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Main aspects of this talk

Direct 
biomarkers 
of rumen 

health

Indirect 
biomarkers 
of rumen 

health

Prediction, 
control & 

prevention

How to control 
and prevent 
SARA using 
biomarkers?

What are 
rumen 

biomarkers?

Are they 
sensitive, 
accurate 
enough?

How to 
measure & 

interpret 
them?

Can they help 
diagnosis 
SARA?

How to 
assess risk of 

SARA?

How to 
predict the 

risk?



Rumen biomarkers = rumen

signals

Recognize/diagnose

rumen health disorders

Understand/predict/control

Prevent the disorder/its sequelae

Biomarkers:

• (easy) Measureable

• Specific

• Sensitive

• Accurate/reproducible

1. Direct biomarkers

2. Indirect biomarkers



pH - a direct biomarker of 

rumen health
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SubAcute Rumen Acidosis (SARA)

8,0

7,8

7,6

7,4

7,2

7,0

6,8

6,6

6,4

6,2

6,0

5,8

5,6

5,4

5,2

5,0

4,8

4,6

4,4

4,2

4,0

Acute rumen acidosis

Rumen alkalosis diseased
Rumen pH

AcidsBuffers

5-6 h/d < 5.8

Suboptimal rumen health status

Microbiota



Is the pH accurate enough?

5

-0.2 pH unit

differences

-0.15 pH unit

differences

Neubauer et al. 2019 J Anim Physiol Anim Nutr

▪ Depending on location, 

different pH values

 Adjustment is needed

 Diurnal variation is also to

be considered (length

better than single points)



How common is SARA?

• Limited information surveys with 

rumenocentesis based on rumen pH (5.5 or 

5.6 threshold) 

◼ USA→19% (early) and 26% (mid lactation) 

(Garrett et al., 1997), 20.1% in early and 

peak lactation (Oetzel et al., 1999)

◼ The Netherlands → 13.8% (0 – 38% on 

farms) (Kleen et al., 2009)

◼ Germany → 20% (Kleen et al., 2013)

◼ Italy → 33% (Morgante et al., 2007)

◼ Poland → 14% (30/213) (Stefanska et al., 

2017)

With spot measurements, SARA 

remains underdiagnosed!



Cow numbers and milk yield

in Poland
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-20%

+22%

◼ ↑Demands

(Energy/Nutrients)

◼ ↑Forage quality

◼ ↑Dry matter intake

◼ ↑concentrate feeds!

◼ Balancing the diet

difficult!

◼ SARA, an increasing

concern!



pH is an inherent variable 

of the rumen

8Ricci et al. (2021) Front Microbiol.

Gradual increase of 

concentrate level



SARA leads to rumen dysbiosis

9Neubauer et al (2019) Anaerobe

• Can dysbiosis be a direct biomaker of rumen health?

 Theoretically yes

 Practically difficult  rumen microbiome too complex - more research needed

N
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Complexity of rumen

microbiome

Phyla that changed in HC1 but are not named in HC2 also changed significantly from RD to HC2.

Epimural Microbiota (EpM)Particle associated Microbiota (PaM)

Figure 2. Phyla distribution in particle associated microbiota (PaM) and epimural microbiota (EpM), and their change in 

relative abundance along the feeding model. Eight rumen-cannulated cows were fed a roughage-only diet for 1wk (RD; 

hay:grass-silage mix 50:50), followed by 1wk 65% high-concentrate diet (HC1), 1wk break with roughage only, and 2wk 

65% high-concentrate diet (HC2). 

For RD all phyla names are given. In HC1 only phyla are named that relative abundance (%) changed significantly (** P 

≤ 0.05) or with a trend (* 0.05 < P  ≤0.1) from RD to HC1 are given. For HC2 only phyla are named that relative 

abundance changed from HC1 to HC2 are given.
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Microbe-derived

biomarkers of rumen

Humer et al 2018 J Dairy Sci

• Can LPS be a direct biomaker of rumen health?

 Theoretically yes (good biomarker)

 Practically difficult  still expensive, Analytics not easy



LPS is strong proinflammatory

12

MyD88-dependent pathway MyD88-independent pathway

Biomarkers of Inflammation

ImmunoTargets and Therapy 2015 (Issue 1):131

Systemic inflammation

(low-degree inflammation)

Membrane recognition patterns

Local inflammation

(i.e. ruminitis)



Systemic inflammation

13
Interplay between rumen digestive disorders and diet-induced inflammation

https://www.ncbi.nlm.nih.gov/pubmed/22370295

by Q Zebeli - 2012 - Cited by 114

Res Vet Sci. ... Zebeli Q, Metzler-Zebeli BU. 

