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Ruminal acidosis is not a single event — it is a spectrum of fermentation instability 
with consequences ranging from acute crisis to silent production loss. While clinical 
cases demand immediate intervention, subclinical acidosis quietly undermines milk 
fat, feed efficiency, and overall herd health over time. Understanding both forms — 
their triggers, their biology, and their differences — is essential for dairy and beef 

producers seeking to protect performance. This article examines the full continuum, 
from rumen chemistry to practical prevention.

The rumen is a fermentation chamber de-
signed to convert structural and non-

structural carbohydrates into volatile fatty acids 
(VFA), which supply most of the cow’s energy. 
Acetate, propionate, and butyrate are continu-
ously produced by microbial fermentation. These 
acids are absorbed across the rumen wall, while 
saliva provides bicarbonate buffering during ru-
mination.

Under stable conditions, acid production and 
acid removal remain in equilibrium. Acidosis de-
velops when acid production exceeds buffering 
and absorptive capacity. Rapid fermentation of 
starches and sugars increases acid load. Insufficient 
physically effective fiber reduces chewing and sali-
va secretion. Inadequate microbial adaptation may 
allow lactic acid to accumulate. Compromised 
epithelial function may slow absorption. This im-
balance, rather than a single pH value, defines 
ruminal acidosis (Nagaraja and Titgemeyer 2007; 
Golder and Lean 2024).

CLINICAL RUMINAL ACIDOSIS
Clinical ruminal acidosis typically follows sudden 

ingestion of large quantities of highly fermentable 
carbohydrates. Mixing errors, abrupt ration chang-
es, accidental grain access, or poorly managed step-
up programs are common triggers.

In these situations, lactic acid production can rise 
rapidly, and rumen pH may fall below 5.0. How-
ever, the absolute nadir of pH alone does not de-
termine severity. The duration for which ruminal 
pH remains below critical thresholds is equally, and 
often more, important. Prolonged exposure to low 
pH compromises epithelial integrity, impairs ab-
sorptive capacity, and promotes proliferation of ac-
id-tolerant, lactate-producing bacteria, amplifying 
instability.

As pH declines and remains depressed, osmotic 
pressure increases, drawing fluid into the rumen 
and contributing to systemic dehydration and met-
abolic acidosis.
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Figure 1. Simplified schematic of carbohydrate fermentation pathways from glucose to major end 
products, illustrating associated reducing equivalent ([H]) balance and hydrogen (H2) production. 
One glucose is converted to two pyruvate via glycolysis (producing 4[H]), after which pyruvate is 

metabolized through alternative pathways: (1) the succinate–propionate pathway (net −2 H2), (2) lactate 
formation, (3) acetyl-CoA–derived pathways yielding ethanol (0 H2), butyrate (+2 H2), or acetate (+4 

H2), and (4) formate cleavage to CO2 with additional reducing equivalents. Blue ovals indicate reducing 
equivalents consumed, red ovals indicate reducing equivalents generated, and net H2 production 

differs by fermentation end-product.

Clinically affected cattle may exhibit depression, 
decreased rumen motility, watery diarrhea containing 
undigested grain, weakness, ataxia, and recumbency. 
Without immediate intervention, mortality may oc-
cur. Survivors often face secondary complications such 
as rumenitis, liver abscesses, laminitis, or pulmonary 
disorders (Nagaraja and Titgemeyer 2007).

SUBCLINICAL ACIDOSIS:
THE HIDDEN PRODUCTION RISK
Subclinical ruminal acidosis, often abbreviated 

SARA (for sub-acute rumen acidosis), is more prev-
alent than the clinical form. Cows typically do not 
appear acutely ill. Instead, fermentation patterns 
shift in ways that influence performance over time.

Large herd investigations demonstrate that SARA 
is associated with elevated propionate and valerate 
concentrations, reduced ruminal ammonia, and 
moderately depressed pH values (Bramley et al. 
2008; Golder and Lean 2024). Lactic acid accumu-
lation is usually minimal, distinguishing subclinical 
from clinical cases.

