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Propylene glycol as a prophylactic agent for prevention 

of sub clinical ketosis in buffaloes 

 
Randhir Singh, SNS Randhawa and CS Randhawa 

 
Abstract 
Twenty one buffaloes were divided equally into three groups of seven animals each based on results of 

metabolic profile screening i.e., Group I: Healthy {Pre-partum Non esterified fatty acid (NEFA) levels at 

close up dry stage (CUD) ≤0.4mmol/L}; Group II (positive control): Pre-partum NEFA levels at CUD 

stage ≥0.4mmol/L and Group III: NEFA levels at CUD stage ≥0.4mmol/L and supplemented with oral 

propylene glycol @250 ml once a day for 5 days. Sampling was again done at fresh stage of transition 

period to evaluate the efficacy of PG as a prophylactic measure to prevent development of SCK in 

transition buffaloes.Results revealed significant increase in mean PCV percentage from 37.87±1.48% to 

42.79±1.21% after propylene glycol administration in group III. Beta hydroxyl butyric acid (BHBA) 

levels increased significantly in group II from CUD (0.76±0.03 mmol/L) to fresh stage (1.49±0.03 

mmol/L) and were significantly higher than PG supplemented group (0.90±0.12 mmol/L) at fresh stage. 

Non esterified fatty acid (NEFA) recorded non significant increase and decrease in group II and PG 

supplemented group, respectively. Five out of seven buffaloes, which were administered PG @ 250 ml 

/day for 5 days orally, crossed transition period uneventfully, whereas, only two buffaloes developed 

SCK after parturition at fresh stage. All the seven buffaloes in group II (positive control) developed SCK 

after parturition. 
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Introduction 

Modern dairy animals have undergone repeated selections over generations to obtain 

maximum milk yield, thereby creating a nutrient corridor from the daily feed intake to sustain 

milk production (Singh et al., 2018) [1] From a metabolic, immunologic and physiologic 

viewpoint, the periparturient or transition period is an vulnerable life stage in dairy cows/ 

buffaloes (Drackley, 1999 and Grummer et al., 2004) [2, 3] characterized by negative energy 

balance (NEB) leading to high risk of production diseases (Van Saun, 2006)[4]. Proper 

nutritional management during dry period is the key for maintaining the proper health and 

future productivity of cows and buffaloes undergoing transition (Dann et al., 2006) [5]. 

Although most of the cows and buffaloes are able to tackle the adaptive changes, problems due 

to severe NEB leads to derailed metabolic pathways which occur to nearly one in every two 

cows (Loor et al., 2013) [6]. The severity of NEB is indicated by increased levels of non 

esterified fatty acids (NEFA) and beta hydroxyl butyric acid (BHBA) in circulation (Drackley, 

1999) [2]. 

Among the most common reported metabolic disorders during transition period, ketosis 

(hyperketonemia) is the most documented and involves significant economic impact 

(Opsomer, 2015) [7]. In this context, Sub clinical ketosis (SCK) is a condition characterized by 

abnormal levels of ketone bodies in circulation with the absence of any apparent clinical signs 

of the disease (Andersson, 1988) [8]. Worldwide, the economic losses due to SCK are of great 

concern due to decrease in milk production, reduced reproductive efficiency along with 

increased risk of various other diseases like displaced abomasum (DA), clinical ketosis, fatty 

liver, mastitis, metritis and retained placenta.  

Propylene glycol (PG) has been used successfully as a glucogenic precursor for treating 

clinical ketosis (Singh et al., 2017) [9]. It increases the oxidation of acetyl-CoA via the 

Tricarboxylic acid (TCA) cycle and increases the production of glucose via gluconeogenesis 

which stimulates insulin secretion from the pancreas, thereby reducing the fatty acids 

mobilization from the adipose tissues and hence, substrate for hepatic ketogenesis. But the 

efficacy of PG as a prophylactic agent in prevention of SCK in dairy buffaloes has not been 

evaluated so far.  
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Therefore, this study was planned to evaluate efficacy of PG 

as a prophylactic agent for prevention of SCK in buffaloes 

based on evaluation of various hemato-biochemical and 

mineral parameters. 

 

Materials and Methods 

Animals: Twenty one (21) multiparous Murrah buffaloes 

undergoing transition from close up dry (CUD) stage 

(between 21 and 3 days expected to calving) to fresh (F) stage 

(3 to 30 days in milk) were taken up for the study and were 

grouped equally based on results of metabolic profile 

screening i.e., 

 

Group I: Healthy, pre-partum NEFA at CUD stage 

≤0.4mmol/L. 