Biomarkers of Inflammation Systemic inflammation

(low-degree inflammation)

https://www.ncbi.nlm.nih.gov/pubmed/22370295
https://www.ncbi.nlm.nih.gov/pubmed/22370295
https://scholar.google.com/scholar?rlz=1C1NHXL_deAT778AT778&uact=5&um=1&ie=UTF-8&lr&cites=1503018215786975322


Serum amyloid A – Concentrate 

level in the diet

14

> 45% easily fermentable concentrates increases the risk of Inflammation

Zebeli et al 2012 J Dairy Sci 

 SAA, Hp (APP) are non-specific, indirect biomarkers of rumen health

 Easy to measure (ELISA), yet, still no thresholds established



Rumen biomarkers due to

SARA and dysbiosis
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Cow lameness and rumen 

health

16

 Per each day with SARA, the likelihood of lameness increases with 2.5%

 Claw disorders are an indirect sign of SARA

Kofler et al (2023) doi: 10.3390/ani13081418



Liver tissue damage due to 

SARA

17
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Kröger et al Animals (2019)

The second SARA bout causes stronger liver damage

Liver enzymes are an unspecific & indirect biomarker of rumen health



Other expectable systemic

derailments due to SARA

Meena Arif Memon et al. 2019 Microbial Pathogenesis 128, 268-275

MDA = Malondialdehyde (lipid peroxidation marker)

TAOC = total antioxidative capacity
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Humer et al. 2018. J. Dairy Sci. 101:9559–9574

SARA: an additional risk factor of fatty liver during early lactation
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Humer et al. J. Dairy Sci. 101:9559–9574

Hyperactivation of ser/gly

biosynthetic pathway in SARA

Warburg Effect

Excess glucose is diverted through the pentose

phosphate shunt (PPS)

and serine/glycine biosynthesis pathway to

create nucleotides

https://www.nature.com/articles/s42255-020-00329-9

https://www.cellsignal.com/pathways/warburg-effect-pathway


Low rumen health: feed

escapes the rumen

◼ If rumen is disturbed

◼ Passage rate increased

◼ Impaired nutrient degradation/uptake (Lowered

feeding value) ⇒ increased flow to the gut

◼ Detoxification capacity is reduced

◼ Undesirable substances (mycotoxins) may not be

fully degraded



Mycotoxins: ruminal 

dysbiosis & health



Fecal consistency – SARA signal?

22

▪ If feed hygiene, Protein and Mineral supply OK:

◼ Increased Passage rate, hindgut fermentation

◼ Rumen or hindgut disorder

 Score: 1-2


 Score: 3



SARA signal – fecal sieving

23

Screen size Close up diet
(%)

Fresh diet (%)

> 2 mm 13,0 30,4

1,18 - 2 mm 33,2 42,7

<1,18 mm 53,8 26,9

▪ if particles suboptimal:

◼ Undigested particles, mucous

◼ Interpretation: rumen dysfunction, increased

passage



Optimal

< 20 %  

20-30 % 

> 50 %



SARA signal – fecal pH

Fecal pH < 6.6 = 
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pH of feces
0 % concentrate

40 % Concentrate

65 % Concentrate (SARA conditions)

Khorrami et al. 2022 Res Vet Sci

Week of feeding



SARA signals

Interplay between rumen digestive disorders and diet-induced inflammation

https://www.ncbi.nlm.nih.gov/pubmed/22370295

by Q Zebeli - 2012 - Cited by 114

Res Vet Sci. ... Zebeli Q, Metzler-Zebeli BU. 

Signals relative to

behaviour changes..

- Appetite/Feeding

patterns

- Sorting

- Chewing

- Salivation/Secretions

GIT signals

- pH-drop

- Dysbiosis

- Diarrhea

- Epithel damage

(absorption, 

integrity) 

- Toxins

Systemic signals

- Liver

- Immune stimulation

- Inflammation

- Oxidatives stress

- Nutrient diversion

- Milk fat depression

Local disorder

Systemic disorder

1 2

3

https://www.ncbi.nlm.nih.gov/pubmed/22370295
https://www.ncbi.nlm.nih.gov/pubmed/22370295
https://scholar.google.com/scholar?rlz=1C1NHXL_deAT778AT778&uact=5&um=1&ie=UTF-8&lr&cites=1503018215786975322


SARA signal: Milk fat-protein 

quotient

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

2,2

2,4

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

F
a

t:
p

ro
te

in
q

u
o

ti
e

n
t

Days in milk

Lact 1 Lact >1

Nomal

Ketosis

SARA

YET: not adequate till day 50-60 of lactation!

Fat:protein quotient <1.0 !!

High lactation

http://www.landwirt.com/ez/ezimagecatalogue/catalogue/phpV7O4N5.jpg


27

Pottentially SARA cows 

• Fat content ≤3.4%

• FPQ ≤1.4

No SARA 

signal valid for

these cows

Potentially no SARA 

(Our own unpublished data)

Fresh cows Middle of Lactation

SARA signal – Milk fat 

content



As long as cows are in NEB, FPQ is not adequate SARA biomarker
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Rivera-Chacon et al. (2022) Animals

• Laying longer, chewing less!

• Claw distress?

• Systemic inflammation?

• Depressive cow?

SARA signal – long laying time, 

while not chewing?

