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This experiment was conducted to evaluate the effects of dietary methionine (met) levels on thyroid
function, egg characteristics and protein and energy efficiency of laying hens. A total number of 216
commercial laying hens at 23 weeks of age were randomly allocated to six treatments (four replicates
with nine birds in each), and fed 6 dietary have deficiency in met supplement (0.24, 0.29, 0.34, 0.39, 0.44
and 0.49% met). With increasing dietary met level from 0.24 to 0.49%, plasma triiodothyronine (T3;)
showed an inverted U relationship. Plasma thyroxin (T;) was similar between all treatments. Protein and
energy efficiency were increased by increasing dietary Met levels. Egg shape index was significantly
higher and lower with 0.29 and 0.39% met levels in diet, respectively. Egg surface area and unit surface
shell weight increased by increasing dietary met level from 0.24 to 0.49%, and shell ratio decreased
linearly. Shell weight increased significantly by increased met level of diet to 0.34%. Albumin index and
Haugh unit were significantly lower in hens which fed the three higher levels of met (0.39 to 0.49%). It is
concluded that met deficiency alters normal thyroid hormone metabolism, but the effect was dependent
on the degree of deficiency. Furthermore, optimal supplementation of met in diets deficient in met,

could improve egg quality of laying hens.
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INTRODUCTION

In regions where soybean meal is the primary protein
source of poultry rations, methionine (met) and lysine
(lys) are generally considered as the first and second
limiting essential amino acids for laying hens (Carew et
al., 2003). Therefore, supplemental met is routinely used
in layer feeds to solve lower dietary protein content
problem, resulting in reduction of feed cost and a
reduction in Feed Consumption (FC), as dietary energy
increases. Many reports have been published on the met
requirement of poultry. But, there is a wide variation in
recommendations due to factors that influence its dietary
requirement (NRC, 1994; Ishibashi and Yonemochi,
2003). The importance of met is indicated by three major
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functions in poultry: a metyl donor, in protein synthesis,
and as a precursor to cysteine (Cys) (Graber and Baker,
1971). Furthermore, sulfur amino acids (SAA) are
essential for growth, metylation reactions (including the
synthesis of metabolites such as phosphatidyl Choline
and creatine), feather synthesis and are important pre-
cursors for synthesis of glutathione, taurine, Coenzyme
A, selenoenzymes, and polyamines (Larbier and
Leclercq, 1992; Lumpkins et al., 2007).

Several studies have shown that low dietary protein
intakes influence thyroid function, especially circulating
levels of thyroid hormones. Plasma triiodothyronine (T3)
is often elevated in protein-deficient chicks (Alster and
Carew, 1984; Keagy et al.,, 1987; Buyse et al., 1992)
accompanied frequently by depressions in plasma
thyroxin (T,) (Alster and Carew, 1984; Keagy et al.,
1987). An important question concerning changes in
thyroid function in protein-deficient chicks is what extent
low intakes of the different Essential Amino Acids (EAA)
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may be responsible for these effects. A study of the
effects of deficiencies of EAA on thyroid function has
shown that dietary deficient of individual EAA have
different effects on blood levels of T; and T, in growing
chicks (Carew et al., 1997).

Many aspects of met deficiency on avian metabolism
have been studied, such as interaction with choline,
betaine, folic acid, and vitamin B, (as the metyl donors)
(McDevitt et al., 2000) as well as effects on the immune
system. However, very few studies were carried out on
the effects of dietary met levels on the avian endocrine
system, especially in laying hens. Research on nutritional
effects on Liquid Egg (LE) yield and composition may
provide the egg producer an effective management tool
for customized egg shell production specially managed to
maximize the yield of LE product (Shafer et al., 1998).
Albumin and yolk are the valued products, whereas shell
is treated as a low value by-product, or wastage, by
breaking operations. Increasing proportional liquid
component yield will allow processors to produce greater
liquid mass from an equivalent number of eggs (Shafer et
al., 1998). Genetic potential of the commercial layers is
continuously changing to support both the liquid egg and
egg shell markets. The objective of current study is
designed to focused on the effects of excessive and
deficient of dietary met on thyroid function and egg
characteristics of Hy-Line W36 laying hens.

