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SUMMARY

(zinc sulfate, ZnSO4) and organic (zinc methionine, Zn-Met) forms at two levels (100 or 200

mg/kg diet) on growth performance, digestibility coefficients and immune response of New
Zealand White (NZW) male rabbits. One hundred male NZW rabbit (at 6 weeks of age, 808 + 11g average
body weight) were divided into five homogenous groups. The 1% group was fed basal diet including vitamins
& minerals premix which contained 58 mg Zn as a control, the 2" and the 3" groups were fed on the same
diet supplemented with 100 or 200 mg Zn/kg diet as zinc sulfate (ZnSO4, inorganic form) and the 4™ and the
5t groups were fed on the same diet supplemented with 100 or 200 mg Zn/kg diet as zinc methionine (Zn-
Met, organic form). Results showed that live body weight at 22 wks of age and total body weight gain of
rabbits fed diets supplemented with Zn was significantly (P<0.01) higher than those fed diet without
supplementation. Rabbits fed diet supplemented with 200 mg Zn-Met/kg diet had significantly heaviest body
weight, followed by rabbits fed diet supplemented with 100 mg Zn-Meth/kg diet than groups fed diet
supplemented with 200 and 100 mg ZnSO4. Rabbits fed diets supplemented with Zn-Met or ZnSO4
converted feed better than those fed diets without supplementation. Rabbits fed diets supplemented of Zn-
Meth at 200 or 100 mg/Kg diets improved nutrients digestibility and nutritive values expressed as TDN and
DCP of diets. Zn supplementation (Zn-Meth or ZnSQOa) to rabbit diets significantly (P<0.01) affected cell-
mediated immune response at different hours post injection of phytohemoagglutinins (PHA). Zn from Zn-
Meth (200 or 100 mg/kg diets) significantly increased heighten cellular immunity than zinc from ZnSOa.
Rabbits fed diets supplemented with Zn (Zn-Meth or ZnSO4) with any levels had significantly (P<0.01)
higher antibody titer against sheep red blood cell (SRBC) at different weeks post immunization than those fed
control diets. Zn-Meth improved significantly antibody titer against SRBC than zinc from ZnSQa. Inclusion
200 mg Zn-Met/kg diet significantly improved antibody titer post three weeks of SRBC injection than 100
mg Zn-Met. It can be concluded that dietary Zn methionine (organic form) at level of 200 mg/kg of rabbit diet
improved nutrients digestibility and nutritive values of diets, which could be associated with better growth
performance and immune efficiency.

This study was carried out to investigate the effect of dietary zinc (Zn) supplementation in inorganic
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INTRODUCTION

Several investigators suggested that zinc is required in rabbits to maintain proper post weaning
growth, since supplementation in rabbit diets ranged between 30-107 ppm (Cavalcant and Ferreira, 2000),
with suggestion of higher levels for breeders (Mateos and Blas, 1998). The commonly used grains in
basal rabbit diets is rich in phytate content that may reduce availability and inhibit absorption of zinc
(Baker and Halpin, 1988), since these levels was not adequate to compensate the insufficient zinc in the
natural ingredients of the diet. Traditionally, Zn is supplemented in the animal diets as inorganic salt.
However, recently the use of organic Zn for animals has gained popularity because of its reported higher
bioavailability than inorganic sources (Droke et al., 1998).

Zinc is an essential nutrient required in humans and animals for many physiological functions,
including immune and antioxidant function and growth (Shay and Mangian, 2000), required for the action
of more than 200 metalloenzymes, supports the immune system (Shinde et al., 2006) and plays an
important role in polymeric organization of macromolecules like DNA and RNA (Garcia-Contreras et al.,
2011), protein synthesis and cell division (Lukac and Massanyi, 2007).
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Therefore, the present experiment was conducted to study the effect of dietary Zn supplementation in
inorganic (zinc sulfate, ZnSO,) and organic (zinc methionine, Zn-Meth) forms each at two levels (100 or
200 ppm/kg) on productive performance, digestibility coefficients of nutrients and immune response of
New Zealand White rabbit.

