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Abstract

An experiment using Gimmizah sp. hens was conducted to study
the effect of high levels of Ascorbic Acid (AA) on layer productive per-
formance and egg traits under hot climate. Four experimental diets were
involved in the experiment : Basal layer diet (B), B + 500, 1000 or 2000
ppm AA. The experiment used forty-eight hens (60 weeks of age) for
three 4-week interval (June, July and August). Hens were fed on the ex-
perimental treatments in triplicate, four hens each. At the end of each
interval, the productive performance and egg traits parameters were
measured. The multi-layer structure of the egg shell was studied using
electron-micrography.

Results of the overall period (the average of the three intervals)
showed significant effect of AA supplementation on the productive per-
formance. The level of 500 ppm increased egg number (EN), egg mass
(EM) and feed efficiency (FE) 7.02, 10.87 and 10.10% relative to the
basal (without supplementation), respectively. Further increase was ob-
tained at higher levels. The level of 1000 ppm gave 14.04, 13.94 and
30.60% further increase as compared to the level of S00 ppm, whereas,
2000 ppm of AA showed 12.70, 2.07, 15.70 and 15.89% additional in-
crease in EN, EW, EM and FE, respectively as compared'to 1000 ppm lev-
el.

As regard to egg traits, 500 and 1000 ppm AA increased signifi-
cantly yolk weight (YW) %, whereas, no significant effect could be found
at 2000 ppm in all egg traits parameters. However, the results of the fi-
rst interval (June) revealed significant increase in shell thickness at 2000
ppm. Electronmicrography confirmed also greater strength of the egg
shell due to such treatment.

The economic evaluation of AA supplementation demonstrated
3.11, 14.3 and 17.5% decrease in feed cost/kg eggs at 500, 1000 and
2000 ppm AA, respectively.
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INTRODUCTION

Early reports supported the hypothesis that poultry do not require dietary as-
corbic acid (AA) (Emmett and Peacock 1922, Mitchell et al. 1923 and Sugiura and
Benedict 1923). The birds actively synthesize AA primarily in the kidneys in suffi-
cient quantities to cover their physiological needs. Chaudhuri and Chatterjee (1969)
reported that the fowl can synthesize 120 ug vitamin c/mg protein/hour in vitro.
The mean concentration of the acid in the blood averages overall poultry breeds,
ages and-sexes approaches 14.0 ug/ml in the absence of adverse stimuli (Pardue and
Thaxton 1986) .

Several stress factors are known to alter AA utilization and / or synthesis.
These include environmental, pathological and nutritional stress factors. High ambi-
ent temperature is the major environmental stress factor which causes complicated
metabolic reactions such as panting, respiratory alkalosis and reduced thyroid ac-
tivity (Dale and Fuller 1980) These changes often result in substantially reduced
growth and reproductive performance. Attia (1976) reported that blood AA declined
by 23% in hens that were maintained at 15°C and then transférred to 32°C environ-
ment. Therefor, it was reported by many investigators that under high temperature
birds need supplement of AA in the diet (Ahmed et al. 1967 and Attia 1976).

Hot climate of Upper Egypt in the summer season may be one of the causal
factors of low productivity of chickens. Therefore, the present study aimed at eval-
uating the effectiveness of AA dietary supplementation on the productive perfor-
mance of local strain layers exposed to environmental heat stress.

MATERIALS AND METHODS :

The present study involved one layer experiment using Gimmezah hens
(Egyptian Local Strain). The experiment was conducted in Seds Poultry Research
Station, Beny Sweef, Animal Production Research Institute, during June, July and
August, 1995.