MATERIALS AND METHODS

This study was carried out in animal research station of Bu-Ali Sina
University at August 2009 in Hamedan-Iran. All experimental
protocols were approved by the Animal Welfare Committee of the
Agricultural Faculty in Bu-Ali Sina University.

A total of 216 commercial white Leghorn layer hens were
obtained from the local parent stock supplier. Hens were moved
into the production house (14 x 6 m®) at 18 wk of age. Artificial light
was arranged in 16 h/d, and maintained until the end of experi-
mental period. The air temperature was controlled within the range
of 22 to 28.3°C to obtain a constant feed intake. At 22 week of age
all hens were individually weighed and allocated randomly into six
treatments with four replicates and nine birds in each replication.
Replicates were equally distributed into upper and lower cages to
minimize cage level effect. Three hens were housed in a 42 x 40 x
48 cm® cage, and 3 adjoining cages consists a replicate. Cages
were equipped with nipple drinkers and trough feeders.

Basal diet was formulated based on corn, wheat, and soybean
meal (Table 1) and contained 15.33% Crude Protein (CP), 2832.71
k cal metabolizable energy (ME)/kg, and 0.24% met. Synthetic DL-
Met was added to the deficient (basal) diet in increments of 0.05%
(0, 0.05, 0.10, 0.15, 0.20 and 0.25) at the expense of soybean meal
to meet the desired met levels in experimental diets. Supplemental
L-Lys was included in the diet to a total of 0.88% (a concentration
found to be adequate for a high performance of laying hens (NRC,
1994) to ensure that met was the first limiting amino acid.
Ingredients were analyzed for CP, Ether Extract (EE), ash and
Crude Fiber (CF) before formulating the diet according to the
procedures of the Association of Official Analytical Chemists
(AOAC, 1990). Energy value for these feeding stuffs was calculated
based on NRC (1994), and similar density was maintained in all

diets. The amino acids compositions of all ingredients (corn, wheat,
and soybean meal) were analyzed by Chemical lab of Bu-Ali Sina
University (Tecator apparatus (optilab 5931 liquid chromatograph),
C18 column) by the method described by Ravindran et al. (1999).
The experimental diets were prepared and mixed freshly at intervals
of about four weeks. Feed (in mash form) and water were provided
ad libitum for the entirety of the experiment.

Thyroid function

At 27 and 32 weeks of age, 1 ml of blood was drawn from the
brachial vein of the 8 hens from each treatment. Blood samples
were collected at the same time in the morning and transferred to
vial tubes containing heparin as anticoagulant. Plasma was
prepared by centrifuging (5,000 x g for 20 min) and stored at -20°C
for analysis. Plasma T3 and T4 levels were analyzed by
radioimmunoassay RIA (TECAN, Magellan apparatus), which had
been validated as described by Carew et al. (1997). Specificity of
the assays for Tz and, T4 had been established by the supplier
(Pishtaz Teb, Tehran).

Efficiency of protein and metabolizable energy and egg
characteristics

Protein Efficiency Ratio (PER) and ratio of met intake (mg)/ ME
intake (Kcal’lkg) were determined on replicate basis. Egg
characteristics were evaluated on a biweekly basis. On each
predetermined sample day, all eggs from each replicate were
collected during a 24 h period. Cracked eggs, dirty, misshapen, or
of extreme size were culled. The short and long diameters of the
eggs were measured by a caliper with a sensitivity of 0.01 mm to
determine the shape index. Eggs were weighed individually, and
then broken out on a flat surface, with a waiting period of 5 min.
The shells were washed with distilled water to release albumin
residues, allowed to air dry, and were weighed. The heights of the
yolk and albumin, the long and short diameters of the albumin, and
the diameter of the yolk were measured using the caliper. From the
values obtained, the following data were calculated according to
(Yannakopoulos and Tserveni-Gousi, 1986) using the formulates
shown below:

