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This experiment was performed to determine the effects of dietary ascorbic acid (ASA) supplementation on blood
components, leukocyte and tonic immobility of male turkeys under summer conditions. A total of 120 one-day-old male
turkeys were fed with three different diets. The experimental diets were: control without ASA (ASA-0), 150mg of ASA/kg
(ASA-150) and 300 mg of ASA/kg (ASA-300) of diet. The turkeys received the experimental diets for 18 weeks. Diets in
mash form and water were provided ad libitum. In the ASA-150 and ASA-300 groups, the eosinophile and basophile ratios
were higher than those of the ASA-0 group at 12 weeks of age (P<0.05 and P<0.001), but lymphocyte (L), heterophil (H),
monocyte, H: L ratio and tonic immobility were not influenced by the ASA levels (P >0.05). Both dietary ASA levels caused
a quadratic decrease in serum cholesterol, low density lipoprotein (LDL) and glutamic-oxaloacetic transaminase (SGOT) (P
<0.05), whereas dietary ASA caused a liner increase in serum iron concentration of turkeys (P<0.05). Serum glucose,
triglyceride, high density lipoprotein (HDL), total protein, albumin, globulin, lactate dehydrogenase (LDH), glutamic-
pyruvate transaminase (SGPT), urea, uric acid and alpha amylase were not affected by the addition of ASA to the diets (P
>0.05). As a conclusion, blood haematological profile, serum biochemical components and tonic immobility of turkeys were
not significantly affected by dietary ASA levels at chronic high summer temperatures in general, and, therefore, there is no

need for ASA supplementation in turkeys’ diets under summer temperatures that do not exceed 31.7°C.
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Introduction

Turkeys in modern environments can experience a vari-
ety of stressors in environmental, pathological, or nut-
ritional forms. The global environmental temperature is
also showing an upward trend. In the turkey industry of
the world, huge economic losses occur every year because
of mortality and decreased production in relation to high
environmental temperatures.

New turkey strains are more sensitive to high ambient
temperatures than earlier strains (Veldkamp et al., 2002).
Fast-growing turkeys produce more heat and have greater
difficulty in dissipating heat in hot temperatures, which
leads to higher body temperatures and reduced perfor-
mance (Veldkamp, 2002).

Earlier reports showed that turkeys could be reared in
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environmental temperatures between 10 and 26°C if die-
tary energy was regulated (Albuquerque et al., 1978).
Yahav (1999) reported a significant decline in weight gain
and feed intake when turkeys were raised at 35°C versus
25°C and body temperatures were at normal levels. High
ambient temperatures depressed feed intake, resulting in
reduced BW gain and breast meat yield of turkeys when
compared to optimum temperatures (Veldkamp et al.,
2000).

A number of methods are available to alleviate the
negative effects of high environmental temperatures on the
performance of poultry in terms of feed consumption,
body weight gain and feed efficiency. As it is expensive to
cool the buildings in which the animals are housed, such
methods are focused mostly on dietary manipulation.
Studies have shown that antioxidant nutrient supple-
mentation, especially the addition of ascorbic acid (ASA),
can be used to diminish the negative effects of envi-
ronmental stress in broilers (Sahin et al., 2003). There has
been considerable interest in the possible nutritional role
for ASA on the basis that endogenous synthesis may not
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be adequate to meet the full needs of poultry at all times or
that requirements for ASA may be increased under certain
circumstances, such as stressful conditions (Whitehead
and Keller, 2003). Dietary ASA increases resistance to
infections and stresses of all kinds in poultry (John, 1992).
Also, dietary ASA may alter serum cholesterol, glucose,
total protein and albumen concentrations in stressed broi-
lers (Sahin et al., 2003; Kutlu and Forbes, 1993). We did
not find any literature related to the effect of dietary ASA
supplementation on blood traits in turkeys.

