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Abstract

This experiment aimed to investigate the effects of different dietary crude fiber
levels on growth performance, slaughter performance, meat quality, and gas-
trointestinal tract and immune organ development in growing meat rabbits.
One hundred fifty 35-day-old weaned meat rabbits with similar body weight and
good health status were randomly divided into 3 groups, with 50 replicates per
group and 1 rabbit per replicate. The three groups were fed experimental diets
with low (crude fiber level 14.32%, LF group), medium (crude fiber level 18.46%,
MF group), and high (crude fiber level 22.37%, HF group) crude fiber levels,
respectively. The pre-trial period lasted 7 days, and the formal trial period
lasted 23 days. The results showed that: 1) Different dietary crude fiber levels
had significant or extremely significant effects on average daily gain (P=0.001
2), average daily feed intake (P=0.021 9), and feed conversion ratio (P=0.000
1) of growing meat rabbits. The average daily gain of rabbits in the HF group
was extremely significantly lower than that in the LF and MF groups (P<0.01),
and the feed conversion ratio of rabbits in the LF group was extremely signifi-
cantly lower than that in the MF and HF groups (P<0.01). 2) Different dietary
crude fiber levels had significant effects on pre-slaughter live weight (P=0.018
0), semi-eviscerated weight (P=0.036 6), and eviscerated weight (P=0.034 1) of
growing meat rabbits, but had no significant effects on semi-eviscerated dressing
percentage and eviscerated dressing percentage (P>0.05). 3) Different dietary
crude fiber levels had no significant effects on muscle pH and lightness (L),
redness (a), and yellowness (b*) values of growing meat rabbits (P>0.05). 4)
Different dietary crude fiber levels had significant effects on relative stomach
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weight (P=0.011 5), relative cecum weight (P=0.022 0), relative stomach con-
tent weight (P=0.031 1), and relative cecum content weight (P=0.031 1) of
growing meat rabbits, and all were significantly higher in the HF group than in
the LF group (P<0.05). 5) Different dietary crude fiber levels had significant
or extremely significant effects on thymus weight (P=0.005 2), spleen weight
(P=0.006 8), and liver weight (P=0.033 8) of growing meat rabbits, and all
were significantly or extremely significantly lower in the HF group than in the
LF group (P<0.05 or P<0.01). The spleen index of rabbits in the LF and MF
groups was significantly higher than that in the HF group (P<0.05). Based
on the measured indices in this experiment, the appropriate dietary fiber level
for growing meat rabbits from weaning (35 days of age) to 65 days of age is
14.32%-18.46%.
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Abstract

This experiment was conducted to investigate the effects of dietary crude fiber
level on growth performance, slaughter performance, meat quality, and gastroin-
testinal and immune organ development in growing meat rabbits. One hundred
fifty healthy 35-day-old weaned meat rabbits with similar body weight were ran-
domly divided into 3 groups, each consisting of 50 replicates with 1 rabbit per
replicate. The three groups were fed experimental diets with low (crude fiber
level 14.32%, LF group), medium (crude fiber level 18.46%, MF group), and
high (crude fiber level 22.37%, HF group) crude fiber levels. The adaptation pe-
riod lasted 7 days, followed by a 23-day formal experimental period. The results
showed: (1) Dietary crude fiber level had significant or highly significant effects
on average daily gain (P=0.0012), average daily feed intake (P=0.0219), and
feed-to-gain ratio (P=0.0001) of growing meat rabbits. The average daily gain
of rabbits in the HF group was significantly lower than that in the LF and MF
groups (P<0.01), while the feed-to-gain ratio in the LF group was significantly
lower than that in the MF and HF groups (P<0.01). (2) Dietary crude fiber
level significantly affected live body weight (P=0.0180), half-eviscerated weight
(P=0.0366), and fully eviscerated weight (P=0.0341), but had no significant ef-
fect on half-eviscerated dressing percentage or fully eviscerated dressing percent-
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age (P>0.05). (3) Dietary crude fiber level had no significant effects on muscle
pH or lightness (L), redness (a), and yellowness (b*) values (P>0.05). (4) Di-
etary crude fiber level significantly affected stomach relative weight (P=0.0115),
cecum relative weight (P=0.0220), stomach content relative weight (P=0.0311),
and cecum content relative weight (P=0.0311), with the HF group being signif-
icantly higher than the LF group (P<0.05). (5) Dietary crude fiber level had
significant or highly significant effects on thymus weight (P=0.0052), spleen
weight (P=0.0068), and liver weight (P=0.0338), with the HF group being sig-
nificantly or highly significantly lower than the LF group (P<0.05 or P<0.01).
The spleen index of rabbits in the LF and MF groups was significantly higher
than that in the HF group (P<0.05). Based on comprehensive evaluation of all
measured indicators, the appropriate dietary crude fiber level for growing meat
rabbits from weaning (35 days) to 65 days of age is 14.32%-18.46%.

