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High-producing dairy cows require an appropri-
ate management system, good care, and a tailored 
nutritional program that provides well-balanced feed 
rations. High yielders, especially during the peripar-
turient period, normally show a reduced feed intake 
with a concomitant increased demand for nutrients 
for milk synthesis. Thus, the incidence of metabolic 
disorders may greatly increase, and consequently, 
a decrease in milk production is noted. Deterioration 
in milk composition is also observed (4). Although 
a range of energy additives to ruminant diets has been 
extensively investigated (7, 48), an ongoing research 
focused on the negative energy balance of periparturi-

ent dairy cows is required (29, 50). In this regard, much 
attention is given, among others, to the use of energy 
feed additives in dairy cow diets and to their impact 
on animal metabolism and performance, as well as on 
milk composition. Each of gluconeogenic precursors, 
such as glycerol (51), propylene glycol (28), sodium or 
calcium salts of propionate (30), has a different route 
for conversion to glucose. Depending on their type 
and administration period, energy supplements may 
contribute to reducing metabolic disturbances during 
the transition period. Propylene glycol may affect 
glucogenic action in different ways. A portion of this 
substance is metabolized in the rumen to lactic acid 
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Summary

The aim of the study was to compare the efficiency of two energy preparations used at fixed doses, but for 
different lengths of time: 1) a loose mixture of propylene glycol and sodium propionate, and 2) a granular 
formulation of free fatty acids produced from palm oil and palm nut, non-degradable in the rumen.

A three-factorial experiment was carried out on 5 groups of Polish Black and White Holstein-Friesian cows 
(10 animals each) which were within the transition period. The aim of the experiment was to determine the 
effect of two energy preparations administered at a constant dose, but over different time periods, on the 
animals’ performance, as well as on their milk yield and composition. The following treatment groups were 
formed: control group C, which received a standard diet; experimental groups G1 and G2, which received 
a dietary additive of a glucogenic preparation; and experimental groups F1 and F2, which received a free fatty 
acid preparation. The diet of the transition cows was supplemented with the full dose of the additives (500 g/
head/day) for 2 weeks before the expected calving and 3 or 6 weeks of lactation.

The present research confirmed the benefits of dietary inclusion of energy supplements for transition cows. 
Supplementation with both glucogenic and free fatty acid preparations reduced the negative energy balance 
in the cow’s organism and improved milk production and composition. The milk yield, higher by ca. 10% for 
the cows fed diets with energy additives (relative to the control treatment), provides evidence of a substantial 
beneficial effect of supplemental dietary energy on the efficiency of cow milk production.

In the present study, the best basic milk composition was obtained in the cows receiving a dietary addition 
of the glucogenic preparation at a dose of 500 g/head/day until the end of the 6th lactation week. The animals 
from this group also had the highest milk yield evaluated for 305 days. In order to improve the energy balance 
in high-yielding transition cows, it is recommended that dairy managers apply feed energy additives based on 
propylene glycol and sodium propionate.
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and propionic acid, which are converted to glucose by 
hepatocytes; the glycol portion which escapes rumen 
fermentation, is absorbed by the rumen wall or from 
the gastrointestinal tract and is converted to glucose 
by the liver (28).

In ruminants, propionate serves as an energy source 
and may also act independently as a metabolic mediator 
of nutritional status (14). Propionate is the primary glu-
cogenic substrate in the dairy cow, and thus pathways 
for the use of this glucose precursor are stimulated in 
the dairy cow. Propionate is easily absorbed into blood 
in the rumen wall and transported to the liver, where 
it is converted into glucose via gluconeogenesis (47). 
The conversion of propionate to glucose depends on 
conversion to propionyl co-A and to succinyl co-A 
before entry into the citric acid cycle and subsequently 
into the gluconeogenic pathway by the activity of 
phosphoenol pyruvate carboxykinase (17). However, 
glucogenic agents may have detrimental influence on 
feed intake (39). On the other hand, a common practice 
today is to meet energy requirements for milk produc-
tion, reproduction, and body condition restoration by 
the inclusion of fat in diets of lactating dairy cows. 
The fatty acid composition of rumen-inert fats include 
long-chain fatty acids (LCFAs), the most common 
being palmitic (C16:0), stearic (C18:0), oleic (C18:1), 
and linoleic (C18:2) acids. LCFAs are not just a source 
of energy, but are also bioactive compounds and have 
metabolically different functions in the cow (31). The 
presence and roles of C16:0 and C18:0 FA in dairy cow 
metabolism are quite different (9, 20). Palmitic acid is 
a fatty acid (FA) found in the greatest quantity in milk 
fat. Dietary sources of C16:0 generally increase milk 
fat yield and are used as an energy source for milk 
production and replenishing body weight lost during 
periods of negative energy balance. Stearic acid is the 
most abundant FA available to the dairy cow and is 
used to a greater extent for milk production and energy 
balance than C16:0. A series of studies reviewed by 
Loften et al. (31) suggest that feeding a combination 
of C16:0 and C18:0 may optimize their utilization 
for the milk production and overall performance of 
dairy cows. However, longer-term lactation studies 
are needed to better determine and evaluate lasting 
affects on milk FA composition and yield when only 
C16:0 or C18:0 is fed.

