately 20 weeks of age.

The animals were raised in typical commercial rabbit production

facilities with one doe per cage. No fostering of litters was

performed. The 60 breeding does were equally divided into two

separate adjoining rooms, each with a different photoperiod.

The rooms were similar in all aspects except light. Photoperiod

for animals in the natural light room varied in length according

to the time of year. Photoperiod for animals in the controlled

light room was 16 hours of light per 24 hour period throughout

the 12 month trial. Half of the animals within each room were

randomly assigned to be rebred 14 days after kindling and the

other half were assigned to be rebred 1 day after kindling

(postpartum). Half of the animals on the experiment were fed a

54% alfalfa-based diet and the other half were fed a commercial

diet (Carnation Albers Family Ration). Composition of the 54%

alfalfa diet is given in Table 19. Diet analysis of both the 54%

alfalfa diet and the commercial diet is shown in Table 20. All

diets were pelleted. Amino acid composition of the diets is given

in Table 21. Upon weaning at 28 days of age, approximately one

third of the litters remained on their respective diets until

they reached 56 days of age so that postweaning performance traits

could be evaluated. A total of 121 litters was used in the post-
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TABLE 19. COMPOSITION OF THE 54% ALFALFA DIET.

Ingredient % of the diet

Alfalfa meal (sun-cured) 54

Soybean meal (44% CP) 21

Wheat mill run 20

Molasses 3

Tallow
a

1.25

Trace mineral salt 0.5

Dicalcium phosphate 0.25

aMorton's Farm and Ranch iOFIXT T-M SALT.
Provides NaC1 and the following mg/kg elemental
levels: Zn, 17.5; Mn, 14; Fe, 8.75; Cu, 1.75;
I, 0.35; Co, 0.35.



TABLE 20. DIET ANALYSIS AND APPARENT DIGESTIBILITY OF EXPERIMENTAL DIETS.

Acid
Crude detergent
protein fiber

Cell wall
constituents

Digestible
in digesti- in digesti- in digest- energy
diet bility diet bility diet bility (kcal/k)

54% alfalfa diet 21.6 76.7 23.3 25.9 31.7 17.4 2815a

Commercial diet 18.8 73.7 22.8 21.2 32.9 15.9 2605
b

a
'

b
Values in the same columns with different superscripts were different (P<.05)
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TABLE 21. AMINO ACID ANALYSIS AND REQUIREMENTS FOR GROWTH.

NRC 54% alfalfa Commercial
Amino acids Requirementsa(%) diet (%) diet (%)

Lysine 0.65 1.04 0.90

Methionine
0.6 0.26 0.40

Cystine 0.08 .04

Arginine 0.6 1.07 0.82

Histidine 0.3b 0.43 0.40

Leucine 1.1
b

1.76 1.57

Isoleucine 0.6b 0.87 0.84

Phenylalanine
1.1

b 0.91 0.85

Tyrosine 0.69 0.64

Threonine 0.6b 1.06 0.87

Valine 0.7 1.24 1.10

Tryptophan 0.2

aNRC, 1977
b
May not be minimum but known to be adequate

c
Value not available
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weaning phase.

A 2x2x2 factorial arrangement of treatments was used for the

statistical design. The data were analyzed by least squares

analysis of variance (Harvey, 1975). The model included the main

effects of diet, light and breeding schedule and was adjusted for

month of service and age of dam.

A total collection digestibility trial was performed to

determine apparent digestibility of energy (DE), crude protein

(CP), acid detergent fiber (ADF) and cell wall constituents (CWC)

of both feeds used in this experiment. The rabbits were housed in

stainless steel metabolism cages and six rabbits were used to

determine the digestibilities of each feed. The digestibility

trial lasted 7 days and was preceded by a 7 day adjustment period

on the test diet. Chemical analysis of the diets was performed

by AOAC (1970) methods. Also, a feed preference trial was per-

formed to see if rabbits preferred either of the diets when given

a choice. Thirty six rabbits equally divided into six cages were

given the two diets ad libitum for 14 days. Feeders were rotated

daily to prevent bias in feeder location.

RESULTS AND DISCUSSION

Diets

The breeding performances comparing the 54% alfalfa diet to

the commercial diet are given in Table 22. The doe fertility and

the litter interval were very similar between the two diets. The

average number of rabbits born per litter, both alive and dead, was



TABLE 22. LEAST SQUARES MEANS AND STANDARD ERRORS FOR PERFORMANCE TRAITS.

