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ABSTRACT: To evaluate the effects of starch level and source on
growth performance, caecal fermentation, and carcass and meat
quality, six diets were formulated including different percentage of
barley (B) or corn (C) or equal proportions of the two cereals (BC)
to obtain moderate (M) or high (H) starch levels, and fed to 96
rabbits from 35 d of age until slaughter (73 d). Within starch level,
B and C diets presented similar chemical composition and nutritive
value while starch digestibility was higher in B diets. The starch
source did not affect growth performance and meat quality and
showed weak effects on caecal fermentation, apart from a higher

proportion of valerate in rabbits fed diets C (P<0.05). According to
cereal inclusion rate, M diets were lower in starch (17.0 vs 20.6%
DM) and digestible energy concentration (12.1 vs 12.6 MJ/kg DM)
and higher in fibre concentration (ADL: 4.7 vs 3.9% DM) than H
diets. The starch level affected growth performance: H diets
stimulated weight gain (41.7 vs 43.5 g/d; P<0.05) and improved
feed conversion (P<0.001) in comparison with M diets but did not
affect health status or caecal fermentation. High-starch diets also
increased dressing percentage (60.9 vs 61.5%; P<0.05), and
cooking losses and share press force of meat.

INTRODUCTION

A low dietary amount of starch is recommended
in the post-weaning period (LEBas and MAITRE, 1989;
MAERTENS, 1992) in order to reduce digestive problems
linked to the incomplete development of the enzymatic
system in young rabbits and their inability to digest
starch completely (CHEEKE, 1987; BLAS ef al., 1990;
ScaPINELLO et al., 1999). The outbreak of epizootic
enterocolitis in Europe has further stimulated the
reduction of dietary starch and the increase of fibre
fractions as an enterocolitis prevention method during
weaning and fattening, with a consequent impairment
of diet nutritive value and feed conversion (GIDENNE,
2000; Licors et al., 2000).

Barley is the cereal most commonly used in rabbit
diets in Europe, traditionally included in the measure
of 15-25% of the diets, and preferred to corn because
of its lower frequency of mycotoxin contamination and
higher starch digestibility. This latter avoids high
starch ileal escape and overflow in the caecum with

negative consequences on digestive physiology, caecal
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fermentation and health status (GIDENNE and PEREZ
1993a, 1993b; Bras and GIDENNE, 1998). Studies on
the effects of starch levels and sources in growing
rabbits gave sometimes controversial results, however
(DE BLAs et al., 1986; Parigi Bint ef al., 1990; BLas e
al., 1994; Xiccato et al., 1998). Moreover, few data
are available on their effects on carcass and meat
quality (Xiccaro, 1999; Nizza and MonNIELLO, 2000).

The aim of the present study was to evaluate the
effect of two starch levels (17 vs 21% DM) and two
starch sources (barley and corn) on growth
performance, caecal fermentation, and carcass and

meat quality in growing rabbits.

MATERIALS AND METHODS

Animals and diets

Ninety-six rabbits of both genders from a hybrid
line (Grimaud Fréres, France) were reared in
individual cages from 35 d of age until slaughter, at
73 d. The rabbits were kept in a brick shed equipped
with a forced heating system to maintain a minimum
temperature of 18°C and submitted to a natural
photoperiod.
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Four diets (B-M, C-M, B-H, C-H) were formulated
by using barley (B) or Corn (C) as main starch source
included at different rates to obtain moderate (M) or
high (H) starch levels (Table 1). Dilution technique
was used to obtain two more diets: BC-H diet (0.5 B-
H + 0.5 C-H) and BC-M diet (0.5 B-M + 0.5 C-M).
From 35 d of age until slaughter, rabbits were divided
into six groups (16 rabbits each), homogeneous in
average weight and variability, and given ad libitum

access to the six experimental diets.

Individual live weight and feed intake were
recorded three times a week. The health status of
rabbits was controlled daily. The rabbits were
considered ill when evidencing clear signs of diarrhoea

as well as strong reduction of feed intake. In the

Table 1: Ingredients (%) of experimental diets.

calculation of morbidity, the ill rabbits were
considered only once and the dead animals were
considered only in the calculation of mortality. The
sanitary risk was calculated as the sum of morbidity
and mortality (BENNEGADI et al., 2000). To prevent
epizootic enterocolitis, from 39 to 45 days of age,
drinking water was supplemented with 150 mg/ |
aminosidin sulphate and 75 mg/ | tiamuline hydrogen

fumarate.

