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This study was designed to determine the effects of the oral administration of 
propylene glycol and calcium propionate on performance of dairy cows. 
Treatments were 10 l water (control), 10 l water+300 ml propylene glycol 
(GP) and 10 l water+500 g calcium propionate (CP). Animals were mainly of 
Holstein breeds and were fed and managed in a commercial setting. The cows 
were divided randomly into an experimental group, n=24 (n=12 with PG and 
n=12 with CP) and a control group, n=11. Cows received the assigned 
treatment within 10 hours of calving and 24 hours after calving. Health 
events were recorded during calving and for the first 21 days in milk (DIM). 
Health examinations were performed on cows that appeared not well. The 
cows were milked three times daily and milk production was recorded 
electronically. Milk solid content and somatic cell score were determinate 
from three consecutive milking weekly till 20 DIM and than monthly till 110 
DIM. Retained placenta, hypocalcaemia, displaced abomasums, ketosis and 
metritis were low in treatment groups (with PG and CP). The cows receiving 
PG had 2.8 Kg/day grater milk production than control group. The cows 
receiving CP had 1.7 kg/day grater milk production than control group. 
Prophylactic administration of PG and CP drenches to Holstein cows may be 
justified by potentially higher milk yields and reduced health complications.  
Keywords: propylene glycol, calcium propionate, oral administration, 
periparturient problems 

 
Introduction 

 
The transition period lasting from the third week before to the third week after 
parturition is especially important and heavily affects the health state and yield of 
dairy cows. A 30% reduction of dry mater intake (DMI) a week before calving and 
a high energy requirement connected with milk production in lactation results in a 
negative energy balance. 
Proper nutrition is essential to minimize calving difficulties and metabolic 
disorders while maximizing milk production, reproductive efficiency and diseases 
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resistance. More disorders are associated with postpartum more than any other 
period. High producing dairy cows have an elevated demand for glucose by the 
mammary gland in order to produce lactose. The reducing availability of 
glucogenic compounds during the negative energy balance period may lead to fatty 
liver syndrome. Other metabolic disorders may include ketosis, displaced 
abomasums and hypocalcaemia. At the initiation of lactation, the dairy cows must 
cope with a tremendous increase in calcium demand by the mammary gland. Cows 
failing to meet this demand can develop hypocalcaemia though the severe 
hypocalcaemia is rather easily treated by intravenous injection of calcium salt 
solution, cow that have recovered are less productive and more susceptible to other 
metabolic and infectious diseases (Cutis et al. citied by Stokes, 2001). Cows that 
develop chemical ketosis are also at increased risk of developing left displaced 
abomasums and retained placenta (Correa et al., 1993). Since dairy cows have 
limited capacity of DMI during peri parturient period some research has focused on 
strategies for increasing the energy density of diet mainly trough feeding ionophors 
(Turner et al, 1980 citied by Stokes 2001), niacin (Juster & Ward 1990, citied by 
Stoked 2001), the use of by-pass fat (Son et al, 1996 citied by Stokes 2001) and the 
use of glucogenic precursor as propylene glycol (Studer et al. 1993, Miyashi et al 
2001 citied by Stoked 2001).  Calcium propionate provides a rapid source of 
absorbable calcium. The propionate fraction is converted to blood glucose as an 
energy source. Propionate is the glucogenic fatty acid (VFA) of the rumen. 
Drenching cows with water and nutrients may be beneficial during periparturient 
period. A larger water volume (10-15 l) replaces the volume and weight lost when 
the calf, the fluids and membranes are gone at calving plus rehydrates the cows. 
Feed additives that can be added to the drench mixture are: propylene glycol, 
calcium propionate, yeast culture, potassium chloride, magnesium sulfate, sodium 
chloride, sodium phosphate, organic source of trace minerals, probiotics, protected 
choline, sodium bicarbonate, rumen fluid from a donor cow, alfalfa meal, biotin, 
niacin, vitamin E. Propylene glycol has gained commercial use because it is 
generally not degraded in the rumen and passed into the blood intact (Emery et al 
1967, citied by Stokes, 2001). Grummer et al (citied by Stokes, 2001) suggests that 
a dose of 296 ml was almost as effective as a dose of 887 ml in reducing lipid 
mobilization. Higher intakes than 500 ml PG are toxic. Parturient paresis (milk 
fever) is a metabolic disorder of cows that is characterized by hypocalcaemia, 
general muscular weakness, circulatory collapse and depressed consciousness 
(Radostits, 1994 citied by Pehrson, 1998). Oral administration of large amounts of 
calcium salts to force calcium into the blood by passive diffusion can be used to 
increase blood calcium administration during the periparturient period. Calcium 
propionate has been incorporated into drenches because it provides glucogenic 
propionate in addition to calcium to the cows (Goff et al, 1994) oral delivery of 50-
100g calcium as CP will increase plasma calcium concentration for several hours in 
dry cows, which suggests it could prove a useful aid in amelioration of the acute 
hypocalcaemia associated with the onset of the lactation in dairy cow (Stokes, 
2001).  
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The objectives of this study were to determine the effects of supplying PG as 
supplemental energy or CP as supplemental calcium and energy on health events 
and milk production in a commercial dairy in periparturient period. 
 