Shell ratio = shell weight/egg weight x 100

Shape index = short edge/long edge x 100

Yolk index = yolk height/yolk diameter x 100

Albumin index = albumin height/ (long diameter of albumin + short
diameter of albumin/2) x 100

Egg specific gravity = egg weight/ (0.968 x egg weight — 0.4759 x
shell weight)

Egg surface area = 3.9782 x egg weight
Haugh unit = 100 * log (albumin height + 7.57 — 1.7 x egg
weight®®") (Nesheim et al., 1979).

0.75256

Experimental design and statistical analysis

The experiment was conducted as a Completely Randomized
Design (CRD). The data were subjected to ANOVA with the
General Linear Model procedure of SAS (2004). The general linear
model employed for statistical analysis was the following:

X‘\j: p+5j+€“j

Homogeneity of variance was determined by Bartlett's test.
Duncan's multiple range test (1955) was used to determine the
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Table 1. Composition and nutrient content of basal diet.

Ingredients (%) Basal diet’
Corn (8.72) 41.90
Soybean meal (44.19) 20.00
Wheat (11.35) 25.00
Soybean ol 2.47
Dicalcium phosphate® 1.28
Oyster shell® 8.37
Sodium chloride* 0.37
Mineral mix® 0.25
Vitamin mix® 0.25
DL- Met -
L-Lys-HClI 0.11
Analyzed values’ (%)

Crude protein 15.33
Ether extract 2.65
Crude fiber 2.79
Ash 2.25
Met 0.24
Cys 0.28
Met+Cys 0.52
Lys 0.88
Calculated values®

ME?® (Kcal/kg) 2832.71
Ca (%) 3.50
NPP' (%) 0.35
Na (%) 0.17

'Based on 100 g/h per day. 2Contained 18.7% P and 22% Ca. ®Contained 38% Ca.
*Contained 39% Na. 5Supplies per kilogram of diet: copper, 10 mg; ethoxyquin, 65 mg;
iodine, 2 mg; iron, 60 mg; manganese, 90 mg; selenium, 0.2 mg; and zinc, 80 mg. *Supplies
per kilogram of diet: biotin, 0.2 mg; cholecalciferol, 2,200 IU; choline, 500 mg; ethoxyquin, 65
mg; folic acid, 1 mg; niacin, 60 mg; Pantothenic acid, 15 mg; pyridoxine, 5 mg; riboflavin, 5
mg; thiamin, 3 mg; vitamin A, 8,000 IU; vitamin B12, 0.02 mg; vitamin E, 20 IU; and
vitamin K, 2 mg. 'Based on analysis of corn, soybean meal and wheat. ®Calculated from

tabular values (NRC, 1994).° Metabolizable energy. '°

significance of differences among treatments means. Statements of
significance were based on P < 0.05.

RESULTS
Thyroid function

Plasma T3 concentration of laying hens was influenced by
met levels (Table 2). Plasma T; showed an inverted U
relationship by increasing dietary met levels from 0.24 to
0.49%. The lowest and highest plasma T3 concentration
were respectively related to hens which consumed 0.24

None phytate phosphorous.

(1.00 ng/ml) and 0.29% (1.69 ng/ml) dietary met. There
were inconsistent and no significant differences in plasma
T, of laying hens by met levels from 0.24 to 0.49% (Table
2).

Efficiency of protein and metabolizable energy and
egg characteristics

Adding 0.1% DL-Met to diet significantly increased PER
(P < 0.05, Table 3) However, further Met supplementation
in diet had no more effect on PER. The ratio of met intake
(mg)/ ME intake (Kcal/kg) increased significantly (P <
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Table 2. Plasma thyroid hormones concentrations by various levels of dietary met in laying hens.