Forty-eight Gimmezah layers (60 weeks of age) were selected from the farm
flock to be similar in weight and productivity. They were assigned according to their
weights in 12 layer groups having nearly the same average weight, and placed in
standard layer wire cages.
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Four experimental treatments were fed to the experimental groups in tripli-
cate, 4 hens each. They were based on a basal layer diet (Table 1) to be supplemen-
tated with AA at three levels: 500 ppm, 1000 ppm and 2000 ppm. The supplemental
levels of AA was incorporated in the basal diet using Rovimix 20% AA [Hoffmann-
La Roche, Inc., Basel, Switzerland]. The product was assessed for AA concentration
following the procedure of AOAC (1984) using HPLC. Results confirmed the manu-
facturer's label. The product was mixed in the feed at biweekly interval at a rate
equivalent to the required AA levels in ppm .

The basal diet covered all the essential nutrients according to the Ministerial
decree No 554 (1984). Layers were fed the experimental treatments for 12 weeks
for 3 subsequent 4-weeks interval. Feed and water were provided ad lib for 16
hours photo period per day .

At the end of each interval, the productive performance parameters : egg
number (EN), egg weight, g (EW), egg mass, kg (EM), feed intake, kg (FI) and feed
efficiency, kg egg/kg feed, (FE) were measured. Egg traits parameters: shell weight
% (SW), shell thickness, mm (ST), albumin weight % (AW), yolk weight, % (YW),
albumin height, mm (AH) and yolk high, mm (YH) were also measured for each ex-
perimental interval.

The photomicrographs demonstrating the ultra-structure of the shell mem-
brane were taken by the electron microscope belonging to the National Research
Center, NRC, Dokki.

Ambient temperatures during the experiment were recorded daily. Body tem-
perature was also measured from the layer cloaca.

Data obtained from this experiment were tested for significance of AA supple-
mentation effect and interval effect by two-way ANOVA using SAS (1982) proce-
dures. Duncan's multiple range test was performed for means separation when the
effect was significant.

RESULTS AND DISCUSSION
The effect on body temperature :

Records of ambient temperatures during the subsequent intervals are illus-
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Table 1. Composition and analysis of the basal layer diet .

Ingredients
Yellow maize 67.0
v
Protein concentrate (50 %)* 10.0
Lime stor'1e 7.0
Maize gluten (60%) 5.0
Soya bean meal (44%) 5.0
Sun flower meal 3.0
Wheat bran 2.8
L-Lysine 0.2
Total 100

Chemical Analysis**

Crude protein, N X 6.25% 17.0
Metabolizable energy, kcal/kg 2850
Calcium % 3.54
Available p}lmosphorus, % . 0.40
Lysine 0.80
Methionine 0.44

* Protein concentrate, LMP International company, Belgium.

** Calculated according to NRC, 1994 feed composition tables.
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Table 2. Effect of AA dietary supplementation on the productive performance.

Ingredients

Item Basal 1 2 3 Maen
1st interval
average EN 12.67c | 13.17¢c | 13.34c | 16.67a 14.46 a
average EW 51.30b | 51.94b | 52.29b | 54.56a 52.52a
average EM 0.655¢c | 0.684c | 0.802b | 0.909 a 0.763 b
average Fl 3.20a | 3.13ab | 3.05b | 3.06b 3.17a
average FE 0.205¢ | 0.219¢c | 0.246b. | 0.298 a 0.247 a
2nd interval
average EN 11.34 ¢ [12.00bc | 13.34b ] 15502 13.05a
average EW 51.82b |52.23ab| 53.13a°| 53.22a 52.60 a
average EM 0.588c | 0.627c | 0.708b | 0.825a 0.687 b
average FI 2.74a | 2.72a | 2.62ab | 2.58b 2.66 b
average FE 0.215¢ | 0.231¢c | 0.271b | 0.321a 0.259 a
3rd interval ;
average EN 734 c | 817bc | 9.34b | 10.67a 8.88 b
average EW 48.68c |44.84bc| 50.91ab| 51.80a 50.30 b
average EM 0.357c | 0.434bc | 0.475ab | 0.552 a 0.429 ¢
average Fi 02.74a | 2.69ab | 02.60b | 02.60b 02.66 b
average FE 0.131d [ 0.152¢c | 0.183b | 0.212a 0.169 b
overall average
average EN 1045 d | 11.17¢c | 12.67b | 14.282a ==
average EW 50.60c |51.33bc| 52.11b | 53.19a %
average EM 0.533 d | 0.581c | 0.662b | 0.762 a A
average FI 2.89 a 2.84b 2.75¢ 2.74 c *
average FE 0.183 d [ 0.200c | 0.239b | 0.277 a ==

