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Milk fat is the main energy component of milk 
and the most easily digested animal fat in the human 
diet. The composition of milk fat and thus fatty acid 
(FA) content are not constant and are affected, among 
others, by diet composition, rumen fermentation and 
cattle breed (2, 3). FA composition is influenced by 
the season and lactation stage as well as the nega-
tive energy balance (NEB) or a decline in cow body 
condition (14, 20). A successful adaptation to both the 
onset of lactation and the resulting NEB can provide 
for a healthy and productive lactation, whereas a poor 
adaptive response can lead to a multitude of problems 
including clinical disease, reduction in fertility and 
impaired milk production (5, 13, 21). One indicator of 
a poor adaptive response is an elevation in circulating 
ketone body concentrations in blood. Ketone eleva-
tions during postcalving are part of a normal adaptive 
response, but excess ketone accumulation is harmful. 
Ketosis occurs when adipose tissue is used to meet 
energy demands and when non-esterified fatty acids 
(NEFAs) are incompletely oxidized into ketone bodies. 
Ketosis can be diagnosed based on clinical symptoms. 
Subclinical ketosis (SCK) is simply a condition marked 
by increase in the concentration of ketone bodies in 
the blood without the presence of the clinical signs of 

ketosis. Subclinical ketosis has a prevalence of around 
7% to 41%, and it occurs mainly in high-yielding cows 
(23). Subclinical ketosis can cause economic losses 
through decreased milk production and association 
with periparturient diseases (21). The cost of one case 
of SCK has been estimated to be $78 (7). The risk 
of SCK was identified at serum BHB concentrations 
of 1.2 mmol/l (5). The gold standard test for SCK is 
blood BHBA, because this ketone body is more stable 
in blood than acetone or acetoacetate (15). The fat to 
protein ratio is a good measure of SCK at the whole 
herd level, but is not sensitive enough for the individual 
diagnosis of cows with SCK. The test-day fat percent 
and the test-day protein percent, used alone or in com-
bination, were proven to be ineffective screening tests 
for identifying cows with SCK (4).

Monounsaturated fatty acids, including oleic acid 
OA (n-9) and vaccenic acid, inhibit cholesterol absorp-
tion, reduce blood viscosity and lower blood pressure. 
Linoleic acid LA (n-6) and linolenic acid LNA (n-3), 
present in the maximum amount of 5% (of the total 
fatty acids), help control insulin concentration and 
are a source of local hormones, the eicosanoids. Milk 
fat contains conjugated linoleic acid (CLA), which 
has antioxidant properties (6). Due to its high con-

Influence of BHB concentration in blood on  
fatty acid content in the milk of high-yielding cows
ZENON NOGALSKI, PAULINA POGORZELSKA-PRZYBYŁEK, MONIKA SOBCZUK-SZUL, 

MAGDALENA MOCHOL, ANNA NOGALSKA*

Department of Cattle Breeding and Milk Evaluation, University of Warmia and Mazury in Olsztyn,  
Oczapowskiego 5, 10-719 Olsztyn, Poland 

*Department of Agricultural Chemistry and Environmental Protection, University of Warmia and Mazury in Olsztyn, 
Oczapowskiego 5, 10-719 Olsztyn, Poland

Received 17.02.2014 Accepted 09.07.2014

Nogalski Z., Pogorzelska-Przybyłek P., Sobczuk-Szul M., Mochol M., Nogalska A.
Influence of BHB concentration in blood on fatty acid content in the milk of high-yelding cows

Summary
The objective of this study was to determine the effect of increased concentration of BHBA in the blood in 

high-yielding cows on fatty acid concentrations in milk fat in first month of lactation. The milk fatty acid profiles 
of cows classified as healthy (n = 33) or as cows with increased concentration of BHBA (iBHBA) (n = 9) based 
on a blood plasma β-hydroxybutyrate threshold concentration of 1.2 mmol/l were compared. The increased 
concentration of BHBA decreased milk yield (by 1176 kg on average in 305-days of lactation) had a negative 
effect on the milk fatty acid profile and the health benefits delivered by fatty acids. Increased concentration 
of BHBA contributed to a decrease in the conjugated linoleic acid (CLA) content of milk fat, a less desirable 
n-6/n-3 ratio, and an increase in the concentrations of unsaturated fatty acids, in particular oleic acid.

