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SUMMARY

used in this experiment to study the effect of different dietary starch levels and sex on productive

performance. nutrients digestibility coefficients. carcass characteristics, digestive tract
measurements, blood constituents and enzymes activity. The rabbits were divided into three experimental
diets containing three levels of starch {L (16%). M (19%) or H (22%)} with two sexes. Each group for each
sex was subdivided into four replicates with 3 rabbits each and the initial live body weights of all
experimental groups were almost similar.

S eventy two sexed New Zealand 'White rabbits (NZW) 25 days of age (36 males +36 females) were

The results indicated that, male rabbits can utilize from the different levels of starch (16-22%) but female
rabbits cannot do that and the highest productive performance for female was dictated when fed 19% starch
only. Mortality rate of growing rabbits was high in female (25%) compared with male (10,92%). However,
Jow mortality rate was noted for rabbit fed 19% dietary starch level.

The highest digestibility coefficients were recorded for male fed 19% starch compare with those fed 16%
or 22% starch. On the other hand. the highest digestibility coefficients were showed for female fed 19%
starch. Low digestibility coefficients were recorded with female fed 16% or 22% starch. There were no
significant effects of sex and starch levels on percentages of dressing. hot carcass and liver and liver activity
enzymes (GOT and GPT). There were significant effects of treatment blood glucose, triglycerides, cholesterol
and total lipid content and amylase and protease enzymes aclivity in the stomach, ilcum and cecum. In
addition, no significant effect was observed on the cellulase and carboxymethyl cellulase by the different
levels of starch and sex in all segments of the digestive tract.

It may be concluded that both sexes of rabbits were able to efficiently utilize the 19% dietary starch.
Morcover, the male ones could accustom the 16% or 22% dietary starch level without any deleterious effects
on their performance.

Keywords: growing rabbit, sex, diet, starch, mortality, enzyme activity.
INTRODUCTION

Low dietary amount of starch is recommended in the post weaning period in order to reduce digestive
problems linked to the incomplete development of the enzymatic system in young rabbits (Maertens,
1992). This fact was also supported by the work of Xiccato ef al., (2002), Martinez-Vallespin et. al,
(2011) and Trocino et al, (2011), they concluded that, young rabbits were not able to digest starch
completely. They added that, the starch source had no effect on growth performance, which was affected
only by starch level. The same authors reported that, body weight gain and feed conversion were
improved at higher level of starch compared to moderate levels, due to the increase in nutritive value and
feed efficiency. However, if morbidity of young rabbits is taken into consideration, morbidity was
numerically higher in rabbits fed high starch diets (12.5%) compared to rabbits fed low starch diets (4.2%)
but the difference was not significant. 11 seems that lowering starch level in the diet of growing rabbits
decrease mortality rate which is a major problem facing rabbit's producer.

The ¢nzyme activities are indicators of digestibility coefficient for good productive performance. They
increase markedly with the age of the rabbit and due to the presence of micro-organisms that will
determine the ability of the rabbit to utilize different levels of starch. Amylase, protease, cellulase and
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carboxymethy! cellulase are some of activities provided by the intestinal micro flora and digestive tract
segments of the rabbit.

The present study aims to evaluating the effect of different levels of dietary starch and sex on
productive performance, mortality rate, nutrients digestibility coefficients, carcass characteristics,
digestive tract measurements, blood constituents and enzymes activity of growing rabbits.

MATERIALS AND METHODS

This study was carrted out at the Cenitre of Agricultural Studies and Consultations (CASC), Rabbits
Production Unit (RPU), Faculty of Agriculture, Ain Shams University, Cairo, Egypt.

Experimental rabbits and design:

Seventy two sexed New Zealand White (NZW) rabbits (36 males + 36 females) during the period from
25 to 81 days of age were used to examine the response of rabbits to feeding three different levels of
dietary starch in the two sex in a factorial arrangement design(3*2). The rabbits were assigned randomly
at six experimental treatments (12 rabbits / treatment). Each experimental group was divided into 4
replicates of 3 rabbits. The initial live body weights of all experimental groups were almost similar (371.5
+22g).

Rabbits management and dicts:

The animals were marked immediately afier weaning. Feed and water were offered ad-libitum. Feces
were removed daily. The lighting was provided 16 hr daily. The experimentai rations were formulated to
ensure an adequate supply of all nutrients recommended by Lebas er @i, (1997) for growing rabbits.
Treatments design was as follows: Low (16%); moderate (19%) and high (22%) starch levels.
Compositions of the diets are presented in Table (1). All diets were isocaloric, isofiberous and were
provided in pelleted form.

Measured tralts:

Live body weight (LBW) of rabbits was recorded weekly in grams and the average daily weight gain
(DW@G) was individually calculated. Average daily feed consumption {DFC) was recorded weekly and
feed converston ratio (g feed /g gain) was calculated. Mortality rate was recorded daily.

Digestibility trials:

At the end of the experimental period, apparent nutrients digestibility were determined for
experimental diets. Four animals (2 males + 2 females) from each experimental group were housed
individually in metabolic cages that allowed feces and urine separation. The preliminary period was 7
days and collection extended to 6 days, feed intake was accurately determined. Feces excreted daily were
collected in labeled polyethylene bags and samples were taken for the chemical analysis. Proximate
analysis of the experimental diets and feces samples were carried out according to the A.0.A.C. (1990).

