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Abstract
The objective of the study was to determine whether supplementing the diets of post-molted hens with organic
selenium (Se) (Sel-Plex®) and/or organic Zinc (Zn) (Bio-Plex®)1 could improve laying hen performance. Prior to
molting, 120-78 wk old laying hens were separated into four treatment groups of 30 hens per treatment and were
subjected to molting. Molting was induced by reducing photoperiod from 16 h per day to 8 h, and the diet was
changed from a standard layer diet (17% CP; 2830 ME/kg) to a straight crushed corn diet. When egg production
was reduced to zero, the hens were fed a control diet, or a diet supplemented with 0.3 ppm Se/kg of feed; 20 ppm
Zn/kg of feed, or a combination of Se and Zn. Lighting was restored gradually to post-molting period. Changes in
daily egg production, egg weight, egg quality (albumen, yolk, and shell weights), feed utilization and hen mortality
were recorded. Results indicated that mean egg production was significantly (P<0.05) greater and feed utilization
was significantly (P<0.05) lower for hens fed diet supplement with the combined treatment of Se and Zn compared
to the other diets. Single treatment of Zn significantly (P<0.05) lowered mortality and increased egg production, but
significantly (P<0.05) reduced egg, albumen and shell weights.
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Introduction
Laying hens are typically slaughtered when egg production levels
fall below 55%, and in the United States, about 100 million hens fall
into this category annually [1]. Before 2009, spent-hens were processed,
and the meat from the hens was supplied to the National School Lunch
Program [2]. However, this practice has recently come under intense
public condemnation. Therefore, the productivity of older hens has
become an increased concern to table-egg producers [3], and the layer
industry is exploring nutritional strategies to extend the productive life
of layers. These strategies include the utilization of high fiber diets [4],
skip-a-day feeding [5], high calcium diets [6] and low energy feed [7].
Some of these strategies have raised animal welfare concerns because
of the possibility of undesirable effects on the overall well-being of the
laying hens [8]. The well-being of the birds during molting and their
subsequent performance during post-molting have become a major
concern [9], and some fast food industries will no longer purchase eggs
produced by laying operations that use forced-molting programs [3].
Previous research has demonstrated that dietary selenium (Se)
combined with zinc (Zn) can increase egg production and egg size in
commercial laying hens [10]. Selenium is needed in the body as a core
element of the enzyme glutathione peroxidase (GSH-Px) [11]. Zinc is
also a trace mineral which is essential for animal and human health, and
it is the principal component of the hormone insulin which regulates
blood glucose level. The addition of Zn to basal diet of layers may
significantly increase layer body weight without significantly effecting
feed conversion or layer mortality [12]. Therefore, the objective of
this study was to determine whether supplementing the diets of postmolted hens with organic selenium (Se) and/or organic zinc (Zn) could
improve laying hen performance.

Materials and Methods
Experimental design
One hundred twenty 78 wk old White Leghorn hens were obtained
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from the laying house at the Poultry Research Center at Prairie View
A&M University, Prairie View, Texas. Before the study, hens were
fed a standard corn-soybean based layer ration consisting of 17%
CP and 2830 ME/kg of feed and formulated to meet or exceed [13]
specifications. All diets were iso-caloric and iso-nitrogenous and were
provided ad libitum.

Induced molting
Molting was induced by altering photoperiod and ration of the hens.
The standard ration fed previously was replaced with a straight crushed
corn diet and provided ad libitum. Water was also made available ad
libitum. Photoperiod was reduced to 8 h daylight per 24 h until egg
production was reduced to zero. Before the start of the experiment the
average daily egg production for the hens was 55% (Table 1). The hens
were returned to lay 2 wks after the forced-molting process. Hens that
died were replaced before beginning the experiment. Prior to molting
the hens, the lighting period was 16 h per day, and the daily feed
consumption was 165 g per hen.

Housing
Forced-molted hens were transferred to a naturally ventilated,
open-sided layer house in a non-caged laying operation system. The
house was cleaned, washed, and disinfected before stocking. Hens were
separated into groups of 10 hens each with a stocking density of 0.81 m2/
hen on concrete floors covered with fresh pine wood shavings. Water
was provided using automatic plastic hanging drinkers with one water
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Ingredients and content

Diet 1

Diet 2

Diet 3

Diet 4

--------------------------- Percentage -----------------------Yellow Corn

55.93

55.93

55.93

55.93

Soybean Meal (44%CP)

22.10

22.10

22.10

22.10

Alfalfa Meal (17% CP)

