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Embryo Mortalities , Vitamins and Minerals Deficiencies
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ROSS 308 PARENT STOCK: Nutrition Specifications

Female Parent Stock Nutrient Specifications

ADDED TRACE MINERALS
PER KG
Copper mg 16 10
lodine mg 1.25 2.00
Iron mg 40 50
Manganese mg 120 120
Selenium mg 0.30 0.30
Zinc mg 110 110
Wheat | Maize Wheat | Maize
ADDED VITAMINS PER KG based | based based | based
feed feed feed feed
Vitamin A U 11000 | 10000 12000 | 11000
Vitamin D3 U 3500 3500 3500 3500
Vitamin E U 100 100 100 100
Vitamin K (Menadione) | mg 3 3 5 5
Thiamin (B1) mg 3 3 ) 3
Riboflavin (B2) mg 6 6 12 12
Nicotinic Acid mg 30 35 50 55
Pantothenic Acid mg 13 15 13 15
Pyridoxine (B6) mg 4 3 5 4
Biotin mg 0.20 0.15 0.30 0.25
Folic Acid mg 1.50 1.50 2.00 2.00
Vitamin B12 mg 0.02 0.02 0.03 0.03
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PAMTOTHENIC ACID

Fig. 10.6 Pantothenic
acid deficency in a
turkey with dermatitis
on lower beak and at
angle of mouth (lower
turkey). Stocky exudate
that formed on the eye-
lid resulted in encrusta-
tion and caused swollen
eyelids to remain stuck
together. Mormal turkey
above is the control.
[Courtesy of T.M. Fer-
puson [deceased] and
J.R. Couch, Texas
AR M University.)
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Y“ﬁ}i“““i ‘i Dﬁis x‘“g‘*_.uunall}f affect egg production
. \1‘ 7 —wauntlity, and chicks that hatch may be too
v ‘a\}\ ¢ ... cmbryonic mortality in pantothenic acd deficiency oc-
—was usually during the last few days of incubation. A direct linear rela-
tionship exists between diet pantothenic acid and hatchability. Beer et al.
i11963) fed a purified diet to White Leghorn hens that contained 0.9 mg
of pantothenic acid per kilogram of diet. They found that the hens re-
quired addition of 1.0 mg'kg for optimum egg production, at least 4.0
mg'kg for maximum hatchability, and 2.0 mg/kg for optimum hatcha-
bility and wviability of offspring. Dawson et al. (1962) reported that
turkey breeder hens fed a diet deficient in pantothenic acid demon-
strated a high embryonic mortality during the first week of develop-
ment. After 17 days, the surviving embryos were small and poorly feath-
ered, and showed signs of edema, hemorrhaging, fatty livers, and pale
dilated hearts.
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Imidazole ring with valeric acid side chain
C1OH16N20381
MW: 224.31 g/mol

8 optically isomers

Deficiency: Anorexia, Nausea, Vomiting, Dermatitis
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New bioghemical function
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Neuroscience 289 (2015) 233—-241

TERATOGENIC EFFECTS OF PYRIDOXINE ON THE SPINAL CORD
AND DORSAL ROOT GANGLIA OF EMBRYONIC CHICKENS
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FOLACIN

METABOLISM

Digestion, Absorption, and Transport

Polyglutamate forms are digested via hydrolysis to pteroylmonoglu-
tamate prior to transport across the intestinal mucosa. Intraluminal
polyglutamate hydrolysis is catalyzed by a conjugase intestinal enzyme
found in the brush border. This brush border pteroylpolyglutamate hy-
drolase (y-carboxy peptidase) is an exopeptidase that cleaves the polyg-
lutamyl chain one residue at a time starting from the carboxyl end. It has
a pH optimum near neutrality and is activated by zinc (Chandler et al.,
1986). In humans, a zinc deficiency resulted in a decreased intestinal hy-
drolysis of pteroylpolyglutamate (Tamura et al., 1978). Conjugase ac-
tivity is widely distributed in the mucosa of the proximal small intestine,
both intracellularly and in association with the brush border. Conjugase
activities have also been found in bile, pancreatic juice, kidney, and liver.
Conjugase activity is reduced by nutritional zinc deficiency, chronic con-
sumption of alcohol, and exposure to naturally occurring inhibitors in
foods.

Pteroylmonoglutamate is absorbed predominantly in the jejunum,
with lesser amounts in the duodenum, by a Na*-coupled carrier-medi-
ated process. Folacin is also absorbed passively, presumably by diffu-
sion; this mechanism accounts for 20 to 30% of folacin absorption, re-
gardless of folate concentration.

