Zag. Vet. J. (ISSN. 1110-1458) Vol. 36, NO. 2 (2008) PP.149-159 149

The Interaction Effect Of Calcium And Vitamin C on the Performance Of
Commercial Broilers chicks Under Summer Condition.
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ABSTRACT

The present work was performed to study the effect of dietary calcium level, vitamin C
(ascorbic acid) and their interaction on the performance of broiler chicks during hot summer
season (28-35°C).

A 3X3 factorial treatment arrangement was carried out including three levels of dietary
calcium (0.7, 1.0 and 1.3 %) and three levels of supplemented ascorbic acid (0, 300 and 600 mg
/kg diet). A total number of 270 Cobb broiler chicks were randomly distributed into nine
treatment groups (three replicate each). Chicks in all treatments were equal in number and had
nearly similar initial body weight.

The results obtained showed significant (p<0.05) improvement in live body weight at 4 and 7
weeks of age and body weight gain during all the experimental periods when chicks were fed
either 0.7 or 1.0% dietary calcium as compared with those fed 1.3% . No significant differences
were observed on feed intake due to dietary calcium levels during all the experimental periods
while feed conversion for both the starter and the whole experimental period improved
significantly (p<0.05 or p<0.01) when chicks were fed 0.7% dietary calcium as compared with
other treatments. The ascorbic acid supplementation didn't affect significantly (p<0.05) on live
body weight, body weight gain and feed conversion ratio at any level compared to the
unsupplemented one. However, feed consumption during all the experimental periods were
significantly increased (p<0.05). The interaction effects between dietary calcium and ascorbic
acid levels were significant (p<0.01) on body weight gain and feed conversion ratio. In
conclusion, from the nutritional and economical point of view, it could be concluded that, a
minimum level of 0.7 % calcium and optimum one of 1% calcium with 300 mg vitamin C /kg
diet are recommended for the feeding of Cobb broiler chicks, from 1-7 weeks of age under
Egyptian summer conditions.

conditions, the optimum Ca level should be
greater than 1.0% but should not exceed

INTRODUCTION

Animals are subject to stress from a number
of sources, among them management
husbandry practices, nutrition and
environmental temperature. For poultry in
tropical and sub—tropical countries
environmental temperature is the major stress.
Heat stress is known to have a negative effect
on productive of chickens such as growth feed
intake, feed conversion, carcass traits and
mortality rate...... etc .(1,2).

Calcium i1s one of the key elements
required for maintenance and egg production.
It plays a major role in a wide variety of
biological ~ functions.  Under  tropical

1.2%.(3).

Recent studies in poultry have shown
that supplemental ascorbic acid given in
feed or drinking water or by injection has
improved performance of chickens during heat
stress. Other studies have reported that
ascorbic acid had little or no beneficial effect
on broiler performance (1,4).

Dietary supplementation with Vitamin C
increased the growth rate by 4.5%, and
improved the tolerability to stresses and
reduced the mortality by 5% (5).

In view of the above, it seems there may
exist a significant interaction between vitamin
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C and calcium with respect to metabolism and
bone formation, which has not been explored
in species that synthesize ascorbic acid.
Therefore, Vitamin C nutrition should have
influence on calcium and phosphorus
metabolism in young chicks which possess no
ability to synthesize vitamin C. Supplemental
vitamin C enhanced the mineralization of the
skeleton of young poultry (6, 7).

Therefore, the objective of the present
study was to assess the effect of different
levels of vitamin C and calcium on
performance of broiler chicks.

MATERIALS AND METHODS

A total number of 270 unsexed one week
old Cobb chicks were randomly distributed
into 9 groups (each of 30 chicks). The chicks
were not statistically different in average of
body weight. Each group was divided into
three replicates (each of 10 chicks).

A factorial design arrangement (3 X 3) was
performed included three levels of calcium
(0.7, 1.0, and 1.3 %) during the starter period
(1-4 weeks of age)} and the finisher period (4 -
6 weeks of age) and three levels of
supplemented ascorbic acid (0, 300, 600
mg/kg diet. The basal experimental diets were
formulated to contain 0.7, 1.0 and 1.3 %
calcium during the starter and the finisher
periods (Table 1). Each diet was fed either
without or with ascorbic acid at levels 0, 300
and 600 mg/kg diet.
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The experiment was carried out during
summer season. The maximum and minimum
ambient temperatures were recorded daily at
noon (12:00 pm). The ambient temperatures
ranged between 28 and 35°C, while the
relative humidity was between 54.5 and 62.6
%.