 

Group II: Positive control, pre-partum NEFA levels at CUD 

stage ≥0.4mmol/L. 

 

Group III: Non esterified fatty acids levels at CUD stage 

≥0.4mmol/L and supplemented with oral propylene glycol 

(PG) @ 250 ml once a day for 5 days. 

 

Hematology: Hematological parameters viz. Haemoglobin 

(Hb), packed cell volume (PCV), total erythrocyte count 

(TEC) and total leukocyte count (TLC) were estimated using 

hematological analyser (ADVIA 2120, SIEMENS 

Hematology Analyzer, USA.) in the diagnostic laboratory of 

department of teaching Veterinary clinical complex, 

GADVASU, Ludhiana. 

 

Biochemistry: Estimation of Biochemical parameters viz. 

total plasma proteins (TPP), albumin, plasma urea nitrogen 

(PUN), creatinine and glucose was done using 

Orthodiagnostic’s Vitros 350 biochemistry analyser using 

commercial kits. Both beta hydroxyl butyric acid (BHBA) 

and non esterified fatty acids (NEFA) were estimated on the 

ELISA plates from the plasma samples with the help of kits 

provided by Diasys Diagnostics systems, Germany. 

 

Plasma mineral analysis: Estimation was done using Atomic 

absorption spectrophotometer (Perkin Elmer Analyst 700, 

USA). Digested plasma samples were used for estimation of 

copper (Cu), iron (Fe) and zinc (Zn) whereas, calcium and 

magnesium were estimated by mixing 0.1 ml plasma with 9.9 

ml of 0.1 per cent of lanthanium chloride. Plasma inorganic 

phosphorus (Pi) was determined using method given by 

Tausky and Shorr [10]. 

 

Efficacy of PG as a prophaylictic agent for SCK: During 

metabolic profile screening 14 buffaloes having pre-partum 

NEFA levels at CUD stage ≥0.4mmol/L were considered as 

“at risk” buffaloes for development of SCK and other 

metabolic disorders. These 14 buffaloes were divided 

randomly in two groups of 7 buffaloes each. One group 

(Group III) was orally fed with propylene glycol @ 250 ml 

once a day for 5 days, whereas, buffaloes in other group 

(Group II) were not fed with any prophylactic measure and 

acted as positive control group. Sampling was again done at 

fresh stage of transition period to evaluate the efficacy of PG 

as a prophylactic measure to prevent development of SCK in 

transition buffaloes. 

 

Statistical Analysis: The statistical analysis was carried out 

using SPSS (16.0). ANOVA followed by Duncan’s multiple 

range test (DMRT) was used to estimate significant difference 

at P<0.05.  

 

Results and Discussion: 

Five out of 07 buffaloes, which were administered PG @ 250 

ml /day for 5 days orally, crossed transition period 

uneventfully, whereas, only 02 buffaloes developed SCK after 

parturition at fresh stage. All the 07 buffaloes in control group 

(positive control) developed SCK after parturition. The way 

in which propylene glycol may have prevented SCK was that 

as the hepatic concentration of oxalo-acetate was low in 

ketotic cows and is believed to be the key metabolite in 

determining whether acetyl-CoA (coenzyme A) enters the 

TCA-cycle (tri carboxylic acid) or ketogenesis resulted 

(Krebs et al., 1966 and Baird et al., 1968 and 1972) [11, 12, 13]. 

The oral supplementation of PG helped by increasing 

oxidation of acetyl-CoA, in the TCA-cycle by providing 

pyruvate and propionate, which were the major key end 

products of PG; thus increasing the supply of glucose via 

gluconeogenesis. The increased production of glucose might 

have stimulated insulin secretion from the pancreas, which 

decreased mobilization of fatty acids from adipose tissues and 

hence, substrate for hepatic ketogenesis (Brockman and 

Laarveld, 1986; Holtenius and Holtenius, 1996) [14, 15]. Similar 

to the present study, Chung (2007) [16], also observed a 

decrease in the plasma BHBA concentration and subsequent 

decreased incidence of SCK from 39.00 to 13.00 per cent, and 

also the percentage of cows that experienced multiple 

episodes of subclinical ketosis was also reduced from 53.00 to 

14.00 per cent during the first 3 weeks of lactation after the 

feeding of PG. 

