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Market Understanding

Conventional to AGP free – why?
• Market driven
• Consumer driven
• Disease driven
• Technology driven



AntibioticsAntibiotics

Examples:Examples:

FlavomycinFlavomycin

StafacStafac

BMDBMD

TylanTylan

• Antibiotic growth promotant (AGP)

• Traditional method used in poultry production

• Increasing movement away from AGPs



Rosen. Br Poult Sci. 2004 45 Suppl 1:S8-9. 

What do Antibiotic Growth Promotants 
AGPs do (in theory/practice)?

Economically
Improve Feed Conversion Ratio 2.26%, Weight Gain 1.41% 
and do so in 74% of the cases. 

Overall Flock/Bird Health
Reduced mortalities, increased livability and reduction in necrotic enteritis.

Microbial Ecology (A specific example from an NE model trial)

• More homogenous gut (ileal and jejunum) microbial profile.
• Disappearance of C. perfringens, days 17-24
• Appearance of Lactobacillus gasseri, days 17-24
• Significant reduction of mucolytic bacteria

Collier et al., Antimicrob Agents Chemother. 2003. 47:3311-7 



When Sub therapeutic antibiotics are 
withdrawn … Initially …..Production View

1. Disease levels rise

2. Mortality / morbidity increases

3. Feed conversion, final weights 
and efficiency drop

4. Microbial food safety/quality are impacted 



When Sub therapeutic antibiotics are 
withdrawn… Microbiological View

1. Coccidial (Eimeria) control can become critical

2. Clostridium spp. (mainly C. perfringens type A) 
proliferate to clinical and sub-clinical levels later in growout

3. Avian Pathogenic E. coli (APEC) proliferate 
to disease levels in early chick life 



Alternatives to antimicrobials 

• Vaccines
• Toxoids
• Coccidial control

• Botanicals
• Essential Oils
• Direct Fed Microbials



Clostridium perfringens toxoid vaccination

Lovland et al, 2004  Avian Path 33:83

Vaccinating the hen led to some level of protection against clostridial lesions 
compared to progeny of non-vaccinated hens.



Vaccines – Coccidial control

Application Methods
• In ovo
• Spray at hatchery

Reason for transition to vaccine
• Regulatory and consumer trends
• Resistance to chemicals / ionophores
• Disease control – gangrenous dermatitis

Possible challenges
• Uniform dosing
• Necrotic enteritis



Botanicals

Cowan., 1999. Clin. Microbiol. Rev. 12:564.

Cowan (1999) reviewed plant 
antimicrobials. She reported 102
different known species or 
compounds with either anti-fungal, 
anti-viral or anti-bacterial 
properties.  

There are probably many more 
antimicrobials in the plant world to 
be discovered.



Essential Oils

Step 1: In vitro screening
• 13 essentials oils screened
• Identify best anti-microbial activity

Step 2: In vivo screening
• 5 essential oils screened
• Measured effect on broilers
• Identify best combination

anethole

cinnamaldehyde

citral

carvacrol

thymol

limonene

benzaldehyde
cresol

eugenol

guaiacol oregano oil

thyme oil rosemary oil

Step 3: Final product formulation
� Economic benefits
� Storage stable
� Processing stable
� Safe



Increased net profit

Feed Intake 
increase

Live weight gain 
increase

Net profit 
improvement

Technical
Report

5.4% 7.1% €7.87/tonne EO.NL.09.02

(Schothorst, Netherlands)

1.8% 1.8% €0.33/tonne EO.FR.09.04

(INRA, France)

2.6% 3.5% €3.32/tonne EO.NL.09.03

(Schothorst, Netherlands)

2.8% 3.4% €5.99/tonne EO.UK.09.01

(ADAS, UK)

increases
broiler feed intake

resulting in improved
live weight gain

resulting in higher
net profit

Europe, May 2009



Alternatives to antimicrobials 

• Vaccines
• Toxoids
• Coccidial control

• Botanicals
• Essential Oils
• Direct Fed Microbials



Market Understanding

Conventional to AGP free – why?
• Market driven
• Consumer driven
• Disease driven
• Technology driven