Such supplements can also have an effect on the level 
of biochemical indicators related to energy metabo-
lism: e.g. glucose, beta-hydroxbutyric acid (BHBA), 
non-esterified fatty acids (NEFA), and cholesterol 
(12, 15, 42). Moreover, energy supplements affect 
milk yield and composition. Given different modes 
of action of the two additives used as energy sources 
(a glucogenic one – energy available in the rumen, and 
a formulation of free fatty acid – a rumen-inert energy 
source), the aim of the present research was to evaluate 
the impact of different time periods of their adminis-
tration to transition cows on the cows’ performance as 
well as blood and urine parameters.

Material and methods
Experimental design and animal feeding management. 

The study included 50 Polish Black-and-White Holstein- 
-Friesian dairy cows allocated into 5 treatment groups (10 
animals each) with an average annual milk yield of 8725 
liters and with 3.26% protein and 3.84% fat content. The 
cows were managed under a tie-stall housing system. The 
animals were placed in the experimental groups successively, 
during their drying-off onset, as assessed by the analogue 
method, taking into account their age, annual milk produc-
tion in the previous lactation, and body weight. All the ani-
mals were fed in compliance with the IZ PIB-INRA (18) 
standards. The main ingredients of their basal diets were 
(nutritive value of 1 kg DM): maize silage (0.89 UFL – feed 
unit for milk production, 52 g PDIN – protein truly digestible 
in the small intestine when N limits microbial protein synthe-
sis, 69 g PDIE – protein truly digestible in the small intestine 
when energy limits microbial protein synthesis, 1.09 LFU 
– fill units for cows), grass haylage (0.78 UFL, 74 g PDIN, 
69 g PDIE, 1.23 LFU), ensiled maize grain (0.67 UFL, 39 g 
PDIN, 49 g PDIE), meadow hay (0.62 UFL, 56 g PDIN, 
61 g PDIE, 1.18 LFU), and the basal concentrate (1.01 UFL, 
175 g PDIN, 133 g PDIE). The main ingredients of their 
basal diets were given in a mix form (PMR) at a ratio of  
35 : 40 : 5 : 15 : 5 (DM basis), respectively, in the dry period, 
and at a ratio of 50 : 20 : 20 : 2 : 8 during lactation. Addition-
ally, all the cows with a daily milk yield over 18 kg received 
an appropriate amount of the experimental concentrate (MP).

The experimental factors were a loose glucogenic prepara-
tion (G) composed of propylene glycol (BASF) and sodium 
propionate (99% purity, Pestell Minerals&Ingredients, New 
Hamburg, Canada) (50 : 50) and a free fatty acid preparation 
(F; own composition) containing C 16:0, C 14:0, and C 18:0 
fatty acids at a 98 : 1 : 1 ratio and produced from palm oil 
and palm kernel as rumen-undegradable pellets. The diet 
of the transition cows was supplemented daily for 5 or 8 
weeks (for 2 weeks before the expected calving and 3 or 6 
weeks of lactation) with the full dose of the experimental 
additives (500 g per head) as a component of the experi-
mental concentrate. The dose of the additives was based on 
the authors’ previous experiments (22-24) and the available 
literature (31, 32, 41).

Thus, for purposes of this experiment, 5 groups were 
formed: a control group (C), which received a standard diet, 
and 4 experimental groups with a dietary additive of the 
glucogenic preparation (G1 and G2) or the free fatty acid 
preparation (F1 and F2) (Tab. 1). To ensure the total intake of 
Tab. 1. Experiment design

Group Dose of experimental additives
[g/head/day]

Duration of additive application 
[weeks prior/post calving]

C – –

G1 500 –2/+3

G2 500 –2/+6

F1 500 –2/+3

F2 500 –2/+6

Explanations: G – glucogenic preparation (loose propylene glycol 
and sodium propionate at 50 : 50 ratio); F – free fatty acid prepa-
ration (C16:0, C14:0 and C18:0 at 98 : 1 : 1 ratio)
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the experimental supplements, the experimental concentrate 
was offered to animals individually, at the morning feed-
ing, in two parts. The first part (1 kg) of the experimental 
concentrates, which included the additives (MPG or MPF) 
(Tab. 2), and the other part of the concentrate (MP), with no 
experimental supplements, were provided on a regular basis 
in order to meet standard animal nutritional requirements.

