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SUMMARY

A total number of 100 unsexed New Zealand White NZW rabbits, aged 6 wk old
and average 822 g in weight, were used to evaluate replacing alfalfa hay by different
levels of Fennel (Foeniculum wulgare Mill) hay (FH) (18,36 and 54%), Marjoram
(Oreganum marjoranum L) hay (MH) and their (1:1) mixture of (18,36 and 54%), in
growing rabbit diets. Parameters stdied included growth performance, digestibility
coefficients of nutrients, carcass characicristics, blood parameters, caccum activities and
microbiology and economic efficiency. The experiment lasted 8 wk, rabbits were divided
into 10 treatments, each containing 10 rabbits in 5 replicates (2 in each).

The results showed that body weight and weight gain of rabbits fed FH+MH at 36%
level (T;) at 4 wk and final weight increased significantly and recorded (p<0.05) the best
feed conversion ratio and performance index%. Nutrients digestibility decreased
significantly (p<0.05) with the decrease in feed intake by increasing MH and mixture of
FH+MH level. Group fed diet containing 36%FH+MH (Ty) was better in feeding values
than each by-product alone and recorded significantly (p<0.05) higher plasma values of
total protein and globulin, and lower values of cholesterol, triglycerides, AST and ALT
than other groups. Increasing dietary FH, MH and their mixture level significantly
{p<0.05) decreased abdomina} fat %, caecum propionic acid values and increased butyric
acid values, compared with control group. Using mixtures of medicinal herb by-products
increased significantly (p<0.05) cellulytic bacteria count and decreased E. coli count,
more than using each by-product alone .The relative economic efficiency (% Net revenue
per unit cost) was the best when rabbits fed diet contained 36% mixture of fennel hay and
marjoram hay replaced for alfalfa hay.

In conclusion, the reasonable growth performance, digestibility coefficients and
economic results obtained could encourage to incorporate mixture of fennel hay and
marjoram hay up to 36% as replacement for alfalfa hay in growing NZW rabbit diets
without adverse effects on growth performance.
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INTRODUCTION

In Egypt, shortage in animal feeds
has been found to have a negative effect
on the development of animal and
poultry production .More attention was
given to agro-industrial by-products (El-
Ashry, et al, 2002). Clover hay
considered the main ingredient forage in
rabbit diets (Radwan, and Khalil, 2002).

Rabbits have high ability to
consume forages and agricultural by-
products containing high levels of fiber
(Cheeke, 1986). There are about 24
million tons of plant by-products
annually produced that can be used in
animal, rabbits and poultry diets (El-
Manylawi et al, 2005).

Medicinal and aromatic plants are
cultivated in large areas in Egypt. About
48 thousands feddans were cultivated
with medicinal and aromatic plants in
Egypt (Agriculture Economic, 2005).
Fennel (Foeniculum volgare Mill) is
cultivated in 2207 feddans and produced
3394 tons seeds and an average of 15-
18 tons of green forages / feddan (Abo-
Zeid, 1988). Marjoram (Oreganum
majoranum L.) is cultivated also in 2600
feddans and produced 4350 tons of
seeds and leaves and an average of 28
tons of wastes /feddan (Agriculture
Economic, 2006).

Fennel and Marjoram hay are
wastes produced after yielding the main
products (grains from fennel and leaves
&seeds from marjoram), these by
products include stems, broken leaves,
some fiuits and seeds.

A little information is available
about possibility of using herbal and

aromatic by products in rabbits diets. In
this respect, Radwan and Khalil (2002)
suggest that fennel hay meal
(FHM)could be used in rabbit diets up
to 50% of experimental diets with a
good results on growth, carcass and
economic efficiency and may be a
promising forage feed in rabbit feeding
with out any adverse effects on the
performance of growing rabbits. Awad
{2003) reported that incorporation of
5% Black cumin meal +5%Lemon grass
or 10%Block cumin meal cause a
highest values of final body weight,
without any negative effect on body

 weight.

El-Manylawi er al (2005) detected
that Geranium and Spearmint by-
preducts are good non-conventional
feed stuffs for growing rabbits and can
be included in their diets up to 9% in
replacement of clover hay without
adverse effects on growth performance
of rabbits.

Abou Sekken and Abd El-Hakim
(2006) concluded that, it is possible to
use dietary Cotula cinerea meal (CCM)
at levels ranged from 8 to 16% as a
replacement of alfalfa hay for feeding
growing rabbits without adversely
affecting performance, and metabolic
Ie5pOnses.

Therefore, the present study aimed
to investigate the effect of a partial or
complete replacement of alfalfa hay in
commercial basal diet with wastes of
Fennel, Marjoram or their (1:1)
mixtures on growth performance,
nutrients digestibility, nutritive value,
caccum traits and carcass quality of
growing New Zealand White (NZW)
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rabbits, 1 addition to the economical
efficiency of the expenmental diets.

MATERIALS AND METHODS

The present smady was carried out at
Rabbit Research Umt. Pouliry Research
Station, belonging 1w Environmental
Studies and Research Institute,
Minufiya University, Sadat City,
Minufiya Governorate. Egypt, during
‘Winter, 2005.

One hundred growing New
Zealand White (NZW) rabbits of both
sexes at 6 weeks of age (with average
weight 822.41431 72g) were kept under
the same mapagenal and hygienic
conditions. Rabbits were randomly
divided into 10 equal groups, 10 for
each in five replicates and assigned for
control diet and 9 expenmental diets
contained the Fennel (Foeniculum
vulgare Milly hayiFH)., Marjoram
{Oreganum-marjoranum L.; bhay (MH)
and their (1:1) mmxmwres .which were
replaced for aifalfa hay ai three levels
(18,36 and 54%) for each waste.