Materials and Methods 
 
Holstein cattle (heifers=first lactation in a commercial dairy cows) were assigned 
to treatment. Animals were moved from the close-up dry pen into a maternity at 10 
days prior to their projected calving date. Rations were delivered as a complete 
total mixed ration (table 1). Animals received the assigned drench within 10 hours 
of calving and 24 hours after calving. Treatments were 10 l water plus 0.300 ml 
PG, 10 l water plus 600 g CP and 10 l water (control). All treatments were 
delivered into the esophagus via on esophagus feeder tube. Each PG drench 
delivered 4.08 mol glucose precursors per drench (total treatment 8.16 mol glucose 
precursor and each CP drench delivered 146g calcium and 7.3 mol of glucose 
precursor (total treatment 292 g calcium and 14.6 mol glucose precursors). The 
amounts of CP and PG administered were chosen based on previous experiment by 
S.R. Stokes. After calving primiparous were moved into fresh pen and observed 
daily for the first 21 DIM. Primiparous were monitored visual and by Pro Vantage 
Boumatic Management System. Behavioral signs and rectal temperature were 
recorded daily. Cattle were palpated rectally and uterine secretions were scored for 
the presence of metritis between 8 and 21 DIM. Health events in the fresh period 
were diagnosed by farm veterinarian. Animals in good health and normal rectal 
temperatures at 21 DIM were moved into lactation pen. Cows were milked three 
times daily and milk was recorded electronically. Weekly composite samples were 
prepared from milk samples obtained from three consecutive milking till 21 DIM 
and than monthly till 110 DIM. Composite milk samples were analyzed for content 
of fat, protein and total non fat solids using EKOMILK M ultrasonic milk 
analyzers (EON Trading USA) and average somatic cells using SOMASKOPE 
MK2 (Delta Instruments). Statistical analyses of data were performed.  

Table 1 
Ingredients and composition of diet 

Ingredients (% DMI basis) Pre partum Post partum 
Corn silage  38.1 30.9 
Crops  hay 12.0 15.5 
Grass hay  12.6 - 
Alfalfa hay - 8.6 
Ground corn 21.1 24.6 
Soy bean meal (44.5% CP)  9.6 11.4 
Sun flower meal 3.6 5.6 
Sodium bicarbonate - 0.5 
Mineral and vitamin mix 2.9 2.9 
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Chemical analyses (%) of the diet 
CP 15.7 16.4 
NDF 35.6 34.3 
DDF 23.3 22.0 
NEL 1.58 1.63 
Co 0.92 1.07 
P 0.45 0.49 
Mg 0.45 0.32 
K 1.48 1.40 

  
Results and Discussion 

 
Animals (n=35) utilized in the following groups: the control group consisted of 11 
heifers, the PG group consisted of 12 heifers and the CP group consisted of 12 
heifers. All animals calved in September 2007. Health events were recorded at 
calving and continued throughout the trial. Overall incidences were: 8.5% retained 
placentas, 2.8% ketosis, 2.8% hypocalcaemia, 2.8% displaced abomasums and 
8.5% metritis (table 2).  

