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Abstract. An  cxperiment was conducted to determine the influence of cholecalciferol (Vit Di). 1.25-
dihydroxycholecalciferol (1.25-(OH)2D3) and ascorbic acid (AA) at the level of 500 mg/kg dict on growth
performance and bone development of male large White turkeys during 3 to 21 days of age. Poults were
housed in electrically heated batteries and the fluorescent lighting was sleeved to remove ultraviolet radiation.
The corn-soybean meal basal diet contained 0.83% Ca and 0.66% available-P. Vit Dx was supplemented at
300. 600. 900 and 1800 ICU/kg diet, with and without AA. 1,25-(OH)2Ds was supplemented at 5. 10 and 20
ug/kg alone and 10 ug with Vit D (900 ICU/kg ) or AA. Near maximum gain occurred with 900 ICU of Vit
Dy/kg with or without AA. Maximum gain and no rickets occurred with all levels of 1.25-(OH).Ds alone or
with Vit D: Bone ash (tibia and toe) and breaking strength were reduced with 900 ICU of Vit Di/kg or Sug
.25-(OH:Dy/kg. AA did not affect criteria measured. This research indicated that :1) 5 ug 1.25-(OH),Dy/kg
diet met the requirement of the turkey poult for gain and rickets prevention but more was required for
maximum bone ash and breaking strength. 2) AA did not influence the requirement of Vit D

Introduction

The antirachitic Vit D occurs in several forms. Cholecalciferol (Vit Ds) is the form
considered most important as an essential nutrient in animal diets [1. p. 131]. Under
exposure to ultraviolet irradiation, 7- dehydrocholesterol is converted to cholecalciferol
subcutaneously. Cholecalciferol is supplied to the animal from the dietary sources and
absorbed in the intestine at an efficiency of about 60-70% [2].

It is well known from early literatures [3,4] that the requirements of Vit Dy is largely
dependent on the ratio of Ca: P in the ration. The requirement of turkey poults for Vit Dy
was listed by NRC [5, p. 29] as 900 ICU/kg of diet containing 1.2% Ca and 0.6% available
P. While the recent edition of NRC [6, p. 306] referring to studies by [7] indicated that
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1100 ICU/kg of diet was necessary to maximize both growth and toe ash content of
turkey poults when the diet containing 1.2% Ca and 0.6% available P.

Deluca [8] concluded that 1,25-dihydroxy cholecalciferol [1,25(OH), D,], a
steroid hormone, is a biologically active metabolite of Vit D, and is ten times more
effective than Vit D, in preventing and curing rickets. The active metabolite 1,25(OH),
D, acts directly at the intestinal level to stimulate intestinal Ca and P absorption. Sanders
and Edwards [9] reported that the use of 1,25(OH),D, as a dietary supplement, to aid in
prevention of leg abnormalities and to increase bone ash in turkeys, was promising. In
addition, Edwards ef al. [10] reported that supplementation of 3 ug of 1,25(OH), D./kg
of diet could satisfy the broiler’s Vit D, requirement as measured by body weight, bone
ash, rickets and tibia dyschondroplacia.

Traditionally, AA is not required in poultry diéts because avian species are capable
of producing AA biosynthetically. AA is required for the hydroxylation of proline to
produce collagen bone matrix. The functional form of Vit D, metabolite and AA are
produced in turkeys. It has been suggested that AA is important in the conversion of Vit
D, to its functional form, 1,25(OH),D,, thus enhancing Ca absorption [11, pp. 71-76; 12,
pp. 644-653]. This indicates that AA could enhance Ca absorption. On the other hand,
[13] reported that in the first 15 days, post — hatch, chicks can not synthesize AA ata
high rate to meet the requirement and cope with stress factors and the calcification
process. Therefore, young chicks may benefit from the addition of AA to the diet in the
sense that it synergistically affects the synthesis of 1,25(0OH),D;.

The present study was conducted to determine the influence of dietary Vit D,
1,25(0H),D, and AA on growth performance and bone development of male large
White turkeys during 3 to 21 days of age.

Materials and Methods

The present study was carried out at the Department of Animal Science, College of
Agriculture, University of Minnesota, USA (1993/1995) as a channel system program
between Egypt and USA. This research was completed as a partial requirement for the
Ph.D. degree for Mrs. F.A. Atia.

Four hundred and forty eight 1-day old male large White turkeys (Nichols strain)
were obtained from a commercial hatchery. Birds were randomized, wing-banded and
caged by group in electrically heated battery brooders with wire mesh floors in the
absence of ultraviolet light.

