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ABSTRACT

The present study was perfarmed to investigate the effects of feeding low-
Ca-P-diets, supplemented with microbial phylase and vitamin D3, on produclive
performance, egg quality, egg fertilily and hatchabifity, and some blood constituents of
Gimmizah faying hens. Three hundred and thirty, 28-week-old birds were randamly
distributed inte ten equal groups; each group was divided inio 3 replications of 11
birds each (ten females and one male} and housed in floor pens. All birds were kept
under the same managerial conditions and fed their respective experimental diets
from 28 up to 48 weeks of age. Ten isoenergslic {(metabolizable energy of about 2770
kcal/kg)-isonitrogencus (crude protein of about 16.35%) experimental diets were
prepared and used. The control diet (Diet 1) was formulated to contain 3.28% Ca and
0.42% available P (AP). Diet 2 (served as a negative control) was the same as the
control diet (Diet 1) but had only 75% and 50% of the Ca and AP contents of the
control diet, respectively. The remaining gight diets were obtained by supplementing
the negative control diet (Diet 2) with two microbial phytase (MP) levels (500 or 1000
Utkg; Diets 3 and 4, respectively), two vitamin D2 (VD) levels (400 or 800 iU/kg; Diets
5 and 8, respectively), or with different combinations of MP and VD (500 U MP+400 tU
VD, 500 U MP+800 IU VD, 1000 U MP+400 IU VD or 1000 U MP+800 IU VD/kg diet;
Diets 7, 8, 9 and 10, respeclively). Records an body weight, daily feed intake, egg
production rate (EPR), egg weight (EW), daily egg mass (DEM) and feed conversion
ratio (FCR; g feed: g egg) were maintained. A series of egg quality tesis were made at
four-week intervals. Egg ferility, hatchablity (% of total eggs) and iotal embryonic
mortality, and egg-weight-loss (%) of hatching eggs were evaluated. At the end of
study, some blood plasma parameters [total protein, albumin (A), giubulin {G), AIG
ratio, Ca, inorganic P, and activities of transaminases: ALT and AST] and tibia bone
length and width, and its Ca and P comntents were determined. The resulis obtained
can be summarized as follows:

. Birds fed on Diet 2 (negative control diet; NCD) performed less, but significantly
similar to those fed on Diet 1 (control) for EPR, DEM and FCR. On the other hand,
birds fed on NCD with supplemental MP, VD or their combinations (Diels 3 to 10)
significantly surpassed those of either control or negative control in EPR and DEM
with a concomitant improvement in FCR.,

. Feeding the negative control diet (NCD) adversely affecied eggshell quality (shape
index, relative shell weight and shell thickness), interior quality {yolk index and
Haugh units), egg ferlility, eggshelt and tibia Ca contents and plasma concentrations
of TP, Ca, and inorganic P compared with the control diet, all other measurements
were not affected.

- Supplementing the NCD with MP alone, particularely with the high level of MP (1000
U/kg), offset the negative effects of feeding the NCD and significantly increased
EPR, DEM and FCR, and also attained significant improvements in relative yolk
weighi, yolk index, Faugh units and tibia P content, compared with the control diet.
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. Supplementing the NCD with VD alone offset the negative effects of feeding the
NCD and slightly improved FCR, egg shape index, compared with the control diet.

» Supplementing the NCD with MP in combination with VD significantly improved EPR,
DEM and FCR, and corrected the adverse effects of feeding NCD on the
aforementioned criteria.

It could be concluded that adding microbial phytase andfor vitamin D; io low-Ca-
P-dieis can exert a beneficial effect on productive and reproductive performance, and
Ca and P utilizalion by the laying hens.

Keywords: Productive performance, low-Ca-P diet, microbial phytase and/or vitamin

