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Abstract 
 
Molting is a common practice used by the commercial egg industry to rejuvenate flocks. The aim of this study was to 
evaluate the effect of marble powder on egg production performance of laying hens during premolt and postmolt 
periods. For this purpose, 69126 Hy-Line White 36 (W-36) laying hens (80 weeks old) were obtained from a 
commercial egg production farm. All of the chickens who lived to 90 weeks of age were subjected to the forced molting 
program. The time of the molting program was determined according to the body weight loss of the chickens. On the 
tenth day of the molting program, when hens in the group had lost an average of 23.10% of their body weight, feeding 
was resumed. Egg production performance was tracked for hens who lived to 100 weeks of age. It was observed that 
egg production (% hen-day) ranged from 42.69 to 69.51%, 0 to 51.59% and 0 to 74.68% in the premolt, molt and 
postmolt periods, respectively. The results of this study suggest that the addition of marble powder to forced molting 
programs of laying hens has a beneficial effect on egg production, particularly during the postmolt period. 
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INTRODUCTION 
 
Induced molting of laying hens can provide 
significant economic benefits for egg 
production farms by extending the productive 
life of hens (Gongruttananun et al., 2017). 
Forced molting in adult hens causes the loss 
and renewal of feathers, stops egg production, 
and slows reproductive processes (Park et al., 
2004). The subsequent year’s egg production is 
increased. Also, to avoid the cost of replacing 
pullets, producers may use different molting 
programs with older flocks (Sariözkan et al., 
2016). Critical evaluation of molting programs 
can help producers decide whether to buy new 
hens or apply molting programs to older 
chickens.  
Conventional molting programs cause rapid 
loss of the hen’s body weight (Bland et al., 
2014) by reducing the hours of exposure to 
light (Hambree et al., 1980) and withdrawing 
feed (Christmas et al., 1985) and water (Brake 
& Thaxton, 1982). Different molting methods 
can be applied, including the complete 
withdrawal of food, essentially starving the 
hens periodically; feeding with cereals such as 
barley, wheat, and crushed corn; adding zinc 
oxide and hormones to the diet without limiting 
feed; and limiting the length of the lighting 

period (Mccormick & Cunningham, 1987; 
Alodan & Mashaly, 1999). 
For a forced molting program to be successful, 
the starvation period and the subsequent 
mortality rate should be low. Egg production 
should resume in a short time after molting and 
then increase rapidly. It has been reported that 
the withdrawal method can be applied 
successfully in the poultry industry, and that 
this method leads to satisfactory results in 
terms of yield criteria in the second year of 
production (Küçükyılmaz et al., 2003). Many 
producers no longer use starvation periods 
during molting programs because of concerns 
for animal welfare. However, there are still 
some producers who continue to practice this 
method. Egg production performance in the 
postmolt period is important for commercial 
egg producers. Egg production drops during the 
molting period; however, once production 
resumes after molting is completed, production 
rates may be higher than 1st cycle. Some 
researchers have found that the rate of egg 
production (hen-day) after molting increased 
86.46 to 87.82% (Single Comb White Leghorn 
hens, 85 to 106 weeks of age) (Bozkurt et al., 
2016), while others have found that production 
rates improved 80.68 to 88.41% (Brown laying 
hens, 81 to 95 weeks of age) (Gongruttananun 

et al., 2017). Also, postmolt hen-day egg 
production (5-41 weeks) in the experiment 
conducted using Hy-Line W-36 hens (68 weeks 
of age) increased 70 to 73% (Bland et al., 
2014). Brown layers produced 61.2% more at 
the beginning of molting (80-82 weeks), 6.3% 
more during molting (82-86 weeks) and 60.4% 
more during postmolting (86-90 weeks), in 
terms of hen-day production (Zhao et al., 
2016). 
Some researchers have stated that S. enteritidis 
invasion and colonization may be directly 
related to the rapid kinetics of feed withdrawal 
and its effects on microbial ecology and crop 
microenvironments during molting (Ricke, 
2003). The use of diets that are either low in 
calcium and low in zinc, or high in zinc, have 
been shown to reduce the occurrence of this 
condition in hens (Kubena et al., 2001; Ricke et 
al., 2001). 
The calcium needs of poultry are tried to be 
met by calcium carbonate, which is also known 
as limestone or marble powder (Guinotte et al., 
1991). Also, the calcium appears to play a 
pivotal role in molt induction as calcium 
carbonate feeding prolongs ovulation during 
the initial stages of an induced molt (Brake, 
1993). 
Different materials (barley, wheat, etc) have 
been used to induce molting programs. The aim 
of this study was to investigate the impact on 
egg production performance when marble 
powder is used during forced molting process 
in Hy-Line W-36 laying hens. 
 
