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Abstract

Sub-acute ruminal acidosis (SARA) in dairy cattle is a disorder of ruminal fermentation caused by 
the ingestion of large amounts of concentrates with inadequate amounts of fibre. The condition 
is characterized by sustained and marked decrease in rumen liquor pH ≤5.5 for at least three 
hours of each day. Rumen buffers and direct fed microbials (DFM) are dietary supplements 
that had been used in the management of SARA. Rumen liquor samples of dairy cows from 
the organized farms and households of Wayanad district which were at the risk of SARA were 
collected by rumenocentesis for rumen pH estimation. Blood samples were collected from cows 
positive for SARA and subjected to haemato-biochemical evaluations. Three different therapeutic 
protocols involving oral administration of sodium bicarbonate, Lithothamnium calcareum extracts 
as rumen buffers and a mixture Saccharomyces cerevisiae and Aspergillus oryzae as direct fed 
microbial were compared in SARA positive cows for 14 days and the efficacy of the treatment was 
evaluated by the improvement in rumen liquor pH after the treatment period. Rumen buffer like 
sodium bicarbonate was found to be more efficient than Lithothamnium calcareum and DFMs like 
Saccharomyces cerevisiae and Aspergillus oryzae mixture in improving the rumen pH values in 
cattle positive for SARA.

Keywords: SARA, sodium bicarbonate, Saccharomyces cerevisiae, Aspergillus oryzae, 
Lithothamnium calcareum
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 Sub-acute ruminal acidosis (SARA) 
is one among the most important nutritional 
diseases affecting dairy cows (Enemak, 
2008). SARA is a condition which arises due 
to the excessive intake of concentrates with 
inadequate intake of fibre in diet during the 
early lactation (Constable et al., 2016). It is 
characterized by a sustained and marked 
decrease in rumen liquor pH, less than or 
equal to 5.5 for at least three hours of each day 
(Garret, 1996). 

 Being the most important nutritional 
disease affecting dairy cattle, SARA has 
long term devastating health and economic 
consequences, which include reduced feed 
intake, digestibility and milk fat percentage, 
liver abscesses and laminitis (Kleen et 
al., 2003). Therefore, timely detection and 
formulation of efficient treatment protocols are 
very important in the management of SARA. 
Supplementation of various rumen buffers 
and direct fed microbials (DFMs) are the most 
common therapeutic protocols employed in 
the management of SARA. Rumen buffers, 
primarily bicarbonates can stabilize the rumen 
liquor pH by preventing the overgrowth of acid 
tolerant lactobacilli in the rumen (Garry, 2002). 
Lithothamnium calcareum is a calcareous 
marine algae which is widely used as a rumen 
buffer (Gouws et al., 2016). Lithothamnium 
calcareum is a rich source of highly bioavailable 
minerals like calcium carbonate (Cruywagen 
et al., 2015) and the unique honey comb like 
structure of this algae ensures its slow release 
in the rumen during acidic environment leading 
to a prolonged buffering action inside the 
rumen (De Vos, 2019). DFMs fall under the 
category of probiotics and acts on the rumen 
by increasing the rumen microfloral population 
during episodes of low ruminal pH (Ellis et 
al., 1989; Chiquette et al., 2015). Aspergillus 
oryzae fermentation extract or Saccharomyces 
cerevisiae cultures or a combination of both 
are the common non-bacterial directly-fed 
microbials added to ruminant diet (Martin 
and Nisbet, 1992). Aspergillus oryzae is one 
among the very effective fungal additives 
used in ruminant nutrition due to its rumen 
buffering activity, which is crucial for the proper 
functioning of fibrolytic bacteria within the rumen 
and thereby preventing the ill effects caused by 

ruminal acidosis (Neenu et al., 2022). Yeast 
cultures such as Saccharomyces cerevisiae 
acts on rumen by utilizing the excess lactic acid 
produced in the rumen during episodes of low 
ruminal pH (Hutjens, 2003).