Importantly, rumen pH fluctuates throughout 
the day and varies depending on sampling method 
and location. Relying solely on a single pH mea-
surement can lead to misclassification. Integrated 
approaches that evaluate volatile fatty acids, am-
monia, and pH together provide greater diagnostic 
precision (Bramley et al. 2008).
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From a production standpoint, SARA often mani-
fests as declining milk fat percentage, altered fat-to-
protein ratios, greater day-to-day intake variability, 
reduced rumination time, looser manure consisten-
cy, and increased lameness risk. These effects may 
appear gradually and cumulatively.

Golder and Lean (2024) argue that defining ac-
idosis exclusively by pH thresholds obscures this 
metabolic complexity. A cow may not meet a strict 
pH cut point yet still experience fermentation insta-
bility that affects productivity.

CONFINEMENT VERSUS GRAZING: 
DIFFERENT RISK DRIVERS
Ruminal acidosis occurs across production sys-

tems, but risk factors differ between confinement 
and grazing operations.

In high-production total mixed ration systems, 
instability often arises from insufficient physically 
effective fiber, excessive starch fermentability, feed 
sorting, and inconsistent feed delivery. Even when 
neutral detergent fiber levels appear adequate on 
paper, inadequate particle size can limit chewing 

stimulation and saliva buffering. Sorting behavior 
alters the forage-to-concentrate ratio consumed, in-
creasing fermentation variability.

Long empty bunk periods followed by rapid in-
take of large feed quantities (“slug feeding”) amplify 
acid spikes. Subtle ration inconsistencies may pro-
voke repeated subclinical disturbances.

In pasture-based systems, lush forages high in wa-
ter-soluble carbohydrates can ferment rapidly. Sup-
plement strategies designed to sustain milk produc-
tion may increase fermentable load if not balanced 
appropriately with effective fiber. Intake variability 
is often greater, and changes in pasture maturity can 
alter carbohydrate supply abruptly.

Research from temperate pasture systems in Argentina 
has shown that fresh ryegrass (Lolium spp.) can contain 
high concentrations of water-soluble carbohydrates, 
frequently approaching 18–22% of dry matter under 
favorable growth conditions. These rapidly fermentable 
substrates can sustain extended periods of moderate 
ruminal pH depression during grazing, even in the 
absence of grain supplementation, particularly when 
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Figure 2. Schematic representation of VFA 
absorption and ion transport across the ruminal 
epithelium. VFAs are absorbed from the rumen 
lumen via passive diffusion in their protonated 
form (HVFA) and through carrier-mediated 
transport of VFA-. Intracellular buffering involves 
carbonic anhydrase–mediated hydration of 
CO2 to carbonic acid (H2CO3), generating H+ 
and HCO3

-. Coordinated Na+/H+ exchange, 
bicarbonate transport, and additional ion fluxes 
maintain epithelial acid–base equilibrium. 
Partial intracellular metabolism of VFAs to 
ß-hydroxybutyrate and lactate contributes to 
proton handling and systemic energy supply. 
This integrated transport and metabolic 
network regulates acid removal capacity and 
supports rumen pH stability.
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intake rate is high and effective fiber intake is limited 
(Rearte and Pieroni 2001). Such findings underscore 
that acidosis risk in pasture-based systems is driven not 
only by concentrates but also by the fermentative char-
acteristics and intake dynamics of high-quality forages.

Although triggers differ, the biological mechanism 
remains consistent. Acid production exceeds buffering 
and absorptive capacity, and rumen stability declines.

PREVENTION: BUILDING A STABLE 
FERMENTATION ENVIRONMENT
Effective prevention integrates ration design with 

disciplined management. Adequate physically effec-
tive fiber stimulates chewing and saliva production. 
Controlled starch fermentability reduces excessive acid 
load. Gradual transitions allow microbial adaptation.

Feed delivery consistency is equally critical. 
Avoiding prolonged empty bunk periods reduces 
slug feeding. Adequate bunk space minimizes com-
petition-driven intake spikes. Proper mixing and 
moisture management reduce sorting.