Dietary folates, after hydrolysis and absorption from the intestine,
are transported in plasma as monoglutamate derivatives, with only lim-
ited methylation (5-methyltetrahydrofolate). Folacin taken up by the
liver is converted primarily to 5-methyltetrahydrofolate and 10-formyl-
tetrahydrofolate and then transported to the peripheral tissues. The
monoglutamate derivatives are then taken up by cells in tissues by spe-
cific transport systems. There, the pteroylpolyglutamates—the major fo-
lacin form in cells—are built up again in stepwise fashion by the enzyme
folate polyglutamate synthetase. Polyglutamation traps folates inside
cells at concentrations one to two orders of magnitude greater than
those of extracellular fluids. Polyglutamates serve to keep folacin within
the cells since only the monoglutamate forms are transported across
membranes, and only the monoglutamates are found in plasma and
urine (Wagner, 1995). Folacin enzymes are compartmentalized berween
the cytosol and the mitochondria. Almost all the folate in the cell is dis-
tributed equally between the two compartments. There are also mito-
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FOLACIN

have been produced in chicks fed corn-soybean meal diets (Pesti et al.,
1991)

Self-synthesis of folacin is dependent on dietary composition. For
poultry, some research has indicated higher folacin requirements for
very high protein diets, or when sucrose was the only source of carbo-
hydrates (Scott et al., 1982). Keagy and Oace (1984) reported that di-
etary fiber had an effect on folacin utilization; xylan, wheat bran, and
beans stimulated folacin synthesis in the rat, reflected as higher fecal and
liver folacin. For humans it was concluded that milk type differentially
affects intestinal folacin biosynthesis and the superior folacin availabil-
ity from human (versus cow and goat) milk-containing diets is due in
part to enhanced intestinal biosynthesis of folacin (Semchuk et al.,
1994).

The levels of antibacterials added to the feed will affect microbial
synthesis of folacin. Sulfa drugs, which are commonly added to livestock
diets, are folacin antagonists (see Deficiency). In the chicken, sulfa drugs
have been shown to increase the requirement (Scott et al., 1982). Moldy
feeds (e.g., aflatoxins) have also been shown to contain antagonists that
inhibit microbial intestinal synthesis in swine (Purser, 1981).

Folacin requirements are dependent on the form in which it is fed
and concentrations and interrelationships of other nutrients. Deficien-
cies of choline, vitamin By,, iron, and vitamin C all have an effect on fo-
lacin needs. Although most folacin in poultry feedstuffs is present in
conjugated form, the young chick is fully capable of utilizing it. On the
contrary, Baker et al. (1978) reported that human patients over 60 years
of age utilized conjugated forms of folacin much less efficiently than
monoglutamares.

Folacin requirements are related to type and level of production.
Growth rate, age, and pregnancy influence folacin requirements. The re-
quirement decreases with age because diminished growth rate reduces
the need for DNA synthesis. Increased catabolism of folacin is a feature
of pregnancy. Studies with both rats (McNulty et al., 1993) and humans
(McPartlin et al., 1993) demonstrated an enhanced folacin catabolism
that was a feature of pregnancy per se and not simply due to increased
weight. In poultry the folacin requirement for egg hatchability is higher
than that for production (NRC, 1994). Taylor (1947) reported that 0.12
mg of folacin per kilogram of diet was satisfactory for egg production,
but higher levels were required for good hatchability. Table 12.1 sum-
marizes the folacin requirements for various livestock species and hu-
mans; a more complete listing is given in the appendix, Table A1.

The current Recommended Dietary Allowances (RDAs) for folates
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VITAMIN Bg

pharmaceutical companies in the preparation of capsules, tablets, and
ampoules. The tablets used for prophylactic purposes usually contain 2
mg per daily dose. For therapeutic purposes, 10- to 150-mg tablets are
taken one to three times daily.

The recovery of vitamin B, as pyridoxine hydrochloride in a multi-
vitamin premix not containing trace minerals was 100%, even after 3
months in storage at 37°C. However, stability in a premix containing
trace minerals was poor, with only 45% recovery after 3 months at 37°C
(Adams, 1982). Verbeeck (19735) found vitamin B to be stable in pre-
mixes with minerals as sulfates. However, if minerals in the form of car-
bonates and oxides are used, 25% of the vitamin can be lost over a 3-
month period. Stress agents such as choline chloride help catalyze this
destruction. Gadient (1986) considers pyridoxine to be very sensitive to
heat, slightly sensitive to moisture and light, and insensitive to oxygen.
Retentiongt Bayactivity in pelleted feeds after 3 months at room tem
perature u e 80 to 100% as a general rule. The retention of pyr
doxine i®Pan®xtruded fish meal fed after 1 month at room temperati®e
was found to be 56%.