Four rabbits died and six were excluded from the
trial due to respiratory and digestive problems that
caused severe growth reduction. Therefore the number
of rabbits was 15, 14, 14, 13, 15, and 15 for groups B-
M, BC-M, C-M, B-H, BC-H, and C-H, respectively.

Experimental diets
B-M BC-M C-M B-H BC-H C-H
Ingredients, %

Barley meal 174 8.7 0.0 27.4 13.7 0.0
Corn meal 0.0 7.5 15.0 0.0 12.0 240
Alfalfa meal 17%CP 324 332 34.0 224 23.7 25.0
Wheat bran 25.5 25.5 25.5 20.5 20.5 20.5
Dried beet pulp 10.0 10.0 10.0 10.0 10.0 10.0
Soybean meal 44%CP 4.6 48 5.0 7.1 7.3 7.5
Sunflower meal 30%CP 4.6 4.8 5.0 7.1 73 7.5
Animal fat 1.5 1.5 1.5 1.5 1.5 1.5
Cane molasses 22 22 22 22 22 22
Limestone 0.20 0.20 0.20 0.20 0.20 0.20
Dibasic calcium phosphate 0.55 0.55 0.55 0.55 0.55 0.55
Salt 045 0.45 0.45 0.45 0.45 0.45
Vitamin-mineral premix 0.30 0.30 0.30 0.30 0.30 0.30
DL-methionine 0.10 0.10 0.10 0.10 0.10 0.10
HCI lysine 0.10 0.10 0.10 0.10 0.10 0.10
Coccidiostatic 0.10 0.10 0.10 0.10 0.10 0.10

B: barky diet, BC: barky+com diet, C: com diet, M: moderate starch level, H: high starch level
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Digestibility trial

The apparent digestibility of DM and nutrients
and the DE concentration of the experimental diets
were measured in a digestibility assay carried out on
60 rabbits among the 96 on trial (10 animals of both
genders per diet) according to the European
standardised method (PErEz et al., 1995). The
digestibility trial started at 49 days of age with a 4-d

collection period.

Commercial slaughter and carcass and meat
quality recordings

The rabbits were slaughtered at 73 d of age in a
commercial slaughterhouse and 24 hours later the
chilled carcasses were dissected according to BLasco
et al. (1996) procedures. Cooking losses and shear
press force were measured on a hind leg following
the procedures described by Xiccarto et al. (1994). An
Instron machine (model 1140) equipped with a Warner-

Bratzler device was used to measure shear press force.

Caecal content sampling and analysis

At slaughter, gastrointestinal tracts were removed
by all rabbits. About one hour after slaughter, the pH
of the caecal content was measured using a pH-meter
(H19025C, Hanna Instruments, Sarmeola di Rubano,
Padova, Italy) equipped with a combined Ingold
electrode (406 M3). The caecal content was then
collected, put into plastic bottles, diluted with 15%
HPO, (25% wt/wt), and stored at —20°C until chemical

analyses.

Chemical analysis

Diets and faeces were analysed by AOAC (2000)
methods following harmonised procedures (EGRAN,
2001). Ether extract was determined after acid-
hydrolysis treatment. Fibre fractions were analysed
by the GoErRING and VAN SoesT (1970) method, as
modified by Roertson and VAN SoEesT (1981), using
the sequential procedure. The NDF determination was
carried out using a thermo-resistant amylase
(Thermamyl L120, Novo Nordisk, Denmark). Starch
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concentration was measured by an enzymatic kit

(Boehring Mannheim, Gmbh, Mannheim, Germany).

The thawed samples of caecal content were
centrifuged for 10 min at 9,000 g. Caecal N-ammonia
was determined on the supernatant by pH-meter (PHM
84, Research pH-meter, Radiometer, Copenhagen,
Denmark) equipped with ammonia-specific electrode
(mod. 9512, Orion Research Incorporated, Boston,
USA). Volatile fatty acid (VFA) concentration was
measured on the supernatant by gas-chromatography
(HRGC 5300 Carlo Erba, Milano, Italy) on a cross
bond capillary column (25 m x 0.32 mm [.D., 3.5 mm
film thickness) (JRX, Mega, Milano, Italy) using the
method of OsL (1988).