Dietary metionine (%)

P P MSE'
arameter 0.24 0.29 0.34 0.39 0.44 0.49

Ts(ngml™) 1.00° 1.69° 1.55% 1.37% 1.24% 1.37% 0.3078 0.307

Ts (g d™) 1.97° 1.53° 1.70° 1.59° 1.46° 1.67° 0.8976 0.724

PER (Protein Efficiency Ratio). Means within a row without a common superscript differ significantly (P < 0.05).1 Mean square error.

Table 3. Protein and energy efficiency in response to dietary met lev

els.

Dietary methionine (%)

1
Parameter 0.24 0.29 0.34 0.39 0.44 0.49 P MSE
PER 8.53°  11.84®°  14.09°  14.60°  14.54° 14.022  0.0467  8.042
Met intake (mg)/ ME intake (Kcal/kg) 0.85' 1.02° 1.20° 1.38° 1.55° 173"  <0.0001  0.000
Means within a row without a common superscript differ significantly (P < 0.05). "Mean square error.
Table 4. Laying hens egg characteristics in response to dietary met levels.
Dietary methionine (%) 1
Parameter 0.24 0.29 0.34 0.39 0.44 0.49 P MSE
Shape index (%) 76.39%  76.87°  76.03*°  74.43° 7514  76.16®  0.0067 10.350
Shell weight (g) 4.76° 4.85° 5.08° 5.13° 5.22° 5.22° 0.0001 0.235
Shell ratio (%) 10.06° 9.74° 9.53% 9.56™ 9.58" 9.47° 0.0002 0.608
Albumin index (%) 22.89°  22.02°  22.07*° 19.69° 20.33°  19.26°  0.0008 3.392
Yolk index (%) 43.26° 4199  42.78%  43.96°  41.23%°  41.64° 0.2058 5.486
Egg specific gravity (%) 1.09 1.09 1.08° 1.09 1.08° 1.08° 0.4667 0.001
Egg surface area (cm?) 72.50°  75.32%  78.22°  79.85°  80.55*  81.36° 0.0001 6.780
Unit surface shell weight (mg/cm?) ~ 0.65° 0.66° 0.67° 0.674°  0.68% 0.69° 0.0001 0.001
Haugh unit (%) 71.44%  70.65°  70.04°  66.24°  66.62°  64.92° 0.0001 2.641

Means within a row without a common superscript differ significantly (P < 0.05). "Mean square error.

0.05) by each step of Met supplementation (Table 3).
Shape index (Sl) (as an important factor in egg
marketing) was significantly (P < 0.05) influenced by
dietary met levels (Table 4). Sl was significantly
decreased at 0.39% met compared to all other levels.
Increasing dietary met level to 0.34% significantly (P <
0.05) increased Shell Weight (SW), but there were no
significant differences between these higher levels. Even
though SW increased as a result of increasing dietary
met content, Shell Ratio (SR) significantly decreased (P <
0.05, Table 4).

Albumin Index (Al) was significantly lower from hens
fed the three higher levels of met than those fed three
lower levels (p < 0.05, Table 4). Haugh Unit (HU)
exhibited a similar trend as Al (Table 4), and was
significantly higher from hens fed the three lower levels of
met (P < 0.05).

No significant differences were observed on Yolk Index
(Y1) and Egg Specific Gravity (ESG) between treatments

by dietary met levels. A graded addition of dietary met
content from 0.24 to 0.49% led to a progressive increase
in Egg Surface Area (ESA) from 72.50 to 81.36 cm”. In a
similar manner, increasing dietary met resulted in a
increase (P < 0.05) in Unit Surface Shell Weight (USSW)
(Table 4) from 0.65 to 0.69 mg/cm? for rations contained
0.24 to 0.49% Met, respectively.

