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Monoguthealth in Denmark- 
Two PhD projects

Antibacterial plant combinations for better gastrointestinal health in 
piglets and broilers 

Kevin Jerez-Bogota

Poultry in Motion – pre-ha tch interventions a nd the development of the 
locomotory system in broiler chickens 

Tobias Kettrukat



Antibacterial plant combinations  for better 
gastrointestinal health in piglets and 

broilers 

Kevin Jerez-BogotaKevin Jerez-Bogota
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Young monogastrics are vulnerable to 
gastrointestinal pathogens

1-2 weeks post weaning

Postweaning diarrhea

Antibiotics, zinc oxide 

PWD
- Diarrhoea
- Growth retardation
- Mortality

F4 and F18 ETEC
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Young monogastrics are vulnerable to 
gastrointestinal pathogens

2-6 weeks of age

Necrotic enteritis

Antibiotics, zinc oxide Antibiotics, coccidiostats

1-2 weeks post weaning

Necrotic enteritis 
- Ruffled feathers
- Diarrhea 
- Weight loss
- Mortality

PWD
- Diarrhoea
- Growth retardation
- Mortality

Postweaning diarrhea
F4 and F18 ETEC Cl. perfringens (netB)
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IN VITRO
Wild garlic high in allicin and acidic berries synergistic antibacterial 
action in stomach content

Canibe, et al. 2018. 14th International Symposium on Digestive Physiology of Pigs 

Control 
1%Redcurrants
1%Lingonberries

1% Ramsons+ 1% Redcurrants

1% Ramsons + 1% Lingonberries
5%Redcurrants
5%Lingonberries

1%Ramsons

5%Ramsons

Synergistic effect …!
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Wild Garlic (allicin) + Lingonberries (acidity) 

Limitations

 Sca la bility: both sca rce 
 Does it work in vivo ?
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IN VITRO
E. coli  vs. allicin content 
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Final E. coli count after 2 h incubation in stomach content vs. allicin 
Garlic
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Alternatives

Wild Garlic + Lingonberries 

Garlic 

Blackcurrant
 Apple pomace
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Hypotheses 

Dietary inclusion of garlic, and apple pomace or blackcurrants:

 Inhibit ETEC  growth without ha rming the commensa l microbiota .

 Prevent PW D under ETEC  cha llenge.

+
+
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NC PC

GA GB

Study design
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*    *

Plants reduce E. coli proliferation
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*   *
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Plants promote a more stable microbiota
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Conclusions

Garlic + Apple pomace or Garlic + Blackcurrant   powder (3% and 
3%)

 Prevented E. coli growth

 Prevented PWD

 Resulted in a more diverse microbiota

 Resulted in a more stable microbiota 
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Kevin Jerez-Bogota

The influence of lauric acid and essential oils on the 
course of necrotic enteritis infection in broilers 
applying a subclinical disease model
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Susceptibility of C. perfringens  to lauric acid

Skřivanová, E. et al. Lett. Appl. Microbiol., Volume 41, Issue 1, 1 July 2005, Pages 77–81, doi.org/10.1111/j.1472 -
765X.2005.01709.x

Fatty acid CCM 4435T CNCTC 5459
C2, C3, C4†, C5†, C6 >5 >5
C8 1·92 ± 0·10 0·68 ± 0·06 
C10 0·28 ± 0·05 0·27 ± 0·06 
C12 0·04 ± 0·01 0·04 ± 0·01 
C14 0·08 ± 0·02 0·18 ± 0·01 
C16, C18 >5 >5
C18 : 1 0·48 ± 0·01 1·48 ± 0·05 
C18 : 2 >5 0·48 ± 0·30 

Inhibitory concentra tion of C 2–C 18 fa tty a cids a ga inst C. perfringens stra ins C C M 
4435 a nd C NC TC  5459 grown on glucose
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Lauric acid oils and EO  reduced NE in broilers

Group Total Total (%) Mean score
Negative control 0/ 22 0 0
Only coccidia 0/ 21 0 0.43
Positive control 13/ 26 50 1.73
Butyric acid 6/ 26 23B 1.19
Lauric acid oil 6/ 24 25B 1
EO 6/ 25 24B 1.16
But/LA 2/ 25 8B 0.4
But/LA/EO 11/ 26 42 1.77

Number of birds with ma croscopic necrotic enteritis lesions a nd mea n lesion 
scores on three sa mpling da ys

Timbermont, L. et al. Avian Pathol., Volume 39, Issue 2, 2010, Pages 117–121, doi.org/10.1080/03079451003610586
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IN VITRO
Synergism Testing: Microdilution Checkerboard
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Intersection in the Y and X axis represents the MIC for palm  kernel oil (Grolux Lauri; 1.5 mg/ml)  and either 
cinnamon  leaf (2.5 mg/ml)  or clove (2.5 mg/ml)  essential oils. 
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Study design

Control        Palm kernel 1g/kg

Clove EO 500 ppm PK+Clove EO 
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Study design

Control Palm kernel 1g/kg

Clove EO 500 ppm PK+Clove EO 

Control        Palm kernel 1g/kg

Clove EO 500 ppm PK+Clove EO 
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Growth performance

Control    Palm kernel   Clove    Combination
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Lesion Scoring 

0

6

Day
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NetB toxin in digesta

Control                                  Clove          CombinationPalm 
kernel 
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 In vitro: Pa lm kernel oil (la uric oil) a nd clove EO a cted synergistica lly 
a ga inst the pa thogenic C. perfringens 

 Performance: the combination increased weight and feed intake after 
the first challenge element (diet).

