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This study was designed to test the effects of feed withdrawal and darken-
ing on the performance, triiodothyronine (T3), thyroxine (T4), thyroid-stimulating
hormone (TSH), adrenocorticotropic hormone (ACTH), and some blood serum
metabolite and mineral concentrations of laying hens reared at high ambient tem-
peratures ranging from 25 to 35 °C. Ninety, 16-week-old hens (Ross Brown) were
divided into 3 groups, 30 hens each. The first group was used as control. Hens in
the second group (feed withdrawal) were subjected to feed removal from 14:00 to
18:00, and hens in the third group (darkening) were subjected to light restriction
from 14:00 to 18:00 using black curtains. Liveweight, feed intake, and egg pro-
duction were higher (P < 0.01) in the feed withdrawal and darkening groups, par-
ticularly in the darkening group, than in the control. Water intake was higher in
the control group compared with the feed withdrawal and darkening groups (P <
0.01). T3, T4, and TSH concentrations in the serum were higher (P < 0.01),
whereas ACTH serum concentration was lower (P < 0.01) in the feed withdrawal
and darkening groups compared with the control. The haematocrit was higher in
the feed withdrawal and darkening groups compared with the control (P < 0.01).
Darkening and feed withdrawal treatments increased serum glucose, urea-N, uric
acid, albumin, triglyceride, cholesterol, Ca, P, Na, and K concentrations, also the
activities of amylase and alkaline phosphatase, but did not influence the activities
of serum glutamic-oxaloacetic transaminase (SGOT) and serum glutamic pyruvic
transaminase (SGPT). The present study found that feed withdrawal and darken-
ing, particularly darkening, at high temperatures during the summer months offer
a good management practice to reduce heat stress related depression in feed intake
and egg production in laying hens.
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High environmental temperature leads to physiological changes in laying
hens such as increased water and decreased feed intake, egg quality (Emery et
al., 1984; Sauveur and Picard, 1987) and thyroid activity (Evans and Ingram,
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1977; Bowen and Washburn, 1985). Plasma T3 and T4, important growth pro-
moters in animals, are reduced during heat stress (Heninger et al., 1960; Bowen
et al., 1984; Hilman et al., 1985; McNabb and King, 1993), and appear to be
positively related to feed intake (Klandorf and Harvey, 1985). During heat stress,
plasma corticosterone concentration increases (Edens and Siegel, 1975), whereas
glucose, total protein, uric acid, albumin, triglyceride, and cholesterol concentra-
tions decrease (Meluzzi et al., 1992; Chiericato et al., 1994).

In Turkey and in many countries of the world, particularly those in the
tropical areas, high environmental temperature, negatively affecting performance
of chickens, is of major concern to chicken producers. In such countries and in
most part of Turkey during the summer months, ambient temperature at 14:00 to
18:00 ranges from 30 to 40 °C. Several methods are available to alleviate the
negative effects of high environmental temperature on the performance of poul-
try. Since it is expensive to cool animal buildings, such methods are focused
mostly on dietary and housing manipulations. Although several studies have
been conducted to alleviate the effects of heat stress on chicken performance
(Feenster, 1985; Musharaf and Jansen, 1990; Kutlu and Forbes, 1995; McKee et
al., 1997), there have been no studies reported restricting the period of time at
which hens receive artificial and natural light (daylight) during the day. There-
fore, the aim of this work was to determine the effects of darkening and feed
withdrawal on feed intake, liveweight, egg production, T3, T4, TSH, ACTH, and
some metabolite and mineral concentrations in the serum of laying hens during
the summer months when the temperature of hen houses rises up to 35 °C.

Materials and methods

Hens and diet

Ninety, 16-week-old healthy Ross Brown hens were obtained from a
commercial company (Koytur, Elazıg, Turkey). The hens were randomly as-
signed to three caging units, 30 hens each, according to their liveweight. Each
caging unit also contained six subcages, five hens per subcage (30 × 45 × 35 cm).
The cages in the hen house were lit for 17 h per day. During the experiment, am-
bient temperatures outside were obtained from a local weather forecast station,
and the temperature of the hen house was measured daily at 08:00, 14:00, 18:00,
22:00, and 02:00. Ambient relative humidity inside the hen house ranged from
50 to 60%, whereas ambient relative humidity outside was reported as 30 to 55%
by the local weather forecast station. The mean values of daily temperature
changes in the hen house ranged from 25 to 35 °C, whereas ambient temperature
outside was reported as 30 to 40 °C by the local weather forecast station. The ex-
periment, 16 weeks in duration, was conducted between June 3 and September
23 after an adaptation period of a week for diet. The experiment was in accor-
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dance with animal welfare and ethics, and was conducted under protocols ap-
proved by the Veterinary Control and Research Institute of Elazıg, Turkey.