MATERIALS AND METHODS

A total of one hundred male New-Zealand White (NZW) rabbits, 6-weeks of age, with an average live
body weight of 808+11 gm were randomly divided into five comparable experimental groups (n=20). The
1%t group was fed the basal diet including vitamins minerals premix which contained 58 mg zinc (Zn), the
2" and the 3 groups were fed on the same diet supplemented with 100 or 200 mg Zn/kg diet as zinc
sulfate (0.441 g ZnS04.7H,0, inorganic zinc, 287.54 AW/MW and the concentration 22.7%) and the 4™
and the 5" groups were fed on the same diet supplemented with 100 or 200 mg zinc methionine (1.0 g Zn-
Met super, organic zinc, composition: 10% Zn; 20% methionine and sepiolite to 100%, Super's Diana,
S.L., Ctra. Barcelona- Puigcerda, km 17). Rabbits were fed ad libitum formulated diets according to NRC
(1984). Ingredients and chemical composition of the experimental pelleted diets are shown in Table (1).
Water was always freely available. Animals were housed with a constant photoperiod of 16 hours light: 8
hours dark lighting schedule. Rabbits in all treatments were kept under similar management hygienic and
environmental conditions during the experimental period.

Table (1). The ingredients and chemical composition of rations fed to rabbits, during the
experimental period.

Ingredients

19.0% Clover hay, 35.2% Barley, 26.0% Wheat bran, 14.9% Soybean meal (44% CP), 3.0% Molasses,
1.0% Limestone, 0.3% Sodium chloride, 0.5% Vitamins & Mineral Premix * and 0.1% Cooccidostat.

Chemical analysis (on dry matter basis): 89.2%, Dry matter, 92.92% Organic matter, 16.34% Crude
protein, 2.41% Ether extract, 11.86% Crude fiber, 62.31% Nitrogen free extract, 7.08% Ash, 2844
Digestible energy (Kcal/Kg)** and 107.34 zinc (mg/kg)***

** Calculated according to NRC (1984) for rabbits.
*** zinc content = 58 mg added from premix.

Growth Performance:

Rabbits were individually weighed at the beginning of the experiment and at weekly intervals (from 6
-22 weeks of age) to the nearest gram during the experimental period. Feed consumptions were recorded.
Body weights gain and feed conversion ratio were calculated.

Evaluation of the Experimental Diets (Digestion Trials):

Fifteen of male adults New Zealand White rabbits were used for five digestion trials that were carried
out to determine the digestibility coefficients of nutrients and the feeding value using three comparable
selected animals from each group. Animals were kept in individual metabolic cages which allowed a
complete separation and collection of feces. The trial lasted 4 days, preliminary period and 3 days
collection period. Daily weight of the feed residuals and feces were recorded. The feces were collected
daily during the collection period, sprayed with 2% boric acid for trapping any ammonia released from
faces. At the end of collection period, representative feces samples (25%of the fresh feces/day) were dried
at 60° C for 24 hours (constant weight), then were finely ground and thoroughly mixed to ensure sample
uniformity and stored until being analyzed. Representative samples either of diets or dried feces were
assigned to determine the dry matter (DM), crude protein (CP), crude fiber (CF), ash and ether extract
(EE) according to AOAC (1995). The factor 6.25 was used for calculating CP from nitrogen values.
Nitrogen-free extract was obtained by difference as follows: %NFE = 100 — (%Moisture + %Ash + %CP
+ %EE + %CF).
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Immunological Response Efficiency:
1. Cell Mediated Immunity (CMI):

At 13 weeks of age, five representative male rabbits from each group were randomly selected to
determine cell mediated immunity (CMI). Fifty pug of Phytohemagglutinin (PHA, dissolved in saline) was
injected subcutaneously into a defined area in the right ear in a volume of 0.1 ml while the other ear (left
ear) was used as control and injected with 0.1 ml saline. The thicknesses of both ears were measured
before, 3, 6, 9, 12, 15, 18, 21 and 24 hours after Phytohemagglutinin (PHA) injection by a clipper (Cotter
and Weinner, 1997). The response was calculated as different changes in both ear thickness increasing as
following formula: Cell mediated immunity response = changes in right ear thickness increasing after
injection with PHA - changes in left ear thickness increasing after injection with saline solution.

2. Humeral immune response (Antibody production against Sheep Red Blood Cells):

At 13 weeks of age, five representative rabbits from each treatment were intravenously injected with
0.2 ml of 10% suspension of packed Sheep Red Blood Cells (SRBC), a T- cell dependent antigen;
McArthur et al. (1973). Sheep blood was collected in heparinized tubes. After centrifugation (2000 rpm)
for 15 min, cells were washed 3 times in a solution of sodium chloride (9 g/L) and diluted to a 10%
(vol/vol) of the same solution. The same procedure was used to collect SRBC from the same sheep to
measure the titer of antibodies in rabbits. Blood samples were collected from marginal ear vein of rabbits
at one, two, three and four week’s post immunization in a dried test tube, kept at room temperature for 30
minutes in horizontal position to allow the blood to clot. The tubes were placed vertically in the
refrigerator overnight to obtain a clear serum and kept frozen until tested. Antibody titer against SRBC
was determined using the micro titer procedure described by Van der Zijpp and Leenstra (1980).
Antibody titers were reported as the log2 of the reciprocal highest dilution giving complete agglutination.