Keywords: crude fiber; meat rabbit; growth performance; gastrointestinal
tract; immune organs
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Rabbits are monogastric herbivores whose nutritional physiology characteristics
determine their gastrointestinal tract’ s dependence on fiber. Crude fiber (CF)
is of great significance to rabbits, as dietary CF level not only determines feed
consumption and nutrient supply but also affects rabbit growth, production
performance, nutrient absorption and utilization, and health status. Therefore,
research on rabbit utilization of fiber feed resources has received widespread
attention. NRC (1977) [1] recommended that the appropriate dietary CF level
for growing meat rabbits is 10%-20%. De Blas et al. [2] stipulated in their rab-
bit feeding standards that the CF requirement for pre-weaning rabbits is 12%
and 13% post-weaning. Practice has proven that the proportion of roughage in
rabbit diets is generally 30%-50%, with CF levels in complete compound feeds
for growing rabbits typically being 140-180 g/kg dry matter [3]. Appropriate
dietary CF levels in rabbit diets are necessary to ensure reasonable dietary struc-
ture and maintain normal digestive physiology, as they can reduce morbidity
and mortality [4-5] and maintain high chyme flow rate in the intestine to avoid
reduced feed intake due to accumulation of digesta in the cecum [6-7]. Both
excessive and insufficient dietary CF have adverse effects on rabbit growth per-
formance. Bennegadi et al. [4] found that when rabbits were fed low-CF diets
relative to standard diets, average daily gain (ADG) decreased by 12% during
28-42 days of age and 25% during 43-56 days of age; average daily feed intake
(ADFT) decreased by 32% and ADG decreased by 10% throughout the entire
28-70 day experimental period. Aboul-Ela et al. [8] reported that 4-6 week-
old rabbits fed high-CF diets achieved better weight gain and lower mortality
during 7-12 weeks of age; however, when fed low-CF diets, digestibility and
nutritional value improved and growth performance during the fattening period
was enhanced, but weight gain was poor and mortality was high during early
weaning. Additionally, dietary CF level greatly affects rabbit reproductive per-
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formance. Dou Ruhai et al. [9] and Tian Jinji [10] both concluded that higher
dietary CF levels are beneficial for increasing litter size in does.

The first month post-weaning is a critical period for gastrointestinal develop-
ment in rabbits, and fiber plays an important regulatory role in the gastroin-
testinal tract. This study investigated the effects of low, medium, and high CF
level diets on growth performance, slaughter performance, meat quality, and
gastrointestinal and immune organ development in meat rabbits from weaning
(35 days) to 65 days of age, aiming to determine the appropriate dietary CF
level for 35-65 day-old growing meat rabbits and provide a reasonable basis for
formulating rabbit feeding standards in China.

1. Materials and Methods

1.1 Experimental Animals and Diets

One hundred fifty healthy 35-day-old weaned New Zealand meat rabbits with an
average body weight of (1343+40) g, half male and half female, were randomly
divided into 3 groups according to sex and body weight, with 50 replicates
per group and 1 rabbit per replicate. The three groups were fed experimental
diets with low (CF level 14.32%, LF group), medium (CF level 18.46%, MF
group), and high (CF level 22.37%, HF group) crude fiber levels. The adaptation
period lasted 7 days, followed by a 23-day formal experimental period. The
experimental diets were formulated according to NRC (1977) [1] and De Blas
et al. [2] feeding standards for growing rabbits, with composition and nutrient
levels shown in Table 1 . All feed ingredients for each group were ground through
a 1.5 mm sieve, pelleted using a cold-pelleting process into 4-6 mm diameter
pellets, dried at 65°C, sealed in plastic bags, and stored in a ventilated, dry,
dark place.

