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THE BXPURINENT wag carried out for g period of three months,

April, May and J une, where 96 laying hens at 8 months of age
were divided into tywe €qual groups. The fipst ETOUD was maintai-
ned under high temperatureg (90 F.). The second £foup was reared
under norma] conditions. Every ETCUp was divided ipto four
subgroups, 1o be supplied with 0, 50, 100, 200 and 250 ppm ascor-
bic acid respectively. The laying hens (without supplement) reared
under high temprature showed reduction in feed Consumplion

and efficiency, €28 production “number and weight™, shell thick.
ness, seram Calcivm and phosphorus and thyroid weight. High

ration caused an incregse in feed Consumplion, feed efficiency, egg
production, shel thickness, serum caleium  and prhosphorug
and thyroid weight, Body temperature and Mortality rate was
decreased by adding ascorbic acid 1o the ration.  Ascorbije acid
supplement did not affect bload pressure

During the laying period the high level of ascorbic acid 250

pprp) wils more sffective on the economic characters, specially
Purivg high temperature,

Results on the effect of asgorbic acid on egg production showed wide con-
traversial. The addition of ascorbic acid to laying rations increased the egg
production (Essary an Holmes, 1944, and Hunt and  Aitken, 1962), Ahmed
et al. (1966) showsd that dietary ascorbic acid supplementation assists in
counteracting the high environmental temperature conditions for laying birds
without any reduction in egg production. On the other hand, Thornton and
Moreng (19584 and ), Harms and Waldroup(1961),Sullivan and Kingan(1962),
and Roberson and Francis (1965 and 1946 ) reported that the addition of asc-
orbic acid to the laying ration did not affect egg production.  Also, Thornton
and Moreng (1959) showed that egg production was not affected by the presence
of ascorbic acid in the diet under ‘cool and warm environmental temperatura,

Supplementation with vitamin  C had no or very slight increasing effect
on the egg weight.  Hens supplemented with vitamin Cand subjected to high
temperature shawed an inorease in ege weight (Thoraten, 1959, and Perek
and Kendler, 1962). El-Boyshy (1966 found that birds treated  with vitamip
C showed a slight rise in egg weight.  Also, he found that vitamin C addition
diminished the decline in egg weight in hot climate but this =fizet was statis-

tically not significant.
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On the other hand, Heywang and Kemmerer (1955) and Heywang ¢f al.
(1963) found that no appreciable change in egg weight occurred when
the diet was supplemented with ascorbic acid.

Concerning the feed efficiency, Perek and Kendler ( 1962) found that the
feed efficiency was higher in groups supplemented with vitamin C. However,
Wilkinson (1961) and Roberson and Francis (1965) showed that addition of
vitamin C had no effect on feed efficiency during the laying period.

During the laying period, the addition of vitamin C to the diet increased
the feed consumption and this increment was significant when birds kept
under 80-82° F. (Thornton and Moreng, 19580) and was slight under the cool
environmental conditions (Thornton and Moreng, 1959).

Reports in the literature on the effect of the addition of vitamin C to
the laying ration on the egg shell quality are not contradictory. Thornton
and Moreng (1958a) and Thornton (1960a and h), reported that shell thickness
was increased, specially during period of heat stress, by supplementation of
vitamin C. Similar findings were reported by Thornton and Moreng (19585)
and Ahmed ef al. (1966) who suggested that ascorbic acid may have a stimul-
atory influence on the thyroid activity particylarly under the conditions of
increased environmental temperature, Sullivan and Gehle (1962) explained
the increased egg shell thickness was by promoting the transfer of serum
calcium to the shell gland of the oviduct.

On the other hand, Pepper ef al. (1960) found that the addition of vitamin
C to the laying ration had no significant effect on specific gravity of cggs
when the hens reared under 75-80°F. Wilkinson (1961) confirmed this result.
Also, under hot environmental temperature, it was reported that supplement-
ation of asenrbic acid had no influence on eg8 shell thickness (Heywang
and Kemmetrer, 1955, Thornton, 19600 Hunt and  Aitken, 1962 and Perek
and Kendler, (1962). Bimilar findings were reported by Harms and Waldroup
(1961) and Heywang el a’. (1963) but using sodium Aascorbate as a
supplement. Also, Roberson and Francis (1965 and 1966) found that shell
thickness and roughness was not affected by ascorbic acid, but the
percentage weight of shell to the eggs was significantly increased.