The hens received a typical layer diet containing 11.29 MJ/kg and 15%
crude protein/kg (Table 1) to meet or slightly exceed the nutrient requirements
recommended by the National Research Council (1994). Hens consumed water
and the diet ad libitum throughout the study. At weekly intervals, feed intake was
determined on group basis, whereas at biweekly intervals body weights were re-
corded on individual basis. Daily egg production was also measured.

Table 1

Ingredients and chemical composition of the diet fed to laying hens

Ingredients %

Corn 56.62
Soybean meal 10.68
Wheat bran 20.00
Fish meal 4.46
Limestone 7.26
Vitamin premix* 0.25
Mineral premix** 0.10
Sodium chloride 0.25
Sodium bentonite 0.10
Oxinyl-Dry*** 0.10

Dry matter, % 89.78

Chemical analysis (DM basis) %

ME, kcal/kg**** 2700
Crude protein, % 15.00
Ash, % 11.31
Crude fibre, % 4.28
Ether extract, % 3.51
Calcium, % 3.00
Phosphorus, % 0.51

*Rovimix 123-T: Mix supplied per 2.5 kg: vitamin A,
12,000,000 IU; Cholecalciferol, 2,400,000 IU; vitamin E,
30,000 IU; menadione, 2,500 mg; thiamin, 3,000 mg; riboflavin,
7,000 mg; niacin, 20,000 mg; d-pantothenic acid, 6,000 mg;
pyridoxine, 4,000 mg; B12 vitamin, 15 mg; folic acid, 1000 mg;
d-biotin, 45 mg; choline chloride, 125,000 mg, and vitamin C,
50,000. **Remineral S: Mix supplied per kilogram: Mn,
80,000 mg; Fe, 80,000 mg; Zn, 60,000 mg; Cu, 8,000 mg; Co,
200 mg; Iodine, 500 mg; Se, 150 mg; and Ca, 446,925 mg.
***Oxinyl-Dry: Contains BHT (Butylated Hydroxytoluene) as an
antioxidant. ****Calculated from tabular value (NRC, 1994).
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Experimental design

All three groups received the same diet (Table 1). The first group of hens
was used as control. Hens in the second group were used as a feed withdrawal
group and were subjected to complete feed removal from 14:00 to 18:00. Hens in
the third group were used as a darkening group and were subjected to light re-
striction for 4 h between 14:00 to 18:00 using black curtains. The time period for
darkening was chosen based on our previous observation that the temperature
measured in the hen house reached maximum values during these hours of the
day. The total hours of light per day in each treatment was the same (17 h) as
hens in the darkening group received light at night as well when the other groups
went to sleep or rest. The lights were switched on right after sunset and were
switched off upon completion of 17 h for the total period of time of light.

Sample collection and laboratory analyses

Chemical analysis of the diet, except crude fibre, was run using interna-
tional procedures of AOAC (1990) and crude fibre was determined as described
by Crampton and Maynard (1938) (Table 1). At the end of 16 weeks, 10 hens
randomly chosen from each treatment were bled from the jugular vein and 10 ml
blood was collected into tubes. Blood samples were centrifuged at 3000 × g for
10 min and 4 ml of serum was collected and stored at –20 °C for later analysis.
For haematocrit measurement, blood from the vena brachialis under the wing
was taken into heparinized capillary tubes and centrifuged for 7 min. Serum
samples were thawed at room temperature, and T3, T4, TSH, and ACTH con-
centrations were determined using commercially available radioimmunoassay
kits (Renden et al., 1994) (Liaison® T3, T4 and TSH, Byk-Sangtec Diagnostica,
Dietzenbach-Germany; Immulite 2000 ACTH, L2 KAC2, DPC, LA). Intra- and
interassay coefficients of variation were 6.12 and 9.55% for T3, 15.33 and 5.86%
for T4, 12.93 and 7.60 for TSH and 10.65 and 7.95 for ACTH , respectively. Se-
rum glucose, total protein, urea-N, uric acid, albumin, triglyceride, cholesterol,
Ca, P, Na, and K concentrations, and amylase, alkaline phosphatase, SGOT, and
SGPT activities were measured using a biochemical analyser (Technicon RA-
XT, New York, USA).