Chicks were individually weighted at 1, 4
and 7 weeks of age. Also body weight gain
was calculated. Feed intake data were recorded
at the end of starter, finisher and the whole
experimental periods on a replicate basis
during the experimental periods consequently,
feed conversion was estimated (g feed/g gain).
Economical efficiency (EEF) of the each
experimental groups was also calculated
according to the following equation: EEF% =
(A-B)/B X 100, where A is the selling cost of
the obtained gain and B is the feeding cost of
this gain.

At the 7® week of age, three birds from
each group were randomly taken around the
average of body weight and deprived of feed
for 12 hours, weighted and slaughtered to
complete bleeding by plucking the feathers
then weighed, The carcass traits studied were
giblets, carcass and dressed weight (carcass
weight plus giblets weight /100g preslaughter
weight).

Data obtained were statistically analyzed (3
dietary calcium level and 3 ascorbic acid
levels) (9). Differences among treatment
means were tested using Duncan's new
multiple range test (10).
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Table 1. Composition of the experimental diets.
STARTER RERIOD FINISHER PERIOD
Ingredient (1-4 weeks) (4-7 weeks)
Ca07% Call0% Call% Ca0.7% Call% Cal3 %

Yellow Corn 62.96 62.66 62.28 73.96 73.67 73.26
Soybean meal (44% CP) 25.30 23.53 22.00 9.83 8.03 6.55
Corn gluten 60 % 8.50 9.73 10.82 12.84 14.10 15.15
Di-Calcium Phosphate 1.73 1.73 1.72 1.32 1.32 1.33
Limestone 0.62 1.43 2.23 0.97 1.77 2.57
Premix* 0.30 0.30 0.30 0.30 0.30 0.30
NaCl 0.30 0.30 0.30 0.30 0.30 0.30
Lysine — HCL 0.17 0.21 0.23 0.05 0.06 0.06
DL- Methionine 0.08 0.07 0.06 0.41 0.45 0.48
Choline Chloride 0.04 0.04 0.05 0.03 0.01 0.00

TOTAL 100 100 100 10¢ 100 100

Calculated values**

C.P% 22 22 22 19.08 19.08 19.08
ME (Kcal/Kg) 3000.48 2097.83 2892.56 3194.3 3192.43 3185.83
M.E/C.P 136.39 136.27 136.03 167.42 167.32 166.97
Lysine % 1.1 1.1 1.1 1 1 1
Methionine + cystine % 09 09 0.9 0.8 0.8 0.8
Calcium % 0.7 1 1.3 0.7 1 1.3
Av. Phosphorus% 0.45 0.45 0.45 0.35 0.35 0.35
Ca:P 1.56 222 2.89 2.00 2,86 3.7
Choline 1300 1300 1300 1000 1000 1000

* Vitamins and minerals mixture provide per kilogram of diet vitamin A (as alltransretinyl acetate); 12000 IU;
Vitamin E (all racatocopheryl acetate); 10 IU; ks 3mg; Vit.Da, 2200 ICU; Riboflavin, 10 mg; Ca pantothenate, 10
mg, Niacin, 20 mg; ; Vitamin B2, 10mg; Vitamin Be, 1.5 mg; Thiamine (as thiamine mononitrate} ; 2.2 mg; Folic
acid, 1 mg; Dbiotin, 50mg. Trace mineral (milligrams per kilogram of diet} Mn, 66; Zn, 50; Fe, 30;Cu, 4; Se, 0.1

and Ethoxyquin 3mg.
** Calculated as previously described (8).

RESULTS AND DISCUSSION
Growth performance
Calcium effect

The results obtained showed significant
(p<0.05) improvement in live body weight at 4
and 7 weeks of age and body weight gain
during all the experimental periods when
chicks were fed either 0.7 or 1.0% dietary
calcium as compared with those fed 1.30%
(Table 2).