niflated for the need of vitamin B, supplementatio
1ant or lactating wor

2

r young and p

=u(

tdwlism (see Deficiency). Vi nts arggommonly given
when isoniazid is used in tub treatmg and \3?1 penicillamine
is used in the treatment of Wilson’s disease. Vitamin B¢ supplements are
also frequently given along with most anticonvulsant drugs. Reports in-
dicate that mothers unsupplemented with vitamin B, produce milk low
in the vitamin (Guilarte, 1993). Based on these studies, it is apparent
that some degree of vitamin B, deficiency may be present in infants
whose sole source of nutrients is breast milk and whose :
supplemented with the vitamin (see Deficiency). Supp’ Pro date:
B is needed by persons with the “Chinese restaurant sy

dition in which individuals are sensitive to foods heavi Exp date:
monosodium glutamate (Folkers et al., 1981). Individ

tunnel syndrome (pain and/or numbness in hands) require vitamin Bg
well in excess of the RDA requirement (LeKlem, 1991). Pyridoxine in
pharmacological doses was useful in the management of kidney stones,

decreasing urinary oxalate excretion in patients with recurrent oxalate
renal calculi (Mitwalli, 1989). In doses of 10 to 25 mg, vitamin B, in-
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Preface

Vitamin products began to be developed
evertheless, there
is still much that is obscure in the phar-
macceutical technology of vitamins. This
derives from the specific problems asso-
ciated with this class of substa
itamin products are unique in ¢
bining such a large number of active sub-
stances with entirely different chemical
structures and physical properties. This
is compoundes by the fact that virtually
all the vitamins are more or less unstable
when formulated and some of them inter-
act 1o result in decomposition.
There has been a large number of publi-
cations on the pharmaceutical technology
of vitamin formulations. The intention of
this text is not merely to review the lite-
rature. Although a wide selection of pu-
blications has been quoted in order to

ew, our own work repre-
proportion of the text and
ected by the many formulations
which are specified, almost all of which
were developed in the food products
pharmaceuticals applications laboratories
of BASF AG, Ludwigshafen, FRG. Ho-
wever, not all of them have been exami-
ned for chemical stability

On this basis, the present text aims to
make the process of development of vit-
amin products intelligible and thus to aid
pharmacists ¢
The entries have been arranged alphabe-
tically to provide rapid access to the in-
formation, and this is facilitated by cross-
references and the key words which are
printed in italics.

Spring 1988 Volker Biihler

In the second edition of this book some amendements and actualizations were
introduced. This concerns ¢. g. the situation of the Pharmacopocias and other legal
conditions. Furthermore several new of vitamin ¢ (c.g
multivitamin syrup, vitamin C + E tablets, vitamin B complex injectable, multivitamin
effervescent tablets, multivitamin tablets with minerals) and chapter of multi-
vitamin solutions were added to impart an even better knowledge about the pharma-
ceutical technology of vitamins

Since this book has the structure of a dictionary and many crosslinks between the
individual sections are included it was decided to offer it also in an electronic form of

the attached CD-ROM.

An alphabetical index of all formulations listed in the book was added.

September 2000

Volker Biihler

Oct/18
Oct/19
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VITAMIN Bg

pharmaceutical companies in the preparation of capsules, tablets, and
ampoules. The tablets used for prophylactic purposes usually contain 2
mg per daily dose. For therapeutic purposes, 10- to 150-mg tablets are
taken one to three times daily.

The recovery of vitamin B, as pyridoxine hydrochloride in a multi-
vitamin premix not containing trace minerals was 100%, even after 3
months in storage at 37°C. However, stability in a premix containing
trace minerals was poor, with only 45% recovery after 3 months at 37°C
(Adams, 1982). Verbeeck (19735) found vitamin B to be stable in pre-
mixes with minerals as sulfates. However, if minerals in the form of car-
bonates and oxides are used, 25% of the vitamin can be lost over a 3-
month period. Stress agents such as choline chloride help catalyze this
destruction. Gadient (1986) considers pyridoxine to be very sensitive to
heat, slightly sensitive to moisture and light, and insensitive to oxygen.
Retention of B, activity in pelleted feeds after 3 months at room tem-
perature should be 80 to 100% as a general rule. The retention of pyri-
doxine in an extruded fish meal fed after 1 month at room temperature
was found to be 56%.
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Transcriptional profiling of liver in riboflavin-
deficient chicken embryos explains impaired
lipid utilization, energy depletion, massive
hemorrhaging, and delayed feathering.

doi: 10.1186/s12864-018-4568-2.

Riboflavin-rescued (Rf+)

Rf+/Af-

e13 embryo
221 AR-DE genes

Rf+/Rf-
e15 embryo
929 AR-DE genes
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Blood a-TOH concentration (pg/mL)
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0 100 200 300 400

Added dietary a-TOH (mg/kg)