The poults were fed for 3-days on a commercial typical corn-soybean meal type
diet as a pre-experimental period, and were weighed individually at 3 days of age, sorted
into similar body weight, then distributed equitably into groups of 8 poults per pen. There
were four replicates (pens) per treatment. The pens in each battery comprised a block and
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treatments were randomized within each block. At 3-days of age poults were fed the
experimental diets until 21 days of age. Feed and water were supplied ad — libitum.

The composition of basal, control and experimental diets are shown in Table (1).
Experimental diets were formulated by using Acufeed, a least — cost linear program of
diet formulation provided by the Wala Group, St Paul, MN, USA, and NRC [6] was used
as nutrient guidelines for turkey poults requirements.

Table 1. Composition of the basal and control diets and the experimental treatments

Basal Contrel Treatments  Vitamin Dj 1,25  Ascorbic
Ingredients diet diet Units  Weight (OH):D;  acid
g/kg g/kg ICU/kg Ug/kg  Hg/kg mg/kg
Ground yellow corn 433.21 428.20 1 300 7.5 0 0
Soyhean meal (47%) 505.40 500.00 2 600 15.0 0 0
Corn oil 20.08 19.98 3 900 225 0 0
Fermentation residue 2.50 2.50 4 1800 45.0 0 0
product
DL-methionine 2.26 2.24 5 300 7.5 0 500
Dicalcium phosphate 26.09 25.82 6 600 15.0 0 500
Calcium carbonate 3.56 14.36 7 900 225 0 500
Natrium chloride 3.00 3.00 8 1800 45.0 0 500
Mineral premix” 1.25 1.25
Vitamin premix”’ 2.65 2.65 9 0 0 5 0
1000 1000 10 0 0 10 0
Calculated nutrients composition 11 0 0 20 0
ME (MI/ke) 12.18 12.05
Crude protein 278.5 275.52 12 900 225 10 0
Caletum 8.3 12.3 13 0 0 10 500
Total-P 9.2 9.1
Non phytate-P 6.2 6.2 149 900 22.5 0 0

" Fermacto®, a natural feed supplement, based upon a primary fermentation. Pet-Ag. Inc.. Elgin, 1. 60120.

' Trace mineral mixture MNTM contains: 2% iron, 0.3% copper, 0.6% manganese, 0.6% zinc, 0.12% iodine,
0.02% cobalt and 0.161% selenium.

' Vitamin mix MTS-74 supplies (per kg of mixture): 4,400,000 1U vitamin A acetate, 5.500 IU vitamin E
acetote, 1.1g menadion dimethyl pyrimidinol bisulfate, 2.65 g riboflavin, 4.0 g dicalcium pantothenate. 26.5
¢ nfucin. 198.4 g choline chloride, 4 mg vitamin B12, 22 g folic acid, 0.55 g pyridoxine and 22 mg biotin.

* Contro! diet (treatment 14) contained 12.3 g Ca/kg and all other treatments contained 8.3 g Ca/kg diet.

The poults were observed daily for mortality and indications of leg problems.
Individual body weight, leg rickets score and pen feed consumption were recorded at 9,
15 and 21 days of age. At 21 days of age three poults per pen closest to the average
weight were chosen for blood and bone samples.

Leg/rickets score
Each bird was given a score for leg condition. The score were; O: Standing birds
with normal legs; 1: bird may be affected; 2: bird obviously unsteady, sits down,
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rcluctant to move: 3: bird has rotated tibia or severely bowed legs. but still able to walk
some and 4: bird unable to stand [14].

Breaking bone strength and bone ash

The left tibia was separated and cleaned of all adhering tissues. An Instron (Model
[122) Universal testing machine (Instron Canton, MA) equipped with 500-kg load cell
was used to determine the force necessary to break the tibia bone. The force was applied
to the center of the tibia. The bone fragments resulting from the breaking strength
determination were collected, dried, fat extracted with ether, dried and weighed. The dry
fat-free bones were ashed (550 °C/ 24 hours). The ash was expressed as the percentage of
the fat-Iree bone weight. The determination of toe ash was done according the procedure
ol [15].

Determination of Calcium, phosphorus and alkaline phosphatase

Blood serum were analyzed for Ca, P and alkaline phosphatase activity using Sigma
procedures No. 587. 360 UV and 104, respectively, Sigma Diagnostics. St. Louis, Mo.,
USA.