 Lesions: reduced after 23, but no synergy

 NetB toxin: reductions but not consistent 

Conclusions



The impact of early incubation temperature on 
development of the locomotory system of broilers and 
thereby on walking ability and meat quality

Tobias Kettrukat
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Broiler locomotion

vs.

• Shifted centre of motion due to high breast 
muscle weight; no similar selection on leg muscles

• More time spent on two legs (double support)
• Smaller strides, larger step width (instability)

Higher energy cost for standing/walking + rapid growth
= high stress on the locomotory system

Welfare issue!

broiler                                               layer
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Influences in the Hatchery

Injection
Nutrients
Bioactives
Prebiotics, Probiotics, Synbiotics
Vaccines

Ventilation

Temperature

Humidity

Light
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Incubation Temperature and the Locomotory System
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Incubation temperature and embryonic development

Incubation 
temperature

Muscle and Bone 
Development

Final walking ability?

AIM:
 to investigate incubation temperature as a tool to 
improve the walking ability of broiler chickens by 
modifying muscle and bone development
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The Experiment

Day 0 Day 4 Day 8 Day 18Day 10

4 Treatment groups:
• 37.5℃ (55% RH)- control
• 38.5℃ (65% RH)
• 39.0℃ (65% RH)
• 36.5℃ (55% RH)

400 eggs 
(Ross-308)

8 incuba tors

C a ndling Tra nsfer to 
Ha tcher

Ha tch

Rea ring for 
35 da ys

M. gastrocnemius
M. pectoralis

 W a lking a bility 

 Microstructure, gene expression, energy meta bolism 
      of M. ga strocnemius a nd M. pectora lis 

 Performa nce

 Mea t qua lity 

 Tibia  cha ra cteristics
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Gait score
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 Higher average gait score in group subjected to 36.5℃ tha n other groups

 Higher ga it score in ma les tha n in fema les

 Likely rela ted to higher body weight
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*

*

Performance vs. gait score
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Muscle parameters 
Proportions of fibre types, M. gastrocnemius

37.5℃ 38.5℃ 39.0℃ 36.5℃

• Incuba tion tempera ture did not influence muscle 
microstructure

• Most muscle pa ra meters were not correla ted with wa lking 
a bility

C orrela tion of muscle pa ra meters with ga it score
* *

glycolytic

intermedia te

oxida tive
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Bone parameters
Correlation of bone parameters with gait score

*

*

*37.5℃ 38.5 39.0 36.5 T S T x S

m f m f m f m f

Length 
(mm) 95.2 94.5 96.4 94.8 95.6 94.1 95.8 94.2 0.77 0.02 0.92

Weight 
(g) 13.4 12.3 14.0 11.8 14.0 11.1 14.4 11.4 0.91 <.001 0.07

Relative 
Weight (%) 0.41 0.44 0.39 0.45 0.47 0.42 0.45 0.41 0.84 0.08 0.18

Diameter 
(mm) 7.9 7.6 7.7 7.3 7.9 6.7 7.8 6.9 0.22 <.001 0.26

Peak 
Force (N) 372 320 361 318 344 305 390 329 0.29 <.001 0.91

• Incuba tion tempera ture did not a lter bone tra its
• Rela tion of bone pa ra meters with wa lking a bility could 

be tra ced ba ck to overa ll size/ weight of the chickens
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Meat quality 

37.5℃ 38.5 36.5 T S T x S

m f m f m f

pH24h 5.87 5.84 5.85 5.83 5.87 5.84 0.80 0.09 0.96

Drip loss48h (%) 3.5 2.8 3.2 3.1 2.6 3.2 0.79 0.80 0.23

Cooking loss 15.7 18.0 17.7 17.7 17.2 18.0 0.43 0.06 0.29

Lightness 58.28 56.95 58.34 56.70 57.94 57.52 0.92 0.01 0.50

Redness 1.30 1.57 1.45 1.10 1.24 1.45 0.64 0.74 0.12

Yellowness 6.60 6.75 6.29 6.50 6.49 6.79 0.41 0.24 0.94

Force (N) 
(texture) 20.29 20.28 20.24 20.92 20.06 19.76 0.76 0.87 0.86

No detrimenta l effect of incuba tion tempera ture on mea t qua lity 
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• Early incubation temperature manipulation did not result in changes in the muscles or bones that 
affected the final walking ability

• Gait score differences between the groups were a result of different body weights

• Leg muscle traits apart from the weight do not seem to be related to walking ability

• The sex of the chickens influenced almost all parameters measured, including gait score

• Gait scoring is a subjective method – future experiments should try to include other methods for 
quantifying chicken activity and mobility

Conclusions
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Perspectives

 Pla nt ma teria ls
• Influence on stress
• Influence on feed inta ke of offspring via  the da m 
• C hemica l synthesis of phytochemica ls

 W a lking a bility a nd a nima l welfa re in broilers
 G enetic selection for

• better wa lking a bility
• slower growth
• more a nima l welfa re-friendly a na tomy
• better immune system
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This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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Allicin mechanism….!?!

• Potential mechanism of allicin…
• Normal protein synthesis (A)

• The cysteine/ methionine residue (a ccessible for a tta ck) rea cts with a llicin via  a  

disulfide excha nge rea ction => compromised protein/ enzyme a ctivity (B)

• Allicin ma y a tta ck cysteine residues during protein synthesis => protein is misfolded (C)

C a va litto 1946; Borlingha us et a l 2014
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