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Teat Dip Technology

Primary Goal for Pre Dipping?
▪Kill bacteria

▪Loosen/clean organic material from teat skin

▪Reduce the risk of environmental mastitis
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Primary Goal for Post Dipping?
▪Kill bacteria

▪Rinse (dilute) the milk film

▪Control contagious bacterial spread

▪Maintain/improve teat skin condition

▪Exfoliate excessive dead skin (hyperkeratosis)
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Canadian Government
▪Does require efficacy testing for registration

▪Requires 2 tests, Either NMC Protocol B or C

European Union 
▪Views teat dip as a pharmaceutical

▪Requires testing appropriate for a drug approval

▪Iodine concentrations are much lower (.1% - .25%)
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How Do You Choose a Teat Dip?

▪It’s safe for the dairy animal

▪It’s safe for humans

▪It’s effective

▪It has independent research data 

▪It’s free of toxic residues
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NMC Teat Dip Testing Protocols         
(traditional)

▪Excised teat or pig skin (Protocol A)

▪Experimental Challenge (Protocol B)

▪Natural Exposure (Protocol C)

▪Positive and Negative Controls

Non-inferiority Trials

“Me – Too Claims
(current trends)
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1. Germicidal Systems

2. Skin Moisturizers
Occlusives

Humectants

Emollients

Exfoliants

3. Thickeners (xanthum gum)

4. pH Buffering Agents (many dip formulations) 

5. Surfactants (DDBSA = LAS)

6. Couplers / Complexers (iodophor complex)

7. Colorants (food safe dyes)

8. Polyvinyl alcohol (barrier post dips)

Many technologies require careful balance with other ingredients or 

lose their germicidal activity

Most $$$$$
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Three General Categories of Germicidal Technologies

1. Oxidative 

2. Non-Oxidative - Cell Membrane/Cell Machinery Disruptors 

3. Others

Factors to Consider

1. Speed of kill

2. Breadth of kill

3. Influence of interfering substances (milk & manure)

Pankey, J.W., 1984.  J. Dairy Sci., 67, 1336

Nickerson, S.C., 2001. NMC-PDPW Milk Quality Conference Proceedings, April

NMC – Summary of Peer-Reviewed Publications on Efficacy on Pre-milking and Post milking Teat Disinfectants.  NMC Annual Proceedings
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Oxidative Germicides
Iodine

Acidified Sodium Chlorite /Chlorine Dioxide

Hydrogen Peroxide

Dichloroisocyanurate (NaDCC)* 

Chloramine T*

CIP Chlorine* / Clorox®* / Electrolyzed Water* / Hypochorous acid

(*Chlorine/HOCl releaser)

General Mechanism
Chemically change cell components at a molecular level

(monkey wrench in machinery!)

Mostly proteins, enzymes & DNA/RNA systems

Detailed killing mechanism is not well understood

Block, S.S., 2001. Disinfection, Sterilization, and Preservation, 5th Ed, Lippincott Williams & Wilkins, Philadelphia, PA

McDonnell, G., 1999. Clin. Micro. Rev., 12 (1), 147

* 
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Log Reduction Chart

Log Reduction
Bacteria Left on 

Teats
Bacteria Left on Teats

1 Log=90% 10,000,000 10,000,000,000

2 Log=99% 1,000,000 1,000,000,000

3 Log=99.9% 100,000 100,000,000

4 Log=99.99% 10,000 10,000,000

5 Log=99.999% 1,000 1,000,000

6 Log=99.9999% 100 100,000

Starting Bacterial Load 100,000,000 100,000,000,000
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Iodophor Complex Process
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Iodine

Advantages: 
1. Most brands are ready-to-use (RTU)

2. Proven broad spectrum kill

3. Minimal organic interference challenges

4. Can be delivered as a concentrate to save money

Disadvantages:
1. Many untested brands on market

3. Bad formulations can cause teat chapping

4. Iodine residue can be a concern (iodine in milk; NPE issue)

5. 5-log kill in 30-45 seconds

6. Raw iodine has increased in price since the tsunami in Japan

7. Iodates (IO3) and NPE-Free are issues

pH range – 3.5 to 5 
1. Higher pH reduces efficacy

2. Lower pH increases irritation 
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Free Iodine vs. Iodate 

in iodine dip formulations

2 Questions:

1. Is iodate germicidal?

2. What titration method

is correct?