Experimental design and statistical analysis

A randomized complete block design was used with blocks based on location and
the block by treatment interaction representing the error term. The mathematical models
used were:

\/'.Ik = l,l + B+ F, + BT]l + Cijk ( Model 1)
where Y observation on the k" individual bird in the | treatment in the "

block.

W: overall mean.
B;: the fixed effect of the i™ block.
T, the fixed effect of the " treatment.

BTij: the interaction between the i" block and the j" treatment.

and ¢;: the random error associated with the observation Y.
This model was applied to body weight, weight gain and breaking bone strength where
individual observation was measured.

Yii = lJ, + Bi +Tj + Cjj (Model 2)
Where : Yy pen average in the "™ treatment in the i"™ block.

LL : overall mean.
B;: the fixed effect of the i" block.
T the fixed effect of the " treatment.
and ¢ the random error associated with the observation Yj;.
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This model was applied to feed intake, feed efficiency, blood measurcments, rickets
score, and tibia and toe ash, where one value was calculated for each pen.

Data from experiment were analyzed by the General Linear Models (GLM)
procedure of SAS [16]. Significant differences among treatment means were separated
by Duncan’s new multiple range test [17] with a 5% level of probability.

Results

Body weight and gain

The addition of graded levels of Vit Dy with or without AA (urt 1-8) had no
significant effect 6 days after onset of the experiment (Table 2). Small reductions in
growth (body weight and gain) were observed due to 10 or 20 [Lg ol 1.25-(OH),D5 /kg
diet (ut 10 and 11) during the first experimental period (3-9 days). The latter 20 Ug of
1.25-(OH)-Dy/kg diet, (urt 11) caused a significant depression in body weight and gain
compared with 600 and 900 ICU Vit Dy/kg diet alone (trt 2 and 3) or 300. 600, and 900
[CU Vit Di/kg diet combined with AA (trt 5-7).

Starting at the second experimental period 9-15 then third 15-21 days of age,
feeding low level of Vit Dy (300 ICU/kg diet, trt 1) caused a significant decrease in body
weight and gain (Table 2). Increasing the level of Vit Dy in the basal diet from 300 to
900 ICU/kg diet (trt 2 and 3) reflected a significant increase in body weight (at 21 days)
and gain (15-21 and 3-21 days). The average body weight at 900 ICU Dy/kg and 8.3 g
Ca/kg diet (trt 3) was comparable to the control (900 ICU Dy/kg and 12.3 ¢ Ca/kg diet,
ut 14). When Vit D3 was fed at a higher level (1800 ICU/kg diet. trt 4). compared to 900
ICU/kg (it 3). body weight (21days) and gain (9-15, 15-21 and 3-21 days) were non
significantly heavier. The addition of 500-mg AA/kg diet, with the same levels of Vit Dy
(trt 3-8). resulted in no significant effect on body weight or gain.

Supplementation of the diet with graded levels of 1.25-(OH),D; (5. 10, and 20 1
o/kg diet. tt 9-11) resulted in no significant effect on body weight or gain at all ages.
The addition of 20 g 1,25-(OH),Dy/kg diet. (tre 11) did not produce any depression on
growth at 21 days of age. The combination of 900 ICU Dy and 10 [lg 1.25-(OH),D./kg
diet (ot 12) resulted in body weight and gain similar to those fed higher levels of Vit Dy
(900 and 1800 ICU/kg diet, trt 3 and 4) and to those fed different levels of 1.25-(OH),D;
(rt 9-11). Reduction observed in body weight was due to the addition of 500 mg AA/kg
diect with 10 Hg 1,25-(OH),D; (trt 13) compared with 10 g 1,25-(OH),Dy/kg diet (trt
10) alone.



20 1. H. Hermes et al.

Table 2. Effect of dietary Vit D,, 1,25-(OH),D; and AA on live body weight and weight gain of male
turkey poults from 3 to 21days of age
Treatments Body weight, at days (g) Weight gain, during days (g)
3b 9 15 21 39 9-15 15-21 3-21
g g

