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Abstract

Four dairy cows in a positive energy balance were used to study the effect of propylene glycol 
supplementation variants on blood indices. The treatments were: without glycol, glycol mixed 
with the total mixed ration (TMR), glycol delivered as top dressing (TD), and glycol administered 
as an oral drench (OD). Oral drenching had the positive effect of higher blood insulin concentration 
1.5 and 2.5 h after supplementation compared to the TD method (P ≤ 0.05). Glycol supplemented 
as TD had the negative effect of higher concentration of non-esterified fatty acids (NEFA) 3.5 
h after supplementation (P ≤ 0.05) with a trend towards a higher mean concentration of this 
marker (P ≤ 0.1). A decreasing tendency was recorded for the NEFA concentration 1.5 h after 
glycol supplementation with TMR or OD (P ≤ 0.1). Glycol supplemented as OD had the positive 
effect of lowering the β-hydroxybutyric acid concentration 1.5 and 2.5 h after feeding (P ≤ 0.05). 
A downward trend in the mean β-hydroxybutyric acid level after glycol delivery as OD was also 
observed (P ≤ 0.1). Glycol supplemented as TD had the negative effect of decreasing dry matter 
intake of the diet (P ≤ 0.05). Glycol supplemented as OD had a more glucogenic effect than as part 
of the TMR. Due to reduction of dry matter intake and the lowest glucogenic effect, using glycol 
as TD is unjustified. The results confirm that the best method of propylene glycol administration 
is OD, which can be useful in the prevention of ketosis, however, it should be confirmed in a long-
term experiment covering the transition and early lactation periods.

Ketosis prevention, glucose, insulin, non-esterified fatty acids, β-hydroxybutyric acid 

Over the last years, dairy cows have undergone genetic selection which has increased 
milk production to a level where it is difficult to meet the nutrient requirements with 
the diet (Mulligan and Doherty 2008). Imbalance of energy inputs relative to energy 
yielding outputs is especially observed during the transition period when reduced feed 
intake is noted. Then, mobilisation of fatty acids from the adipose tissue increases blood 
non-esterified fatty acid (NEFA) concentration (Christensen et al. 1997). The NEFA 
may be oxidised for fuel, converted back into triglycerides and deposited as fat droplets 
in hepatocytes, as well as converted to ketones in the liver (Sordillo and Mavangira 
2014). An increased NEFA level in dairy cows’ blood during a negative energy balance 
is often associated with the accumulation of triglycerides in hepatocytes, thus impairing 
liver function and elevating ketone production. Moreover, an increased level of NEFA in 
blood could have a negative effect on oocyte development and reproductive performance 
(Walsh et al. 2007). Sordillo and Raphael (2013) claimed that a progressive increase 
in blood NEFA levels before calving may be considered a significant factor promoting 
inflammatory responses of transition cows. A higher blood NEFA concentration could be 
related to an increased risk of displaced abomasum (Chapinal et al. 2011), metritis and 
retained placenta (Ospina et al. 2010a), lower milk yield (Ospina et al. 2010b), while it 
may also result in a greater early-lactation culling risk (Roberts et al. 2012). Propylene 
glycol (PG) is a glucogenic precursor, thus its supplementation is one of the methods used 
in the treatment of ketosis in postparturient dairy cows. Propylene glycol is metabolised 
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to propionate. It directly increases the propionate concentration in the rumen and can be 
converted to glucose via gluconeogenesis in the liver (Nielsen and Ingvartsen 2004). 
Many authors claim that propylene glycol could be effective in reducing the NEFA 
concentration in blood (Rizos et al. 2008; Liu et al. 2009). The decrease of blood NEFA 
is probably mediated by insulin, which is antilipolytic and responsive to elevated blood 
glucose levels (Christensen et al. 1997). Unfortunately, PG has a varied effect on dairy 
cows’ blood indices (Nielsen and Ingvartsen 2004; Piantoni and Allen 2015). The 
effect of PG seems to be probably dependent on the delivery method of this glucogenic 
substance. In a previous study (Mikuła et al. 2008) we concluded that the lack of a positive 
effect of PG is probably consequential to the method of application as a top dressing 
(TD) supplementation. Thus, the aim of this study was to determine the glucogenic and 
antiketotic effect of PG supplementation methods in dairy cows.

