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SUMMARY

A number of thirty (mixed<sex) growing New Zealand White rabbits were allocated
into three equal groups. Rabbits were fed three iso nitrocgenous and iso caloric diets
for 7 weeks experimental period. Diets were formulated and pelleted to contain 12, 16
and 22% crude fiber (CF).

To study the effect of CF levels on performance, nutrients, digestibility, cecal
microbial activity, carcass and blood constituents of rabbits. Results obtained could
be summarized as follows:-

Final body weight (FBW) and average daily gain (ADG) were higher for rabbits fed
12% CF than those fed diets containing 16 and 22% without any significant
differences.

Feed intake, digestible energy intake, crude protein intake decreased with
increasing dietary CF 12 to 22%. Rabbits fed the diet containing 12% CF showed the
best feed conversion efficiency FC, and nitrogen baiance values.

The apparent digestibility of CP, EE and NFE significantly (P< 0.05 and P< 0.01)
decreased with increasing CF level in the experimental diets. Crude fiber digestibility
in the hindgut (C- F) was significantly higher in rabbits fed high fiber diets. The total
amount of digested CF was significantly different among groups. Cecal contents
increased from 54 to 58 gm by increasing CF level from 12, 16 and 22%. The
volatile fatty acids (VFA) tended to be higher in cecum content of rabbits fed the high
fiber diets, while ammonia concentration decreased insignificantly from 22.28to
16.58 mgfg DM cecal content increasing dietary CF level from 12 to 22%. Dressing
percentage and weights of other organs were not significantly different. Chemical
analysis of meat indicated that CP was not affected by CF level in the diets, while EE
and ash were significantly affected by the treatments. The blood components were
not influenced by the treatments.
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INTRODUCTION

Dietary fiber has an important role in prevention of enteritis in rabbits {Cheeke,
%987}, Rabbits are true herbivorous and has enlarged cecum and colon with high
bacterial population, therefore, it seems reasonable that these animals are capable of
digesting and utilizing fiber quite efficiently. Hoover and Heitmann (1572) found that
the high fiber diet increased the cecal wvolume in rabbits. Whereas, DeBlas et al.
{1881) reported that CF did not appear to nave much effect on the digestible energy
intalte or average daily gain of rabbits. Moreover, rabbits like most animals
voluntarily adjust their feed Intake to meet their energy needs Nationai Research
Council {(NBC), 1977, Findings of Cheeke (1983}, Cheeke of @l (1986) and DeBlas
af al {1886) indicated that the digestibility of fiber by rabbit is lower than that of most
animals and rabbits performed better on the low fiber diet

Probably the most suitable estimate of fiber in rabbit nutrition is the acid detergent
fiber (ADF) which Is primarily cellulose and lignin fractions so, it would be a good
astimate of indigestible fiber (Cheeke 1987). Thus, DeBlas et al. (1984) and
Batlagiini and Grandi (1984) reported that the ADF content appears to be the most
suitable index that predicts the digested energy (DE) content of the diet more
accurately. Therefore, it will be interesting io use the ADF to formulate practical diets
for rabbits.

The present work was planed to study the effect of feeding different dietary fiber
levels on digestibility, microbial cecal activity and performance of growing rabbits.

MATERIALS AND METHODS

The present study was carried out at the Experimental Farm and Animal Nutrition
Laboratory of the Faculty of Agriculture, Minoufia University. Thirty (mixed- sex)
growing New Zealand YWhite rabbits, seven weeks of age, were allocated into thres
equal groups, 10 rabbits each, to investigate the effect of dietary crude fiber (CF)
lzvel on performance of growih traits.

Three mmerimental pelleted diets including three levels of CF (12, 16 and 22%)
were used inthis study. The composition of the different experimental diets and their
chemical analysis are shown in Table (1). The proporiions of feed stuffs were aitered
in order o maintain the diets nearly isocaleric and iscnitrogenous and to keep the
‘evel of essential nutrients similar to that recommended by NRC (1977) and Cheeke
(1987). The sxperimental period continued for seven weeks.

Rabbits were housed in flat desk Mtalian type battery system with universal
specification and provided with fodders and automatic drinkers. The patieries were
placed in natural ventilated rabbitry. Diets were offered at libitum and fresh water was
available all times. Feed intake and body weight were weekly recorded during the
experimental period.