It’s an issue of package

label accuracy
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5 Things To Know About NPE’s

1. Family of Surfactants used in commerce for over 50 years                 

1. Cleaners

2. Detergents/Laundry

3. Degreasers/Metal Working Fluids

4. Dry Cleaning Aids

5. Agrochemicals

6. Adhesives

7. Paper & Textile Processing

8. Paints & Coatings

Nonyl phenol ethoxylate
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5 Things To Know About NPE’s

2. The “Complexer” in iodine teat dips                   

1. NPE is both Hydrophilic and Hydrophobic

2. One end attracts water

3. The other end attracts non-water soluble substances

4. It is part of the “Iodophore” complex on iodine teat dip labels
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5 Things To Know About NPE’s

3. Usage Banned in Europe Jan. 2005                 

1. Usage is strictly monitored in Canada and Japan

2. The Importers of US dairy products are pushing this change

3. EU and China are leading importers
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5 Things To Know About NPE’s

4.  The Concern with NP (nonyl phenol) & NPE                     

1. Little evidence of any significant health effects w/ human exposure

2. Not designated as carcinogenic

3. Found in rivers and streams

4. Highly toxic to fish & other water-dwelling organisms

5. Bio-concentration & Bio-accumulation are problems

6. Hormone disrupting substance - mimicking estrogen 

7. NP is the primary concern

8. Detected in human breast milk, blood and urine
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5 Things To Know About NPE’s

5. Reformulations have proven to be Challenging                   

1. Alcohol ethoxylates are alternatives

2. New iodophors can exhibit:

• Odor issues

• Viscosity issues

• Instability to changes in ambient temperature

• Emollient conflicts leading to skin condition problems

• Variation in germicide efficacy apart from ppm’s
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Advantages:
1. Proven broad spectrum kill

2. Least affected by organic interference of all germicides

3. Oxidizes amines, phenols & sulfur based amino acid groups (critical for bacteria)

4. 5-log kill in 15 seconds

Disadvantages:
1. Requires mixing on site

2. Shelf life < 24 hours (except 1 product line)

pH range 3.0 – 3.5
1. Two-part chemistry

2. Combine acid (H+) with chlorite (ClO2)

3. ClO2
- +  H+

 HClO2

4. Most products are a 50:50 mix formulation

5. This chemistry is not bleach

Chlorine Dioxide
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Advantages:
1. Ready to use (RTU)

2. Can be combined with lactic acid

3. Foaming action enhances cleaning ability

4. Good germicide on clean, hard surfaces

Disadvantages:
1. Significant organic interference challenges

2. 5-log kill in > 45 seconds

3. Homemade peroxide dips have suspect efficacy

pH range 2.5 - 5
1. Ideal pH for germicidal activity = 3.7 – 3.9

2. Higher pH decreases efficacy

3. Lower pH increases skin irritation 

4. Typical drug store 3-10% H2O2 pH =  4 - 6

Hydrogen Peroxide
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Advantages: 
1. Cheap – often homemade, secret recipes 

2. Adequate killing on clean, hard surfaces

Disadvantages:
1. Significant organic interference challenges

2. 5-log kill in >45 seconds (or not at all)

3. Typically very harsh on teat skin

4. Adding additional ingredients will quench this germicide

5. Eco toxic by-products (THM’s, HAA’s & Chloro-Phenols)

6. Harsh on rubber goods in parlor

7. Skin/lung irritation for milkers/consultants

pH range – 7.5 – 11.9 
1. Higher pH reduces efficacy

2. Lower pH increases efficacy & chlorine gas 

3. NaOCl(aq) ⇌ Na⁺(aq) + OCl⁻(aq)

OCl⁻(aq) + H₂O(l) ⇌ HOCl(aq) + OH⁻(aq)

“Free” Chlorine Releasers

Hypochlorous acid
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Comparison
Component

Ozone
O3

Hydrogen

Peroxide
H2O2

Peroxy-

Acetic 
POA

Hypo-

Chlorous
HOCL

Chlorine
Cl2

Chlorine

Dioxide
CLO2

Quat

Ammonia

Phenols
C6H60

Iodine
I2

Giadia Yes No No No No Yes No No No

Cryptosporidia

spp. Yes No No No No Yes No No No

Rotavirus Yes Yes Yes Yes Yes Yes Yes Yes Yes

Coronavirus Yes Yes Yes Yes Yes Yes No No No
Affected by 

pH No Yes Yes Yes Yes No Yes Yes Yes

Corrosive Yes Yes Yes Yes Yes No Varies Yes Yes
Effect on 

Biofilms
Yes Varies Varies No No Yes No Varies No

EPA 

approved

water
No No No No No Yes No No No

Carcinogenic No No No Yes Yes No Yes Yes Yes
Inactivated 

by

Organic 

Material

No Yes Yes Yes Yes No No No Yes

“That Not-So-Healthy Glow”, Dairy Herd Management, March 2015; Chart Source - Oxxion Consulting
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Non-Oxidative (Cell Membrane/Cell Machinery Disruptor) 

