
NUTRITIONAL AND HEALTH BENEFITS OF ESSENTIAL OILS (EO) 
IN DAIRY COWS

The PRIMA programme is
supported under Horizon 2020,
the European Union’s
Framework Programme for
Research and Innovation

Latifa Abdennebi-Najar, PhD

Livestock Institute, France

Pereira DM, Andrés S, Pereira RB, Nehme R, Vambergue E, Gini C,  Even 
S, Sabbah M, Falleh H, Hamrouni I, Ksouri R, BenJemaa M., Rahali F.Z,  
Giráldez FJ, López S, Ranilla M.J, Cremonesi P, Castiglioni B,  Bouhallab 
S, Ceciliani F.



2

The global consumption of antimicrobials 
in animals is twice that of humans 

Nature, 2012, 486, 465–466

The Antibiotic Alarm. Nature. 2013;495(7440); Bartlett JG and al. Clin Infect Dis. 2013;56(10):1445–145; Gross M. Antibiotics in Crisis. Curr Biol. 2013;23(24):R1063–
R1065; Public Health. 2014;2:145 ; T.P. Van Boecke et al. PNAS . March 19, 2015 112 (18) 5649-5654

I. ANTIMICROBIAL IN LIVESTOCK

Global antimicrobial consumption in livestock in milligrams
per 10 km2

In France  antimicrobial consumption 
decreased  by almost 30% in livestock
during the last decade
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ANTIMICROBIAL RESISTANCE

I. ANTIMICROBIAL IN LIVESTOCK

PNAS . March 19, 2015 112 (18) 5649-5654

Largest 5 consumers of antimicrobials in livestock
in 2030 (predicted) (B)



A MYTH  OR REALITY?



II. EO characterization and biological  activities 

• Volatile

• Lipid soluble

• Density - generally lower than water

• Mostly obtain by steam distillation

• Chemical variation even for the same plant species 

Terpene type compounds Aromatic type compounds 

Monoterpenes

• Acyclic

• Cyclic

Geraniol

α-Pinene

Eugenol

Phenylpropanoids

Cinnamic acid

Chavicol

 Esters, ethers, aldehydes, lactones, ketones and alcohols are all found in essential oils.

Adapted from Perrierra et al,  MILKQUA streering board, Lodi, 2021



Damage to the cell wall; 
Degradation to the cell membrane; 

Coagulation of the cytoplasmic protein; 
Leakage of the cell contents and reduction of the proton-motive force
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II. EO characterization and biological activities 



Minimum inhibition concentration of essential oils against various 
Bacterial pathogens (adapted from yang et al., 2015)

 A strong bactericidal activity against pathogenic bacteria such as Escherichia coli O157: H7 and 
Salmonella spp evidenced by  MIC in vitro test



Adapted from Periera et al.  MILKQUA steering board, LODI, september, 2021 

NF-κB pathway

Canonical and non-canonical NF-κB pathways

ANTI-INFLAMMATORY ACTIVITIES: MECHANISM OF ACTION

II. EO characterization and biological  activities 





Effects of EO on ruminal microbiota

Fraser  et al (2007). J Dairy Sci 90:2315–2328; Kim H, Jung E, Lee HG et al (2019) J Anim Sci 32:808–814. 10

Study 1
Rumen simulation technique (Rusitec) and a dual-flow (DF) fermenter

Essential oil from cinnamon leaf (500mg/L)               a decrease in Protozoa abundance

Study 2

Strained rumen fluid for 12 and 24 h incubation periods:

 Mixture of essential oils ( 1g/kg of substrate ) : Protozoa abundance Selenomonas
and Ruminococcus albus

 Mixture of essential oils   (2g/Kg of substrate):  Butyrivibrio fibrisolvens, fungi
and Ruminococcus flavefaciens

III. Nutritional effects : in vitro studies 



Effects of EO on ruminal fermentation and methane production

Small Rumin Res 161:43–50; Spanghero M, et al (2008). Anim Feed Sci Technol 145:364–374; 11

Corn silage + Oregano, thyme, cinnamon and orange peel EOs
 Decreasing in Acetate and in the acetate/propionate ratio
 Selective toxicity  against rumen bacterial strains that grow at low rumen pH.
 No effects on Volatile fatty acid

Asian-Australasian Journal of Animal Sciences (AJAS) 2016; 29(7): 952-959.