MATERIALS AND METHODS 
 
Throughout the experiment, ethical practices 
were followed to assure that the welfare of the 
birds was monitored and maintained. 
Experimental procedures were approved by the 
Ethics Committee for Experiments on Animals 
in Faculty of Veterinary of Atatürk University 
(Approval no. 28). 
In this experiment, the data of 69126 Hy-Line 
W-36 laying hens (80 weeks old) were obtained 
from a commercial egg production farm (BAY-
TAV TAVUKCULUK, Turkey).  
From week 80 until week 90, all chickens were 
provided with a lighting program of 17 hours of 
light and 7 hours of darkness per day and given 
ad libitum access to feed and water. 

Environmental temperature and relative air 
humidity were maintained at 20-24ºC and 60-
70%, respectively. The nutrient composition of 
the hens’ diets is presented in Table 1. 
 

Table 1. Ingredients and nutrient composition of 
commercial laying diet in the premolt period 

 

Items % 
Corn 61.90 
Full fat soybeans 5.70 
Soy bean meal 17.00 
Sunflower meal 2.50 
Salt 0.36 
Dicalcium phosphate 1.50 
Marble powder 9.69 
Fish meal 1.00 
Vitamin premix 0.25 
Mineral premix 0.10 
ME (kcal/kg) 2710 
Crude protein, % 17 

 
Before the molting program started, all 
chickens were introduced to 48 hours of light 
exposure. The time of the molting program 
beginning at the 90th week was determined 
according to the body weight loss of the 
chickens (Table 2). To determine the body 
weight loss of the entire flock, before the 
molting program began, 98 chickens were 
randomly selected, and they placed in wire 
cages (40 cm W x 80 cm L x 40 cm H, seven 
hens per cage) as a group, for a total of fourteen 
groups (7 hens/group).  
 

Table 2. Molting programs used in the study 
 

Days Marble  
Powder 

Light 
time 

(h/day) 

Body 
Weight lost 

(%) 
1 25 g/hen 2 - 
2 25 g/hen 2 - 
3 - 10 - 
4 - 10 10.40 
5 25 g/hen 10 - 
6 - 10 15.60 
7 30 g/hen 10 - 
8 - 10 18.70 
9 - 10 20.05 
10 - 10 23.10 
- : No implementation 

 
Then, the body weight of those (98 hens) were 
recorded from the first day to tenth day of the 
molting program. At the 10th day of the 
molting program, the 98 hens lost an average of 
23.10% of their body weight. All other hens 
were subjected to molting program according 
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to the body weight results from the group. All 
of hens feed was withdrawn on the first day of 
the molting program, at the 11th day began to 
be given again. On the 11th day after the 
molting period was completed, the daily 
photoperiod was increased to 12 hours per day. 
On the 18th day, it was increased to 14 hours 
per day. The photoperiod was increased 30 
minutes per week thereafter until a 17-hour 
photoperiod was established. 
In this study, in addition, daily mortality, 
calculated using hen-day mortality, was 
recorded from the week 80 to week 100 for all 
hens. 
Egg production performance started to be 
measured at the 80th week, before the onset of 
forced molting at the 90th week. These 
measurements continued until 100th week. Egg 
production was recorded daily during the 21-
week trial period. The number of standard, i.e. 
medium and large eggs (53-73 g), jumbo, i.e. 
extra-large eggs (greater than 73 g), cracked 
eggs and dirty eggs (calculated using hen-day 
egg production) were counted throughout the 
experiment. 
 