1.2 Feeding Management

Before the experiment, the rabbit house was thoroughly cleaned, washed, and
disinfected. Rabbits were housed individually in cages. After a 7-day adaptation
period, the 23-day formal experimental period began. During the experiment,
rabbits were fed twice daily at 06:00 and 18:00, with free access to feed and
water. Routine immunization procedures were followed, with natural lighting
and ventilation, and the house temperature was maintained at 15-25°C.

1.3 Measurement Indicators

1.3.1 Growth Performance Body weight was measured and recorded at
the beginning and end of the experiment, and feed consumption during the
experimental period was recorded to calculate average daily feed intake (ADFT),
average daily gain (ADG), and feed-to-gain ratio (F/G).
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1.3.2 Slaughter Performance On the final day of the experiment, 8 rabbits
from each group with body weight close to the group average were selected,
weighed to record live body weight, and body length was measured as the length
from neck to tail root using a soft ruler. After exsanguination via jugular vein,
rabbits were immediately skinned. Forelimbs were removed at the carpal joints
and hindlimbs at the hock joints, and the intestines and contents were removed
(while retaining the head, thoracic organs, liver, kidneys, and perirenal fat) and
weighed to obtain half-eviscerated weight. The half-eviscerated weight minus
the head and all internal organs (retaining only kidneys and perirenal fat) was
recorded as fully eviscerated weight, and half-eviscerated dressing percentage
and fully eviscerated dressing percentage were calculated.

1.3.3 Meat Quality After slaughter, 3 cm x 4 cm samples of the left longis-
simus dorsi and biceps femoris muscles were removed using a scalpel for deter-
mination of muscle pH at 45 min and meat color. Muscle pH was measured by
inserting the probe of a Mettler MP120 pH meter 3 mm into the muscle at the
fifth rib of the longissimus dorsi. Meat color was measured using a Japanese
CR-10 colorimeter in CIE-Lab mode, with three cuts made on the longissimus
dorsi to record lightness (L), redness (a), and yellowness (b*) values.

1.3.4 Gastrointestinal Development After exsanguination via jugular
vein, the abdominal cavity was immediately opened, and after ligation of
relevant parts, the digestive tract was removed. Small intestinal loops were
carefully separated from the mesentery, and natural length was measured using
a soft ruler as small intestine length. The ratio of small intestine length to
body length was calculated as relative small intestine length. The stomach,
small intestine, and cecum were washed free of contents, excess moisture
was removed on filter paper, and weights were recorded as digestive tract
weights. The proportion of each digestive tract weight to live body weight
was calculated as relative weight. The weight of ligated stomach and cecum
minus their respective net weights was recorded as content weight, and relative
content weight was calculated.

1.3.5 Immune Organ Development After slaughter, the thymus, spleen,
and liver were carefully dissected and weighed individually. Their ratios to live
body weight were calculated as respective immune organ indices.

1.4 Data Processing

Data were analyzed using the GLM procedure of SAS 9.1.3 statistical software,
with Duncan’ s multiple range test used for multiple comparisons. Results
are expressed as mean =+ standard error, with P<0.05 indicating significant
difference and P<0.01 indicating highly significant difference.
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2. Results
2.1 Effects of Dietary Crude Fiber Level on Growth Performance

As shown in Table 2 , with no significant difference in initial body weight
(P=0.8870), dietary crude fiber level had a highly significant effect on ADG
of growing meat rabbits (P=0.0012). ADG gradually decreased with increas-
ing dietary CF level, with the HF group being significantly lower than the LF
and MF groups (P<0.01). Dietary crude fiber level significantly affected ADFI
(P=0.0219), with ADFI in the HF and MF groups being significantly higher
than in the LF group (P<0.05), but no significant difference between HF and
MF groups (P>0.05). Dietary crude fiber level had a highly significant effect
on F/G (P=0.0001), with the LF group being significantly lower than the MF
and HF groups (P<0.01), and the MF group being significantly lower than the
HF group (P<0.01).