Experimental procedures, sampling, and analysis. 
The study evaluated the chemical composition and nutritive 
value of diet ingredients, the cows’ body condition score and 
production efficiency, as well as milk composition. During 
the research (3 weeks prior to parturition and in the 2nd and 
14th weeks after calving), the body condition score (BCS) 
of the experimental animals was assessed. The feeds were 
analyzed for the basal nutrient content according to methods 
approved by AOAC (2). The energy value of 1 kg GA, con-
sisting of propylene glycol and Na-propionate mixed 1 : 1, 
was calculated as 2.0-2.5 UFL on the basis of the energy 
value (computed in NEL) by Miyoshi et al. (35) for 1 kg 
propylene glycol and by Liu et al. (30) for Na-propionate, 
whereas the fatty acids preparation supplied 2.5-3.0 UFL of 
energy per 1 kg (data not shown).

Milk yield was recorded and milk samples for chemical 
analysis were collected at the end of the 2nd, 6th, 10th, and 
14th weeks of lactation. The fat content and protein content 
of the milk samples was determined using a Milko-Scan 
apparatus (Bentley Instruments Inc., Chaska, USA). For 
a better comparison of the milk energy yield, the milk energy 

value was calculated using an equation proposed by Tyrrell 
and Reid (49).

Blood and urine samples were taken from the cows three 
weeks prior to the planned delivery and in the 2nd, 6th, 10th, 
and 14th weeks after calving. The samples were obtained 
from each cow in the morning after milking and before feed-
ing. Blood was sampled from the external jugular vein into 
test tubes filled with heparin. Urine was sampled by means 
of disposable catheters into sterile containers.

After centrifugation of the blood in the laboratory, bio-
chemical plasma parameters, such as glucose (GLU), total 
cholesterol (CHOL), triacylglycerols (TG), and HDL-chol 
fractions, were determined by colorimetric methods with 
Cormay monotests and a Helios Epsilon spectrophotometer. 
The lipoprotein fraction of low-density cholesterol (LDL) 
was calculated by Friedewald’s formula (11): LDL (mmol l–1) 
= total cholesterol – HDL – triglycerides/2.2. The enzymatic 
method based on Randox reagents was used to determine 
the content of beta-hydroxybutyric acid (BHBA) and free 
fatty acids (NEFA) in the blood plasma. In the urine, pH 
was determined immediately after sampling with the use 
of a pH-METER CP–551 microcomputer. Indicator strips 
were used to identify ketone bodies, glucose, protein, uro-
bilinogen, and blood. Moreover, in the laboratory, glucose 
and beta-hydroxybutyric acid were determined in the urine 
samples with Cormay and Randox monotests.

The experiments were approved by the 2nd Local Ethics 
Committee for Animal Testing in Lublin (Resolution No. 
35/2006 of 26 September 2006).

Statistical analyses. The parameter indices and meta-
bolic rate were analyzed statistically with Statistica ver. 
5.1.G. (StatSoft, Inc.) by analysis of variance according to 
the model:
Yijk = µ + ai + bj + ck + (ab)ij + (ac)ik + (bc)jk +(abc)ijk + eijk

where: µ – overall mean; ai – effect of i-additive; bj – effect 
of j-physiological period; ck – effect of k-date; (ab)ij – effect 
of i-additive and j-physiological period interaction; (ac)ik  
– effect of i-additive and k-date interaction; (bc)jk – effect 
of j-physiological period and k-date interaction; (abc)ijk  
– effect of i-additive, j-physiological period and k – date; 
eijk – random error.

The significance of differences between the means was 
determined with Duncan’s multiple confidence interval set 
at 0.05 and 0.01 levels of significance.

Results and discussion
Three weeks before parturition, the body condition 

scores of the cows amounted on average to 3.80 BCS 
(Tab. 3), whereas after calving, they decreased in the 2nd 
and 14th weeks, compared to the prepartum. The lowest 
loss of condition scores (p ≤ 0.05) in the first two weeks 
and in the 14th week postpartum was noted the G1 
group of cows (Tab. 3), whose diet was supplemented 
with the glucogenic preparation until the 3rd lactation 
week. A comparison of the cows’ condition scores in 
the 14th week of lactation with their scores in the 2nd 
week after calving indicates a markedly lower loss in 
the cows receiving the experimental additives (Tab. 3).

