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This studv was designed to determine the adequate allowances of
energy and protein during two successive growth periods in order to
maximize growth performance, consequently economic efficiency. Four
dietary protein levels; 16, 18, 19 and 20% with three levels of digestible
energy; 2500, 2800 and 3000 kcal/kg diet in a(4 x 3) factorial design
were fed fo growing New Zealand White (NZW) rabbits. A fotal of 180
rabbits were randomly assigned into twelve group (15 rabbit each), of
nearly similar age (5 weeks) and initial weights. The experimental period
was subdivided into two equal periods (four weeks each).

Results showed that increasing energy and protein concentration
{during the first period) up fo 112% (2800 DE) and 118.75% (19% CP),
respectively more than NRC, (1977) gave the best values (P<0.01) for
body weight gain and feed conversion, so the best economic efficiency
value. While, during the second period, the mentioned values were the
best (P<0.01) when energy and protein levels increased up to 120%
(3000 DE) and 112.5% (18% CP), respectively more than NRC, (1977).
The best values of DM and OM digestion coefficients, carcass weight,
blood total protein and liver function (ALT and AST enzymes) were
recorded for rabbits fed 18% CP and 3000 kcal DE/kg diet

In conclusion, increasing dietary energy and protein levels in
NZW growing rabbit’s diets with portioning the growth periods into two
successive periods improved growth performance and economic efficiency.
Keywords: Energy levels, growth performance, protein, rabbits.

Rabbits are an excellent and economical producer animals for protein to
satisfy increasing demand for human needs i developing countries. The nutrition
of rabbits is most important factor affecting productive and reproductive traits.
However, protein and energy requirements of growing rabbits have been studied
by several investigators to determine the exact levels of both protein and energy
for growing rabbits. In this concern, Lebas, (1975 a & b) has voted good
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productive and reproductive performance of rabbits fod diets of a wide range of
energy, te. from 2500 to 2900 keal DE/kg diet. Besides. Martin, (1977)
suggested thar, the range of 17 to 20% crude protein for growing was
recommended. Also, Omole (1982) stated that, the range of 17 to 20% crude
protein could be optimal for growing rahbits,

Therefore, the present study aimed to determine new allowances of
energy and protein for growing rabbits based on two growth periods to find out
the optimum growth perforiance and economic efficiency.

MATERIALS AND METHODS

The present study was carried out at @ Private rabbitary Farm in the
North of Dakahiia Governorate, Egypt. A total of [80 New Zealand White
(NZW) weanling rabbits at 5 weeks of age were divided randomly into 12
groups (15 each). All weanling rabbits were nearly equal in live body weight at
the beginning of the experiment.

Four dietary levels of crude protein, 7e.16%,18%, 19% and 20 % (0,
12.5, 1875 and 25 % more than NRC, 1977) and three levels of digestible
energy, le. 2500, 2800 and 3000 kecal’kg dict (0. 12 and 20% more than NRC,
1977y were used in {4 X 3) factorial design for eight weeks which were
subdivided into two equal periods (first ad sccond) to possibly determine the
requirements of energy and protein in each period in order to maximize weight
£ain, so its margin.

The level of 16% crude protein (CP) with the energy level of 2500 kcal
DE/kg diet was used as a control group according to the recommended energy
and protein levels by NRC (1977) for growing rabbits, Essential amino acids.
Tysine and sulphur amino acids, in addition to, the minerals and vitamins were
adjusted in all diets to cover the reguirernents according to NRC (1977).
Ingredients and chemical analysis of the experimental dicts were presented m
Table 1.

All groups were kept under the same managerial and hygienic conditions
and were housed in batteries provided with feeders and automatic drinkers. Diets
were offered ad libitum and given twice a day. Fresh water was available all the
times. Rabbits were weighed at weekly intervals during the two experimental
periods. At the same time, feed intake was recorded to calculate feed
consumption and feed conversion (g feed/g gain).

At the last week of the experimental period, a digestible trial was carried
out by using three male rabbits from each group to determine the digestible
coefficients of nutrients of the experimental diets according to Radwan et af..



_Table 1. Composition and chemical analysis of the experimental diets.
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(1971). Samples of diets and faeces were chemically analyzed according to
AQAC, (1999,

At the end of the experimental period, six representative rabbits from
each group were randomly chosen for slaughtering and collecting tblood samples,
after being fasted for 12 hours. After complete bleeding the carcass and their cuts
(fore parts, tank and hind parts) were weighed. The blood samples were
collected heparinized glass tube and centrifuged at 3000 RBM for 20 minutes to
separate plasma. The collected plasma was stored at - 202C until assay. Total
lipids, triglycerids, cholesterel, total protein, albumin. aspartate aminotransferase
{AST). alanine aminotransferase {ALT), urea and creatinine were determined
colorimetrically using kits from Bio-Matrieux (France).