Statistical analysis

The data recorded were analysed by a two-way
ANOVA (2 starch levels x 3 starch sources). Because
no interaction was observed between the two
experimental factors, the results were reported as
means of the main effects. The GLM procedure of
SAS (SAS, 1991) was used for all analyses. The
Bonferroni # statistics was used to compare means by
group of diets. The y? test was used to compare

mortality and morbidity among treatments.

RESULTS

Starch and fibre concentration accounted for the
main differences in chemical composition between M
and H diets, as the consequence of the substitution of
alfalfa meal with cereals (Table 2). Starch was lower
(-3.6 units) and crude fibre higher (+1.6 units) in M
diets than in H diets. The average starch to ADF ratio
was 0.84 for M diets and 1.17 for H diets. Dry matter
digestibility was lower in M diets than in H diets
(64.1% vs 68.2%; P<0.001) as was also DE
concentration (12.1 vs 12.6 MJ/kg DM) (Tables 2 and
3). The DP/DE ratio was similar in the two groups of

diets and consistent with recommendations.
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The substitution of barley by corn did not produce
any substantial change in chemical composition but a
higher starch level in C-H diet than in B-H diet (21.3
vs 19.7% DM). Barley-based diets showed higher
starch digestibility (£<0.001) than corn-based diets.
The starch digestibility of BC diets, obtained by
mixing in equal parts B and C diets, was similar to C
diets.

Growth performance of rabbits was affected by
the dietary starch level (Table 4). At the end of the
trial, rabbits fed high-starch diets were heavier
compared to rabbits fed low-starch diets (P<0.10) due
to the higher daily weight gain (41.7 vs 43.5 g/d;
P<0.05). Daily feed intake was not significantly

affected, while feed conversion was more favourable

in rabbits fed H diets (P<0.001). The starch source

did not affect growth performance.

As what concerns the health status, the same
number of rabbits fed M or H diets were excluded
from the trial or died. Morbidity was numerically
higher in rabbits fed high-starch diets (6 animals,
12.5%) compared to rabbits fed low-starch diets (2
animals, 4.2%) but the difference was not significant
(P>0.05).

At slaughter, dressing percentage was higher
(P<0.05) in rabbits fed H diets due to the lower gut
incidence (Table 5). The reference carcass was heavier

in H treatment and the hind leg meat showed higher

Table 2: Chemical composition and nutritive value of experimental diets.

Experimental diets
B-M BC-M C-M B-H BC-H C-H
Chemical composition
Dry matter, % 90.4 90.5 90.4 90.1 90.0 90.2
Crude protein, % DM 16.3 16.5 16.2 16.8 16.9 16.8
Ether extract, % DM 4.1 43 43 43 4.3 45
Crude fibre, % DM 17.1 17.4 17.3 15.9 15.7 15.3
Ash, % DM 83 8.1 83 7.8 7.5 7.4
NDF, % DM 414 385 39.7 372 35.5 334
ADF, % DM 20.5 19.9 20.4 17.9 17.6 17.5
ADL, % DM 4.7 4.7 4.7 4.1 3.7 38
Starch, % DM 17.2 16.6 17.2 19.7 20.8 21.3
Starch/ADF ratio 0.84 0.83 0.84 1.10 1.18 1.22
Gross energy, MJ/kg DM 18.63 18.61 18.60 18.67 18.63 18.77
Nutritive value
Digestible energy (DE), MJ/kg DM 12.1 12.2 12.1 125 12.6 12.7
Digestible protein (DP), g’kg DM 125 127 122 131 133 129
DP/DE (g/MJ) 10.3 10.5 10.1 10.5 10.5 10.2

B: barkey diet, BC: barley+com diet, C: corn diet, M: moderate starch level, H: high starch level
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Table 3: Apparent digestibility of experimental diets

Starch level

Starch source

M H P- value B BC C P- value RSD
Rabbits 30 30 20 20 ° 20
Digestibility coefficients, %
Dry matter 64.1 68.1 <0.001 65.6 66.3 66.6 NS 24
Organic matter 64.7 69.0 <0.001 66.3 67.0 67.2 NS 24
Crude protein 76.4 77.6 <0.001 77.3 77.6 76.3 NS 29
Ether extract 84.3 86.3 <0.001 85.0 85.3 85.6 NS 2.1
Crude fiber 26.5 29.6 <0.001 27.3 28.7 28.2 NS 4.1
NDF 36.1 36.5 NS 37.6 35.6 35.6 <0.10 4.5
ADF 22.7 22.7 NS 222 221 23.8 NS 4.1
Starch 98.9 98.7 <0.001 99.4 98.5° 98.5° <0.001 0.2
Gross energy 65.2 67.5 <0.001 66.0 66.5 66.4 NS 2.5

M: moderate starch level, H: high starch kevel, B: barley, BC: barley+corn, C: corn.