Tab. 2. Composition of concentrates introduced into diet

Component
M0 MP MPG MPF

%

Barley 25.5 12 6 6

Wheat 0 12 6 6

Maize 0 21.5 10.75 10.75

Wheat bran 30 – – –

Soybean meal (46% CP) 20 28 14 14

Rapeseed meal 00 (35% CP) 20 22 11 11

Soybean oil 1 1 0.5 0.5

Mineral-vitamin mixture* 2.5 2.5 1.25 1.25

Sodium carbonate 1 1 0.5 0.5

Glucogenic preparation (G) – – 50 –

Free fatty acid preparation (F) – – – 50

Nutritive value of 1 kg DM2

UFL 1.01 1.14 1.63 1.70

PDIN, g 175 194 155 157

PDIE, g 133 156 189 171

Explanations: M0 – basal concentrate; MP – experimental con-
centrate (given to cows with daily milk yield exceeding 18 kg); 
MPG – experimental concentrate with glucogenic preparation; 
MPF – experimental concentrate with free fatty acid preparation;  
* content of each mineral component varied among dry and 
lactating cows; UFL = Feed Unit for milk production; PDIN = 
protein truly digestible in the small intestine when N limits mi-
crobial protein synthesis; PDIE = protein truly digestible in the 
small intestine when energy limits microbial protein synthesis
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A positive effect of the feed additives on the cows’ 
milk performance and milk composition, calculated 
per 100 days of lactation, was observed (Tab. 4). In 
the present study, irrespectively of the supplementa-
tion duration, a significantly (p ≤ 0.05) higher milk 
production was noted in the glucogenic preparation-
supplemented cows (groups G1 and G2). On the other 
hand, in the F1 and F2 groups a significantly (p ≤ 0.05) 
higher content of basic compounds and energy was 
found. In all experimental groups, a significantly 
increased energy yield was noted as compared with 
the control group. However, a comparison of the two 
energy additives (G vs. F) showed a higher energy 
yield per 100 days of lactation in the groups receiving 
propylene glycol and Na-propionate, with the highest 
energy efficiency in the G2 group.

There was a positive relationship between the 
duration of glucogenic additive application and milk 
production at the peak of lactation (10th week post 
parturition) and a negative relationship between its 
duration and the milk fat content. In the cows supple-
mented with the free fatty acid preparation, however, an 
inverse relationships were revealed (data not shown).

In this study (Tab. 5), the experimental factors had an 
evident effect on glucose (GLU), beta-hydroxybutyric 
acid (BHBA), and non-esterified fatty acids (NEFA). 
The glucose fraction in the blood plasma during 

lactation was significantly higher in the 
cows receiving the glucogenic preparation 
(groups G1 and G2). Furthermore, the aver-
age content of BHBA in the cows from the 
control group (C) over the entire 14-week 
post-calving period was significantly higher 
compared to its content in the blood plasma 
drawn from the other groups. The highest 
concentration of this acid was recorded in 
the cows from the control group from the  
4th week of lactation until the end of the 
experiment (14th week of milking). An anal-
ogous relationship was observed for free 
fatty acids in blood plasma. All experimen-
tal factors significantly (p ≤ 0.01) affected 
BHBA and NEFA levels (Tab. 5). Also the 
interaction of the factors (A × P; A × W;  
A × P × W) had a significant (p ≤ 0.05) 

impact on both indices. Glucose concentration, on the 
other hand, depended (p ≤ 0.05) only on the type of 
energy additive (A).

The supplements also contributed to the increased 
total cholesterol content in the blood plasma of cows 
(Tab. 5), confirmed statistically (p ≤ 0.05) from the  
6th week of lactation onwards. A gradual increase in 
the level of this indicator was observed over the lacta-
tion period. Similarly, the concentration of HDL-Chol 
in the blood plasma of the cows fed with the supple-
ments was significantly higher from the 6th week of 
lactation onwards, in comparison with the control 
group. However, the effect of the supplements used 
on the content of triacylglycerols in blood plasma 
was equivocal and statistically insignificant. A sta-
tistically significant (p ≤ 0.05) impact of the type of 
additive, physiological period, and week of lactation 
on total cholesterol and its fraction levels was found. 
Interaction between the experimental factors did not 
influence lipid indices.