D3 supplementation, laying hens

INTRODUCTION

The majority of P in feed ingredients of plant origin is contained in
chemical structures known as phytates (NRC, 1994). Phytate P (PP) is either
unavailable or poorly utilized by monogastric animals due te insufficient
secretions of endogenous phytases (Nelson, 1867). Thus, the availability of P
in foodstuffs of plant origin is generally very low. Bicavailability estimates of
P in corn and soybean meal for pigs and poultry range from 10 to 30%
(Nelson,19687; Calvert ef af.,1978). NRC (1994) listed that corn has a total
phosphorus (TP) level of 0.28%, whereas non-phytate P (NPP) is only 0.08%;
while less than half of the soybean meal P is considered to be available
(TP=0.65% and NPP=0.27%). The bioclogical availability of PP (i.e. hydrolysis
and absorption) by monogastric animals, including poultry, is influenced by a
variety of factors such as dietary levels of Ca, inorganic P and vitamin Ds,
age and type of birds, dietary ingredients and feed processing (Ravindran et
al, 1995). In addition to reducing the P availability to animals, phytates are
associated with a number of antinutritional effects, largely because they can
chelate divalent cations such as Ca, Mg, Fe, Zn, Cu and Mn and can reduce
dietary protein availability for poultry and pigs (Ravindran et al.,1995; Bedford
and Schulze,1998). Nowadays, the use of microbial phytase (MP) in poultry
diets has been become an effective means for releasing P from phytate,
thereby reducing the need for inorganic phosphate supplements in feed
formulations and the excessive amounts of P excreted. In broiler chicks,
Viveros et al. (2002) showed that MP supplementation to low-P diets
improved growth performance and utilization of P, Ca, Mg and Zn. Qian et &/
(1997) reported that utilization of phytate P and Ca by the broiler chicks is
influenced by dietary Ca: total P ratio, and level of cholecalciferol used.
Supplemental dietary phytase has been shown not only to improve P but also
Ca utilization in turkeys (Qian et al.,1996). However, Vahl et al. (1993) used
P-deficient layer diets supplemented with monocalcium phosphate (MCP) or
300 U of MP per kg and observed no significant difference between the MP-
and MCP-supplemented diets. On the other hand, Simons and Versteegh
(1993) fed laying hens on P-deficient diets, and found that all depressions in
layer performance could completely be corrected by dietary phytase
supplementation. They also concluded that dietary phytase supplementation
with a level of 300 U/kg diet was equivalent to 0.10% available phosphorus
(AP) in the diet. The efficacy of dietary MP supplementation depends on its
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rate of addition, the Ca and PP contents and the dietary Ca:P ratio, obvious
benefits have been found in terms of increased availability of phytate—bound
minerals and crude protein (Sebastian ef al,1998). Also, Lim et al (2003)
found that with laying hens, the effects of dietary phytase supplementation
were significantly madified by the level of Ca and NPP in the diet.

Increasing dietary calcium level has been reported to improve egg
production, egg weight and eggshell quality of laying hens {Kuchinski and
Harms, 1997). Similarly, Abou-Egla (1995) found that egg production, egg
weight and eggshell guality of Rhode Island Red hens were positively
affected in response to increasing the dietary calcium level from 3.0 to 4.0 %

Supplementation of vitamin Dy to laying hens diet resulted in
significant imgrovement in eggshell quality (Scares et al., 1988; Frost ef al,
1990); however, they did not cobserve any significant differences in egg
weight, egg production or egg mass. Bell and Marion {1980) and Hashish
(1992) found no positive effect of dietary supplementation with 1,25-(OH),-
cholecalciferol on egg weight. Vitamin O; is necessary for the bird to absorb,
transport and utilize calcium and phosphorus through the intestinal wall.
Dietary vitamin D, is transported to the liver where it is hydroxylated to 25-
hydroxy vitamin D; which is further hydroxylated at the C-one position in the
Kidneys, producing 1,25-dihydroxychoiecalciferal  [1,25-(CH); D;]. This
secosteroid hormone [1,25-{OH), D;] plays a major role in catcium and
phosphorus homeostasis. it is considered to be the main physiologically
active metabolite of vitamin D; needed for the active transport of Ca and
inorganic P ions through the cellular membrane in small intestine (Holick and
Deluca, 1974). In addition, 1,25-(CH)2 D; working in conjunction with
parathyroid hormone mobilizes Ca and P from the skeleton when the
concentration of Ca ions in the plasma decreases; it may also stimulate the
reabsorption of Ca from the kidney tubules (Norman, 1987).

The purpose of the current study was to investigate the effects of
feeding Jow Ca and P diets, supplemented with MP and/or vitamin Dz, on
productive performance, eqqg quality, egg feriility and hatchability, and some
blood constituents of Gimmizah laying hens.