US market moving to DFMs as a replacement for antibiotics
• Product efficacy
• Market driven



Direct Fed Microbials 101
A primer on DFMs

In the U.S., probiotics for livestock are termed DFMs or 
Direct Fed Microbials 

The US FDA-CVM (Center for Veterinary Medicine) adheres 
to standards of the Association of American Feed Control 
Officials or AAFCO (www.aafco.com) 



Direct Fed Microbials 101
A primer on DFMs

Examples include:  

Bacillus Lactobacillus
Propionibacterium Bifidobacterium
Streptococcus spp. Enterococcus spp.

Lactobacillus are often correlated with health within a 
disease outbreak flock.

Bacillus are nature’s protein factories and produce a 
plethora of beneficial enzymes, immune stimulators and 
antimicrobial compounds.



Direct Fed Microbials 101
A primer on DFMs, cont.

Lactobacillus do not 
form spores

Bacillus species 
readily form 
spores.

Lactobacillus are not heat 
stable. Water delivery.

Bacillus spores are heat 
stable.  Water or feed 
delivery. 

There are dozens of species of Bacillus and Lactobacillus

Within each species are a number of DIFFERENT STRAINS –
Important - not all Bacillus strains and Lactobacillus strains 

are created equal



Proven efficacy via a unique screening 
and research process 

In vitro studies

Identify basic 
& functional 
properties of 

Bacillus
strains

In vitro studies

Validate 
Bacillus

strains in bird 
model systems

In vivo studies

Validate 
Bacillus

strains in birds

Proven benefits

Bacillus :
� Helps 
maintain a 
healthy gut

� More 
profitable bird 
performance

Millions of potential
Bacillus strains

Bacillus
Feed Additive

Develop the solutionIdentify the problem

Screening
studies

Identify 
specific 
bacteria

E. coli and 
C. perfringens

More than 15 years research and commercial experien ce



Customer driven solutions

What’s your problem? Danisco’s FTA service helps to identify specific challenges

11

22

33

Gut 
sampling

15-20 sites/session
3 birds/site for GI 
analysis

Plate for E. coli and Clostridium

Isolate DNA

RAPD PCR Multiplex PCR

Measures genetic diversity
of strains of E. coli &

C. perfringens
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Dendrogram

Identifies
clusters of 
E. coli and
C. perfringens

Unique to Danisco, unique to you

Select 5 colonies/bird
for both E. coli and Clostridium

Determines 
pathogenicity
of strains of             

E. coli &
C. perfringens



Bacillus based feed additive – Mode of Action

Out compete non-beneficial
bacteria for nutrients

and/or colonisation sites

The benefits
of microbials

Helps
stimulate
the bird’s
immune
system

Produce
compounds
antagonistic
to non-
beneficial
bacteria 



Commensal
GI  Bacterial 

Communities

Host Immune
Function

Bacteriocins 

Improved Performance 
and Health

Pathogenic 
GI  Bacterial 

Communities

Anti-inflammatory 
Compounds 

Unknown Growth and 
Stimulatory Factors 

BacillusBacillus



Control Turkeys 
NO Bacillus

N = 6
3 sections of each bird

Total Samples = 18

Experimental Turkeys 
Fed Bacillus

N = 6
3 sections of each bird

Total Samples = 18
Samples of each GI tract 

-Duodenum
-Jejunum

-Ileum

Genomic DNA isolated 
for community analysis.

DNA amplified by 
PCR and community 

fingerprints were 
separated by DGGE.

DGGEs are analyzed 
using BioNumerics, data 
output combines multiple 

gels (birds) revealing 
presence/absence of the 

bands. 