5.00

5.00

5.00

5.00

Meat and Bone Meal

3.00

3.00

3.00

3.00

Animal and Vegetable Fat

3.00

3.00

3.00

3.00

Limestone

8.07

8.07

8.07

8.07

Di-calcium Phosphate

1.15

1.15

1.15

1.15

Iodine Salt

0.25

0.25

0.25

0.25

Vitamin Trace Mineral
Premix1

1.50

1.50

1.50

1.50

Selenium (ppm)

0.00

0.30

0.00

0.30

Zinc (ppm)

0.00

0.00

20.00

20.00

Calculated Values
Crude Protein (%)

17.00

ME, kcal/kg

2830

Phosphorus (available)

0.35

Calcium

3.20

Methionine

0.34

Methionine and Cystine

0.62

Lysine

0.76

Table 1: Composition of diets.
Egg production
before1

after2

Feed
utilization
(g/g)

Mortality
(%)

Control

55a

60c

4.51a

13.85a

Se

55

62

4.01

11.25a

Zn

55a

73b

4.25a

0.00b

Se +Zn

55a

75a

3.15b

10.75a

SEM

0.96

7.59

0.57

6.13

a

c

a

a-cNumbers within columns with the same letter are not significantly different
(P<0.05). n=30
SEM represents standard error of means.
1
Mean egg production before forced-molted.
2
Mean egg production after forced-molted.
Table 2: Single and combined effects of organic selenium (Se) and zinc (Zn) on
egg production, feed utilization, and mortality of post-molted hens.

per pen, and feed was provided using one tube-type feeder per pen. A
2-tier, 10-hole nest box was placed in each pen for egg collection.

Experimental design, diets and data collection
Molted hens were placed on a standard layer diet supplemented
with either organic Se or Zn (Alltech Biotech, Co, Lexington, KY). Diet
1 (control) was not supplemented with Se or Zn [8]; Diet 2 was supplemented with Se only (0.3 ppm/kg of feed); Diet 3 was supplemented
with Zn only (20 ppm/kg of feed); and Diet 4 was supplemented with
Se (0.3 ppm/kg) and Zn (20 ppm/kg) of feed. Hens were provided water
with the diets ad libitum for 5 wks. The experimental design was 2 X
2 factorial arrangements of two levels of Se (0 and 0.3 ppm) and two
levels of Zn (0 and 20 ppm).
Eggs laid by hens were collected daily and classified as nest-laid or
Agrotechnol
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Egg
weight

Yolk
weight

Albumen
weight

Shell
weight

---------------------------------------- g/g --------------------------------------Control

67.61a

19.80a

40.20a

12.5a

Se

67.52a

20.50a

40.50a

12.5a

Zn

62.20

19.10

37.32

b

10.0b

Se + Zn

67.85a

19.25a

40.61a

12.5a

SEM

10.38

0.63

1.55

5.76

b

a

Numbers within columns with the same letter are not significantly different
(P<0.05). n=30 SEM represents standard error of means.
a-c

Table 3: Single and combined effects of selenium and zinc on egg, yolk, and albumen weights of post-molted hens.

floor-laid and as cracked, broken, or soft-shelled. All layed eggs were
used to evaluate daily hen-day production and mean egg weight. For
each trial, 20 eggs were randomly selected from each treatment group,
cracked open, and separated into yolk, albumen and shell. The yolk,
albumen and shell weights were recorded. Feed was weighed at the
beginning and end of the experiment to determine feed consumption.
Mortality was recorded as it occurred. Each experimental treatment
was replicated three times.

Statistical analysis

As-fed basis
Provided the following per kilogram of diet: vitamin A (as vitamin A acetate), 12,000
IU; cholecalciferol (as activated animal sterol), 3,000 IU; vitamin E (as ά-tocopheryl
acetate), 20 IU; menadione sodium bisulfite, 2.0 mg; thiamine, 1.5 mg; riboflavin,
8.0 mg; niacin, 30.0 mg; pantothenic acid, 15.0 mg; pyridoxine, 4.0 mg; vitamin B12,
15 μg; folic acid, 1.0 mg; biotin, 150 μg; cobalt, 0.2 mg; copper, 10 mg; iron, 80 mg;
iodine 1.0 mg; manganese, 120 mg; butylated hydroxytoluene (BHT), 150 mg; zinc
bacitracin, 20 mg.

Treatments

Treatments1

Data were collected on egg production, feed utilization, mortality,
egg yolk, albumen and shell weights. Selenium and zinc were the main
effects. All statistical analyses were done using ANOVA for a factorial
arrangement of treatments. Means were compared using Duncan’s
Range Test. Main effects and interactions were considered significant
at P<0.05.