MATERIALS AND METHODS

The present study was carried out at El-Gimmizah Poultry Station,
Animai Production Researches Inslitute, Ministry of Agriculture. Three
hundred, 28-week-old Gimmizah laying hens and 30 cockerels were
randomly distributed into ten equal experimental groups. Each group was
divided into 3 replications of 11 birds each (10 females and 1 male) and
housed in individual floor pens. All birds were exposed to a daily photopericd
of 16 hr and kept under the same managerial conditions. Feed and fresh
water were supplied for ad libitum consumption from 28 up to 48 weeks of
age. Ten experimental diets were prepared and used. The control diet (Diet
1) was formulated to contain 3.28% Ca and 0.42% available P (AP), provided
mainly by ground limestone and dicalcium phosphate (Table 1). Diet 2 (the
negative control diet) was the same as diet 1 but had only 75% and 50% of
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the Ca and AP contents of the control diet, respectively, and termed as a
low-Ca-P diet. The remaining 8 experimental diets were obtained by

Table (1): Composition and chemical analysis of the experimental basal

diets
Diet (1) Diet (2)
Ingredients (Low-Ca-P-diet)
{Controi diet) (Negative control diet)

Yeliow corn 66.65 66.15
Soybean meal, 44 % 23.75 23.10
Whealt bran 00.00 3.80
Limestone 7.50 6.00
Dicalcium phosphate 1.60 0.45

| Common salt 0.30 0.30
Vit. & min. mix.* 0.10 0.10
DL-Methionine 0.10 0.10
Total 100 100

Calculated analysis*™*:

| ME kcal/kg 27862 2781
Crude protein, % 16.12 16.38
Calcium, % 3.28 2.64
Total phosphorus, % 0.64 0.42
Available phosphorus, % 0.42 0.20
Lysine, % 0.81 0.82
Methionine, % 0.37 0.37
Methionine + cysteine % { 0.64 { 0.65

Determined analysis (Dry matter basis)***:

Dry matter, % 89.48 88.69
Crude protein, % 17.85 18.35
Crude fiber, % 3.51 3.45
Ether extract, % 3.07 3.17
Ash, % J 7.37 7.45
Nitrogen free extract, % 88.20 67.58

*Each 3 kg contains: 12,000,000 IU Vit. A; 2,000,000 IU Vit D; 10,000 mg Vit. E;1,000mg
Vit. K; 1,000mg Vit. B,; 5,000mg Vit. Bz; 1,500mg Vit Bg; 10mg Vit. Byz; 30gm; Niacin,10
am ; Panatethenic acid, 50mg, Biotin;1,000mg Folic acid;250,000mg choline chloride;
60g manganese; 30g iron; 50g zing; 40g copper; 30g iodine; 1gm Seleinium and 1g
cobalt.

** Calculated according to NRC (1994).

*** Determined according to the methods of A.O.A.C (1980)

supplementing the low-Ca-P diet with two microbial phytase {MP) levels {500
or 1000 U/kg; Diets 3 and 4, respectively), two vitamin D, (VD) levels (400 or
800 lU/Kg; Diets 5 and 6, respectively), or with different combinations of MP
and VD (500 U MP+400 IU VD, 500 U MP+800 U VD, 1000 U MP+400 U
VD or 1000 U MP+800 IU VD/kg diet; Diets 7, 8, 9 and 10, respectively). The
calculated contents of vitamin Dj; in diets 1 and 2 were the same, being abaut
666 IU/kg diet. All the experimental diets were isoenergetic (metabolizable
energy, ME, of about 2779 kcal/kg) and isonitrogenous (crude protein, CP, of
about 16.35%) and formulated to meet or slightly exceed the nutrient
requirements of laying hens (NRC, 1994), except for Ca and P.
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Pullets were weighed at the beginning (28 weeks of age) and at the
end {48 weeks of age) of the experimental period. Egg production, egg
weight and total egg mass were recorded daily for the whole experimental
pericd. Feed consumption was recorded weekly and then feed conversion
(grams of feed:g egg) was determined. Egg quality was examined on a 28-
day period basis. In each test, 10 eggs from each dietary treatment were
collected, individually weighed and broken out in order tc separate their
shells, yolks and albumens. Individual weights of yolk, albumen and shell
(with membranes) were recorded and calculated as a percent of egg weight.
Ca and P contents of eggshells {% of ash weight) were also determined
according to AQAC (1880). For evaluating egg fertility and hatchability, three
natches were performed (180 eqgs per treatment in each hatch) during the
last 6 weeks of the experimental period. The hatching eggs were individuaily
weighed before setting them into the incubator and once again 18 days later,
and simultaneously candling of eggs was accomplished. Records on fertile
and infertile eggs and the eggs with dead embryos were maintained. Egg-
weight-loss during the first 18 days of the incubation pericd was determined.
Egg fertility, hatchability {% of total setiable eggs) and total embryonic
mortality were computed.