In the cold climate (554 5°F.) no significant effect of vitamin C addition
on shell thickness, shell percentage and specific gravity was observed (EL-
Boushy, 1966).

When S.C. White Leghorn hens were fed rations containing 20 mg
ascorbic acid/lb. they required less calcium to produce a pound of egg shell
than did the other birds (Essary and Holmes, 1944). On the other hand,
Thornton (1960 &) found that the addition of vitamin C (20 mgflb of ration)
increased calcium required for shell formation.

Egypt. J. Anim. Prod., 15, No. 2 (1973)
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The response of plasma calcium, in hens, to ascorbic acid may be in-
luenced by factors other than heat stress, namely dietary protein level,
calcium level and the metabolic rate (Thornton, 19604 and # and 1961 B).
Vitamin C significantly raised the caleinm level in the plasma in the hot en-
vironment, accompanied by a significant improvement in shell quality (El-
Boushy, 1966). On the other hand, Sullivan and Gehle (1962) reported that
ascorbic acid (25 mg/lb of ration) slightly decreased caleipm levels in the blood.
Therefore, it was thought that ascorbic acid may increase egg shell thickness
by promoting the transfer of serum calciym to the shell gland of the oviduct.

Also it was shown that dietary ascorbic acid supplementation assists
in counteracting the high environmental temperature conditions for laying
birds (Ahmad et el, 1966). Vitamin C had a tendency to reduce body
temperature in heat stressed birds (Ahmed and Moreng, 1944 and Subas-
chandran and Balloun, 1966).

At the same time, it was reported that in heat stressed birds (30°C.)
vitamin C did not affect blood pressure significantly (Subaschandran and
Balloun, 1966).

The present experiment was conducted to study vitamin C supplemen-
~tation on feed efficiency, egg production, mortality rate, body temperature,
.respiration rate, blood pressure, serum calcium and phosphorus and thyroid
weight in mature hens matntained under high and normal environmental
femperature.

Experimental
Animal and diet

96 Fayoumi hens, 8 months of age, were kept in individual laying cages
during the experimental period (April, May and June). Each cage was
provided with feeder and waterer. The hens were distributed at random
into two equal groups. The first gronp was housed under high temperature
of 90°F. during the period of the experiment (the cages were placed in houses
heated by an clectric thermostatic heater to keep the room temperature almost
constant. While hens in the second group were reared under normal tem-
perature with an average 719F. (average air temperature was 61, 71 and 80°F
during April, May and June respectively).

"
Every group was divided into four equal subgroups. The egg production
in the month prior to the experimental treatment (March) was almost equal
in the four subgroups. Rations of subgroups were supplied with 0,100, 200
and 250 ppm ascorbic acid. The ration used was composed of 55% crushed
grains and 459 mash. The grain mixture included 109 barley, 35% maize,
109 horse beans. The mash ingredients were 12.5% wheat bran, 12.5% rice
bran, 157, decorticated cotton-seed meal and 5% fish meal. A supplement of
0.5% common salt, 1.57 bone meal, 3.5% calcium carbonate and 2 g
feed supplement Pfizer vitamin A+D, per kg diet (vitamin A 5000 1U/g
and vitamin D, 500 IU/fg). Meals were offered twice daily at morning and
afternoon ad libitum. Fresh water was adequately supplied.

Egypt. J. Anim. Prod., 15, No, 2 (1975)
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Individual daily records for egg number, cgg weight, feed consumption
and mortality were collected. Shell quality tests, weight, percentage and
thickness were carried out on 48 egg samples per subgroup within one week,
(Drant and Shrader, 1952).

Monthly records for body temperatyre and respiration rate between
12 noon to 2.00 p.m. were tested in random group samples of 10 hens.

At the end of the experiment, 6 hens from each subgroup were used to
estimate blood pressure by the manometric method (Sturkie, 1954).