Keywords: cattle; β-hydroxybutyric acid; conjugated linoleic acid



Med. Weter. 2015, 71 (8), 493-496494

tent of saturated fatty acids (SFAs) and the presence 
of cholesterol, milk fat is considered a risk factor 
for atherosclerosis by some doctors and dieticians. 
However, it remains a rich source of many fatty acids 
known for their health-promoting properties (16). The 
polyunsaturated FAs (PUFA) are considered favour-
able in a human diet implying their positive impact 
on health. Special attention as regards to milk fat is 
paid to the CLA due to its anticancer and other health 
affecting properties (11), and linolenic acid (C18:3 
n-3) as regards to its beneficial effect in coronary heart 
disease (10).

In most cases, milk from cows showing clinical 
disease symptoms is not suitable for consumption or 
processing due to changes in its composition and the 
presence of pharmacological agents (7), whereas milk 
from cows affected by subclinical diseases can be used 
for the above purposes. The objective of this study was 
to determine the effect of increased concentration of 
BHBA in the blood of high-yielding cows on fatty acid 
concentrations in milk fat, with particular emphasis 
on the content of functional fatty acids important in 
human nutrition.

Material and methods
Cows. The study included 42 high-yielding Holstein-

Friesian cows (the average milk yield in a herd of 330 cows 
was 12 360 kg over 305-day lactation). The cows calved 
during seven weeks. The cows were kept in a free-stall 
system, and were milked in a parallel parlor three times 
a day. The animals were fed a total mixed ration (TMR) 
based on maize silage, grass and alfalfa haylage, and 
brewer’s spent grain. Regular health examinations were 
performed in the herd once a week, by the same veterinary 
doctor. Animal handling and sampling procedures per-
formed for the needs of this study have been fully approved 
by the local ethics committee in Olsztyn, Poland.

Study design and measurements. Milk yield and repro-
ductive performance data were obtained from breeding 
records, the Symlek system and direct observations. Energy 
corrected milk (ECM) and the average content of fat, protein 
and dry matter per kg ECM were determined for each cow 
during 305-day lactation. Energy Corrected Milk, milk with 
a standardized energy content (19), was calculated based 
on the following formula:
 (0.383 ∙ fat(%) + 0.242 ∙ protein(%) + 0.7832)
ECM(kg) = milk(kg) ∙ 
 

3.140

Blood was sampled from all cows from the external 
jugular vein before the morning feeding at 2 and 1 weeks 
ap (ante partum), and at 1, 2, 3, 7 and 15 weeks pp (post 
partum). Blood samples were analyzed to determine the 
plasma concentrations of β-hydroxybutyric acid (BHB) 
using the Roche Hitachi 902 chemistry analyzer. Between 
lactation days 6 and 35, at three-day intervals, milk samples 
were collected from clinically healthy cows during morn-
ing milking. The proximate chemical composition of milk 
was determined using the MilcoScan FT 120 Foss. Milk 
fat was extracted by the method proposed by Röse Gottlieb 

(1), and the concentrations of fatty acids were determined 
by gas chromatography, in the Varian CP 3800 chromato-
graph equipped with a split/splitless injector and a flame-
ionization detector (FID). The fatty acids and fatty acid 
groups analyzed in the study are presented in Table 2 and 3.

Statistical analysis. Cows with plasma BHBA con-
centration above a threshold value of 1.2 mmol/l (n = 9: 
first lactation – 2 cows; second lactation – 3 cows; third 
lactation – 2 cows; and fourth lactation – 2 cows) in weeks 
1-3 of lactation, but not showing higher BHBA concentra-
tions at successive sampling dates, were classified as cows 
with increased concentration of BHBA (iBHBA). The 
control group consisted of other cows (n = 33) showing 
lower plasma BHBA concentrations (< 1.2 mmol/l) during 
the entire registration period. The results were processed 
using Statistica 10.0 software (Statsoft 2012). The effect of 
eBHBA on fatty acid concentrations in milk fat was evalu-
ated by the least squares analysis of variance according to 
the model below:

Yij = µ + Ai + eij
where: Yij – values of the analyzed parameters; µ – popula-
tion mean; Ai – effect of the ith incidence of iBHBA, eij – 
random error. Differences between means were estimated 
by Tukey’s test.

Results and discussion
Nine cows were characterized by elevated levels of 

BHBA from one to three weeks pp (Fig. 1). The yield 
of iBHBA cows in 305-days lactation was on average 
1176 kg ECM lower in comparison with control group 
cows (Tab. 1).