DISCUSSION

With increasing dietary met levels from 0.24 to 0.49%,
plasma T3 showed an inverted U relationship. The lowest
and highest plasma T3 concentration were respectively
related to hens which consumed 0.24 (1.00 ng/ml) and
0.29% (1.69 ng/ml) dietary met. It seems from the results
that severe deficiency of met in laying hens redounds to
sopping reduction in plasma T3 concentration. On the
other hand, trivial deficiency leads to increment in plasma



T; concentration. Plasma T, was not affected by met
levels. Carew et al. (2003) reported that plasma T; was
higher in all deficient chicks compared with the free-fed
control, which was significant only with 0.3% met. Also, in
their experiment plasma T, was minimally affected by the
met deficiency. These observations are corresponding
with results of previous study conducted by these
investigators (Carew et al., 1997) on chicks and results
achieved in current experiment in laying hens. It has
been shown in several species including chickens (Alster
and Carew, 1984; Keagy et al., 1987) and rats (Glass et
al., 1978; Tyzbir et al., 1981) that plasma T3 will decrease
in response to restricted feed intake or fasting. We
observed this decrease in the present study with the most
severe met deficiency. It seems that the met deficiency
increases the production or release of T; into the blood or
inhibits its normal removal compared to avian consumed
sufficient amounts of dietary met. This may operate
through inhibited synthesis of a key protein involved in
the metabolism or turnover of T5 due to lack of sufficient
met for polypeptide synthesis (Carew et al., 2003). From
reported studies with protein deficiencies in chicks or
rats, it has been suggested that elevated T; may be a
consequence of increased secretion rate and activity of
the thyroid gland (March et al., 1964; Tulp et al., 1979),
slower clearance of T; from the blood (Hutchins and
Newcomber, 1966), or alterations in plasma-binding
capacity of the blood and changes in receptor binding or
affinity (Refetoff et al.,, 1970; Smallridge et al., 1982;
Rouaze-Romet et al.,, 1992), among others. Enhanced
conversion of T, to T3 due to increased hepatic or renal
5'-deiodinase activity does not seem to occur with a
protein deficiency in rats (Smallridge et al., 1982) or
chicks (Weyland, 1993). However, in the absence of
direct data with met and in view of many other roles of
met in animals (Finkelstein et al., 1982; Hawrylewicz and
Huang, 1992), other mechanisms of an unknown nature
may be involved.

Shape Index was significantly decreased at 0.39% met
compared to all other levels except 0.44%. These
inconsistent but significant differences are difficult to
explain, but generally reflect little effect of met on Sl.
Increasing dietary met level to 0.34% significantly (P <
0.05) increased SW. Even though SW increased as a
result of increasing dietary met content, shell ratio
significantly decreased (P < 0.05). Increase in average
egg weight (EW) influenced by met supplementation can
explain this phenomenon. These findings showed that the
met requirement for shell protein matrix synthesis needs
to be considered to optimize shell quality. Simkiss and
Taylor (1957) reported that the shell protein matrix is
comprised of 70% protein. Also, increasing the sulfate
groups present in the shell matrix significantly increases
the Ca-binding ability, which in turn may increase shell
percentage and overall shell quality.

Albumin Index was significantly lower from hens fed the
three higher levels of met than those fed three lower levels
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(P < 0.05). In contrast, Narvaez-Solarte et al. (2005) who
reported that increasing dietary TSAA (via met supple-
mentation) had no significant effect on Al. Haugh unit
exhibited a similar trend as Al. Our results are in
congruence with previous researches (Narvaez-Solarte et
al., 2005; Wu et al., 2005) as HU declined as dietary met
content increased. Wu et al. (2005) reported that
reduction in HU with met supplementation in diet is
probably related to simultaneous increase in EW, which
previously we mentioned that EW increased with
increasing dietary met in our study. Dietary met level did
not affect YI and ESG. Novak et al. (2006) reported that
as dietary met decreased, there was a linear decrease (P
< 0.05) in ESG. Such a finding is in discrepancy with our
result. On the other hand, the effect of met level on YiI
was consistent with the Narvaez-Solarte et al. (2005)
reported that stated increasing dietary met content had
no significant effect on YI. The number of studies con-
ducted to evaluate the effects of dietary met content on
egg characteristics are limited and existence of different
findings in respects to egg characteristics between
literatures indicate the need for more future investigations
in this case.