Cow urine tests performed with the use of testing 
strips three weeks before and two weeks after calving 
revealed the presence of ketone bodies, while glu-
cose, protein, and urobilinogen were also identified 
in individual cows (data not shown). However, in the 
subsequent weeks of lactation, traces of ketone bodies 
were found only in the urine of the control group (C). 
No significant effect of the supplements on the acid-
ity of urine was identified: only the animals from the 
control group showed a short-term reduction in pH 
values 2 weeks after calving (Tab. 6). In quantity tests, 
glucose and beta-hydroxybutyric acid were found in 
the urine of all cows, but the glucose content was lower 
for the cows receiving the experimental supplements 
than it was for the control group. Furthermore, there 
were significant (p ≤ 0.05) changes in the content of 
glucose depending on the date of urine analysis and 
the physiological period of cows. In particular, two 
weeks after calving, cows selected from the control 
group had increased levels of BHBA in their urine. 

Tab. 3. Body condition score of cows during the trial

Group
Body condition, BCS

Observation week (calving day = 0)

–3 +2 +14

C
G1
G2
F1
F2

3.78
3.80
3.82
3.80
3.76

3.21b

3.38a

3.36a

3.30b

3.28b

2.98b

3.35a

3.30a

3.21a

3.25a

SEM 0.28 0.47 0.85

Parameter

Effect of1

factor interaction of factors

A P W A × P A × W P × W A × P × W

Body condition (BCS) * * * ns ns * ns

Explanations: a, b – values differ significantly between groups at p < 0.05;  
1 probability of factor impact (A = additive: G or F), P = physiological period, 
W = week) and interaction of factors: * p ≤ 0.05, ** p ≤ 0.01

Tab. 4. Daily yield per 100 days of lactation

Group Milk yield 
[kg/day] Fat [%] SNF [%] Energy 

[Mcal/kg]
Energy yield 

[Mcal]

C 31.28b 3.86b 8.38b 0.71b 22.25c

G1 34.26a 3.83b 8.19b 0.70b 23.96ab

G2 35.05a 3.91ab 7.99b 0.70b 24.43a

F1 30.88b 4.10a 8.84a 0.76a 23.35b

F2 31.88b 4.02ab 8.56a 0.74a 23.43b

SEM 0.836 0.115 0.147 0.012 0.365

Explanations: a, b, c – values differ significantly between groups 
at p < 0.05
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The significantly lowest content 
of beta-hydroxybutyric acid in 
urine was a characteristic of the 
cows receiving the glucogenic 
supplement until the 6th week of 
lactation (group G2). This effect 
fully corresponded to the total 
content of ketone bodies revealed 
by the strip test of urine.

In the transition period, cows 
with high genetic potential are 
most susceptible to energy defi-
ciency associated with loss of 
appetite (32). This results, at best, 
in a decreased milk production 
and changes in milk composition. 
However, metabolic disorders 
and even involuntary culling of 
cows may also occur. Nutritional 
energy deficiencies in cows 
in early lactation can largely 
be prevented by well-balanced 
feed rations and gluconeogenic 
supplementation (3). Therefore, 
the type of feed additives is criti-
cally important. Feed additives 
not only supply sufficient energy, 
but also affect the general health 
status of animals and modify the 
composition of their milk (22). 
In the present study, the intake 
of the basal diets provided to 
all experimental groups was at 
a similar level (data not shown). 
However, from the 2nd week of 
lactation onwards, especially in 
the 6th week, a higher dry matter 
intake was noted, particularly 
in the glucogenic preparation-
supplemented groups, compared 
to the control treatments (27). 
This may have resulted from the 
high digestibility of the additive, 
an increased intensity of diges-
tive processes, or the individual 
predisposition of the animals (5).

In the 3rd week before calving, 
there were minor differences in 
the cows’ body conditions, and 
only some animals had devel-
oped excess adiposity. Cows 
with too much fatty deposit may 
drastically reduce feed intake 
immediately before parturition. 
This, in turn, results in lower feed 
intakes and greater weight loss 
after calving. This situation often 
persists through the first weeks 

Tab. 5. Blood plasma biochemical parameters of pregnant and lactating cows [mmol l–1]

Parameter Group
Observation week (calving day = 0)