RSD: residual standard deviation.
NS: not significant.

cooking losses (P<0.01) and shear press force
(P<0.05) compared to M treatment.

Gut incidence was significantly lower in the BC
treatment compared to other treatments (P<0.01) and
a significant effect of the starch source was recorded
also on dissectible fat, lower in rabbits fed BC diets
(P<0.05).

Table 4: Growth performance of growing rabbits.

The administration of diets at different starch
levels did not modify the characteristics of the caecal
content (Table 6). Caecal pH tended to be slightly
higher in rabbits fed M diets (P<0.10) while neither
total VFA production nor VFA proportions were
affected. The starch source showed weak effects on
caecal content characteristics, apart from a higher
proportion of valerate in rabbits fed C diets (P<0.05).

Starch level ! Starch source 2

M H P-vae B BC C P-value RSD?
Rabbits 43 43 28 29 29
Live weight at 35 d, g 933 935 0.90 933 926 943 0.68 74
Live weight at 73 d, g 2517 2589 0.06 2567 2549 2543 0.87 179
Daily weight gain, g/d 41.7 43.5 0.04 43.0 427 42.1 0.72 42
Daily feed intake, g/d 120 117 121 118 116 0.24 11
Feed conversion 2.88 2.69 <0.001 281 278 2.76 0.53 0.18

! M = moderate starch level; H = high starch level ? B = barley; BC = barkey+com; C = corn. * RSD = residual standard deviation.
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DISCUSSION

Effect of starch level

The average concentrations of starch in M diets
(17.0% DM) and H diets (20.6% DM) were above the
most recent reference value for post-weaning period
(<15% DM), while ADL was below the value (5% DM)
recommended to reduce sanitary risk (GIDENNE, 2000).
However, all diets were balanced and consistent with
general recommendations for growing rabbits (DE
BLas and MaTE0s, 1998; NicopeEmus ef al., 1999).

In the conditions of our trial, epizootic
enterocolitis did not occur and health status was not
affected by the dietary treatment. Both the preventive
antibiotic treatment and the number of animals, quite
low for suitable evaluation of mortality and morbidity,
could have accounted for the absence of a starch level
effect on health status. On higher numbers of rabbits,
controversial results were reported by other authors
(BLas et al., 1994; GIDENNE et al., 2000). LEBAs and
MAITRE (1989) described a significant increase of
mortality when rabbits were fed high starch (25%)
diets in the first period of growth (from 21 to 45 d of

age), during which digestive enzymatic equipment is

Table 6: Characteristics of caecal content.

still incomplete. Also DEBRAY et al. (2002) observed
higher mortality rate in rabbits fed a high-starch/low-
fibre diet in the weaning period, but morbidity was
higher for the rabbits fed the low-starch/high-fibre diet
from 32 to 44 d of age.

When high-starch diets were fed to rabbits older
than 35 d of age under more balanced nutritional
conditions and respecting minimum fibre levels, no
significant difference was recorded on health status
(PariGI Bint et al., 1990; Xiccato et al., 1998).
According to DE BLas et al. (1986), which investigated
a wide range of starch to fibre ratio, minimum values
of ADF 15.3%, crude fibre 11.7% and ADL 4.1% DM
were necessary to reduce mortality due to diarrhoea.
The occurrence of diarrhoea was attributed to a low
digestive transit rate due to insufficient dietary fibre,
while no direct effect of starch concentration was

revealed.

In our trial, the increase of DE concentration in
H diets stimulated growth rate without affecting feed
intake, while Gsually the former is not affected and
the latter is reduced, due to the chemiostatic regulation

of appetite (PARTRIDGE, 1986; PAriGI Bint and Xiccaro,

Starch level Starch source

M H P-value B BC C P-value RSD
Rabbits 43 43 28 29 29
pH 6.14 6.08 NS 6.12 6.08 6.12 NS 0.17
N-ammonia, mmol/ 13.2 10.7 NS 10.5 13.6 11.9 NS 5.1
Total VFA, mmol/l 68.0 71.1 NS 66.7 74.7 67.2 NS 16.0
Acetic acid, % 79.4 78.7 NS 79.5 79.5 78.2 NS 3.5
Propionic acid, % 48 48 NS 4.7 47 49 NS 0.8
Butyric acid, % 14.9 15.5 NS 14.9 149 159 NS 32
Valeric acid, % 0.9 1.0 NS 0.92 0.9° 1.1 <0.05 0.2
C3/C4 ratio 0.33 0.32 NS 0.33 0.33 0.32 NS 0.08

M: moderate starch level, H: high starch level, B: barley, BC: barley+com, C: com.