The Fennel and Manjoram wastes
were obtained after prepaning the main
product of each. from private preparing
stations at Fayoum Governorate and
from prepaning stations of “Royal
Company for  herbs” at Giza
Govemorate. The wastes were
collected in drv .clean and ground form
. The proxunate analysis of such wastes
and alfaifa hav are presented in Table
(1.

The formuiations and proximate
analysis of the experumental diets have
been done according to the Nufrient

Requirements Council of growing
rabbits NRC (1977) as shown in Table

2). ’
Digestible energy (DE) were
calculated according to Check {1987) as
following:
DE (MJ’kg)y=4.36 — 0.04 x NDF%,
where, NDF=28,92 + 0.657 x CF%.

Diets (on pellets form) and fresh
water were available all times ad. Lib.
during the experimental period (8
weeks). Live body weight of rabbits and
feed consumption were weekly
recorded. Feed conversion ratio (FCR)
was calculated as (g feed/ g gain).
Growth performance index (PI} was
calculated according tc the equation
described by North (1981) as follows:

, Live body weight {(kg) ‘
PI= : X 100
Feed conversion

At the last week of experimental
period, a digestibility trial was carried
out over a period of 5 days using 4
rabbits  per  treatment  housed
individually in metabolism cages.

The feed intake and total collection
of feces were conducted to determine
the digestible coefficients of mutrients

and feeding values of the experimental
diets.

At the end of the experimental
period, three representative rabbits from
each treatment were randomly chosen
and fasted for 12 hours before
slaughtering according to Blasco et a/,
(1993) to determine the carcass traits.

Blood sammples were also taken
from the slaughtered rabbits and
centrifuged at 4000 rpm. for 20
min,,for preparation of blood serum,
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Table (1): Proximate analysis of Fennel hay, Marjoram hay and Alfalfa hay

Ingredient Fennel hay (FH)  Marjoram hay (MH) Alfalfa hay (AH)
DM% 91.72 91.72 93.65
OM% 77.28 74.92 85.15
CP% 10.00 9.92 15.60

CF% ' 17.91 21.12 26.60
EE% 2.86 1.65 2.20
NFE% 46.51 4223 40.75
Ash% 14.44 16.73 8.50

Vol. Oil% 0.10 0.15 -

DE* (MJ/kg) 2.362 2259 2.082

*Calculated according to Cheeke (1987) DE(MJ) = 4.36-0.0491xXNDF%. NDF%=
28.92+ 0.657xCF%
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Table (2): Formuiation and chemical analysis of experimental diets.

Ingredient C FH level% MH level % FH + MH level%
18% 3% 54% 18% 6% 54% 18% 36%  54%
AMalfa hay 40.0 33.0 18.0 02 240 7.5 - 28.5 10.5 -
Wheat bran (XX 0.3 0.1 - 08 08 - - - -
Berely, ground 10.0 36 12 - 30 - 0.1 - - 0.1
Soybean 12,7 6.9 4.3 4.8 8.9 7.2 5.1 36 32 52
meal(44%CP)
Cora gluten - 50 83 10.0 5.0 80 10.0 8.0 10.0 10.0
meal 60%
Yellow coro 33.0 32.0 30.8 28.5 390 384 282 40.2 382 28.2
FH - 18.0 360 54.00 - - - 9.0 18.0 270
MU - - - - 186  36.0 54.0 9.0 18.0 27.0
Limestone 0.2 0.2 0.2 0.6 0.2 0.7 0.6 0.2 0.7 0.6
Premix’ 0.5 0.5 0.5 0.5 0.5 0.5 05 0.5 0.5 0.5
Na Ci 05 0.5 05 05 0.5 0.5 0.5 0.5 05 0.5
DL- Methionine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ca,PO, - - - 038 - 03 0.8 0.4 0.3 0.8
Totat 160 100 100 100 100 106 100 100 100 100
Proximate analysis(%)
CP % 16.8 169 1653 1650 166 16.4 16.7 16.5 16.2 16.6
CF % 1L.8 129 1235 1236 123 12.6 12.6 125 12.4 i2.5
DE 251 2475 2493 2492 2488 2504 2485 2488 2491 2495
(Keal/Kg)'
EE% 23 24 259 2.38 24 25 29 2.7 29 24
Ca 0.6 0.5 0.52 0.45 0.5 0.5 0.5 0.5 05 05
Total P 03 0.3 025 0.30 0.3 0.3 03 0.3 03 0.3
Price 116 100.7 87.0 73.2 102.8 90.0 72.8 1025 885 74.1
(PT/Kg)’

Eact: 3Kg of vitamin & Mineral mixtare contains:- Vit. A, 12.08 MIU; Vit. D, 4.00, MIU; Vit.E, 15.00
KIU; Vit. Ky, 2.00g;Vit. B; 1.00g; Vit. By, 8.00g; Pantothenic scid, 16.87g; Nicotinic acid, 30.00g; Vit.
B.,2.08g; Vit. By;, 10.00mg; Folic acid, 1.00g; Biotin, 150.0mg; Copper, 5.00g; Iron, 15.00g;

Manganese, 70.00g; lodine,0.50g; Selenlum, 0.15g; Zinc, 60.00g and Antioxidant, 10.00g.

’DE calculated according to Cheek, (1987). DE=4.36-0.0491INDF%,.%NDF= 29.92+8.657xCF%
*According to price of different ingredients available in the market at the experimental time (2004-2005)
C= Coutrol diet, FH <Fennel hay, MH = Marjoram hay
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which was assigned to determine total
protein according to  Domas
(1975),albumin according to Doumas et.
al., (1971) ; total cholesterol according
to Pisani et al, (1995); triglycerides
according to Greiling and Gressner
(1995), urea by the method described by
Patton and Crouch (1977); AST and
ALT according to Harold (1975) using
commercial kites.