Doe breeding traits Litter birth traits Preweaninglitter traits

X Litter Total. if

Fertile interval born per
N coatings N (days) N litter

1 born
alive N

Litter Litter Litter
weight size weight
21 days(g) 28 days

1
28 days(8)

1

Feed
efficiency
(feed/gain)

mortality
1-28 lays'

Commercial diet 358 65.012.6 145 45.41 .94 220 7.811.21a 72.612.3c 159 2403155 6.341.20a 354611013 4.811-13 21.31-1.7a

54% alfalfa diet 337 64.112.6 134 44.8± .95 205 8.761.21
b

8 1.112.4
d

' 165 24701:54 7.031.19
b

3854t 98b 4.45±.13 18.211.6b

1 day rebreed 389 61.0±2.4 150 39.3± .90cd 222 7.951.21 75.112.3 160 2446155 6.541.19 36521100 4.801.13 21.511.7
14 day rebreed 306 68.112.7 129 50.911.01 203 8.621.22 80.912.4 164 2427156 6.83±.20 17481102 4.45t.13 20.01.1.7

Natural light 349 63.112.6 131 47.01 .97c 200 8-151.22 78.9±2.4 155 2466±55 6.71±.20 36691100 4.561.13 19.6±1.7

Controlled light 346 66.112.6 148 43.21 .92d 225 8.42t.21 77.112.3 169 2407154 6.671.19 37311 98 4.691.13 21.8±1.6

Overall 695 64.611.8 279 45.1± .67 425 8.281.15 78.0±1.7 324 243/139 6.691.14 37001 71 4.631.09 20.7±1.2

a,b
Values in the same column with different superscripts were different (P.05)

1
Significant (P <.01) diet by light interaction

c ' d
Values in the same column with different superscripts were different (P<.01)
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greater (P<.05) for animals on the 54% alfalfa diet than the

commercial diet. The % born alive was also greater (P<.01) for

animals fed the 54% alfalfa diet than the commercial diet with

83.3% and 72.6% respectively. Preweaning litter performance

traits are also shown in Table 22. These data only include litters

in which at least one rabbit survived to weaning at 28 days of age.

The 21 day litter weights are an indication of the amount of milk

the doe is producing, since nutrients for rabbits under 21 days

of age are provided almost entirely from the doe's milk. Litters

receiving more milk than average at 21 days will remain heavier

through the growth stage (Hardman, et al, 1970). The 21 day litter

weights were similar suggesting that neither diet gave an ad-

vantage of higher milk production. Litter size and litter weights

at 28 days were greater (P<.05) with animals fed the 54% alfalfa

diet than those fed the commercial diet. This was partly due to

a larger litter size alive at birth on the 54% alfalfa diet but

was also a result of lower (P<.05) mortality of those born alive

through weaning on the 54% alfalfa diet versus the commercial diet.

There was a diet by light interaction (P<.01) for litter size at

28 days, litter weight at 28 days and mortality from 1-28 days.

For each of these traits the commercial diet gave better results

in the natural light room and the 54% alfalfa diet gave better

results in the controlled light room. The combined feed efficiency

(feed/gain) of both does and their litters was not significantly

different between the two diets but numerically more efficient

on the 54% alfalfa diet. The total number of rabbits weaned per



54

doe from the 54% alfalfa diet litters was 38.7 compared to 33.6

from the commercial diet litters (Table 23). Overall results of

preweaning performance show the 54% alfalfa diet generally

superior to the commercial diet. Table 24 gives the postweaning

performance traits; average daily gain, feed efficiency, litter

size and litter weight at 56 days were very similar between

the two diets. Although not significant, the % mortality from

28 to 56 days was lower for the commercial diet than the 54%

alfalfa diet with 16.7% and 22.4% respectively. Most of the

mortality during the postweaning growth period was due to

enteritis which is characterized by profuse diarrhea. Enteric

diseases of the rabbit are discussed elsewhere (Cheeke and Patton,

1980; Whitney, 1976; Pout, 1971; Patton, et al, 1978). Results

of the feed preference trial showed rabbits preferred the 54%

alfalfa diet over the commercial diet 3 to 1 with the intake of

the 54% alfalfa diet averaging 75% of total intake. Apparent

digestibilities of the diets are shown in Table 20. Digestible

energy of the 54% alfalfa diet was significantly (P<.05) higher

than for the commercial diet and other components were numerically

higher on the 54% alfalfa diet. The amino acid profiles of the

diets and the available requirements for growth published by the

NRC (1977) are given in Table 21. The NRC table of nutrient

requirements is very incomplete. The amino acid requirements that

are available are given only for growth, with nothing given for

maintenance, gestation or lactation. Both the 54% alfalfa diet

and the commercial diet contained more than NRC minimum amounts for



TABLE 23. TOTAL RABBITS BORN AND WEANED.