Materials and Methods
All animal procedures were conducted in accordance with the guidelines of the Polish Council of Animal Care. 

The protocol for this study was approved by the Local Animal Care Committee no. 10 of the Poznań University 
of Life Sciences (Acceptance No. 68/2008).

Animal management, propylene glycol and experimental diet
Four Polish Holstein dairy cows in their second lactation (129 ± 8 days in milk, 35 ± 1 kg of milk/d) were used in 

a 4 × 4 Latin square design. The experimental treatments were as follows: CON — without propylene glycol; 
TMR — 400 ml/d of PG mixed with the morning part of total mixed ration (TMR); TD — 400 ml/d of PG 
delivered as top dressing on the morning part of TMR; OD — 400 ml/d of PG delivered as oral drenching in 
the same time when TMR was delivered. The study consisted of 4 periods of 14 days each. The treatments were 
used during all time periods. PG (95.5% of 1,2-propanodiol, Brentag Polska sp. z o.o., Poland) was used in the 
liquid form. The cows were fed individually twice a day with a TMR complete ration in accordance with the IZ 
PIB - INRA recommendations (Strzetelski 2009). The diet (Table 1) met the requirements for the production of 
37.5 kg milk/d with 4% of milk fat and was balanced using the INRAtion 3.3 computer programme. The feed 
nutrition value was estimated by PrevAlim 3.23 on the basis of chemical analyses (AOAC 2005; Horwitz and 
Latimer 2005; Polish Norm PN 2009) of dry matter (AOAC 934.01), crude protein (AOAC 976.06), acid 
detergent fibre (PN-EN ISO 13906) and crude ash (AOAC 942.05).

Sample collection and chemical analyses
Blood samples were collected in the last 14 days of each Latin square periods from the jugular vein 0.5 h before 

and 0.5, 1.5, 2.5, 3.5, 5, 7, 9, 11 h after PG administration as OD and morning feeding (CON, TMR, TD) into a 
tube with polystyrene separating granules covered with a clot activator. After 1 h the samples were rotated in a 
centrifuge, the serum was separated and frozen at −20 °C for later analysis. Serum was thawed and analysed for 
NEFA concentration according to Duncomb’s colorimetric method (Duncombe 1964). The concentrations 
of glucose, triglycerides, β-hydroxybutyric acid (BHBA) and blood urea nitrogen (BUN) were assayed using 
a Pointe Scientific (Canton, USA) reagent kit (G7518-400, T7531-400, H7587-58, B7550-400). Serum 
hormone concentrations were analysed using radioimmunoassay (RIA) methods: insulin (PI-12K, Millipore 
Corporation, Burlington, USA), insulin-like growth factor I (IGF-I; DSL-2800, Diagnostic Systems 
Lab., Webster, USA), leptin (XL-85K, Millipore Corporation, Burlington, USA), ghrelin (GHRT-89HK, 
Linco Research, St. Charles, USA), thyroxine, and triiodothyronine (OCPG07-T4, OCPE07-T3, CISBIO 
International, Codolet, France). Individual voluntary dry matter intake was measured and recorded daily 
before the morning and afternoon feeding.

Statistical analyses
The obtained results were processed statistically using the SAS 9.1 statistical computer program package. One 

way analysis of variance was carried out using the GLM procedure and Duncan test. The model contained the 
effect of treatment (CON, TMR, TD, OD), the effect of the cow and the effect of the period and sampling error. 
Significance was declared at P ≤ 0.05 and, in turn, trends were considered when 0.05 < P ≤ 0.1.

Results

The method of PG delivery had no significant effect on the blood glucose concentration 
(P > 0.05) (Fig. 1). Oral drenching with PG had a positive effect leading to the highest 
blood insulin concentration at 1.5 and 2.5 h after this substance administration compared 
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Fig. 1. Effect of propylene glycol delivery method on the blood glucose concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with to-
tal mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching

Fig. 2. Effect of propylene glycol delivery method on insulin concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with to-
tal mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
a,b Significant differences between groups are indicated by different superscripts (P ≤ 0.05). 