Chemical analysis of diets, feces
and caecum contents were carried out
according to AOAC (1990). Digestible
energy (DE kcalkkg) of alfalfa, Fennel
and Marjoram hay 1peals were
calculated according to Cheeke (1987).

Microbiological analysis:

Samples of caecum and ileum
contents were taken individually from
three rabbits per group after slaughter at
the end of the experimental period (14
weeks of age ) to estimate pH and micro
flora. Total anaercobic bacteriai count
,cellulytic bacteria and total count of
Escherichia coli (as a log of colony
forming unit cfu/g) were estimated and
 recorded according to  the
microbiological method described by
Collin e7 al.,(1995) and Awad,(2003).

Economical efficiency (%) of
experimental diets was calculated
according to the local market price of
ingredients and rabbit live body weight

as: Net revenue = Total revenue —
Total feed cost.
Economical efficiency (%) = Net

revenue / Total feed cost %.

Data were statistically analyzed
according to SAS (1999). The
significant differences between means
were tested by using Duncan's multiple
range test (Duncan, 1955}, the one way

analysis of variance was used as follow
: Yij=U+Ai+Eij ,

Where: Yij = Represented observations,
U = Overall mean, Ai = Effect of
treatments, Eij = Experimental random
€TOor.

RESULTS AND DISCUSSION

Chemical composition :

The chemical composition of
Fennel hay (FH) and Marjoram hay
(MH) compared with alfalfa hay (AH)
(Table 1) revealed higher CP and DE
content for FH and MH than AH (10%,
2362kcal/kg, 9.92% and 225%cal/kg vs
8.85% and 2082 Kcal/kg, respectively),
while crude fiber of AH was higher than
those of FH and MH (26.60 vs 17.91%
and 21.12%, respectively). Volatile oil
contents of FH and MH was very low
(0.1% and 0.15%) that make a
possibility of using these by-products in
rabbit diets without any adverse
nutritional effect (Radwan and Khalil,
2002)

Nutrients digestibility of experimental
diets : .

The results presented in Table (3)
showed  non-significant  (P<0.03)
increase in digestibility coefficients
values of OM, CP, CF and NFE for
rabbits fed 18, 36 or 54% FH, MH or
mixture. Values of EE digestibility were
significantly (P>0.05) decreased with
groups fed FH compared with control
group, while group fed 18% MH
achieved significantly (P<0.05) the best
EE digestibility value compared with
control  group. Meanwhile, EE
digestibility values for groups fed 36
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Table (3): Digestibility coefficients as affected by using different levels of Fennel

hay, Marjoram hay and their (1:1) mixture

in rabbit diets.

{MeansiSE)
Digestibility coefficients %

Treatments OM CP CF EE NFE
Control 66.37£1.78°  68.88+2.0°% 3154x4.06°  59.32+5.50°  72.92%1.72°
18%FH 59.1241.78%%  §3.62+2.0%  2257+4.06"°  57.8025.50*  66.33+1.72%
36%FH 55.02+1.78°  65.29:2.0%  1134:4.06"*  51.95+5.50"  61.58+].72¢
54%FH 61.95+1.78%%  61.69+2.0°  29.87:4.06®  54.87:5.50° 67.82+1.72%
18% MH 65.40:1.78"  74.9942.0°  15.3844.06°¢  61.8(%5.50°  73.26x1.72%
36% MH 63.12+1.78%  70.49+2.0"  17.6624.06%¢  18.98+5.50°  72.56+1.72%
54% MH 57.75+1.78%  61.73x2.0°  7.03x4.06%  35.08%5.50°  68.75x1.72%
18% FH+MH  56.96x1.78%  63.01x2.0  11.46+4.06° 103125.50°  66.50+1.75%
36%FH+MH  64.11:1.78%  68.12:2.0  2,99+4.06° 38.56£5.50*  75.63+1.72*
S4% FH+MH 62121789  71.4542.0°  15.8624.06°%  14.10:550°  72.70:1.72%
Significancy * * * * *

a, b, c..... e: means in the same column with different superscripts are significant at

P<0.05 level (*).
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and 54% MH, 1836 and 54%
(FH+MH) mixture were significantly
(P<0.05) decreased by 68,40, 82,36 and
76% compared with control group
;respectively . In general, there was a
tendency for insignificant (P<0.05)
differences in OM, CP and NFE
digestibility coefficient values for
rabbits fed diets which contained FH,
MH or their mixtures compared with
the control group. El-Manylawi et al,
(2005) reported non significance
(P<0.05) increase in digestibility
coefficient values of DM, OM, CP, CF
and NFE for rabbit fed diet contained 3
ot 6% spearmint by-product.

Feeding values:

Data in Table (4) indicated that
rabbits fed diet contained 18% of MH
had the highest digestible crude protein
(DCP), total digestible nutrients (TDN)
and digestible energy (DE Kcalkg)
values, while, group fed diet contained
54% MH had recorded significantly
(P<0.05) the lowest DCP and TDN
values. Groups fed diet contained 54%
FH, 36% MH and (36 or 54%FH+MH)
did not significanily (P<0.05) differ
from contrel group in DCP,TDN and
DE. In general, Fennel hay (FH) diets
appeared significantly (P<0.05) lower
DCP values compared with MH,
FH+MH mixture and control diets.
These results indicated that wusing
mixture of FH+MH (T,) in experimental
diets was better in feeding values than
each alone, that is may be due to some
improvements in  digestive tract
environment and palatability of feed.
This may be refer to Marjoram hay
content of volatile oil components such
as terpinol ,geroniol ,eugenol and linalol
(Hosin,1984), These results are in
agreement with those reported by

Triantaphyllou er al., (2001) who found
that sweet Marjoram and Sage extracts
have antioxidant activity due to bound
forms of phenolic compounds such as
hydroxycinnamic acids and flavonoids.