Number born
alive and dead

Number weaned
at 28 days

% Overall mortality
birth to weaningTotal

Average number
per doe Total

Average number
per doe

Commercial diet 1720 57.3 1008 33.6 41.4

54% alfalfa diet 1800 60.0 1161 38.7 35.5

1 day rebreed 1767 58.9 1047 34.9 40.7

14 day rebreed 1753 58.4 1120 37.3 36.1

Natural light 1628 54.3 1040 34.7 36.1

Controlled light 1892 63.1 1127 37.6 40.4

Overall 3520 58.7 2167 36,1 38.4



TABLE 24. LEAST SQUARES MEANS AND STANDARD ERRORS FOR POSTWEANING LITTER PERFORMANCE TRAITS.

Litter Litter Average Average
Litter weight Litter weight daily weight Feed %
size 28 days size 56 days gain(g) 56 days efficiency Mortality

N 28 days (g) 56 days (g) 28-56 days (A) 28-56 days 28-56 days

Commercial diet 59 6.91.35 37011178 5.81.37 92241589 37.0±.99 1588137 3.211.13 16.713.1

54% alfalfa diet 62 7.4i.33 39881168 5.81.35 92161554 37.01.93 1589134 3.311.12 22.4±2.9

Overall 121 7.21.27 38451137 5.81.29 92201452 37.01.76 1588±28 3.261.10 19.512.4
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growth of all the essential amino acids except for methionine and

cystine which contained slightly less than the requirements. The

total number of does replaced because of death or health reasons was

similar within each of the diets (Table 25).

Light

Breeding performance of does reared under natural light versus

controlled light is given in Table 22. The % fertile matings was

numerically higher with those receiving controlled light. Figure 2

separates the % fertile matings into months so that differences

between the two lighting regimes can be observed. There were large

monthly fluctuations in % fertile matings in both lighting treat-

ments. A consistent decline in conception rate during the late

fall and early winter months in the natural light room was not

observed in this experiment. In November, December, January and

February, the % fertile matings was consistently higher with does

in the controlled light room versus does in the natural light room

suggesting some response to additional light during months of short

photoperiod. This agrees with work by Jensen and Tuxen (1981)

in which they compared natural light to a 14 hour controlled

photoperiod and found an increase in pregnancy of the first mating

with 83% from natural light to 93% from controlled light. The litter

interval was shorter (P<.05) for does receiving controlled light

versus natural light. Jensen and Tuxen (1981) also reported a

decrease in the litter interval from 79 days to 67 days when con-

trolled light was used. Litter birth and preweaning performance was

generally similar between the two groups (Table 22). More total
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TABLE 25. TOTAL NUMBER OF DOES REPLACED

Commercial diet
54% alfalfa diet

1 day rebreed
14 day rebreed

Natural light
Controlled light

Number of does
replaced

52
56

56

52

56

52

Total does replaced 108
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rabbits were weaned per doe in the controlled light room compared

to the natural light room (Table 23). Table 25 shows that the

total number of rabbits replaced in the natural and controlled

light rooms was similar.

Breeding Schedule

Results of breeding performance of rabbits rebred after

kindling either 1 day or 14 days are given in Table 22. The %

fertile matings approached significance (P<.0527) with the 1 day

rebreed group at 61% and the 14 day rebreed group at 68.1%.

The lowered fertility in the 1 day breedback group may have been

partly due to the increased stress of production as concurrent

gestation and lactation occurred without rest on the 1 day

breedback schedule. These results are consistent with those

reported by Selme and Prud'hon (1973) in which they compared a

1 day versus a 10 day rebreed schedule and reported lower

ovulation in the group rebred 1 day compared to 10 days with

56.1% and 83.7% respectively. In another study by Van den Broeck

and Lampo (1975), a 28 versus an 11 day breedback schedule was

used. They reported the % fertile matings to be significantly

higher in the group rebred 28 days postpartum compared to 11 days.

In the present study, the litter interval was shorter (P<.01)

on the 1 day versus the 14 day breedback schedule with 39.3 and

50.9 days. Average number born per litter, both alive and dead,

and % born alive were numerically greater for those rebred 14

days compared to 1 day after kindling (Table 22). Preweaning

litter traits were similar between the two breeding schedules.
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Because of concurrent lactation and gestation with virtually no

rest for does on the 1 day rebreed schedule, longevity of the doe

was of practical concern. Table 25 shows that the number of does

replaced from the 1 day rebreed group was 56 compared to the 14

day rebreed group with 52 suggesting that doe liveability was

not significantly decreased by rebreeding does 1 day postpartum.

Because of the shorter litter interval, does on the 1 day rebreed

schedule could theoretically produce more litters per year and

consequently more rabbits per year than those rebred later

after kindling. However, the total number of rabbits weaned from

does on the 14 day rebreed schedule was greater than those on the

1 day rebreed schedule (Table 23). This may partly be explained

because of higher overall fryer mortality from birth to weaning

in the 1 day postpartum group. Results from this experiment

suggest no practical advantage in rebreeding does 1 day versus

14 days postpartum.
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CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH

These studies have examined the effects of feeding various

forages and forage levels to rabbits.