Statistical analyses

All data were analyzed using the General Linear Models of SAS (SAS In-
stitute, 1985). Differences among the means were separated using Duncan’s
multiple range test. Differences at the level of 5% were considered statistically
significant.
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Results

The effects of feed withdrawal and darkening during heat stress on perform-
ance are shown in Table 2. Feed withdrawal and darkening increased feed intake
(P < 0.01), liveweight (P < 0.05), and egg production (P < 0.01). These parameters
were higher in the darkening group than in the feed withdrawal group. Water in-
take was higher in the control group compared to that of feed withdrawal and
darkening groups (P < 0.01).

Table 2

The effects of feed withdrawal and darkening on the performance of laying hens reared
under heat stress

Item Control+ Feed withdrawal Darkening

Feed intake, g/d 112 ± 9.8a 118 ± 9.7b 124 ± 10.0c

Feed intake, % increase* – 5.35 10.71
Water intake, ml/d 405 ± 3.1a 375 ± 2.4b 359 ± 2.4c

Water intake, % decrease* – 7.16 11.35
Liveweight, g 1890 ± 18.2a 1920 ± 20.2b 1961 ± 17.1c

Liveweight, % increase* – 1.58 3.74
Egg production, % 56.11 ± 4.1a 62.43 ± 5.1b 69.79 ± 4.2c

Egg production, % increase* – 11.26 24.38

a,b,cMeans in the same row with different superscripts differ (P < 0.05); +recommended values;
*compared with control

Serum T3, T4, and TSH concentrations were also higher (P < 0.05) in the
feed withdrawal and darkening groups than in the control (Table 3). However,
ACTH concentration in the serum was lower (P < 0.05) in the darkening and
feed withdrawal groups compared with control.

Table 3

The effects of feed withdrawal and darkening on serum concentrations of T3, T4, TSH and ACTH
in laying hens reared under heat stress (n = 10)

Item, ng/ml Control Feed withdrawal Darkening Reference values

T4 4.41 ± 0.25a 4.86 ± 0.27b 5.07 ± 0.28c 4.2–20.61,2,3

T3 0.94 ± 0.13a 1.08 ± 0.15b 1.36 ± 0.17c 0.3–2.61,2,3

TSH 0.10 ± 0.01a 0.15 ± 0.01b 0.23 ± 0.02c 0.15–1.83,4

ACTH 20.33 ± 1.02a 18.67 ± 1.18b 16.66 ± 1.22c 11–261,2,3

a,b,cMeans in the same row with different superscripts differ (P < 0.05); 1Renden et al., 1994;
2Bowen and Washburn, 1985; 3Altıntaş and Fidancı, 1993; 4Polonovski, 1971

Means for serum constituents and haematocrit values are presented in Ta-
ble 4. The percentage of haematocrit was higher in the feed withdrawal and
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darkening groups compared with the control (P < 0.01). Feed withdrawal and
darkening treatments increased serum glucose (P < 0.01), total protein (P < 0.01),
urea-N (P < 0.05), uric acid (P < 0.01), albumin (P < 0.05), triglyceride
(P < 0.01), cholesterol (P < 0.05), Ca (P < 0.01), P (P < 0.01), Na (P < 0.05), and
K (P < 0.05) concentrations, and also the activities of amylase (P < 0.05) and al-
kaline phosphatase (P < 0.05). No differences were found (P > 0.05) for activities
of SGPT and SGOT, and serum creatinine concentration among treatments.