On the same time, no significant
differences were observed between 0.7 or
[.0%. It's worth to note that increasing dietary

calcium level decreased live body weight and
body weight gain. Moreover, no significant
differences were observed on feed intake due
to dietary calcium levels during all the
experimental periods while feed conversion
for both the starter and the whole experimental
pertod improved significantly (p<0.05 or
p<0.01) when chicks were fed 0.7% dietary
calcium as compared with other treatments.
This improved the efficiency of utilizing Ca
for growth at low levels of dietary calcium
(0.7%) might have been due to increased
intestinal absorption of calcium as a result of
up-regulation of plasma and intestinal 1,25
dihydroxycholecolciferol concentrations
(11,12) with a consequent increase in the
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concentration of duodend calibindin, a protein
which lines the gut and blinds Ca from the
lumen (13).

It is clear that a total dietary concentration
of 0.7% calcium was sufficient to achieve
normal broiler performance.

The depression in growth among our
chicks fed high dietary calcium has been also
reported by several investigators suggesting
that the growth depressing effect of high
calcium diets was caused by an increase in
microbial activity in the intestine, which
increased the deamination of amino acid with
the production of ammonia, which is not used
by the chicken (14-16).

Feed conversion ratio was influenced by
the levels of Ca and P on the diet significantly
(p<0.05) which reduced by decreasing their
levels (17). 0.99 to 1.07% calcium was needed
for maximum growth (18). While it has been
shown that the dietary calcium
supplementation reduced gain and feed intake
at 1.25 level (19). The higher dietary calcium

reduced growth performance and feed
efficiency for broiler chicks (20).
Ascorbic acid effects

The results presented in Table 2

indicated that live body weight, body weight
gain and feed conversion ratio were not
significantly (p<0.05) affected by ascorbic
acid supplementation at any level compared to
the unsupplemented one. It is worth to note
that chicks fed the diet supplemented with 300
mg/kg diet insignificantly improved live body
weight, feed conversion and body weight gain.
However, feed consumption during all the
experimental periods were significantly
increased (p<0.05). Feed intake was increased
in case of supplementing with ascorbic acid
(5,21,22). The improving in feed consumption
increased with increasing the dietary ascorbic
acid level. The beneficial effects of growth
performance due to  ascorbic  acid
supplementation may be due to that ascorbic
acid helps to control the increase in body
temperature and plasma  corticosterone
concentration. It also, protects the immune
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system and it has an important role in bone
formation through the growth rate (23).

The present results are consistent with
those reported that an improvement in growth
performance of broiler chicks reared in
tropical environment or exposed to high
temperature, when  their diets were
supplemented either with 200 or 250 mg
vitamin C /kg diet (2,24). Likewise it has been
that an increase in growth rate of broilers
reared under summer conditions and fed diets
containing 150, 300 and 600 mg vitamin C /kg
diet (25). Optimum responses in growth, feed
efficiency and/or livability in broilers under
heat stress seem to occur with supplements of
about 250 mg ascorbic acid /kg (26).
Supplementation of ascorbic acid at 200 ppm
is beneficial for improving the performance
and immunity and for exploiting the full
genetic potential of the commercial broilers
(27). On the other hand, it has been reported
that 200 mg vitamin C /kg diet had no
significance on body weight gain and feed
conversion of broiler chicks reared under hot
climate (I). Better growth has not been
recorded by the supplementation with vitamin
C (28).

Interaction effects

The interaction effects between dietary
calcium and ascorbic acid levels were
significant (p<0.01) on body weight gain and
feed conversion ratio and energy utilization
during finisher period (4-7 weeks of age).
Wherever the live body weight and feed
consumption didn’t affected by the interaction
during starter, finisher and the whole
experimental periods. It worthy to note that
chicks fed on diets containing 0.7% calcium
level and supplemented with 300 mg vitamin
C /kg diet had the best growth performance
rates followed by that of 1% calcium with the
same leve] of ascorbic acid.

