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SUMMARY

he experiment was conducted to examine the effect of dietary vitamin
"C" supplementation at varying protein levels on performance and
carcass characteristics of broiler chicks subjected to heat stress in summer
season, During the starter period (0-4 wks) nine starter rations with three
protein levels (17, 20 and 23%) were tested, while during the finisher one (5-8 wks)
another nine rations with three protein levels (16, 18 and 20%) were formulated,

each fed in combination with three vitamin "C" levels (0, 200 and 400 mg/ kg) in a

factorial experiment, involving 135 broiler chicks. All diets were kept isocaleric

with a metabolizable energy (3200 kcal/ kg dict). The following results were
obtained:

1. Weight gain, feed efficiency and protein efficiency ratio during the starter period
{0-4 wks) improved with increasing of protein but feed intake was not affected by
protein levels.

2. Vitamin "C” supplementation significantly improved feed inmtake and feed
efficiency but had no effect on weight gain.

3. Vitamin "C" by protein interaction effect was evident at all parameters measured.

4. Increased mortality due to heat stress was totally alleviated by addition of vitamin
“C" 200 mg/ kg diet.

5. Weight gain feed intake and feed efficiency during the finisher period, were not
significantly affected by protein or vitamin “C* levels.

6. Significant interaction effect between Vitamin "C" and protein on weight gains
and feed efficiency was indicated.

7. Increased mortality due to heat sfress was totally alleviated by addition of
vitamin “C" 200 mg/ kg diet.

8. Maximum carcass yield was obtained with 20% protein diet supplementation
with 200 mg/ kg vitamin "C",

9. Vitamin "C" supplementation at both levels decreased the percentage meat yield
and increased bone mass of carcass, while Increased protein to 20% decreased the

percentage meat yield.
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INTRODUCTION

Sudan is a country, which lies with the tropics and characterized by a very hot
summer season. Temperature of 35 *C (95 °F) and above are usually recorded during the
day, starting in March and extending through July The deletertous effect of hot summer in
broilers is invariably accompanied by a decline in feed comsumption (energy intake),
growth rate and survivability. This is considered 2 major improvement in weight gain or
survival should have a positive economic impact (Cemiglia et al.,., 1978).

Several attempts were made to combat the adverse effects of heat stress on broiler
chickens performance. Changes in the management practices or the summer feeding
program proved to be beneficial cooling, modifying the lighting, program of adequate
feed-space or lower housing density, were ali employed to reduce heat stress (Pardue et
al.,., 1985 a).

There has been a developing interest in use of vitamin "C" to overcome some of the
deleterions effects of acute stress responses in birds. Vitamin "C" synthesis in stressed
birds seems to be sufficient to alleviate many defrimental effects associated with stress
(Henery and Fuller 1979). Therefore, supplemental ascorbic acid is considered a successful
management practice to overcome heat stress affects. Ascorbic acid supplementation is
made either via the drinking water, or to the diet.

Feeding of lower protein diets would result in arise in heat increment due to the
efficiency of conversation of dietary energy to net energy of production (Njoku 1986).
Inefficiency can also result from feeding of protein levels in excess of the requirement. The
present experiment was designed to investigate the combination effect of three vitamin "C"
(0, 200 and 400 mg/ kg) with (17, 20, and 23% protein) during the starter period (0-4 wks)
and (16, 18, and 20% protein) during the finisher one (5-8 wks), on broiler performance
and carcass characteristics. .

MATERIALS AND METHODS

1 - Experimental chicks:
Day old unsexed, Lohmann broiler chicks from summer hatch were used. A total of

135 chicks were purchased from a commercial hatchery. On arrival, all chicks were fed a
practical commercial starter diet for one day as an adaptation period. On day two post
hatching, the chicks were divided into groups based on body weight. Nine treatments, three
replicates and five birds in each pen. The average of five chicks in e¢ach pen was
approximately the same. '

2 - Housing management and experimental rations:

The experiment was carried in an open system oriented house, which was located in
an cast west direction to avoid solar radiation. Before the commencement of the
experiments, the bouse was cleaned and disinfected. Dry wood shavings were used as a
litter material with 2 depth of approximately 6 cm. A total of 27 pens measuring 1sqgm
area. Through the experiment period, light was provided for 24 hrs (sun light and artificial
one at nmight). Immediately afier hatching chicks were vaccinated.
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The temperature and humidity were recorded twice daily. Feed and water were
provided adlibitum. Rations formulated with varying levels of protein and vitamin "C",
{Tables land 2). The control starter/ finisher diet containing 23/ 20% crude protein and no
supplemented vitamin "C". Diets containing low levels of protein were supplemented with
lysine and methionine to meet the NRC requirements. All diets were isocaloric (3200 kcal
ME/ kg diet).