General Mechanisms
Cell wall adsorption, and in some cases penetration inside the cell

Physically associates w/ cellular components & disrupts their function

Detailed killing mechanism is not well understood

Breadth of killing power is an issue w/ this class of germicides
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Cell Membrane/Cell Machinery Disruptor (Non-Oxidative)

1. Chlorhexidine 
di-Acetate

Gluconate 

pH range = 6-8

Advantages = RTU

good spectrum of kill

Disadvantages = can be irritating to teat skin

gluconate has shown reduced efficacy against Serratia, Nocardia

and Pseudomonas

requires long contact time for good efficacy

ineffective against polio and adeno viruses; herpes still debatable

2. Acid-Anionics 

dodecylbenzenesulfonic acid (DDBSA or LAS)

surfactant that has some germicidal features
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3. Organic Acids (fatty acids)
capric / caprylic acid

heptanoic acid

sulfonated oleic acid

pH range = 4-5

Advantages = proven efficacy against G+ & G- organisms

very good for skin conditioning; adds some skin moisturizing

ability to combine with other germicides 

Disadvantages = challenges from organic interference

may have an occasional hole in microbial kill pattern

Non-Oxidative (Cell Membrane/Cell Machinery Disruptor) 
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4. Alpha hydroxy acids (cosmetics - disinfectants & keratolytic properties)

lactic acid (milk)

glycolic acid (sugar cane)

citric acid (citrus)

mandelic acid (almond

malic acid (apples)

tartaric acid (grape wine)

5. Beta hydroxy acids
salicylic acid (food preservative/acne treatment)

Compound W®

Non-Oxidative (Cell Membrane/Cell Machinery Disruptor) 
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7. Glyceryl Monolaurate

monolaurin (lauric acid + glycerol)

surfactant in deodorants; emulsifier/food preservative

dietary food supplement

8. Phenol

natural phenols found in grapes, cherries, blueberries, red wine

synthetic phenols derived from benzene, coal tar, petroleum

6. Benzylkonium Chloride

quaternary ammonium

udder washes & teat dips

good as premises disinfectants

Non-Oxidative (Cell Membrane/Cell Machinery Disruptor) 
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1. Bronopol (2-Bromo-2-nitro-1,3-propanediol)

better known as a food preservative (requires long contact times)

slow formaldehyde releaser; can liberate nitrite - nitrosamines

Others – Hard to Categorize

2. Bacteriocins
antibacterial protein produced from a bacterium

first developed as a food preservative

mechanism that promotes cell lysis
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Dry Skin Issues

Definition of Dry Skin
1. Moisture content of < 10%

2. Loss of continuity of the stratum corneum. 

Causes of Dry Skin

1. Stratum corneum becomes dry & cracked

2. Increased TEWL (trans-epidermal water loss)

3. Dermis water content reaches < 10%

4. Chemical irritation of stratum corneum

5. Severe wind/cold exposure leading to frostbite
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“Bricks and Mortar” model of the Stratum Corneum

Corneocytes
Water

Lipids

Transepidermal Water Loss (TEWL)
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Acid Mantel of Skin

Typical Skin  
1. pH = 5.5 (range 4.5 - 6.5)

2. Made from combo of sebum & sweat

3. Physical & chemical barrier 

4. Enzymes that help desquamation activated @ lower pH

5. Inhibits growth of some bacteria

Teat Skin

1. pH = 7.18 (lactating animals being posted dipped)

2. pH = 7.53 (lactating animals; no post dipping; control)

L.K.Fox, L.Y. Oura, C.R Ames; JDS; Dec 2003; Vol 86; Issue 12; pg 3951-3952
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Dry Skin Issues

Incidence of Dry Skin Increasing!?