Stressful conditions can generate a stage of tension that
evokes behavioral and physiological chain reactions in
broilers (Mahmoud et al, 2004). The effects of envi-
ronmental stressors on avian leukocytes have been widely
considered in numerous studies (Altan et al.,, 2000; Campo
and Davila, 2002; Yal¢in et al, 2003). Nathan et al.
(1976) reported that heat stress caused a significant de-
crease in leukocyte counts in cocks. The heterophil:
lymphocyte (H : L) ratio in the avian blood is related to
stress status. H : L ratio of about 0.2, 0.5 and 0.8 are
characteristics of low, medium and high degrees of stress,
respectively (Gross and Siegel, 1993). Heterophil num-
bers increase during mildly or moderately stressful condi-
tions; consequently, the H: L ratio can be used to detect
the presence of physiological stress and extreme stress
conditions resulted inheterophenia and basophilia in fowl
(Maxwell and Robertson, 1998). Ozkan et al. (2004) re-
ported that turkeys exposed to acute heat stress (30.5°C),
compared to turkeys in the control group (20°C), experi-
enced increased body temperature, heterophil, basophile,
and monocyte proportions and H : L ratio but a decreased
number of lymphocytes.

Tonic immobility (TI) has been described as an adap-
tive psycho-physiological response which is characterized
by reduced responsiveness induced by physical restraint;
it has been used as a measure of fearfulness and heat stress
status in poultry (Jones, 1996; Yalcin et al., 2003). Yal¢in
et al. (2003) reported that exposing birds to heat stress
increased the duration of TI. However, there was no
research found that examined TI measured according to
heat stress and dietary ASA supplementation in turkeys.

To the best of our knowledge, the physiological demand
for dietary ASA is not well documented in turkeys under
optimum and high environmental temperatures. There-
fore, the present study was conducted to determine the
effects of dietary inclusion levels of ASA concentrations
on blood biochemistry, leukocyte cell profile and T1 dura-
tion under summer heat conditions.

Materials and Methods

Experimental birds and diets

A total of 120 male one-day-old BUT6 turkey chicks
were obtained from a local commercial hatchery. A
standard brooding program was applied for the first three
weeks. Turkey toms were reared at natural summer
temperatures from 4 to 18 weeks of age. Poults were
divided into 3 treatments groups. Each group consisted of

five replications with eight birds per replicate. The experi-
mental diets were: control without ASA (ASA-0), 150 mg
of ASA per kg of feed (ASA-150) and 300 mg of ASA per
kg of feed (ASA-300) (L-ascorbic acid, Rovimix® Stay
C®35, Roche, Levent-Istanbul, Turkey). Feed was
formulated at four week intervals according to NRC
(1994) recommendations. Fresh feed with ASA was
mixed at 7 day intervals. Small amounts of the basal diets
were first mixed with the respective amounts of ASA as a
small batch and then with a larger amount of the basal
diets until they were homogeneously mixed with the total
amount of the respective diets. Body weights (BW) of
toms were obtained individually at 0, 4, §, 12, 16 and 18
weeks of age, and body weight gain (BWG) was calcula-
ted from these data. Feed intake (FI) was measured on
pen bases on the same days and corrected for mortality.
The feed conversion ratio (FCR) was calculated as the
ratio between total BWG to total FI of all birds in each
pen. Lighting included 24 h of light from O to 3d and 16
h of light and 8 h of darkness from 4 to 126 d of age. This
study was conducted during the months of May through
September 2006 in Izmir, Turkey. This region is one of
the hottest regions of Turkey in the summer season. The
experimental diets used are provided in Table 1. The
temperature and humidity of the house were recorded
three times daily at 8 : 00, 15 : 00 and 20 : 00 o’clock.
Feed and water were provided ad libitum.
Feed chemical analyses

The dry matter content of feed samples was determined
by oven-drying at 105°C for 18h. The ether extract
content of feed samples was obtained by the Soxhlet
extraction using anhydrous diethyl ether. The Kjeldahl
method was used for the analysis of the total nitrogen
content of feed samples, and crude protein was expressed
as nitrogen X 6.25 (AOAC, 1980). The crude ash content
was determined after heating the feed in a muffle furnace
at 550°C for 16 h. The crude fibre content of the feed was
determined using 12.5% H,SO, and 12.5% NaOH solu-
tions (Nauman and Bassler, 1993).
Tonic immobility