Of the tropical forages tested, Desmodium distortum gave growth

and feed efficiency performance better than that obtained with

alfalfa meal. Other tropical forages were identified that gave

growth similar to alfalfa meal. The tropical forages used in these

experiments were dried and incorporated into a complete pelleted

diet. Although the acceptance of the dried forage may differ

from that of the green forage, trends in performance of the two

would probably be similar. Future research involving the feeding

of these tropical forages in the green form would be of practical

benefit to people who live where the forages can be grown.

Gathering and feeding fresh forages daily can become labor

intensive and may not be economically feasible in the United

States with our present feeding and caging systems. However, in

many developing tropical countries, inexpensive labor is something

often readily available and daily harvesting and feeding fresh

forages would be worthwhile. "Cut-and-carry" systems of animal

feeding are extensively used in many tropical areas. Identifi-

cation of forages that rabbits will accept and which produce

efficient gains is the next logical step.

Two common garden weeds, Amaranthus retroflexus and

Chenopodium album, better known as red-root pigweed and lamb's

quarters, gave poor performance when fed to growing rabbits.

Amaranthus hypochondriacus, a potential new crop, was
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separated into leaves, seed heads, stems and whole plant and

incorporated into complete diets to measure performance. All the

amaranthus fractions gave poor results.

Sunflower leaves were incorporated at the 40% level in a

corn-soy diet and caused excessive fur pulling in growing rabbits.

Sunflowers contain chlorogenic acid, a phenolic compound which may

bind proteins. Therefore it is likely that the poor growth and

fur pulling was due to a protein deficiency induced by chlorogenic

acid.

Another potential replacement of alfalfa, Kentucky bluegrass

was tested at the 40% level and gave excellent growth. Feed

efficiency was better than that obtained with alfalfa.

In weanling rabbit growth trials with alfalfa levels ranging

from 20% to 90%, growth was good even up to the 90% level under

controlled environmental conditions. Further studies should be

performed with growing rabbits in typical commercial rabbit

production conditions to determine if similar performance with

the high dietary alfalfa is obtained under practical conditions.

The experiment in which does and litters were fed either a

28%, 54% or 74% alfalfa diet showed that does could maintain good

production on high alfalfa levels. Mortality of the weaned rabbits

due to diarrhea was lower on the 54% and 74% alfalfa diets than

the 28% alfalfa diet.

Because of favorable results from the preliminary trial and

because of other observations during the preliminary trial,

the 54% alfalfa diet was chosen to be futher evaluated in a large
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scale, long term experiment to assess overall doe and progeny

production. Data collected during a 12 month period showed the

54% alfalfa gave overall rabbit performance equal to or better

than the commercial diet it was tested with. The 54% alfalfa

diet contains no cereal grain and appears to be a good alfalfa

level for the producing doe. Future studies involving protein-

energy relationships of high forage diets would be valuable.

The same 12 month experiment was designed in a way that

made data collection on two other areas of rabbit production

possible; rebreeding schedule and light management.

Results of the experiment in which does were rebred either

1 day or 14 days postpartum showed no advantage in rebreeding

does 1 day versus 14 days postpartum. Even though the litter

interval was reduced (P<.01) in the 1 day rebred does, the total

number of rabbits weaned per doe per year was not greater than

the 14 day rebred does because of higher % fertile matings and

lower % mortality at birth with the 14 day rebred does compared

to the 1 day rebred does. A 14 day rebreed schedule is also an

intensive breeding schedule and further research would be worth-

while in testing 7, 21, 28 and 35 day rebreed schedules.

Intensive breeding and early weaning are ways in which rabbit

production can be increased, however more cages, feed and labor

are required. Additional testing of these other breeding schedules

along with an economic analysis of all of them together would be

desirable so that a rabbit raiser could assess his own goals and

available resources and determine which breeding schedule would be
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economically best for a particular situation. Also, other

experiments could be performed in which diets containing various

energy levels could be fed to does rebred 1 day after kindling

to try to determine the optimal energy level for that intensive

breeding schedule.

Finally, the results of raising rabbits under natural versus

controlled light showed more total rabbits weaned per doe in

the controlled light room versus the natural light room. Although

the % fertile matings were higher in the controlled light room

during the shorter daylight months than in the natural light room,

month to month variation in % fertile matings was very large

and definite seasonal trends were not observed in this experiment.

Other potential studies that could expand upon the present light

experiment could include the evaluation of various light sources

and intensities for rabbit production.
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