Carecass traits
Calcium level effect

There are significantly increasing
(P<0.05) in dressing and carcass percentages
associated with low and medium level of
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calcium (0.7 and 1.0%) when compared with
higher one. No significant differences between
treatments of calcium level in case of giblets
percentages except the liver percentage it
increased significantly with high level calcium
(1.3%)

Ascorbic acid effects

Results in Table 4 did not show any effect
on carcass traits studied except only heart

percentage  which  affected  significantly
(p<0.01) due to the supplementation of
ascorbic acid in broiler chicks. Similar

findings reported that carcass giblets did not
significantly affected by ascorbic acid
supplementation in the diet heat stress (29).

Interaction effects

No significant interaction effects were
found between dietary calcium and ascorbic
acid on all traits of carcass studied (Table 4).

Mortality rate

Mortality rate during the whole
experimental periods (1-7 weeks of age) was
not significantly affected by dietary calcium

153

level, vitamin C supplementation and their
interaction (Table 2 and 3).

Economical efficiency

Data indicated that feeding broiler chicks
on diet containing 0.7% calcium gave the best
economical efficiency (EEF) compared to
those fed on 1.0 or 1.3% (Table 2). At the end
of experimental period, chicks fed on diet
without  ascorbic acid supplementation
recorded better EEF compared with the
supplemented diet. It is worth to note that EEF
rates tended to decrease with increasing
calcium level or ascorbic acid in the diet.

Regarding the interaction effect results in
Table 3 demonstrated that the best EEF value
obtained by birds fed diets containing 0.7%
calcium with 300 mg vitamin C/kg diet.

In conclusion, from the nutritional and
economical point of view, it could be
concluded that, a minimum level of 0.7% and
optimum one of 1% calcium with 300 mg
vitamin C /kg diet is recommended for the
feeding of Cobb chicks, from 1-7 weeks of age
under Egyptian summer condition.
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Table 2. Growth performance (Mean + S.E) of broiler chicks as affected by different levels of calcium and ascorbic acid during the experimental period.

Calcium levels ( % )

Ascorbic acid levels ( mg )

ftems 0.7 1.0 13 Sign 0 300 600 Sign
Live body weight
1 week 111.94 £0.04 112.09 £ 0.05 111.97 +0.04 NS 111.99 + 0.04 112.02 = 0.06 111.99 % 0.04 NS
4 weeks 05346 +£6.21° 92313 +21.00° 865.18 +7.66 ° ** 91244 + 16,46 926.58 £24.19 902.74 £ 12.22 NS
7 weeks 1866.50 £ 22.84 % 1809.99 +2340° 1712.08 +23.88° *x 1770.84 £23.24 1812.65 +45.22 1805.09 = 21.36 NS
Body weight gain
1-4 weeks 841.51 £6.22° 811.04 £2096° 75321+ 7.67 ° ok 800.46 + 16.45 814.56 +24.17 790.76 £ 12.21 NS
4 -7 weeks 913.05+18.83° 886.86+12.29 % 846.91 £ 19.60"° * 858.40 + 14.60 886.07 £25.24 902.342 + 13.90 NS
1 -7 weeks 1754.56 + 22.84* 1697.90+23.36* 1600.12 +23.88°" ok 1658.85 £23.23 1700.63 + 45.22 1693.10 £ 21.36 NS
Feed intake
1-4 weeks 1679.44 £ 9.52 1676.78 + 6.06 1664.44 + 12.35 NS 1657.00 6.98° 167278 +10.79 ™ 1690.89 £ 7.68 * ®
4 -7 weeks 2334.67 £26.13 2329.78 £ 15.63 229400 + 33.81 NS 22732212047 232056+28.95% 2364.67 £20.32° *
I -7 weeks 4014.11 + 35.61 4006.56 £ 21.60 3958.44 + 46.11 NS  3930.22£2741° 399333+39.60° 4055.56«27.942 *
Feed conversion
1-4 weeks 1.997 £0.017° 2.078 £0.053° 2212 £0.022° ** 2.077 £ 0.036 2.067 + 0.061 2.143 + 0.032 NS
4 -7 weeks 2.563+0.049b 2.631 £0.038 * 27200058 a * 2.654 £ 0.048 2.633 +0.068 2,627 +£0.042 NS
1 -7 weeks 2289 +0.029° 2.364 +0.033 % 2477 x0035° *& . 2372 £0.027 2.360 £0.061 2.398 £0.029 NS
Mortality ratio
1 -4 weeks 0.00 0.00 0.00 NS 0.00 0.00 0.00 NS
4 - 7 weeks 2.22 +0.786 2.59 £0.741 1.85 £ 0.980 NS 222 +£0.786 1.85+0.585 259 £1.080 NS
1 -7 weeks 2.22+0.786 2.59+£0.741 1.85 £ 0.980 NS 222 +0.786 1.85 £ 0.585 2.59 + 1.080 NS
Economic eff 84.35+253° 7747 £251° 68.56 +2.86° *ok 7950 +2.14 78.49 481 7239 +2.28 NS