Tonic immobility was observed at 12 and 16 weeks of
age, but we failed in the observation due to heavy body
weight and seriously injury of birds at 16 weeks of age.
Therefore, we presented only 12 weeks of age TI observa-
tions in the table. The test was performed on 20 poults for
each group. Chicks were transferred to an empty room
and direct eye contact between the observer and bird was
avoided. The duration of TI, the time interval until the
bird righted itself, and the number of inductions (10s
periods of restraint) necessary to attain TI were recorded.
If TI could not be induced after 5 attempts, the bird was
considered to be unsusceptible and a score of 0 was
recorded. If the bird remained in TI after 10 min, the test
was stopped and a maximum score of 600 s was given for
duration (Campo and Davila, 2002).
Leukocyte cell counts

Blood samples of turkeys were collected at 12 and 16
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Table 1. The composition of diets at 0 to 18 weeks (%)

Age, week
Ingredients
0to4 4 to 8 8 tol2 12 to 16 16 to 18

Maize 43.76 40.00 40.00 40.00 40.00
Wheat — 9.81 21.25 29.42 36.04
Soybean meal 51.48 45.41 33.98 25.51 18.55
Vegetable oil 0.18 0.95 1.34 2.00 2.78
Vitamin-mineral premix' 0.25 0.25 0.25 0.25 0.25
Limestone 2.04 1.72 1.49 1.32 1.16
Mono calcium phosphate 1.85 1.45 1.18 1.08 0.87
Coccidiostat 0.10 0.10 0.10 0.10 0.10
L-Lysine 0.14 0.06 0.06 0.05 —
DL-Methionine — 0.05 0.15 0.07 0.05
NaCl 0.20 0.20 0.20 0.20 0.20
Chemical composition (%)

Dry matter 90.73 90.46 90.70 90.65 90.52
Crude protein 28.37 24.58 20.87 19.07 16.32
Crude fiber 4.08 3.40 3.14 3.35 2.64
Crude ash 7.78 6.85 5.37 5.72 4.94
Crude fat 2.46 3.11 3.20 3.66 3.97
Calcium 1.24 1.04 0.88 0.78 0.66
Available phosphorus 0.57 0.48 0.41 0.37 0.32
Lysine 1.56 1.40 1.12 0.91 0.74
Methionine 0.46 0.41 0.39 0.34 0.27
ME (MJ/kg) 11.19 11.65 12.18 12.68 13.17

'Supplied per kg of the feed: Vitamin A, 15000 I.U; Vitamin D;, 2000 I.U; Vitamin E, 40.0 mg; Vitamin
K, 5.0mg; Vitamin B, (thiamin), 3.0mg; Vitamin B, (riboflavin) 6.0 mg; Vitamin Bg, 5.0 mg; Vitamin
By, 0.03mg; Niacin, 30.0mg; Biotin, 0.1 mg; Calcium D-pantothenate, 12mg; Folic acid, 1.0mg;
Colin Chloride, 400 mg; Manganese, 80.0 mg; Iron, 35.0 mg; Zinc, 50.0 mg; Copper, 5.0 mg; Iodine, 2.0
mg; Cobalt, 0.4 mg; Selenium, 0.15 mg.

?Calcium, available phosphorus, lysine, methionine and metabolizable energy (ME, MJ/kg) contents of
feed was calculated according to NRC (1994).

weeks of age. A total of 60 birds were used (20 birds from same manufacturer with an auto-analyzer (model BT
each group) to determine blood cell count. In the diffe- 3000 plus, Biotechnica, Rome, Italy).

rential leukocyte cell counts, two drops of blood were  Statistical Analysis

collected from the wing vein, and blood smears were made The data were analyzed using the GLM procedure of
on duplicate glass slides. Blood smears were stained using SAS (1996). Linear and quadratic polynomial contrasts
Wright stains approximately 4h after preparation with  were used to evaluate treatment effects. The results of the
methyl alcohol fixation. Leucocyte cells [heterophils (H), statistical analysis are shown as mean values and standard
lymphocytes (L), eosinophiles, monocytes, and basophils] error of the means (SEM) in the tables.