The same results were observed by
El-Manylaw1 et al.(2003) when growing
rabbits were fed diets contained 0.1 or
0.2% of dry thyme. Also, El-Manylawi
et al (2005) reported that nutritive vales
of DCP ,TDN and DE tended to be
higher when rabbits fed diets contained
Thyme (Geranium} or Peppermint (
Spearmint) by-products .

Nitrogen Balance (NB):

Results given in Table (4) showed
that , the nitrogen balance (NB) for
rabbit fed diet contained MH at 18 % of
diet was significantly (P<0.05) higher
compared with the control group (1.74,
vs 1.09 g, respectively).

These results agree with those
found by Zeinab er al, (2003) who
found that addition of 3% Marjoram to
broiler chick diets slightly improved NB
percentage. Also, El-Manyalawi et al,
{2005) noticed that NB for rabbit fed
diets contained Geranium by-product
for rabbit fed diets contained Geranium
by-product at 6 or 9% increased
significantly (P<0.05) compared with
control group while, other groups had
insignificant differences.

Growth performance :

Live body weight and body weight
gain:

Results in Table {5) represented the
effect of using Fennel hay (FH),
Marjoram hay (MH) or their (1:1)
mixture at 18,36 and 54%, on growing
rabbits performance. The average live
body weight (LBW) and live body
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Table (4): Feeding valnes and nitrogen balance as affected by using different levels
of fennel hay, marjoram hay and mixture in rabbit diets (MeanstSE)

Diet Feeding Values N-balance
DCP TDN DE(kcalkg)*  (g/rabbit)
T,(Control) 12.83+036"  73.16+ 1.90 3240+ 84.1° 1.09+0.18%
To(18%FH) 11.922036%  65.12:1.90°" 2884.65+84.1%¢ 1.15+0.18>¢
Ts(36%FH) 12.50£0.36™"  62.3241.90°  2760.72+84.1Y 1.4210.18"™
TJ(54%FH) 11.84 036"  68.51x1.90™ 3035.05+84.1" 0.63+0.18¢
Ts(18%MH) 14.55:036°  73.96:1.90°  3276.51+84.1° 1.740.18"
Ts(36%MH) 13.35+0.36°  69.68+ 1.90®  3086.8+84.1" 1.48+0.18%
TA54%MH) 11.59:0.36' 62,98+ 1.90 2780.88+84.1% 0.68+0.18°
Ty(18%FH+MH)  11.79:0.36®  61.86+ 1.90%  2740.48+84.1° 0.70+0.18°
To(36%FH+MH)  12.37+0.36™  71.34+ 190"  3160.56484.1° 1.62+0.18%
T (54%FH+MH) 13484036 69.15+ 1.90" 3063.26:84.1" 0.94:0.18%
Significance * * * *

*DE(kcal’kg)=TDN*44.3 according to Schreider and Flatt (1975)
a, b, ..... c: means in the sarne column with different supperscripts are significant at
P<0.05 level (*).



Table (8): Growth performance of NZW rabbits as affected by dietary Fennel hay (FH), Marjoram hay(MH) and their (1:1}mixture (MeanszSE).

Item Control Fennel hay (FH) level, % Marjoram hay (MH) level, % Mixture of (FH+MH) level,% Sig.
18 36 84 18 36 54 i8 36 54
Tnitial 0.82+0.04 0.34:0.04 0.84£0.04  0.82:0.04  0.82:0.04 082:004 033004 081£0.04  0.82:0.04 0.83+0.04 NS
weight (kg)
Live Body Weight (ke) at:
10 wks 1.60+0.08"™ 1.39:0,08° 1.51£0,08%  1,74+0,08"  1.67+0,08"  1.37:0.08  1.41:0.08%  |.48:0.08"™  1.61£0.08™  1.4240.08* .
14 wks 1.99£0.13%  1.84x0,13% 1.88:0,13%  2.07:0.13% 201013  1.52+0.13°  §7320.13%  1.95:0.13"™  2.3110,13" 1.8340,13% *
e ight Gain at:
- D-dwhks 0.78:0.07" 0.55+0,08° 0.67:0.08™  0.92:0.07  0.84+0.07  0.55:0,07°  0.58+0.08*  0.68:0.08*  0.79:0.08~ 0.59+0,0%" *
S 08wk 1.18+0.13* 1.00+0.93™ 1.03+0.13%  1.28:0.13"™  L19+£0.13"  0.700.13°  0.90+0.13%  1L.14£0.13"™  1.50:0.13" 1.0020,13™ .
Feed Intake (FI) (kg) at;
10 wks 3.450.11* 2.61+0.11" 3.18:0,11° 3202018 3312011"  3.29:0.01°  2.52+0.11™  2.42+0.11%  2.24+0.11% 0.08+0.11¢ *
14 wks 7.01:0.15" £.96+0.15" 6.73:0.15"  6.6220.15™  6.27:0.15*  7.08x0.15°  522:0.15°  5.1520.15°  4.90£0.18° 4.90+0,15° *
Feed verston eed/hp ~nin at;
10 whs 4.76£1,39* 6.47+1.39" 5.09£1.39"  3.56£1.39° 45219 6.51+1,39"  4.89:1.39"  3.86+1.39%  1.8841.39° 8.61£1.39 .
14 wks 6.43:2.12" 10.8242.12" TOS:2.12%  S5R212%  6.1HL12*™  11.49:2.0%  6.60:212%  4.99:2.02°%  3.2942.12° 10.8642,1* .
r ndex % at;
10 wks  36.716.11% 3107611 I28+6.1% 505560 44.63x6,1™  23.35:6,1°  334356.0% 42561 57.7:6.11° 45.1146,1 .
14 wks  35.5446.23° 33.976.21"  20.60+6.2%  40.1246.2°  40.6426.2"  15.94+6.2° 30.746.2™  44.54262%  70.8426,2° 42.60+6.2° *

a. b, ¢.....em means in the same row with different superscriﬁts are gignificantly different (P<0.05),