Alter measuring blood pressure, blood samples were collected [rom the same
birds. The serum of each hen was used for the determination of calcium after
Roe and Kahn (1929), and phosphorus after Fiske and Subbarow (1925).

Statistical analysis was cartied out according to Steel and Torrie (1960).

Results and DiscuSsion
Effect of ascorbic acid on feed consumption and jeed efficiency

During the laying period, the accumulated feed intake per bird for three
months indicates that birds reared under high temperature consumed less feed
than those reared under normal temperature (Table 1), a fact which is greatly
attributed to less appetite when air temperature drifts up to 90°F (Huston e af,,
1957; and Longhouse ¢f al., 1963).

TABLE 1. Average feed consumed and feed efficiency for the diff-
erent groups treated with aseorbic acid (April June).

Temperature Levels of Feed consumed Feed efficiency
ascorbic acid (ghen) kg feed/kg egp
(ppm} i o
High 90 F . . 0 9077 7.67
100 9303 5.07
200 9452 4.64
250 9687 4.12
Normal - . . . 0 9229 6.71
100 9419 5.60
200 9578 4,69
250 l 9853 4.18

Egypt. J. Anim. Prod., 15, No. 2 (1975)
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Ascorbic acid supplementation to the ration of the laying hens increased
Teed consumption (Tabe 1). The effect of ascorbic acid on feed consumption
was more pronounced under high temperature than under normal temperature
and also the high level of ascorbic azid was more effective than the low level.

Feed efficiency per one kilogram of egg mass was much higher in the hens
reared under normal temperature than in hens reared under high temperature
(Table 1).

Addition of ascorbic acid to the ration of the laying hens improved feed
efficiency. Theis improvement was more pronounced under high temperaure
than under normal one.  Also the feed conversion was higher under the high
level than the low level. Thornton and Moreng (1959) proposed that ascorbic
acid had stimulating influence on the thyroid gland. This may in turn improve
the feed efficiency-

Effect of ascorbic acid on egg production
Egg number

It is evident from Table 2 that addition of ascorbic acid to the ration of
laying hens for three months increased egg number. The supplementation with
100, 200 and 250 ppm ascorbic acid caused 45, 57, and 799 increase in egg
number under high temperature and 24, 32 and 57% increase under normal
temperature respectively. From these results, it can be noted that ascorbic
acid is more effective on egg number under high temperature than in normal
temperature.  Also, the high levels of ascorbic acid had a pronounced effect
on egg number than the low levels.

The beneficial effect of ascorbic asid on egg numar may be due to the re-
lative success of birds in increasing feed consumption and feed efficiency.
Also, this may be due to the effect of ascorbic azid in maintaining the normal
physical conditions of the body, body temperature, respiration rate.

Ahmed et al. (1966) showed that dietary ascorbic ascid supplementation
assist in counteracting the high environmental temperature conditions for
laying birds.

It is clear also that hens reared under high temperature without ascorbic

acid (o ppm) produced lower eggs than those reared under normal te mperature,
Here the reduction percentage in egg number was 11%.

Statistical analysis in Table 3 shows that the differences in egg number
due to ascorbic acid and months were highly significant (P<0.01) while the
difference due to temperature was not significant. This result may be due
to theincrease in the normal environmental temperature especially at the end
ofexperiment which reached 84°F. The interaction between levels

and
months was highly significant (P< 0.01),

Egypt. ]. Anim. Prod., 15, No. 2 (1975)
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TABLE 2. Average egg number Per hen in the different grouvps treatcd with ascorbic acid,

Leveis of acorhic acid (ppm)

Temp. Months
E 0 ‘ 160 200 250

April . . ‘ 10.52 ' 16.58 20.33 21.67
High 90°F . . . . May. . . ‘ 11.33 ‘ 18.04 16.73 21.00
June . . . . 7.88 11.00 12.82 14.27
——
Average 10.60 15.47 16.63 18.98
April . . . 13.83 14.25 19.92 22.33
MNormal . - . . May. . . . 12.83 16.36 14.92 18.58
Jupe. . 9.00 13.50 12.:33 15.08
Average . . 11.89 14.70 15.72 18.66

1

TABLE 3. Analysis of variance of egg number for the

difterent groups treated

with ascorbic acid.