66.91.9° 1313 215%7¢ 282114 64.4F3.0%c  g3t4er st 215t

2 66.81.9° 133E3% 2316 36712 66.312.5% 9gFatede  136Fex  300E11M
3 66.81.9° 133F4®  245%7° 411F13*  66.4%3.8% [12Fawe  |e7hs  345F13
4 66.91.9° 130E3%  244t6® 424F10° 63.4F2.6% 114F4®  180%7¢  358%0
5 67.1E.8 1363 215Es 204%8t 680230 78ty Iste 226w
6 66.71.9* 138%3"  234%s5c 351F11c 70.8%2.9¢ 97H3cde (17Eg 284%11C
7 66.8%.8 137%3*  248F6* 4tet12* 69.913.0% (11FE4we  jegE7* 349F12e
8 66.81.9* 127F4%  240F6® 417%10* 60.2F3.4% 113k3  177Fe*  350%10°
9 66.71.9* 130E3%  243%6® 417F10* 632131 113k3we (74t 350F10°
10 66.51.9¢ 125%3%  239%5®  414F10° 58.5F2.5% 11473 174%5 347%000
11 66.81.9* 121E3¢  237%6% 417E£9*  54.4%3.0c 113E3™c [79F4r 33509
12 67.2F.9° 128F3%®c  244F7® 419%120 61.0F2.8% 116F3*  175k6  351E11e
13 66.8F.8* 126F3%  221F6b  378F10%c 59.4F2.7>  94t3é  sgE7e 312F)0%
147 66.81.9* 130F3%  237F6®c 408F11% 6361310 10730 171H6* 341211

Meant SE 06.8%.2 130109 23572  389%4 630308 105kl 1533 32244
1) Weight at commencement of the experiment.

2 Control diet (treatment 14) contained 12.13 g Ca/kg diet, all other treatments contained 8.3 g Caskg diet.
*TValues in a column not followed by a common letter are significantly different at P <.05.

Feed intake and efficiency

Data of feed intake and feed efficiency (feed/gain) are given in Table 3. The lowest
average daily feed intake and highest value (less efficient) for feed efficiency (3-21
days) were obtained with feeding of 300 ICU Vit Dy/kg with (trt 5) or without AA (trt

1). The best feed efficiency was obtained when 1800 ICU Vit D, (trt 4) or 10 pg 1,25-
(OH),D; (trt 10) was added to the basal diet (3-21 days).

Leg condition and mortality

Leg abnormality (rickets score) and mortality data are given in Table 4. The effect
of low levels of Vit D, (300 and 600 ICU/kg diet, trt 1 and 2) on leg disorders started
after 9 days of age. Increasing the level of Vit D in the diet from 300 to 600 ICU/kg diet
(trt 1 and 2) significantly reduced the rickets score at 15 and 21 days of age. Increasing
the level to 900 ICU Vit D,/kg diet (trt 3) resulted in no rickets at 15 days of age and
minimum score of rickets was noticed at 21 days of age. Feeding 1800 ICU Vit D,/kg
diet (trt 4) resulted in no rickets neither at 15 nor at 21 days of age. There were no
significant differences in rickets score between 900 and 1800 ICU Vit Dykg
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diet (trt 4) resulted in no rickets neither at 15 nor at 21 days of age. There were no
significant differences in rickets score between 900 and 1800 ICU Vit Dykg diet
treatments.

Table 3. Effect of dietary Vit D;, 1,25-(OH),D; and AA on feed intake and feed efficiency ( g feed/g gain)
of male turkey poults from 3 to 21 days of age

Treatments Daily deed intake, during days Feed efficiency, during days

3-9 9-15 15-21 321 3-9 9-15 15-21 3-21
g g

19994 2gost 2616 2496k 187070 211F08 250E22 2.13E03

0.54% (.95 2690 0.96¢

1908+  3132F 4010 30.17% 174070 1.94%.09% 178305 1.82% 39

0.74% 0.76% 2.33¢ 1.25¢

(3]

3 1954+ 33.41F  47.15%  3325%  1.76k.04° 1.80F.05% 1.70F.05* 1.74F.03¢
0.50® 1.29% 1.16®  0.81%

4 1901t 32.66F 4836% 3334 18105 1.73E08* 16106 1.68%.03¢
0.54% 0.89% 127%  0.62%

3 2005t 27.04F  2826% 2497F 175060 2.10%.12¢ 233E104 2.01F.06%
0.52% 0.69¢ 2.64¢ 0.92¢

N 20.52%  32.34F 3785t 3006k 1741050 2.01F.04% 196109 1.91F.06"
0.38° 0.65® 1.40° 0.48°

’ 1970 3476%  48.77F 3441t 1701030 1.88F.05% 1.74F.03% 1.78%.02¢
0.31% 0.40° 0.74%  0.33°

