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| Figure 3: The Product Forms Balanced Triad
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Figure 4: Factors Affecting the Stability of Vitamins
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Table 15: External Factors Influencing Vitamin Stability

Vitamin Temperature Oxygen Humidity Light PH
acid-alkaline

A XX XX X XX x O
Da X XX X X X 0
E x (8] X X X X
K3 X X KX x %X o
Thiamin (B1) x » X X (8] b4 4
Riboflavin (B2) o} [s] X X o o
Pyridoxine (B&) nx o * * X (0]
Baz x X X Lo] ] o
Calcium pantothenate x o X [+] o] o]
MNicotinic acid (4] o (8] o 0 Q
Biotin o Q X X (] Q0
Folic acid X o X xx XK Q
C 0 XX XX Q 0 X
C, as STAY-C™ 4] o 0 0 0 0

0 stable

)5S Mgl (Ga8a8 S il (alaal W (el 5 () s (s )Ib sk 4 ) S (

X slightly sensitive to sensitive

XX very sensitive

Anle B da g Joda p) s laild) sl Cdle 4y

Sources: Gadient, 1986
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Table 16: Summary of Lost Activity Rankings in a Commercial Premix

LOWEST

o

HIGHEST

Vitamin E
Riboflavin (B2)
Biotin

MNiacin

Vitamin D3
Choline

Folic Acid
Vitamin Baz
Thiamin (B1)
Pyridoxine (B6)
Vitamin A
Vitamin K3

Calcium Pantothenate

Sources: Shurson et al. (z996)
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Table 17: Retention (%) of Vitamins (Formulated) in Premixes Stored 3 Months

Vitamin Vitamins Only Vitamins, Minerals
And Choline Chloride

A 90-100 70-90

D3 90-100 S0-100

E 90-100 90-100

K3 50-70 30-50

Thiamin 85-100 70-80

Riboflavin 9O-100 Q90-100

Pyridoxine (B6) 70-90 60-80

Baz 60-90 50-820

Pantothenic Acid QO0-100 Bo-100

Niacin G9O-100 GO-100

Folic Acid 70-90 50-70

Biotin S0-100 70-90

C (STAY-C™) 90-100 90-100

Sources: Frye (1994)
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Table 18: Retention (%) of Vitamins (Formulated) in Pelleted Feed Stored 3 Months

Vitamin Vitamins Only Vitamins, Minerals
And Choline Chloride

A 85-95 70-90

D3 90-100 80-100

E 90-100 90-100

K3 50-70 30-50

Thiamin 85-100 70-80

Riboflavin 90-100 90100

Pyridoxine (Bé) 70-90 60-80

B12 60-90 50-80

Pantothenic Acid 90-100 80-100

Niacin 90-100 90-100

Folic Acid 70-90 50-70

Biotin 90-100 70-90

C (STAY-C™) 90-100 90-100

Table 19: Retention (%) of Vitamins (Formulated) in Extruded Feed Stored 3 Months
Vitamin Vitamins Only Vitamins, Minerals
And Choline Chloride
A 70-90 50-80
D3 75100 7590
E 90-100 50-80
K3 20-50 10-30
Thiamin 60-80 50-80
Riboflavin 90-100 90-100
Pyridoxine (B6) Bo-go 50-70
Bi2 40-80 4070
Pantothenic Acid 80-100 8o-100
Niacin 90-100 90-100
Folic Acid 50-65 40-65
Biotin 70-90 70-90
C (STAY-C™) 90-100 70-98
Temperature up to 130°C and (or) Temperature over 130°C and (or)
shorttreatment time intensive /longtreatment time
Sources: Reddy and Love (1999)
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Figure 5: Stability of Two Vitamin A Sources in a Concentrated Premix Depending on Storage
Time and Relative Humidity (RH)
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Figure 6: Stability of Vitamin E Sources in an Aggressive Premix
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Figure 7: Procedure of the Manufacturing of Spray-Dried Products

Figure 8: Cross-section Through a Spray-Dried Vitamin Form
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Figure 9: Procedure of the Manufacturing of Beadlet Products

Figure 10: Cross-section Through a Conventional Beadlet Formulation

Vitamin groplets

Amino acid chains of gelatin Cotn starch

ilua (- JK4) cross-beadlet beadlet 3553 3 59058 2 A

Figure 11: Cross-section Through a Crosslinked Beadlet
(e-g., ROVIMIX A 500 Type P)
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Table 21: General Characteristics of Two Product Types

Characteristics Beadlet Spray-dried
Fineness Fine Granular Fine Powder
Stability High Medium/High
Uniformity of mix Medium High
Flowability High Medium
Dusting Low Medium
Water-solubility Medium Good
Caking Low Medium/High
Source: Frye (1994)
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Figure 12: Vitamin C Bloavailability in Swine

Concentration of L-ascorbic acid in plasma of growing pigs following a single oral dose
{100mg AA/kg BW)
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Source: Schulze, 1997 we Crystalline AA m— ROVIMIX® Stay-C 35

Figure 13: Vitamin C Bioavailability in Dogs
Concentration of L-ascorbic acid in plasma of dogs following a single oral dose

(100mg AA/kg BW)
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Table 23: Assay Tolerances for individual Vitamins