were counted by the same person to 100 cells per individ-

ual smear, and the H: L ratios were calculated (Gross and Results
Siegel, 1986). Average house temperatures throughout the experiment
Blood biochemical analysis were 26.110.6, 31.50.3, and 31.7£0.3°C and measures

A sample of blood was obtained by vena puncture of the of mean house humidity were 50.8+1.2; 38.24+0.9 and
left wing vein from two toms in each pen (total 30 birds) 36.6+0.7 (%), determined at 8: 00, 15: 00 and 20: 00
at 18 weeks of age for blood chemical analysis. Then  o’clock, respectively. The average livability of turkeys was
blood samples were kept on ice and transferred to the 96.712.87 (%) for the experiment, and there were no
laboratory and centrifuged at 1500g for 10min.; the  statistically significant differences among the groups.
serums were then removed and stored at —20°C until The effects of ASA on lymphocyte, heterophil, eosinop-
analyzed. The serum components, such as glucose, tri- hile, basophile, monocyte counts and H: L ratio at 12 and
glyceride, cholesterol, high density lipoprotein (HDL), 16 weeks of age are given in Table 2. Dietary ASA
low density lipoprotein (LDL), total protein, albumin, supplementation (ASA-150 and ASA-300) caused a quad-
globulin, lactate dehydrogenase (LDH), alanine amino- ratic increase in eosinophile (P<<0.05) and a linear inc-
transferase (SGPT), aspartate aminotransferase (SGOT) rease in basophile (P<0.001) counts at 12 weeks of age.
urea and iron, were measured by using the kits from the = Basophile count in the ASA-O group was significantly
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Table 2.
H : L ratio at 12 and 16 weeks of age
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Effects of ascorbic acid on lymphocyte, heterophil, eosinophile, basophile, monocyte and

Ascorbic acid levels (mg/kg) Probabilities
Leukocyte components
Week 0 150 300 SEM Linear Quadratic
Lymphocyte, % 12 66.60 65.05 64.50 1.20 0.216 0.442
16 64.35 63.30 65.90 1.34 0.417 0.390
Heterophil, % 12 21.85 20.95 20.85 1.04 0.498 0.758
16 21.00 21.75 19.10 1.12 0.237 0.234
Eosinophile, % 12 7.30 8.70 8.35 0.34 0.040%* 0.016*
16 8.40 8.45 8.30 0.47 0.879 0.974
Basophile, % 12 2.75 3.85 4.75 0.26 <0.001** <0.001**
16 4.90 4.85 5.25 0.27 0.352 0.513
Monocyte, % 12 1.50 1.45 1.55 0.14 0.794 0.873
16 1.35 1.65 1.45 0.13 0.582 0.238
Heterophil: Lymphocyte 12 0.33 0.33 0.33 0.02 0.974 0.991
ratio 16 0.34 0.35 0.33 0.02 0.253 0.248
SEM: pooled standard error of the means; *: P<0.05; **P<0.01.
Table 3. Effects of ascorbic acid on some blood components at 18 weeks of age
Ascorbic acid levels (mg/kg) Probabilities
Blood components SEM
0 150 300 Linear Quadratic
Glucose, mg/dL 254.3 255.2 257.3 7.75 0.783 0.961
Triglyceride, mg/dL 57.2 45.0 50.2 5.90 0.848 0.353
Cholesterol, mg/dL 135.7 116.8 121.3 5.36 0.591 0.049*
HDL, mg/dL 58.80 51.10 55.13 2.61 0.868 0.257
LDL, mg/dL 67.90 52.84 58.87 3.80 0.751 0.047*
Total protein, g/dL 3.56 3.82 3.61 0.12 0.221 0.391
Albumin, g/dL 1.69 1.82 1.73 0.05 0.572 0.158
Globulin, g/dL 1.87 2.00 1.88 0.03 0.860 0.552
LDH, U/L 517.0 615.2 576.4 39.72 0.308 0.231
SGOT, U/L 2.67 0.60 1.50 0.45 0.058 0.018*
SGPT, U/L 14.3 13.8 11.5 1.04 0.065 0.147
Urea, mg/dL 3.90 4.20 4.41 0.33 0.272 0.550
Iron, ug/dL 75.6 102.80 109.90 8.79 0.033* 0.088