©5¢ Means (+ SD) in the same row with different superscripts are significantly different (p<0.05)

(NS Means Not significant)

(* Means significant P< 0.05)

(** Means significant P< 0.01})
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Table 3. Growth performance (Mean =+ S.E) of broiler chicks as affected by the interaction effect of different levels of calcium and ascorbic acid during the
experimental period.
Calcium level % 0.7 1.0 1.3 .
Ascorbic acid 0 300 600 0 300 600 0 300 600 Sign
(mg)
Live body weight
1 week 111.920.06 | 111.9+0.09 112.00.06 112.1+0.06 £12.2+0.09 112.0£0.10 111,940.07 111.9+0.09 1119007 | NS
4 weeks 948.13£10.97: 971.03+9.22 |  941.20+3.77 926.73+33.68 064.2341.00 878.43+25.01 862476279 | 84447:1374 | 888.60+4.00 | NS
7 weeks 1796.66+14.81:1944.06+15.86]  1858.79+17.69 1794.20+43.31 | 1832.262+48.21 1803.51444.44 | 1721.67250.73 | 1661.62+41.59 ! 1752.96x19.61 @ NS
Body weight gain ;
1-4 weeks 836.23x11.03; 859.1049,14 |  $20.20+ 3.83 814.63+33.63 852.07+40.93 766.43224.96 750.50£2.76 | 732.50%13.83 | 776.63£397 @ NS
4-7weeks 848.52:4.31™]073.03x7.52°| 017.593+17.05° | 867.479.88% | 868.03:15.41% | 025.07+19.54" | 859.20:48.48% | 817.16:32.18° | 864.36+23.48% | *
1-7 weeks 11684,76+14.871832.13£15.77.  1746.80x17.73 1682.10+4325 | 1720104812 | 1691.51244.40 | 1609.70£50.67 | 1549.66+41.67 i 1640.99£19.66 @ NS
Body weight gain .
1-4 weeks |1660.3346.06/1676.00£21.93] 1702.00£11.27 1674.00£12.42 | 1682.00x16.01 1674.333.18 1636.67« 6.01 | 1660.33+23.10 | 1696.33+18.89 | NS
4-7weeks [2284.00£15.3112322.67+62.08] 2397.33+28.00 | 2326.33132.95 | 2350.00+38.02 2313.0027.02 2209.33+14.17 | 2280.00+61.85 | 2383.67445.54 | NS
1-7weeks (3944.33x21.263998.67+83.91] 4099.33+39.27 | 4000.33x45.34 | 4032.00+54.03 | 3987.33209.94 | 3846.00:20.07 | 39493318494 | 4080.00£64.38 | NS
Feed conversion -
1-4 weeks | 1.987+0.019 | 1.950+0.006 2.05340.017 2.060+0.072 1.983+0.113 2.190£0.070 2.183+0.015 2.267+0.046 2.18720.032 | NS
4-7weeks 2.690+0.006°} 2.38720.055" |  2.613:0.020°" 2.683+0.029% 2.7070.047° 2.50320.047" 2.590+0.154% 2.807 £0.047° | 2.76320.043% | **
1-7weeks | 2.340x 0.010] 2.180+0.031 2.347+0.003 2.383+0.043 2.350+0.087 2.3600.060 2.393+0.079 2.550+0.040 2.4870.023 { NS
Mortality ratio ' "
1-4 weeks 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NS
4 -7 weeks 2.22+1.110 | 2.22+1.110 22242223 2.2221.110 2.22+1.110 3.33+1.925 2.22+2.223 1.11£1.110 22222223 | NS
1-7 weeks 2.22+0.786 | 2.22x1.111 2.2242.224 2.22+1.111 2.22+1.111 3.33£1.926 2.2242.224 1.11£1.111 22242224 : NS
EEF 82.80+0.71°1 9327 £ 2.86" |  76.98+0.27° 78.65 £3.21° 78.72 £ 6.41° 75.03 £ 4.44° 77.04 £5.93 ¢ 6349 +253% | 65.16x146" | *

b ¢ Means (+ SD) in the same row with different superscripts are significantly different (p<0.05)
(** Means significant P< 0.01)