Fig. 3. Effect of propylene glycol delivery method on insulin like growth factor - I  (IGF – 1) concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with to-
tal mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching 
a,b Significant differences between groups are indicated by different superscripts (P ≤ 0.05). 
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Fig. 4. Effect of propylene glycol delivery method on nonesterified fatty acids (NEFA) concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
a,b Significant differences between groups are indicated by different superscripts (P ≤ 0.05). 

Fig. 5. Effect of propylene glycol delivery method on β-hydroxybutyric acid (BHBA) concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
a,b Significant differences between groups are indicated by different superscripts (P ≤ 0.05). 

Fig. 6. Effect of propylene glycol delivery method on triglyceride concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
a,b Significant differences between groups are indicated by different superscripts  (P ≤ 0.05). 
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Fig. 7. Effect of propylene glycol delivery method on blood urea nitrogen (BUN) concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
a,b Significant differences between groups are indicated by different superscripts (P ≤ 0.05). 

Fig. 8. Effect of propylene glycol delivery method on leptin concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching

Fig. 9. Effect of propylene glycol delivery method on ghrelin concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
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to the TD method (P ≤ 0.05) (Fig. 2). A negative trend towards a lower mean blood 
insulin concentration after PG delivery as TD was observed when compared with other 
PG administration methods (P ≤ 0.1; data not shown). A rise of insulin concentration at 
1.5, 5, and 11 h after feeding was recorded (Fig. 2). Around 150 min after PG OD the highest 
concentration of IGF-I was observed when compared with TD administration (P ≤ 0.05) 
(Fig. 3). The same method of PG application (TD) resulted in higher NEFA concentrations 
3.5 h after feeding compared with other cows (P ≤ 0.05) (Fig. 4). A negative trend of 
higher mean NEFA concentrations after PG administration as TD was observed (P ≤ 0.1; 
data not shown). The trend toward the lowest NEFA concentration was recorded at 1.5 h 
(TMR, OD) (P ≤ 0.1) (Fig. 4). Administration of PG as OD had a positive effect resulting 
in the lowest BHBA concentration at 1.5 and 2.5 h after feeding, which was significantly 
relevant between TMR and TD (1.5 h) and TMR (2.5 h) (P ≤ 0.05) (Fig. 5). A positive 
effect on the lowest mean BHBA blood concentration after OD with PG compared with 
TD and TMR methods was noted (P ≤ 0.1; data not shown). Administration of PG as OD 
increased blood triglyceride concentrations at 2.5 h after supplementation in comparison 
to the TMR and TD methods (P ≤ 0.05). The highest triglyceride level was recorded in 
cows’ blood with PG supplementation (TMR, TD, OD methods) at 1.5 h after feeding 

Fig. 10. Effect of propylene glycol delivery method on triiodothyronine concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching

Fig. 11. Effect of propylene glycol delivery method on thyroxine concentration.
CON – without propylene glycol, TMR – 400 ml/d of propylene glycol mixed with total 
mixed ration; TD – 400 ml/d of propylene glycol delivered as top dressing, OD – 400 ml/d  
of propylene glycol delivered as oral drenching
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(P ≤ 0.1) (Fig. 6). At 30 min after 
PG OD, a significant increase 
in the BUN concentration was 
observed in comparison to TD 
application and diet without 
PG (P ≤ 0.05; Fig. 7). 

The method of PG delivery 
had no effect on leptin (Fig. 8), 
ghrelin (Fig. 9), triiodothyronine 
(T3, Fig. 10), and thyroxine 
(T4, Fig. 11) levels in blood. 
Propylene glycol delivered 
as TD reduced (P ≤ 0.05) 
voluntary dry matter intake 
by 2.6 kg in comparison to 
the other application methods, 
where the average dry mater 
intake was approximately 23.3 kg 
(data not shown).

Discussion

Available literature sources 
provide inconsistent information 
concerning the positive, 
glucogenic effect of PG feed of 
dairy cattle. Moreover, there are 
more and more reports which 
propose the best method of 
feed additive supplementation 
to maintain optimal animal 
welfare. In the previous study 

(Mikuła et al. 2008) no significant positive effect of PG was observed on the majority 
of the analysed biochemical markers of blood. It may be assumed that the weaker than 
anticipated glucogenic effect of PG resulted from the TD treatment method (Kristensen 
and R a u n  2007). Therefore, in this study we present the effect of PG application methods 
on changes in the dynamics of biochemical blood markers in dairy cattle.