Table (1): Percent composition of the starter and finisher experimental diets.

Starter diet (04 wks) Finisher diet (5-8 wks)
Ttem 0 mg/ kg 200 mg/ kg 400 mnp/ kg 0 my/ kg 200 mg/ ke 400 mg/ kg

17% 20% 23% 17% 20% 23% 17% 20% 23% 16% 18% 2% 16% 18% 20% 16% 18% 20%

Sorghum 66.5 63.12 60.7 7.35 63.78 633 67.35 63.78 632 67.10 675 633 67.5 687 617 689 675 63-
Wheat bran 150 120 42 150 120 42 (50 120 42 17.00 150 120 150 170 120 17.0 150 120
Sesame cake 50 17 162 50 117 3162 50 117 162 50 700 117 70 50 117 50 70 117

Fish meal 90 109 160 90 105 160 920 109 160 55 803 109 89 55 109 55 89 109
Lysine 06 06 04 — — — — — — 060 060 040 = v - am e -
Methionine 06 06 04 — — — — — — 007 003003 ~— — - — — -
Sesame oil 22 142 22 218 34 — 206 138 10 25 B3 142 128 128 25 14 15 126
Dicapo 12 = - 2 - — 12 - — 003027 - — — -~ 030 -— -
Vitamin "C" 02 02 02 04 04 04 O 0 0 002 02 02 04 04 04
Salt 02 02 024 025 02 028 025 02 026 02 -- 025 1.00 — 028 1.0 — 030
Caleulated Analysis @

ME kcal/ kg 3200 3200

Lysine 0.82 1.00 130 0.86 0.75 1.00
Methionine 0.40 0.49 0.67 0.32 0.35 0.55

Table (2): Determined chemical composition of experimental feedstuffs.

Item ME Feed stuff analysis % Lys Meth Ca P
Kcal DM CP EE CF NFE Ash % % % %
Sorghum 3348 95 126 28 25 741 20 030 040 0.040 0.10

Wheat bran 217¢ 94 161 3.3 23 490 47 060 016 0.120 0.13
Sesame cake 2760 96 46.6 143 27 213 1.6 120 230 1900 0.35

Fish meal 3480 -~ 435 22 09 -— 08 220 1.10 8000 2.10
Sesame oil 8800 @ = e e e e I
Di ca po e e e e 30.00 14.0
Oyster shell e —— — 380

Animazl Production Research Center — Kuko

3 - Growth study and mortality:

Birds and feed were weighed every week to determine the average weight gain per
chick and the feed intake for the different treatment groups. Then the feed conversion and
protein efficiency ratios were calculated. Mortality was recorded daily as it occurred.

4 - Carcass evaluation:

At the end of week eight, two birds in each pen were selected which were ciose in
body weight of the pen. Birds were fasted over night (12 hrs) but allowed free access to
water pre-slaughtering then birds was slaughtered manually by serving the jugular vein at
the ventrolateral base in the head. The Birds were allowed to bieed for 2minutes to a2void
discoloration of the carcass. The feathers were plucked by hand afier scalding the carcasses
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in water heated to 75 °C (167 *F) for one minute. The carcasses were washed. Hot weights
were recorded. The carcasses were cut into their parts. Weights of body parts with the
weights of gizzards, livers and hecarts were recorded. Hot carcasses dressing out
percentages were expressed as percentages of life weights. The cut-up parts and the liver
weight were expressed as percentages of dressed carcass. Furthermore, the carcass from
each treatment was separated into meat and bone to determine the meat percentage.

5 - Statistical analysis:

The data obtained from the growth study was subjected to analysis of variance
according to Steel and Torrie (1980), using a completely randomized design of factorial
ammangement. The significance between freatments means determined using Duncan's
(1955) multiple range test (DMRT).