At the end of the experiment, four rabbits from each treatment were chosen at
random and housed in individual metabolic cages for digestibility and nitrogen
b_a!ance rial which continued for 10 days as a preiiminary pericd followed by seven
cays as a coliection period. Chromic oxide as marker was used to determine CF
c;gesﬁlbjlity in two segments of the digestive tract, the first segment includes the
stomach and small intestine, while the second one includes the cecum and colon.
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At the end of the experimental period four rabbits were chosen randomly from each
treatment and slaughtered to determine dressing percenta/ée and weight of different
organs. Samples of blood were taken immediately after slaughtered and kept for
chemical analysis to determine blood components according to Armistrong and Corr
(1964). The cecal contents were removed immediately after death and stored at -10°
C until analyzed.

Table 1. Composition and chemical analysis of experimental diets

Ingredient Experimental diets

| I Hi
Barley 33.5 21.5 10.0
Soybean 13.0 13.0 13.0
Yellow corn 10.0 10.0 55
Wheat bran 10.0 10.0 15.0
Clover hay 30.0 36.0 385
Corn il - 3.0 5.5
Saw dust - 3.0 8.0
Molasses 2.5 25 2.5
Min. Vit. mix.* 0.75 0.75 0.75
Sodium chloride Q.25 0.25 0.25
Total 100.00 100.00 100.00
Chemical composition (on DM Basis)
CP% 15.80 15.70 16.10
EE% 2.61 5.92 8.43
NFE% £9.36 53.83 44.85
CF% 12.23 16.05 21.62
ADF% 20.58 26.39 29.15
Ash % 10.00 8.50 10.00
DE (K calf gy 2.80 2.84 2.80

* One Kilogram of mixture contains : Vit. A, 2000.000 1U; Vit D3, 150.00 IU; VitE, 8.33 g; Vit. K,
033 g; Vit. B1, 0.33 g; Vit B2, 1.0g; Vit. BS, 0.33 g; Vit BS, 8.33 g; Vit B12, 1.7 mg; Pantothenic
acid, 3.33 g, Biotin 33 mg; Folic acid 0.83 g; Choline chioride, 200 g; Zn. 11.7 g; Fe, 12.5g; Cu, 0.5
g: 1, 33.3 mg; Fe 16.6 mg, Mg 66.7 g and Mn, 5 g.

** Calculated after cheeke (1987) as the following: DE (Kcal/lKg)= (% ash) =4253-32.6 (%crude
fiber)- 144.4 (% ash).

Samples of feed, feces, urine and meat were analyzed according to A.O.A.C.
{1980), ADF was determined according to Van Soest (1963) and chromic oxid
according to Isichei (1980). Total volatile fatty acids in cecal contents were
determined by steam distillation and titration according to Ahmed (1976).

Data were statistically analyzed according to Snedecor and Cochran (1982), Harvey
(1987) and multiple range test of Duncan (1955).
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RESULTS AND DISCUSSION
1- Performance of Rabbit

a- Body weight and daily gain

The average initial body weight (BW), final BW and average daily gain (DG) of
rabbits during the experimental perind are illustrated in Table (2). Data presented in
this table showed that rabbits fed the diet containing 12 % CF resuited in heavier final
BW than those fed diets with either 16 or 22 % CF, butthe differences were not
significant. Values of average DG followed the same trend {23.86, 21.74 and 21.28
g/d) for rabbits fed 12,16 and 22 % dietary CF levels, respectively, with no significant
differences among treatments. The superiority of DG for rabbits fed 12 % CF could
be due toc more CP consumption than the other two groups- (Table 2) and also higher
protein digestibility as well as more nitrogen retention (Table 3). Acid detergent fiber
(ADF) in the experimental diets were 20.58, 26.39 and 29.15 % for 12, 16 and 22 %
dietary CF, respectively (Table 1). The utilization of ADF by rabbits was investigated
by many investigators, DeBias ef afl (1986) found that a2 decrease of DG was
observed by rabbits fed diets containing ADF ranged between 12 and 24.6%. Also,
Yono et al. (1990) found that rabbits fed a dietcontaining 11.93 % ADF were superior
in their BWG compared with rabbits feed diets containing 17-24 and 24-76% ADF,
respectively. The present results are in good agreement with those reported by
Hoover and Heitmann (1872), Abd El- Rahman (1975), Radwan and Allam (1979},
Anber {1986) and Khashaba (1988). Also, Afifi of al. (1990} found that increasing CF
level from 10 to 16 % insignificantly decreased, in generai, body weight and daily
gain of rabbits. Moreover, Mokhtar (1994) showed that the addition of sawdust to
rabbit diets up tc 15 % (16.9 % dietary CF) had no significant detrimental effect on
rabbit growth.