It may be assumed that PG as a glucogenic substance might increase the blood glucose 
concentration. We statistically proved that none of the PG application methods (as a TMR 
component, TD or OD) resulted in increased blood glucose concentration. Similar results 
were obtained by Christensen et al. (1997) when comparing similar methods of PG 
application and blood taken at 0, 30, 60, 90, 180 and 330 min after PG was delivered, 
and by Chung et al. (2009a) who analysed two variants of the PG application: as a TMR 
component and TD. In the latter study, blood glucose analyses covered the period from 
0 to 240 min with 20-min intervals and also 480 and 720 min after PG was administered. 
No effect of PG administration via a TMR component and single esophageal feeding or 
ruminal feeding (through a rumen cannula) was observed also by Chung et al. (2009b). In 
their study, blood samples were collected from 0 to 240 min with 10- or 20-min intervals 
after treatment administration and that observation was consistent with our results. 
Different results were obtained by Grummer et al. (1994), who observed an increased 
glucose concentration in the blood of heifers from 0 to 360 min after the esophageal 

Table 1. Ingredients and nutrient composition of experimental TMR diet.

TMR – total mixed ration, DM – dry matter, UFL – feed unit for 
lactation (1700 kcal NEL), PDIN – dietary protein undegraded in 
the rumen, but truly digestible in the small intestine and microbial 
protein which could be synthesized in the rumen from degraded dietary 
nitrogen, when energy and other nutrients are not limiting, PDIE –
dietary protein undegraded in the rumen, but truly digestible in the 
small intestine and microbial protein which could be synthesized in the 
rumen from the energy available in the rumen, when degraded nitrogen 
and other nutrients are not limiting, LFU – fill unit for lactating dairy 
cows, VDMI – voluntary dry matter intake  

Ingredients  % of DM

Maize silage 26.9
Alfalfa silage 12.1
Sugar beet pulp silage 11.2
Brewer’s grain silage 8.1
Soybean meal 1.8
Rapeseed meal 7.9
Triticale grain 17.6
Barley grain 7.7
Wheat straw  3.6
Minerals and vitamins 3.1 
Nutrient composition 
UFL 21.6
PDIN (g) 2225
PDIE (g) 2248
Ca (g) 203
P (g) 89
LFU 17.9
VDMI (kg) 24.7
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feeding of 296, 592 and 887 grams of PG. Adamski et al. (2011) reported an increased 
glucose concentration in the blood of cows before the morning feeding after PG treatment 
in the form of a TMR component compared to the control group. The obtained data 
confirmed that glucose concentration in the blood is not an effective marker of energy 
balance. Also, Chung et al. (2009b) confirmed our observation; they argued that there are 
only slight changes in glucose concentration, which may result from the high effectiveness 
of the system responsible for the regulation of the level of this marker in the blood. 
A similar opinion is proposed by LeBlanc (2010), who argued that the use of glucose as 
a marker of metabolic status is questionable because of homeostatic glucose regulation. 
Kristensen and Raun (2007) suggested that increased concentration of PG and its ruminal 
fermentation product, propanol, in the blood influence insulin resistance of peripheral 
tissues, increase insulin and glucose levels and have hypoketonaemic effects.

Although no significant effect on glucose concentration was confirmed, OD with PG 
increased the insulin level after 1.5 and 2.5 h and IGF-I level 2.5 h after the application of 
the supplement compared to the TD application.

