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Information regarding metabolic profile in different physiological sates of dairy cows can assist vete-
rinarians to monitor the herd health and productive performance. Furthermore, the relationships 
among the metabolic parameters can be used to detect the effect of each parameter on another one. 
The aim of the current research was to clarify the interactions among metabolic parameters in differ-
ent physiological states of high producing Holstein dairy cows. The present study was carried out on 
25 multiparous Holstein dairy cows divided into 5 equal groups: early, mid and late lactation; far-off 
and close-up dry. Blood samples were collected from all cows through jugular venipuncture and sera 
were separated to evaluate glucose, insulin, β-hydroxybutyric acid (BHBA), non-esterified fatty acids 
(NEFA), triglyceride, cholesterol, high-density lipoprotein, low-density lipoprotein and very low-
density lipoprotein. There were negative and significant correlations between insulin and glucose in 
all studied groups (P<0.05). The correlation coefficients among insulin and both NEFA and BHBA in 
all cows were negative. In all studied groups, the negative correlations were seen among glucose and 
both NEFA and BHBA. In all studied groups, glucose and insulin were negatively correlated with 
lipid profile. The correlation between BHBA and NEFA was positive, strong and significant in all 
groups (P<0.05). In all studied groups, BHBA and NEFA were positively correlated with lipid profile 
but no significant correlations were seen among them (P>0.05). The correlations among studied 
metabolic parameters showed that providing the energy demands can prevent the ketogenic and 
lipolytic metabolisms in high producing dairy cows. Furthermore, information regarding the correla-
tions among circulating metabolic parameters can be used to estimate the changing patterns of each 
metabolic parameter via evaluating another one. 

Dairy cows undergo metabolic changes 
during pregnancy and lactation (Tanritanir 
et al., 2009). Each state has metabolic 

characteristics which are different from 
those of others. Two to three weeks before 
parturition, a phase of catabolism starts to 
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prepare the cow for parturition and the 
initiation of lactation. Immediately after 
the calving, high rates of body condition 
score losses are associated with a severe 
negative energy balance status, indica-
ted by alterations in blood metabolite 
and hormone profiles (Wathes et al., 
2009). The negative energy balance will 
last during the lactation period depen-
ding on the feeding and management 
strategies and the genetic potential of 
the animal. The last period of the pro-
duction year is a phase of anabolism 
where the emphasis is put on increased 
weight gain as a long-term preparation 
for the next lactation (Piccione et al., 
2012). 

The pathogenesis of metabolic di-
seases such as fatty liver and ketosis is 
closely linked to the first weeks of lacta-
tion when increases in feed intake lag be-
hind increases in milk production (Bobe et 
al., 2004). The concomitant negative ener-
gy balance tends to be more pronounced 
in high yielding dairy cows than in sub-
standard animals. The negative energy 
balance represents a distinct risk factor for 
metabolic disturbances. These imbalances 
can induce different alterations in circula-
ting metabolic profile (Radostits et al., 
2007). Information regarding the meta-
bolic parameters in each physiological 
state can aid veterinarians to make diag-
nosis and prognosis of metabolic disor-
ders in high producing dairy cows (Duf-
field et al., 2000). 

There are several studies on metabolic 
profile during the periods of the produc-
tive life of the cows such as transition and 
lactation periods (Ghanem et al., 2012; 
Piccione et al., 2012; Fiore et al., 2014). 
Based on author’s knowledge, there is 
little information regarding the circulating 
metabolic profile in different physiologi-
cal states of dairy cows in a comprehen-
sive study.  

Therefore, the present study was de-
signed to clarify the metabolic profile in 
high producing Holstein dairy cows in 
early, mid and late lactation and far-off 
and close-up dry periods. Furthermore, 
the relationships among these parameters 
together can represent the effect of each 
parameter on other ones in each physio-
logical state. 