2.2 Effects of Dietary Crude Fiber Level on Slaughter Performance

As shown in Table 3 | dietary crude fiber level significantly affected live body
weight (P=0.0180), half-eviscerated weight (P=0.0366), and fully eviscerated
weight (P=0.0341), all of which decreased with increasing dietary CF level, with
the HF group being significantly lower than the LF group (P<0.05). Dietary
crude fiber level had no significant effect on half-eviscerated dressing percentage
or fully eviscerated dressing percentage (P>0.05).

2.3 Effects of Dietary Crude Fiber Level on Meat Quality

As shown in Table 4 , dietary crude fiber level had no significant effects on
muscle pH or L, a, and b* values of growing meat rabbits (P>0.05).

2.4 Effects of Dietary Crude Fiber Level on Gastrointestinal Devel-
opment

As shown in Table 5 | dietary crude fiber level significantly affected stomach
relative weight (P=0.0115), cecum relative weight (P=0.0220), stomach content
relative weight (P=0.0311), and cecum content relative weight (P=0.0311), all
of which increased with increasing dietary CF level, with the HF group being
significantly higher than the LF group (P<0.05). Dietary crude fiber level had
no significant effect on small intestine relative length or small intestine relative
weight (P>0.05).

2.5 Effects of Dietary Crude Fiber Level on Immune Organ Develop-
ment

As shown in Table 6 , dietary crude fiber level had significant or highly significant
effects on thymus weight (P=0.0052), spleen weight (P=0.0068), and liver weight
(P=0.0338), with the HF group being significantly or highly significantly lower
than the LF group (P<0.05 or P<0.01). Dietary crude fiber level significantly
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affected spleen index (P=0.0128) but had no significant effect on thymus index
or liver index (P>0.05). The spleen index of rabbits in the LF and MF groups
was significantly higher than that in the HF group (P<0.05), with no significant
difference between the LF and MF groups (P>0.05).

3. Discussion
3.1 Effects of Dietary Crude Fiber Level on Growth Performance

Rabbits are small monogastric herbivores, and De Blas et al. [11] demonstrated
that fiber is one of the main components of rabbit diets. Depending on the
analytical method, dietary CF levels in complete compound feeds for growing
rabbits range from 14% to 18%, and either excessive or insufficient dietary fiber
proportions adversely affect rabbit growth [12]. The present study showed that
feeding high-CF diets to growing meat rabbits did not result in high growth
performance. When dietary acid detergent fiber (ADF') levels ranged from 20.7%
to 25.39% and neutral detergent fiber (NDF) levels ranged from 31.72% to
37.76%, ADG of growing meat rabbits peaked in the LF group and decreased
with declining ADF and NDF levels. When ADF level was 20.70% and NDF
level was 31.72%, the F /G of growing meat rabbits was lowest. ADFT of growing
meat rabbits increased with increasing ADF and NDF levels, consistent with
the report by Chiou et al. [13]. Chao Hongyu et al. [14] reported that adding
19% ADF to diets resulted in highest ADG, lowest F/G, and optimal growth
performance in rabbits. Yang Sha [15] concluded that a dietary CF level of 13%
resulted in higher ADG and feed conversion in growing meat rabbits. These
reports are generally consistent with the present study results but differ from
Gidenne et al. [5], who reported that ADFI decreased with decreasing dietary
ADF levels and did not affect ADG throughout the entire fattening period (28-
77 days of age).