Influence of dietary o-TOH on blood concentration of a-tocopherol
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Parameters
Weight  Vitamin E
category doses W. testis R W. testis L S. testis R S. testis L D. testis R D. testis L
(2) () (mm) (mm) (mm) (mm)
S 2403 =106 2490 =104 4704 090 46.73° £ 084 2542° £037  2529° +0.46
H 2443 +1.10 2610 £1.29 4941 +1.00 49.66° £ 089 27.607+£0.59  28.06"° +0.53
0 19.75° + 1.74 1945° £1.72  4287° +1.79  4320° +£1.40 2415 +0.89  24.36° +0.83
100 201%™ £1.66 23.66™ +1.87 48.16° £148  47.41° £128 2557 054 2639" £0.92
200 2481 £1.61  2745° £2.17 4986° +1.16 5025 +096 2691090  26.79° +1.08
300 27088 £1.59 27.166+1.19  4991° £ 1.01  49.58° +1.07 28.10° =0.77  27.58" +0.62
400 27.58" £0.66 2933 £0.59  5035" £1.07  50.63" £135 27.75° 055 28.16' +0.67
BW 0.8012 0.4616 0.0507 0.0058 0.0009 0.0001
P- Value VE 0.0028 0.0011 0.0010 0.0002 0.0007 0.0066
BWxVE 0.8319 0.9865 0.8605 0.7937 0.7644 0.9226
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Weight  Vitamin Parameters
category B doscs Seminiferous Seminiferous Leydig cells (n) Blood vessels (n)
tubules diameter epithelium
(pum) thickness (um)
S 231.75 =I1.12 59.89 £2.45 2849 +1.09 1.94 £0.05
H 24394 1297 61.47+ 3.25 2950 +1.27 1.90 = 0.06
0 179.50°+£9.92 47.7229+1.22 24.0801+0.87 1.758°+0.058
100 224.40"+11.88 53.756% £1.60 25.333¢ £0.48 1.770°+ 0.047
200 233.88"£12.95 60.733™+3.30 28.042°£0.64 1.866™ £0.069
300 255.39°+ 7.55 67.724%43.54 32.042°40.956 2.033"£0.033
400 297.54'+10.90 72.160°+3.90 35.133*+1.203 2.200°+0.079
P- Value BW 0.1919 0.5746 0.1438 0.4704
VE <.0001 0.0003 0001 0.0001
BWx=VE 0.2935 0.3296 0.0550 0.5423
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Resullts
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CBH {mm)

0 100 200 300 400

Added dietary a-TOH (mg/kg)

Effect of dietary graded levels of o-TOH and body weight of rosters on cell mediated immunity (CBH)
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Antibody titer against SRBC

Resulits

y=0.537x +2.437 ab
R2=0.76

100 200 300 400

Added dietary a-TOH (mg/kg)

The relationship between graded levels of «-TOH and humoral immunity (SRBC)
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Resulits

Analysis of the relationship between dependent (CBH, ATV, NDV and SRBC) and independent variable o-
TOH. The main effect of two BW type (LW and HW) and 5 different levels of o-TOH (0, 100, 200, 300, 400 mg'kg
diet) on rooster’s immune parameters (Means+ SE).

Factors Parameters
CBH (mm}) AIVIWS ATVIW10 NDV2 W5 NDVIW10 SRBC?
BW W 1.23==0.15 446=0.16 593 =020 467012 640 =021 410 =020
HW 0.930x0.10 457 =015 6.13 =029 458 =015 6.46 =032 4.00 =020
0 0.334 £0.05 4914023 500032 408>+ 0.08 51652030 27522017
100 0.92==0.15 533022 5502034 43532020 5835030 3.75420.16
a-TOH 200 0.99<=0.11 5337 =0.14 .33 =021 4662=0.18 §.500c =022 41262022
300 1.330 =010 5.85&2 =029 6502022 47522014 7162016 462018
400 1.852=0.21 6.162=0.16 6.832 =047 5082025 75302022 5.002 =017
BW 0.0175 0.5804 0.4552 0.6418 0.7661 0.531%
P-Value o TOH 0.0001 0.0013 00039 0.0222 0.0001 0.0001
BW= a-T 0.6907 02593 09897 08532 02532 09615
Linear BW 0.0175 NS NS NS NS NS
Linear o-TOH 0.0001 0.0001 0.0002 0.0023 0.0001 00001
B-Square 0.6618 0.3504 0.5302 0.2231 0.7662 0.7648
Cadratic a-TOH NS NS NS NS NS NS
Exponential a-TOH NS NS NS NS NS NS

AIVWS: Avian influenza virus week5, ATVWI10: Avian influenza virus week10 CBH: Cutaneous basophil
hypersensitivity, NDVw5: Avian Newcastle virus weekS NDVw10: Avian Newcastle virus week10 SRBC: sheep red
blood cell. Different superscripts (A and B) for BW, (a-e) tor VE levels within the same line differ significantly.