Averages in the same row having the same small letter are statistically insignificant (P>0.05).
Means of the same parameters having the same capital letter are statistically insionificant
(P>0.05).
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Table 3. Percent changes in productive performance parameters of
AA treatments relative to the basal* .

AA levels

Item level 1 level 2 level 3
1st interval .
average EN 3.95 21.07 31.57
average EW 1.25 1.93 6.35
average EM 4.43 22.44 38.7.8
average Fl -2.19 -4.69 -4.58
average FE 6.83 . 28.78 45.37
2nd interval
average EN 5.82 17.64 36.68
average EW 0.79 2.53 2.70
average EM 6.63 20.41 40.31
average Fl -0.73 -4.38 -5.84
average FE 744 | 2005 49.30
3rd interval
average EN 11.31 27.25 45.37
average EW 2.38 4.58 6.41
average EM 21.57 33.05 | 54.62
average FI -1.62 -5.11 -5.11
average FE 16.03 39.69 61.83
overall average i
average EN 7.02 21.98 37.87
average EW 1.47 3.01 5.15
average EM 10.87 25.30 44.57
average FI -4.54 -4.72 -5.11
average FE 10.10 29.50 52.16

* Basal = 0.0
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trated in Figure 1. It was found that the mean value * SD in the 1st interval (June),
2nd interval (July) and 3rd interval (August) was 29.89 * 2.65, 34.59 + 3.2 and
34.59 + 1.540C, respectively. Irrespective of AA supplementation treatments, the
mean value of cloacal temperature (CT) was 41.07 + 0.30 during July and 41.20 *
0.31 during August. Cloacal temperatures during June were not recorded. Difference
petween July and August cloacal average temperature was slight, however, differ-
ence in ambient average temperature was 4.1 6°C.

CT of layers fed the basal diet in July averaged 40.71 +0.247°C in CT. Sup-
plementation with the three levels of AA did not show significant effect on body
temperature. However, when ambient temperature increased obviously during
August (Ca. 41 0oC), the CT increased slightly. Results of AA supplementation could
not show a pronounced decrease in CT. This is not in agreement with results report-
ed by Ahmed et al. (1967). They found significant decrease in body temperature of
18-month old laying hens exposed to environmental temperature 29.4 and 359C with
AA supplementation. Also, Attia (1976) demonstrated that AA reduced body tem-
perature in 7 and 13-months old hens transferred from 15 to 32°C. He also showed
that the 0.39°C increase in body temperature decreased to be 0.339C with 100 ppm
AA.

Productive performance :

Results showing the effect of supplementing layer diet with 500,1000 and
2000 ppm AA on the productive performance parameters throughout the experi-
mentla intervals are shown in Table 2 .

During the 1st interval the basal diet (without AA supplementation) gave
12.67, 51.30, 0.650, 3.2 and 0.203 in EN, EW, EM, Fl and FE, respectively. Level 1
of AA could not affect all these parameters significantly, whereas, level 2 in-
creased EN, EM and FE significantly. The relative increase was found to be 21.07%,
22.4% and 28.78%, respectively as compared to the basal. Insignificant effect was
obtained in EW, whereas, Fl value of levle 2 decreased significantly by 4.69. Con-
cemning level 3, significant increase in all parameters except Fl occurred. Values in
EN, EW, EM and FE relative to those of the basal were 31.57%, 6.35%, 38.78% and
45.37%, respectively. A significant decrease in Fl (4.37%) was found with this lev-
el. Comparing the effect of level 2 with level 3 resulted in significant differences in
all parameters except Fl. Level 3 showed an increase of 8.67%, 4.34%, 13.3% and
12.8% in EN, EW, EM and FE, respectively as compared to level 2.