SEM: pooled standard error of the means; *: P<0.05.

lower than those of ASA-150 and ASA-300 groups, and
basophile count of the ASA-150 group was lower than that
of ASA-300 group at 12 weeks of age. Furthermore, the
heterophil, lymphocyte, monocyte numbers and H: L
ratios of chicks were not affected by the dietary treatment
at 12 weeks of age. On the other hand, dietary ASA did
not affect the leukocyte cell profile at 16 weeks of age (P>
0.05).

The addition of 150 and 300 mg of ASA/kg to the diets
caused a quadratic decrease in serum cholesterol, LDL
and SGOT (P<0.05). But levels of serum iron concentra-
tion were increased linearly by supplementation of 150
and 300 mg of ASA/kg to the diets (P<<0.05, Table 3).
Dietary ASA did not affect serum levels of glucose, tri-
glyceride, HDL, total protein, albumin globulin, LDH,
SGPT or urea (P>0.05).

TI durations in the turkeys fed with the control, 150 mg
of ASA/kg and 300mg of ASA/kg diets were 278.0*+
38.3, 302.7£38.3 and 332.97£39.3 seconds (P>0.05),
respectively. Dietary ASA supplementation to the basal
diets slightly increased TI durations, but these increases
were not significant among the groups (P >0.05).

Body weight, body weight gain, feed intake and feed
conversion ratio for the period from 0 to 18 weeks are
presented in Table 4. Dietary ASA supplementation did
not affect body weight, body weight gain, feed intake or
feed conversion ratio of the turkeys (P >0.05).

Discussion

Results of the present experiment indicate that the
dietary ASA supplementation (ASA-150 and ASA-300)
resulted in a significant increase in the eosinophile and
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Table 4. Effects of ascorbic acid levels on body weight (BW), body weight gain (BWG), feed
intake (FI) and feed conversion ratio (FCR) of male turkeys

Ascorbic acid levels (mg/kg) Probabilities
Item Week SEM
0 150 300 Linear Quadratic
BW, kg 0 0.059 0.057 0.058 0.001 0.840 0.925
18 13.25 13.26 13.54 0.21 0.329 0.546
BWG, g/day 0to 18 104.5 106.9 107.0 0.47 0.328 0.546
FI, g/day 0to 18 283.6 287.2 282.8 0.81 0.834 0.650
FCR, feed, g: gain, g 0to 18 3.10 3.01 3.10 0.81 0.988 0.810

SEM: pooled standard error of the means.

basophile ratio at 12 weeks of age, but dietary ASA levels
did not affect leukocyte cell counts at 16 weeks of age.
Ozkan et al. (2004) reported that heterophil, basophile,
and monocyte proportions and H : L ratio were increased
and lymphocyte levels were lowered by acute heat expo-
sure (30.5°C) compared to 20°C in turkeys at 16 wks of
age. The current results agreed with Aengwanich et al.
(2003), who reported that dietary ASA supplementation
did not affect lymphocyte cell counts in broilers. There is
a relationship between ASA and the H : L ratio that has
been documented; ASA reduced the H : L ratio in birds
under heat, cold, sound, fasting or managemental stress
in broilers (Gross, 1992; McKee and Harrison, 1995;
Zulkifli et al.,, 2000; Lohakare et al, 2005).