–3 +2 +6 +10 +14

Glucose

C
G1
G2
F1
F2

3.94
4.04
3.57
3.72
3.77

3.73b

4.23a

4.13a

3.78b

3.71b

3.39b

4.83ab

4.07a

3.71ab

3.59b

3.62b

4.65a

4.10a

3.69b

3.87b

3.83b

4.93a

5.07a

3.98b

4.11b

SEM 0.182 0.248 0.667 0.425 0.553

BHBA

C
G1
G2
F1
F2

0.328
0.319
0.315
0.319
0.354

0.708a

0.398b

0.398b

0.497b

0.498b

1.650a

0.376c

0.287c

0.696b

0.489bc

1.452a

0.412c

0.287c

0.664b

0.343c

1.166a

0.347c

0.191d

0.579b

0.322c

SEM 0.015 0.126 0.546 0.483 0.367

NEFA

C
G1
G2
F1
F2

0.219b

0.209b

0.245ab

0.342a

0.297ab

0.327ab

0.279b

0.309b

0.368a

0.365a

0.842a

0.390c

0.438c

0.573b

0.602b

0.679a

0.412bc

0.339c

0.461b

0.489b

0.537a

0.279b

0.217c

0.283b

0.295b

SEM 0.057 0.037 0.176 0.127 0.123

Total cholesterol

C
G1
G2
F1
F2

3.04
3.30
3.27
3.19
2.97

1.89
2.27
2.14
1.99
2.13

1.87b

1.97b

2.33ab

2.16ab

2.62a

1.64b

2.45a

2.69a

2.11ab

2.84a

2.07b

3.67a

3.84a

2.53ab

3.38a

SEM 0.144 0.147 0.298 0.481 0.764

Triacylglycerols

C
G1
G2
F1
F2

0.251ab

0.281a

0.271a

0.221b

0.211b

0.251ab

0.231b

0.281a

0.231b

0.241ab

0.201b

0.221ab

0.271a

0.241ab

0.261a

0.201ab

0.161b

0.171b

0.211a

0.181b

0.201b

0.281a

0.261a

0.191b

0.201b

SEM 0.030 0.021 0.029 0.021 0.041

HDL-Chol

C
G1
G2
F1
F2

2.67ab

2.94a

2.78ab

2.73ab

2.43b

1.64
1.92
1.84
1.73
1.82

1.52b

1.71ab

2.03a

1.85ab

2.28a

1.16c

2.08ab

2.19b

1.79ab

2.46a

1.57c

3.08b

3.18b

2.24a

2.98a

SEM 0.186 0.108 0.292 0.496 0.689

LDL-Chol

C
G1
G2
F1
F2

0.26b

0.23b

0.37ab

0.36ab

0.44a

0.14b

0.24a

0.17b

0.16b

0.20ab

0.26a

0.16b

0.18b

0.20ab

0.22ab

0.39a

0.30ab

0.42a

0.22b

0.30ab

0.41ab

0.46ab

0.54a

0.20b

0.31b

SEM 0.086 0.039 0.038 0.080 0.132

Parameter

Effect of1

factor interaction of factors 

A P W A × P A × W P × W A × P × W

Glucose * ns ns ns ns ns ns

BHBA ** ** ** * * ns *

NEFA ** ** ** * * ns ns

Total cholesterol * * * ns ns ns ns

Triacylglycerols ns ns ns ns ns ns ns

HDL-Chol * ns ** ns ns ns ns

LDL * * * ns ns ns ns

Explanations: a, b – values differ significantly between groups at p ≤ 0.05; 1probability of 
factor impact (A = additive: G or F,, P = physiological period, W = week) and interaction 
of factors: * p ≤ 0.05, ** p ≤ 0.01, ns = p > 0.05
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postpartum and leads to an excessive negative energy 
balance in the organism (22, 37). In our experiment, 
the cows from the control group showed significant 
loss of condition from the 3rd week before parturition 
until the 14th week after parturition. In cows from the 
experimental groups receiving the experimental addi-
tives, the loss of condition was much lower. This dem-
onstrates an optimal concentration of energy supplied 
in relation to the animals’ requirements. Furthermore, 
the supplements contributed to the increased milk per-
formance of cows in the experimental groups, which 
was on average by ca. 8% better than that of the control 
cows. Furthermore, the average daily milk yield of the 
cows provided with the glucogenic preparation in their 
diet was higher by as much as 13% than in the control. 
This result indicates an appropriate energy level in their 
feed ration as well as its optimal availability at the level 
of the rumen and small intestine. The free fatty acid 
preparation additive also improved the efficiency of 
cow milk production, but only by ca. 3%.

The analysis of blood components is a useful tool 
in evaluating the health or nutrition status of a cow 
(1, 10), especially with regard to the level of energy 
supplied (16, 38). Three fundamental blood parameters 
are needed to evaluate the energy nutrition status of 
a cow: glucose, beta-hydroxybutyric acid (BHBA), 
and non-esterified fatty acids (NEFA) (16). It must be 

noted that the content of glucose 
in blood is not very stable. Its 
level changes during the day 
and night, differs in stressful 
situations, and increases after 
feeding. While the level of glu-
cose in the organism is strictly 
controlled by insulin and other 
hormones (44), it is generally 
believed that the content of 
glucose in blood plasma reflects 
its current level in the organism. 
In this study, the mean content 
of glucose in blood plasma fell 
within reference limits (52), yet 
the energy supplements contrib-
uted to an increase in the content 
of glucose in blood plasma (28). 
This effect during the experi-
ments was a reflection of the 
animals physiological condition, 
but was not explicit.