Data were subjected to statistical analysis applying one way ANOVA procedure. The general linear
model of SAS (1996) program was used in processing measured parameters. Significant differences
among means were tested at (P<0.05) by Duncan’s multiple range test (Duncan’s, 1955).

RESULTS AND DISCUSSION

Growth performance of rabbits:

At 22 weeks of ages, body weight and body weight gain (kg) of male rabbits fed diets supplemented
with Zn were significantly (P<0.01) higher than those fed diet without supplementation (Table 2). Rabbits
fed diet supplemented with 200 mg Zn-Met/kg diet (organic form) had significantly heaviest body weight
and body weight gain, followed by rabbits fed diet supplemented with 100 mg Zn-Meth/kg diet than
groups fed diet supplemented with 200 or 100 mg ZnSO4/kg diet (inorganic form). Inclusions of 200 mg
Zn/kg diet (in the same form) increased total weight gain compared to 100 mg Zn/kg diet. Feed
consumption was not significantly affected by Zn addition (Zn-Meth or ZnSO,). Rabbits fed diets
supplemented with 200 mg Zn-Meth/kg diet converted feed better than those fed diets supplemented with
100 mg/kg diet. Rabbits fed diet supplemented with 200 mg Zn-Meth or ZnSO./kg diets had significantly
higher living rate values (100%) compared with those fed diet without Zn supplementation (75%). These
results agreed with those recorded by Hamed et al. (2004), Allam et al. (2005) and Selim et al. (2012).
The significant improvement in body weight of rabbits given the additional Zn may be attributed to
sufficient Zn level to plays an important role in polymeric organization of macromolecules like DNA and
RNA (Garcia-Contreras et al., 2011) which are responsible for the growth and development of skeleton
and synthesis of body protein. In addition, zinc is one of trace elements essential for biological functions
of all living matter and necessary for growth, appetite, skin integrity and mental activity, Zinc is an
essential trace element required for the action of more than 200 metalloenzymes (Barceloux, 1999). Shay
and Mangian (2000) found that zinc an essential nutrient is required in humans and animals for many
physiological functions, including immune and antioxidant function and growth. Furthermore, may be
attributed to that the basal diets were rich in phytate content and the level of 58 mg/kg diet was not
adequate to compensate the insufficient zinc in the natural ingredients of the diet. In this respect, Baker &
Halpin (1988) showed that soybean meal, wheat bran, cottonseed meal and grains are feed ingredients
rich in phytate content and have an antagonistic effect on the availability of zinc. When the diet of rabbits
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or swine contains high levels of one or more of these ingredients, the level of added zinc must be elevated
to compensate the unavailable zinc that binds with phytate.

The positive effect of zinc from Zn-Meth compared with that from ZnSO4 may be related to the better
absorption and the effect of methionine with zinc. Complex Zn with methionine could increase Zn
absorption by preventing Zn from forming insoluble complexes in the digestive tract or by facilitating Zn
transport across the intestinal mucosa. Edwards and Baker (1999) mentioned that zinc from Zn-Meth was
more bioavailable than zinc from ZnSQO4. Wedekind et al. (1992) used diets with 0, 250, 500 and 750
mg/Kg of Zn coming from ZnSQ4, ZnO and Zn-methionine; they observed that the bioavailability of Zn
from Zn-Meth was 228% relative to zinc sulfate (100%), whereas zinc oxide had only 61%
bioavailability.

Table (2). Growth performance of male New Zealand White rabbits as affected by dietary zinc
supplementation level and source (mean+SE).

Treatments Body weight Body weight Body weight  Daily feed Feed Live
at 6 wks old at 22 wks old gain intake conversion percentage

(ka) (ka) (ka) @ (%)
Control 0.807 2.7964 1.99d 114.12 6.37d 75.00P
ZnS04-100 0.809 2.956° 2.15¢ 115.59 6.09¢ 90.002b
ZnS04-200 0.808 3.062b¢ 2.25P 116.52 5.79P 100.002
Zn-Meth-100 0.808 3.081b 2.27° 114.09 5.62P 95.002
Zn-Meth-200 0.810 3.2122 2.402 113.03 5.272 100.002
Stander error +0.0023 +0.039 +0.036 +1.98 +0.116 -
P<values 0.682 0.01 0.01 0.713 0.01 0.01

a.b,¢ Means with different superscripts in the same column, differ significantly (P<0.05).