D 12 U3 Noqy
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weight gamn (LBWG) at 10 weeks ot
age indicated that groups fed diets
contained 54% FH (T,) and 18% MH
{T5) were (P>0.05) better than control
and other groups. While, at 14 weeks of
age, the average final LBW and LBWG
of rabbits were (P=>0.05) higher at level
36% (FH+MH) (T;) than in control
group (2.31 and 1.50 kg vs 1.99 and
1.18 kg, respectively).  The worst
(p<0.05) body weight and gain values
were obtained with group fed diet
contained 36% MH(T,) (1.52 and 0.70
kg), compared to the control. In this
connection, El-Manylawi er al., (2005)
showed that final body weigh and
weight gain of growing rabbits fed diets
contained 3, 6 or 9% of, Geranium by-
product were significantly (P<0.05)
higher than the control group. On the
other hand, Fatma Ahmed ef of., (2005)
reported that neither live body weight
nor daily weight gain of growing rabbit
was affected by inclusion of Eucalyptus
leaves in the diets. The improvements in
LBW and LBWG with group fed diet
contained FH and MH mixture, may be
due to the biological functions of the
main residual essential oil in Fennel and
Marjorasm hay as reported by
Trianlaphyllou et a/, (2001} and El-
Manylawi et ai., (2005). Also, Soliman
et al., (1995) and Soliman et al., (1999)
indicated that herbs, edible plants and
some plant seeds have been found to
have positive effects on the performance
parameters, immunity and the viability
of both rabbits and birds.

Results m Table (5) showed that
increasing MH in the diet at 54% and
the use of MH+FH mixture at levels
18, 36 and 54% of the diet, significantly
(P<0.05) decreased feed consumption at
4 and 8 weeks of study, copared to the
controi and other experimental groups.

1t

Groups fed diet contained 36 or 54%
mixture of FH+MH (Ts, T,y) recorded
significantly (P<0.05) lower feed intake
than other experimental groups
including control group. While, group
fed 36% dietary MH  recorded
significantly (P<0.05) the highest total
feed intake compared with control
group (7.08 kg vs 7.01 kg). In this
respect, Rawiha (1994) stated that using
mixtures of medicinal plants was
preferable than using each alone. It may
be aitributed to the synergism between
the main components of plants included
in these mixtures.

Conceming to feed conversion ratio
(FCR) and performance index (PI)
values, it could be observed that rabbif
fed 36%  dietary mixture of
FH+MH(1:1) were significantly
{P<0.05) the best compared to other
experimental groups and control group,
while group fed 36% MH was the worst
one. These results were in agreement
with those obtained by Ibrahim ef al,
{2000) who showed a signmificant
{P<0.01) improve in feed conversion
when weaned NZW rabbits were fed
diet supplemented with peppermint
leaves at 0.5% . Moreover, El-
Manylawi er al., (2005) found that feed
conversion values were significantly
better than control when rabbit fed diets
contained 3.6 or 9% of Geranium by-
products. Also, Abd El-Azeem (1999)
reported that use of 5% Cymbopogon
citrates p plus 3% Eucalyptus globules
in sheep diets improved the feed
conv¢ ssion efficiency.

Blood components:

The results of the blood
constituents as affected by using
different levels of Fennel hay (FH),
Marjoram hay (MH) and their (1:1)
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mixture in growing rabbit diets (Table
6) indicated a significantly (P<0.05)
decrease in values of plasma albumin ,
cholesterol,  triglycerides,  aspartate
amino transferase {(AST) and alanine
amino transferase (ALT) compared with
control group.

Group fed diet contained 36%
FH+MH(Ts) recorded significantly
(P<0.05) highest values of plasma total
protein and globulin compared with
other experimental groups and control
group.

These results were in agrecment to
those of El Manylawi ef al., (2005) who
reported that supplemented Geranium
by-product at 6 or 9% to the rabbit diets
decreased significantly (P<0.05) the
activities of ALT and AST enzymes
compared with control group. Also,
Sherlock (1975) reported that AST and
ALT levels reflect the impairment of
liver function when their levels
increase. Nazar {1994) found significant
effect as a result of using fenugreek as a
feed additive in feeding buffalo and
goats.

Carcass characteristics:

The average values of carcass
characteristics as a percentage of live
body weight of NZW rabbits are

presented in Table (7). .
Data showed that group fed diet
contained 54% FH  achieved

significanfly (P<0.05) better carcass,
dressing%, edible giblets % and small
intestine length, than control group and
other traits. Abdominal fat% slightly
decreased significantly (P<0.05) by
increasing the dietary level of FH, MH
or mixture. Groups fed diet contained
either 18% FH or 18 ,36 and 54%
FH+MH (1:1) mixture had sigm ficantly
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better deboning % than other groups . In
this concern, El-manylawi et al., (2005)
reported that rabbits fed 6 or 9% of
Geranium by-products had the best
values (P<0.05) of empty carcass and
dressing % compared with that of the
control group. On the other hand, they
observed thers were insignificant
differences in giblets % of 1abbit group
fed diets contained 3,6 and 9% of
geranium by-products compared with
that of the control group.

Generally, it was clearly that
feeding growing rabbit diets containing
different levels of FH+MH mixture,
significantly improved rabbit carcass
characteristics. Abd El-Latif et al,
(2002) stated that, the highest values of
dressing and edible giblets were noticed
when Japanese quail fed either dietary
Thyme or Fennel compared with the
control group.