8 19.124  3370%  50.59%  3447F 191F060 1.80F.06% 1.73F.08* 1.78%.07¢
0.81% 0.65% 1.382 0.61°

? 19.00F  3334% 4916k 3383t 1.81F.03° 1.77F.05% 1.71F10% 1.74F.04
0.58% 0.46* 0.46% 049

10 18.20% 3191 47.19%  3246F 1.89F.07° 1.68F.03° 1.62E.01%* 1.68F.01¢
0.37° 1.03% 1.45% (.9

t 1921% 32801 4902t 3313k 2:19F24 176k07™ 16403 171303
RRE 0.76% 1.35% .07

12 18.71F 3339t 4881t 3364t 1.85F.06° 1.73E£.04° 1.68F.04% 1.73F.03
0.17% 0.83% 0.86®  0.53®

‘}

13 1934 2883% 4486k 31.01F 1.97F07* 1.88t.18%c 178F 21 1.811.07¢¢
0.80% 1.35¢% 1.57° 1.04%

149

1887t 3283t 47771 33.15F  1.80L.08° 1.85F.07%c 1.70F.10% 1.76%.07¢
0.59® 0.74% 1.32%  0.81®

Meant 1931%  31.96% 4386+ 31.63F 1.84£03 1861003 182+04 1.80F.02
SE 0.16 0.35 1.10 0.45

U Control diet (treatment 14) contained 12.3 g Ca/kg diet, all other treatments contained 8.3 g Ca/kg diet.
*d Values in a column not followed by a common letter are significantly different at P <.05.

The addition of AA to 600 ICU Vit Dy/kg diet (trt 6) significantly increased rickets
score. The addition of 1,25-(OH),D, alone to the basal diet at 5, 10, and 20 pg/kg diet
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(trt 9-11) resulted in no rickets at all ages. Also, the addition of 900 ICU Vit D, or 500
mg AA per kg diet with 10 pg 1,25-(OH),D./kg diet (trt 12 and 13, respectively)
resulted in no rickets. The highest mortality was 15.6% and occurred with the lowest
level of Vit D, (300 ICU Dy/kg diet) combined with 500 mg AA/kg (trt 5) diet. The
addition of 20 pg 1,25-(OH),Dy/kg diet (trt 11) resulted in 9.4% mortality.

Bone ash and strength

Tibia and toe ash and bone breaking strength data are given in Table 4. Increasing
the level of Vit D, in the diet (trt 1-4) significantly increased bone ash (tibia and toe) and
strength. The values for bone ash and strength were lower when AA was added, (trt 5-8)
however, there were no significant differences compared with the different levels of Vit
D, alone.

Table 4. Effect of dietary Vit D, 1,25-(OH),D; and AA on rickets score, mortality rate and bone (tibia
and toe) measurements of male turkey poults from 3 to 21 days of age

Treatments Rickets score, at days Mortality Bone ash Bone strength
15 21 Tibia Toe
Score” (0-4) - % % Kg
: 0.5410.12*  1.39%0.07* 12.5%7.2® 38.2%1.3° 11.5%.3¢ 2.48%.35°
2 0.0610.04>  0.47F0.21° v 45.3%1.6° 14.1%.2¢ 571178
! 0 0.0610.04¢  3.1%3.1% 50.310.30¢ 15.51.7% 9.68F.69¢
4 0" 0* o 52.610.1% 16.2%.2 11.10%.55%¢
3 0.5910.37*  1.5240.23* 15.6%3.13° 37.6%1.2f 10.971 4¢ 2.352.19°
6 0.5510.15*  0.91F£020°  3.1%3.1% 44.1%0.9° 13.6%.2° 4.20% .41
7 0.0610.06>  0.2240.08 o 49.010.5¢ 1553 3 8.00E.46¢
8 0 o o 5220 .42 15.6F.2% 10.691.49%¢
9 0° o o 49.97%0.9 15.0%.3° 9.08%.53¢¢
10 0’ o o 52.310.2%® 16.21 4 10.97% 67%¢
1 0° o’ 9.4%04m 527401 16,1420 183,775
12 0 o o 53.2%0.3¢ 16.2%.4* 12.63%.42¢
13 0 o o 52.840.6% 155120 10.60E.71%
142 0° o v 53.740.3¢ 16.0%.2¢ 12,3857
Mean £ SE  0.1370.04  0.3310.08 3.1E1] 48.810.7 14.9% 2 8.71£.31

" Where score 0: normal legs, 1-3 degree of rickets severity, 4 bird unable to stand. .
2 Control diet (treatment 14) contained 12.3 g Ca/kg diet, all other treatments contained 8.3 g Ca/kg diet.
*d Values in a column not followed by a common letter are significantly different at P <.05.