Statistical analysis 
The data related to the effect of egg 
productions were analysed by ANOVA using 
the GLM procedure of SPSS Statistics 20. 
When the influence of egg productions was 
stated by ANOVA test, Tukey’s post-hoc test 
was applied to compare the means of each 
group. Statistical differences were considered 
significant when the p-value is less than 0.05. 
 
RESULTS AND DISCUSSIONS 
 
Figure 1 shows percentage changes in weekly 
egg production. Egg production (% hen-day) 
through the experimental period ranged from 
42.69 to 69.51%, 0 to 51.59% and 0 to 74.68% 
in the premolt, molt and postmolt periods, 
respectively. This effect of the marble powder 
in postmolt period of the egg production is 
remarkable. The complete cessation of egg 
production occurred after eight days of the 
molting period. Birds were returned to lay eggs 
23 days after the onset of the molt period.  
The experimental period included premolt, 
molt and postmolt periods. The premolt period 
was during 80 to 90 week of age, molt period 

was 90 to 92 week of age, whereas that for 
postmolt period was during 92 to 100 week of 
age. x : for premolt period, y : for molt period, 
and z : for postmolt was highest hen-day egg 
production percentage in their own period 
(Figure 1). 
 

 
Figure 1. Average weekly percentage hen-day egg 
production of the experimental hens through the 

experimental period 
 
Table 3 shows the percentage increase in 
weekly production of standard, cracked, jumbo, 
dirty and total eggs during the premolt and 
postmolt periods. During the premolt period, 
production of standard and total eggs in week 
80, jumbo eggs in week 82 and cracked eggs in 
week 83 were all significantly higher than in 
other weeks. However, there were no 
significant differences in dirty egg production 
in the premolt period. 
 
Table 3. Egg production parameters during the premolt 

and postmolt period 
 

Items Eggs % Hen-day egg production 
Standard Cracked Jumbo Dirty Total 

Premolt 
period 
(week) 

80 61.57a 1.14abc 1.00bc 0.00 64.43a 
81 59.71ab 1.14abc 1.57ab 0.00 62.57ab 
82 57.71abc 1.43ab 1.86a 0.00 61.29abcd 
83 58.43abc 1.57a 1.57ab 0.00 61.86abc 
84 55.71abc 0.86bc 1.57ab 0.14 58.86abcde 
85 56.86abc 1.14abc 0.86bc 0.00 58.86abcde 
86 54.86abc 1.00abc 0.00d 0.00 55.86bcde 
87 54.57abc 0.57c 0.00d 0.00 55.57cde 
88 53.00bc 0.86bc 0.29cd 0.00 54.43de 
89 52.00c 1.00abc 0.71cd 0.00 53.71e 

Average 56.44 1.07 0.94 0.01 58.74 
SEM 0.569 0.055 0.095 0.014 0.615 
P-value 0.001 0.001 0.000 0.450 0.000 
Postmolt 
period (wk) 

95 4.71e 0.00b 0.00b 0.00b 5.14e 
96 15.00d 0.14b 0.00b 0.00b 15.86d 
97 32.00c 1.14a 1.00a 0.00b 34.14c 
98 49.57b 1.14a 1.00a 0.00b 52.29b 
99 63.71a 1.00a 0.86a 0.86a 66.43a 
100 69.43a 1.00a 1.00a  0.43ab 72.00a 