The basal diet in the 2nd interval gave values of 11.34, 51.82, 0.588, 2.74
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Table 4. Effect of AA dietary supplementation on egg traits .

AA levels

Item Basal 7 2 3 Mean
1st interval
average EW 52.54a | 53.13a | 56.22a | 53.97a 53.97 a
average SW 11.17a [ 12.78a | 11.35a | 13.24a 12.13 a
average ST 0.33 b 0.35 b 0.34b 0.41 a 0.357 a
average AW 53.822a | 49.09b | 50.44b |51.50 ab 51.21 a
average YW 35.04a | 38.11a | 38.20a | 35.27a 36.65 a
average AH 0.45 a 0.45 a 0.50a 0.55a 0.487 a
average YH 2.00a 1.90 a 1.95a 2.00 a 1.962 a
2nd interval
average EW 51.80a | 51.39a 54.68a | 54.29 a 53.05a
average SW 9.98 a 8.98 a 9.26 a 9.74 a 09.49 b
average ST 0.28 a 0.26 a 0.23 a 0.25 a 0.255 b
average AW 50.58a | 52.37a | 49.39a | 52.77 a 51.28 a
average YW 39.44a | 38.65a 41.36a | 37.91 a 39.34a
average AH 0.55a 0.55a 0.60 a 0.65 a 0.587 a
average YH 1.80 a 1.65 b 1.85a 1.85a 1.787 a
3rd interval
average EW 49.61a (4237a | 52912 | 51.80a 49.17 a
average SW 11.67a [12.66 a| 11.16a 11.21 a 11.675 a
average ST 0.33a 0.32a 0.37a | 0.35a 0.345a
average AW 54.50a | 48.51 a 52.51a | 51.31a 51.70 a
average YW 33.84b [ 38.84a | 36.34ab| 33.53b 35.63 a
average AH 0.70 a 0.70 a 0.60ab | 0.55b 0.637 a
average YH 1.825a | 1.80a 1.80 a 1.85a 1.85a
overall average|
average EW 51.34ab | 48.46b | 54.602a 53.35a ==
average SW 10.94a | 11.47a | 105923 | 1 1.39a R
average ST 0.31a 0.37a 0.31a 0.33a ==
average AW 52.97a | 49.99a | 50.78a 51.86a —
average YW 36.10b | 38.53a | 38624 35.57 b o=
average AH 0.57 a 0.57 a 0.57 a 0.58 a )
average YH 1.87ab | 1.78b 1.88 a 1.90a =

- Averages in the same row having the same s
Means of the same parameters havin,

(P>0.05).

mall letter are statistically insignificant (P>0.05).
g the same capital letter are statistically insignificant
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Figure 2. Egg shell photomicrograph of the basal diet.

Figure 3. Egg shell photomicrograph of the basal diet plus 2000 ppm AA .
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and 0.215 in EN, EW, EM, FI and FE, respectively. Level 1 of AA did not affect the
productive performance parameters significantly. However, level 2 increased EN,
17.64%, EW 2.53%, EM 20.41% and FE 20.05%, whereas, Fl was not affected sig-
nificantly, relative to the values of the basal. At level 3, EN, EW, EM and FE in-
creased 36.68%, 2.70%, 40.31% and 49.30%, respectively, and decreased signifi-
cantly Fl by 5.84%. Difference between level 2 and 3 was significant in all
parameters except EW and Fl. Level 3 was 16.19% higher in EN, 16.5% in EM and
18.45% in FE than level 2.