S.V. d.f. M.S. K.
Levels (LY . - . + . 3 639.59 2. 82%%
Temperatare (T) . . . 1 7.1 0.31
Months (M) 2 695.80 30.27**
o BT w e oo im s 3 13.44 0.58
XML i wv 6 86.15 Bu75%E
TXM .+ .. -2 34.62 1.51
LXTRM &5 n o 6 17.15 0.75
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Egg weight

Ascorbic acid addition to the ration of laying hens for three months
abolished the decline in egg weight by the effect of hot climate (Table 4) this
effect was statistically highly significan (Table 5) Also supplied with
ascorbic acid and reared under normal temperature showed increase in egg
weight. However, the increase in egg weight due to ascorbic acid is more
pronounced under high temperature than normal temperature. The higher
level of ascorbic acid (250 ppm) gave larger cges than lower levels.

As far as the effect of ascorbic acid on egg weight under high temperature
is concerned, EI-Boushy (1966), Perck and Kendler (1962) and Thornton
(1959 a ) showed that hens given ascorbic acid and maintained ynder high
temperature gave larger eggs.

Egg shell thickness

Hens reared under high temperature with or withuot ascorbic acid laid
eggs with thinner shell (Table 6). This agrees with findings of Warren and
Schnepel (1939) and Wilhelm (1940) and Brant er o/ (1953). Conrad (1939)
mentioned that shell secretion is probably retarded at high tereperatures
by diminished intake of calcium in the feed and possibley also by reduced
capacity of the blood stream to carry calcium.

Under high and normal temperatures the addition of ascorbic acid to
the ration of laying hens increased shell percentage and thickness especially
by high levels. The supplementation with 100, 200 and 250 ppm ascorbic
acid caused 8, 12 and 197 increase in shell thickness under high temperature
and 4, 8 and 217 increase under normal temperature respectively.

Differences between levels and temperature treatments were highly
significant (Tabel 7).

Effect of ascorbic acid on physiological reactions

During the laying period, the birds showed higher body temperature,
respiration rate and blood pressure in groups reared under high temperature
(Table 8 ). Concerning the stress effect of high temperature, many workers,
such as Randall (1943) and Wilson (1948) and also Sturkie (1954) who
came to the conclusion that the critical temperature of the environment,
above which body temperature of hens begin to rise is about 80 - 85° F.
Heat elimination is controlled largely by heat dissipation through activated
respiration, as birds are not equipped with sweatglands.

Ascorbic acid supplementation to the ration of laying hens for three months
scemed to decrease body temperature by increasing respiration rate under
normal and high temperatures (Table 8). The differences were highly
significant (Table 9). The groups which received the high level of ascorbic
acid were of considerably higher respiration and lower body temperature
than groups which received the low level,

Egypt. ]. Anim. Prod., 15, No. 2 (1975)
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TABLE 4. Average ego weight (2) for the different geouns treated with ascorbic aeid,

| | Levels of ascorbic acid (ppm)
Temp, | Months | SR e i _*_“T___‘_‘—'
.i | 0 100 | 200 | 250
— _f___l__ e
\| April . . | 43.64 44.75 ’ 44.86 ( 44.52
High 90F . . . . . May. . . . 39.77 42.76 | 40.64 | 44.31
June, 36.90 40.29 || 39.38 41.60

S el

Average } 40.50 | 4273 | 4.9 ’ 43.50
N S

'Aprii - 43.05 | 42.43 ’ 45.58 45.53
Normal . . . . . .|| May. . . . 42.57 42.28 43.47 41.98
June. . . ., 39.68 38.78 / 40.75 38.93

T —— = |

Average ]‘ 41 85 41.27 | 43.26 42.14

TABLE 5. Analysis of variance of egg w.ight for the
differant groups treated with ascorbic acid,

S.v, ( d.f. I M.S, ’ F-valze
_— —1| ‘ %—‘| —
Levels (L) . . . .. ‘ 3 31.00 2.840%#
Temperature T ... 1 00.24 ¢ 0.022
Months (M) . . , . 2 | 482.22 43,998
BT iy, 3 [ 48.59 4.433%
LXM ..., 6 | 9.96 0.909
TR o vu iy | 2 | 8.36 0.763
LXTXM e 6 | = 1.588

