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In 1912, Funk and the British biochemist Sir
Fredrick Hopkins (one of the founders of modern
biochemistry) proposed the Vitamin Hypothesis of
Deficiency, theorizing that the absence of a particular
vitamin in one’s diet could lead to certain diseases.
Sir Hopkins had established his methodology in an
experiment whereby he fed mice "a synthetic diet of
pure carbohydrate, pure protein, fats, and salts,
Hopkins observed that the mice would stop growing
unless their diet was supplemented with milk. The
milk, he concluded, must contain small amounts of
what he called ‘additional food factors’ in order for
growth and the maintenance of health…. Hopkins
succeeded in isolating what became known as vitamins
A and D.
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Vitamin like substances

Myo-Inositol

Carnitine BT

PABA

Polyphenols

Lipoicacid

Coenzyme Q

Orotic acid B13

Pangamic acid B15

Laetrile B17

Gerovital H3

Gabagin U
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For Instance

Sulfaquinoxaline Versus Vitamin K

Amprolium Versus Thiamin

Sulfonamide Versus Folacin

Avidin (raw egg white) Versus Biotin

Strepavidin (Streptomyces spp present in soil) Versus Biotin

Rancid fat Versus Vitamin E



Biotin

Imidazole ring with valeric acid side chain

C10H16N2O3S1

MW: 224.31 g/mol

8 optically isomers

15



Biochemical function

•Pyruvate carboxylase

•Acetyl CoA carboxylase

•Propinyl coA carboxylase

•Methyl crotonyl coenzyme A carboxylase
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Carboxylases

Gene 
expression

• Development

• Immunity

• Growth

• Metabolism

• Reproduction
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Poor diet Rich diet
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Poor diet Rich diet Rich diet

+ L reuteri
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Amino acid chelation in human and animal nutrition, H. DeWAYNE ASHMEAD
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تعیین وضعیتمعیار ویتامین
نخاعیمغزیمایعفشارپلاسما،کبد،آویتامین A

پلاسماOHD3-25کمبود،نشانهخونفسفاتازآلکالین↑ D3

سلولهاصدماتدلیلبهخونبهASPATوSGOTآنزیمهاینشت E

xفاکتور،(دقیقه5بهثانیه17)پروترومبینزمان↑ K

↓کتولازترانس،↑لاکتات B1

(ردوکتازگلوتاتیوناریتروسیت)EGRفعالیتتعیین B2

آمیدنیکوتینمتیلدفعیمتابولیتگیریاندازه B3

خوناسیدپانتوتنیکمیزان B5

Tryptophan load test: Kynurenic acid , Xanthurenic acid B6

کبدذخیره B9

سرمB12،(استطبیعیتولیدکهحالیدر)↓مرغتخماندازه B12

↑اریکاستئبهپالمیتولئیکنسبتکربوکسیلاز،پایرواتفعالیت H

↓آمیناتانولفسفاتیدیل:کولینفسفاتیدیلنسبت،↓کولیناستیل Choline



 Anorexia

 Ataxia

 Growth retardation

 Decrease of skin’s yellow color

 Conjunctivitis with sealed eyelids

 Osteodystrophy

 Mortality

 Parathyroid gland hyperplasia

Hypervitaminosis

Clinical signs of hypervitaminosis A in broilers and leghorns 

Bilateral enlargement of parathyroid glands

33



34



35

0

10

20

30

40

50

60

70

80

%



36



37



38



39



40



41



42



43



44

A ×× ×× × ×× ×

D3 × ×× × × ×

E × × × × ×

K3 ×× × ×× × ××

B1 × × × × ××

B2 × ×

B6 ×× × × ×

B9 ×× × ×× ××



45



46



47

0

10

20

30

40

50

60

70

80

90

100

A D3 E K3 B1 B2 B6 B5 B3 B9 H C

%

Retention of vitamin after 3 months

Vitamin premix Vit + Min premix



48



49

Comparison of two sources of vitamin E
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Angle of repose

h

d

 = arctan 2h/d
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Most vitamins show greatest stability at approximately pH 5.5

pH:

In premixes, the pH becomes a factor when the amount of free water is sufficient to allow the

release of cations and anions from soluble components.
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Buffering capacity or B-value in a

feed is often expressed as meq of 1.0 M

HCl required to acidify 1 kg of material

(feed or feed Ingredient) to pH 3-5.

Usually, the amount of 0.1 M HCl required

to reduce the pH to 5 of 10 g feed in 90 ml

distilled water is represented as buffering

capacity.