Effect of Bacillus on gut microflora    

Bird
A
B
C
A
B
C
A
B
C
A
B
C

Control

Bacillus

Control

Bacillus



Commensal
GI  Bacterial 

Communities

Host Immune
Function

Bacteriocins 

Improved Performance 
and Health

Pathogenic 
GI  Bacterial 

Communities

Anti-inflammatory 
Compounds 

Unknown Growth and 
Stimulatory Factors 

BacillusBacillus



Acute Phase Proteins and the  
Acute Phase Response

LPS, inflammatory stimulus

IL-1 
IL-6 
TNF-�

Liver

Macrophage

Acute Phase Proteins:

� 1-Acid glycoprotein

C reactive protein

Haptoglobin



A
G

P
, �

g/
m

L

308.3 307.5
288.3

237.0

150.0

170.0

190.0

210.0

230.0

250.0

270.0

290.0

310.0

330.0

NT/NT NT/BAC BAC/NT BAC/BAC

a1 Acid Glycoprotein of Turkeys 

NT= No Treatment
BAC=Fed Bacillus

Brood Phase / Finishing Phase



Commensal
GI  Bacterial 

Communities

Host Immune
Function

Bacteriocins 

Improved Performance 
and Health

Pathogenic 
GI  Bacterial 

Communities

Anti-inflammatory 
Compounds 

Unknown Growth and 
Stimulatory Factors 

BacillusBacillus



BacillusBacillus with E.23 Indicatorwith E.23 Indicator
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E.23 Control E.23 Control 
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Table 2:  Avian Pathogenic E. coli (APEC) levels in broiler GITs both pre-
Bacillus and under treatment with a Bacillus product.  

APEC Meta-Analysis

APEC Pre-Bacillus Bacillus

Mean (log 10 CFU/g) 5.08 3.77

Standard  deviation (SD) 2.11 2.63

Sample size (n) 90 39

Statistical Test Unpaired t test

P value 0.0033



Table 4:  Categorical Analysis of APEC levels in broiler GITs both 
pre-Bacillus and under treatment with a Bacillus product.

APEC Meta-Analysis - Categorical Analysis

Proportions (%)

Log 10 CFU/g Pre-Bacillus Bacillus Pre-Bacillus Bacillus

0-1 11 11 12.2 28.2

1-2 0 0 0 0

2-3 1 1 1.1 2.6

3-4 2 5 2.2 12.8

4-5 12 5 13.3 12.8

5-6 23 6 25.6 15.4

6-7 34 10 37.8 25.6

>7 7 1 7.8 2.6

n = 90 39 100 100



Bacillus can maintain / improve broiler 
performance in the absence of AGPs

Parameter December 2007
AGP BMD

December 2008
Bacillus

Improvement due 
to Bacillus

Body weight (kg) 1.722 1.827 + 6.1%

FCR 1.747 1.697 + 2.9%

Age (days) 35.6 34.6 - 1 day

Condemnations % 0.13 0.12 + 0.01

Average daily gain (g) 48.3 52.7 + 9.1%

Livability % 96.46 97.84 + 1.38%

Monthly average performance

Producer replaced BMD with Bacillus ,
for improved bird performance and lower costs of production



A B C D E

Average 
Live Weight 

(kg)

1.81 1.87 1.85 1.88 1.89

Average 
FCR

1.628 1.635 1.641 1.628 1.605

Average 
Age

35.18 35.11 34.94 35.00 34.80

Average 
Daily Gain 

(g)

51.45 53.27 52.95 53.73 54.32

A – Bacillus for 21 days – 59.7% of time
B – Bacillus for 28 days – 79.7% of time
C – Bacillus for 35 days – 100% of time
D – Bacillus for 42 days – 100% of time
E – Bacillus for 49 days – 100% of time

Background : Conventional broiler producer with APEC challenges.

Bacillus can maintain / improve broiler 
performance in the absence of AGPs



Measurement of new innovation

What Required
Mode of Action lab required
+
Performance Vendor and Customer data share
=
Product efficacy



Tools

•SPC (Statistical Process Control)

•FTA technology – Avian pathogenic E. coli and C. perfringens

•T-RFLP – effects on gastrointestinal microflora

Measurement of new innovation
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Summary

What does current antibiotic free poultry 
production look like in the US?

• Coccidial Vaccine - applied at the hatchery
• DFM - applied at the hatchery
• DFM – feed application
• Slight decrease in bird density



FINAL MESSAGE – A DREAM???