Average 39.07 0.74 0.64 0.21 40.98 
SEM 3.804 0.084 0.075 0.073 3.941 
P-value 0.000 0.000 0.000 0.000 0.000 
a-e: Values within the same column with different superscript differ significantly 
(P < 0.05) 
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During the postmolt period, there were 
significant differences in the production of 
standard, jumbo, cracked, dirty and total eggs. 
Weekly egg production rates during 99 and 100 
weeks of age were significantly higher than in 
other postmolt periods. 
The mortality rate of birds in premolt and 
postmolt periods was low, ranging from 0.01 to 
0.04%. However, during the molt period this 
rate increased to 0.57%. 
Marble powder is typically used as a calcium 
source in the composition of basal diets fed to 
laying hens (Lukic et al., 2009). Therefore, the 
marble powder was deemed safe and its use 
may also prevent illnesses such as such as S. 
enteritidis invasion and colonization during 
molting (Ricke, 2003), while allowing a diet 
that is low in calcium and allowing the 
preservation of eggshell quality (Lukic et al., 
2009). 
In order to achieve success in molting 
programs, it is necessary to achieve a certain 
reduction (20 to 30%) in the body weight of 
laying hens while minimizing mortality rates. 
In the current study, the mortality rate of hens 
throughout the experimental period was low, 
ranging from 0.01 to 0.57%. This mortality rate 
was lower than in previous studies; for 
example, Brown laying hens (72 weeks of age) 
had mortality rates ranging from 2.22 to 3.33% 
(Gongruttananun et al., 2017), and White 
Leghorn hens (82 weeks of age) had mortality 
rates ranging from 2.80 to 3.55% (Bozkurt et 
al., 2016). In addition, in successful molting 
programs, certain goals for reduction in body 
weight must be achieved to reach increased 
productivity in the second laying cycle 
(Sariözkan et al., 2016. During the first ten 
days of molting, desired levels of body weight 
losses ranged from 20 to 30%, as previously 
reported (Baker et al., 1983; Hüssein, 1996; 
Webster, 2003; Kara & Güçlü, 2012; Sariözkan 
et al., 2016). In this study, average body weight 
loss was 18.70% on the eighth day the molt 
period; on the tenth day molt period, it was 
23.10%. 
During the molting period, egg production 
stopped after eight days of fasting. This finding 
is similar to findings from Cunningham & 
McCormick (1985), who reported that fasted 
breeders took five to eight days to stop 
producing eggs, and El-Deek & Al-Harthi 

(2004), who found that egg production ceased 
after eight days of fasting. Moustafa et al. 
(2010) found that complete cessation occurred 
after nine days of fasting. 
Postmolt egg productivity is typically 
correlated with body weight loss; moreover, 
egg production decreased during the 28th day 
of molt period (Bland et al., 2014). In this 
study, egg production performance increased 
50% on the day 25th day of the postmolt 
period. 
The weekly egg production results in the 
current study are in agreement with reports 
from researchers (Gongruttananun et al., 2017) 
who have noted that molted hens returned to 
egg production at slow rates after receiving the 
diet, and then rapidly increased production 
during the postmolt period. In this experiment, 
the rate of hen-day egg production was higher 
than in the premolt period in terms of total 
eggs, especially during weeks 99 and 100. 
In this study, hen-day egg production (%) in the 
postmolt period was lower than egg production 
observed by other researchers (Bozkurt et al., 
2016; Gongruttananun et al., 2017) and was 
similar to week 100 of the postmolt period 
(Bland et al., 2014). However, egg production 
during weeks 99 and 100 in the postmolt period 
was higher than results reported by other 
researchers (Zhao et al., 2016). These 
differences are likely to be related to factors 
such as the laying hens’ genetic strains, laying 
ages, and the composition of experimental 
diets. 
 
CONCLUSIONS 
 
The results of this study suggest that the 
addition of marble powder to the diet of laying 
hens in forced molting programs have a 
beneficial effect on egg production, particularly 
during the postmolt period. In the research, 
after molting with marble powder at the 90th 
week, results above the egg yield values in the 
premolt period were obtained in the postmolt 
period. However, nowadays, molting programs 
are gradually turning practice with more 
roughage. For this reason, it can be 
recommended to carry out research involving 
the use of marble powder, which is used as a 
feed additive, with roughage. 
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period (wk) 

95 4.71e 0.00b 0.00b 0.00b 5.14e 
96 15.00d 0.14b 0.00b 0.00b 15.86d 
97 32.00c 1.14a 1.00a 0.00b 34.14c 
98 49.57b 1.14a 1.00a 0.00b 52.29b 
99 63.71a 1.00a 0.86a 0.86a 66.43a 
100 69.43a 1.00a 1.00a  0.43ab 72.00a 