IMPLICATIONS

According to results of current study concluded that met
deficiency alters normal thyroid hormone metabolism.
However, further studies are necessary to clarify the
effects of dietary met level on egg characteristics and
thyroid function. With the exception of Yl and ESG,
dietary met levels can significantly affect other egg quality
parameters.

ACKNOWLEDGMENTS

Our special thanks to Bu-Ali Sina University for providing
facilities and financial support for this study. We also wish
to thank the staff of the Department of Animal Science of
this university for their excellent scientific collaboration.

REFERENCES

Alster FA, Carew LB (1984). Studies of energy Balance and thyroid
function in protein-deficient chicks. Nutr. Rep. Int., 30: 1231-1240.
AOAC (1990). Official methods of analysis. 15th ed. Association of

official analytical chemists. Washington D.C.

Buyse J, Decuypere E, Berghman L, Kihn ER, Vandesande F (1992).
Effect of dietary protein content on episodic growth hormone
secretion and on heat production of male broiler chickens. Br. Poult.
Sci., 33: 1101-1109.

Carew LB, Evarts KG, Alster FA (1997). Growth and plasma thyroid
hormone concentrations of chicks fed diets deficient in essential
amino acids. Poult., Sci., 76: 1398-1404.

Carew LB, McMurty JP, Alster FA (2003). Effect of metionine
deficiencies on plasma level of thyroid hormones, insulin-like growth
factors-1 and 2, liver and body weight, and feed intake in growing
chickens. Poult. Sci., 82: 1932-1938.



4698 Afr. J. Agric. Res.

Duncan, DB (1955). Multiple ranges and multiple F test. Biometrics, 11:
1-42.

Finkelstein JD, Kyle WE, Harris BJ, Martin JJ (1982). Metionine
metabolism in mammals: concentration of metabolites in rat tissues.
J. Nutr., 112: 1011-1018.

Glass AR, Mellit R, Burman KD, Wartofsky L, Swerdloff RS (1978).
Serum triiodothyronine in undernourished rats: Dependence on
dietary composition rather than total calorie or protein intake.
Endocrinology, 102: 1925-1928.

Graber G, Baker DH (1971). Sulfur amino acid nutrition of the growing
chick: quantitative aspects concerning the efficacy of dietary
metionine, cysteine and cystine. J. Anim. Sci., 33: 1005-1011.

Hawrylewicz EJ, Huang HH (1992). Effects of dietary Protein and
metionine supplementation on mammary tumorigenesis. Pages 139—
148 in Dietary Proteins. How They Alleviate Disease and Promote
Better Health. Liepa, G. U. ed. Am. Oil Chemists Society,
Champaign, IL.

Hutchins MO, Newcomber WS (1966). Metabolism and excretion of
thyroxine and triiodothyronine in chickens. Gen. Comp. Endocrinol.,
6: 239-248.

Ishibashi T, Yonemochi C (2003). Amino acid nutrition in egg production
industry. Anim. Sci. J., 74: 457-469.

Keagy EM, Carew LB,. Alster FA, Tyzbir RS (1987). Thyroid function,
energy balance, body composition and organ growth in protein-
deficient chicks. J. Nutr., 117: 1532-1540.

Larbier M, Leclercq B (1992). Nutrition and feeding of poultry.
Nottingham University Press, Leicestershire.

Lumpkins BS, Batal AB, Baker DH (2007). Variations in the digestible
sulfur amino acid requirement of broiler chickens due to sex, growth
criteria, rearing environment, and processing yield characteristics.
Poult. Sci., 86: 325-330.