Caecum and Heum characteristics:

Data presented in Table (8) showed
that caecum weight and empty caecum
weight (as % of live body weight) for
group fed diet contained 54% FH were
significantly (P<0.05) higher than
control group, while, caecum length was
significantly (P<0.05) higher  with
lower level (18%) of FH compared to
the control and other experimental
treatments . '

The differences in pH of ileum
among the experimental treatments
were insignificant. While, group fed
54% dietary MH recorded significantly
(P<0.05) the highest pH value (6.94) of
caccum compared with control and
other tested groups, while, group fed
36% FH+MH (T5) mixture recorded the
lowest caecum pH (6.16). These results
agreed with Fatma Ahmed et al., (2005)
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Table (6): Blood parameters as affected by using different levels of fennel hay (FH) or marjoram hay (MH) and their mixture in growing

rabbit diets (MeansxSE)

Item Urea Albumin Total protein Globulin A/G ratio Cholesterol Triglycerides AST (wL) ALT (p/1)
Control 34,61£2.21° 3.73£0.34° 7.2740.30* 3512042 LOS£0.99™  143.35:4.88"  [56.90x4.(T™ 68.00+3.02°  4.0:0.67%
8% FH 34.94£2.21° 1.7120.34" 4.86+0.30 1.16+0.42° 4.05£0.99*  B7.11x4.88° 16 T8EALT™ 563323027 6.0+0.64"
36% FH 48.121£2.21 0.30:0.34" 5.8420.30° 2.23:0.42™  3.47:0.99" 86,984,587 P140£4.07% 50.0+3.02° 4,0+0.64
£4% FH 45.72+221% 325:0.34%  4.40+0.30° 118620427 3.3120,99"  52.5324.88%  134.414407° 50.0+3.02° £33+0.64'%
18% MH 59.03+2.21" 2542034 4.74+0.30° 2204042 1205099 43.07:488" 15784407 70.0+302° 4.67£0.64"™
36% MH 54.66+2.21" 267:0.34"  6.74£0.30" 4042042 0674099 168332488  1674124.07" 6408302 333:064°
$4%MH 44.34:2.21° 3.47£0.34% 7442030 3.97:0.42"  0.89:0.99®  59.261 .88'  128.02:4.17°  48.33:3.02° 433064
18%FH+MH | 32.812221° 32704 £.28+0.30° 1.98+0.42 1.69%0.99"  121.19+4.88°  161.9924.17"  49.6743.02°  1.67+0.64°
36%FH+MH 367.03x2.21° 3.43:0.34 7.80+0.30" 4.37+0.42° 0.79£0,99"*  76.42:4.88" 147.99:4.17%  54.6723.02°  4.3320.64"™
84%FH+MH 33.01s2.21° 34310034  7.8020.30" 4.37£0.42"  0.79:0.99*  7642:4.88%  147.99:4.017™7  54.6723.02¢  4.3320.64™
Significant . . . . . “ - . .

a, b, ¢.....e= megns in the same column with different super scripts are significantly different (P<0.05).

(8002) SPaa.f puv uomyny  wonddSy
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Table (7): Carcass characteristics of rabbits fed diets containing different levels of Fennel hay(FH) ,Marjoram hay (MH) and their
(1:1)mixture (MeanstSE).

Item  Control Fennel hay (FH) level, % Marjoram hay (MH) level, % Mixture of (m) level,%
18 36 54 18 36 54 18 3 54

LBW (Kg) 21244638 22.22:46.8 218468 2.17%468 2072468  2.08:4687  L17:46.8 2.15:46.8 2152468 1.18:46.8
Careass (Kg) 1202012  L40£0.12*  L40:012° 150:0.12% 1244012  L07+0.12° L1012 1,09:0.12"  L11£0.12*  1.09:0.12*
Dressing % 56.2545.22%  S4,0+5.22%  64.12+522" 6884522  £7.49:082°  S1.53x8.23% 2214822 £0.85:822%  81.51:822%  49.77:822
Deboning % 86.95:0.83"  92.33:08)"  89.93x083% 8708083  90.0:0.83'  87.34:083°  86.83:0.83  9097:0.83*  00.26+0.83'  90.93+0.53
Total giblets % 15.63:0.76™  17.9760.76*  16.060.76™  16.2420.76™  14.94:0.76%  1599+0.76"  13.76:0.76"™  12.15:0.76°  13.93x0.76™  15.0110.76"
EG % 21L.53409%  2032:091™ 2022091 23.79:091°  20.49:091° 23191091 2036+091%  21.65:0.9"  1898£091°  22.70+091*
AF % 1092025 3.00+0.25*  1.14:02%%  0.70:0.28"  0.56:028  0.53:0.25°  0.97x0.25*  031s02%%  095:0.25°  (.78:0.28"
Liver % 2.9420.11* 29240.11"  266:0.30% 273011 2320.01%  230£0.11%  287::0.0%  210£0.11°  2.6120:11"™  2.19:0.11°
Heart % 0.38:0.02  0.42:0.02"  036:0.02%  03620.07°  039:0.02¢  035:0.02*  037x0.02* 0372002  03320.02°  0332002°
Spiten % 0.60+0.02  0.68:0,02*  0.73:0,02* 063001 060002  0.62:0.02%  0.64:0.02%  0.489:0,02  0.89%0.02¢  0.5420.02°
BL {cm) 46.14;1.19“ 40.00+1.19™  303L19™  41332109%  37.0:L19%  INTALAM 3TTALIM 36.0:L1P 3TIRLIP 42331090
SILcm MLIAE™  3330:180™  3a8:18.0% 390341800  3303:18%™  3TIILIB00  32TaI80%  35TIIB0Y  296.08108.0°  376.3£18.0%
Large Ints. (em)  72.33+3,69"  6LODE3.69™ 6336369 71334369  60.0:3.69"  S8.0+3.69°  65.0:3.69™  59.033.69% 61333 T™ 6433237

SIL = Small [ntestine length, EG » Edible giblets, AF = Abdominal fat, BL = Body length

4, b, ¢.....c= means in the same row with different super scripts are significantly different (P<0.05).
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Table (8): Caecum and ileum characteristics of growing rabbit fed diets containing different levels of FH,MH and their {1:1) mixture (Means+SE).