Digestibility coefficients and nutritive values:

Rabbits fed diets supplemented with Zn-Meth or ZnSO4 were significantly (P<0.05) higher than the
rabbits fed the control diet in DM, OM, CP, CF, EE, NEF digestibility and nutritive values (total
digestible nutrients (TDN) and digestible crude protein (DCP), Table 3). Rabbits fed 200 mg Zn-Meth/Kg
diets recorded the highest values (P<0.05) of the nutrients digestibility and TDN and DCP values,
followed by those fed diet supplemented with Zn-Meth at 100 mg than that fed diets supplemented with
200 or 100 ZnSO4/kg diet. However, the lowest value was recorded by rabbits fed the control diets. These
results are in agreements with those reported by Gad Alla (2001) who found that apparent digestibility of
DM, OM and EE was significantly (P<0.05) greater due to adding of zinc, but CP, CF and NFE tended to
be insignificantly higher than the control group. Hafez et al. (2002) also found that rabbit’s diets
supplemented with Zn recorded higher digestibility of nutrients.

Table (3). Digestible coefficients and nutritive values of NZW male rabbits as affected by dietary
level and source zinc of supplementation.

Zinc Digestible coefficients (%) Nutritive values (%)
Supplementation DM OM CP CF EE NFE TDN DCP
Control 68 .9° 69.2¢ 70.2¢ 40.1° 70.0¢ 73.9° 65.95°¢ 11.47¢
ZnS04-100 73.9° 74.1° 75.1° 46.3° 77.6° 77.0° 69.86° 12.27°
ZnS0,-200 74.6% 74.8° 75.7% 46.9° 78.6% 77.3% 7022  12.37®
Zn-Meth-100 74.82 75.7% 76.6% 48.92 80.4% 78.1® 71.19%  12.52%
Zn-Meth-200 75.52 76.72 77.62 49.6° 81.62 78.82 71.942 12.682
Stander error +0.47 +0.54 +0.67 +0.49 +0.75 +0.49 +0.56 +0.13
P<values 0.01 0.01 0.02 0.01 0.01 0.03 0.01 0.04

a.b.c Means with different superscripts in the same column, differ significantly (P<0.05).

The improvement of digestion coefficients may be due to Zn supplementation affects protein and
carbohydrate metabolism, which found in many highly purified enzymes functioning in protein and
carbohydrate digestion (Underwood and Suttle, 1999). Increasing the digestive ability of rabbit by zinc
supplementation may be attributed to increasing the activity of some enzymes related to the digestion of
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carbohydrates, fats and protein such as amylase, lipase, trypsinogen, chemotrypsinogen and some
peptidases, since these enzymes are known to be Zn-dependent enzymes (Banerjee, 1988).

Immunological Response Efficiency:
a. Cell mediated immunity:

Zn supplementation in rabbit diets was significantly (P<0.04 or 0.001) affected cell-mediated immune
response at different hours post inoculation of phytohemoagglutinins (PHA) (Table 4). These results are
in accordance with those of Luecke et al. (1978) who found that zinc has numerous biological roles
including the cell mediated immune response. Similarly, Meshreky et al. (2006) found that addition of Zn
in organic or inorganic form to the rabbit diet significantly improved immune response. In our work
rabbits fed diets supplemented with Zn-Meth (200 or 100 mg/kg diets) had changed ear thickness during
every phase of ear control test post inoculation than zinc from ZnSO4 (Table 4). These results agreed with
those of Ferket and Qureshi (1992) who found that Zn from Zn-Meth has been shown to elevate cellular
immunity in poultry over that of Zn from ZnSO,. Kidd et al. (1992) stated that zinc methionine increase
cellular immunity than Zn from ZnSQO,. In the present study ssupplemental 200 mg Zn-Meth/kg diet
significantly increased heighten change in ear thickness response to PHA than 100 mg/kg diet post 9 to 24
hr of immunization Table (4). Whereas, inclusion 200 mg ZnSO4/kg diet insignificantly increase changes
in ear thickness response to PHA compared to 100 mg ZnSO,.. Results showed that rabbits fed diet
with100 mg Zn-Meth/kg diet (organic forms) had highest change in ear thickness response to PHA at
different hours post injection than those fed diet with 100 or 200 mg ZnSQO./kg diet (inorganic forms).

In respect to the effect of supplemental Zn level, revealed that Kidd et al. (1994) reported increased
toe web swelling after intradermal injection with PHA in turkeys supplemented with 30 or 45 ppm of Zn
from Zn-Met compared to turkeys fed a basal diet containing 130 ppm of Zn.