Resullts

. Parameters
g Tpelels  Cholesterol a-TOH.con.  Liver Weight
calcgory AST (mg/dl) TG{mg/dl) HDL{mg/dl) LDL{mg/dl) ) ’
{mg/dl) (ng/ml) (g)
3 131,60+ 5.64 288.33+15.81 60.13% + 2.96 £9.13+331 31.53+1.88 739117 4253° +0.97
BW
H 134.93 +6.70 306.13423.47 68.60* + 2.66 92,06 + 261 4040 +3.62 593 1.02 4566 +1.04
100 134.50%:7.74  297.16":36.99 68.50™ + 2.24 T332 36.50 +4.08 4387 20,69 43.00a"1 49
00 122335724  287.83%+2242 58.00¢ + 3.41 93.16a + 1.70 3566+ 287 B.69° +0.92 46.50° +1.71
BW 0.6562 0.4632 0.0042 0.4599 0.0649 0.0913 0.0298
P- Value a-TOH 0.0075 0.0108 0.0001 0.0472 0.8553 0.0001 0.0544
BW+ o.TOH 0.9652 0.7005 03527 0.8617 0.8402 0.9253 0.9569
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Trace-Minerals Requirements /
Recommendations for Broiler Breeders

» Lack of research, especially involved with impacts in the
progeny

= Some published recommendations has no basis in
research

Mineral Rostagno Aviagen Cobb-Vantress NRC

" (ppm) 2017 2016 2013 1994
Cu 9.94 10 15 -

Fe 45.8 S50 55 60
Zn | 65.1 110 110 45
Mn 70.0 120 120 20

Se  0.30 0.30 0.30
| 1.01 2.00 2.00




Periodic Table of Elements

Atomic Number

Atomic Weight
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34: Selenium

[Ar] 3d10 4s2 4p4

[2,8,18,6]

16: Sulfur

[Ne] 352 3p4

[2,8,6]
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34: Selenium

[Ar] 3d10 4s2 4p4

[2,8,18,6]

16: Sulfur

[Ne] 3s2 3p4

[2,8,6]
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34: Selenium

[Ar] 3d10 4s2 4p4

[2,8,18,6]

16: Sulfur

[Ne] 3s2 3p4

[2,8,6]
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34: Selenium

[Ar] 3d10 4s2 4p4

16: Sulfur

[Ne] 352 3p4
[2,8,18,6]

[2,8,6]
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34: Selenium

16: Sulfur
[Ne] 3s2 3p4 [2,8,6]
[Ar] 3d10 4s2 4p4 [2,8,18,6]
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%= The discovery of Se essentiality in early 1960s.

= The discovery in 1973 that glutathione peroxidase is a selenoprotein.

2 Characterisation of main selenoproteins in nutrition and health in 2003.

New insight

The role of free radicals as signalling molecules, understanding the role of nutrients in gene
expression and maternal programming, tremendous progress in human and animal genome.
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B Elemental selenium 60

|norganic selenium Compounds Selenite (SeOs ), Selenate (SeOy ™), Selenide (Se™)

SeH o D
B Organic selenium compounds S By L

Se-Cys Se-Met






pH| absorption|

Absorption Variations:

Plant spacies
* 5a accumulator
{can be toxic for animals.
at too high concentrafion)
* Secondary Se accumulator
|mot in probein)
» Mon accumulator (foroge, cereals...;
Seis in protein-bound torm)
H\ys‘lulngl'uc‘ shage
Environmental condifions
Agriculbural practice

Seil type
Selubility
Leaching
Sulfate content
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Functions

= Acute
=  Sub-acute
= Chronic poisoning (alkali disease)
INENE]
Diarrhoea
Death
Garlic odour
Hair loss

WARNING: Growth retardation
TOXIC

Selenium acid selenite selenate selenocysteine > methylated selenium compounds
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Functions

* Selenium dependent enzymes
Glutathione peroxidase
De1odinases
* Other functions
Immune response
Complex with heavy metals (Cd, Hg & Ag)
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Functions

Self-preservation 1s the first law of nature

Initiator
LH—— » e

Le +O, ——» LOOs

LOOe + LH——» LOOH + Lo
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Unstable
Molecule

Free Radical
Unpaired electron

N
/

Antioxidant

L .\

Stable
Molecule
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Free Radical

DNA

[t

Oxidation

>

Free radical
Steals an electron
from DNA

Damaged DNA

\X\\\* y ///

Stable molecule
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Membrane transport Vit. E quinone

Niacin Riboflavin
C 0; \ Loss Loss

pentose NADPH GSSH Vit. E-radical ROOH

G-6-P NADP* 2GSH @ Vitamin E ROO*

T Thiamin Loss

Glucose Diketo-L-gulonic acid
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Vitamin E and CoQ
Head-quarter

/

!