Average 39.07 0.74 0.64 0.21 40.98 
SEM 3.804 0.084 0.075 0.073 3.941 
P-value 0.000 0.000 0.000 0.000 0.000 
a-e: Values within the same column with different superscript differ significantly 
(P < 0.05) 
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During the postmolt period, there were 
significant differences in the production of 
standard, jumbo, cracked, dirty and total eggs. 
Weekly egg production rates during 99 and 100 
weeks of age were significantly higher than in 
other postmolt periods. 
The mortality rate of birds in premolt and 
postmolt periods was low, ranging from 0.01 to 
0.04%. However, during the molt period this 
rate increased to 0.57%. 
Marble powder is typically used as a calcium 
source in the composition of basal diets fed to 
laying hens (Lukic et al., 2009). Therefore, the 
marble powder was deemed safe and its use 
may also prevent illnesses such as such as S. 
enteritidis invasion and colonization during 
molting (Ricke, 2003), while allowing a diet 
that is low in calcium and allowing the 
preservation of eggshell quality (Lukic et al., 
2009). 
In order to achieve success in molting 
programs, it is necessary to achieve a certain 
reduction (20 to 30%) in the body weight of 
laying hens while minimizing mortality rates. 
In the current study, the mortality rate of hens 
throughout the experimental period was low, 
ranging from 0.01 to 0.57%. This mortality rate 
was lower than in previous studies; for 
example, Brown laying hens (72 weeks of age) 
had mortality rates ranging from 2.22 to 3.33% 
(Gongruttananun et al., 2017), and White 
Leghorn hens (82 weeks of age) had mortality 
rates ranging from 2.80 to 3.55% (Bozkurt et 
al., 2016). In addition, in successful molting 
programs, certain goals for reduction in body 
weight must be achieved to reach increased 
productivity in the second laying cycle 
(Sariözkan et al., 2016. During the first ten 
days of molting, desired levels of body weight 
losses ranged from 20 to 30%, as previously 
reported (Baker et al., 1983; Hüssein, 1996; 
Webster, 2003; Kara & Güçlü, 2012; Sariözkan 
et al., 2016). In this study, average body weight 
loss was 18.70% on the eighth day the molt 
period; on the tenth day molt period, it was 
23.10%. 
During the molting period, egg production 
stopped after eight days of fasting. This finding 
is similar to findings from Cunningham & 
McCormick (1985), who reported that fasted 
breeders took five to eight days to stop 
producing eggs, and El-Deek & Al-Harthi 

(2004), who found that egg production ceased 
after eight days of fasting. Moustafa et al. 
(2010) found that complete cessation occurred 
after nine days of fasting. 
Postmolt egg productivity is typically 
correlated with body weight loss; moreover, 
egg production decreased during the 28th day 
of molt period (Bland et al., 2014). In this 
study, egg production performance increased 
50% on the day 25th day of the postmolt 
period. 
The weekly egg production results in the 
current study are in agreement with reports 
from researchers (Gongruttananun et al., 2017) 
who have noted that molted hens returned to 
egg production at slow rates after receiving the 
diet, and then rapidly increased production 
during the postmolt period. In this experiment, 
the rate of hen-day egg production was higher 
than in the premolt period in terms of total 
eggs, especially during weeks 99 and 100. 
In this study, hen-day egg production (%) in the 
postmolt period was lower than egg production 
observed by other researchers (Bozkurt et al., 
2016; Gongruttananun et al., 2017) and was 
similar to week 100 of the postmolt period 
(Bland et al., 2014). However, egg production 
during weeks 99 and 100 in the postmolt period 
was higher than results reported by other 
researchers (Zhao et al., 2016). These 
differences are likely to be related to factors 
such as the laying hens’ genetic strains, laying 
ages, and the composition of experimental 
diets. 
 