Ascorbate is necessary for the transformation of choles-
terol to bile acids by controlling the microsomal 7a-
hydroxylation. As this reaction is the rate-limiting step of
the cholesterol catabolism in the liver, ASA deficiency
induces a marked deceleration of this reaction, leading to
cholesterol accumulation in the liver and the blood
(Naidu, 2003). In the present study, dietary ASA supple-
mentation decreased serum cholesterol and LDL concent-
rations but did not affect serum levels of triglyceride and
HDL. The reduction of blood cholesterol concentrations
due to the addition of ASA has been demonstrated in
broilers (Kutlu and Forbes, 1993; Sahin et al, 2003;
Ahmed et al, 2005). However, Clegg et al. (1976) and
McKee et al. (1997) noted that dietary ASA in broilers
did not affect plasma cholesterol levels. In this study,
dietary ASA supplementation numerically decreased
levels of serum triglyceride, but these differences were not
significant among the groups. These results support those
of McKee et al. (1997), who found that 150 ppm of
dietary ASA did not affect plasma triglycerides in broilers.
However, it is reported that dietary ASA decreased serum
triglycerides in broilers (Clegg et al., 1976) and quails
(Gursu et al.,, 2004; Seyrek et al., 2004). Sahin et al.
(2002a) reported that dietary ASA supplementation (100
and 200mg/kg of diet) resulted in a decrease in serum
triglycerides and cholesterol concentrations, but protein
and albumin concentrations were increased compared to
control groups in Japanese quails.

Levels of serum total protein, albumin and globulin
concentrations were higher in the ASA-150 and ASA-300

groups than those of the control group, but differences
were not significant. In contrast, it is reported that dietary
ASA supplementation increased serum total protein in
broilers (Sahin et al., 2003) and quails (Sahin et al., 2002
b). Seyrek et al. (2004) noted that dietary ASA increased
serum albumin in quails. Also, they reported that the
increase of serum albumin concentrations in the experi-
mental groups could be partially explained by the reduc-
tion of synthesis and secretion of corticoids in birds fed
diet-supplemented ASA. However, according to these
results, there is discrepancy in terms of the effectiveness of
ASA on serum protein.

ASA has an important role in the absorption of iron
from the gut (John, 1992). In the present study, increa-
sing dietary ASA supplementation also resulted in the
linear increase in serum iron concentration. This result is
supported by Criste et al. (1996), and they concluded that
dietary supplementation of 1.5 g of ASA/kg increased iron
absorption from the gut and serum iron concentration in
growing chickens.

In the current study, TI durations were not influenced
by dietary ASA supplementation. Birds fed with ASA-0
had the shortest TT duration (278.0 second) but were not
statistically different from the birds fed the ASA-150
(302.7 second) and ASA-300 diets (332.9 second). There
have no research in the literature on TI in turkeys. How-
ever, this observation agreed with Campo and Carnicer
(1993), who did not find a significant effect of dietary
ASA (400 mg/kg diet) on the period of TI in laying hens.
In contrast to our study, Jones (1996) reported that
dietary ASA supplementation shorted TI duration in
laying hens.

In conclusion, there is a possibility that turkeys adapted
to these chronic high summer temperatures and, therefore,
the ambient temperature was not too high to cause signifi-
cant changes when examining some criteria in turkeys.
On the other hand, it is difficult to establish the degree of
stress experienced by birds under practical conditions due
to species, strain, degree of environmental temperature,
humidity, diet, etc. Therefore, responses to dietary ASA
may be more variable in poultry. Furthermore, additional
and more detailed research is required to explore the
effects of ASA supplementation on the diets on turkeys in
different conditions.



110 J. Poult. Sci., 46 (2)

Acknowledgments

We thank Ege University, Scientific Research Pro-
jects Directorate for their financial support.

References

Aengwanich W, Sridama P, Phasuk Y, Vongpralab T, Pakdee P,
Katawatin S and Simaraks S. Effects of ascorbic acid on cell
mediated, humoral immune response and pathophysiology
of white blood cell in broilers under heat stress.
Songklanakarin Journal Science and Technology, 25: 297-
305. 2003.