Environmental stressors, particularly heat stress, 
can alter feeding behavior and reduce rumination. 
Adjusting management during high-temperature 
periods supports rumen stability (Garcia 2013).

Additives such as sodium bicarbonate or yeast 
products may support buffering or microbial func-
tion, but they cannot compensate for structural 
flaws in ration design or feeding management.

DIAGNOSIS AND RESPONSE
When clinical acidosis is suspected, rapid veteri-

nary intervention is essential. Immediate priorities 
include removal of the fermentable feed source, 
correction of dehydration and electrolyte imbal-
ance, and mitigation of systemic metabolic acido-
sis. Prompt treatment reduces the risk of secondary 
complications such as rumenitis, laminitis, and liver 
abscesses.

Subclinical ruminal acidosis is more difficult to 
diagnose because signs are subtle. Evaluation should 
focus on recent ration changes, starch fermentabili-
ty, forage quality, particle size distribution, and feed 
delivery consistency. Physically effective fiber and 
bunk management, including sorting and empty 
bunk periods, warrant careful review.

Early indicators often include reduced milk fat 
percentage, altered fat-to-protein ratios, intake vari-
ability, decreased rumination, looser manure, and in-
creased lameness risk. No single measure is diagnos-
tic; interpretation depends on recognizing consistent 
patterns across production and management data.

If rumen sampling is conducted, consistency in 
timing and technique is critical, and results should 
be interpreted alongside volatile fatty acid and am-
monia profiles rather than relying on a single pH 
value (Bramley et al. 2008; Golder and Lean 2024).

The objective is restoration of stable fermentation 
through incremental ration adjustments, improved 
fiber effectiveness, moderated starch fermentability, 

Source: Dellait
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and consistent feed delivery — not pursuit of a rigid 
pH threshold.

CONCLUSION
Modern research supports redefining ruminal aci-

dosis as a dynamic continuum of fermentation imbal-
ance rather than a disorder defined solely by rumen 
pH. Integrated evaluation of volatile fatty acids, am-
monia, and pH aligns more closely with production 
outcomes than rigid cut points (Golder and Lean 
2024). Stability in intake patterns, fiber effectiveness, 
microbial adaptation, and feed delivery consistency 
provides the strongest defense against both clinical 
crises and subclinical production losses.

Understanding acidosis as instability rather than 
merely acidity shifts management from reactive 
treatment toward proactive control, a shift that has 
substantial biological and economic significance.
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Immediate Stabilization (Clinical Cases)

• Remove access to highly fermentable 

carbohydrates

• Oral buffering agents (e.g., sodium bicarbonate) 

help neutralize ruminal acidity.

• Fluid and electrolyte therapy (oral or IV 

depending on severity)

• Transfaunation to help reestablish microbial 

populations

• Anti-inflammatory therapy to reduce systemic 

inflammatory sequelae

• Careful monitoring for secondary complications 

(laminitis, liver abscesses)

Nutritional and Ration Adjustments

• Increase physically effective fiber (longer forage 

particle length)

• Reduce starch fermentability (alter grain 

processing or source)

• Moderate rapidly fermentable carbohydrate 

inclusion

• Improve ration mixing consistency

• Minimize feed sorting (moisture adjustment, 

proper TMR structure)

• Avoid prolonged empty bunk periods (to reduce 

slug feeding)

• Ensure adequate bunk space to limit competitive 

intake spikes

Buffering and Additive Strategies (Supportive, 

Not Corrective Alone)

• Sodium bicarbonate (buffer particularly useful in 

high-producing dairy herds)

• Magnesium oxide (additional buffering support)

• Yeast cultures (Saccharomyces cerevisiae 

products) to support microbial stability

• Direct-fed microbials targeting lactate-utilizing 

populations

• Ionophores (where permitted) to modulate rumen 

fermentation patterns

• Virginiamycin (where approved) suppresses lactic 

acid bacteria in high-risk beef systems

When ruminal acidosis (clinical or subclinical) is suspected, corrective strategies may include:
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