Table 4

The effects of feed withdrawal and darkening on some serum metabolites, enzyme activities,
and mineral concentrations of laying hens reared under heat stress (n = 10)

Item Control Feed withdrawal Darkening Reference values

Haematocrit, % 33.1 ± 0.2a 35.8 ± 0.5b 37.6 ± 0.3c 25–371

Glucose, mmol/l 10 ± 0.16a 11 ± 0.17b 11.3 ± 0.10c 10–122,3,4

Total protein, g/l 43 ± 0.7a 44 ± 0.5b 45 ± 0.3c 25–455

Urea-N, mmol/l 0.23 ± 0.01a 0.25 ± 0.03b 0.30 ± 0.04c 0.20–0.302,3

Uric acid, mmol/l 0.24 ± 0.02a 0.26 ± 0.03b 0.28 ± 0.02c 0.22–0.302,3,5

Albumin, g/l 14.9 ± 0.3a 15.7 ± 0.2b 16.1 ± 0.3c 15–354,6

Triglyceride, mmol/l 3.79 ± 0.03a 4.09 ± 0.04b 4.67 ± 0.04c < 2.734,5,6

Cholesterol, mmol/l 8.63 ± 0.12a 8.86 ± 0.07b 9.17 ± 0.08c 5.86–11.52,3,4

Creatinine, mmol/l 0.036 ± 0.002 0.044 ± 0.001 0.044 ± 0.002 0.03–0.054,6

SGOT, U/L 171.8 ± 3.3 169.0 ± 1.8 160.2 ± 5.2 30–1802,3,4

SGPT, U/L 16.4 ± 0.8 16.6 ± 0.5 15.8 ± 0.6 4–202,3,4

Amylase, U/L 340.4 ± 3.5a 369.0 ± 2.9b 389.5 ± 1.8c 296–6382,3,4

A. phosphatase, U/L 253.1 ± 2.0a 264.0 ± 1.8b 283.3 ± 2.5c 200–10602,3,4

Ca, mmol/l 4 ± 0.7a 4.25 ± 0.3b 4.55 ± 0.2c 3.75–7.202,3,4,6

P, mmol/l 1.96 ± 0.02a 2.07 ± 0.02b 2.10 ± 0.01c 1.61–1.984,6

Na, mmol/l 153 ± 0.9a 155 ± 1.2b 157 ± 1.0c 152–1532,3,4,6

K, mmol/l 0.48 ± 0.03a 0.64 ± 0.05b 0.74 ± 0.04c 0.32–0.952,3,4,6

a,b,cMeans in the same row with different superscripts differ significantly (P < 0.05); 1Yahav et al.,
1997; 2Polonovski, 1971; 3Svenson, 1970; 4Altıntaş and Fidancı, 1993; 5Kaneko, 1989; 6Belay and
Teeter, 1996

Discussion

Results of the present study showed that the control group (heat-stressed)
had greater depression of feed intake, liveweight change, and egg production
compared with the feed withdrawal and darkening groups (less heat-stressed)
during the hot days of summer months. In other words, feed withdrawal and
darkening treatments, particularly darkening, reduced the negative effects of heat
stress on performance. Increased water intake in the control group also was evi-
dence of a greater heat stress compared with the other treatments. Increased wa-
ter intake helps increase respiration efficiency in birds (Belay and Teeter, 1993).
Since water also serves as a heat receptor it relieves the heat stress as well (Belay
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and Teeter, 1993). The relationship between performance and heat stress in the
present study is in agreement with those reported by others (McCormick et al.,
1979; Marsden et al., 1987). It has been well known that growth rate, feed intake,
and egg production decrease when ambient temperature increases above thermo-
neutral zone which ranges from 16 to 25 °C (Quart et al., 1989; Musharaf and
Jansen, 1990). Feed intake has a thermogenic effect due to its heat increment
upon digestion, adding more heat to an already heat-stressed system (Meltzer et
al., 1983). In this case, the bird may protect itself from an aggravated heat stress
by lowering its voluntary feed intake. In the present study, feed withdrawal and
darkening treatments increased liveweight by 1.58 and 3.74%, and egg produc-
tion by 11.26 and 24.38%, respectively. Increases in these responses occurred via
increased feed intake by 5.35 and 10.71%, for feed withdrawal and darkening
groups, respectively. Every 1% increase in feed intake resulted in 2.4 and 2.3%
increases in egg production for the darkening and the feed withdrawal groups,
respectively. Although the magnitude of egg production per unit of feed intake
was similar between feed withdrawal and darkening groups, darkening resulted
in a higher egg production percentage (69 vs. 62%) which is more important
from the perspective of producers. In the present study, the depression of feed in-
take in the control group was reflected as a reduction in egg production; also, in-
creased egg production in feed withdrawal and darkening was probably due to in-
creased feed intake.