Increasing the level of 1,25-(OH),D; from 5 to 10 pg/kg diet (trt 10) showed a
significant increase in bone ash. However, bone-breaking strength was increased but not

significantly. The addition of 20 pg 1,25-(OH),D,/kg diet (trt 11) did not produce any
increases in toe ash but increased tibia ash and bone strength. The combination of 900



Effect of Dietary Cholecalciterol ...... 23

ICU Vit D,/kg diet and 10 pg 1,25-(OH),Dy/kg diet (trt 12) resulted in increased tibia

bone ash and strength, however, toe ash was not affected, compared to 10 pg 1,25-
(OH),D,/kg deit (trt 10). In comparison to 900 ICU Vit Dykg (trt 3), there were
significant increases in bone tibia ash and strength. The combination of 500 mg AA/kg
diet and 10 pg 1,25-(OH),Dy/kg diet (trt 13) had no effect on tibia and toe ash and bone
breaking strength.

Blood serum measurements

Data of serum Ca, inorganic P and alkaline phosphatase activity are given in Table
5. Serum Ca was increased significantly with increasing Vit D, level in the basal diet
from 300 to 600 ICU/kg diet (trt 1 and 2). Increasing the level up to 1800 ICU/kg diet
(trt 3 and 4) further increased serum Ca, but not significantly. AA reduced serum Ca

concentration of the birds when fed with different levels of Vit D, (trt 5-8) or 10 Lig
1,25-(OH),D; (trt 13).

Table 5. Effect of dietary Vit D;, 1,25(OH),D; and AA on serum calcium, inorganic phosphorus and
alkaline phosphatase of male turkey poults at 21 days of age

Treatments Serum
Calcium Inorganic phosphorus Alkaline phosphatase
mg./dl sigma units/ml
! 566121 7.9110.79* 154.7420.3¢
2 7,324 247 7.18%0.66* 08.119.8"
3 7.67%.28¢ 6.4410.34 63.813.7¢
4 8 1226 6.6130.64° 49.9%6.7¢
3 499131 7.32%0.22¢ 143.919.7¢
o 6.50%.38" 6.5010.27° 85.917.90
7 7.13% 01 6.7010.49 66.47%2 2¢
8 7421 08¢t 6.9610.25% 60.5%3.5¢
9 8.00F.29¢" 6.3010.40 68.113.5¢
10 8.59F 280 6.8310.21* 69.615.0¢¢
1 883126 6.60£0.61* 64.5%1 8¢
12 9.881.05° 7.37%0.38¢ 65212 1<
13 8.50%.16b¢ 7.20%1.18 63.813.0
14" 9.17%.30° 7.53%1.05 52.3%1.9¢
MeantSE 7.70 20.18 6.9610.15 79.1%4 5

! Control diet (treatment 14) contained 12.3 g Ca/kg diet, all other treatments contained 8.3 g Ca/kg diet.
*# Values in a column not followed by a common letter are significantly different at P <.05.

This decrease of serum Ca (trt 6) was significant compared with 600 ICU Vit D,/kg
diet (trt 2). Increasing the level of 1,25-(OH),D; from 5 to 10 pg/kg diet (trt 10) had no
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significant effect on serum Ca, while further increase 20 Hg (trt 11) resulted in
significantly higher Ca concentration in the serum. The combination of 900 ICU Vit
Di/kg and 10 Ug 1,25-(OH),Ds/kg diet (trt 12) resulted in an increased serum Ca above
any other treatment.

Serum inorganic P was not affected significantly by any of the treatments. Although
in a small range, some of the differences may be biologically significant. Increasing the
level of Vit D; in the diet from 300 to 900 (trt 1-3) significantly decreased alkaline
phosphatase activity. Feeding 1800 ICU Vit Dy/kg diet (trt 4) reduced the activity further
but not significantly when compared with 900 (trt 3) or control diet (trt 14). AA (rt 5-8)
had no significant effect on alkaline phosphatase activity over the addition of Vit D3. The
addition of graded levels of 1,25-(OH),Ds/kg diet (trt 9-11) had no effect on the enzyme
activity even when 10 Hg 1,25-(OH),Ds/kg combined with 900 ICU Vit Dy (trt 12) or
500 mg AA (trt 13 ) per kg diet.