At the end of study, three hens from each treatment were
slaughtered in order to take some measurements on the physical (fength and
width of right tibias} and chemical (right tibia Ca and P contents)
characteristics of bones, as infuenced by dietary treatments. The bones were
dried, crushed and then ashed at 600°C for 16 hours in 2 muffle furnace.
Bone contents of Ca and P were determined according to AOAC (1980).
Blood samples were individually collected during slaughtering in heparinized
tubes, then plasma samples were obtained by centrifugating the tubes at
4000 rpm for 15 minutes and stored at —20°C unti! anaiysis. Commercial kits
were used 10 measure the blocd plasma levels of total protein (TR) (Doumas
et alf, 1981), albumin {A) (Doumas el al, 1971); then, globulin (G)
concentration and albumin/globulin {(A/G) ratic were calculated. Levels of
plasmza Ca {(Mcorhead and Biggs, 1974) and inorganic P [Goldenberg and
Fernandez, 1966) ang activities of plasma aspartate aminotransferase (AST)
and alanine aminctransferase (ALT) were also determined (Reitman and
Frankel, 1957).

Data were analyzed by one-way analysis of variance using the
General Linear Model (GLM) procedure of SAS (1994). Significant
differences among means were identified by Duncan's multiple range test
(Duncan, 1953).

RESULTS AND DISCUSSION

Productive perfermance of Gimmizah hens
Datz on the productive performance of Gimmizah laying hens, fed
low-Ca-P-diets, supplemented with micrabial phytase (MP), vitamin 3, (VD)
or their combinations from 28 to 48 weeks of age, are shown in Table 2. Even
though significant differences were detecteg among treatments in daily feed
intake (OF1), egg production rate (EPR), egg weight (EW), daily egg mass
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{DEM) and feed conversion ratic (FCR), a lack of significant variation was
observed in final body weight (FBW) and body weight gain (BWG) of
experimental birds.

The obtained data clearly showed that birds fed on Diet 2 (negative
control) performed less, but significantly equal to those fed on Diet 1 {contrel),
for FBW, BWG, DFI, EPR, EW, DEM and FCR. This response may indicate
that Ca and P levels in the negative control diet, investigated herein, were
only marginal or adequate for the Gimmizah laying hens.

It is noteworthy, however, that groups of birds fed on Diet 2 with
supplemental MP, VD or their combinations (Diets 3 to 10 ) significantly
surpassed those of either the control (on Diet 1) or the negative control {on
Diet 2) groups in EPR and DEM with a concomitant improvement in FCR.

Supplementing the negative control diet (Diet 2) with MP at ievels of
500 or 1000 U/kg (Diets 3 and 4) significantly improved EPR, DEM and FCR
as compared to the control diet (Diet 1). Similarly, supplementing the
negative control diet (Diet 2) with VD at ievels of 400 or 800 IU/kg (Diets 5
and 6) slightly improved, but not significantly, FCR compared with the control
diet (Diet 1). The lack of response to VD suppiementation may be aftributed
to the fact that the negative control diet originally contained about 666 IU
VD/kg (based on the calculated analysis), being more than 2 folds the
estimated requirement of laying hens for this vitamin (300 IU/kg; NRC, 1994).
The dietary combined supplementation with MP and VD (Diets 7, 8, 9 and 10)
produced significant improvements in EPR, DEM and FCR as opposed to
those of the control group (Diet 1). Although birds fed on the diet
supplemented with 1000 U MP+400 IU VD/kg (Diet 9) consumed the least
amount of feed they attained the best values of EPR, DEM and FCR
compared with those of the control group (Diet 1).

Generally, these results are in good agreement with the findings of
Keshavarz (1896) who found that laying performance, measured as egq
production, egg weight, egg mass, feed consumption and feed conversion,
was not influenced by either dietary levels of Ca (2.8 and 3.8%) or
cholecalciferol {2200 or 4400 IU/kg diet). On the other hand, Keshavarz
(2003} demonstrated that a high level of supplemental dietary phytase (300
U/kg) was more effective than a low level (150 U/kg) in restoring the
performance for egg production of hens fed low-P diets (0.10, 0.15, 0.20 or
0.25% non-phytate P) to the control level. Gordon and Roland (1998)
reported that dietary phytase supplementation could completely overcame
the adverse effects associated with low dietary P (0.10% non-phytate P) and
significantly reduced the impact of low dietary Ca (2.5 or 2.8%) on the laying
hen performance.