1. Increased usage of Alternative Bedding Materials

2. More dairy cows in open lot facilities

3. More cows in tunnel/cross vent barns

4. Mouthpiece vented liners

5. Increased trend of foaming post dips

6. NPE-Free iodine dip reformulations

7. Increased usage of “free-chlorine releasing” germicides

8. Increased usage of power prep brush systems

9. Increased usage of brush-topped dip cups

10. Chronic Dry Skin Syndrome (CDSS) Personal Theory!

a. Using a homemade, oxidative pre dip

b. Foaming a post dip with skin conditioning package (Cheap)

c. Mechanical ventilated barns w/ high humidity

d. Alternative bedding that is extremely wet
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Teat Skin Condition Scoring

1. Visual exam for skin lesions

2. Learn the Frostbite Scoring scale

3. Use the 1-4 Teat Skin Scoring System (described in NMC publications)

1 = Smooth, shiny, healthy skin

2 = Rough, dull, scaly skin; visual or tactile diagnosis

3 = Very rough, horizontal cracks; may include hemorrhaging

4 = Physical injury, viral lesions, frostbite
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Teat Skin Condition Scoring

1

2

3

4
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Preventing Dry Skin Issues

1. Monitor weather forecasts 

2. Walk where your cows live during severe weather

3. Reduce/eliminate wind exposure

4. Do not stop post dipping

5. Switch to an effective Winter Post Dip formulation
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Repairing Dry Skin Issues

1. Repair the cracks in the stratum corneum

2. Reduce TEWL (trans-epidermal water loss)

3. Increase water content of dermis & epidermis

4. Eliminate all sources of chemical irritation 

5. Reduce wind/cold exposure 

6. Restore the lipid “mortar” of the epidermis



Teat Dip Technology

Skin Moisturizers
Occlusives

1. Block evaporative water loss

2. Reduce TEWL (transepidermal water loss)

3. Create a waxy barrier on stratum corneum

4. Products:

Petrolatum

Lanolin

Mineral Oil

Silicones

Zinc Oxide
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Skin Moisturizers
Synthetic Humectants

1. Act like “water magnets” to rehydrate the stratum corneum

2. Attract atmospheric moisture when humidity = > 70%

3. Pull water from dermis & deep epidermal layer

4. Short term they can rehydrate the stratum corneum

5. Long term they can dry the skin out when humidity = < 70%
6.  Products

Propylene/Butylene Glycol

Glycerin

Sorbitol

Urea

7. Pure solutions of glycerin can be ineffective

8. High concentrations of propylene glycol/urea can be irritating
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Skin Moisturizers
Natural Humectants

1. Attract water just like synthetic humectants

2. Add nutrients to improve skin’s ability to rehydrate itself

3. Products

Alpha hydroxy acids

Hyaluronic acids

Aloe 

Honey
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Skin Moisturizers
Natural Humectants (cont.)

Alpha hydroxy acids

Lactic acid (sour milk)

Glycolic acid (sugar cane)

Citric acid (citrus)

Malic acid (apples)

Mandelic acid (bitter almonds)

Tartaric acid (grapes)

Alpha hydroxy acids additional benefits

Increase cohesion of stratum corneum cells = reduce scaling

Keratolytic = chemically exfoliate dead stratum corneum cells
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Skin Moisturizers
Emollients

1. Fill spaces between skin flakes w/ droplets of oil

2. Decrease skin roughness

3. May reduce TEWL if applied heavily

4. When combined w/ emulsifier (Vit E) may act as an Occlusive

5. Products

Fatty acids

Mineral oil

Lanolin

Cholestero

Squalene

Structural lipids
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Skin Moisturizers
Exfoliants

1. Soften the “sphingolipid glue” that holds Stratum Corneum together 

2. Speeds up desquamation

3. Products:

Alpha hydroxy acids
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Winter Post Dipping
Old Rule (Prevent frozen teats)

1. Stop dipping @ some temperature

2. Dry every teat end before opening the exit gate

3. Apply a powder or salve by hand

3. Pray

New Opportunity (Maintain good skin condition & prevent frozen teats)

1. Switch to a “Winter Dip”

2. No regulations to define a winter dip

3. Most have ultra high skin moisturizing packages (> 70%)

4. They do have some type of germicide included

5. They can help!
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Concentrate Dips

Advantages
1.  Reduced packaging and disposal costs

2.  Reduced freight costs

3.  Fresh product !?

4.  Formula options not available in RTU

Issues
1.  Water quality and compatibility concerns

2.  Inaccurate and/or incomplete mixing

3.  Quality – dirty mixing/storage containers; inaccurate labels

4.  Formulation options not available (example: glycerin difficult to concentrate with iodine)