Joch et al , 2016
Eugenol, carvacrol, citral, limonene, 1,4-cineole, p-cymene, linalool, bornyl acetate, α-
pinene, and β-pinen were incubated at a dose of a dose of 1,000 μL/L for 24 h in 
diluted rumen fluid
 Eeugenol, carvacrol, citral, -cineole, p-cymene, linalool and β-pinen inhibit volatile 

fatty acid
 bornyl acetate only  decreases methane production per mol of VFA   and  may help to 

improve the efficiency of energy use in the rumen.

III. Nutritional effects : in vitro studies 



Effects of EO on ruminal  fermentation, methane production and microbiota
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III. Nutritional effects : in vitro studies 

 Oregano supplementation (from 13 to 1200 mg  during 24 h, modify VFA 
concentrations and reduce methane emissions by extensively altering the 
ruminal bacterial community.

 An optimal feeding rate for future animal studies of approximately 52 mg/L for 
mature ruminants is recommended



Effects of EO on ruminal microbiota

Zhou R et al (2019). PLoS ONE 14:e0217054.

Alfalfa + corn silage +750 mg/day of  Crina Ruminant 
supplement® (thymol, eugenol,  vanillin and limonene)

 No effects on the abundance of ruminal protozoa, bacteria and fungi.
 A possible adaptation of rumen microbes to the compounds.

Benchaar C et al (2007).  J Dairy Sci 90:886–897
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 Corn silage + Supplying OEO  4-7 g/d (carvacrol, thymol, γ-
terpinene, p-cimene and linalool )

 No effects on  the ruminal pH but it could shift the rumen microbial population 
to one with less protozoa. 

 Enhances the growth of certain rumen microbial populations, but the shifts were 
influenced by the supply rate.

 Low amount ( 4 g•d-1) of OEO could have positive effects on ruminal microbial 
populations, whereas supplying elevated doses could be detrimental to those 
same ruminal microbial populations

III. Nutritional effects : in vivo studies 



Effects of EO on dairy cow performances

https://www.sciencedirect.com/science/article/pii/S0377840117307915; https://www.sciencedirect.com/science/article/pii/S1871141318308771

Concentrates, seasonal green forage + clove and rosemary EOs (4 
g/d) in heifers feeding

 A decrease in the digestibility of the dry matter and in NDF
 Inclusion of EO in the diet increases rumination rate
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III. Nutritional effects : in vivo studies 

 A marginal effects of the tested EO product fed at 525 mg/d f Xtract 6965)on ruminal 
fermentation and productivity of lactating dairy cows but do show a trend for a consistent 
increase in total-tract NDF digestibility
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IV . Effects of EO on animal health :  antihelimintic, antiparasitic and against mastatis



The PRIMA programme is
supported under Horizon 2020,
the European Union’s Framework
Programme for Research and
Innovation

https://www.MILKQUA.EU

Coordination : Latifa Abdennebi-Najar (Idele)

Part B – MILKQUA ongoing results



• Screening  of  promising 
natural extracts from 10  
Mediterranean plants

• Evaluating their antimicrobial  
anti-inflammatory and 
antioxidant activities  (in vitro)

• Evaluating their  nutritional  
effects   both in vitro and in 
vivo

• Evaluation of health effects of 
Tymus Capitatus and its major 
components on Mastatis (Ralph 
Nehme, Abstract nr. 39489)

EO1 - Salvia officinalis

EO2 - Laurus nobilis

EO3 - Coriandrum sativum

EO4 - Rosmarinus officinalis

EO5 - Thymus capitatus (TC)

EO6 - Nigella sativa

EO7 - Juniperus oxycedrus

EO8 - Pelargonium graveolens

EO9 - Origanum vulgare

EO10 - Artemesia herba-alba

I. AIMS AND APPROCHES



NF-κB activation in THP-1 LuciaTM macrophages

Sampling and methodology

Samples

Anti-inflammatory
activity

Identification of EOs volatile

compounds

Bioactivity vs chemical composition

Safety profile

Essential
oils

Viability of HaCaT cells

Viabilitty of PBMC isolate cells

Viability of THP-1 macrophages

MTT assay

RT-PCR
ELISA

WB

mRNA expression of pro-inflammatory genes
(IL-6, TNF-α, COX-2, IL-1β)

NF-κB Lucia™
reporter
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EO5 - Thymus capitatus effects on PBMC

GC-MS

Antibacterial properties

OMIC approches

Nehme et al. Abstract Disc diffusion method

Antimicrobial , anti-inflammatory and OMIC approches



Antibacterial effects  of EO against  isolated E. Coli and 
Staphylococcus Aureus bacteria from the cow udder

Same results with Staphylococcus aureus
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Screening of  EO against LPS-induced inflammatory mediators on 
THP-1 macrophages (1)
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Fig. 3A: Experimental model used for the assessment of NF-κB.