These results confirm the highest glucogenic effectiveness of OD with PG. It may 
be assumed that an increased synthesis of propionic acid in the rumen after a single 
esophageal application of PG will stimulate insulin release from the pancreas (Kristensen 
and Raun 2007; Chung et al. 2009b). In addition, Christensen et al. (1997) reported 
a positive glucogenic effect of esophageal PG application on increased insulin concentration 
compared to PG application in the form of a TMR component. According to Chung et al. 
(2009b), PG esophageal and ruminal application increased insulin concentration in the 
blood compared to the TMR component method. The same authors (Chung et al. 2009a) 
reported an increased insulin concentration at 1.5 and 2.5 h after a single PG application 
compared to the control feeding without the supplement addition. Different results were 
obtained by Chibisa et al. (2008), who did not confirm the effect of PG added to the 
TMR on insulin concentration in the blood. It is known that insulin is the key hormone, 
facilitating glucose passage through cell membranes, which has an effect on the endocrine 
regulation of glucose concentration in the blood. Vernon et al. (2005) argued that insulin 
is involved in the lipid metabolism of cows in the perinatal period, reducing blood NEFA 
and BHBA concentrations. The observed changes in the metabolite profile in our study 
partially confirm this hypothesis. Zammit (1999) reported a decrease in lipolysis in cows 
after esophageal administration of PG and lower NEFA and BHBA concentrations, which 
indicates reduced hepatic ketogenesis. Kristensen and Raun (2007) obtained similar 
results after ruminal application of PG. On the contrary, Christensen et al. (1997) found 
that OD with PG resulted in a reduced NEFA concentration, while significant changes in 
blood BHBA levels were not confirmed. Similarly to our results, Chibisa et al. (2008) 
showed that PG supplementation as TD did not change NEFA and BHBA concentrations 
in the blood compared with the control feeding without supplementation. Oral drenching 
with PG reduced the concentration of triglycerides in the blood after 2.5 h, in comparison 
with other forms of supplementation and the control group. According to Djoković 
et al. (2007), increased lipogenesis and ketogenesis in the liver resulted in decreased 
triglyceride concentrations in the blood. Thus, the obtained results regarding triglyceride 
concentrations at 2.5 h after OD with PG confirm the glucogenic efficiency of this form 
of supplementation. It may be assumed that PG has a slight effect on the modification of 
fermentation in the rumen, because only esophageal supplementation (after 0.5 h) resulted 
in an increased BUN concentration in the blood. Similarly, Chung et al. (2009b) reported 
that a single PG dose did not reduce nitrogen accessibility to rumen microorganisms by 
analysing ammonia concentration in the rumen. Miyoshi et al. (2001) noticed a tendency 
to increased BUN concentration after esophageal PG application. Chibisa et al. (2008) 
did not statistically confirm the influence of PG on BUN concentration.
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The effect of PG on hormone concentrations in tissues or leptin and ghrelin levels were 
not confirmed. Morrison et al. (2001) proved that leptin released by the adipocytes inhibits 
forage uptake, while Block et al. (2003) presented a negative correlation between leptin 
concentration and non-esterified fatty acid level. Probably the positive energy balance of 
the cows included in the study caused a lack of the endocrine response in the adipocytes 
(Liefers et al. 2003). The effect of the PG administration method on the ghrelin level, 
which according to Hayashida et al. (2001) is released by the abomasum mucosa, was not 
statistically confirmed. Wertz-Lutz et al. (2006) suggested that ghrelin stimulates forage 
uptake, whereas Takahashi et al. (2006) argued that this tissue hormone causes increased 
insulin secretion. Bradford and Allen (2008) also confirmed increased ghrelin secretion 
in the early lactation at the negative energy balance.

Regardless of the PG administration method, PG had no effect on the T3 and T4 
concentrations, which may be partially confirmed by a high metabolic activity of the liver 
(Stojić et al. 2001). Šamanc et al. (2010) observed a gradual decrease in T3 and T4 
concentrations from 30 days before calving to 12 days of lactation.

It was confirmed that PG supplemented as TD had a negative effect by decreasing the 
average forage dry matter intake by 2.6 kg compared to the other methods of supplementation 
and the control group. The bitter taste of PG was the probable cause of the reduced dry 
matter intake.

In conclusion, OD with PG resulted in the highest glucogenic effect. A positive statistical 
confirmation of the biochemical blood markers, such as increased insulin and IGF-I 
concentrations and decreased concentrations of NEFA and BHBA was observed after 2.5 
and 3.5 h. This observation should be taken into consideration for the optimisation of blood 
sampling time points during analyses. A possible explanation of the reduced effect of PG 
on concentrations of tissue hormones may be connected with a positive energy balance of 
the cows used in the study. 

The results of this study confirm that the best method of administering propylene glycol 
is by OD. This method can be useful in the prevention of ketosis in dairy cows. Long 
term experiment covering the transition and early lactation periods is needed to verify the 
usefulness of the findings in practice.
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