Blood samples, carcass fraits and measurement of digestive enzyme activities:-

At the end of the growth trial, four animals (2 males + 2 females) randomly chosen rabbits (81 days of
age) representing each group were slaughtered according to the standard technique of Cheeke et af,
(1987). Blood samples were collected at slaughtering in heparinized glass tubes (4 samples per each
treatment group). Blood plasma was separated by centrifugation at 3000 rpm for 15 minutes. The
collected plasma was stored at -20°C until assay. Values of glucose, total Lipid, cholesterol, triglycerides
and liver enzymes activity (GOT and GPT) were estimated by using commercial Kits. After blood
samples were taken, the carcass traits were estimated. Dressing percentage inciuded relative weights of
carcass, giblets and head were recorded. The same located segments of their digestive tract (stomach,
ileum and cecum) were emptied by gentle squeezing, contents of individual segments were taken, mixed
and about 1g of the mixed content was immediately diluted with 10 mi of distilled water. All samples were
centrifuged for 10 minutes. The supernatant fluid was taken and stored in sealed bottles at -20°C until
analyzed. Enzymes activity in digestive content of stomach, ileum and cecum of rabbits were determined
as follows: amylase (Osman, 1982), protease (Malik and Singh, 1980), cellulase {Halliwell, 1958) and
carboxymethy! cellulase (Mandels and Waber, 1969).
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Table (1): Composition of the experimental diets and their chemical analyses.

Ingredients Levels of starch and protein (%)

16% 19% 22%
Yellow corn 4.75 20.60 5.00
Barley 11.5 20.6 29.7
Soy bean meal (44%) 7.35 4.00 0.70
Corn gluten meal (60%) 3.00 5.00 9.00
Wheat bran 30.50 19.75 9.00
Clover hay ' 37.50 40.25 43.10
Vegetable oil 2.00 1.00 0.10
Bone meal 1.00 1.00 1.00
Limestone 1.50 1.50 1.50
Salt 0.50 0.50 0.50
Rabbit premix* 0.30 0.30 0.30
DL-methionine 0.10 0.10 0.10
Chemical analysis: A. Determined Values (%)
DM 88.65 88.51 88.39
CP 16.10 16.09 16.10
CF 14.09 14.05 14.03
EE 472 3.56 2.51
NFE 44.97 46.28 47.47
ASH 8.60 8.36 8.12
Starch 16.08 19.13 22,01
Total Sugar 5.99 6.31 6.59
NDF 36.36 35.57 34.83
ADF ‘ 20.98 21.35 21.77

B. Calcuiated Values

DE (Kcal / Kg) 2698 2715 2735
Methionine (%0} 0.35 0.41 0.45
Lysine (%) 0.86 0.84 0.87
Calcium (%) 1.49 1.51 1.54
Total phosphorous (%) 0.71 0.70 0.79
Methionine + Cystine (%6) 0.62 0.66 0.65

*Each 3kg of rabbits premix contained:-

Vie. A 12000006 1U: Vit.D; 20000000U; Vin £ 10000 mg: Vit K; 2000 mg: Vit B, 1000 mg: Vit B, 5000 mg, Vit.B,
1300 mg; ¥it.By; 10 mg, Biotin 50 mg: Choline Chloride 250000 mg: Pantothenic acid 10000 mg; Nicotinic acid
30000 mg: Folic acid 1000 mg; Manganese 60000 mg; Zinc 50000 mg; Iron 30000 mg; Copper 10000 mg. lodine
1000 mg: Selenium 100 mg: Cobalt 100mg and CaCOj to 3000 mg.

Statistical analysis:

The values were analyzed statistically using two-way analysis of variance method according to SAS
{1998). Duncan’s new Multiple Range procedure was followed to separate means (Duncan, 1955). The
mode} appiled was: Yijk=u+si+Pj+(SP)ij+Eijk '

Where: u= general mean. S;= dietary starch effect, Pj= sex effect, (SP);= starch by sex interaction effect
and Ej= experimental error.

RESULTS AND DISCUSSION

Nutrients digestibility coefficients:-

The results of apparent digestibility and nutritive values for the experimental diets are presented in
Table (2). Male rabbit irrespective of the starch levels and rabbits fed moderate starch level in the rations
regardless sex significantly increased DM, OM, CP, EE, and NFE, Starch and Sugar digestibility
coefficients and nutritive values (TDN and DCP). The same results were observed by Blas and Gidenne,
(2010), De Blas et al, (1999), Gidenne and Garcia, (2006) and Gidenne et al., (2010). The feeding
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behaviour of the young rabbit is greatly modified between 2 and 5 weeks of age, and may impact with the
digestive health of the young before weaning further studies are required to explore the mechanisms
underlying the control of the feeding behaviour of the young and the relations with digestive health
(Gidenne er a/, 2007). The improvement in the nutrient apparent digestibility and the rutritive value of
diets with increasing starch (110-170 g/kg) was quite obvious (Trocino et af,, 2011),

The reduction in digestion coefficients associated with high level of starch may be due to overload
carbohydrates (Cheeke er a/, 1986). And consequently, increasing bacteria activity which caused
enterotoxaemia (Lebas and Maitre, 1989, Peeters ef al., 1993; Blas er al., 1994 and Maertens, 1995). The
reduction of TDN % in groups fed high level of starch was due to the decreasing digestibility coefficients
of CP and NFE in these groups. The results indicated that, there was no significant effect of starch levels
on CF, NDF and ADF digestibility coefficients, This agrees with the findings of El-Sanhoury, (2005), who
found that, there was no effect of starch level on CF digestibility.

Digestive enzyme activities:

Data recorded in Table (3) clearly indicate that, the activity of amylase was lower in the stomach than
in ileumn and cecum. While the protease activity was significantly higher in stomach, ileum and stomach of
the rabbits fed for moderate starch levels in the diet and male rabbit. However, no significant difference
was observed in cellulase and carboxymethy! cellulase activities as affected by the different levels of
starch and sex in all segments of the digestive tract. From the previous resuits, it was concluded that
markedly higher values with 19% starch and male rabbit in all segments of the digestive tract. These
results agree with El-Sanhoury {2005) who found that, carboxymethyl cellulase (CMCase) was absent in
the contents of stomach and small intestine of rabbit fed on different levels of starch in diets. The author
also, reported that the level of starch in the diets had no effect on activities of cellulase and xylanase
enzymes.