NF-κB activation in LPS-
challenged THP-1 Lucia cells in the
presence of EOs 1–10 for 24 h.
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Screening of EO against LPS-induced inflammatory mediators on THP-
1 macrophages  (2)

THP-1 macrophages: qPCR analysis of selected EOs

IL-6, IL-1β, COX-2 and TNF-α mRNA expression in THP-1 cells, pre-treated for 2h with EOs 1-10 followed by 22h co-treatment with LPS (1 µg/mL).

mRNA expression was determined by qPCR after normalization with GAPDH reference gene. EO2, EO3, EO10 – 0.25 µL/mL; EO8 – 0.125 µL/mL.
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1,8-cineole (43.85%)
Camphene (13.82%)
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OE3 – Coriandrum sativum

Linalool (64.10%)
α-Pinene (7.26%)
o-Cymene (5.91%)
Camphor (5.50%)

OE8 – Pelargonium graveolens

β-citronellol (36.88%)
Geraniol (15.02%)
Citronellyl formate (8.74%)

EO10 - Artemesia herba-alba

β-thujone (38.27%)
Camphor (11.88%)
α-thujone (11.58%)



THP-1 macrophages: ELISA and Western Blot  Analysis of selected EOs

IL-6, IL-1β , TNF-α and Cox-2 protein levels in THP-1 cells, pre-treated for 2h with selected EOs, followed by 22h co-treatment with LPS (1 µg/mL).

OE2 – Laurus nobilis

1,8-cineole (43.85%)
Camphene (13.82%)
Sabinene (7.03%)

OE3 – Coriandrum sativum

Linalool (64.10%)
α-Pinene (7.26%)
o-Cymene (5.91%)
Camphor (5.50%)

OE8 – Pelargonium graveolens

β-citronellol (36.88%)
Geraniol (15.02%)
Citronellyl formate (8.74%)

EO10 - Artemesia herba-alba

β-thujone (38.27%)
Camphor (11.88%)
α-thujone (11.58%)

LPS

LPS +
 O

E2

LPS +
 O

E3

LPS +
 O

E8

LPS +
 O

E10

Dex
a 

(5
0 

µM
)

0.0

0.5

1.0

N
o

rm
al

iz
ed

 T
N

F
-a

 e
xp

re
ss

io
n

(F
o

ld
 d

ec
re

as
e 

vs
 L

P
S

)

*** ***

*** ***

TNF-a

***

LPS

LPS +
 O

E2

LPS +
 O

E3

LPS +
 O

E8

LPS +
 O

E10

Dex
a 

(5
0 

µM
)

0.0

0.5

1.0

N
o

rm
al

iz
ed

 IL
-1
b 

ex
p

re
ss

io
n

(F
o

ld
 d

e
cr

e
as

e 
vs

 L
P

S
)

*

***

IL-1b

*** ***

LPS

LPS +
 O

E2

LPS +
 O

E3

LPS +
 O

E8

LPS +
 O

E10

Dex
a 

(5
0 

µM
)

0.0

0.5

1.0

N
o

rm
al

iz
ed

 IL
-6

 e
xp

re
ss

io
n

(F
o

ld
 d

ec
re

as
e 

vs
 L

P
S

)

***

***

***

***

IL-6

***

COX-2

GAPDH

72 kD

36 kD

Screening of EO against LPS-induced inflammatory mediators on THP-
1 macrophages  (3)



Evaluation of bioactivity of EO versus  chemical composition on THP-
1 macrophages 
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Evaluation of the effects of TC on  Peripheral Blood Mononuclear Cells 
(ex vivo studies)

*: p<0.05; ** p<0.01; *** p<0.001 treatment VS LPS 
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IL-6, IL-1β , TNF-α and Cox-2 protein levels in PBMC, pre-treated for 6h with TC, followed by 16h co-treatment with LPS (1 µg/mL).

Nehme et al. EAAP 2022 Abstract nr. 39489



Effects of EO on  animal performances and milk quality



Volatile fatty acids production

SUBSTRATES Ammonia

Gas and methane production

Microbial mass

Batch cultures

In vitro system

Culture media + inoculum Substrate Additive

Incubation at 39 ºC

fermentation
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( BRL + CM+ 0.5 gM)
Incubation at 39°c during 24h

Major results

 Synthetized EOs have 
similar effects to 
natural Thymus. All 
of them inhibited 
ruminal fermentation 
above 75 mg/L.