Table 2. Effect of dietary fiber level on rabbil perforrmance

ltem Dietary fiber level % Significance
12 16 22 level
MNo. 10 10 10 —
Initiai BW (g) 1169462 119462 1157+ 62 NS
Final BW (g) 2338+40 2259+49 2201+49 NS
Av. DM feed intake (g/d) 95.22 90.99 B86.94 i
Av, DG {g) 23.86 21.74 21.29 NS
DE intake {Kcal/d) 266.62 258.40 243.43 -
CP intake {g/d) 15.04 14.29 13.12 —
Feed conversion + 3.89 4.18 4.1 -
Feed efficiency ++ 0.25 0.24 0.24 --

+ Av. DM intake(g/d) / av. DG (g)
++av, DG (g} / Av. DM intake(g/d)
NS Net significant ** Highly significant (P<0.01).
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b- Feed intake

The present study showed that increasing the dietary fiber level from 12 to 22 %
significantly (P< 0.01) decreased dry matter (DM) feed intake (Table 2). Similarly,
daily digestible energy (DE) and crude protein (CP) intakes decreased with increasing
the dietary fiber level (Table 2). The depression effect of CF on feed intake may be
due to its relative bulkiness {Mc Intyre 1850).

c- Feed conversion efficiancy

Data in Table {2) showed that dietary fiber level had a little effect on both feed
conversion and feed efficiency values, and the differences between the obtained
values were very limited. In spite of that, it was observed that rabbits fed the diet
containing 12 % CF resulted in a better EC value than those fed the other two dietary
CF leveis, whereas the FE values were aimost the same for all tested dietary CF
levels, In agreement with the present results, Evans {1983), Anber (1986) and Afifi et
al. (1990) observed that there were no significant differences in FC and FE values
among rabbits fed diets with 10, 13 and 16 % CF. Similar results were obtained by
Abou- Ashour and Ahmed (1886) by feeding rabbits on diets with 13.6 to 30 % CF.

2- Digestibility and nitrogen balance

Digestion coefficients of nutrients as affected by dietary CF level indicated that the
apparent digestibility of DM, CP, EE and NFE decreased with increasing the dietary
CF level from 12 to 22 % (Table 3). The diet containing 12 % CF expressed the
highest digestibility values followed by that of 16 % CF and being the least with the
22 % dietary CF leveis. The differences in digestibility values between diels
containing either 12 % or 16 % CF level and that of 22 % level were significant (P<
0.05 and P< 0.01), whereas those between the 12 % and 16 % dietary fiber levels
were not significant (Table 3). In this respect, Robinson et al. (1988) found that
apparent digestibility of DM and N (CP) decreased with increasing CF level in the
experimental diets. While, Afifi et al. (1990} indicated that the differences in dietary
CF level did not show any significant effect on digestibility of CP, EE and NFE.

Table 3. Nutrient digestibility and nitrogen balance as affected by dietary CF level

ltemn Distary crude fiber level % Signifi-
cance
12 16 22 level
Digestibility%
DM 69.25 +5.10 $58.83 £ 14.67 57.00 = 3.59 NS
CP 66.08 +545a 61.00x1.153a 58.25+3.580b *
EE 68.50 £864a 67.70+:548a 5272+ 882b *
NFE 7168 £569a 71.10+3.12a 5510+565Db ok
Nitrogen balance (g/day)
0.95+0.24 a 0.84+023b 0.73+£022c¢ -

a, b, € yajues not sharing the same superscript within column are significantly different (P<0.05)
and P < 0.01).
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Results of nitrogen balance {MNB) are presented in Table (3). Rabbits fed the 12 %
dietary CF level had the highest NB wvalue (0.99 g/d) while these fed the 16 % CF
level resulted in an intermediate value {0.84 g/d) and the lowest NB value was
obtained with the 22 % CF level (0.73 g/d). Such differences in NB values due to
distary CF level effects were significant (P< 0.01). However, the differences in NB
values are mainly due to differences in CP digestibility among different groups. With
higher CP digestibility (Table 3), it was expected that rabbits fed 12 % CF could
refain more nitrogen and grow faster. These resulis confirm those obtained by
DeBlas et & (1981); Abou- Ashour and Ahmed (1988) and Taie and Zanaty {1993).
The CF digestibility data in different segments are shown in Table (4). Rabbits fed
the dist confaining 22 % CF consumed more CF being 18.8 g/d vs 11.65 and 14.60
for those fed diets contzining 12 and 168 % CF, respectively. Regardless of CF
content of the diet, the differences in CF digestibility {M- F) were ranged between
48.60 end 4285 (P> 0.05) in Table (4). Abou- Ashour and Hamed (1988) reported
similar findings. Differences in CF digestibility may be attribuied to CF constituents
which may have different digestibilities. Moreover, the digestibility of CF varies
considerably depending on the feed stuffs involved and the associated effects
accurred  belwesn ingredients composing the experimental diets. With respect tc CF
digestibility m the hind gut (C- F), results in Table (4) showed that CF digestibility in
that segment was significantly {P< 0.05) higher in rabbits fed the high fiber diet, with
corresponding digestibilities of B4.25 vs 66.74 and 53.50 % for rabbits fed 22, 16 and
12 % CF, respectively. The total amounts of CF digested in whole digestive tract
(g/d;, Table 4) was significantly (P< 0.05) different among the groups. They were
810 vs 6.58 and 566 g/d for rabbits fed the diets containing 22, 16 and 12 % CF,
respectively. The same trend was observed with digested fiber by large intestine (C-
F). The cecal CF digested were 6.79 vs 4.39 and 3.03 g/d for groups fed 22, 16 and
12 % CF coniaining diets, respectiveiy.