RESULTS AND DISCUSSION

Temperature and humidity:
The Table (3) presented the weekly record of temperature and humidity during the

experimental period.

Table (3): Weekly experimental house temperature and humidity during the starter

and finisher period.
Temperature
Week Mazimom Minimum Humidity %
C F C ¥

Starter period (0-4 wks)
1 398 103.6 320 892 16.7
2 341 933 29.0 84.2 20.7
3 374 99.3 320 86.0 18.0
4 360 96.8 300 86.0 19.0
Average 36.8 98.3 3.8 874 18.6

Finisher period (5-8 wks)
5 330 1004 31.0 87.7 18.7
6 400 104.0 320 896 17.0
7 420 107.6 33.0 914 15.0
8 370 98.6 30.0 87.8 200
Average 393 102.7 315 89.1 17.5

Feed intake:

The effect of varying protein and vitamin "C" levels on weekly feed consumption
during the starter period is presented in Table (4). Chicks fed the 17% or 20% protein
consumed more feed than the control group (23%).The addition of 200 mg/ kg of vitamin
"C", resulted in a significant improvement in fced consumption in a grovp fed 23%
protein, while a significant reduction in feed intake was evident in the low protein diet
groups (17% and 20°4).

Increasing the level of supplémental vitamin to 400 mg/ kg, significantly reduced
feed intake of the 23% protein, but non significant increase in feed consumption of the
groups receiving the other protein dicts.

568



Egyptian J. Nutrition and Feeds (2008)

Table (4): Effect of varying protein and vitamin "C" levels on feed consumption and
weight gain of broiler chicks during the starter period (0-4 wks).
Treatment Feed conswmpiti chick 2% Weight gain (p/ chick a**
V."C" CP% 1"wk 77wk 3"wk 4wk Overall 1"wk 2wk 3" wk 4" wk Overall
17 837 1777 2600 TR 8494a 437 733 1225 1808 4202d
20 687 683 2920 3130 84202 297 267 1140 1907 39714
23 743 1660 2517 2890 7I150c¢ 407 810 1640 2747 5604a
17 663 1673 2140 2340 68l6d 663 627 8l1 1849 3557¢
20 633 1547 280 2540 7600d 270 620 827 1827 3544e
23 763 1807 2633 2193 7996b 333 773 1200 3467 5770a
17 656 1507 2543 2623 7329cd 280 670 827 1760 3537e
20 760 1553 2320 2553 T7I1B6d 333 69.0 940 2360 4330c¢
23 00 1587 2440 2440 7167c¢ 383 740 1307 2273 4703b
3.6 6.1 202 215 4.7 1.8 6.2 7.3 9.3 74
a* values represent the mean of thee replicate proups of Schicks each.
a** values represent the mean of three replicate groups of Schicks each.
SEM =Standard error of the means in overall column followed by the same letter are not significant.

rwuqamaun- £
88888 eee

Feed consumption during the finisher period (Table 5) was significantly different
between treatment groups from week (5-8). Chicks fed the lowest protein level (16%) in
combination with the highest vitamin "C" level (400 mg/ kg) consumed significantly more
feed than the comtrol and all other treatment groups. However, feed intake was
significantly lower in chicks fed the control (20% protein) with or without 400 mg/ kg 0f
vitamin "C". Although the overall feed ntake of chicks fed the protein was significantly
reduced by addition of 200mg/kg of vitamin "C", there was a significant interaction effect
of protein by vitamin *C" on finisher feed intake.