Compared with the control 
group, the cows receiving the 
experimental supplements also 
had a significantly reduced 
concentration of beta-hydroxy-
butyric acid and NEFA in their 
blood plasma. It is believed that 
the content of BHBA in blood 
is an indicator of the short-term 

energy status of the organism (16, 44, 45). Hence, the 
evaluation of the content of this acid in blood plasma 
can be used to diagnose subclinical ketosis, whereas 
the content of non-esterified fatty acids (NEFA) in the 
blood plasma indicates the status of energy processes 
over a longer period. Thus, an increased level of these 
acids reflects the size of fat reserves mobilized in the 
organism (6, 44). An increase in the concentration of 
NEFA is a response to an insufficient intake of energy 
with the ration in relation to the need (25, 26). Chung et 
al. (6) and Janovick et al. (19) suggest that the concen-
tration of NEFA in cows should be below 0.7 mmol l–1 
at early stages of lactation, and below 0.4 mmol l–1 at 
the final stage of pregnancy. A high level of BHBA 
and/or a high concentration of NEFA, given normal or 
low contents of glucose in cows’ blood plasma, may 
constitute evidence of an existing energy deficiency, 
but this condition does not necessarily mean that the 
feed ration is deficient in energy (22). The addition 
of feed fat can increase the content of NEFA in blood 
plasma. However, Moallem et al. (36) found that the 
average increase in the NEFA concentration in blood 
plasma after the introduction of a fat supplement was 
definitely lower than changes in the content of NEFA 
typical of the transition period. McArt et al. (33) claim 
that a feed fat supplement can decrease the mobiliza-
tion of energy reserves, and thus the concentration of 

Tab. 6. Biochemical parameters in the urine of cows

Parameter Group
Observation week (calving day = 0)

–3 +2 +6 +10 +14

pH C
G1
G2
F1
F2

8.42
9.04
8.79
8.96
8.92

7.94b

8.47ab

9.03a

8.62a

8.63a

8.02b

9.32a

9.31a

8.70ab

8.91ab

8.53b

8.86b

9.35a

8.81b

9.02ab

8.68
9.11
8.90
8.94
8.97

SEM 0.244 0.394 0.536 0.301 0.156

Glucose [mmol l–1] C
G1
G2
F1
F2

2.55a

2.23a

2.31a

1.94b

1.83b

2.94a

2.34ab

2.29ab

1.77b

2.08ab

3.07a

2.45ab

2.09b

1.96b

1.54b

3.12a

2.20b

1.99b

1.80c

1.20c

1.32a

1.06a

0.83b

0.73b

0.50b

SEM 0.290 0.430 0.575 0.699 0.314

BHBA [mmol l–1] C
G1
G2
F1
F2

1.52a

0.78b

0.92b

0.81b

0.96b

1.64a

0.53b

0.51b

0.91ab

0.89ab

2.56a

0.63c

0.42c

1.17b

0.77bc

1.62a

0.51b

0.38b

0.99ab

0.78b

0.97a

0.38b

0.30b

0.93a

0.73ab

SEM 0.301 0.457 0.856 0.488 0.309

Parameter

Effect of1

factor interaction of factors

A P W A × P A × W P × W A × P × W

pH ns ns ns ns ns ns ns

Glucose ** ** ** * ns * ns

BHBA ** ns ** * ns ns ns

Explanations: a, b – values differ significantly between groups at p ≤ 0.05; 1probability of 
factor impact (A = additive: G or F, P = physiological period, W = week) and interaction of 
factors: * p ≤ 0.05, ** p ≤ 0.01, ns = p > 0.05
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NEFA in blood plasma, and reduce the probability of 
ketosis. Opinions are split (40).

Because determination of ketone compounds in 
blood is a complex process, in practice it is enough to 
identify these compounds in urine by means of quality 
test strips. With regard to acidity, when evaluating the 
pH of urine in ruminants, the type of feeds administered 
to the animals should be taken into account (52).