(NS Means Not significant)

(* Means significant P< 0.05)
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Table 4. Some carcass Traits ( Mean = §.E) of broiler chicks as affected by different levels of calcium , ascorbic acid and their interaction
during the experimental period at 7 weeks of age.

Pre-slaughter weight

Items () Dressing % Carcass % Giblets % Liver W% Gizzard W% Heart W%
Calevels (Ca) %
0.70 1962.22 + 46.317 " 79.75 £ 0.520° 76.03 £0.570* 372 £0.121 1.77 £0.085° 1.58 £ 0.061 0.37 £0.015
1.00 1902.11 £ 25941 ° 78.29 + 0.537 " 74.38 +0.550 *° 391x0.118 1.99 +0.078 *° 1.53 £ 0.070 0.39 £0.022
1.30 1783.44 = 26.631° 77.42 +0.598° 7332+ 0.745° 4.10+0.152 2,13+ 0.076° 1.54 + 0.095 0.43 £0.029
Sign ok * * NS ¥ NS NS
Ascorbic Acid (AA)
0 1838.22 + 37.649 78.44 £ 0.786 74.68 + 0.894 376 +0.159 1.86 £ 0.092 1.52 + 0.082 0.38 £0.018"°
300 1902.11 * 54.555 78.51 £ 0.579 74,63 + 0.661 3.88 £0.130 1.95 £ 0.100 1.57 + 0.063 0.36 £ 0.017°
600 1907.44 + 28.842 78.50 £ 0.555 74.41 = 0.638 4.09 £ 0.107 2.08 +0.074 1.55 +0.083 0.46 £ 0.024 °
Sign NS NS NS NS NS NS **
Interaction between calcium level and ascorbic acid
Ca % AA (mg)
000 1867.00 £ 83.530 80.84 + 0.649 77.41 £ 0.506 343 +0.300 1.59 +0.139 1.50 £0.176 (.34 £ 0.006
0.7 300 2052.67 +93.112 78.70 £ 1.042 74.89 + 1.137 3.81+0.105 1.79 £0.162 1.67 £0.074 0.35+ 0.018
600 1967.00 + 38.223 79.70 £ 0.776 75.78 £ 0.853 392 +£0.094 1.94 +0.098 1.56 +=0.015 042 +0.020
000 1898.33 + 16.796 76.63 = (0.892 72.80+ 1.143 3.83 £0.256 1.95 +£0.145 1.52 £0.150 0.37+ 0.032
1.0 300 1909.33 £ 48.923 79.21 £ (0.532 75.35 £ 0.330 3.86 =0.251 201 £0.184 1.48 +0.072 0.36 £ 0.049
600 1898.67 £ 73.217 79.03 £ 0.567 75.00 + 0.563 4.03 £0.165 201 £0.130 1.58 =0.168 0.44 + 0.021
000 1749.33 £ 59.823 77.86 = 1.237 73.84 + 1.480 4.02 £0.242 2.03 +£0.064 1.55 =0.163 0.44 = 0.022
1.3 300 1744.33 £ 29.007 77.62x1413 73.66 £ 1.757 3.96 +0.350 2.05 +£0.200 1.55 =0.168 0.36 = 0.024
600 1856.67 £ 7.688 76.78 + 0.664 72.46 + 0.901 4.33 £0.238 2.30 £0.055 1.53 £0.232 0.50 + 0.063
Sign NS NS NS NS NS NS NS

%% Means (z SD) in the same row with different superscripts are significantly different (p<0.05)

(NS Means Not significant)

{* Means significant P< 0.05)

(** Means significant P< 0.01)
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