3.2 Effects of Dietary Crude Fiber Level on Slaughter Performance
and Meat Quality

Rabbit meat has the advantages of high protein, high lysine, high niacin, high
digestibility, low fat, low cholesterol, and low energy density, and is favored by
consumers as “beauty meat”and “intelligence meat”by experts [16]. Rabbit meat
quality largely depends on rabbit nutrition, though different nutritional levels
affect different meat quality indicators differently. Parigr et al. [17] designed
experimental diets with three different CF levels of 13.8%, 16.3%, and 19.8%,
and found that CF level had no significant effect on rabbit dressing percentage
or carcass fat content. Carrilho et al. [18] showed that feeding 5-8 week-old
rabbits diets with CF levels of 14.3%, 18.0%, and 20.5% (air-dry basis) followed
by fattening diets until slaughter resulted in no significant differences in physi-
cal and sensory characteristics of rabbit meat such as pH, color, water-holding
capacity, and toughness among different diets. The present study showed that
dietary CF level had no significant effect on meat quality, consistent with the
above studies. Dietary CF level and the ratio of digestible fiber to ADF had no
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significant effect on rabbit carcass and meat quality, and even increasing dietary
CF level during the final week of fattening did not significantly adversely affect
rabbit slaughter performance or muscle pH [19].

3.3 Effects of Dietary Crude Fiber Level on Gastrointestinal Devel-
opment

From weaning to 2 months of age, high-CF diets are beneficial for digestive
tract development due to the strong stimulating effect of plant-based feed on
the digestive tract. Margiienda et al. [19] found that fiber plays an important
role in controlling gastrointestinal development. Tao et al. [20] showed that
increasing dietary NDF levels in 2-3 month-old rabbits increased net weights
of the stomach, cecum, and colon as well as colon length. Chao et al. [21]
confirmed that stomach relative weight, small intestine relative weight, cecum
weight, cecum content weight, and cecum relative weight all increased with
increasing dietary ADF level. The present study showed that stomach relative
weight and cecum relative weight of growing meat rabbits gradually increased
with increasing dietary CF level, with the HF group being significantly higher
than the LF group, consistent with the above studies. The rabbit stomach
plays an important role in nutrient digestion, and the cecum is extremely well-
developed (accounting for 49% of total digestive tract capacity) and plays an
important role in CF digestion. De Blas et al. [22] and Garcia et al. [23] found
that fiber can affect feed intake and chyme retention time in the cecum, with
stomach content quantity increasing as fiber level increased. Jehl et al. [24]
noted that cecum volume expansion is closely related to ADF intake. Garcia
et al. [7] observed that the ratio of cecum content to body weight increased
with increasing dietary NDF level. The present study found that both stomach
relative weight and cecum relative weight increased with increasing dietary CF
level, which may be largely related to increased ADFTI.

3.4 Effects of Dietary Crude Fiber Level on Immune Organ Develop-
ment

Immune organs are the important material basis for immune function in animals
and constitute the tissue structure for executing immune functions, playing cru-
cial roles in the immune process. The thymus is the central immune organ where
T lymphocytes develop and proliferate, playing an important role in lymphocyte
formation and differentiation. The spleen is a peripheral immune organ where T
and B lymphocytes reside and where immune responses to antigen stimulation
occur. The liver contains highly phagocytic Kupffer cells that can recognize
surface receptors of immunoglobulins and complement and can phagocytose or
pinocytose bacteria, viruses, and senescent cells from the blood, making it an
important immune organ for purifying body fluids [25]. Immune indices can
reflect animal immune function to a certain extent; it is generally believed that
larger immune indices indicate stronger immunity in healthy animals, decreased
immune organ weight indicates immunosuppression, while increased immune or-
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gan weight indicates immune enhancement [26]. Dietary CF supplementation
can promote lymphoid follicle growth in lymphoid tissues [27], and studies have
shown that appropriate dietary CF levels can increase secretory immunoglobu-
lin A (sIgA) antibody content in the intestine [28]. These reports demonstrate
that dietary CF can improve rabbit immune status, including increasing thymus
and spleen indices [29]. However, the present study showed that immune organ
weights (thymus, spleen, and liver) were significantly affected by dietary CF
level, with the highest thymus and liver indices observed at 14.32% CF level.
This may be because optimal growth and development at this dietary CF level
resulted in the best immune status.

4. Conclusion

Based on comprehensive evaluation of growth performance, slaughter perfor-
mance, meat quality, and gastrointestinal and immune organ development indi-
cators, the appropriate dietary crude fiber level for growing meat rabbits from
weaning (35 days) to 65 days of age is 14.32%-18.46%.
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