Table 2 
Metabolic disorders 

Disorder Treatment Occurrence 
total 

Average DIM 
at occurrence 

Retained placenta C 1 1 
PG 1 1 
CP 1 1 

Ketosis C - - 
PG 1 8 
CP - - 

Hypocalcaemia C 1 1 
PG - - 
CP - - 

Displaced abomasums C 1 4 
PG - - 
CP - - 

Metritis C 2 8 
PG 1 8 
CP - - 

 
Clinical hypocalcaemia developed in one of the 11 animals in the control group. 
No incidence of clinical hypocalcaemia occurred in animals receiving PG or CP. 
One case of ketosis was diagnosed in the PG group. No animal receiving the PC 
drench was diagnosed with ketosis. The majority of metritis occurred in the control 
group (two cases out of 11 animals in the control group). Hypocalcaemia has been 
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suggested as a causative factor for displacement of the abomasums (Daniel 1983 
citied by Stokes 2001) and the work of Cetzel, 1996 (citied by Stokes, 2001) 
demonstrated that oral calcium chloride treatment to reduce hypocalcaemia also 
reduced displacement of abomasums. A concern connected with CP treatment is 
that the propionate may actually induce displacement of the abomasums. There is 
some evidence that the propionate within the abomasums inhibits contractility of 
the abomasums increasing the risk of distension and displacement (Brenkink, 1991 
citied by Stokes, 2001). In our trial the incidence of displaced abomasums did not 
increase as the result of CP treatment.  

Table 3 
Average days in milk (DIM) by period and milk production 

Period  Drench Differences 
Overall 
days in 

milk 

Control PG CP PG-
control 

CP-
control 

1 20 28.2 31.2 30.3 +3.0 +2.1 
2 50 31.2 31.7 32.6 +0.5 +1.4 
3 80 30.9 33.2 31.8 +2.3 +1.3 
4 110 28.0 32.8 29.6 +4.8 +1.6 

Average kg/d all 
periods 

29.4 32.2 31.1 +2.8 +1.7 

 
Average milk production was with 2.8 kg/d grater for animals receiving PG 
compared with those receiving the water drench (Table 3). Average milk 
production was with 1.7 kg/d grater for animals receiving CP compared with that 
receiving water drench. Goff et al (1996) observed no significant increase in milk 
production in commercial Holstein herd (multiparous cows) receiving a lower dose 
(352 g per drench) of CP as a paste delivered at calving and again at 24 hours post 
calving. Stokes et al. (2001) observed increase in milk production of 3.1 kg/d for 
animals receiving PG (300 ml plus 9.5 l water) delivered within 4 hours pre calving 
and 24 hours post calving and of 1.4 kg/d for animals receiving CP (680 g plus 9.5 
l water) delivered within 4 hours pre calving and 24 hours post calving. Moallem 
(2007) reported no differences between the control cows and cows fed prepartum 
with a dry cow diet and post partum fed a lactating cow diet supplemented with 
909 g/d per cow of glucogenic additive containing 55% dry PG.  
Results of a trial of Pehrson et al (1998) show that calcium propionate may be a 
satisfactory alternative to calcium chloride for the prevention of milk fever. 

 
Conclusions 

 
Supplying both additional energy and calcium during the periparturient period may 
be of benefit of cows. Dietary glucogenic precursor can be used to improve the 
metabolic status of the transition cows. Propylene glycol is a glucogenic precursor 
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that is rapidly absorbed from the rumen for gluconeogenesis in the liver. Calcium 
propionate is a satisfactory source of calcium. The present results indicate that the 
prophylactic administration of two doses of PG and CP drenches to Holstein cows 
may be justified by potentially higher milk yields and reduced health 
complications.  
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