I Vitamin % Analytical Variation

|
A 85-130
D3 86-133
E 82-130
Riboflavin 88-124
K3 B8o-122
Choline Chloride B6-124
Pyridoxine (B6) 84-119
Thiamin 75-120
Niacin 87120
Bi2 86-125
Folic Acid B4-116
D-Pantothenic Acid B86-131
Biotin 75-130
C 75-130

Source: Frye (1994)
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© Forough @

Post Pellet Liquid Application (PPLA)

mingredients typically applied by PPLA:
H Liquid Enzymes
H Fat
m Molasses
u Vitamins
ETrace Minerals
B Medicated Feed Additives
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TABLE 5. Effects of four dietary vitamin A levels on shell thickness, egg weight,
hen weight and hatchability at selected weeks, Experiment 11

Dietary vitamin A
Variable 0 [U/kg 4000 IU/kg 8000 U/kg 16,000 IU/kg

Shell thickness
at Week 18, mm x 100 N6+ 3 U7+ 32 PS5+ 303t 3

Egg weight
at Week 16, g 55 t 4» 572 + 3% 590 £ 38 593 & 3%
Hen weight
at Week 27, kg 182+ 04 18+ M 187+ 04 171 M4
Hatchability
at Weeks 26 to 28, % 591 £13 849 £13 800 £13> 886 13

*dMeans within rows with no common superscripts differ significantly (P < .05).

1Data reported as mean2SE (n =100 observations for shell thickness; n = 6 observations of 24 to 51 eggs for egg
weight; n=45to 50 observations for hen weight; and n = 2 pooled observations of 69 to 127 eggs for hatchability).
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TABLE 3. Fertility and harchability of eggs from hens fed diets with five levels of 1o-hydroxycholecalciferol and
1,25-dihydroxycholecalciferol, Experiment 11

s Hatch of Hatch of Chick
upplement fertile total tibia
Scurce  Level Fertility eges eggs ash
(%)
0 95.6% 79.6° 76,920 36.52
12 5 92,7 9022 83.6* 3712
1.5 91.52 76.5° 69.9°¢ 36.6
3.0 92,38 84.6:‘; 73.13: 36,52
4.5 0473 81.7 77.4% 6.8%
1253 5 82.1° 80.2° 65.7° gs.cﬁ
1.5 9264 79.5° 73.6%¢ 36.7%
30 95.5 80.3° 76.52b 36,82
45 91.23b 81.8%0 74,28bc 36,68
Pooled SEM 3.1 3.1 3.3 6

#<Means within a column with no common superscripts are significantly different (P<.05).
IConducted for 112 days with three pens of 10 hens per treatment.
Ha-hydroxycholecalciferol.

31,25-dihydroxycholecalciferol.
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TABLE 2. Reproductive performance of laying bens fed either vitamin D, or 1 «-OH-D,

D, 1a-OH-D,

No. hens laying 19 18

Eggs laid3 86 80

No, fertile hens 16 13

Average hen-day production 63 04

% FertilityD 67.0 + 3.65 61.7 *6.16
% Hatchabilityb 58.4+ 328 454519
% Abnormalitiesd 0 33.0-

3Total for the 21st week,
OMean + SEM based on the production of hens laying at least one fertile egg duringthe 21st week of the ex-
periment, Percentage of total eggs.

cSignifi«::;.ntly different from the control group (P<.05).

dB'a.taed on the total number of dead embryos.
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* Maintains egg hatchabilty
* Decreases lpid peroxidation in egg

« Maintains semen capacity
+ Decreases lipid peroxidation in sparm

Supplementation

| Dietary Vitamin E
1

1
Deﬂcjency

I
€-—==-=>

- et
= Increases lipid peroxidation in sperm

+ Increases lipid peroxidation in egg

2. The main effects of dietary vitamin E supplementation on male and female fertility
18 1n poultry species.
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TABLE 5. Effects of four dietary vitamin By levels on shell thickness, egg weight, hen weight,
hatchability, and embryonic mortality at selected weeks!

Treatments (g vitamin Byp/kg of diet)

Variable 5 4.0 8.0 16.0

Shell thickness, m x 100

Week 22 3.7 £ 33 360 + 33 352 + .33 0 & 33
Egg weight, g

Week 16 5.8 + 38 552 + 384 581 + 38 507 + .38
Week 27 575 + 2994 597 £ 29¢ 631 + 29 621 + 29°
Hen weight, kg

Week 27 176 £ 02> 178+ 02> 184+ .02¢ 183+ .02
Hatchability, %

Weeks 20 and 21 369 +19 715 19 870 +19 852 1%

Distribution of embryonic mortality,
Percentage at Weeks 20 and 21

during incubation
Week 1 77.54 69.0 47.3 52.1b
Week 2 41 6.5 79 13.0
Week 3 18.4 24.5 4.8 349

+dMeans within rows with no common superscripts differ significantly (P < .05).

1Data reported as X + SE (n = 100 observations for shell thickness; n = five to six pooled observations of 24
to 46 eggs for egg weight; n = 45 to 50 observations for hen weight; n = two pooled observations of 102 to 138
eggs for hatchability).
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Table 5. Blood cell count of the broiler
derived from parenis fed high or low vifa-
min and mineral levels ( Rebel et al 2004),

Breeder Breeder
low high
vitamins/  vitamins/
minerals  minerals

Heterophil 5.3 3.8
Lymphocyte  4.6° 21.40
Monocyte 1.1 5.3
Basophil 0.07 5.4
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