Economical efficiency were calculated as follows:
Economica] efficiency = Net revenue / Total feed cost
While: Net revenue = Selling price of total weight gain — total feed cost

Data were statistically analyzed using the General Linear Model
Procedure of SAS, (1994). Duncan's multiple range tests was performed
{Duncan, 1955) to detect significant differences between means.

RESULTS AND DISCUSSIONS

1. Growth performance:

Concerning the effect of dietary energy levels {Table 2a), results showed
that, during the first (6-9 wks), second (10-13 wks) and the whole experimentai
periods (6-13 wks), the best values of live body weight, weight gain and feed
conversion were recorded for rabbits fed diets containing the high energy level
(3000 kcal DE/kg diet), followed by those fed 2800 kcal DE/kg diet, then rabbits
fed 2500 kecal DE/kg diet, which plays as the control diet.

The proportional increment of weight gain for rabbits fed 3000 kcal
DE/kg diet during the first and second periods were 1826 and 8.52 %,
respectively, vis-a-vis 938 and 7.28 for those fed 2800 kcal DE/kg diet,
respectively, when compared to the controls. It was quit clear to note that, weight
gain increased by increasing the energy level in growing rabbit diets, especially
during the first period where rabbits gained more. Regarding this, Bassuny ef al.,
(1997) reported that, the tinal body weight was significantly increased when
energy level increased from 2500 to 2700 keal DE/kg diet.

Respecting feed consumption, it was decreased by increasing the dietary
energy level during the first and second periods, as well as the overall period
(Table 2a). The proportional decrement for rabbits fed 3000 kcal DE/kg diet,
during the first and second periods were 5.04 and 5.54%, respectively
comparable to those fod the control diet. As for, feed conversion, Table (2a)



Table 2a. Liffect of energy, protein levels and their Interaction on growth performance of NZW
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Continuation of the Table 2h,
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revealed that, the proportional improvement during the first and second period
for rabbits fed 3000 keal Dt/kg diet were 19.70 and 12.79, respectively, vis-a-
vis 11.33 and 9.13% for those fed 2800 kcal DFE/kg diet, respectively when
compared to rabbits fed the contro] diet.

Analysis of variance showed significant differences between treatments
for live body weight, weight gain, feed consumption and feed conversion due to
different dietary energy levels during the tirst and second period, as well as,
overali the experimental period. In agreement with the obtained results, Taie and
Zanaty (1993), showed that, feed efficiency was significantly improved by
increasing the energy level from 2500 to 2800 kcal DE/kg diet. In addition,
Avyat et al. (2002) showed that, final body weight and feed conversion were
improved while feed consumption was decreased when rabbits fed 3000 keal
DE/kg dict comparable to those ted 2500 keal DE/kg diet.

Respecting the effect of protein levels (Table 2a), it was clearly noted
that, during the tirst period the best weight gain was recorded for rabbits fed 19%
CP. The proportional increment was 17.00% comparable to those fed the controi
diet (16% CP). Significant effect was detected for live body weight and weight
gain referable to ditferent protein levels. While during the second period there
were no significant differences between treatments. However, rabbits fed 18%
CP gave a better value for weight gain among dietary treatments. The
proportional improvement was 2.99% comparable to the controls,

it was clearly noted that body weight gain was increased by increasing
dietary protein level up to 19% m the first period. While during the second
period it was increased up to 18% CP. Moreover, the proportional increment was
17% in the first period vis-a-vis 2.99%, during the second period (Table 2). It
may be iilustrated that, during the first period (early growtt period) the need of
growing rabbits for dictary protein was more than during the second period. In
conformity, Wahba, {1969) and Murray ef al. (1991} showed that, the protein is
the most essential nutrient for growth. They added that, among proteins are the
enzymes and hormones which regulale metabolism,

No significant differences were obscrved in feed consumption during the
first, second and the whole experimental period duc to different protein levels
(Tabie 2a) On the other hand, there were significant variations between
treatments for feed conversion due to different dietary protein levels during the
first peniod. Rabbits fed 19% CP exhibited the best value of feed conversion,
bemng 3.33 ¢ feed/g gan, with proportional imiprovement of 15.91% when
compared with those ted the contro! diet. While during the second period
analysis of variance showed no significant ditferences between dietary treatments
tor feed conversion due to different protein levels. However, rabbits fed 18% CP
gave a favorable valuc of feed conversion among different dietary treatments,
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bemg 3.98 g feedig gain. While those fed the contrel diet gave a value of 4.09 o
feeds e rain.