Table 4. Effect of dietary fiber level on fiber digestibility in different segments, cecal
volume and microbial activity.

tern Dietary crude fiber level % Signific
-ance
12 16 22 level
CF intake (g/d) 11.65 14.60 18.8
CF digestibility (%)
M- F 48.60+:8.80 4510+11.02 4285980 NS
C-F 26.10+£5.81a 30.10x6.10b 36.10 = 4.00c x
Relative cecal digestibility (%) 53.05 a 66.74 b 8425 ¢ *
CF digested {g/d) 566 a 6.58 ab 8.10 ¢ »
Cecal CF digested (g/d) 3.03 a 439 b 6.79 ¢ *
Cecal volume (g) 54.00 £500 56.00+7.00 59.00+10.00 NS
VFA (umolig DM cec contents) 293.29x 367.35267.50 351.82+4540 NS
73.50

NH3(mg/gDM cecal contents). 22.28 + 3.46 20.65+6.87 16.50 + 4.00 NS
M- F = Mouth io feces; C- F = Cecum to feces.
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it is well known that there is a competition between rate of passage and rate of
digestion for extent digestion, thus the relative digestibility of diets with similar
digestion rates will depends on rate of passage. Therefore, the high fiber diets with
longer retention time in the large intestine than the lower fiber diet, would be expected
to show a greater of CF digestion. Similar findings in pigs were reported by Ehle et
al. (1982).

3~ Cecal microblal activity

Digestion of CF in rabbits required the presence of microbial activity in the cecum
and/or colon, since no cellulase enzyme is secreted in the digestive tract of the rabbit.
Microbial population of rabbits cecum are mainly bacteroids species (Vernary and
Marty, 1984). Many bactercids are ceilulose digester (Smith, 1965 and Hungate,
1866). '

The magnitude of the effect of dietary CF levels on cecal volume is variable
(Champe and Maurice, 1983 and DeBlas af al. 1986). The cecal volume increased
from 54 to 59 g for rabbits fed diets with 12 up to 22 % CF, with no significant
differences. However, Hoover and Heitmann (1872) reported that the high dietary CF
resulted in an insignificant increase in cecal volume/ kg body weight.

The VFA's are also produced as end products of bacterial fermentation in the rabbit
cecumn (Cheeke, 1987). Using of VFA as source of energy has been estimated to
provide 40 % of the maintenance energy source for metabolism of the hind gut
tissue {Marty and Vernary, 1984). Champe and Maurice (1983) noticed that with
increasing dietary CF, the butyrate/ propionate ratio increased.

Data in Table (4) showed the effect of dietary CF levels on micrabial activity
represented as VFA's and ammonia production in the cecum. Total VFA's tended to
be higher in the cecum content of rabbits fed the high fiber level in their diets.
However, the differences were not significant. This finding agreed with the extent of
CF digestibility in the cecum (C-F, Table 4). These resuits are in accordance with
those obtained by Abou- Ashour and Ahmed (1986) and Luick ef al (1992) who
reported that the increase in dietary CF level was accompanied with an increase in
VFA production in rabbits.

Ammenia concentration decreased insignificantly from 22.28 to 16.59 mg/g DM
cecal contents with increasing the dietary CF level from 12 to 22 % (Table 4). This
notation may be attributed to the higher microbial activity in cecum of rabbits fed the
higher dietary CF level and thus required more nitrogen (Hungate, 1966).

4- Carcass characteristics

Data presented in Tables (5) and (6) showed fasted weight, carcass weight,
dressing percentage, different carcass cuts and organs varied slightly with increasing
the dietary CF level, but the differences in ail carcass traits due to dietary CF level
effects were not significant.