The present study was carried out during 
the winter of 2014 on 25 Holstein dairy 
cows, with three parturitions, from a high 
producing industrial dairy farm around 
Shiraz, Southwest Iran. These cows were 
housed in open-shed barns with free ac-
cess to water and shade. The total mixed 
rations were formulated and prepared for 
all animals according to National Re-
search Council (NRC) requirements (Tab-
le 1). At this farm, a dry period of 60 days 
has been considered. Milk production was 
about 10,000 kg for year, average milk fat 
3.6%, and milk protein – 3.3%. All ani-
mals were clinically healthy, had no his-
tory of debilitating disease, and were free 
from internal and external parasites due to 
routine antiparasitic programmes at this 
farm. Body condition scores (BCS) of 
animals were estimated based on 0 to 5 
system. Cattle were divided to 5 equal 
groups containing early (30.2±5.7 days 
after calving, with 3.25±0.25 BCS and 
48.2±4.4 kg milk production), mid 
(108.1±8.4     days after calving,     with 
3.25±0.25 BCS and 51.5±6.2 kg milk) 
and late lactations (184.5±5.7 days after 
calving, with 3.5±0.25 BCS and 30.2±2.8 
kg milk), far-off (281.9±5.4 days after 
calving, 228.4±8.6 days of pregnancy, 
with 3.5±0.25 BCS) and close-up dry pe-
riods (312.1±8.3 days after calving, 
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Blood samples were collected from all 
cows through jugular venipuncture in 
plain tubes. Immediately after blood col-
lections, sera were separated by centrifu-
gation for 10 min at 3,000g and stored at 

–22 oC until assayed. Glucose was as-
sayed by an enzymatic (glucose oxidase) 

colorimetric method (ZistChem®, Tehran, 
Iran). Insulin was measured by bovine 

insulin ELISA kit (Cusabio®, China, 
specificity 100%, and precision: intra-
assay and inter-assay CV < 8% and 10%, 

respectively). Non-esterified fatty acids 
(NEFA) and β-hydroxybutyric acid 
(BHBA) were assayed by colorimetric 

methods (Ranbut®, Ireland). The sera 
were analysed for cholesterol by a modi-
fied Abell-Kendall/Levey-Brodie (A-K) 
method (Abbel et al., 1952; Burtis & Ash-
wood, 1994), triglycerides (TG) by the 
enzymatic procedure of McGowan et al. 
(1983). Lipoproteins were isolated using a 
combination of precipitation and ultra 
centrifugation. High-density lipoprotein 
(HDL) cholesterol was measured using 
the precipitation method. In the first step, 
the precipitation reagent (sodium phos-
photungstate with magnesium chloride) 

Table 1. The basic nutrient content of rations in different physiological states of studied high-pro-
ducing Holstein dairy cows 

Far-off 
dry 

Close-up 
dry 

DMI (kg/day) 
NEL (Mcal/kg) 
Fat (%) 
CP (%) 
RDP (%) 
RUP (%) 
MP (%) 
NDF (%) 
ADF (%) 
NFC (%) 
Calcium (%) 
Phosphorus (%) 
Magnesium (%) 
Chlorine (%) 
Sodium (%) 
Potassium (%) 
Sulfur (%) 
Vitamin A (IU/day) 
Vitamin D (IU/day) 
Vitamin E (IU/day) 

DMI: dry matter intake; NEL: net energy lactation; CP: crude protein; RDP: rumen degradable pro-
tein; RUP: rumen undegraded protein; MP: metabolisable protein; ME: metabolisable energy; NDF: 
neutral detergent fibre; ADF: acid detergent fibre; NFC: non-fibre carbohydrate. Trace mineral added 
to ration (ppm): cobalt: 0.11; copper 10–18; iodine: 0.3–0.4; iron: 13–130; manganese: 14–24; sele-
nium: 0.30 and zinc: 22–70. 
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255.6±6.3 days of pregnancy, with 
3.5±0.25 BCS). 