Table (5): Effect of varying protein and vitamin "C" levels on feed consumption and
weight gain of broiler chicks during the finisher period (5-8 wks).
Trestment Feed consumption (g/ chick a*) Weight gain (p/ chick a**)
V."C" CP% 5" wk 6" wk 7" wk 8wk Overall 5" wk 6wk 7" wk 8" wk Overall
16 4559 8999 9250 10196 8494a 2533 3333 370.0 4433 13896a
18 5062 6934 901.8 1004.7 33004 b 1633 216.7 456.7 273.3 1110.0d
20 3066 2418 9131 10500 3106.14d 153.3 216.7 267.7 420.0 1066.7¢
16 3679 6766 9280 1016027662 g 1533 2333 2900 3933 1069.9e
18 3009 B00.0 945.0 10574 30335e 1767 250.0 3150 406.7 1048.4d
20 4320 800.0 3410 1026.7 3099.8d 180.0 250.0 290.0 466.7 1086.7c
16 4946 7481 9494 10820 3674.1a 1733 226.7 296.7 466.7 1086.4d
I8 5155 7652 953.9 9200 31744c 1967 273.3 3533 4333 1030.0d
20 3778 7130 8894 10000 2930.2f 163.3 230.0 306.7 416.7 1116.7d
rF 412 302 43 19 3197 87 102 112 112 134
a* values the mean of three repli of 5 chicks each.
a** va]uesqulm the mean ofﬂnecmeymw of 5 ch‘;]és]:s each.
SEM= Standard aror of the means in overall colmrm followed by the same letter are not significant.

No

E,'G“NIG\U!-EUNh—I
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Weight gain:

The effect of varying protein and vitamin "C" levels on weekly weight gain is
presented in Table (4). Weight gain was improved as the protein level was increased
stepwise from 17 to 23% in week 1, 2, 3 and 4. The weight was greater significantly for
those chicks fed 23% protein especially when 200 mg/ kg of vitamin "C" was added.

There were significant differences between treatment groups respect to the over all
body weight gains during the finisher period (table 5). Highly significant increase was
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elicited in the growth rate chicks fed the lowest protein level (16%) in combination with
those fed the control diet (20%) When both levels of vitamin "C" (200 and 400 mg/ kg
diet) were fed with 16% protein diet significant reduction in overall body weight gains
occurred. The most adverse effect of added vitamin "C" on weight gains was evident at
treatment 9 (400 mg/ kg dict with 20% protein).

Feed conversion and protein efficiency ratio:

The average weekly response to varying protein and vitamin "C" levels on the feed
conversion and protein efficiency ratio is presented in (Table ). Birds receiving the 23%
protein or with added vitamin "C" at 400mg/kg were both significantly more efficient in
utilization of feed than other treatments groups. Protein efficiency ratio calculated as grams
of gain per grams of protein intake, increased slightly as vitamin "C" was increased from
200 to 400 mg/ kg. However, as protein level of the diet increased, the efficiency Of protein
utilization decreased.

Feed conversion during the finisher period (5-8 wks) was not different between
treatments 1, 3, and 8. They are significantly more efficient in utilization of feed than other
treatments groups. The Protein efficiency ratio of the groups fed 16% protein with 200 or
400 mg/ kg vitamin "C", were the highest.

Table (6): Effect of varying protein and vitamin "C" levels on efficiency of feed
conversion and protein efficiency ratio 0f broiler chicks during starter
(0-4 wks) and finisher {(5-8 wks) periods.

Treatment 1stwk Feed consumption (g/ chick a*)
No. V.C" poe st 2nd wk 3rd wk 4th wk Overall
(]
=g/ kg EFC PER EFC PER EFC PER EFC PER EFC PER
Starter period (0-4 wks)
1 0 17 19 31 24 23 21 28 19 26 -28d 36
2 0 20 23 22 27 21 26 20 16 29 30c 3l
3 0 3 18 22 27 18 15 16 10 37 26e 31
4 200 17 25 22 26 22 26 22 13 32 30c 39
5 200 20 24 24 25 21 28 20 20 29  32a 30
6 200 23 24 23 24 17 22 18 18 60 31b 39
7 a0 17 24 17 23 25 30 15 15 48 31b 36
8§ 400 20 28 25 24 17 24 25 11 55 28d 4l
S 400 23 28 26 22 23 206 26 12 40 24e 38
Sem a1 e.13 e.14 0.16 - 014
finisher period (5-8 wks)
1 (i 16 15 24 27 21 25 21 23 28 31d A
2 0 18 31 16 32 15 33 18 22 22 39a 42
3 0 20 17 30 25 1.7 33 14 25 20 328 27
4 200 16 24 20 29 3} 22 17 21 21 37a 33
5 200 18 17 24 32 17 30 18 26 20 35¢ 28
6 200 20 16 24 32 15 29 16 22 21 36b 24
7 400 16 24 18 33 20 32 20 24 36 36b 33
8 400 18 16 24 28 19 27 21 23 31 31d 29
9 400 20 24 18 31 17 29 17 24 20 36b 24
Sem 024 0.09 0.12 0.09 9.14

EFC: efficiency of feed conversion :gram of feed consumption of gain.