These findings agree with those reported by Lebas (1973) Omole (1982 )
Anubrate e af. (1999); Abdel-Malak, (2000} and Lei ef of(2004), They stated
that, increasing protein leve! in rabbit diets up 1w 20 or 22% lead W mercasimg
body weight gain and improving feed conversion, In addition, Tsmail (1994
observed that growth performunce of rabbits vwas improved by imcrcasing dictary
protem level,

Regardmg 1o the mderaction between cuergy and protein levels, it 1s
worthy to note that, during the first period the best value of weight gain was
recorded for rabbits fed 19%0 CP and 2800 keal DE/ke dict, being 550 g (Table
20 The proporfiomal inerement was 33.92%; comparable 1o those fod the control
dict, This highly proportion of micrement s command 1o more studies and
commendation. Taie and Zanaty (1993} observed that, final body weight was
heavier for rabbits fed 19.50% CP and 2800 keal DE/ ke diet than those fed 17%
CPand 2700 keal DL/ kg diet.

As for, during the sccond period, data ilfustrated in Tabie (2a) revealed
that, the best value of weight gain was recorded for rabbits fed 18% CP and 3000
keal DE/Kg diet, being 706.67 g. the proportional increment was 8.72%, when
compared with those fed the control diet.

From constantly comparing. it was evident that, the propertional
increment during the first period (35.92%) was higher than during the second
period (8.72%}. These values exhibir the superiority of the first period as respord
10 higher rate of growth than the second period which gave mferior increment.
Consequently. this add up to the priority of portiening the growth period mto two
interval periods with applying the previcusly energy and protein allowances in
cach pertod to maximize body weight gain.

Onee more, during the first and sccond expenmental periods. rabbits fed
the mentioned two allowances of encergy and protein gave the best weight gain
(Table 2a), being 1248.00 and 1247.33 g, respectivelv, While the worst weight
gain was recorded for rabbits fed the control diet. Regarding this. the interaction
between energy and protein levels revealed that. increasing protein and energy
levels increased growth performance, Avval e/ af. {2002},

Concerning feed consumption, obtained resulis (Table 2a) showed that. it
was decreased by inereasing energy fevel arrespective of dictary prodein levels
which had the same trend. This was quit clear since rabbits fed the lowest energy
level consumed more feed 10 meat therr energy requiremient. In rhis context,
Bombeke (1978) and Nagda ered. (1997) found that. feed consumption decreased
with mereasing energy level. In addition. Gad-Ala er af. (2002) showed that teed
inrake was significanihv (P= 0.0 1) atfected by energy level only,
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With respect 0. Teed comersion (Table 2a). it is clear that. during the
first period the best one was observed for rabbits ted 19% CP and 2800 keal
DEKg diet, being 3.20 ¢ feed/g eain. While during the second period, rabbits fed
1825 CP and 3000 keal DE/ ke diet gave the best value of feed conversion. being
373 keal DEY ke diet. The same treatment gave a preferable value during the
whole experimental period (3.51 g feedre gain). Taie and Zanaty (1993) stated
that, feed conversion was 3.33 ¢ feed sg snn for rabbits fed 19.5% CT and 2800
keal DE ke diet durmg o period of siy weeks,

Analysis of variance showed significant ditferences between dictary
treatments for Iive body weight, weight gain, feed consumption and {eed
conversion due o energy and protemn fevels interaction, during the first and
second periods as wedl as overall the experimental period (Table 2b).

Results obtained aeree with those reported by Gad-Alla er ol (2002)
who mdicated that, the best values ot growth performance traits were recorded
tor rabbus fed 18%0 CP and 2800 keal DE/kg diet.

2. Digestion coefficients of nmutrients

No sigiticant differences were observed between dietary treatments for
different digestion coefficients of nutrients (Table 3) due to etther energy or
protein levels except nitrogen free extract (NFE).

Concerming the effect of energy levels. it was observed that, the
digestion coetlicient of NFE was ncreased (P<0.05) by increasing dietary
energy kevel However, the digestion coefficients of crude protein (CP), organic
matter (OM) and dry matter (DM were slightly increased by increasing energy
level in rabhit dicts (Table 3). Alla e of. (2002) found no significant difterences
in the digestible coetficients of DM, L and CF between rabbits fed ditterent
energy levels (2600 or 2800 keal DEKe diet).

Regsarding. the eflect of protein levels, it was observed that (Table 3). the
preferable values of the digestion coeflicients of CP, EL and CT were recorded
for rabbits fed 19% CP. In conformity fsmail (1999) indicated that, mcreasing
dietary protein from 16 10 19 or 222 in rabbit diets improved the digestiility of
Ekand CT.