 

Effect of PG on hematological parameters: The mean 

hematological profile is provided in Tables 1. Significant 

increase was observed in mean PCV percentage after PG 

administration. Hemoglobin recorded non-significant increase 

following treatment, whereas, TLC levels remained 

unaffected post treatment. This improvement in hematological 

parameters could be due to the improved metabolic status 

after the PG feeding. Similar to our findings, previous studies 

(Singh et al., 2017 and Sahoo et al., 2009) [9, 17] also reported 

a significant increase in hematological parameters following 

treatment with PG in cows suffering from SCK. 
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Table 1: Hematological indices of healthy, control and propylene glycol supplemented buffaloes (Mean± S.E.) 
 

Parameters Period Healthy (n=07) Control (n=07) Supplemented (n=07) 

Hb(g/dl) 
CUD 12.82±0.96Ax 9.64±0.32Ay 10.49±0.31Ay 

Fresh 12.72±0.91Ax 9.12±0.29Ay 11.03±0.31Ax 

PCV (%) 
CUD 34.52±2.60Ax 32.32±0.80Ax 37.87±1.48Ax 

Fresh 34.48±2.64Ax 30.58±0.63Ax 42.79±1.21By 

TEC 

(x106/μl) 

CUD 7.53±1.1Ax 3.98±0.38Ax 6.91±2.54Ax 

Fresh 7.78±1.00Ax 3.72±0.25Ay 5.39±1.09Axy 

TLC 

(x103/μl) 

CUD 8.78±0.81Ax 11.07±0.53Ay 10.30±0.67Axy 

Fresh 9.39±0.78Ax 12.26±0.29Ay 10.07±0.57Ax 

Values bearing different superscript in capital letters (A, B, C) down the column differ significantly (p<0.05) 

Values bearing different superscripts in small letters (x, y, z) across the row differ significantly (p<0.05) 

*Healthy: Buffaloes whose NEFA and BHBA values remained within the normal range throughout transition stage. 

*Control: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and not provided any prophylactic 

supplementation. 

*Treated: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and provided prophylactic 

supplementation of Propylene Glycol. 

 

Effect of PG on biochemical parameters: The mean 

biochemical profile is shown in Table 2 and represents non-

significant increase in TPP and glucose levels in PG treated 

buffaloes, whereas, buffaloes in control (positive control) 

group recorded non-significant decline in these parameters. 

Beta hydroxyl butyric acid (BHBA) levels increased 

significantly in control group from CUD to fresh stage and 

were significantly higher than PG supplemented group at 

fresh stage. Non esterified fatty acid (NEFA) recorded non-

significant increase and decrease in control and PG 

supplemented group, respectively. Non esterified fatty acid 

level was significantly higher during CUD stage in control 

group as compared to PG supplemented group. A decrease in 

BHBA and NEFA levels and a increase in plasma glucose 

levels after PG feeding is due to the reason that the PG helps 

in completion of TCA cycle by providing pyruvate and 

propionate, which are the major end products of PG 

metabolism, which in turn helps in increasing the supply of 

glucose via gluconeogenesis and thus reducing the fat 

mobilization, which in turn help in decreasing the plasma 

BHBA and NEFA levels (Brockman and Laarveld, 1986) [18]. 

Similar findings have also been reported by number of 

previous studies (Zhang et al., 2010 and Ribeiro et al., 2013) 
[19, 20].  

 

Effect of PG on mineral profile: The effect on PG on 

mineral profile in buffaloes is provided in Table 3 and 

represents no significant effect of PG on mineral profile. 

However, previous studies by some researchers have revealed 

increase in Ca, Mg and P levels after PG administration 

(Singh et al., 2017 and Strokes et al., 2001) [9, 21]. 

 
Table 2: Biochemical profile of healthy, control and propylene glycol supplemented buffaloes (Mean±S.E.) 