Similar results were reported by Abou- Ashour and Ahmed (1983). Leto et al.
(1984), Anber (1986), Khashaba (1988) and El-Sayed et al. (1990). They concluded
that the CF level did not show any significant effect on carcass quality, dressing
percentage and organs weights of growing rabbits at different slaughter ages.
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Tahle 5. Fasted weight, dressed weight and dressed percentage of rabbits fed
different dietary CF levels

item Digtary crude fiber level % Signific-
ance

12 16 22 level

Mo. of rabbit 4 4 4 &=

Carcass traits

Fasted Wt 2238.0+ 36.0 2308.0:151.0 2291.0+307.0 NS

Dressed Wi, 1080.0+138.0  1144.0%105.0 1106.0¢113.0 NS

Dressing, % 48.3 49.6 48.3 NS

The chemical analysis of meat showed that EE and Ash content were increased
{P< 0.05 and < 0.01) while CP followed an opposite trend (P> 0.05) with increasing
the dietary CF level as shown in Table {7). These results tended to support the
findings of Taie and Zanaty (1993). Results of El-Sayaad et al. (1990) indicated that
CF level had a significant effect on CP, EE and Ash at 8 and 12 weeks of age.
However, Khashaba (1988) found no effect of dietary CF on meat chemical
composition.

Table 6. Effect of different dietary CF levels on slaughter data of rabbits

ftem Dietary crude fiber level % Signific-
12 16 22 ance level

No. of rabbits & 4 4
Fore quarters Wi. 154.0+17.0 161.0+£9.0 150.0+18.0 NS
Chest Wt 248.0+£28.0 260.0+51.0 265.0%52.0 NS
Lion WA. 313.0+920 3600550 330.0x41.0 NS
Hind quarters Wi, 360.0x61.0 375.£31.0 366.0x29.0 NS
Liver Wit. 740+50 66.0+ 8.0 73.0+13.0 NS
Heart Wi. 6.0+3.0 6.0+3.0 60x+3.0 NS
Lung Wi 9.0+3.0 11.0x£3.0 11.0x£3.0 NS
Kidney Wt. 18.0+5.0 23.0£6.0 23.0x86.0 NS
Head Wi, 166.0 = 13.0 186.0x 3.0 189.0+ 16.0 r
Coat Wt. 3450+86.0 3440200 361.0x56.0 NS
Stomach full Wit. 136.0+£13.0 129.0+180 1450£41.0 NS
Stomach emply Wi 48. + 3.0 50.0x0.0 49.0 £ 3.0 NS
Small intestine full 94.0+ 34.0 101.0+£220 103.0%13.0 NS
Small intestineempty ~ 73.0+26.0 84.0+11.0 73.0x17.0 NS
Large intestine full  201.0+27.0 200.0x41.0 215.0+29.0 NS
Large intestine empty. 81.0+ 20.0 68.0+ 18.0 75.0+17.0 NS
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5- Blood constituents
The effect of dietary CF levels on blood constituents is presented in Table (8).

Table 7. Chemical composition of meat of growing rabbits fed different dietary CF
levels {(on dry matter basis).

Item Dietary crude fiber level % Signific-
12 18 22 ance level
CP % 63.35 58.81 58.37 NS
EE % 27.82 31.50 29.65 -
Ash % 8.83 9.70 11.98 *

The total blood plasma proteins contents were 7.0, 8.33 and 7.27 g/dl for rabbits
fed 12, 16 and 22% CF, respectively. Although there were slight differences in
plasma protein due to fevel of fiber, these differences were not appreciated. Similar
results were obtained by Coppings et al. (1988) and El-Sayaad ef al (1990).

Plasma cholesterol decreased with increasing dietary CF level. Cholesterol
concentration was not significantly lower for rabbits fed 22 % CF level compared with
that of rabbits fed the 12 % level, whereas increasing the dietary CF level from 16 to
22 % had no significant effect on plasma cholesterol concentration. These results
supported the findings of Usha et al. (1984) and Lo et al. (1987) who found that high
levels of neutral detergent fiber (NDF) or CF in the diet caused low plasma

cholesterol,

Table 8. Total protein and cholesterol contents in blood plasma of growing rabbits fed
different dietary CF levels,

ltem Dietary crude fiber level % Signific-
_ ance
12 16 22 level
No. of rabbits 4 4 4 --
Total protein(g/dl) 7.90+0.46 8,33+ 0.87 7.27 + 0.67 NS
Cholestrol (mg/dl) 91.00+42.88 786.17+19.96 7533%x23.03 NS

From the results reported herein, it is apparent that growing rabbits could utilize
dietary crude fiber up to 16 % efficiently without any adverse effect on performance of

rabbits
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