Values obtained in the 3 rd interval were 7.34, 48.68, 0.357, 2.74 and 0.131
in EN, EW, EM, Fl and FE, respectively. Level 1 of AA increased significantly FE
16.03% relative to that of the basal, wherase, other parameters were not affected
significantly. The second level of AA (1000 ppm) affected significantly these par-
ameters. Values of EN, EW, EM, and FE, were found to be 27.25%, 4.58%, 33.05%
and 39.69% higher than those of the basal, respectively. Fl value was significantly
lowered 5.11%. On the other hand, level 3 was found to be significantly higher than
level 2 only in FE (15.8%).

Results of the overall experimental period revealed that, supplementing the
basal diet with the three graded levels of AA had a progressive significant effect on
EN, EM, and FE. Level 1 increased these parameters by 7.02%, 10.87% and
10.10%, respectively, as compared to those of the basal. Level 2 gave values
14.04%, 13.94% and 30.6% more than those of level 1, whereas, level 3 gave
12.7%, 2.07%, 15.7% and 15.89% further increase in EN, EW, EM and FE as com-
pared to the previous level. Differences between level 2 and 3 in Fl and level 1 and 2
in EW were insignificant.

It could be concluded from these results that supplementing Gimmizah layers
diet with 500 ppm AA (level 1) improves the productive parameters under ambient
temperature range of 29-41°C dominated in Seds. This finding is, in part, in agree-
ment with that obtained by Perek and Kendler (1962), Pardue adn Thaxton (1986).
As regard to the further improvement obtained with 1000 and 2000 ppm AA in the
present study, Herrick and Nockels (1969) did not obtain significant increase in egg
production or egg weight at 2000 ppm. However, Chen and Nockels (1973) obtained
positive effect at 1322 and 3000 ppm which could be in agreement, in part, with the
results of the present study.These results were found to be in contrast with those of
kechik and Sykes (1974), Herrick and Nockels (1969), Rowland et al. (1973) and
Bell and Marion (1990) when they used from 400 to 2600 ppm AA in layer diets.

No research papers on AA supplementation of layer demonstrated the increase
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of the beneficial effect of AA with the increase of the acid supplementary level.

Irrespective to AA supplementation levels, statistical analysis of results rep-
resenting the interval effect showed significant difference between the three inter-
vals in the mean value of each parameter of egg production. The 3rd interval
(August : 38.75 + 1.54°C) gave the lower mean value of EN: 8.88, EW : 50.3, EM:
0.429, Fl : 2.66 and EF : 0.169, as compared to the 1st and the 2nd interval where
difference was insifgnificant in all parameters except Fl. In the 2nd interval El was
significantly 14.46% less than that in the 1st interval.

On the other hand, it can be noticed that, values of the productive perfor-
mance parameters of each suppleementary level of AA relative to those of the basal
(Table 3) increase obviously from the 1st to the 3rd interval, and from level 1 to
level 3 of AA. The 3rd interval and level 3 revealed the maximum relative improve-
ment on broductive performance. Improvement was found to be 45.37% in EN, 6.41
in EW, 54.62 in EM and 61.83% in FE. These findings may indicate that AA supple-
mentation is more effective under high ambient temperature and at higher supple-
mentary levels of AA. In addition, improvement could be obtained with higher AA
supplementary levels to achieve the same productivity realized under low or moder-
ate temperatures. Our results herein with those of Nockels (1973) confirm te hy-
pothesis that AA apears to be of greatest benefits when hens are exposed to heat
stress but when conditions are mild it will give little value.

Egg traits :

Results showing the effect of AA supplementation on egg traits parameters
are presented in Table 4. It was found from the results of the 1st interval that, the
basal diet gave values of 52.54, 11.17, 0.33, 53.82, 35.04, 0.45 and 2.00 in EW,
SW, ST, AW, YW, AH and YH, respectively. Levels 1 and 2 of AA could significantly
decrease AW giving relative decrease of 8.78% and 6.28%, respectively, as com-
pared to the basal. Level 3 did not affect this parameter significantly. All other uti-
lized parameters were found to be unaffected by AA supplementation except ST
which sighificantly increased 12.7% by this level relative to the basal .