 

Parameters Period Healthy (n=07) Control (n=07) Supplemented (n=07) 

TPP 

(g/dl) 

CUD 7.47±0.13Ax 6.62±0.15Ay 6.42±0.08Ay 

Fresh 7.20±0.16Ax 6.12±0.11By 6.50±0.12Ay 

Albumin 

(g/dl) 

CUD 2.58±0.05Ax 2.08±0.12Ay 1.95±0.19Ay 

Fresh 2.42±0.15Ax 1.88±0.23Ax 1.92±0.17Ax 

BUN 

(mg/dl) 

CUD 11.42±1.39Ax 20.57±3.12Ay 20.71±2.26Ay 

Fresh 15.14±1.20Ax 25.71±2.74Ay 20.00±2.20Axy 

Creatinine 

(mg/dl) 

CUD 1.34±0.09Ax 1.05±0.13Axy 1.55±0.16Axz 

Fresh 1.21±0.10Ax 0.95±0.0.8Axy 1.40±0.15Axz 

Glucose 

(mg/dl) 

CUD 69.28±1.84Ax 50.42±3.79Ay 47±.4.40Ay 

Fresh 63.28±3.68Ax 42.57±2.26Ay 50.42±5.33Ay 

BHBA 

(mmol/L) 

CUD 0.41±0.04Ax 0.76±0.03Ay 0.68±0.02Ay 

Fresh 0.54±0.04Ax 1.49±0.03By 0.90±0.12Az 

NEFA 

(mmol/L) 

CUD 0.22±0.02Ax 0.85±0.04Ay 0.79±0.05Ay 

Fresh 0.27±0.02Ax 0.95±0.03Ay 0.60±0.08Az 

Values bearing different superscript in capital letters (A, B, C) down the column differ significantly (p<0.05) 

Values bearing different superscripts in small letters (x, y, z) across the row differ significantly (p<0.05) 

*Healthy: Buffaloes whose NEFA and BHBA values remained within the normal range throughout transition stage. 

*Control: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and not provided any prophylactic 

supplementation. 

*Treated: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and provided prophylactic 

supplementation of PG. 
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Table 3: Plasma minerals profile of healthy, control and propylene glycol supplemented buffaloes (Mean± S.E.) 
 

Parameters Period Healthy (n=07) Control (n=07) Supplemented (n=07) 

Ca 

(mmol/l) 

CUD 2.34±0.91Ax 1.88±0.08Ay 1.56±0.11Az 

Fresh 2.30±0.94Ax 1.86±0.08Ay 1.57±0.11Az 

Mg 

(mmol/l) 

CUD 1.11±0.22Ax 0.73±0.10Ay 0.61±0.12Ay 

Fresh 1.10±0.28Ax 0.72±0.10Ay 0.61±0.10Ay 

Pi 

(mmol/l) 

CUD 1.68±0.04Ax 1.45±0.05Ay 1.33±0.07Ay 

Fresh 1.68±0.05Ax 1.41±0.05Ay 1.28±0.08Ay 

Na 

(mmol/l) 

CUD 137.71±1.40Ax 140.71±2.37Ax 142.86±1.40Ax 

Fresh 137.76±1.11Ax 134.57±2.05Axy 141.71±0.60Axz 

K 

(mmol/l) 

CUD 4.47±0.26Ax 4.22±0.28Ax 3.87±0.08Ax 

Fresh 4.28±0.20Ax 4.71±0.24Axy 4.02±0.14Axz 

Cu 

(umol/l) 

CUD 12.20±0.19Ax 9.14±0.64Ay 7.65±1.05Ay 

Fresh 11.48±0.13Bx 8.72±0.57Ay 7.51±1.00Ay 

Fe 

(umol/l) 

CUD 139.85±0.44Ax 128.87±7.41Axy 119.95±5.81Ay 

Fresh 139.86±0.43Ax 127.99±6.76Axy 120.20±4.59Ay 

Zn 

(umol/l) 

CUD 17.53±0.33x 15.41±0.90Axy 12.48±1.52Ay 

Fresh 17.48±0.32x 15.22±0.93Axy 12.38±1.51Ay 

Values bearing different superscript in capital letters (A, B, C) down the column differ significantly (p<0.05) 

Values bearing different superscripts in small letters (x, y, z) across the row differ significantly (p<0.05) 

*Healthy: Buffaloes whose NEFA and BHBA values remained within the normal range throughout three transition stages (Negative control). 

*Control: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and not provided any prophylactic 

supplementation (Positive control). 

*Treated: Buffaloes whose NEFA values were above 0.4mmol/L at second transition stage (CUD) and provided prophylactic 

supplementation of Propylene Glycol. 

 

Conclusion 

It was concluded that Propylene Glycol (PG) @ 250 ml P.O. 

once a day for 5 days during Close up dry (CUD) stage can be 

used effectively as a prophylactic agent for prevention of Sub 

clinical ketosis (SCK) in buffaloes. 
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