 In the present study, a total of 134 
dairy cows in various stages of lactation from 
households and organized farms in Wayanad 
district with the history of reduced milk fat 
percentage were screened for SARA by 
rumen liquor pH evaluation. Proper anamnesis 
regarding the occurrence, duration and 
treatment details of previous illnesses, type 
of diet, change in diets and reduction in dry 
matter intake were noted. The rumen liquor 
collection was done by rumenocentesis (Fig. 1) 
as described by Garret et al. (1999). The rumen 
liquor pH was evaluated using a portable digital 
pen type pH meter. Dairy cows with rumen 
liquor pH 5.0 to 5.5 for a period of 3 hours or 
more a day were considered as SARA positive 
(Garret, 1996). Nineteen SARA positive cows 
were selected and subjected to detailed clinical 
examination and randomly divided in to 3 
treatment groups with 6 animals each in Group 
I and II and 7 animals in Group III. Group I was 
treated with sodium bicarbonate powder @ 50 
g once daily orally for 14 days (Thorat, 2019), 
Group II with a combination of Saccharomyces 
cerevisiae and Aspergillus oryzae cultures @ 
60 g orally once daily for 14 days (Martin and 
Nisbet, 1992) and Group III with powdered 
preparations of calcareous marine algae 
Lithothamnium calcareum @ 90 g orally once 
daily for 14 days (De Vos, 2019). Six apparently 
healthy cattle were taken as the control group. Six 
millilitres of blood was collected through jugular 
venipuncture from control and SARA positive 
animals for the comparison of haematological 
and serum biochemical parameters, i.e. two 
millilitres of blood collected in vials containing 
Ethylene Diamine Tetra Acetic Acid (EDTA) as 
anticoagulant for haematological investigation 
using a three-part fully automated haematology 
analyser (Mindray BC-2800Vet) and four 
millilitres of blood collected in clot activator 
vials for the estimation of serum biochemical 
parameters using semi-automatic serum 
biochemical analyser (MISPA VIVA 2578-
10/17). 
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 It was evident from the history that 
all the SARA positive animals in this study 
were fed with excess amount of concentrates 
and with limited supply of fiber in diet. SARA 
mainly occurs as a result of feeding the cattle 
with high grain diet rather than feeding them 
with forage diet to which the ruminants are 
mainly adapted (Krause and Oetzel, 2006). 
The major physiological parameters of all the 
SARA positive animals were within the normal 
range with mean rectal temperature of 101.4 
± 0.2°F, heart rate of 72.42 ± 1.37/ min and 
respiration rate of 23 ± 0.36/min. These findings 
were in accordance with the study of Li et al. 
(2012), reported that SARA did not cause any 
alterations in the temperature, heart rate and 
respiration rate.

 Diarrhoea was observed in 57.89 per 
cent (11 out of 19) and laminitis in 10.52 per 
cent (2 out of 19) of the SARA positive cattle. 
Inadequate digestion and fast passage of 
feed resulted in the presence of undigested 
feed particles in the faeces and intermittent 
diarrhoea in SARA affected cattle (Enemark, 
2008). Release of vasoactive substances such 
as histamine and lipopolysaccharide endotoxin 
(LPS) of bacterial origin during episodes of low 
ruminal pH is responsible for damaging the 
capillaries of the lamellae in the foot, resulting 
in laminitis (Nocek, 1997).

 No significant difference was observed 
in the values of haematological parameters 
between SARA positive and control group 
except for a significant decrease (p < 0.05) in the 
values of monocyte per cent in SARA affected 
animals (Table 1). The mean values for total 
leucocyte counts (TLC) and granulocyte percent 
were slightly higher in SARA positive cattle 
when compared with that of apparently healthy 
cattle. The overall increase in the total leucocyte 
counts (TLC) and granulocyte percent in SARA 
may be due to chemotactic reactions occurring 
in response to an ongoing inflammatory process 
or due to stress and subsequent production of 
cortisol in SARA positive animals (Bipin, 2016). 
The overall increase in the granulocyte per 
cent and subsequent relative reduction in the 
agranulocyte per cent might have resulted in 
decreased monocyte percent in SARA affected 
animals in the present study. No significant 
difference was observed in the values of serum 
biochemical parameters in the SARA positive 
cattle when compared with that of the control 

Fig. 1. Rumen liquor collection

Table 1. Comparison of haematological values between SARA positive and control groups

Parameters Control
(n = 6)

SARA positive
(n = 19) t-value P-value

TEC (x106/mm3) 6.15 ± 0.25 6.4 ± 0.2 0.659ns 0.516
Hb (g/dL) 8.48 ± 0.41 8.56 ± 0.21 0.171ns 0.866
HCT (%) 31.03 ± 1.44 32.32 ± 0.8 0.790ns 0.438
MCV (fL) 50.62 ± 1.67 52.46 ± 1.23 0.769ns 0.450
MCH (pg) 13.77 ± 0.4 13.87 ± 0.3 0.172ns 0.865
MCHC (g/dL) 27.28 ± 0.26 26.58 ± 0.31 1.230ns 0.231
TLC (x 103/mm3) 9.6 ± 1.66 10.36 ± 0.54 0.438ns 0.677
LYMPHOCYTE (%) 49.1 ± 2.42 42.12 ± 2.43 1.523ns 0.141
MONOCYTE (%) 8.18 ± 0.88 6.24 ± 0.29 2.785* 0.011
GRANULOCYTE (%) 42.7 ± 3.02 51.64 ± 2.39 1.94ns 0.065