Regarding to energy and protein interaction. analysis of variance showed
sianificant differences for the digestion coeflicients of nutrients due to energy
and protein interaction. Data tHusrated in Table (3) revealed that, the digestion
cocfticient of CP increased with increasing dietary protein Jevel up to 19% with
three mentioned successive enerev levels, showmg the higher vahie for rabbits
fed 19% CP and 3000 keat DERg diet (91.02%). On the other hand, rabbits fed
PR CP owith the samie energy level vave the best values of OM and DM
disestion coetticients. being 69.23 and 71.91%. respectively. In agreement with
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Tabie 3. Effect of cacrey, protein fevels and their Interaction on digestion coeflicients of
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obtained resuits Taie and Zanaty (1993) found an mprovement 1 the
digestibility ot DM, OM and CP when dietary CP increased. Beside, Grobner
(1983) and Anber (1986) showed that. the digestion coetficient of DM and CP
were lower with low energy level than with high energy diet.

3. Curcass traits:

Increasing dictary cnergy level in growing rabbit diets increased
(P~ 0.03) the proportional weight of total edible parts (TEP). also increases the
abdominal fat (Table 4), Thus the best praportional weight of TEP was recorded
with rabbits fed 3000 keal DE/ kg diet (36.69%). These results coincide with
those obtained by Castetlo and Gurr (1992). They indicated that, increasing
cneray fevel in rabbit diets improved significantly carcass vield.

Otherwise, analysis of variance showed no significant differences
between dietary treatments for the proportional weights of TEP due to protein
levels, (Tabie 4). However, the proportional weights of TEF slightly increases
with increasing dietary protein evel in growing rabbits. In contact, Kalita et ol.,
(2000} showed no significant differences for dressing percentage and various
carcass traits due to feeding rabbits ditferent protei levels (16 and 19%). Also,
liaiva and Fasanya (2004) found no significant effect on carcass yield when
rabbits fed different protein levels (13, 16 and 200%).

As for, energy and protein interaction, obtained data (Table 4) revealed
that. the best carcass proportional weight was recorded for rabbits fed 18% CP
and 3000 kcal DE/kg diet, followed by those fed 19% CP with the same energy
level. Analysis of variance showed a significant variation between dietary
treatment referable to energy and protein interaction. Regarding this, El-
Hindawy et al., {1994) showed that, the carcass components were significantly
high when rabbits fed high dietary energy level Also, Ayyat ef af. (2002)
observed that, carcass components were significantly increased in NZW rabbits
fed high energy level (3000 keal DE/ kg diet) than the normal level (2500 kcal
DE/ kg diet).

1. Some blood constituents _

Obtained data (Table 3) revealed that, plasma total lipids. tryglycerids
and cholesterol were significantly mcreased with increasing energy level. The
same trend was observed for plasma total protein, albumin and globulin, The
higher values were recorded for rabbits fed 3000 kcal DE/ kg diet. Conversely,
analysis of variance showed no significant differences between dietary
treatments for liver function enzymes (AST and ALT) or kidney functions {urea
and creatinin) referable to encrgy levels.
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Table 4. Effect of energyv. protein levels and their interaction on carcass
traits as proportional weights (%).
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Tabie 5. Effect of encrgy, protein levels and their interaction on some biood
constituents of growing NZW rabbits (mg/100 mf.).
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On the other hand, rabbits fed 19% CP gave the lowest value (P« (0.05)
of total lipxds among treatments. Whiie the values of trighveerids and cholesterol
did not differ significantly as a result to different dictary protein levels. Onward,
the highest vaiues (P=< 0.05) of total protein und globulin were observed for
rabbuts fed 19% CP. being 6.74 and 340 ma/i00 mil. respectively. However, no
significant diflerences were detected between neatments for albumin due 10
different dietary protein levels (Table 5,

Data illustrated o Table (5) define that, urea and creatinin were
increased with imncreasing dictary protein level. The ighest values were recorded
for rabbits fod 20% CP, being 1560 and 0.98 mg 100 mb., respectively. This
increment in plasma urea and creatinin mav be duce te the breakdown of elevated
protein level during the metabolism (Murray o7 w/. 1991) The cleavage of an
amino group from an amino acid leads to the production of ammeonia which
successively combine with carbonic acid 1o form urea (Stroev, 1989). These
results colncide with that obtamed by Abdel-Malak {2000) who founxd
significant increase In serum urca and creatinin with increasing dietary protein
levei (form 14 to 1894).