The total enzymatic activity in the small intestinal content assessed the digestive potential really in
contact with nutrients. This potential increased sharply up to 42 days of age for lipids, but enzymes
responsible for starch and protein digestion still peaked at 52 days of age, as found previously by Debray
et gl. (2003). For instance, the increase in amylase activity in the small intestinal content may be related to
the higher starch intake with age (Gidenne er al., 2007). It probably resulted from an increased production
of a-amylase by the pancreas (Debray er g/, 2003). Gidenne e al. (2007) found that amylase intestinal
activity was reduced after weaning for young fed the low fibre:starch ratio diet. Furthermore the maltase
activity was slightly reduced with the increased starch intake. Accordingly, this inhibition of amylolytic
potential resulted in a decreased digestibility of dietary starch.

Growih performance of growing rabblts:-

Growth performance data of growing NZW rabbits as affected by different levels of starch and sex are
presented in Table (4). Results indicated that, levels of starch and sex significantly (P<0.01) affected live
body weight (LBW) and daily body weight gain (DBWG) from 25-53, 53-81 and 25-81 days of age.
Rabbits fed high level of starch (22%) during the first growth period (25-53d.) recorded significantly
(P<0.01) the lower LBW and DBWG. This decrease was irrespective of sex and could be due to the effect
of overloading carbohydrate. The high level of carbohydrate in rabbit diets would promote enteritis
causing a proliferation of bacteria (Gidenne et al., 1998). The digestion of starch improved regularly from
25 to 50 days old, in agreement with (Gidenne ef al., 2007). Starch is the main dietary energy source in
rabbit feeding and is included, mostly from cereals, at rather high levels (170-200 g/kg) in diets for
fattening and reproducing rabbits in order to maximize daily growth, reduce feed intake and optimize feed
efficiency (De Blas and Mateos, 2010).

Male aind female rabbits were significantly (P<0.01) in the results of LBW and DBWG in all
experimental periods. This is probably due to the good enzymes activity for male compare with female.

The obtained results show that, during the first growth period, LBW and DBWG of the rabbits were
highest with 19% starch for male (1275 and 31.57g, respectively}. This result was in harmony with the
results of enzymes activities, digestibility coefficients and blood parameters.
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Table (2): Effect of different levels of starch and sex gn n

5 uiriciits digesiibiiily and nutritive valwes.
Digestibility Coefficients Nutritive values

Sex Starch DM oM Ccp CF EE NFE NDF ADF Starch Sugar TDN DCP
Male L 5731077 62.7+1.19 69.0+0.53 23.740.93 78.7+1.40 76.7+0.91 41.5+0.97 218413 84.5+0.96 93.9+0.53 67.0+0.58 12.7+0.17
Male M 6394038 6434067 7604053 2304061 $7.0+189 274092 405120 223+14 8744077 969+043 TI0+100 149+0.18
Male H 5794084 623+120 703+1.19 2361041 740+1.15 TRTHLIS 4234112 221310 8444065 9424087 6732033 13.0+029
Female L 50.9+0.47 5374120 6834067 2194043 6974033 76.3+0.86 425+1.16 233+1.0 79.5+0.85 B88.9+0.55 64.3+096 12.8+0.12
Female M 59.6+0.44 S83+1.02 7031067 2204091 T47:1.20 77.7+0.96 42.040.95 22.0+12  824+100 91.9+037 717105 13.61023
Female H 52.6+0.70 S7.0+0.88 AR T+1A0 2194101 6834067 7431096 4204093  223+1.1  79.41096 892093 65.0+0.58 12.3+0.24
Main effects:
Effect of sex
Male 59.70* 63.10" 71.78* 23.45 79.89* 79.35" 41.41 22.05 84.73" 94,97 68.44" 13.52*
Female 5437" 56.33% 69.1° 21.93 70.90" 76.10° 4216 22.59 79.73" 89.97* 66.99° 12.90°
Effect of starch
L 54.10" 58.19" 68.65" 22.83 74.19° 76.49" 4196 22.55 81.99° 0] 36 65.65° 12.76°
M 61.75" 61.30* 7317 22.50 £0.84° 80.19" 41.23 22.19 84 85 94.39* 71.34° 14.25"
H 55.25° 59.67" 69.5" 22.75 7117 76.50° 42.17 2221 81.86° 91.66" 66.17° 12.63°
Significance
SCX *k *k [ 23 NS % £ 2 3 NS NS *& *% *& L2
Slﬂl‘ch X% *x *% NS L] [ 2] ‘NS NS xR *k *% *E
Setst xi [ 13 ¥k NS (2] *h NS NS ek ¥k %k *%
B Means within the same effect and column with no common superscript differ significantly (3<0.05).

St = Starch levels % {16(L). 19(M) and 22(H)}

Se = Sex

NS: Non-significant **: (P<0.01).

(710Z) SP3a-4 pup UONIINN ' uppdddy
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Table (3); Effect of differeat levels of starch and sex on digestive enzyme activities of growiag rabbits.