Blood sampling and serological assays 

Nutrient Early lacta-
tion 

Mid lacta-
tion 

Late lacta-
tion 

30 
1.61 

7 
16.7 
9.8 
6.9 

11.6 
28 
19 
38 

0.60 
0.38 
0.21 
0.29 
0.22 
1.07 
0.20 

75,000 
21,000 

545 

24 
1.47 

6 
15.2 
9.7 
5.5 

10.2 
30 
21 
35 

0.61 
0.35 
0.19 
0.26 
0.23 
1.04 
0.20 

75,000 
21,000 

545 

20 
1.36 

4 
14.1 
9.5 
4.6 
9.2 
32 
24 
32 

0.62 
0.32 
0.18 
0.24 
0.22 
1.00 
0.20 

75,000 
21,000 

545 

14 
1.32 

3 
9.9 
7.7 
2.2 
6.0 
40 
30 
30 

0.44 
0.22 
0.11 
0.13 
0.10 
0.51 
0.20 

80,300 
21,900 
1,168 

10 
1.43 

4 
12.4 
9.6 
2.8 
8.0 
35 
25 
34 

0.48 
0.26 
0.40 
0.20 
0.14 
0.62 
0.20 

83,270 
22,700 
1,200 



was added to the serum to aggregate non-
HDL lipoproteins which were sedimented 
by centrifugation (10,000×g for 5 min). 
The residual cholesterol was then mea-
sured by an enzymatic method (Burtis & 
Ashwood, 1994). Low-density lipoprotein 
(LDL) cholesterol was calculated as the 
difference between the total cholesterol 
measured in the precipitate and in the 
HDL fraction minus 0.2×triglyceride 
(LDL=total cholesterol–HDL cholesterol– 
0.2×TG). Very low-density lipoprotein 
(VLDL)-cholesterol was estimated as one-
fifth of the concentration of triglycerides 
(Friedewald et al., 1972). 

The normal values of metabolic parame-
ters in each physiological state are pre-
sented as mean±SD. Differences between 
the average concentrations of different 

serological factors in the different groups 
were analysed by one-way ANOVA and 
the least significant difference (LSD) test 
to evaluate differences. Pearson's correla-
tion test was used to detect the relation-
ship among studied parameters at each 
physiologic state, separately, using SPSS 
software (SPSS for Windows, version 20, 
SPSS Inc, Chicago, IL, USA). In the pre-
sent study, the Pearson's correlation coef-
ficient greater than 0.8 was considered as 
strong, whereas, a coefficient lesser than 
0.5 described as weak. The level of sig-
nificance was set at P<0.05. 

Normal levels (mean±SD) of circulating 
metabolic biomarkers in different physio-
logical states of high producing Holstein 

Table 2. Levels of circulating metab olic biomarkers (mean±SD; n=5 in each group) of high producing 
Holstein dairy cows in different physiological states 

Mid lacta-
tion 

4.17±0.61a 

Close-up dry 

5.02±1.92a 

207.0±4.5b 207.4±3.8b 

0.24±0.01b 

5.04±0.66b 

2.16±0.49b 

a,b,c Different letters indicate significant differences in each row (P<0.05). NEFA= non-esterified fatty 
acids; BHBA=β-hydroxybutyric acid; HDL=high-density lipoprotein; LDL= low-density lipoprotein; 
VLDL= very low-density lipoprotein 
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Statistical analyses RESULTS 

Biomarkers Early lacta-
tion 

4.93±1.08a 

Late 
lactation 

5.10±2.81a

Far-off dry 

4.47±2.81a 

201.9±0.3a 203.7±2.4a 201.8±1.6a 

0.34±0.01a 0.31±0.01a 0.24±0.01b 0.29±0.01a 

88.58±3.57a 79.71±4.78a 72.42±4.24b 64.17±4.23b 82.79±2.97a

3.96±0.83a 4.92±1.01b 4.02±0.76a 3.76±0.63a 

1.39±0.25a 1.19±0.10a 1.25±0.12a 1.30±0.06a 1.28±0.24a 

2.61±0.57a 2.76±0.47a 2.90±0.40a 3.02±0.37a 2.53±0.47a 

1.49±0.44a 0.86±0.51c 0.84±0.44c 1.29±0.38a 

Glucose 
(mmol/L) 
Insulin 
(pmol/L) 
NEFA 
(mmol/L) 
BHBA 
(mmol/L) 
Cholesterol 
(mmol/L) 
Triglycerides 
(mmol/L) 
HDL 
(mmol/L) 
LDL 
(mmol/L) 
VLDL 
(mmol/L) 