To avoid more stress blood samples were collected only once. In the present
study, feed withdrawal and darkening increased T3, T4, and TSH concentrations.
In other words, the heat-stressed group (control) had lower concentrations of T3,
T4, and TSH. Similarly, several researchers reported reduced plasma concentra-
tions of T3 and T4 in heat-stressed chickens (Heninger et al., 1960; Johnson, 1981;
Bowen et al., 1984; Rudas and Pethes, 1984). It has been suggested that thyroid
activity is affected by environmental temperature (McNabb and King, 1993; Ya-
hav et al., 1997). Huston and Carmon (1962) reported that thyroid size and thyroid
secretion rate decreased at high temperatures and increased at low temperatures.

Feed withdrawal and darkening caused a decreased ACTH plasma con-
centration, indicating a lowered response to heat stress. The higher ACTH
plasma concentration of the control group, compared with other treatments, was
probably due to the greater effects of heat stress on the control group.

Most of the plasma enzymes, metabolites, and mineral concentrations
were influenced by feed withdrawal and darkening treatments. Increases in most
blood parameters were greater with darkening compared with feed withdrawal
group. Heat-stressed hens (control) had lower concentrations of glucose, total
protein, urea-N, albumin, triglycerides, and cholesterol compared with hens less
heat-stressed (feed withdrawal and darkening groups). Similarly, Deyhim et al.
(1995) reported decreased concentrations of total protein, albumin, triglycerides,
and uric acid in heat-distressed broiler chickens. However, serum glucose con-
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centrations were reported to increase (Deyhim et al., 1995) or remain unchanged
(Koelkebeck and Odom, 1995) in heat-stressed laying hens and broiler chickens.
Corticosteroids have been known to increase plasma glucose concentration of
several bird species (Riddle, 1937; Stamler et al., 1954; Snedecor et al., 1963).
However, Siegel et al. (1984) found no increases in plasma glucose of Japanese
quails receiving chronic injections of ACTH. In the present study, although
ACTH concentration was higher, serum glucose, total protein, and triglycerides
were lower in the control (heat-stressed) group compared with other treatments.
These controversial results (Riddle, 1937; Stamler et al., 1954; Snedecor et al.,
1963; Siegel et al., 1984; Koelkebeck and Odom, 1995; the present study) should
be related to the duration of stress. Plasma corticosteroid concentration has been
shown to increase rapidly as a result of heat exposure (45 °C), peak after one
hour, and finally decrease as the heat exposure continued (Siegel, 1995). This re-
sponse of corticosteroids indicates the failure of maintenance of synthesis or re-
lease of corticosteroids (Siegel, 1995).

Plasma activities of SGOT, SGPT and alkaline phosphatase were lower in
heat-stressed hens (control) compared with hens receiving feed withdrawal and
darkening treatments. Plasma concentrations of Ca, P, Na, and K were also lower
in the control group compared with other treatments. In agreement with our re-
sults, high temperature has been found to decrease blood plasma Ca, Na, and P
concentrations in broilers (Donoghue et al., 1990; Belay and Teeter, 1993) and
turkeys (Kohne and Jones, 1975). However, Koelkebeck and Odom (1995) re-
ported no changes in serum concentrations of inorganic phosphate, calcium, po-
tassium, and sodium of heat-stressed laying hens. Concentrations of most serum
parameters measured in the present study were higher in the experimental groups
compared to the control group. Lower water consumption was probably the rea-
son for relatively high serum data in the experimental groups. Greater haemato-
crit values of the experimental groups also support this possibility.

In terms of reducing the cost of production, the present study proves that
the practice of both feed withdrawal and darkening can be inexpensive ways in
reducing the negative effects of heat stress for poultry inevitably exposed to heat
stress during rearing conditions in many parts of the world including Turkey,
particularly during the summer months.

The results of the present study concluded that both darkening and feed
withdrawal, particularly darkening, may offer a potential protective management
practice in preventing heat stress-induced feed intake and egg production depres-
sion in laying hens.
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