Lack of structure ⇒ rumen acidification ⇒ meal

size↘ ⇒ straw intake ↗ 

Baseline

SARA in different weeks



Decreased chewing = pH 

drop

29



SARA signal – decreased

chewing

Chews/Bolus

Dry off Fresh cow High lactation

Cow 1 74 49 65

Cow 2 71 53 52

Cow 3 67 31 60

30

4/9 cows (3 fresh cows + 1 high lactation) ⇒ 

decreased chewing

Decreased chewing = less salivation ⇒ rumen

acidification



- Reference: like >50 chewing/ Bolus



When is the risk highest?

Dry off

Calving 150-200 d

High lactation

Fresh cows

Late lactation

Close up

Risk of SARA



Early lactation – esp. 

primiparous cows!

Humer et al (2018) J Dairy Sci

Max 10 kg concentrate/d

Partial mixed ration

+ concentrate

http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjbgYrcqprXAhVSkRQKHbgNAzkQjRwIBw&url=http%3A%2F%2Fwww.wulfa.de%2Frinderfutter.html&psig=AOvVaw0aGrL3KGUKBd_fQrk-5irl&ust=1509521154576319
http://www.google.at/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlyPPtqprXAhUCOBQKHdWkDI0QjRwIBw&url=http%3A%2F%2Fwww.delaval.co.uk%2F-%2FProduct-Information1%2FFeeding%2FProducts%2FDistribution%2Ffeeding-stations%2FDeLaval-feed-stations-FSC40-and-FSC400%2F&psig=AOvVaw0aGrL3KGUKBd_fQrk-5irl&ust=1509521154576319


Check list

◼ One or more SARA biomarkers/signals on dairy herd present?

 No, everything OK!

 Yes, please go to the next step

◼ Next step:

◼ To check:

 Forage of the diet

Particle size of the ration

NDF-content

Starch content

 Type of concentrate

 Feed sorting

 Transition feeding

Check the diet/feeding

• Particle size

• Starch level

• Sorting

• etc….



◼ Grass silage/Hay (Particle size, NDF, sugar content)

◼ Maize silage (Particle size, Kernel-/Starch proportion)

◼ Hay/Straw (proportion, appropriately mixed?)

◼ Others (ie. Brewery spent grain (NDF-rich, no Structure))

34

Checking forages

45 % NDF

30 % Starch
55 % NDF

0 % Starch

15 % Sugars?



Grass silage in Austria

Klevenhusen & Zebeli (2021) J Sci Food Agric



Water soluble carbohydrates

and SARA

36Klevenhusen & Zebeli (2021) J Sci Food Agric



Checking particle size and 

peNDF of the diet

● 300-500g of fresh diet to sieve

● 40 cycles of manual sieving

○ 5 times in one direction (1 

movement = 1 x back and 

forth)

○ Sieve rotation 90°

○ Each direction 2x 

● Weigh back the retained feed

● Calculate the % of each seive



Results of sieving: 

calculation of peNDF

peNDF>8 mm (d.h. physically effective NDF) = particles >8 mm x NDF of Ration

Physical effectiveness

NDF = aNDFom

Target valueActual value



Predicting SARA risk

39

SARA-Threshold

peNDF Starch

DM Intake

NFC

GfE (2023)

peNDF = Physically effective fiber

NFC = Non-Fiber Carbohydrates



peNDF-requirements met?

◼ Yes, for many cows!

◼ But, for cows in high 

starch diets, probably not

Target valueActual value



peNDF-requirements depend

on:

41

GfE 2023

◼ Starch concentration of 

the diet
◼ controllable

◼ The level of DMI of cows
◼ Rather incontrollable



Recommendations for cows

42

 The more starch + sugar in the diet, more peNDF needed!

 by-pass starch reduces the load for the rumen

 It should however be fed limited  no hindgut disorders!

Maximal amount

Maximal amount

Minimal amount 

 Supply of peNDF

Lactation phases

% of DM Close-up Fresh

cows

High 

lactation

Mid-

lactation

Late

lactation

Starch 13-15 20-25 24-28 16-20 11-15

By-pass 

starch

1-3 5-10 10 2-5 1-2

peNDF 12-13 17-19 18-23 16-18 12-14



Type of concentrates modulate

the needs for peNDF

◼ Different starch content bzw. buffering capacity

◼ Starch- Sugar-rich (grains, molasses etc)

◼ Fiber (bran, beet pulp)

◼ Protein-/fiber-rich (DDGS, seed meals)

◼ Different ruminal fermentability of starch

◼ Wheat, triticale

◼ barley

◼ Corn

◼ Different processing (Starch-fermentability)

◼ Pelleting (temperature)

◼ Grinding (size)

◼ Rolling 
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SARA in dairy cows

◼ Long exposure

◼ High energy-diet for most part of 

lactation(s)

◼ High DMI (>4% of BW)

◼ Several lactations

◼ High stress exposure (parturition, 

grouping, strong diet changes, 

environmental stress)

44

Feeding management is highly important



Check feed sorting!

Gao and Oba (2014) J Dairy Sci

Cows select against forages

Higher risk for SARA



Conclusions

◼ Never neglect „suboptimal“ rumen health!

◼ Direct biomarkers are better, yet in the

practice often unavailable

◼ Systemic biomarkers are promissing, but 

need more efforts to establish them for

practical settings

 Apply several biomarkers/signals

 Check the diet and feeding

46
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