Tab. 1. Milk yield and the composition of milk (305-days lac-
tation, mean ± SE) from cows with increased concentration 
of BHBA (iBHBA) and in the control group

Milk yield and 
components

iBHBA Control group

LSM SE LSM SE

ECM (kg) 11847A 319.1 13023B 388.6

Fat (%)  4.28 0.051  4.25 0.044

Protein (%)  3.19 0.053  3.20 0.044

Dry matter (%) 12.89 0.257 12.63 0.115

Explanations: ECM – Energy corrected milk; A, B – means within 
a row with different superscripts differ significantly: A, B – at 
p ≤ 0.01; LSM – least square mean; SE – standard error

Fig. 1. β-hydroxybutyrate (BHBA) concentrations at the end 
of the dry period and in early lactation
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The composition of early lactation milk from cows 
with iBHBA and healthy cows was significantly differ-
ent (Tab. 2). Milk from cows with iBHBA had higher 
concentrations of fat and dry matter, lower lactose 
content, and a significantly higher fat to protein ratio. 
Increased concentration of BHBA had a significant 
effect on the fatty acid profile of milk fat during the 
first month of lactation (Tab. 2). In the control group, 
milk fat had a significantly higher content of short- 
-chain fatty acids (SCFAs) and medium-chain fatty 
acids (MCFAs) and a lower content of long-chain 
fatty acids (LCFAs), compared with the milk fat of 
SCK cows. The majority of unsaturated fatty acids are 
LCFAs, which is why significantly (p < 0.01) higher 
UFA concentrations were noted in the iBHBA group. 
The concentrations of n-6 fatty acids were significantly 
(p ≤ 0.05) higher in milk from iBHBA cows and, con-
sequently, the n-6/n-3 fatty acid ratio was significantly 
(p ≤ 0.01) lower in healthy cows.

The health status of cows significantly (p ≤ 0.01) 
affected oleic acid concentrations in milk fat (Tab. 3). 
In the iBHBA group, milk fat contained on average 
4.22 g OA/100 g more than the milk fat of control group 
cows. Significant differences to the advantage of the 
control group were found also with respect to vacce-
nic acid and eicosapentaenoic acid. In early lactation, 
iBHBA had a significant effect (p ≤ 0.05) on the levels 
of CLA – an important functional fatty acid (Tab. 3).

Ketone levels in blood rise naturally after calving. 
Ketone bodies provide energy to peripheral tissues 
when carbohydrates are limited in supply, and subclini-
cal ketosis is an important metabolic disease in early-
lactation dairy cattle, associated with milk production 
losses and several periparturient diseases (5). In the 
majority of cows, the threshold BHB concentration 
(1.2 mmol/l) was exceeded in the second week after 
calving. Sakha et al. (18) observed SCK 3-4 weeks pp 
in 14.40% of cows from herds with an average milk 
yield of around 9000 kg. Optimal serum BHBA con-
centrations in healthy cows are 0.6-1.0 mmol/l (22). 
Investigated cows had higher serum BHBA levels 
at 1-2 weeks ap than control group cows. Elevated 
precalving BHBA concentrations could, therefore, be 
a predictor of increased risk for ketosis. Cows with 
iBHBA were characterized by lower milk production 
compared with control group cows. Duffield et al. 
(5) noted significantly lower milk yield in cows with 
elevated levels of ketone bodies in the first weeks of 
lactation.

The fatty acid profile of milk is determined by shifts 
in the activity of fatty acid pathways (20). In the group 
of iBHBA cows (under severe NEB), the concentra-
tions of SCFAs and MCFAs decrease while the content 
of LCFAs increases. SFCAs are an important source 
of energy for milk consumers as they are rapidly syn-
thesized in the digestive tract and metabolized in the 
liver (11). Thus, they should have a high share of the 
total fatty acid pool. The desirable, high UFA content 

Tab. 3. The content of functional fatty acids in milk from cows 
with increased concentration of BHBA (iBHBA) and control 
group from 6 to 35 days of lactation

Fatty acid g/100 g milk fat
iBHBA Control group

LSM SE LSM SE

C 4:0 (BA)  2.89 0.057  2.92 0.047

C 18:1 trans 11 (TVA)  1.05a 0.122  1.41b 0.083

C 18:1 cis-9 (OA) 32.35A 0.763 28.13B 0.592

C 18:2 (LA)  2.49 0.039  2.33 0.025

C 18:2 cis 9 trans 11 (CLA)  0.305a 0.012  0.343b 0.009

C 18:3 (LNA)  0.324 0.008  0.340 0.006

C 20:4 (AA)  0.141 0.004  0.158 0.004

C 20:5 (EPA)  0.031A 0.003  0.041B 0.002

C 22:6 (DHA)  0.056 0.003  0.065 0.002

Explanations: A, B, a, b – as in Tab. 2; BA – butyric acid; TVA 
– trans-vaccenic acid; OA – oleic acid; LA – linoleic acid; CLA – 
conjugated linoleic acid; LNA – linolenic acid; AA – arachidonic 
acid; EPA – eicosapentaenoic acid; DHA – docosahexaenoic acid; 
LSM and SE – as in Tab. 2