Ahmed N, Haldar S, Pakhira MC and Ghosh TK. Growth
performances, nutrient utilization and carcass traits in broil-
er chickens fed with a normal and a low energy diet
supplemented with inorganic chromium (as chromium chlo-
ride hexahydrate) and a combination of inorganic chromi-
um and ascorbic acid. Journal of Agricultural Science, 143:
427-439. 2005.

Albuquerque K, Leighton AT, Mason JP and Potter LM. The
effects of environmental temperature, sex, and dietary en-
ergy levels on growth performance of large white turkey.
Poultry Science, 57: 353-362. 1978.

Altan O, Altan A, Cabuk M. and Bayraktar H. Effects of heat
stress on some blood parameters in broilers. Turkish Journal
of Veterinary and Animal Science, 24: 145-148. 2000.

AOAC. Official Methods of Analysis. 13" edition. Association of
Official Analytical Chemistry. Washington, D.C. 1980.

Campo JL and Carnicer TK. Realized heritability of tonic immo-
bility in white leghorn hens: a replicated single generation
test. Poultry Science, 72: 2193-2199. 1993.

Campo JL and Davila SG. Estimation of heritability for hetero-
phil: lymphocyte ratio in chickens by restricted maximum
likelihood. Effects of age, sex, and crossing. Poultry Science,
81: 1448-1453. 2002.

Clegg RE, Klopfenstein CF and Klopfenstein WE. Effect of
diethylstilbestrol, ascorbic acid and vitamin E on serum lipid
patterns. Poultry Science, 55: 1104-1111. 1976.

Criste RD, Taranu I, Serdaru M, Burlaca G and Burlaca R.
Addition of 1500 ppm ascorbic acid and the possibility of
reducing the level of supplemental iron in the diets of
broilers raised at temperatures specific to the summer season
in Romania. Archive Zootecnia, 4: 21-33. 1996.

Gross WB and Siegel PB. Effects of initial and second periods of
fasting on heterophil/lymphocyte ratios and body weight.
Avian Disease, 30: 345-346. 1986.

Gross WB. Effects of ascorbic acid on stress and disease in
chickens. Avian Disease, 36: 688-692. 1992.

Gross WB and Siegel PB. General principles of stress and wel-
fare. In: Livestock, Handling and Transport. T. Grandin,
ed. CAB international, Wallingford, UK. pp. 21-34. 1993.

Gursu MF, Onderci M, Gulcu F and Sahin K. Effects of vitamin
C and folic acid supplementation on serum paraoxonase
activity and metabolites induced by heat stress in vivo.
Nutrition Research, 24: 157-164. 2004.

John M. The role of vitamin C in stress management. Austin, 42—
46. 1992.

Jones RB. Fear and adaptability in poultry: insight, implications
and imperatives. World Poultry Science Journal, 52: 131-
174. 1996.

Kutlu HR and Forbes JM. Changes in growth and blood param-

eters in heat stressed broiler chicks in response to dietary
ascorbic acid. Livestock Production Science, 36: 335-350.
1993.

Lohakare JD, Ryu MH, Hahn TW, Lee JK and Chae BJ. Effects
of supplemental ascorbic acid on the performance and im-
munity of commercial broilers. Journal of Applied Poultry
Research, 14: 10-19. 2005.

Mahmoud KZ, Edens FW, Eisen EJ and Havenstein GB. Ascor-
bic acid decreases heat shock protein 70 and plasma cor-
ticosterone response in broilers (Gallus gallus domesticus)
subjected to cyclic heat stres. Comparative Biochemistry
and Physiolology, Part B: Biochemistry and Molecular Biol-
ogy, 137: 35-42. 2004.

Maxwell MH and Robertson GW. The avian heterophil leuco-
cyte: a review. World Poultry Science, 54: 155-178. 1998.

McKee JS and Harrison PC. Effects of supplemental ascorbic
acid on the performance of broiler chickens exposed to
multiple concurrent stressors. Poultry Science, 74: 1772-
1785. 1995.

McKee JS, Harrison PC and Riskowski GL. Effect of supplemen-
tal ascorbic acid on the energy conversion of broiler chicks
during heat stress and feed withdrawal. Poultry Science, 76:
1278-1286. 1997.