Parameters of egg quality

Table 3 shows the effects of feeding low-Ca-P-diets, supplemented
with MP, VD or their combinations on some exterior and interior parameters
of egg quality of Gimmizah laying hens. There were significant differences
among dietary treatments in all examined parameters of egg quality.
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Feeding the negative control diet (Diet 2) adversely affected egg shape index,
percent shell weight, shell thickness, yolk index and Haugh units but had no
significant effects on the relative weights of yolk and albumen, compared with
the control group (Diet 1}, Supplementing the negative cotrol diet (Diet 2)
with MP at a level of 500 U/kg (Diet 3) produced egg quality mean values
equivalent to those of the controt group (Diet 1) while the higher level of MP
supplementation (1000 U/kg, Diet 4) brought about further significant
improvements in the percentage of yolk weight, yolk index and Haugh units,
as compared to the control diet (Diet 1) Similarly, supplementing the
negalive control diet (Diet 2) with VD at a level of 400 1U/kg (Diet 5) produced
€gg quality values equivalent to those of the control group (Diet 1) while the
higher level of VD supplementation (800 I1U/kg: Diet 8) caused a further
“significant improvement in egg shape index compared with the control group
(Diet 1). The dietary combined supplementation with MP and VD (particularly
Diets ¢ and 10) produced additional significant improvements in all
parameters studied for egg quality.

These results are in partial agreement with those of Lim et al {2003}
who found that feeding the laying hens on a low-Ca diet (3.0% vs. 4.0%)
resulted in decreased egg specific gravity, eggshell strength, and eggshell
thickness during an entire experimental period from 21 to 41 weeks of age.
Similarly, Bragg ef al. (1971) found that the eggshell quality, as measured by
shell strength, calcium content of shell and percent shell, was increased with
increasing dietary calcium level up to 3.25%, regardless of the level of a
supplementary vitamin Ds. In harmony with the present resulls, Keshavarz
(1998) found that egg specific gravity was greater and percentage of cracked
eggs was lower for hens fed 3.8% than those fed 2.8% Ca diet; other
indicators of shell quality (shell thickness, shell weight, percent shell and shell
weight per unit surface area) were not influenced by dietary Ca level. He also
observed that eggshell quality; as measured by egg specific gravity and
percentage of cracked eggs, was not influenced by supplemental vitamin D4
level {4400 vs. 2200 IU/kg diet). In addition, Gordon and Roland (1998)
reported that dietary MP supplementation and increasing dietary Ca level
could independently improved the eggshell guality of laying hens.

Blood constituents

Data presented in Tabie 4 illustrate the effects of feeding low-Ca-P-
diets, supplemented with MP, VD or their combinations on blood plasma
constituents of 48-week-old Gimmizah laying hens. There were significant
differences among treatments in plasma concentrations of total protein (TP),
globulin (G), Cz and inorganic P, and activities of plasma transaminases
(AST and ALT). Feeding the negative control diet (Diet 2) resulted in
significant reductions in plasma TP, Ca and inorganic P compared with those
of the control group (on Diet 1), all other measurements were not affected.
Supplementing the negative control diet (Diet 2) with MP at levels of 500 or
1000 U/kg (Diets 3 and 4) restored the levels of TP, Ca and inorganic P to the
corresponding values of the control group (on Diet 1). Similar responses werg
observed when the negative control diet (Diet 2) was supplemented with
either VD alone (Diets 5 and 6) or in combination with MP {Diets 7, 8, 8 and
10}
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These results are in good agreement with the findings of Viveros et al.
{2002) who found that activities of serum AST, ALT, alkaline phosphatase
and taciate dehydrogenase, as well as TP concentration were significantly
affected by dietary MP supplementation to low-P diets for broiler chicks.
However, Salem et al. (2003) observed a positive significant effect of dietary
phosphorus level on plasma Ca and P while phytase addition had no effect
on plasma Ca and P in broiler chicks. Edwards (2002) found that high dietary
levels of vitamin Ds (110 microgram and 220 microgram/kg diet) increased
phytate P utilization, as measured by plasma Ca and P, bone ash and
retention of Ca and P in broilers. El Afifi and Abu Taleb (2002) reporied that
blocd calcium levet was significantly increased by feeding estradiol plus
cholecalciferol in laying Japanese quails.
Bone and egq shell characteristics