In the 2nd interval, insignificant effect could be fourid on egg traits parame-
ters except a significant decrease in YH (8.33%) at level 1. A significant effect of
level T and 3 of AA on YW and AH, respectively, was found in the 3rd interval. Lev-
el 1 increased YW 14.77% and level 3 increased AH 2.7% relative to the basal.

The overall results revealed insignificant effect of AA supplementation on EW,
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SW, ST, AW, AH and YH. The only effect was that of level 1 and 2 on YW. They in-
creased the value 6.73 and 7.00% over the basal, respectively, without significant
difference between them.

Statistical analysis showed insigificant effect of interval on egg traits param-

eters.

The ineffectiveness of AA supplementation on most egg traits and in particular
on shell thickness as an overall results agreed to that found by Perek and Kendler
(1962, 1963) at 400 ppm AA, (Kechik and Sykes 1974) at 500 ppm, Heywang and
Kemmerer (1955), Heywang et al. (1964) at 1000 ppm or Herrick and Nockels
(1969) at 2600 ppm. However, several researchers demonstrated positive effect
on egg shell thickness at low levels (Thornton and Moren§ 1958) at 22 ppm (El-
Boshy et al. 1968). In contrast, Ahmed et al. (1967) showed a significant decrease
in egg shell thickness at S0 ppm AA.

Multistructure of egg shell membrane :

Improvement of egg shell thickness was obviously found in the 1st interval,
while the basal diet was supplemented with 2000 ppm AA. From the photomicro-
graphs of egg shell for the basal (Figure 2), and that for this effective level (Figure
3), it can be clearly seen that the egg shell of the latter treatment was more thick
than the former. Inspection of the fine layers of the shell membrane revealed rela-
tively more dense and narrow mammillary knob with larger palisade layer. The
crystalline layer was also found to be more thick. In this respect, Simons (1971)
suggested that, the higher density of mammillae confirmed greater strength charac-
teristics to the shell. Accordingly, our finding may refer to greater strength of the
egg shell with AA supplementation. However, Van Toledo (1982) observed that,
mammillary knob density was lower and diameter is greater in eggs from high
breaking strength lines of layers.

Economical evaluation of AA supplementation :

The economical evaluation of supplementing layer diet with AA is presented in
Table 5. According to market price of the commercial AA (20%), and the inclusion
rate in the feed, 2.5 (500 ppm), 5.0 (1000 ppm), 10 (2000 ppm) kg/ton, total feed
cost increased 6.1, 12.3 and 24.6%, respectively. Due to improved egg mass pro-
duction, feed cost/kg eggs decreased 3.17% at 500 ppm, 14.3% at 1000 ppm, and
17.5% at 2000 ppm AA. It could be concluded from these results that the economical



220 ATTIAM.Y. et al.

values of AA supplementation increase with the increase of AA inclusion rate. The
manufacturer always recommends 100-200 ppm as optimum level of AA in layer
diets which is far below that obtained in the present study (500 ppm) under ambient
temperature range of 29.89 + 2.65 - 38.75 + 1.540C. However, recent trial showed
an effective high dose (600 ppm) at 23 - 390C (Basil 1990).

It seems that, the optimum dose is for maintaining normal egg weight and egg
production, wherease, high doses evaluated in the present study may surpass this
effect of AA under heat stress.

Table 5. Economics of supplementing layer diet with AA .

Item A.A. * levels (ppm

Basal 500 1000 2000
Feed Price (pt/kg) 65.0 69.0 75.0 81.0
Total feed intake / hen (kg) 8.68 8.54 8.27 8.24
Total feed cost / hen (pt) 564.2 589.2 603.7 667.44
Total egg weight / hen (kg) | 1.586 1.711 1.981 2.275
Feed cost / kg eggs (pt) 355.7 344.4 304.7 293.4
Feed cost % basal 100 96.8 85.7 82.5
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