Table (4). Change in ear thickness in response (mm) to phytohemagglutinin (PHA) at different
times (h) post injection of New Zealand White male rabbits as affected by dietary zinc
supplementation (level and source).

Zinc Time after injection (h)

Supplementation 3 6 9 12 15 18 21 24
Control 0.54¢ 0.84¢ 1.10¢ 0.98d 0.94¢ 0.78d 0.64¢ 0.36¢
ZnS04-100 0.60P¢ 1.34b 1.62¢ 2.18° 1.76°¢ 1.16¢ 0.78%  0.40«
ZnS04-200 0.645¢ 1.60° 1.98b¢ 2.30° 1.86% 1.26% 0.96°  0.52bc
Zn-Meth-100 0.72% 1.822 2.14 2.76° 2.12b 1.54b 1.22b 0.62°
Zn-Meth-200 0.922 1.902 2.522 3.422 2.682 1.902 1.542 0.822
Stander error +0.08 +0.12 +0.16 +0.19 +0.13 +0.16 +0.11  £0.07
P<values 0.04 0.01 0.01 <0.001 <0.001 <0.001 0.01 0.02

a.b.¢ Means with different superscripts in the same column, differ significantly (P<0.05).

b. Humoral antibody titer against sheep red blood cell (SRBC):

Zn supplementation were significantly (P<0.01) increased humeral antibody titer against SRBC at
different weeks post immunization (Table 5). These results indicated that Zn supplementation have an
immunostimulatory effect. Stahl et al. (1989) showed a tendency for chicks to express higher
haemagglutination titers when fed a diet containing 103 mg Zn/kg compared to those fed the control diet
(37 mg Zn/kg). Kidd et al. (1996) stated that dietary zinc is required for normal immune function. In
addition, Rink and Gabriel (2000) found that zinc is an essential trace element for all organisms and
influences the immune system. Shay and Mangian (2000) found that zinc is an essential nutrient required
for many physiological functions, including immune and antioxidant function and growth in humans and
animals. In the present work, Zn-Meth significantly improved antibody titers than zinc from ZnSO..
These results agreed with Meshreky et al. (2006) who found that addition Zinc methionine (organic form)
in the rabbit diet significantly increased humeral antibody titer against SRBC compared to zinc sulfate
(inorganic form). Previous studies Hahn and Baker (1993) found that organic zinc source such as Zn-
Meth was more bioavailable than inorganic zinc source such as ZnSO.. Kidd et al. (1994b) stated that
zinc methionine may increase mononuclear phagocyte cell function, leading to a possible reduction in a
bacterial load by increasing phagocyte potential. Inclusion 200 mg Zn-Meth/kg diet improved
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significantly antibody titers three weeks post of SRBC injection than 100 mg Zn-Meth (Table 5).
However, inclusion 200 ZnSO4 mg/kg diet of the rabbits insignificantly improved antibody titers to
SRBC than 100 mg/kg diet. Results showed also that rabbits fed diet with 100 mg Zn-Meth/kg diet had
higher antibody titers against SRBC at different weeks post injection than those fed diet with 100 or 200
mg ZnSO4/kg diet. Shinde et al. (2006) found that supplementation of 20-ppm zinc significantly
improved the immune response and impact was more prominent with the zn (organic source) compared to
ZnSQy (inorganic source). They added that zinc is an essential trace element required for the action of
more than 200 metalloenzymes, supports the immune system.

It could be concluded that, Zn supplementation as organic or in organic forms to the rabbit diet was
efficient to promote body weight and feed conversion efficiency and immune response. The best results
were achieved with the diet supplemented with 200 mg Zn methionine /kg diet) organic form.

Table (5). Humeral antibody titers against sheep red blood cells (SRBC) of New Zealand White
female rabbits at different weeks post immunization as affected by dietary zinc
supplementation (means=SE).

Zinc supplementation Weeks post immunization by SRBC

One Two Three Four
Control 3.70¢ 4.50¢ 4.20¢ 3.20d
ZnS04 -100 5.10° 5.60° 5.40¢ 4.30°
ZnS04 -200 5.40° 6.10° 5.90b° 4.80b°
Zn-Meth -100 5.7020 6.902 6.20° 5.30°
Zn-Meth -200 6.202 7.10% 6.902 6.102
Stander error (xSE) +0.37 +0.36 +0.32 +0.32
P<Values 0.01 0.01 0.01 0.01

b, ¢ Means with different superscripts in the same column differ significantly (P<0.05).
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