March BE, Biely J, Pastro KR (1964). The effect of protein level and
amino acid balance upon thyroid activity in the chick. Can. J.
Biochem., 42: 341-344.

McDevitt RM, Mack S, Wallis IR (2000). Can betaine partially replace or
enhance the effect of metionine by improving broiler growth and
carcass characteristics. Br. Poult. Sci., 41: 473-480.

Narvaez-Solarte W, Rostango HS, Soares PR, Silva MA, Velasquez.
LFU (2005). Nutritional requirements in metionine + cysteine for
white-egg laying hens during the first cycle of production. Int. J. Poult.
Sci., 4: 965-968.

National Research Council. (1994). Nutrient Requirements of Domestic
Animals. Nutrient requirements of poultry. 9th rev. Natl. Acad. Sci.,
Washington, D.C.

Nesheim MC, Austic RE, Card LE (1979). Poultry production. 12 ed.,
Lea and Fibiger, Philadelphia.

Novak, C, Yakout HM, Scheideler SE (2006). The effect of dietary
protein level and total sulfur amino acid: lysine ratio on egg
production parameters and egg yield in Hy-Line W-98 hens. Poult.
Sci., 85: 2195-2206.

Ravindran V, Hew LI, Ravindran G, Bryden WL (1999). A comparison of
ileal digesta and excreta analysis for the determination of amino acid
digestibility in feed ingredients for poultry. Br. Poult. Sci., 40: 266-
274.

Refetoff S, Robin NI, Fang VS (1970). Parameters of Thyroid function in
serum of 16 selected vertebrate species: A study of PBI, serum T,,
free T4, and the pattern of T4 and T3 Binding to serum proteins.
Endocrinology. 86:793-805.

Rouaze-Romet M, Savu L., Vranckx R, Bleiberg-Daniel F, LeMoullac B,
Gouache P, Nunez. EA (1992). Re- Expression of thyroxine-binding
globulin in post-weaning Rats during protein or energy malnutrition.
Acta Endocrinol., 127: 441-448.

SAS User’s Guide (2004) Version 9 ed. SAS Inst. Inc., Cary, NC.

Shafer DJ, Carey JB, Prochaska JF, Sams AR (1998). Dietary
metionine intake effects on egg component yield, composition,
functionally, and texture profile analysis. Poult. Sci., 77: 1056-1062.

Simkiss K, Taylor C (1957). A histochemical study of the organic matrix
of hen egg-shells. Q. J. Microbial. Sci., 98: 19-28.

Smallridge RC, Glass AR, Wartofsky L, Latham KR, Burman KD (1982).
Investigations in to the etiology of elevated serum T3 levels in protein-
malnourished rats. Metabolism, 31: 538-542.

Tulp OL, Krupp PP, Danforth E, Horton ES (1979). Characteristics of
thyroid function in experimental Protein malnutrition. J. Nutr., 109:
1321-1331.

Tyzbir RS, Kunin AS, Sims NM, Danforth E.(1981). Influence of diet
composition on serum triiodothyronine (T3) concentration, hepatic
mitochondrial metabolism and Shuttle system activity in rats. J. Nutr.,
111: 252-259.

Weyland CE (1993). The effect of protein deficiency on plasma Thyroid
hormone levels, and on hepatic and renal 5'-deiodinase activity in
broiler chickens. M.S. Thesis. Univ. Vermont, Burlington, VT.

Wu G, Bryant MM, Roland DA (2005). Effect of synthetic lysine on
performance of commercial leghorns in phase 2 and 3 (second cycle)
while maintaining the metionine + cysteine /lysine ratio at 0.75. Poult.
Sci., 84(Suppl. 1): 43(Abstr.)

Yannakopoulos, AL, Tserveni-Gousi AS (1986). Quality characteristics
of quail eggs. Br. Poult. Sci., 27: 171-176.