RSD = residual standard deviation.
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1998). The continuously increasing trend towards low-
energy diets, as a mean to reduce digestive disorders,
needs careful evaluation due to the importance of
improving efficiency in order to reduce animal waste

in the environment.

As what regards slaughter results, the higher gut
content in rabbits fed M diets depended on the higher
dietary fibre concentration and explained the lower
dressing percentage, as stated by other authors (DE
Bras et al., 1986, 1999; GIDENNE, 1992; PariGI BINI ef
al., 1994).

Other traits of carcass and meat were weakly
affected by dietary starch level. In fact, rabbit carcass
and meat quality substantially changed only when diets
presented great nutrient excess or lack, being the
ontogenetic factors (slaughter weight and age, sex,
etc.) more effective (PAriGl BINI ef al., 1992;
OunayouN, 1998; Xiccaro, 1999).

Dietary starch level weakly affected caecal
fermentation, with a slight reduction of caecal pH in
rabbits fed high-starch diets, as described by BELLIER
and GIDENNE (1996), and without effects on ammonia,
total VFA and VFA proportions. These results may be
ascribed both to the low difference in starch
concentration between M and H diets, both to the high
ileal starch digestibility which limited the starch flow
in the caecum. GIDENNE et al. (2000) investigated a
wider range of dietary starch (10 to 30% DM) and
ADF (20 to 12% DM) and found that when increasing
the starch to fibre ratio, the total VFA and the
proportion of acetate decreased while butyrate
proportion increased. Also Parici BN et al. (1990)
observed higher butyrate proportion when increasing
starch supply from 17 to 25% DM.

Effect of starch source

Studies on starch sources in rabbit feeding are
limited compared to those on starch level, and mainly
dealt with barley, wheat, corn and pea (BLas et al.,
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1990; BrAs and GIDENNE, 1998; GUTIERREZ et al., 2002).

Previous studies found that digestibility of corn
starch is somewhat lower than barley starch (BLAs et
al., 1990; GiDENNE and PErez, 1993a and 1993b), as
confirmed also in our study. However, digestive
problems can hardly be related to the major ileal starch
overflow that results when rabbits are fed corn
(GIDENNE et al., 2000). In fact, we did not observe any
significant difference in mortality or morbidity rate in
the three groups of rabbits receiving barley,
corntbarley and corn diets (6, 5, and 7 morbid rabbits
corresponding to 19%, 16% and 22% of morbidity.

Similarly to our results, Nizza and MoNIELLO
(2000) did not report any effect of the starch source
on growth performance and meat properties,
confirming the above-mentioned low susceptibility of

carcass and meat quality to dietary factors.

The weak effect of starch source on caecal content
characteristics was described also by BELENGUER et al.
(2000) and was limited to a higher proportion of
valerate in the caecum of rabbits fed corn diets in
comparison with barley diets. Despite the low amount
and difference between diets, the higher quantity of
indigested starch reaching the caecum when feeding
corn diets likely accounted for this result, since the
production of valerate has been associated with the
activity of the amylolitic and proteolitic microflora
(PADHILA ef al., 1995).

CONCLUSIONS

The increase of dietary starch from around 17 to
21% DM, with the to starch/ADF ratio raising from
0.84 to 1.17, increased diet nutritive value and feed
efficiency without affecting either caecal fermentation
activity or the health status of growing rabbits. The
suitable supply of dietary fibre and, perhaps, the
preventive antibiotic treatment may account for this
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latter result.

Using corn in replacement of barley or equal
proportions of the two cereals had no effect on growth
performance and sanitary risk. Both starch level and

source did not affect carcass and meat quality.

The nutritive value of diets for growing rabbits
can be increased by the inclusion of 20% starch, as
barley or corn or both, providing good growth
performance and improving feed efficiency, without
substantial changes of fermentation caecal activity and

sanitary risk.
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