Stomach lleum Caecum

Se S Amylase Celllase CMC Protease Amylase Cellulase CMC Protease Amylase Cellulase CMC Protease

t
M L 034+40.13 045+0.11  0.004840.0014  3.1340.07 0.52+0.03  2.33+0.27 0.82+0.09 2.77H0.05 1.42+0.05 22510.33 0.071+0.016 1.87+0.12
M M 0.544009 062+0.14  00064+0.0015 3981008 0614004 2574028 0861014 . 2954007 2.154007 253+028 008110009 2.1840.06
M H 028+0.15 0.46+0.10  0.0044+0.0018 3.01+007 0.50+0.03 2.28+0.26 0.79+0.11 2.63+0.08 1.4640.03 230+023 0.075+0013 1.9140.10
F L 0234013 03540.14  0.004240.0017 3.09+0.08 0434002 221+0.19 0.69+0.10 2.37+0.09 1.3740.06 1874021 0.041+0.010 1544011
F M 04340.14 0.5510.12  0.005810.0013  3.55+0.06 0.53+0.03 2234033 077+0.15 2.83+0.06 1.8530.04 2.14+0.18 0.058+0.014 1.98+0.08

H 0.1940.09 0344013 00039400014 2.95+0.06 0414002 2.09+025 0.6840.05 2251006 1404002 1.77+025 0.04940.008 1.73+0.09
Main effects:
Effect of sex
M 0.39 049 0.0052 337 0.54" 2.39 082 2.78 1.68° 236 0.076 1.99"
F 028 0.41 0.0046 3.20° 0.46° 2.18 0.71 2.48° 1.54% 1.93 0.049 175"
Effect of starch
L 029 0.40 0.0045 31t 0.48" 2.27 0.76 2.57 1.40" 2.06 0.056 1.71*
M 0.49 0.59 0.0061 .77 057" 2.40 082 2.89* 2.00° 2.34 0.070 2.08"
H 0.24 0.8 0.0042 2.08 p.Aas 2.1% 0.74 244" 1.43% 2.04 0.062 1.82%
Significance
Se NS NS NS - e NS NS e e NS NS **
St NS NS NS * * NS NS - i NS NS "
Se*s NS NS NS * h NS$ NS e ** NS NS -

t

234 Means within the same effect and column with no common superscript differ significantly (p<0.05).

CMC =Carboxy Methvl Cellulase

Se = Sex ( M = Male

F = Female )

NS: Non-significant **: (P<0.01).

St = Starch level (L = Low M= Medium N = High}

Lnoyups-17
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Table (4); Effect of different levels of starch and sex on growth performance, clostridia number and mortality rate of growing rabbits.

25-53 days 53-81 days 25-81 days
Se St LBW DWG DFC FCR LBW DWG DFC FCR DWG DFC FCR Chsiridin (*18Y MR
M L 1186+10 2924+05 69.13x1.9 236:0.01 1801+18 2195402 85.8£1.1 391002 2559404 77.47+1.1 3031003 966+57.74  8.03
M M 1275227 315707 76.53+1.8  242:0.04 1955:24 24.29303 88.67+1.0 3.65:0.04 2793+05 826410  296+0.02 163843333  8.03
M H  1073x16 2542407  619+1.7 244004  1714:27  2505£0.2 7837x1.1 3.13:004 2523104 7014212 2781004 24335775  16.7
F L 1132498 26.86+0.3 69.43%1.6 258+0.02 174819 21.99402 84.140.9 3.824001 2443303 76.77x1.1  3.1410.04 1296+57.74 25
F M 1218:25 30.28+0.4  70.1xt9 2324002 (91921 25.02+02 85910 343x004 27.65303  78.0:1.0  2.82+0.02  2011+1[5.8 167
F H 1016£19 230958 609318 2.64:002 1608222 21.14+03 80.2+1.0 3.79+005 2211406 70.57+10 3.19+0.03 303149120 33.3
Main effects:
Effect of sex
M H77.9¢ 28.74* 69.19 2.41° 1833.7 2376 84.28 3.55" 26.25" 76.74 292" 1679° 10.92
F 1221k 26,740 66.82 251" 1758.1" 2272 83.40 3.68 2473 75.10 3050 21i3t 25
Effect of starch .
L 11592% 28.05° 69.28° 247" 1774 4" 21.97 84.95° 38T 25.01° 77.12% 3.09 131° 16.52
M 1246.5 30.93" 73.32" 237 1922.6* 24.67" 87.29* 3.54° 27.79" 80.30° 2.89° 1825° 12.37
H 1044.2° 24 26° 61.42° 2.54" 1690.8¢ 23.10° 79.29° 346° 2167 70.36° 2.99° paky a5
Significance
SC ik K NS *¥ *x & NS *¥ xk NS xk (13
St ** E T *k % *% *% xk *¥ *x& L33 *k %
Se*St (1] Kk *xk *¥ *% .k *% i & *%k »E *%

LBW= Live body weight,

DWG= Daily weight gain, DFC= daily feed consumption,

St = starch level {L (16%). M (19%) H (22%)}

Se = sex {M (male} and I (female}).

NS: Non-significant **: (P<0.01).

FCR= Feed conversion ratio and ~ MR= Mortality rate.

(7102) spaaf puv uoprgny °f urydisy
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Concerning the second growth period (53-81d.), it was observed that, raising the dietary starch
increased LBW and DBWG which could be due complete development of the enzymatic system as the
rabbits grow up (Table 4). Accordingly the digestion system was able to digest carbohydrates high
efficient. This leads to an increase in energy intake and with increase of LBW accordingly. It seems that,
rabbits' requirement of starch was high during the second growth period whereas, the low level of starch
(16%) decreased DBWG. This fact was also supported by the work of Singh ef al., (1997). Xiccato ef af,
(2011) have found no effect on live weight gain when soluble fibre replaced starch. After switching to
commercial finishing diet, lower live weight gain was observed in animals previously fed less starch~more
NDSF diets, even though feed intake expressed relative to metabolic weight at 49 days of age was similar
than in those previously fed more starch—less NDSF (— 0.5+ 1.4 g DM kg™ %™ day ', P> 0.1); this fact
could be explained by live weight overestimating body weight at 49 days of age in animals fed these diets,
as a consequence of increased digestive contents, Differences in live weight at 60 days of age as
consequence of NDSF replacing starch in weaning diets reflected both lower weight at weaning and lower
live weight gain during the full growing period.

The results indicated also that, during the second growth period (53-81d.), DBWG of the rabbits
recorded the highest values with 22% starch and male being (25.05 g/day). Generally, the overall results
show that. during the whole growth period, DBWG of the rabbits was highest with 19% starch and male
being (27.93g/day).