Discussion

Adding Vit Dy less than the NRC [5] recommended level (trt 1 and 2) with 8.3 g
Ca/kg produced at 9 days of age normal growth and no rickets appeared in-spite ot the
special precautions taken to exclude the ultraviolet light from the fluorescent lamps in the
hattery brooders of the poults. This could be explained by more than one factor: a)
Reasonable carryover effect of Vit D3 were reserved from the dams in the day-old poults,
may be still present till 9 days of age. Stevens et al. [18] reported that the poults
quantitative requirement for Vit Dy at the early age is influenced by the amount of Vit D;
present in the poult at hatching. This is an indication that Vit Dj level in the breeding diet
was important during the first two weeks of the new hatched turkey. After that, Vit D,
content of the poults starting diet exerted its influence on growth and bone development.
However, Hedstrom [19] reported that turkey poults fed a diet deficient in Vit Ds
developed rickets by 10 days of age. b) The effect of feeding the poults for the first three
days of age on control diet, which contained 900 ICU Vit Dy/kg diet.

Low supplementation of Vit Dy had negative effect on all criteria. Feeding dietary
levels of Vit Dj less than 900 ICU/kg (urt | and 2) decreased body weight, gain, feed
intake. bone ash. tibial breaking strength, and serum Ca and increased alkaline
phosphatase activity and rickets score. Feeding Vit D; at dietary level of 900 ICU/kg diet
(trt 3) increased gain, bone ash (tibia and toe), bone breaking strength and serum Ca. The
severity of rickets and the activity of serum alkaline phosphatase decreased with
increasing Vit D; levels. The similarity in growth performance between 900 ICU Vit
Di/kg level (it 3) and control diet (trt 14) could indicate that 8.3 ¢ Ca/kg dietis
adequate with 900 ICU Vit D; for growth but not enough for bone development and
freedom from rickets. When Vit Ds; was fed at higher level (1800 ICU/kg, trt 4),
compared to 900 ICU/kg, (irt 3) body weight gain values were similar but there were
consistent improvement in bone ash, bone breaking strength and serum Ca with no
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rickets observed. This indicates that 900 ICU Vit Dy/kg diet met the requirenients for
gain with ultraviolet light excluded, but more was needed for bone deveiopment. Higher
level of Vit Dj has a sparing effect on Ca level, since the main established role of Vit Ds
is to stimulate Ca-binding protein and enhance Ca absorption from the intestine [8]. Also,
bone ash values were more responsive to Vit Dy manipulation than body weight. Similar
results with poults and chicks were found in other studies [9, 10, 20- 24]. These results
are confirmed by the NRC [6], where the requirement of Vit Dj for turkey poults were
increased from 900 TCU/kg by the NRC [5] to 1100 ICU/kg. NRC [6].

Supplementation of the diet with graded levels of 1.25-(OH),Dy cver 5 Herkg (trt
10 and 11) had no significant effect on gain, alkaline phosphatase activity, serum P or
occurrence of rickets. Similar results were reported by others [ 10, 22, 25]. The addition
of 1,25-(0H),D; at 5 We/kg diet (trt 9) improved all criteria comparing with the low
levels of Vit Dy (7.5 and 13.0 Wg/kg, Trt 1 and 2), and was comparable to the higher
levels of Vit Dy (trt 3 and 4) and control (trt 14). This indicates that 1,25-(OH),D; has
more activity than Vit Dj in improving growth, rickets free, maintaining bone ush and
enhancing Ca mobilization in turkey. These results were in accordance with previous
observation [26] in chickens and rats, and [10. 27] in chickens.

In order for Vit D; to carry out its physiological function, it must undergo a two-
step hydroxylation; first in the liver to produce 25-OH Ds, the major circulating form of
Vit Ds. followed by a second hydroxylation in the kidney to produce 1.25-(OH),D; the
biologically active hormonal form of Vit Ds. This hormonal form has a key role in Ca
homeostasis, directly controlling the absorption of dietary Ca from the small intestine and
the resorption of Ca from bone as well as influencing reabsorption of Ca from the
proximal tubules of the kidney [8]. The rapidly growing young broiler is unable to
produce 1,25-(OH),D; from dietary Vit Dy efficiently enough to stimulate maximum Ca
absorption and bone formation [21, 28]. On the other hand, Hedstrom [ {9} reported that
Vit D; was more effective than 1,25-(OH),D; when fed to turkey.