* Significant at 0.05 level; ns non-significant
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Table 2. Comparison of serum biochemical values between SARA positive and control groups

Parameters Control
(n = 6)

SARA positive
(n = 19) t-value P-value

Total Protein (g/dL) 7.46 ± 0.25 7.56 ± 0.13 0.41ns 0.686
Albumin (g/dL) 2.98 ± 0.17 2.8 ± 0.08 1.045ns 0.307
Globulin (g/dL) 4.48 ± 0.16 4.75 ± 0.14 1.025ns 0.316
AG Ratio 0.67 ± 0.04 0.64 ± 0.03 0.441ns 0.663
AST (U/L) 89.34 ± 3.13 95.15 ± 2.98 1.032ns 0.313
Glucose (mg/dL) 49.69 ± 0.89 55.89 ± 2.84 2.083ns 0.051
Creatinine (mg/dL) 1.11 ± 0.05 1.08 ± 0.03 0.517ns 0.61
Calcium (mg/dL) 9.69 ± 0.27 8.76 ± 0.43 1.818ns 0.082
Phosphorous (mg/dL) 6.74 ± 0.34 7.59 ± 0.36 1.247ns 0.225

ns non-significant

group (Table 2).

 The rumen liquor pH of all the SARA 
affected animals were in the range of 5 to 5.5. 
Excess accumulation of volatile fatty acids 
(VFA) in the rumen may lead to the reduction in 
ruminal pH in SARA affected animals (Oetzel et 
al., 1999).

  Therapeutic efficacy of all the three 
treatment protocols was assessed by the 
improvement in rumen liquor pH after 14 days 
of treatment. In all the three treatment groups, 
significant increase in rumen liquor pH values 
was observed. Rumen liquor pH values before 
and after treatment showed no significant 
difference between the three treatment 
groups, suggesting that all the three treatment 
protocols were highly effective in improving 
the rumen liquor pH in SARA affected cattle 
(Table 3.). On comparing the rate of change in 
rumen liquor pH after 14 days of treatment, it 
was found that the maximum increase in rumen 
liquor pH (20.05 per cent) was observed in 
group I (Sodium bicarbonate powder) (Table 
4). On individual comparison, it was found 
that, in group I (Sodium bicarbonate powder), 

all the animals attained a rumen pH value of 
greater than 6.2. Hence it was inferred that 
sodium bicarbonate powder was more efficient 
in improving the rumen pH values in dairy 
cattle with SARA. Buffering capacity of sodium 
bicarbonate is higher due to its high water 
solubility and acid dissociation constant which 
is almost close to the optimal physiological pH 
of rumen liquor (Enemark, 2008; Marden et al., 
2008) allowing this rumen buffer to effectively 
stabilize and increase the rumen liquor pH 
values postprandially (Erdman, 1988). Buffering 
of the rumen and the reversal of deleterious 
effects caused by SARA can be more efficiently 
achieved by the supplementation of sodium 
bicarbonate in to the feeds of high yielding and 
exotic cattle (Bipin, 2016). The cost of treatment 
of SARA using Saccharomyces cerevisiae and 

Table 3. Comparison of rumen pH between SARA positive and control groups and before and after 
treatments in treatment groups

Period Control Group 1 Group 2 Group 3 F-value
(P-value)

Before treatment 7.07 ± 0.11a 5.32 ± 0.06b 5.28 ± 0.07b 5.34 ± 0.06b 121.333** 
(<0.001)

After treatment 6.38 ± 0.13 6.17 ± 0.13 6.26 ± 0.1 0.791ns (0.47)
t-value
(p-value)

9.316**
(<0.001)

6.308**
(0.001)

9.760**
(<0.001)

** Significant at 0.01 level; ns non-significant
Means having different letter as superscript differ significantly

Table 4. Rate of change in rumen pH various 
treatment protocols

Group
Rumen pH

Before 
treatment

After 
treatment Increase (%)

1 5.317 6.383 20.05
2 5.283 6.167 16.73
3 5.343 6.257 17.11
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Aspergillus oryzae mixture and Lithothamnium 
calcareum was around Rs. 425 and Rs. 600 
respectively. Sodium bicarbonate powder, in 
contrast, cost Rs. 45 for 14 days.

Summary

 The present study concluded that 
haemato-biochemical parameters cannot be 
taken as a reliable indicator in the diagnosis 
of SARA. Oral sodium bicarbonate powder 
was found to be more efficient in improving 
the rumen liquor pH in cattle with SARA after 
14 days treatment period. Rumen buffers like 
sodium bicarbonate may be used with more 
effectiveness than direct fed microbials like 
Saccharomyces cerevisiae and Aspergillus 
oryzae mixture in improving the ruminal pH in 
cattle affected with SARA. 
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