Concerning , energy dad protein levels interaction, it s clear that (Table
5). the highest values of plasma trighyeerids and cholesterol were recorded with
rabbits fed 20% CP and 3000 kcal DE/kg diet. While the lowest values were
observed for those fed the control diet. Hercaway. the best values for plasma
total protem and Liver function (AST and ALT enzymes) were observed with
rabbits ted 18% CP and 3000 kcal DE/kg dict, subject to all values within the
normal range. Analvsis of varlance showed significant differences between
dietary treatments for ali blood parameter due to the intcraction between the
energy and protein levels. In agreement with obtained results, Ayyat er af, (2002}
indicated that, serum total protemn increased significanty with mereasing the
levels of encrgy and protein in rabbit dicts.

5. Economic efficiency:

Obraned resulits (Table 6} showed that, the price of one i(llowmm {kg)
diet increased by increasing either protein or energy level, However, feed cost/kg
weight gain decreased-approximately-with elevated dietary protein under each
level of the three mentioned successive energy levels. This decrement of teed
costkg weight gain may be due to the improvement of weight gain and feed
conversion which occurred with increasing dictary proteny and cnergy levels n
rabbit diets. Concerning this. Ayvat e o/ (2002) showed that, feed cost decreased
by increasing dietary protein and encrgy levels.



_ Table 6. Input-ouatput analysis and economic efficiency of different treatments,
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Assuming that, the control diet (16% CP and 2500 keal DE/kg diet) had
a value of 100% as relative economic efficiency (Table 6). the best value of
relative econoinic efficiency was observed for rabbits fed 19% CP and 2800 keal
DE/ kg diet followed by those fed 18% CP and 3000 kcal DE/ kg diet, being
108.16 and 16G7.35%, respectively. This may be scienttfically logic since these
mentioned two treatments had the lesser values of feed cost’ky weight gain,
being 5.47 and 5.52 LE, respectively (Table 6). These results coincide with those
obtained by Ayvat er af. (2002} who observed that. rabbits fed 18% CP recorded
higher final margin when compared with those fed 16% CP. They added that,
increasing the levels of energy and protein in rabbit diets increased final margin.

Once more, obtained data (Table 2) revealed that, rabbits fed 19 and
18% CP with 2800 and 3000 kcal DE/ kg diet in the first and second periods,
respectively gave the best values of weight gain and feed conversion. as
mentioned elsewhere, so to verify this commendation, Table (7) define the
relative economic efficiency for each previously peniod as two interval periods
thus, relative economic efficiency was increased to be 111.02%.

It was clearly noted that, a new lesser value for feed cost/kg weight gain
was obtained, being 5.38 LE, (Table 7), comparable to the lowest value in Table
(6), being 5.47 LE. This decrement in feed cost produce an effect upon more
improvement for relative economic efficiency, being 111.02 (Table 7)
comparable to 108.16% in Table 6.

Thus, from the economic point of view, it could be stated that, for
growing NZW rabbits it is preferable to portioning out the growth period into
two periods with feeding rabbits the previously mentioned two cominendation
levels of energy and protein in each period to be more efficient and more
€CONnomiC.

Conclusion

Increasing energy and protein levels in NZW growing rabbit diets lead to
significant improvevement in growth performance. It 1s preferable to portioning
out the growth period into two interval periods. During the first period rabbits
should be fed 19% CP and 2800 kcal DE/kg diet, while in the second period they
should fed 18% CP and 3000 kecal DE/kg diet to maximize growth performance,
thus improving economical efficiency and increased final margin without any
adverse effect on rabbits performance.
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Table 7. Input-output analysis and economic efficiency of the best treatment
within the twe interval periods (first and second).

[tems During the During the Total for two Rabhits fed the
first period for second period periods control diet 16% CP
rabbits fed fir vabbits fed and 2500 keal DE/kg
19% CP and 18% CP and diet
2800 keal 3000 keul
DE/kg diet DF kg diet

Average feed
consumption 1.762 2628 4.390 4671
{kg/rabhit)
Price/kg Tood R

. L3¢ : L.
(LE) {498 1568 o 310
Total feed cust -

264 412 ‘ 12
(LE.) & 1 676 6
Average
weight gain 0.55¢ 007 1.257 1.053
{kg/rabbit) .
Feed cost/kg
weight gain - - e 580
(LE)
Total return ' 5

- - 25, 2110
(LE)* 4 '
Net return
{LE.) - - RS 14.98
Economicat ) ) 272 2.45
efficiency ) )
Relative
econemic
efficiency (%) i i Loz 160
* Total reten w1 aleulated according to the local market price which was 20 LE/g rabbit live
body  worini
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