1

Etem Control “Feonel hay (FH) level, % Marjoram hay (MH) level, % Mixture of (FI‘HMH) level,%

Diet 18 36 84 18 36 54 i8 36 54
Caccum wt. % 0372005 03R:0.05% 035 b 0395005 040005 0ASL005°  0ALL0.05° 0212005 0A0L005  049s0.05T
Empty caccum wt.%  0.3+0.0.03%  0.29:0.03% 0262003% 0454003 0261003  0.31:0.03% 0.25+0.03° 0.12£0.03'  0.30:0.03" 0.4+0,03*
Cecum length 1256075 20.33:0.75"  11.58+0.75°%  10.57:0.75% 0474075  [337H0.75M 1133:0.8%  [1.3:0.75%  11.19+0.8°% 14,0+0.8"
lleum pH 6.69:0.26  6.58:0.26 6.48+0.26 7.15:0.26 6.25:0.26 6.4020.26 6.51+0.26 6.5840.26 6.370.26 6.4720.26
Caecum pH 6.44:0.18™  6.5220.18"™  6.46:0.186"  £.33:0,18%  6.28:0,18%  6.88:0.18"  6.9420.18"  6.43:0.18™  6.16:0.18°  6.49:0,18"=

a, b, c....6= meany in the same row with different superseripts are significantly different (P<0,05).

(800Z) Spao.J pup uoyrmy ' uvndisy
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who recorded that high level of
(Eucalyptus)  Eucalyptus  Globulus
causes significantly decrease in caecum
pH compared with control group (5.73
vs 6.03) that may be due to chang in
mucrobiological population in caecum
as a result to some essential oil in
dietary FH or MH. These results were
supported by Cowan (1999) who
reported that Marjoram plants are rich
in a wide wvariety of secondary
metabolites, such as terpenoids, which
was found to have antimicrobiaj

properties.
Caeacum activities :

Total volatile fatty acids (TVFA) in
caecal contents are iltustrated in Table
(9). Pata indicated that TVFA for
growing rabbits were not affected by
supplementation of FH or MH and their
mixture in the diets and these results
were in agreement with those found by
Ei-Manyalowi er al, (2005) with
Geranium or Spearmint by-products
supplementation. Also, Djouvinov ef
al., (1997) noticed no differences in
TVFA concentration when sheep fed
dietary  Peppermint  by-products
compared with control group. Groups
fed control diet, 18% MH and 36%
FH+MH mixture were significantly
(P<0.05) the highest in acetic acid
percentage of cagcum.

It was observed that increasing
level form FH or MH and their mixture
significantly (P<0.05) causes increasing
in butyric acid percentage and decreased
(P<005) propionic acid values in their
caecal contents compared with control
group. Carabafio and Fraga (1989)
reported that increasing CF content in
rabbit diets, increased acetic acid and
decreased butyric acid percentage.
Also, the same trend was observed by

16

El-Manyalawi et al.,(2005) .
Caecum microflora:

Results of caecum microflora
{Total anaerobic bacterial count,(TBC);
anaerobic cellulytic bacteria] count
(CBC) and E.coli count (ECC) as log
cfu/g, Table (10) showed that number of
TBC were significantly (p<(.05) lower
for rabbits fed 36%FH+MH(T,)
compared to other dietary groups. The
highest number for anaerobic celiulylic
bacterial count were significantly
(p<0.05)  observed for group fed
36%FH+MH(Ts) while the lowest
number was recorded with group fed
54%MH (T-).

Data in Table (10) indicated that
caecum content of E. coli significantly
(p<0.05) decreased with group fed 36%
FH+MH9 (T9)(4.09), followed by
group fed 18% FH.

Generally, using of mixtures of the
tested wastes increased significantly
cellulytic bacterial count and decreased
E.coli content, more than using each
by-product alone. The results of TBC
were in agreement with those obtained
by Radwan and khalil(2002) and Abou
Sekken and Abd El-hakim(2006).

Awad (2003) observed an
insignificant differences with rabbits fed
different levels of Lemon grass meal ;
Black cumin meal and their mixture.
While, Wyatt er al., (1988) studied the
effect of microflora on the digestion of
non-digestible dietary polysaccharides
and noticed that all dietary
polysaccharides led to enlargement of
the caccum and colon and the density of
bacteria in the caecum and colon varied
significantly with diet and the
proportion of aerobic bacteria in the
flora was increased by cellulose diet and
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Table (9): Volatile fatty acids content of caecum for growing rabbits fed diets contains< Jifferent levels of Fennel tiny(FITy, Marjoram hay (MH) and their(1:1)

mixture (Means+SE).
Control Fennel hay (FH) level,% Mazlo-um hay {MH) fevel, % FH+MH mixture level, %

Item 18 36 54 18 ' 36 54 18 36 5
TVFA™ 2.26+0.16 2.18+0.16 2.4820.16 2.4240.16 2374036 1.42+0.16 2.24:0.16 24110.16 251016 2.12:0.16
Acetic acid% 49.56+0.63"  4B.96+0.63"  4B.15£0.63"t  46.40:0.63° 4904051 48.6420.63" 44384063 47.07x0.6™ 49.8240.63* 43.26+0,63
Butyric acid% 24.24£0.38% 28.72+0.35° 24.46£0.35%  2590+0.35"  23.83:0.35 25.81+0.358° 234900 AP X 25,64+0.35" 254035
Proplonic acid%  22.42+0.53"  20.16+0.53% 19.32+0.53%  [7.7120.5%  20.0+0.53™  16.74:0.53°  20.20:0.5)"  20.01:05>  18.03:0.51% £9.3420.83
"TVFA meqg/ 100 ml caccaf juice , 8, b, ¢....e= means in the same raw with dillerent lllpt‘l' seripis are.signiﬁcanlly different (P<0.05),

Table (10): Microflora of caecum as affected by feeding different levels of Fennel hay(FH). Marjoram hay (MH)and their(1:1) mixture (Means+SE).