Results and Discussion
Results indicate that organic Se and Zn, single and combined, have
affected the performance of hens after forced molting. Hens fed Se plus
Zn supplemented diets after 5 wks, had the highest egg production
(75%), which was significantly higher (P<0.05) than (67.61%) the
control. Feed utilization was also significantly (P<0.05) affected by Se
plus Zn supplementation. Compared to the control (4.51 g/g), feed
utilization improved significantly (P<0.05) (3.15 g/g) with the inclusion
of Se plus Zn. Except for the single Zn-treatment (0.0%) mortality
among the other treatments, including the control, was not significantly
different (Table 2).
Table 3 shows that egg, albumen and shell weights (62.20, 37.32,
10.01 g/g, respectively) produced by hens fed Zn-treated diet, were
significantly (P<0.05) lower than all the other groups, including the
control. Egg, albumen and shell weights from hens on Se-supplemented
feed were not significantly (P<0.05) different from the control. When
Se was combined with Zn the egg weight, along with the albumen and
shell weights were restored to the control levels. Yolk weights from the
layers were not affected by the treatments.
Numerous researches have shown that trace minerals are now
being used in poultry feed as prebiotics to enhance performance. Most
research has examined the effects of supplementing feed with a single
mineral, but little research had examined the effect of supplementing
feed with 2 or more minerals. Selenium and zinc are trace minerals
that play significant roles in the biochemistry of cellular functions in
human and animals [14]. Deficiencies in these minerals can lead to
immunological and structural problems of body cells. Selenium may
play a critical role in the maintenance of optimal health; as it is required
to maximize the activity of plasma glutathione peroxidase and other
possible health benefit [14]. Suggested dietary levels of Se for poultry
are 300 µg/d which are comparable to levels used in the present study.
It has also been reported that although Se is an essential nutrient,
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excessive Se intake can be toxic in its organic form as sodium selenite
[15]. To avoid Se toxicity, FDA has approved an organic form of Se,
which is less toxic at higher dietary levels. Selenium and Zinc in the
organic form also appeared to have higher bioavailability in laying hens
performance compared to inorganic Se and Zn [11].

Lexington, Kentucky, USA, for providing the organic selenium and zinc (Sel-Plex
and Bio-Plex) and to Dr. Ted Sefton for his assistance.

Traditionally, molting has been induced by implementing feed
withdrawal ranging from 4 to 14 d accompanied by light restriction
and/or the total removal of water for up to 3 d [16]. To reduce stress
and induce molting, the hens in this study were subjected only to 7 d of
low density feed, instead of feed and water withdrawal. Feeding crushed
corn only to induce molting has not been reported to alter post-molting
performance [8]. It appears that the method used in our study did not
severely affect the physiological requirements of the hens. Furthermore,
laying hens are prandial drinkers, and there is a close relationship that
exists between feeding and drinking [17]. The free access to drinking
water during the pre-molting stage, even though nutrient density was
reduced, did not alter the post-molted performance of the hens.

1. United Egg Producers (2008) Molting Animal Husbandry Guidelines for U.S.
Egg Laying Flocks. United Egg Producers, Alphasetta.

During molt, reproductive tract of laying hens regresses and egg
production ceases [4]. The improvement in egg production, egg,
yolk, and albumen weights associated with the consumption of feed
supplemented with Se and Zn would suggest that activity of these
minerals has a synergistic effect on the integrity of the reproductive
tract, and the improvement observed in performance could be due to
the synergistic or additive effects of these two trace minerals.

7. Dickey ER (2008) Evaluation of a calcium pre-molt and lows-energy molt
program: Effects on laying hen behavior, production, and physiology before,
during, and after a fasting or non-fasting molt (Thesis) Iowa State University
2: 3-21.

As laying hens aged, their productive performance declines [16].
Older laying hens produce fewer and larger eggs, and poor eggshell
quality. The results show that the combination of Se and Zn in the
organic form as a dietary supplement increased egg production,
produced larger eggs, lower feed utilization, and heavier eggshell
weight in post-molted hens. The Se dietary supplement level was 0.3
ppm/kg, which did not appear to be toxic as it increased performance of
post-molted hens. Also, during the aging process, laying hens increased
the production of free oxygen radicals. Hence, older hens need high
levels of antioxidant protection to protect cells and enhance tissue
development. Older hens under induced forced-molting conditions
require an effective antioxidant system which is dependent upon Se
status of the cells and tissues. Also, as the hen aged, the need for energy
increases. Zinc, which is a critical component of insulin synthesis,
could have increased the bioavailability of energy for the transfer
of glucose from the blood to the liver to be metabolized into energy.
Eggshell quality is important as egg size affects the marketing of eggs.
Poor eggshell quality leads to increased breakage and loss of revenues
for the producer and the processor. Zinc supplement decreased eggshell
weight which was elevated to the control level when it was combined
with Se. By supplementing the diet of post-molted hens with organic Se
and Zn the productive life of these hens could be extended.