On the other hand, sex had no significant effect on daily feed consumption (DFC) regardless of starch
levels. However, daily feed consumption was considerably higher in rabbits fed moderate level of starch
{19%) during the second growth period (53-81d.) than the same levels during the first growth period (25-
53d.). It was observed that, as starch level of the ration increased from 19 to 22% DFC significantly
decreased in the overall growth period {25-81d.) was detected. These results agree with Parigi Bini ef a/,
(1990) and Nizza and Monielio, (2000) who reported that, the high level of starch in the diet decreased
DFC. Concerning overall growth period (25-814.), it is obvious that, DFC of the rabbits was low with
22% starch and male being (70.14g/day). Xiccato ef a/. (2011) have reported replacement of starch with
soluble fibre having no effect on feed intake in growing rabbits.

The effects of different levels of starch and sex on feed conversion ratio (FCR) are shown in Table (4).
The best FCR was recorded significantly (P<0.01) for rabbits fed moderate level of starch (19%)
compared with the low and high levels in the first and overall growth periods of the experiment. Similar
results were obtained by Xiccato ef af., (2002) who found that, 20.6% level of starch improved FCR than
17% starch level. Starch digestion in young rabbit exhibits pronounced differences compared with adults,
attributable to the relative importance of intestinal digestion and caecal fermentation on overall fecal
digestibility (Blas and Gidenne, 1998).

The feed conversion ratic improved for rabbit male at all experimental periods irrespective of the
different starch levels.

From the overall results, it could be concluded that 22% starch and male gave the best feed conversion
ratio (2.78 g feed/g gains).

The interaction between different levels of starch and sex (Table, 4) showed highly significant effects
on LBW., DBWG, DFC and FCR. These parameters increased significantly (P<0.01) for growing male
NZW rabbit fed diet containing 19% level of starch.

Number of clostridia and mortality rate,:

Analysis of variance showed a significant difference (P<0.01)} for Closiridum spiroforme count among
all levels of starch at the end of experimental period regardless of sex. It seems that the values of
Clostridia number increased by increasing the level of starch in diets (Table 4). Low dietary starch levels
(80—-100 g/kg) are recommended during the post-weaning period to avoid caecal overload of undigested
starch, which has been considered a longstanding major cause of digestive-related diseases (Trocino ef af.,
2011).

Regardless of starch, the count of Clostridum spiroforme was high in female than male. It may be due
to that male had strong health compared with female.

Clostridum spiroforme produces watery diarrhea in rabbits and causing death within a few hours after
first symptoms {Brooks, 1988). Our results are in complete agreement with the resuits of Cheeke and
Patton (1980), and Cheeke er o/, (1986). The capacity for starch hydrolysis in the small intestine seems
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negatively related to the starch intake, and not totally compensated by hydrolysis from the caecal
microbial flora, (Gidenne er al., 2007).

On the other hand, Lelkes (1988) found Clostridum spirgforme in young rabbits fed large amount of
starch. These results could be explained that, insufficient amount of the enzyme amylase was not produced
in the foregut of these animals and, consequently, starch traveled indigested to the cecum in the hindgut
where it was digested to form glucose; this glucose in the hindgut appeared to cause a population
explosion of Clostridum spiroforme.

Mortality rate was one of the mean objectives of this study. Results in Table (4) showed that mortality
rate was higher with the high level of starch (22%) followed by those given diets containing 16% starch
{25% and 16.52%, respectively). The lowest mortality rate was recorded for rabbits fed en the diets
containing 19% dietary starch {12.37%) regardless of sex.

Concerning the sex, it could be noted that, female was high mortality in this experimental compared
with male. It could be due to the numbet of Clostridia in female was higher than male.

In agreement with the previous results, DeBlas er al., (1995), Pote er al., (1980) and El-Sanhoury M.
H., (2000} reported that minimal was achieved for a concentration of 19% starch in rabbit diets.

When rabbits were fed on diets containing high levels of carbohydrates, the immediate increase in feed
intake may cause carbohydrate overioad, and induce enterotoxaemia (Cheeke and Patton, 1980). Blas and
Gidenne (2010) failed to find a direct relationship between the dietary starch level and mortality rate. In
very young rabbits (until 35 d), some authors found a lower mortality level when dietary starch (110-
170 g/kg) and the starch to ADF ratio (0.68—1.01} were increased (Feugier et gf., 2006).

The high mortality rate recorded for rabbits fed on low dietary starch diet (16%) may be due to
insufficient amount of glucose produced or disturbance in gastric acidity or loss of neonatal bacterial
activity or microorganism's unbalanced (Lelkes, 1988 and El-Sanhoury M. H., 2000).

Mortality rate during the growth trial was high values till 70-80% had been reported by (Le Bouquin
et al., 2009). Results of current study closely agree with those obtained in several works recently reviewed
by Blas and Gidenne ¢(2010) indicating that, even if dietary fibre meets essentially the requirements
proposed by Gidenne and Garcia (2006) to prevent digestible troubles in young rabbits during post-
weaning period, increasing levels of low- or high-digestible fibre replacing starch reduce mortality rate.
The beneficial effect of both replacements seems to be additive, since reduction in mortality rate was
stronger when made simultaneously.

In conclusion, the results obtained proved that the use of dietary starch level not more than 19% is of
almost importance to reduce the post-weaned mortality rate.

Blood constituents:-

Mean values of blood constituents of all experimental treatments and sexes presented in Table (5). The
highest values of glucose, triglycerides and cholesterol were recorded for rabbits given diet containing the
high starch level (22%). While, the lowest values were achieved for rabbits given the low starch diet
16%). However, the obtained results were within the normal ranges (Fox ef al., 1984 and Chiericato ef al,
1985). Gascon and Verde (1985} reported that, the reduction in blood glucose level may be considered as
an indication for heaith rabbits.