Fennel hay (FH) tevel % Marjoram hay (MH) level, % ’ FH+MH mixture levet,%

Item Contro! 18 36 54 18 36 %4 18 36 71
TABC (log clu/g) 58410267  62R:0.26"  6.2320.26° 66120260 6I30.06°  637:0.26' 608267 6.27:026°  8.32:0.26°  SOB£0.16T
ACBC (log efu/g) 6.2740.18""  SBS:0.18*  6,40:0.18"  §,65+0.13% £36+0,18¢  639:0.18"  8£.27:0.08" 6572013 6.97:0.1%  5.80:0.18%
E cofi count (log cfufg)  5.68:024% 435024  5.03x0.24% 545024 4650247 5412024" 5342024 6.072024°  4.09:0.24° 5664024

TABC = Total anatrobic bacterial count , ACBC = Anaeargbic cellulytic bucterial count, a, b, ¢.....c~ means I the same raw with different super scripts are significantty different
{P<0.0%).

(8007) SPo2.f puv uoyLunpl f wondA3g
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Table (11): Economical efficiency of growing rabbits as affected by feeding different levels of Fennel hay (FH), Marjoram hay(MH) and their

(1:1) mixture (Means=SE),

ltem Control Fennel hay ievels, % Marjoram hay levels, % (F+M) hay levels, %
18 36 54 18 36 54 18 16 54

Av feed intake (kg/rabbita 7.01 595 6.73 6.62 6.27 7.08 522 5.15 4.90 4.90
Price /kg feed (PT)* b 116.01 100.68  87.02 7317 10278  90.04 7276 102.52  88.52 74.11
Total feed cost (LE) axb=¢ 8.13 6.00 5.86 4.84 6.44 6.38 3.80 5.28 4.34 363
Av body wt. gain (kg/rabbit)d 1.18 1.00 1.03 1.25 1.19 0.70 0.90 1.14 1.50 1.00
Price/kg live wt. (LE)**e 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Total revenue (LE) (dxe=f) 11.8 10.0 10.3 12.5 11.90 7.00 9.0 11.40 15.0 10.0
Net revenuer (LE) (f-c=g) 3,67 2.0 444 766 546 062 520 6.12 1066 637
Economic efficiency*** (g/c) 0.45 0.33 0.76 4.58 n.85 0.10 1.37 1.16 2.46 1.76
Relative economic efficiency **** 100.0 73.33 168.89 351.11 18889 2222 30444 25778 546.67  391.11

* According to the price of different ingredients available in the market at the experimental time.
**  According to the local market price at the experimental period.

*+*  Net revenue per unit cost,

***+ Group fed control diet {1)=100%.
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there was no correlation with bacterial
density as well as the number of
bacteria per organ.

Economical efficiency (%):

The economical efficiency of
dietary treatments are presented in
Table (11). The profitability of using
FH, MH or their mixture depends upon
the price of hay and the growth
performance of rabbits fed these dietary
wastes. The total feed cost was reduced
by 26, 28 and 41%, respectively, from
control diet by adding 18, 36 and 54%
dietary FH, respectively while, using
the same levels from dietary MH
reduced total feed cost by 21, 21.53 and
53%, respectively, of control diet.
Meanwhile, by supplementing the same
levels of dietary FH+MH mixture, total
feed cost reduced by 35, 47 and 55%,
respectively from feed cost of contro}
diet.

As a result of improvement in feed
conversion efficiency of dietary, 36%
FH+MH mixture group, recorded the
greatest percent of economical
efficiency (% of net revenue/feed cost)
compared with other dietary treatments
and with the control diet (100%). These
results agree with Radwan and Khalil
(2002) who reported that economical
efficiency values were increased with
increasing Fennel hay meal (FHM)
levels and the relative economical
efficiency values of FHM diets were
120.2, 142.8 and 167.0% for 17, 34 and
50% FHM diets, respectively. In this
connection, Awad (2003) reported that
incorporation of 5% Black cumin meal
and 5 or 10%Lemon grass meal in the
diet had a positive effect in decreasing
the cost of the diets and recording the
highest economical growth efficiency

comparing with control diet.
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Abd El-Latif er al, (2004)
concluded that using dietary Spearmint,
Marjoram, sweet basil and Santonica at
levels 0.3 or 5% for growing Japaneses
quails  jmproved the growth
performance and economical
efficiency, El-Manyalawi er al., (2005)
reported that the best relative
economical efficiency was detected
with rabbits fed diets contained 9%
Geranium by-product followed by those
fed 6% Geranium by-product. The
relative low price of Fennel hay (FH)
and Marjoram hay (MH) as compared
with that alfalfa hay (AH) made using
these by-products in rabbit diets a
feasible and a promising feed.

CONCLUSION

It could be concluded that
incorporated mixture of fennel hay and
marjoram hay by 36% of growing rabbit
diets, achieved a  better results of
growth, carcass, digestibility and
economic efficiency than using each
waste  alone, without any adverse
effect on performance of growing rabbit
diets. In addition, further studies are
necessary for improving digestibility
and nutritive values of fennel and
marjoram by-products as alternative
feedstuffs that can be used in rabbit
feeds formulation.
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