AN

Carotenoids: ids:
0Ids _ . Flavonoids:
Commuprcanng Vitagene expression Police
sir?ggs anq gynthesis of AO <> > 8.000
Ministry of Defence compounds
compounds
X o AW /
Vitamin C: Selenium
Special forces Chief-executive
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Oxidized

GSH-Px

Electron transfer

Oxidized (non harmful)

(D

00

Reduced
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o 4 different GSH-Px in avian species
e Selenium feed supplementation ' GSH-Px activity

Different biological roles:

* Prevention of lipid peroxidation

e ROS detoxification

¢ Specific role of GSH-Px 4 in male fertility
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ROOH + 2GSH

A 4

ROH + GSSG + H20




2GSH + NADP+

*
GSSG + NADPH +H+

X




ROOH + 2GSH

A 4

ROH + GSSG + H20




2GSH + NADP+

*
GSSG + NADPH +H+

X




ROOH + 2GSH

A 4

ROH + GSSG + H20




2GSH + NADP+

*
GSSG + NADPH +H+

X




Oxidixed
ascorbate
Reduced
ascorbate
CReduced thioredoxin) (Oxidized Ihioredoxin)

Thioredoxin reductase

v

Thioredoxin Ribonucleotide Transcription
reductase reductase factors

[ Antioxidant j [ DNA. ] [ Ge':'e. ]
synthesis transcription

TrxR plays a role in:

Cell growth

Inhibition of apoptosis

Cellular sensitivity to glucocorticoids
Immunomodulation

Pregnancy and birth

Neuronal survival
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Other selenoproteins

VI.
VII.
VIII.

XI.
XII.
XIH.

XIV.

XV.

XVI.

lodothyronine deiodinases
Selenophosphate synthetase-2
15-kDa selenoprotein
Selenoprotein H
Selenoprotein |
Selenoprotein K
Selenoprotein M
Selenoprotein N
Selenoprotein O
Selenoprotein P
Selenoprotein Pb
Selenoprotein R
Selenoprotein S
Selenoprotein T
Selenoprotein U
Selenoprotein W
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Selenoprotein location in chicken

Location/feature

Inside the cell

QOutside the cell/secreted
Endoplasmic reticulum
Mitochondria

Cytoplasm

Nucleus

Golgi apparatus

Membrane

Membrane-bound
Zn-containing

POP-containing
Thioredoxin-like fold-containing

Flavin adenine dinucleotide-interacting

Selenoproteins

GSH-Px1, GSH-Px2, GSH-Px4, DIO1, DIO2, DIO3, TrxR1, TrxR2,
TrxR3, Sep15, SelH, Sell, SelK, SelM, SelN, SelO, SelT, SelU,
Selw, MsrB1, SPS2

SelPa, SelPb and GSH-Px3

DIO1, DIO2, DIO3, Sep15, Sell, SelK, SelM, SelN SelS and SelT

GSH-Px1, GSH-Px2, GSH-Px4, TrxR1, TrxR2, TrxR3, SelM, SelO
and SelU

GSH-Px1, GSH-Px2, GSH-Px4, TrxR1, TrxR2, TrxR3 and SelW

GSH-Px4, MsrB1 and SelH

SelT

Sell

Sell, SelK, SelS, SelT, DIO1 and DIO3

Sep15, MsrB1, SelW and SelM

GSH-Px1, GSH-Px2, GSH-Px3 and GSH-Px4

GSH-Px1, GSH-Px2, GSH-Px3, GSH-Px4, DIO1, DIOZ2, DIO3,
TrxR3, SelT, SelH, SelW, Sep15, SelM, SelU and SelO

TrxR1, TrxR2 and TrxR
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Antioxidant Defences

(Vitagene Concept

AO defence Cell proliferation

DNA-repair systems Cell differentiation

Transfer of genetic information Stability of cell membrane
Stress protein synthesis Stability of intracellular milieu
Proteosomal function Macromolecular turnover
Neutralisation and removing toxic chemicals Stress
response

Tissue regeneration and wound healing Hormonal response
Tumour suppression Immune response

Cell death and cell replacement Thermoregulation
Neuronal response
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Selenious
acid
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Chelated Selenium products

Se-glycinates
Se-proteinates
Se-amino acids complexes

The chemical position of Se in the periodic table of elements indicates that
Se is not a true metal, and therefore its chelating@oility IS in question.
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elemium-enviched yeast

\ . 50-70% of Se as SeMet
T‘ 10-15% of Se as SeCy

Fermentation process, Se composition
depends on growing conditions

Cerevisiae

inactivated yeast
4 i—‘ 11.5% to 28% of water soluble Se
> 50 Selenium species

Variation of SeMet proportion from

Saccharomyces l

batch to batch
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20:4n-6 22:4n-6 22:5n-6

PUFAs

Polyunsaturated fatty acids (PUFAS) in spermatozoa phospholipids, % (adapted from Surai, 2002).
20:4n-6 = arachidonic acid; 22:4n-6 = docosatetraenoic acid; 22:5n-6 = docosapentaenoic acid; 22:6n = 3 docosahexaenoic acid.
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Theriogenology 126 (2019) 279—285

Contents lists available at ScienceDirect

THERIOGENOLOGY

Theriogenology

journal homepage: www.theriojournal.com

An improvement in productive and reproductive performance of aged @ m)
broiler breeder hens by dietary supplementation of organic selenium | %