CONCLUSIONS 
 
The results of this study suggest that the 
addition of marble powder to the diet of laying 
hens in forced molting programs have a 
beneficial effect on egg production, particularly 
during the postmolt period. In the research, 
after molting with marble powder at the 90th 
week, results above the egg yield values in the 
premolt period were obtained in the postmolt 
period. However, nowadays, molting programs 
are gradually turning practice with more 
roughage. For this reason, it can be 
recommended to carry out research involving 
the use of marble powder, which is used as a 
feed additive, with roughage. 
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Abstract 
 
The research revealed the tendency for an increase in the index of the average area of an individual leaf blade when the 
seeding rate rose from 50 to 60 thous. pcs./ha, and further there was a reduction in this index when the seeding rate 
increased to 70 thous. pcs./ha. The average index in the variant of the hybrid Teddy F1 was 72.6 cm2, 
Double Sunking F1 - 70.3 cm2, Santa Fe F1 - 70.8 cm2, respectively. The dependence of the index of leaf blade thickness 
of sunflower hybrids on the factors under study was analogous: this index was minimal in the variant of the hybrid 
Teddy F1 - 0.58 mm, it fell to 0.55 mm in the variant of the hybrid Double Sunking F1, it was minimal in the variant of 
the hybrid Santa Fe F1 - 0.52 mm on the average by Factor В. According to our data, the dependence of the intensity of 
green color of a leaf blade of sunflower hybrids was similar: this index was not essentially dependent on Factor А, but 
an increase in the seeding rate caused a reduction in the intensity of green color of leaves in comparison with the 
sample. If the intensity of the sample color is considered to be 100%, the color of a leaf blade in the variant of the 
hybrid Teddy F1 was at the level of 73%, that of the hybrid Double Sunking F1 - 69%, and that of the hybrid Santa Fe F1 
- 69% of the sample. The least intensity of green color of sunflower leaves was with the maximum seeding rate and did 
not exceed 62% on the average by Factor А. On the average by Factor В, the hybrid Teddy F1 was considered to be a 
leader by the content of green pigment in its leaves - 8.69 mg/g, in the variant of the hybrid Santa Fe F1 it was 7.45 
mg/g, Double Sunking F1 - 8.02 mg/g. The maximum area of the crop photosynthetic apparatus was formed in the 
variant of the hybrid Teddy F1 being 30.7 thous. m2/ha at the stage of flowering, in the variant of the hybrid 
Double Sunking F1 - 29.5 thous. m2/ha and in the variant of the hybrid Santa Fe F1 - 26.1 thous. m2/ha, respectively. In 
all the variants of the crop hybrids there was a correlation according to which there was an increase in the index of leaf 
surface area when the seeding rate rose from 50 to 60 thous. pcs./ha, and when there was a further increase in the 
seeding rate to 70 thous. pcs./ha, vice versa, this index started decreasing considerably. The index of net productivity of 
photosynthesis reached its maximum values in the variant of the hybrid Teddy F1 being 1.99 g/m2/day, on the average 
by Factor В, that of the hybrid Double Sunking F1 - 1.93 g/m2/day and that of the hybrid Santa Fe F1 - 1.84 g/m2/day, 
respectively. 
 
Key words: ornamental sunflower, hybrids, seeding rate, leaf surface area, fractional composition of chlorophyll, 
enzyme content, photosynthetic potential. 
 
INTRODUCTION 
 
Currently cultivation of multiflorous 
(ornamental) sunflower as a source of 
pharmaceutical phyto-raw materials is enjoying 
increasing popularity in all agro-ecological 
zones of Ukraine (Safonov, 2008; 
Zhovtobryukh, 2004). This fact can be 
explained by the results of the latest research 
on pharmacological characteristics of the crop, 
revealing that they essentially improve the state 
of a human body with a wide range of serious 
diseases. The possibility of using 
pharmaceutical raw materials (dry petals of 
male flowers) in a protocol of treating COVID-

19 and related consequences makes the 
scientific problem of developing a zonal 
technology for the crop cultivation highly 
topical (Melnik, 2005). In this aspect, agro-
ecological conditions of the Southern Steppe 
Zone with its essential values of degree days in 
a growing season, supply of nutrients in the 
soil, amount of productive precipitation and 
phyto-sanitary  condition of agrocenoses are 
considered to be fully favorable for obtaining 
economically efficient yields of phyto-raw 
materials, and their general ecological 
condition can be a basis for obtaining 
medicinal products with organic certification, 
that transfers the cultivation process to an 