Concerning the effect of sex on total lipid and its fractions, the results obtained herein showed that,
female rabbits had higher total lipid and triglycerides and lower total cholesterol comparable to male
rabbits.

No significant effects (P>0.05) were detected in the liver activity enzymes {GOT and GPT) values due
to feeding diets containing different levels of starch. As well male and female rabbits were significantly
different. These results are in harmony with Abdel- Azeem er a/., (2000) and El-Sanhoury (2005).

The interaction between sex and starch level was highly significant for all estimated blood parameters
except the GOT and GPT.
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Tabte (5): Effect of different levels of starch and sex on blood constituents.

Sex Starch Glucose (g/1) Total Lipid Triglycerides Cholesterol GOT GPT
(mg/100ml) (mg/dl) (mg/100ml) (u/1) (u/l)

Male L 1.50+0.06 379+15.03 97+2.99 85+1.68 30.7040.75 9.14+0.16

Male M 1.60+0.06 381+13.50 116+2.64 87+3.10 31214071 9.6240.40

Male H 1.62+0.03 431417.59 149+2.66 99+4.52 30.98+1.10 9.65+0.61

Female L 1.3440.06 427+17.43 17743.90 67+4.76 28.00+0.78 9.5010.32

Female M 1.36+0.03 484+16.04 190+3.72 66+1.93 30.30+1.60 9.99+0.11

Female H 1.5040.01 482+17.61 194+1.67 77+1.71 30.10+0.49 9.3640.34

Main effects:

Effect of sex

Male 157 397° 120.67° 90.33° 30.96 947

Female 1.40° 465 187.00° 70.00° 29.53 9.62

Effect of Starch

L 141° 403°¢ 137° 76° 29.37 9.32

M 1.51° 433° 153" 77 30.76 981

H 1.59° 458"° 172* - g8 30.63 9.51

Significance

SCX *k k% "k ek NS NS

Starch " ** s * NS NS

SE*St L 2] *% *h L ] NS NS

wbabi \eans within the same effect and column with ne common superscript differ significantly (p<0.05).
Starch levels % {16c1). 19(M} and 22(H)}  Se = Sex

NS: Non-significant **: (P<0.01).
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Table (6): Effect of different levels of starch and sex on carcass and digestive tract measurements.

Sex Starch Dressing % Carcass % Liver % TFW% FSW % ESW % FCW% ECW% Caecum Length
(cm)

Male L 64.940.75 55.2+0.41 2.10+0.02 1.41+0.013 3.23+0.09 1.07+3.02 4.1240.07 1.20+0.10 1.74+0.03
Male M 65.8+0.81 55.98+0.51 2.0710.10 1.67+0.013 _ 3.51+0.06 1.02+0.02 4.95+0.08 1.22+0.12 1.8940.01
Male H 66.0+0.91 55.97+0.32 2.181+0.05 1.58+0.014 3.75+0.13 1.08+0.03 4.97+0.07 1.27+0.04 1.92+0.07
Female L 64.6+0.99 55.1+0.15 2.13+0.06 1.56+0.012 3.53+0.11 1.1i40.06 4.84+0.12 1.20+0.04 1.82+0.02
Female M 65.8+0.98 55.9610.66 2.40+0.13 1.68+0.011 3.3740.16 1.12+0.06 4.96+0.09 1.2240.04 1.89+0.16
Female H 64.9+0.80 55.2940.39 24440 11 1.51+0.012 4.094+0.07 £.10+0.05 5.02+0.05 1.2940.05 1.93140.06
Main effects:-

Effect of Sex

Male 65.56 55.72 2.12 1.55° 3.50 1.06 4.68° 1.23 1.85
Female 65.09 55.45 2.32 1.58* 3.66 1.11 4.94* 1.24 1.88
Effect of starch

L 64.76 55.12 2.11 1.47° 3.38° 1.09 4.48° 1.20 1.78°

M 65.78 55.97 2.23 1.68° 3.44° 1.07 4.96" 1.22 1.89"

H 6541 55.63 2.30 1.54" 392° 1.09 5.00° 1.28 1.93°

Significance

Se NS NS NS ** NS NS ** NS NS

St NS NS NS ** ** NS ** NS *x

Se*St NS NS NS ** N§ NS ¥ NS NS

*%€ AMeans within the same effect and column with no common superscript differ significantly (p<0.03).

TFHW= total fat weight

Starch levels % {16(L), 19(M) and 22(H)}

FSW. ESW= full and empty stomach weight and FCW. ECIV= Full and empty caecum weight.

(2107) SPa24 pup uomunN ° uvnddsy
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Carcass characteristics:-

The effect of sex and different starch levels on carcass traits are presented in Table (6). The results
showed insignificant effects (p>0.05) of sex and starch levels on dressing, hot carcass and liver
percentages. This agrees with the findings of Ouhayoun (1998), El-Sanhoury (2000) and Nizza and
Moeniello (2000) who found that carcass traits were slightly affected by dietary starch leve|.

As shown in Table (6), the percentage of total fat weight revealed a direct significant increase due to
starch level. Moreover, female rabbits had higher fat weight than males, this results support the current
findings of total blood lipids and triglycerides. Concerning the digestive tract parts (%), the dietary starch
levels and sex did not affect weights of both stomach and cecum. These results are partially agreed with
Trocino er al, (2011) who reported that, increase of dietary starch linearly increased slaughter weight
(SW) and carcass weight. The proportion of the gastrointestinal tract was linearly decreased and the
dressing percentage increased, as well as dissectible fat.

REFERENCES

Abdel-Azeem, F., Y.M. El-Hommosany and N. G. Mohamed (2000). Effect of Citric acid in diets with
different starch and fiber levels on productive performance and some physiological traits of growing
rabbits. Egyptian Journal of Rabbit Science, 10 (1): 121-145.