Tab. 2. The composition of milk and content of selected fatty 
acid groups in milk from cows with increased concentration 
of BHBA (iBHBA) and control group from 6 to 35 days of 
lactation

Fatty acid g/100 g 
milk fat

iBHBA Control group

LSM SE LSM SE

Fat, %  6.03A 0.194  4.52B 0.161

Protein, %  3.30 0.055  3.26 0.042

Fat/protein ratio  1.83A 0.050  1.38B 0.041

Lactose, %  4.48a 0.057  4.75b 0.030

Dry matter, % 14.44A 0.253 13.22B 0.181

SFCAs (C4 – C10)  6.49A 0.206  7.49B 0.149

MCFAs (C11 – C17) 40.97A 0.538 43.48B 0.599

LCFAs (C18 – C22) 52.55A 0.718 49.22B 0.748

SFAs 55.98A 0.734 60.03B 0.665

UFAs 44.03A 0.737 40.16B 0.679

MUFAs 40.02A 0.750 35.94B 0.627

PUFAs  4.01 0.121  4.22 0.123

n-3 (C18:3. C20:5)  0.36 0.009  0.38 0.006

n-6 (C18:2. C20:4)  2.64a 0.041  2.49b 0.025

n-6/n-3  7.33A 0.156  6.54B 0.077

Explanation: means within a row with different superscripts differ 
significantly: A, B – at p ≤ 0.01; a, b – at p ≤ 0.05; SCFAs – short-
chain fatty acids; MCFAs – medium-chain fatty acids; LCFAs – 
long-chain fatty acids; SFAs – saturated fatty acids (C4:0. C6:0. 
C7:0. C8:0. C10:0. C11:0. C12:0. C13:0. C14:0. C15:0. C16:0. 
C17:0); UFAs – unsaturated fatty acids; MUFAs – monounsatu-
rated fatty acids [C10:1. C12:1. C14:1. C16:1. C17:1. C18:1trans 
6 + 9. C18:1trans 10 + 11. C18:1cis 9. C18:1cis 11. C18:1cis 12. 
C18:1cis 13. C18:1trans 16. C20:1]; PUFAs – polyunsaturated 
fatty acids [C18:2cis 9trans 13. C18:2. C18:3. C18:2cis 9trans 
11. C20:2. C20:4. C20:5. C22:5]; LSM – least square mean; SE 
– standard error
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of milk in iBHBA group cows resulted from enhanced 
fat reserve mobilization and increased supply of non-
esterified fatty acids (NEFAs) to the udder. Gross et al. 
(8) also observed a decrease in UFA concentrations in 
milk fat in successive weeks of lactation as the energy 
balance improved. In our experiment, differences in 
MUFA content were mostly due to the elevated levels 
of oleic acid in the milk fat of iBHBA cows. Oleic acid 
(C 18:1 cis 9) is the predominant FA in adipocytes. 
It is released primarily through lipolysis during NEB 
(17). Plasma NEFAs and triglycerides are utilized by 
the mammary gland for milk FA synthesis (8). In the 
present study, a high transfer rate of oleic acid from 
plasma into milk fat was confirmed by an elevated pro-
portion of C 18:1 cis 9 in the milk fat of iBHBA cows. 
LCFAs are derived from plasma and incorporated into 
milk fat, and they inhibit de-novo synthesis of SFCAs 
by the mammary gland.

The elevated levels of n-6 fatty acids in milk from 
iBHBA cows could be due to an increased supply of 
LNA to the rumen. LNA acts as a substrate for both 
trans-vaccenic acid (TVA), which is converted to CLA, 
and LCFAs, which are formed by further desaturation 
and elongation. In our study, the overall n-6/n-3 fatty 
acid ratio was higher than recommended (16). The 
concentrations of n-6 fatty acids are higher in milk 
from iBHBA cows, and so is the n-6/n-3 fatty acid 
ratio. Conjugated linoleic acid cis-9, trans-11 is the 
major CLA isomer found in dairy products, accounting 
for 75% to 90% of the total CLA in milk fat (3). In our 
study, iBHBA had a significant effect on CLA levels 
in milk fat, which is an important consideration due 
to the beneficial influence of CLA on human health.

The results of our study show that under high milk 
production conditions, iBHBA was observed in 21.43% 
of cows during the first three weeks of lactation. 
Increased concentration of BHBA decreased the milk 
yield of cows and contributed to a decrease in the CLA 
content of milk fat, a less desirable n-6/n-3 ratio, and 
an increase in the concentrations of unsaturated fatty 
acids, in particular oleic acid.
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