It should be noted that the urine of healthy animals 
should not contain glucose (52). The experiments 
carried out revealed that small amounts of this sugar 
were present in the animal urine tested, and the high-
est mean concentrations were found in the urine of the 
cows two and six weeks after calving. However, the 
interpretation of such results must take into account 
physiological glycosuria. This condition can occur as 
a consequence of pregnancy, stress, enhanced rations of 
feeds rich in easily digested carbohydrates, and lacta-
tion (52). In our experiment, the supplements used, in 
particular the glucogenic supplement (a precursor of 
glucose), significantly reduced the level of glucose in 
urine. Although the glucose content in the urine of the 
experimental cows increased slightly during the initial 
weeks of lactation (which could have been an immedi-
ate consequence of providing energy supplements with 
feed rations), it gradually decreased in the subsequent 
weeks. This may constitute evidence of the optimum 
balance (between supply and use) of energy in feed 
rations for cows in that period. The supplements, which 
were an additional source of energy for the cow’s 
organism, played a role in the optimum use of energy.

With regard to ketone compounds, only trace 
amounts are allowed in the urine of healthy animals 
(13, 52), and an increased concentration of these com-
pounds in ruminants is a symptom of ketosis, liver fail-
ure, acidosis, or starvation (34). Beta-hydroxybutyric 
acid is a predominant ketone compound in urine (52). 
The highest concentration of these compounds in urine 
was recorded in the control group, while the lowest 
was determined in the cows receiving the glucogenic 
supplement or the fatty acid preparation.

Changes in the values of lipid parameters of blood: 
total cholesterol, its high-density lipoprotein (HDL) 
and low-density lipoprotein (LDL) particles, and 
triacylglycerols (TG), are significant in evaluating the 
course of metabolic processes in the organism. The 
supplements used in our experiments contributed to an 
increase in the concentration of total cholesterol in the 
blood plasma of the experimental cows. This situation 
should be regarded as favorable, since in ruminants, 
unlike in humans, a reduced concentration of choles-
terol may be a problem (43, 46). We found that, regard-
less of the type of supplement used, there was a positive 
relationship between the duration of application and 
the content of total cholesterol in blood plasma. In 
addition, the concentration of HDL-Chol (%) in the 
blood plasma of cows receiving energy supplements 
was significantly higher than in the control group.

Additionally, the supplements had influence on the 
content of triacylglycerols (TG) in the blood plasma 
of cows. TGs are the main form in which fat reserves 
are stored in the body, and these are accumulated 
in adipose cells and released into the bloodstream 
when needed (21). Lactation is a period during which  
the greatest amounts of triacylglycerols are released 
from adipose cells. This opinion is supported by our 
studies.

The content of major milk constituents (mainly 
lactose and protein) is mainly conditioned genetically, 
and therefore the demand for the precursors of these 
components (glucose, propionic acid) increases along 
with a growing cow milk yield. A deficiency of glu-
cose sources in early lactation has primarily a negative 
impact on the milk protein level, as the lack of energy 
sources is responsible for the use of amino acids for 
glucose synthesis, rather than for lactose formation 
(8). Substantial amounts of fiber in a feed ration are 
conducive to an increased acetic acid level in the rumen 
(precursor of milk fat), and this effect occurs at the 
expense of propionic and butyric acid levels. Further, 
low milk fat is reported for an increased concentrated 
feed content in a feed ration at the expense of rough-
ages, which takes place when the level of the precur-
sor of milk fat, i.e. acetic acid, declines in the rumen. 
In the present research, the protein and fat content in 
milk varied depending on the collection date. It may be 
concluded that the energy supplements helped maintain 
the protein and fat content at the optimal level. The best 
results were obtained for the cows fed the glucogenic 
additive at an amount of 500 g/head/day until the end 
of the 6th week of lactation. Moreover, this group of 
cows (G2) had the highest milk yield assessed for 305 
days of lactation.

The present research confirmed the benefits of 
dietary inclusion of energy supplements for transi-
tion cows. Supplementation with both glucogenic 
and free fatty acid preparations reduced the negative 
energy balance in the cow’s organism and improved 
milk production and composition. Furthermore, fac-
tors such as the ration and supplement type as well as 
their administration period have been found to limit 
negative impact on body condition in periparturient 
cows. The milk yield, higher by ca. 10% for the cows 
fed diets with energy additives (relative to the control 
treatment), provide evidence of a substantial beneficial 
effect of supplemental dietary energy on the efficiency 
of cow milk production.

In the present study, the best basic milk composition 
was obtained in the cows receiving a dietary addition of 
the glucogenic preparation at a dose of 500 g/head/day 
until the end of the 6th lactation week. The animals from 
this group also had the highest milk yield evaluated for 
305 days. In order to improve the energy balance in 
high-yielding transition cows, it is recommended that 
dairy managers apply feed energy additives based on 
propylene glycol and sodium propionate.
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