Association of Official Analytical Chemists, A.O.A.C. (1990). Official methods of Analysis, 15" Edition,
Washington, USA.

Bias E., C. Cervera and J. Fernandez-Carmona (1994). Effect of two diets with varied starch and
fiber levels on the performances of 4-7 week old rabbits. World Rabbit Sci., 2; 117-121.

Blas, E. and T. Gidenne (1998). Digestion of starch and sugars. In; DeBlas C, and Wiseman J. (ed). The
Nutrition of the Rabbit. CABI Publishing. CAB International, Wallingford Oxon, UK, 17-38,

Blas, E. and T. Gidenne (2010). Digestion of sugars and starch. C. De Blas, J. Wiseman (Eds.), Nutrition
of the Rabbit (2Znd ed.), CAB International, Wallingford (UK), pp. 19-38.

Brooks, D. (1988). Rabbit diarrhea new research findings. J. Appl. Rabbit Res. 11:125-130.

Cheeke, P. R., M. A. Grobner and N. M, Patton (1986). Fiber digestion and utilization in rabbits. J.
Appl. Rabbit Res. 9(1). 25-30.

Cheeke, P.R.; N.M. Patton (1380). Carbohydrate-overload of the Hindgut- A probable cause of enteritis.
J. Appl. Rabbit Res. 3:20-23.

Cheeke, P.R.; N.M. Patton; S.D. Lukefahr and J.I. McNitt (1987). Rabbit production chpt. (10) pp 207-
247,

Chiericato, G.M., M.P. Schiapelli and U. Filotto (1985). Studo della relazioni esistenti fra prestazioni
produttive eprobilo metabolico nel coniglio, Estratto da Coniglicoltura XXLL, N. 12.

De Blas, J.C. and G.G. Mateos (2010). Feed formulation. C. De Blas, J. Wiseman (Eds.), the Nutrition of
the Rabbit (2nd ed.), CABI Publishing. CAB International, Wallingford, Oxon, UK pp. 222-232.

De Blas,c., J. Garcia, R. Carabafio (1999). Role of fibre in rabbit diets. A review.Ann. Zootech., 48, pp.
3-13.

DeBlas, J. C., E. Taloada, G. G. Mateos, Nuria Nicodemus and J. Mendez (1995). Effect of substitution of
starch for fiber and fat in isoenergetic diets on nutrient digestibility and reproductive performance of
rabbits. J. Anim. Sci. 73, 1131-1137.

Debray L., I. Le Huerou-Luron, T. Gidenne, L. Fortun-Lamothe (2003). Digestive tract development in
rabbit according to the dietary energetic source: correlation between whole tract digestion, pancreatic
and intestinal enzymatic activities. Comp. Biochem. Physiol., A, 135: 443455,

Duncan, D. B. (1955). Multiple range and Multiple F tests. Biometrics. 11: 1 -42,

El-Sanhoury M. H., (2000). Effect of some nutrition f'actors on early weaning of rabbits under Egyptian
conditions. M.Sc. Thesis, Fac. Agr., Ain Shams Unvi.

92



Egyptian J. Nutrition and Feeds (2012)

El-Sanhoury M. H., (2005). Effect of some nutrition factors on rabbit productwe performance. Thesis
Ph.D.,. Fac. Agr Ain Shams Unvi.

Fox, J.G.,, B.J. Cohen and F.M. Loew (1984). Laboratory Anim. Medicine Chpt. 8: 207-240.

Gascon, M. and J. Verde (1985). Study of biochemical profiles in diarrhea rabbits. J. Appl. Rabbit. Res.,
8: 141-143.

Gidenne T., O. Madec and P. Arveux (1998). Effects de la nature de la lignocellulose sur la digestion et
les performances zootechnigues du lapin en croissance. In: Proc. 7 emes Journ. Resh. Cunicole
Fr., Lyon. ed. INRA- IRTAVI: 151-154. Abstract.

Gidenne, T. and J. Garcia (2006). Nutritional strategies improving the digestive health of the weaned
rabbit, L. Maertens, P. Coudert (Eds.), Recent Advances in Rabbit Sciences, ILVO, Melle (Belgium),
pp. 229-238.

Gidenne, T., J. Garcia, F. Lebas and D. Licois (2010). Nutrition and feeding strategy: interactions with
pathology. C. De Blas, ). Wiseman (Eds.), Nutrition of the Rabbit (2nd ed.), CAB International,
Wallingford (UK), pp. 179-199.

Gidenne, T., L..Debray, L.Fortun-Lamothe and I.Le Huerou-Luron (2007). Maturation of the intestinal
digestion and of microbia) activity in the young rabbit: Impact of the dietary fibre:starch ratio. Comp.
Biochem. and Phys. — Part A: Molecular & integrative Phys., 148(4): 834844,

Halliwell, G. (1958). A micro determination of cellulase in studies with cellulase. Biochem. 1., 68:605.

Le Bouquin, S., J.L. Robert, G. Larour, L. Balaine, F. Edno, S. Boucher, A. Huneau, V. Michel (2d09).
Risk factors for an acute expression of Epizootic Rabbit Enteropathy syndrome in rabbits after
weaning in French kindling-to-finishing farms Livest. Sci., 125: 283-290.

Lebas F. and 1. Maitre ‘(]989). Alimentation de presevrage. Etude d’un aliment riche en energetic et
pauvre en proteins, Resultats de 2 essais. Cuniculture, 16, 135-140. Abstract.

Lebas, F., P. Coudert, H Rochambeau and R. G. Thébauff (1997). Nutrition and feeding. THE RABBIT.
Husbandry, heath and production, pp: 19-44.

Lelkes, L. (1988). A new perspective on the causes and prevention of rabbit diarrhea. J. Appl. Rabbit Res.
11:120,

Maertens, L. (1992). Rabbits nutrition and feeding. A review of some recent developments. J. Appl.
Rabbit Res., 15 : 889-913.

