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➢ Vitamins

➢ Vitamin product forms

➢ Vitamin stability during extrusion

➢ Maximizing vitamin retention

Overview

B7
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Vitamins

~30% of cat essential 

nutrients (13/44)

<0.012% by weight 

in a complete cat 

food on dry matter 
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• Organic compounds

• Essential to metabolism

• Small amount required

• Body can’t make or make enough

• Obtain vitamins through food

Vitamin D deficiency

Thiamin deficiency
http://www.dsm.com/markets/anh/en_US/Compen

dium/companion_animals/thiamin.html

http://katiediazz.myblog.arts.ac.uk/2016/

02/21/research-sunday-rickets-disease/

What is a Vitamin? 
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Vitamins 
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• Vitamin A - Retinol

• Vitamin D – Cholecalciferol (D3), Ergocalciferol (D2)

• Vitamin E - Alpha-tocopherol

• Vitamin K - Phylloquinine(K1), Menaquinones (K2), Menadione(K3)

• Vitamin B1 - Thiamine

• Vitamin B2 - Riboflavin

• Vitamin B6 - Pyridoxine

• Pantothenic Acid

• Biotin

• Folic Acid

• Vitamin C - Ascorbic Acid

• Vitamin B12 - Cyanocobalamin

• Niacin/Niacinamide

They may not be suitable forms for pet food applications

Basic Vitamin Compounds
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Vitamin Heat Oxidation Moisture Light Acid Alkali Radiation

Vitamin A ++ ++ + ++ + O ++

Vitamin D3 + ++ + ++ + + +

Vitamin E O + O + O + +

Vitamin K3 ++ + ++ ++ O ++ O

Thiamine ++ + + + O ++ O

Riboflavin O O + ++ O ++ +

Pyridoxine ++ O + + + + +

Vitamin B12 ++ + + + ++ ++ +

Pantothenic acid + O + O ++ ++ O

Niacin O O O O O O O

Biotin + O O O + + O

Folic acid ++ O + + + + ++

Vitamin C ++ ++ ++ O O ++ O

++: Marked effect    +: Moderate effect o: No effect

Factors Affecting the Stability of Vitamins in Basic Forms
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Extrusion process of a dry pet food 

CoatingDryingExtrusion
Pre-

conditioning
MixingGrinding

• Heat

• O2

• O2

• Heat
• Heat

• Moisture

• O2

• Heat

• Moisture

• Pressure

• Shear?

• Heat

• O2

• Moisture

• Time

• Acid

• O2

• Moisture
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Vitamin product forms are developed to address:

• Stability

• Handling

• Other needs 



Phosphorylation
P O

OH

OH

Page

Ascorbic acid Ascorbyl-2-Monophosphate

Chemical Modification – Phosphorylation
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Physical Modification



Page

FOR INTERNAL USE ONLY For Internal Use Only

11

Chemical & Physical Modifications

Retinol

Retinyl Acetate
ROVIMIX A1000
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Matrix (lignosulfonate)

Silicic acid (silica flow aide)

Nutrient droplets

Silicic acid

Matrix (gelatin, glycerin and

carbohydrates) Calcium silicate

Nutrient emulsified

with antioxidants

Maize starch

Matrix (gelatin/carbohydrates
or vegetable)

Maize starch

Nutrient emulsified

with antioxidants

Crystalline, B1

Adsorbate, E

Spray-dried powder, B2

Beadlet, D3
Cross-linked Beadlet, A/D3

Cross-linked gelatin

Common Vitamin Product Forms
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Stability of Different Vitamin C Forms During Extrusion
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Wang et al., 2021

MSB: menadione sodium bisulfite

• Cr: Crystal

• Mic-c: Micro-capsule (stearic acid & glycerate)

• Mic-s: Micro-sphere (carboxymethyl cellulose & ethyl cellulose)

MNB: Menadione nicotinamide bisulfite

• Cr: Crystal

• Mic-c: Micro-capsule (stearic acid & glycerate)

• Mic-s: Micro-sphere (carboxymethyl cellulose & ethyl cellulose)

LT: Low temperature (100°C)

HT: High temperature (135°C)

Stability of Different Vitamin K3 Forms During Extrusion
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Stable

Unstable

Menadione Sodium Bisulfite 50% Menadione

Menadione Sodium Bisulfite Complex 33% Menadione

Menadione Pyrimidinol Bisulfate 45% Menadione

Menadione Nicotinamide Bisulfite 46% Menadione

Stability of Different Vitamin K3 Forms
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Yang et al., 2020

Stability of Fat Microencapsulated Vitamins during Extrusion

M: Vitamins 

microencapsulated 

with hydrogenated fat
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Stability of Vitamin A from Different Manufacturers during Extrusion
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Mooney, 2010

Stability of Vitamins in Different Pet Food during Extrusion
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Mooney, 2010

Stability of Vitamins in Different Pet Food during Drying
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Riaz et al, 2009

Stability of Vitamins at Different Temperature during Extrusion 
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Mooney et al., 2015

Stability of Vitamin A, D3, E, Folate, and B1 during Extrusion
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Riaz et al, 2009

Effect of Extrusion Process Conditions on Vitamin Stability
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Morin et al., 2021

Vitamin Retention during Extrusion
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Summary

➢ Vitamins are essential for dogs and cats.

➢ Vitamins are a group of organic compounds, and they are 

prone to the process and storage losses.

➢ To maximize vitamin retention during extrusion, proper 

forms and high quality of vitamin products should be used.

➢ Reducing (Thermal Energy + Mechanic Energy) x Time 

helps to improve vitamin retention during process of 

extruded dry pet food.
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