Increasing the level from S to 10 Ke 1,25-(OH),Day/kg diet (irt 10) increosed tibia
and toe ash, breaking strength and serum Ca. These results were likely due to the direct
effect of 1,25-(OH),D; on both increasing Ca absorption utilization and reutilization
during modeling in bone development. The addition of 20 g 1.25(0H)-Dy/kg diet (trt
I'1) did not produce any depression on growth and had no significant effect over 10 L
e/kg diet. In the same order, no significant reduction on growth of chick with increasing
the level of 1,25-(OH),D; over 5 Mg/kg as was shown by some investigators [22, 29],
while others have reported a significant depression in growth with higher level of 1,25-
(OH),D; [ 30, 31, 24]. The toxic level of 1,25-(OH),D; was reported to be 15 [lg/kg in
broiler diets. Edwards et al [10] reported that the addition of 3 flg 1,25-(OH),Ds/kg diet

of boilers increased growth rate, while 15 [ig decreased it. Maximum bone ash was
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obtained from 3 [lg/kg supplementation of 1,25-(OH),D; , while supplementation with 9,
12 and 15 Wg/kg actually decreased bone ash from this maximum values. Xu et al. [30]

found that a toxic level of 1,25-(OH),D5 (15 Wg/kg) resulted in poor growth rate and feed
clficiency of the broilers.

The variation in the results between difterent reports might be due to differences in
Ca level of the diets. Mitchell and Edwards [32] indicated that lowering the dietary Ca
level may prevent some of the decreases in body weight in birds given 1,25-(OH),D;. It
could be that increasing the level of 1,25-(OH),D; increased Ca absorption and this
resulted in hypercalcemia and depressed P concentration in blood. All the mentioned
reports were done on chickens and to our knowledge no work on the use of 1,25-
(OH)-D; alone on turkey was reported yet.

The combination of 10 g 1,25-(OH),Dy/kg diet (trt 12) improved gain, tibia and
toe ash. and increased serum Ca and breaking bone strength over 10 Wg [.25-(OH),D;
(e 10y or 900 ICU Vit Dy (trt 3) alone and over the control (trt 14). In good agreement
with the present results, [10, 30] on chick and [9] with the turkey.

In this experiment. the addition of 500 mg AA kg diet to graded levels of Vit Dy (trt
5-8) or 10 Wg 1.25-(OH),Da/kg diet (trt 13) had no beneficial effect on all criteria
measurcd. The lack of AA effect on body weight gain was in contradiction with previous
work where level of 0.5% dietary AA decreased body weight gain in young coturnix and
poults compared with those which were not supplemented with AA [33]. AA is required
for the hydroxylation of proline for the production of the collagen matrix of bone. The
results Irom the present study indicated that AA does not alter the development of bone
with Vit Ds-deficient diet or with higher levels of Vit Dy or 1,25-(OH).D5; in the first 3
weeks of age. This is in agreement with others [34,35]. Although poultry can produce
AA endogenously, stress, feed or environmental factors can interfere with this process.
Weiser, et al. [12] reported a stimulating or synergistic effect of AA with Vit Dy and
1.25-(OH)-D; in broiler chicks. Broilers at early age (2-3 weeks) can not synthesis AA at
a high rate and that the availability of endogenously synthesized AA is low. Hence,
voung chicks may benefit from addition of AA to the dict in the sense that it
synergistically affects the synthesis of 1.25-(OH),D5 [13].

The high activity of alkaline phosphatase was accompanied with severe rickets. L.e..
birds fed alow level of Vit Dshad both high rickets score and high alkaline phosphatase
activity. Mos and Henderson [36] reported that alkaline phosphatase enzyme is involved
in the calcification process in bone (osteoblasts). In rickets, alkaline phosphatase activity
two (o four times normal may be observed, and these fall to normal upon treatment with
Vit Dy The graded levels of 1,25-(OH),D; above 5 [g/kg did not affect the alkaline
phosphatase activity. Similar finding was reported by others [22, 37, 38].
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Conclusion

This research indicated that: (1). The use of 1,25-(OH),D, as a dietary supplement

to prevent rickets and to enhance bone development in turkey is promising. (2) 5 1g
1,25-(OH),D,/kg diet met the requirements of the turkey poult for gain and rickets
prevention but more was required for maximum bone ash and breaking strength. (3). The
addition of AA was not beneficial and did not influence the requirement of Vit D, and
more studies on the role and levels of AA in Vit D and Ca metabolism of the turkey are
needed.
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