Summary and Conclusion
Molting of older hens can be effectively implemented by reducing
the nutritional density of the ration instead of withdrawing feed or water.
The combination of Se and Zn as dietary feed supplements appears to
have a positive synergistic or additive effect on the performance of postmolted laying hens. Commercial laying operations should consider
supplementing feed with Se and Zn to extend the productive life of
laying hens.
Acknowledgments
The authors wish to thank the students and colleagues for their assistance
during the experiment. We also thank Alltech Biotech Laboratory Corporation,

Agrotechnol
ISSN:2168-9881 AGT, an open access journal

1
Sel-Plex and Bio-Plex are trade names for organic selenium and organic zinc
produced and distributed by Alltech, Inc., Lexington, Kentucky, USA.

References

2. Anonymous (2000) McDonald’s targets the egg industry. Egg Ind 105: 10-13.
3. United Egg Producers (2010) U.S. Egg Industry Stats. U.S. Department of
Agriculture.
4. Dunkley CS (2006) High fiber low energy diet for molt induction in laying hens:
The impact of alfalfa on physiology, immunology, and behavior. Dissertation
Texas A&M University, TX 1: 1-39.
5. Webster AB (2000) Behavior of White Leghorn laying hens after withdrawal of
feed. Poult Sci 79: 192-200.
6. Koelkbeck KW, Anderson KE (2007) Molting layers - alternative methods and
their effectiveness. Poult Sci 86: 1260-1264.

8. Mejia L, Mayer ET, Utterback PL, Ulterback CW, Parsons CM, et al. (2010)
Evaluation of limit feeding corn and distillers dried grains with solubles in nonfeed withdrawal molt programs for laying hens. Poult Sci 89: 386-392.
9. Appleby MC, Mench JA, Hughes BO (2004) Poultry behavior and welfare.
CABI. Publishing Cambridge, MA.
10. Black KS, Stanley VG (2007) Single and combined effects of organic selenium
and zinc on the performance of laying hens. Thesis 1-34.
11. Richter GM, Leiterer R, Kermise WL, Ochrimenko, Arnhold W (2006) Comparative investigation of dietary supplements of organic and inorganic board
selenium in laying hens. Tierarztl Umsch 61: 155-161.
12. Burrell AL, Dozier WA 3rd, Davis AJ, Freeman MM, Vandrell PF, et al. (2004)
Responses of broilers to dietary zinc concentrations and sources in relation to
environmental implications. Br Poult Sci 45: 255-263.
13. NRC (1994) Nutrient Requirements of Poultry. (9thedn), National Academy
Press, Washington, DC.
14. Fisinin VI, Papzyan TT, Soraie PF (2009) Producing selenium-enriched eggs
and meat to improve the selenium status of the general population. Crit Rev
Biotechnol 29: 18-28.
15. Bennett DC, Cheng KM (2010) Selenium enrichment of table eggs. Poult Sci
89: 2166-2172.
16. Berry WE (2003) The physiology of induced molting. Poult Sci 82: 971-980.
17. Leeson A, Dummons JD (2005) Commercial Poultry Production. (3rd edn),
University Books Guelph, Ontario, Canada.
18. SAS Institute (2003) SAS (User’s Guide Statistics. Version 9.0) SAS Institute
Inc., Gary, NC.

Submit your next manuscript and get advantages of OMICS
Group submissions
Unique features:
•
•
•

User friendly/feasible website-translation of your paper to 50 world’s leading languages
Audio Version of published paper
Digital articles to share and explore

Special features:
•
•
•
•
•
•
•
•

200 Open Access Journals
15,000 editorial team
21 days rapid review process
Quality and quick editorial, review and publication processing
Indexing at PubMed (partial), Scopus, DOAJ, EBSCO, Index Copernicus and Google Scholar etc
Sharing Option: Social Networking Enabled
Authors, Reviewers and Editors rewarded with online Scientific Credits
Better discount for your subsequent articles

Submit your manuscript at: http://www.omicsgroup.info/

Volume 1 • Issue 1 • 1000103