Mojtaba Emamverdi ¢, Ahmad Zare-Shahneh **, Mahdi Zhandi * ", Mojtaba Zaghari °,
Dariush Minai-Tehrani °, Mahdi Khodaei-Motlagh ©
4 Department of Animal Science, College of Agriculture and Natural Resources, University of Tehran, Karaj, 31587-77871, Iran

P Faculty of Life Science and Biotechnology, Shahid Beheshti University, Tehran, 16589-53571, Iran
¢ Department of Animal Science, Faculty of Agricultural and Natural Science, University of Arak, Arak, 38156-88349, Iran
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m Essential trace element
m Cofactor in more than 300 enzymes

m Required for the structural and functional integrity of over 2000
transcription factors and almost every signaling and metabolic pathway is
dependent on one or more zinc-requiring proteins

m Cell growth and proliferation is strictly depend on zinc (immune system,
skin, reproductive system)

m (Gene expression

m Appetite control

m Protein, carbohydrate and fat metabolism
m Antioxidant defense

m No storage system for zinc
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Some studies showing the zinc requirement of broiler chickens

Age . Traits Esti.mated
References Year Sex Diet type requirement
(Day) evaluated 0
(mg kg )
Rossi, et al. 2007 M “ 0-42 Corn-soy Skin tearing 105
Vieira et al. 2013 M 0-42 Corn-soy Footpad 100
integrity
Gomez 2008 MandF 8-21 Practical Tibia Zn 86
Huang et al. 2007 M 0-21 Corn-soy Weight gain 84
Mohanna and Nys 1999 - 5-21 Corn-soy Tibia and 75
plasma Zn

Bao etal. 2009 - 14-35 - Weight gain 68
Xiudong Liao et al. 2013 - 22-42 Corn-soy Tibia Zn 62
Ao et al. 2007 M 0-21 Corn-soy Weight gain 37
Wedekind and Baker 1990 M 8-12 Semi purified ~ Weight gain 33
Ao et al. 2006 M 0-21 Corn-soy Weight gain 32.8
Steinruck and Kirchgessner 1993 - 72-107  Semi purified Weight gain 32
Zeigler et al. 1961 - - Semi purified Weight gain 28
Batal er al. 2001 F’ 1-3 Semi purified Weight gain 27.1
Dewar and Downie 1984 MandF 0-3 Purified Live weight 18
Emmert and Baker 1995 - 8-22 Purified Weight gain 10.6

“ Male, ° Female.

88



Feed Ingredients

Corn
Soybean meal
Wheat
Wheat bran
Barley
Canola meal
Corn gluten

What does it means?

Zinc content (mg/kg)

18
40
34
100
30
71
33

Natural Zn concentrations in feedstuffs are generally lower than
the daily Zn requirement for broiler chickens leading to the
necessity of dietary Zn supplementation.
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90 -

70 - Fer 65.97B

60 -

Hatch 56.92

Fer 45.78¢
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Hatch 23.8
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850000000

750000000

650000000

550000000

450000000

Spermatozoa number (per ml)

350000000

250000000

450000000

828888889

Zn0O

HiZox

Effect of zinc sources on concentration of spermatozoa (cell number per ml of semen) at week 65

(P<0.06, SE 113955511).

93



T mmm - mmm
. L, f

a o =
P :
i i
M — __M - nm.

B

o = a F

n BBIRRRC FEEEEER

O anssl [AN O B2 A

(3} wwads Buueiuco 155 00006 /Sapiaoydiwi) jo oN
’ s ] s
. | |
@ o m ~ o £
g f g
i

] - _M - m
E E
a F - =

TFEEEEE EFELEL

< (o) wuads Buueuoo |5 2 anssg ran o eae Aur

00005 /sabfooydwd) Jo on

94



SST 10 p yl (Slootiy 2 Fgo Jolge

0’0 o0
} e




SST 10 p yl (Slootiy 2 Fgo Jolge

96



SST 10 p yl (Slootiy 2 Fgo Jolge

SST slo; 5, slie 5l o aid Jlal ‘ )'UMQ.A[SJT

97



SST 10 p yl (Slootiy 2 Fgo Jolge

SST slo; 5, slie 5l o aid Jlal

S48l mazs gl 10 oyl 0,053 0,95 (b 45 & peasl glad bl Bi

98



SST 10 p yl (Slootiy 2 Fgo Jolge

] oo

S
00

SST slo; 5, slie 5l o aid Jlal

S48l mazs gl 10 oyl 0,053 0,95 (b 45 & peasl glad bl Bi

r:).w.J de Lf’y?b oJ.:.">f> L> QT .bl.u)

99



SST 10 p yl (Slootiy 2 Fgo Jolge

] oo

S
00

SST slo; 5, slie 5l o aid Jlal

I3l s Loalg) 5 o mnsl 0,055 0,90 (oo 45 4 el slaca 1S i
r:).w.J Cdwe Lf’y?b oJ.:.">f> L QT .bl.u)