Ruminal fermentation (study 1)

Ranilla et al,  manuscript in preparation
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Major results

 No positive effects on 
ruminal fermentation 
parameters were detected 
with any of the five 
compounds (tested at the 
equivalent dose  of 75 mg 
carvacrol/L) when using F 
or C diets. 

 Thymus EO decreased  
propionate, and carvacrol 
was the main responsable

 Methane production was 
not affected

 An increase of NH3 was 
observed when adding EO1 
to the F diet

Ranilla et al; Martín et al (Manuscripts in preparation)

Ruminal fermentation (study 2) 
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In vivo studies

Andrés et al, manuscrript in preparation

Ben salem et al, manuscript in preparation

Trial 1:  EOs suplementation in dairy calves

Two groups of New born calves (n=16)
• Control (CON): Milk replacer twice a day just after parturition 

during the first 45 days (4 to 6 liters)
• EO experimental  group (EO) : Milk replacer twice a day just 

after parturition during the first 45 days + progressive increasing 
dose of Commercial EOs (88% carvacrol content) from 130 to 200 mg

Two groups of dairy cattle (n = 18) (Initial milk yield 30.3 ± 3.6 kg/d , average BW 
550 ± 42.3 kg) / 15 days adaptation + 30 days measurements / Receiving Total 
Mixed Diets
• Diet control (CON): Oat hay (2.68 kg DM) + Silages (9.24 kg DM) + 

Concentrate (10.8 kg DM)
• Diet experimental (EOT): CON + 6 ml/day of essential oil

Trial 2 : EO supplementation in lactating dairy cows
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MAJOR RESULTS

Trial 1:

• Newborn dairy calves being fed 
EO during the suckling period 
were more efficient than the 
control Group

• No long-term effects of EOs
effects during the replacement
phase

• Long terme effect on monocytes
populations (Andres et al. EAAP 
2022 Abstract nr. 39164)

Trial 2
• Numerical increase (P > 0.05) of 

milk yield in EOT-group (CON = 
30.0; EOT = 30.3 kg/cattle/day

• EOT administration had no 
effect on SFA, MUFA, PUFA

• EOT decreased fat & protein 
contents and w3/ w6 

0

200

400

600

800

1000

CTRL EO 0

50

100

150

200

250

300

350

400

CTRL EO

Average Daily Gain               Final weight
(g/day)

Average Daily Gain               Final weight
(g/day)

New born Calves (45 days)

Adult Cow (12 month)



OMICS oingoing results

MILKQUA 
OMICS

MICROBIOMICS 
Milk/Skin/Faeces/Rumen

LIPIDOMICS
Milk

MICRO-RNAOMICS
Milk (exosomal component)

Diacylglycerols (Differerences at T21)
Ceciliani et al. EAAP 2022 Abstract nr. 39922

Milk – Changes in abundance in 190 genera

Skin –

Faeces – Changes in abundance in 11 genera

Rumen – Changes in abundance of 39 genera
Gini et al. EAAP 2022 Abstract nr. 39033

Llorente et al., manuscript in preparation

Gini et al. Manuscript in preparation

18 upmodulated and 32 downmodulated at T8
127 miRNAs with an upmodulated trend and 62 with a downmodulation trend 

Ceciliani et al. Manuscript in preparation

METABOLOMICS
Plasma

ongoing



Conclusion

• Changing in microbiota  changes in end- products fermentation
• Changes in Volatile fatty acid (contradictory results)
• Decreases in ruminal ammonia (contradictory results)

Effects on ruminal 
fermentation 

• Inhibition of archeal community reducing methanogens activity
• Supression the growth of ruminal fungi and protozoa harbouring methanogens
• Results depends on the concentration of EO

Effects on methane 
production

• Improve  calves feed efficiency  and growth performance   
• Improve animal immunity and  decrease morbidity of neonatal 

diarrhea
• Affect milk production and composition (contradictory results)
• Depends largely  on the concentration of EO and other animal 

factors (physiological status..)
• The dose and routes of administration deserve further 

studies, allowing a better animal performance and health 
to be achieved

Effects on animal 
performance 
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Nehme et al. Essential oils in livestock: From health to food quality. Antioxidants,2021, 10, 198.



Composition and biological activities associated to  the extraction 
process, type of solvent and storage condition

Possible adverse effects, toxicology needs to be studied in details

Access to a large amount of plant biomass is required which 
constitutes an obstacle to the commercial applicability

Differences in the mode of action of the essential oils in 
vitro and in vivo, which merits attention for future research

Lack of internationally standardized techniques to evaluate the 
antimicrobial activities

Limits and obstacles of EO use
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