Redox activity of minerals and trace minerals (according to NFIA 1992)

Redox activity Trace Mineral

+Cu CO3

+Cu O

+++Cu SO4, 5 H2O

++Ca (IO3)2

+KI

+Fe CO3

-Fe2 O3

++Fe SO4, 7 H2O

+Fe SO4, 1 H2O

+Mn O

++Mn SO4

+Zn O

++Zn SO4, 1 H2O 56
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Carrier
Straight 

through flow

Angle of 

repose
Bulk density Moisture

Absorption of 

moisture
pH

mm orifice degree Lb/ft3 % day %

Ground rice hulls 26 41 18.7 5
1

3

7

0.06

0.82

2.25

6.3

Fine limestone 26 70 62.4 0.2
1

3

7

0.02

0.02

0.02

9.2

Course limestone 7 27 71.2 0.4
1

3

7

0.27

0.35

0.44

9.0

Wheat midds 28 48 20.6 11.3
1

3

7

0.30

1.87

4.34

6.7

Dry wheat midds 35 47 22.5 5
1

3

7

5.31

8.94

11.7

6.9

Ground corn cob 20 50 25.5 5
1

3

7

2.69

5.66

8.13

5.4

Dicalcium phosphate 5 29 58.7 2.8
1

3

7

3.84

5.34

6.20

3.4

Dicalcium propionate 24 57 33.7 1.3
1

3

7

0.27

0.67

1.66

6.7

Vermiculite 9 28 8.1 5.1
1

3

7

0.39

0.48

3.37

6.3

Silicon dioxide 4 33 14.3 4.4
1

3

7

3.50

5.08

5.75

6.9
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Essential trace element

Cofactor in more than 300 enzymes

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

Cell growth and proliferation is strictly depend on zinc (immune system,

skin, reproductive system)

Gene expression

Appetite control

Protein, carbohydrate and fat metabolism

Antioxidant defense

No storage system for zinc
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Some studies showing the zinc requirement of broiler chickens
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Feed Ingredients Zinc content (mg/kg)

Corn 18

Soybean meal 40

Wheat 34

Wheat bran 100

Barley 30

Canola meal 71

Corn gluten 33

What does it means?

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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Heat Stress
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Hyperthermia, increased permeability and marked

intestinal epithelial damage in rats (Lambert et al.

2002).
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Sloughing of epithelium off the basement membrane at the villus tips of the heat-stressed

tissue compared with the control tissue. Bars represent 100 µM (Lambert et al. 2002).
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Effect of experimental diets on carcass fractional weights (%) of male broiler chickens (d 42).

Treatment Carcass Breast Thighs AFP1 Liver

ZnO-100 75.6 26.8 21.0 1.16 1.67b

HiZox-75 75.6 27.2 21.0 1.21 1.80ab

HiZox-100 75.4 26.8 20.6 1.27 1.90a

HiZox-125 75.5 26.8 20.7 1.33 1.83ab

SEM 0.28 0.38 0.17 0.08 0.05

P-Value 0.95 0.84 0.20 0.45 0.04

1. Abdominal fat pad
abc Means in a column with different superscripts differ significantly (P < 0.05).

Stress → liver Zn↑ → plasma zinc↓ → a marginal Zn deficiency

Roberson and Edwards, 1994
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Effect of experimental diets on Zn status of digesta in male broiler chickens (d 42).

Treatment

Gizzard jejunum

Zn

(mg/kg DM)

Soluble Zn 

(mg/kg DM) 

Zn solubility1

(%)

Zn

(mg/kg DM)

Soluble Zn 

(mg/kg DM) 

Zn solubility

(%)

ZnO-100 64.1a 17.5 29.1b 291.6b 35.1 12.2

HiZox-75 53.6ab 19.1 37.7ab 222.1c 25.3 12.5

HiZox-100 41.3b 19.1 45.7a 387.3a 33.1 8.9

HiZox-125 64.5a 17.3 33.0b 420.9a 37.4 9.4

SEM 6.7 1.5 4.3 24.3 3.2 1.2

P-Value 0.08 0.78 0.03 0.0001 0.09 0.11
DM = dry matter

1. Calculated as the ratio of total to soluble Zn concentration.
abc Means in a column with different superscripts differ significantly (P < 0.05).

(HiZox) × 1.3 = ZnO

Zinc solubility in the gizzard
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Effect of experimental diets on mortality rate of heat stressed male broiler chicken 

during 1 to 42 days (P<0.06, SE 0.06). 

2.85 %  more than HiZox
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Effect of experimental diets on skin resistance test of heat stressed male broiler 

chicken at 42 day (P<0.07, SE 1.01).
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تعیین وضعیتمعیار ویتامین

خونفسفاتازآلکالین Ca

Pica،خونمعدنیفسفرخون،فسفاتازآلکالین↓ P

ادرارسدیمگیریاندازه Na

آلکالوزخون،کلرمیزان Cl

سرمپتاسیممیزان K

↑(آهنبدون)ترانسفرین،↓پلاسماترانسفرینباشدهباندآهن Fe

پلاسمایاخوندرمسمیزان Cu

پلاسماتیروکسینمیزان I

(دسموتازسوپراکسید)منگنزبهوابستهآنزیمگیریاندازه Mn

Zn،متالوتیونین،فعالیتخون،فسفاتازآلکالینپلاسماZnهالوکوسیت Zn

ASPATوSGOTمانندسرمداخلبههاآنزیمنشت Se
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