Maertens, L. (1995). Effect of dietary technological treatments on the performances of rabbits before and
after weaning. Proc. 7® Hungarion Rabbit Production day, Kaposvar 24 May, 1-11.

Malik, C.P. and Singh, M.B. {(1980). Plant enzymology and histo-enzymaology}. Kalyani publishers, New
Delhi - Ludhiana, Chapter 6:166,

Mandels, C. and Waber, 1. (1969). Effect of Carboxy Methyl Cellulase on source of fiber. Biochem. J,,
79: 933,

Martinez-Vallespin,B., E. Martinez-Paredes, L. Rédenas, C. Cervera, J.J. Pascual and E. Blas (2011).

Combined feeding of rabbit female and young: Partial replacement of starch with acid detergent fibre

" or/and neutral detergent soluble fibre at two protein levels. Livestock ScienceVolume 141, Issues 2—3
Pages 155163, :

Nizza A. and G. Moniello (2000). Meat quality and caecal content characteristics of rabbit according
to dietary content and botanical origin  of starch. World Rabbit Sci., 8: 3-9,

Osman, A.M. (1982). Amylase in chicken intestine and pancreas. Comp. Biochem. Physiol. 73B, 571.

Ouhayoun, J. (1998). Influence of the dict on rabbit meat quality. In: De Blas C., Wiseman J., (ed). The
nutiration of the rabbit, CABI Publishing. CAB International, Wallingford Oxon, uk, 177-195.

Parigi Bini R., G. Xiccato, M. Cinetto and A. Dalle Zotte (1990). Influenza del  contenuto di amido
alimentare sulla produttivita, sulla digeribilitae sulla composizione corporea di conigli in
accrescimenio. Zoot. Nutr. Anim., 16: 271-282. Abstract.

93



El-Sanhoury

Peeters I. E., R. Orsenigo, L. Maertens, D. Galazzi and M. Colin (1993). Influence of two iso-energetic
diets (starch Vs fat) on experimental colibacillosis (EPEC) and iota-enterotoxaesmia in early
weaned rabbits. World Rabbit Sci., 1: 53-66.

Pate, L. M., P.R. Cheeke and N. M. Patton (1980}. Utilization of diets high in alfalfa meal by weaning
rabbits. J. Appl. Rabbit Res. 3(4): 5-10,

SAS (1998). Statistical Analysis System guide: (6th edition) Institute Inc. Cary. Nc. USA.

Singh P., N. N. Pathak and [. C. Biswas (1997). Performance cf broiler rabbit (Soviet Chinchilla * Grey
Giant) fed low grain concentration. World Rabbit Sci., 5 (3): 121-123.

Trocino,A., M. Fragkiadakis, D. Majolini, R. Carabafio and G. Xiccato (2011). Effect of the increase of
dietary starch and soluble fibre on digestive efficiency and growth performance of meat rabbits.
Animal Feed Science and Technalogy Volume 165, Issues 34, Pages 265-277.

Xiccato, G., A. Trocino, A. Sartori and P. . Queaque (2002). Effect of dietary starch level and source on
performance, caecal fermentation and meat quality in growing rabbits. World Rabbit Sci., 10 (4): 147-
157.

Xiccato, G., A. Trocino, D. Majolini, M, Fragkiadakis, M. Tazzoli (2011). Effect of decreasing dietary
protein level and replacing starch with soluble fibre on digestive physiology and performance of
growing rabbits. Animal http.//dx.doi.org/10.1017/81751731111000243

Al Gl Sl #1aY1 e Guigdl g Aigdadt LA (e dilide Gl gia il

(§ I sadl dala 3 e
a5 AL - puad G Anata A1 0 06 5l yall 15 aud

Do Al il shusall 528 e (L36 5 S336) o 25 e pan¥l a3 il Udes (ha (uine o 72 ariial
ooeai 5 dgacagll UEH Ll y Lyl Cliney  Lacagll Coblabaal y Lpalill il 33 LAY el e puindl 5 Wl Ui
3(%19) Jausia s (16%) aiiia b LI (o Sl siane 3 e g iad A o8 il 3 e 3000 Cadd, y 3IY1 LD 4 ol
- NS e Jomatiall pitiilt pal i€y Jabiie i gde aracal g Guaiadl 38 ae (%22) Jle
ISy Al Bat il Y1 YT pdald o) Ly (%22 -16) LA (g Al Dl gaddl IS (o LYY YT 5585 aalaind — ]
i 9519 Lk (5 fiua die ) o]
b L g shana 3805 o R Giany (%10.92) sl Y1 583 Ui (%25 ) gk Apasd ot Aalil il Y1 S} s — 2
ol 5 e SRl ek, Kadalt (0 LS5 9419 o6 shaa e oldidt il B0 B0 dpa S S
%22 3 %16 i NS Ll oldaalt i pulaiy iy LG 9419 (5 yiwa Jo sbdiall cuil Y1 583 dpasian b Juail S — 3
L

S 016 Sl gina e sl S Gl Ll cals Wiy W 9619 e sl SN Laiad Sbea Juiadl Gl 43~ 4
L35 9622

(GOT 3 It lay 331y 380 5 Aoyl &y gl Ll iloadll B o paipd) y Ll Sy ghasal &y ina Sl 3 205 9 - 5
: & GPT)

a5 il AN gl g yimay Syt gy pda oy o S e Alalaall & pina il 5 S 6
se s eladl ysanall i g5y

Sl i b e S S0 5 ll a3 SN o Gl L g Al Chysindd S a0 -7
|-+h.d1

Al L9119 L 5 gle (re UK ol le 5 00al agaad 00K (i) e Cuaeaind) S ol Al jalt o3a dm pelilus
oW e hia i b g Dkl LR %22 51 %416 (5 s Al Of sl ) S3H O pe Dhiad

94