PER: protein efficiency ratio: gram of gain per gram of protein consumed.

‘Sh%_hri Standard error of the mean.in overall column followed by the same letter are not significantly
erent.
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Monality:

Mortality data {Table 7), was calculated in terms of the proportion of the initial
number in each treatment group {15 chicks). Mortality percentages were highest among
receiving no vitamin "C". But no mortality was reported in the groups receiving the 200
mg/ kg vitamin "C" across all protein levels.

During the finisher period (5-8 wks), there was no mortality was reported in the
groups receiving the 200 mg/ kg vitamin "C". Treatments (1-9) recorded similar mortality
rate {6.7%), which was attributed to beat stress.

Table (7): Effect of experimcntal diet on the mortality rate of broiler chicks during
the starter and finisher periods.

Vitamin "C" Starter period (0-4 wks) Finisher period (5-8 wks)
Treatments No (mg/kg)
Protein % Mortality a* Protein % Mortality a*
1 ¢ 17 133 16 6.7
2 200 20 0.0 18 0.0
3 400 23 6.7 20 00
4 0 17 0.0 16 0.0
5 200 20 0.0 18 0.0
6 400 23 0.0 20 00
7 0 17 133 16 0.0
8 200 20 0.0 18 0.0
9 400 23 13.3 20 6.7

a* : Mortality rate calculated for each treatment as a percentage of dead birds out of 15 chicks.

Carcass quality:

The effects of diets on carcass yield, is presented in (Tab]e R}. It was noticed that
adding vitamin "C" at either levels to the diets containing 20% protein improved their
dressing percentage. Total meat yield increased percentage wise when chicks received
16% protein in combination with chicks fed the control diet {20%protein). Best meat yield
was 1n the group receiving 18% protein. Supplementation 0f vitamin "C", increased bone
Inass.

Table (8): Effect of varying protein and vitamin "C" levels on carcass parameters
and meat yield of broiler chicks. (8 wks).

Treatment No.

Teem 1 3 3 2 5 3 7 3 )
Life body cight(g) 19300 14150 14067 13850 14400 20333 13183 14433 15083
Hot carcass (%) 93 938 907 948 929 90 930 957 954
Liver (%) 29 28 27 28 28 29 28 29 29
Thigh (%) 120 117 110 130 K6 120 116 120 119
Drumstick (%) 140 136 130 137 135 132 135 138 138
Breast (%) 125 122 120 121 121 122 120 124 124
Back (%) 21 216 206 217 214 221 214 20 210
Wings (%) 106 103 101 104 102 106 102 117 105
Neck (%) 43 42 40 41 42 43 42 43 43
Gizzard (%) 34 33 33 33 33 34 33 34 33
Head (%) 24 23 22 24 24 23 23 24 24
Heart (%) 10 09 08 08 09 1.0 09 10 10
Meat yield % 677 507 588 525 528 525 560 610 560

Values are means of three replicate groups of 2 birds each.

Hot carcass calculated as% of life body weight.

All cuts calculated as% of hot carcass weight (eviscerated carcass).

Values are means of three replicate groups of 5 chicks each as a percent of meat from hot carcass.
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The experiment was performed in summer season with daily higher temperature in
the 90s and low in the 70s.

When chicks were subjected to heat stress, feed intake and body weight gains were
reduced (Farry. 1965, Cerniglia et al.,. 1978 and Dale and Fuller, 1978). Many researchers
have demonstrated the adverse effect of high environmental temperature on broiler
chickens. Cerniglia et al,. (1978), observed a 47% decrease in feed consumption and
weight gain by broilers kept at 32 °C (89.6 °F) as compared with those kept at 24 °C (75.2
‘F). Moreover, Squibb (1959) and Adams er al,. (1962), indicated high ambient
temperature decreased feed intake in of birds.