Data shown in Table 5 summarize the effects of feeding low-Ca-P-
diets, supplemented with MP, VD or their combinations on tibia length and
width, and Ca and P contents of tibia bone and eggshell of Gimmizah laying
hens. Dietary treatments had significant effects on tibia and eggshell contents
of Ca and P, while tibia length and width were not affected. Feeding the low
Ca ang P diet (Diet 2) significantly reduced Ca contents in tibia bone and
eggshell compared with the control diet (Diet 1); P contents, however, were
not affected. Adding MP, VD or their combinations could compensate for the
adverse effect of feeding the negative control diet (Diet 2) that was exerted
on Ca contents of tibia bone and egg shell (Diets 3, 4, 5, 6, 7 and 8). The
dietary combined supplementation with MP and VD (particularly Diets 9 and
10) produced additional significant improvements in Ca and P contents of
tibia bone and eggshell.

These results are in agreement with those of Salem et al. (2003) who
found that adding microbial phytase to broiler chick diets significantly
increased tibia contents of ash, Ca and P. Working with laying Japanese
quails, El Afifi and Abu Taleb (2002) reported that tibia weight of laying
Japanese quails was increased by 4% and 12% over that of the control due
to feeding estradiol and estradiol plus cholecalciferol, respectively. However,
Newman and Leeson (1999) did not observe any improvement in tibia
measurements due to cholecalciferol supplementation into layers diets.

Egg fertility and hatchablity

Data on effects of feeding low-Ca-P-diets, supplemented with MP,
VD or their combinations on egg fertility, hatchability and embryonic mortality,
and egg-weight-loss (%) during incubation of Gimmizah laying hens, are
presented in Table 6. With the exception of embryonic mortality, significant
differences were observed among dietary treatments in percentages of egg
fertility, and hatchability and egg-weight-loss. Feeding the negative controi
diet (Diet 2) significantly decreased egg fertility compared with that of the
control group (Diet 1). Adding MP, VD or their combinations could offset the
adverse effect of feeding the negative control diet (Diet 2) that was exerted
on egg fertility. This result is in consistent with a conclusion drawn by Um and
Paik (1999) that dietary phytase supplementation may influence the utilization
of not only phytate P but also that of other nutrients by laying hens.
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CONCLUSION
it could be concluded that adding microbial phytase and/or vitamin
D3 to low-Ca-P-diets can exert & beneficial effect on productive and
reproductive performance. and Ca and P utilization by the laying hens.

Table (6): Effects of feeding low-Ca-P-diets supplemented with
microbial phytase (MP) and/or vitamin D, (VO on egqg fertility and
hatchability, embryonic mortality (EM), and egg-weight-loss of
Gimmizah laying hens

Fertility |Hatchablity| EM E?ogs‘;‘(ﬂf}h‘
Treatments (%) (%) {%)

Diet 1; (Control) 86.38% 80.99° | 669 | 10.32"°
Diet 2; (Low-Ca &P ) 82.79° 76.36° | 6.81 12.79°
Diet 3; 500U MP/kg 85.67° 81.35° 7.66 10.72%
Diet 4; 1000U MP/kg 86.22% 80.71 | 711 | 10.42™
Diet 5; 400 1U VD/kg 86.52° 8127° | 544 | 11.04° |
Diet 6; 800 IU VD/kg 86.63% 81.09° | 7.79 | 10.30™
Diet 7: 500U MP+4001U VD/kg _ 87.25% 80.98° | 542 0.35° |
Diet 8; 500U MP+800IU VD/kg 87.26> | 82.01° | 6.95 g
Diet 9; 1000U MP+4001U VD/kg 88.80° 82.38° [ 607 8.93%
Diet 10; 1000U MP+800IU VD/kg | 88.72™ | 83.79° | 6.08 8.08°
Pooled SEM 0.49 0.33 0.31 0.33
Significance o 4 NS *

a-¢ : Means in the same column bearing different superscripts differ significantly.
NS: not significant; *P<0.05
SEM denotes to the standerd error of the means.
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