100



SST )0yl (Sloodiy 2 ygo Jolge

] oo

S
00

SST slo; 5, slie 5l o aid Jlal

I3l s Loalg) 5 o mnsl 0,055 0,90 (oo 45 4 el slaca 1S i

| Sl 5l g S ol g (el Fuly SialS ‘l TFGPB ‘

101















106



Shell thickness (mm)

0.36

0.355

0.35

0.345

0.34

0.335

0.33

0.325

0.32

0.340P

Zn0O

0.353°

HiZox
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10.2
10
9.8
9.6
9.4

% Egg Shell

Zinc and % Egg Shell

y = 9.9074-0.00013(122.4 - x)°

BLQ - R*

‘=091

BLQ~-122.4 ppm

QP - 126.1 ppm
y = 7.92702+0.0328« - 0.00013x°

EXP - 147.8 ppm

QP-R =091
y = 8.5291+1 4613(1~ EXP(-0.0232(x -18.7))
ol s il EXP-R'= 086
60 80 100 120 140 160
Zinc, ppm
EXP BLQ Qp

180

Mayer et al 2018
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Cu and Egg Production (25-40 wks)
Cu and Hen/day Egg Production

y = 64 85864 + 1 76914x -0 06864x"

QP-R' =041
y = 68.133346.6151 » (1-EXP (-0.8394 ~ (x 2.67) -12.9 ppm
EXP-R* =043
EXP - 6.23 ppm l /
A o =
y = 74.7817-0.3121 ~ (7.2833 «x)°*
BLQ-R*=043
BLQ - 7.28 ppm
5 10 15 20
Cu, ppm
——EXP -=: QP - - BLQ

Berwanger et al., 2018
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Level of Ca (mg)

= Nonenriched

18 19 20 21

Embryonic day
== = Enriched
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Minerals (%)

Relative consumption of Cu, Fe, Zn, P, Mn and Ca during incubation

100

40

0

: Remained in the residual yolk

B Consumed until day of hatch



YST Morphology throughout incubation (by SEM)

&Y
A’

.

»

E15:

Cell surface area is large,

no microvilli structures

"¢ between cells
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YST Morphology throughout incubation (by SEM)

E19:

Cells begin to decrease in
size, microvilli spread
across cell surfaces
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Electron micrograph (A, B) and hematoxylin and eosin-stained sections (C, D) of yolk sac membrane
samples of broiler embryos on embryonic d 15.
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YST Morphology throughout incubation (by SEM)

s e DOH:

R

ars =L

~w Cells are shrunken,
microvilli cover entire cell
surfaces
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Temporal transcriptome analysis of the chicken embryo yolk sac

j8 ) 15 v 1% n

Yadgary et al. BMC Genomics 2014, 15:690
http://www.biomedcentral.com/1471-2164/15/690

Cluster Al.1- 260 genes
1.89: calcium binding

1.33: ion binding

1.21: basement
membrane/extracellular
matrix organization

Cluster A3.1- 101 genes
2.22: intermediate filament

protein/structural molecule
activity/cytoskeleton

Cluster B2.2- 154 genes
2.5: cellular protein
localization

1.32: regulation of
organelle organization/
regulation of cytoskeleton
organization

Cluster C2.3- 189 genes
3.56: nucleotide binding
3.30: macromolecule
catabolic process

2.91: proteasome complex
1.51: mitochondrial
membrane

1.35: proteolysis

20
15
10
0s
00

05

10

s

i

20

Cluster A2.2- 202genes
1.77: protein localization
1.72: cholesterol transport
1.61: endoplasmic
reticulum

1.59: Iytic
vacuole/lysosome

Cluster B1.2- 243 genes
1.65: vitamin binding/
cofactor binding

1.46: positive regulation
of cell division

1.39: extracellular
region/signal peptide

Cluster C1.1- 189 genes
6.6: ribonucleoprotein
complex

2.23: ribosomal subunit
1.73: establishment of
1.60: organelle
localization

WD40

Cluster C3.2- 129 genes
4.08: cell cycle/ M phase
2.42: porphyrin metabolic
process

2.23: DNA metabolic
process’/ DNA replication
1.51: cellular response to
stress

1.33: mitochondrion
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Summary:

» Differential uptake of yolk nutrients along incubation by the

yolk sac tissue
* Uptake is dependent on environmental conditions (hatchery)

and embryonic needs
* Yolk nutrients are digested along incubation by digestion
enzymes produced by the yolk sac tissue.
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Overall Conclusion:
The yolk sac is a multifunctional organ

* Functions as an intestine, as it produces digestive enzyme and express
nutrient transporters

* Functions as a liver, as it produces and accumulates glycogen during the
incubation period

* Functions as a gallbladder, as it produces bile

* Functions as the bone marrow in the synthesis of blood cells
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Water Intensity (L / Kg Product)

Eggs Rice Corn Bananas Oranges Potatoes

Source: Water Footprint Product Gallery, Water footprint Network, http://www.waterfootprint.org/?page=files/productgallery