Naidu KA. Vitamin C in human health and disease is still a
mystery? An overview. Nutrition Journal, 2: 1-10. 2003.

Nathan BD, Heller ED and Perek M. The effect of short heat
stress upon leucocyte count, plasma corticosterone level,
plasma and leucocyte ascorbic acid content. British Poultry
Science, 17: 481-485. 1976.

Naumann C and Bassler R. Methodenbuch, Band III. Die
Chemische Untersuchung von Futtermitteln. Vdlufa-Verlag,
Darmstadt, Germany. 1993.

NRC. National Research Council. Nutrient requirements of
turkeys. Nutrient Requirements of Poultry: 9th revised edi-
tion. National Academy Press, Washington, D.C. 1994.

Ozkan S, Cabuk M and Konca Y. Leucocyte responses to acute
heat stress in turkey toms either fed restricted or ad libitum
during the growth period. In: XXII W. Poulttry Congress,
pp- 293. June 8-13, Istanbul. 2004.

Sahin K. Kucuk O. Sahin N and Sari M. Effects of Vitamin C
and Vitamin E on lipid peroxidation status, serum hormone,
metabolite, and mineral concentrations of Japanese quails
reared under heat stress (34°C). International Journal of
Vitamin Nutrition Research, 72: 91-100. 2002a.

Sahin K, Sahin N and Yaralioglu S. Effects of vitamin C and
vitamin E on lipid peroxidation, blood serum metabolites,
and mineral concentrations of laying hens reared at high
ambient temperature. Biological Trace Elements Research,
85: 35-45. 2002b.

Sahin K. Sahin N and Kucuk O. Effects of chromium, and
ascorbic acid supplementation on growth, carcass traits,
serum metabolites, and antioxidant status of broiler chickens
reared at a high ambient temperature (32°C). Nutrition
Research, 23: 225-238. 2003.

SAS Institute. 1996. SAS User’s Guide: Statistics. Cary, NC.

Seyrek K, Yenisey C, Serter M, Kargin Kiral F, Ulutas PA and
Bardakcioglu HE. Effects of dietary vitamin C supplementa-
tion on some biochemical parameters of laying Japanese
quails exposed to heat stress (34.8°C). Revue de Médecine
Vétérinaire, 156: 339-342. 2004.

Veldkamp T, Kwakkel RP, Ferket PCM, Simons J, Noordhuizen
JP and Pijpers A. Effects of ambient temperature, arginine-



Konca et al.: Ascorbic Acid under Summer Condition in Turkeys 111

to-lysine ratio, and electrolyte balance on performance, car-
cass, and blood parameters in commercial male turkeys.
Poultry Science, 79: 1608-1616. 2000.

Veldkamp T. Heat stress and diet utilization in male turkeys: the
role of dietary energy and amino acids. Ph.D. Dissertation,
Wageningen Institute of Animal Sciences, Department of
Animal Nutrition, Wageningen University, P.O. Box 338,
6700 AH Wageningen, The Netherlands. 2002.

Veldkamp T, Kwakkel RP. Ferket P and Verstegen MWA.
Impact of ambient temperature and age on dietary lysine
and energy in turkey production. World’s Poultry Science
Journal 58: 475-491. 2002.

Whitehead CC and Keller T. An update on ascorbic acid in

poultry. World’s Poultry Science Journal, 59: 161-184.
2003.

Yahav S. The effect of constant and diurnal cyclic temperatures
on performance and blood system of young turkeys. Journal
of Thermal Biology 24: 71-78. 1999.

Yalgin S, Ozkan S, Cabuk M and Siegel PB. Criteria for evaluat-
ing husbandry practices to alleviate heat stress in broilers.
Journal of Applied Poultry Research, 12: 382-388. 2003.

Zulkifili I, Norma CHE, Chong CH and Loh TC. Heterophil to
lymphocyte ratio and tonic immobility reactions to pre-
slaughter handling in broiler chickens treated with ascorbic
acid. Poultry Science, 79: 402-406. 2000.