L P 0.01.
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TABLE 6. Average shell pereeatage and shell thickuess (mm) for the different
groups ireated with aseurbic acid,

High (20°F) Normal
Levels of | I
ascorbic =i K | T R
acid (npm) } Sheil \ Shell | Shell Shell
I B | thickness | % thickness
| | | |
o | 12.01 ' 2.287 12.98 | 0.307
100 | 13.32 0.310 | 13.45 | 0.321
20 | 1363 | 0.320 ‘ 13.69 0.332
0.341 14.21 ‘ 0.370

TABLE 7. Analysis of variance of shell thickness for the diffe-
rent groups freated with aseorbic acid.

8.V. ‘ d.f. M.S. | F-Value
Levels (1) . . . . ¢ . | 3 0.028276 20.33%*
Temperature (T) . . . . 1 0.015034 10.81**
BT e e w6 3 0.00081 1 0.58

Addition of ascoibic acid to the ration of hens showed no significant
effect on blood pressure under difierent environmental temperature (Tables
8 and 9).

These resulis are in good agrecment with several authors.(Ahmad and
Moreng, (1944); Grimes and Moreng, (1965) ; and Sybaschandran and Bal-
loun, (1966) . .

Effect of ascorbic acid on serum caleium and phosphorus

High temperature hed highly sifgnificant effect on decreasing the levels
of serum calcium and plosphorus (Table 10).  This effect cansed a highly
significant reduction in shell thickness (Table 6), Warren and Schnepel
(1939) and Conrad (1939) reported similar results.

Lgypt. J. Anim. Prod., 15, No. 2 (1975)
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TABLE 8. Average body temperafure, respiration rate and blood pressure for the difTe-
reat groups (reated with ascorbie acid during the laying period.

Levels of ; Respiration
Terap ascorbic “‘"‘({Ft?ml’- vals EI‘();SI[ l};essslre
’ acid (ppm) * ( /minute) £
] 112.7 158.3 140.4
100 1%Ea 165.7 140.3
Hig 90F. . .
200 110.8 171.4 138.2
250 109.0 180.7 1377
. et e
(4] 110.9 126.0 134.9
100 109.1 135.6 134.8
Normal . . . . 200 108.6 141.4 133.6
250 107.3 156.8 133.2

TABLE 9. Amlysis of variance of body temperature, respiration rate and blood Pressurg
for the different groups treated with ascorbic acid during the laying period.

Items S.VY. d.f. MLS. F
Levels (L) . . 3 31.70 10.82%=
Body temperature . . . . .| Temp.(T) . . 1 944.07 322.2 *
Lo v a0 3 0.63 0.22
Levels (I) . . 3 656.77 163.97% %%
Respiration rote . . . . . . Temp. (T) . . 1 460250. 41 114206.06%*
EXT i . 3 2357.10 584.89%*
Levels{L) . . 3 26.67 1.90
Blood 5 4 & i s e wia|  Fempa(Ty . . 1 776.02 55. 47
BIRESURS: % o vowr v & 0w sl TR e 3 1.02 0.07
#* __ P < 0.01
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During the laying period, ascorbic acid raised the serum calcium and
phosphorus levels in normal and high temperature ( Table 10). The average
inerease in serum calcium and phosphorus were 1.64 and 0.35 mg /100 ml
serum under high temperature and 0.51 gnd 0.30/100 ml serum ynder normal
temperature respectively. The differences due to levels of ascorbic acid were
highly significant (Table 11).

TABLE 10. Average serum cateium and phosphorus (m /100 ml of serum). for the
different groups treated with ascorbic acid during the laying period.

Ascorbic acid

Temperature (Dpm) Caleium lr Phosphorus
0 13.92 5.83
100 14.67 6.03
High 96°

200 15.82 6.23
250 16.18 6.28
Q 16.53 6.32
100 16.83 6.55

Normel . . . . ‘
‘ 230 | 17.00 6.58
‘ 250 | 17.28 6.75

TABLE 11, Analysis of variance of calcium and phosphorus for the different group
treated with ascorbic acid doring the laving period.