In this study the addition of 200 mg/ kg of vitamin "C" resulted in nil mortality
from heat stress. This finding agrees with the results reported by Pardue et af., (1985a),
who indicated a reduction in mortality from heat stress in broilers from 22 to 7.3%. Gross
{1988), also showed drastic in mortality with 330 ppm supplementation of vitamin "C" in
the drinking water, of 6 week old chicks. Reduction in mortality with added vitamin "C",
was attributed to a marked reduction in plasma adrenal steroids when chicks were
subjected to heat stress. Pardue er al,, (1985a). Moreover Thornton, (1962), Ahmed ef al...,
(1967) supplementation reduces body temperature in heat stressed birds and ameliorated
the ability of birds to receive higher heat loads.

The addition of vitamin "C" in the starter diets and at 200 and 400 mg/ kg resulted in
a significant effect on feed intake and feed efficiency. But weight gains were not
significantly affected. The results are agree in agreement with the results reported by
Njoku (1986), Alishehov (1980) and Kafri and Cherry, 1984), who demonstrated an
improvement in feed intake and feed efficienty, when vitamin "C" was added to broiler
diets. However, the optimum levels of supplementation to achieve this improvement in
performance varied from 200 to 250 mg/ kg (Kutlo and Forbes 1993a) to 400 mg/ kg of
diet (Njoku, 1986), up to 1000 mg/ kg (Mckee and Harrison 1995).

The results obtained in this study partially disagree with the findings of Mckee and
Harrison (1995), who reported that vitamin "C" alleviated the reduction in body weight
gain and feed consumption but not feed efficiency. This could be due to the differences in
the level of Vitamin "C" (1000 mg/ kg)} which used by above workers. Although, the
precise biochemical mechanisms of vitamin "C", remain some what obscure, the use of this
vitamin to alleviate some of deleterious effects of heat stress on the performance of poultry
was well established. In this study, the addition of 200 mg/ kg vitamin "C", resulted in nil
mortality from heat stress. These findings agree with the results reported by Parduc ef al,,
{1985a), who indicated that a reduction in mortality from heat stress in broilers from 22 to
7.3%. Gross (1988) also showed drastic reduction in mortality with 330 ppm
supplementation of vitamin "C" in drinking water.

Reduction in mortality with added vitamin "C”, was attributed to a marked reduction
in plasma adrenal steroids when chicks were subjected 1o heat Pardue et al, (1985b).
Moreover, Thaxton (1962), Ahmed et al., (1967) and Kutlo and Forbes (1993a), indicated
that ascorbic acid supplementation reduces body temperature in heat stressed birds and
ameliorated the ability of birds to receive higher heat loads.

The carcass yield data showed that supplementation with vitamin "C" did not
improve vitamin "C" weight of the groups receiving 200 or 400 mg/ kg compared with the
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un supplemented groups. However, the bone mass was greater vitamin "C" supplemented
groups when yicld was separated in meat and bone percentages. Vitamin "C"
supplemented groups also had no changes in weights of internal organs (liver, gizzard and
heart) compared with the un supplemented ones .These results disagrees with the finding
reported by Farr et al., (1988), who indicated that body weights at slaughter were
significantly increased by the addition of 1206 ppm/ kg ascorbic acid .There increased
weights were maintained through slaughter and processing, yielding increased weights of
chilled carcass yields with 967ppm vitamin "C" supplementation but the yield of meat was
found to be greater in males than females broilers. The difference between the results is
expected due to the route of supplementation, the time of addition (pre-slaughter) and the
level of vitamin "C" used. The role of vitamin "C" in reducing plasma Potassium and
increasing plasma Sodium is well documented (Pardue ef al., 1985b)

In heat stressed birds, elevated plasma protein levels were associated with increased
protein catabolism due to pre-slaughter In this study protein Jevels were reduced from 23%
to 20 and 17%. It resulted significant effect or body weight gains and feed utilization, but
had no effect on feed intake. This confirmed by Henery and Fuller (1979), who provided
evidence for increased energy intake especially under heat stress and stated that protein
was not a limiting factor even through protein intake was markedly reduced in their
experiments. The level of critical amino acids was restored to recommended levels (NRC,
1984). The metabolizable energy kept in all diets at 3200 kcal/ kg diet as advocated by
NRC (1984) in attempt to eliminate the energy content on feed.
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