‘ |
items S.V. d.f. M.S. F-value
Levels (L) . . ‘ 3 5.46 30, 354
Temp. (T) - . { i 17.45 208.06%*
Caltivm~ « v v w % a w w
BXH onu 3 1.67 9.28%%
Levels (L) . . 3 0.427 9.49%
Phosphorus . . . . . - . . Temp. (TYV . . 1 2.470 54.89*
‘|L . 4t 3 0.020 l 0.44
|

* — P < 0.0,
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This increase in serum calcium was accompanied by a highly significant
improvement in shell thickness (Table 6). EI-Boushy (1966) and Thornton
(1960b ) reported that vitamin C had a marked infiuence on calcinm
metabolism,

) The high level of ascorbic asid supplemantation caused greater increase
in serum caleiym and phosphorus than the low level.

Effect of ascorbic acid on thyroid weight

Itis evident from Table (12) that rearing ths laying hens undzr high tem-
perature decreased absolute and relative thyroid weight, althouzh this difference
was not significant (Table 13). Under high and normal temparatures the
addition of ascorbic acid to the ration of laying hens for three months increased
the absolute ynd relative thyroid weight, excaptin the group receiving ascorbic
acid at level 100 ppm and reared under normal tempzrature, which gave lower
thyroid weight per 100 g of body weight. The effect of ascorbic acid on
relative thyorid weight was more pronounced under the high than the normal
temperature. The higher level of ascorbic acid increassd absolute and relative
thyroid weight that the lower level. The differencss in the thyroid weight
due to levels of ascorbic acid were highly sigaificant (Table 13),

Effect of ascorbic acid on moridlity rate

During the laying period mortality rate increased in the hens reared
under high temperature (Table 14).  As far as high temozrature is concernad,
our findings are in agreement with the results obtained by Muller (1962).

Ascorbic acid supplementation to the ration of laying hens decreased
mortality rate (Table 14), Our results are similar to those oblained by
Perek and Kendler (1962),

TABLE 12, Average body weight (g ), thyroid weight (mg) ard thyroid weight per 100
grams of body weight for the different groups ireated with ascorbic acid during
the layiag Period.

Pemperature
Levels of ascorbic Righ 90°F Normal
acid (opm} [———— =
N i Thyroid
Bodv | Tuyeoid | SO mody | Thyroia | (YO
! weight welght body wt. weight welight boﬁy wi.
e N | ._i — ——
4] 1233.3 100.00 8.11 10133 115.50 11.40
100 1138.7 116.50 10.23 1243.7 130.17 10.47
200 1177.3 131.67 11.18 1239.3 147.67 11.92
250 1272.7 163.17 12.82 1218.7 180.66 14.82
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TABLE 13. Analysis of variance of thyroid weight for the difference
groups treated with ascorbic acid during the laying pariod.

5.Y. f.d. MLS. E-value
Lewels (LY . . . . 3 9046.06 B.25¥F*
Temp. (T) . . . . . i 294533 2.69
LXT vy & e 3 7.50 0.0068
e P01

TABLE 14. W ortality rate for the different groups treated
with ascorbic acid during the laying period.

Mortality percentage.
Levels of
ascorbie — T
acid (ppm) High Normai
temperature temperature
0 - 33.4 16.7
100 16.07 16.7
200 8.3 0.0
250 8.3 0.0

The results obtained from this work confirm that vitamin C supplementa~
tion to the diet of the laying hens under different temperatures counteracted
the depression effect of the hest stress and improved the economic char-
acters. Feed efficiency was increased in parallel relationship with an
increase in egg production. Shell quality was significantly ipmroved. Mor-
tality rate was reduced. This beneficial effect of vitamin C was acquired thro-
ugh its role in maintaining the normal physiological activities against the heat
stress, as proved from the data of the different body reactions.

Adding ascorbic acid at rate of 250 ppm in the diet could be the
recommended level during the laying period specially under hot environment.

Egypt. ]. Anim. Prod., 15, No. 2 (1975)
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