0.27±0.05a 0.23±0.02a 0.25±0.02a 0.26±0.01a 0.25±0.04a 



dairy cows are presented in Table 2. Insu-
lin levels in mid lactation and close-up dry 
cows were significantly higher than other 
groups (P<0.05) and the lowest insulin 
concentration was detected in far-off dry 
group. Serum concentrations of NEFA 
and BHBA in early and mid lactation and 
close-up dry cows were significantly 
higher than late lactation and far-off dry 
animals (P<0.05). There were no signifi-
cant differences between late lactation and 
far-off dry groups. Baseline levels of cho-
lesterol in mid and late lactation were 
significantly higher than other groups. The 
level of LDL in mid lactation cows was 
significantly higher than in others, and its 
value in far-off dry cows was significantly 
lower than other groups (P<0.05). The ba-
seline values of glucose, TG, HDL and 
VLDL did not differ significantly among 
all studied animals (P>0.05; Table 2). 

The correlations among circulating 
metabolic parameters in studied dairy 
cows at different physiological states are 
presented in Tables 3 to 7. There were 
negative and significant correlations bet-
ween insulin and glucose in all studied 
groups (P<0.05; Tables 3 to 7). The corre-
lation coefficients among insulin and both 
NEFA and BHBA in all cows were nega-
tive. These negative correlations were 
significant in close-up dry cows (P<0.05; 
Table 7). In all studied groups, the nega-
tive correlations were seen among glucose 
and both NEFA and BHBA. Furthermore, 
these negative correlations were strong 
and significant in early lactation cows 
(P<0.05; Table 3). In all studied groups, 
glucose and insulin were negatively corre-
lated with lipid profile (cholesterol, TG, 
HDL, LDL and VLDL) but in close-up 
dry cows, the negative correlations were 
strong and significant among glucose and 
lipid profile (P<0.05; Table 7). The corre-
lation between BHBA and NEFA was 

positive, strong and significant in all 
groups (P<0.05; Tables 3 to 7). In all 
studied groups, BHBA and NEFA were 
positively correlated with lipid profile 
(cholesterol, TG, HDL, LDL and VLDL) 
but no significant correlations were seen 
among them (P>0.05; Tables 3 to 7). TG 
had positive, strong and significant corre-
lation to VLDL in all animals (R=1.000; 
P<0.05; Tables 3 to 7). 

Lactogenesis around parturition and rapid-
ly increasing milk production after calving 
greatly increase demands for glucose to 
milk lactose synthesis, at a time when feed 
intake has not reached its maximum (Goff 
& Horst, 1997). In dairy cows little glu-
cose is absorbed directly from the diges-
tive tract because much of the dietary car-
bohydrate is fermented in the rumen to 
produce volatile fatty acids such as propi-
onate. Consequently, dairy cows rely al-
most exclusively on gluconeogenesis (syn-
thesis of glucose) from propionate in the 
liver to meet their glucose requirements. 
Limited feed intake during the early lacta-
tion means that supply of propionate for 
glucose synthesis also is limited (Drackley 
et al., 2001). Despite the need of energy 
supply to high milk yield, the dry matter 
intake is lower than energy demands and a 
negative energy balance takes place in the 
lactation period (Radostits et al., 2001). 
Negative energy balance can induce 
metabolic dysfunctions in dairy cows, 
hence the information regarding metabolic 
changes and correlations during the dif-
ferent physiological states of high produc-
ing dairy cows can aid veterinarians to 
diagnose and prevent metabolic disorders. 

The significant negative correlations 
between glucose and insulin in this study 
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can be explained as the effects of insulin 
on the clearance of circulating glucose. 
Insulin and glucose were negatively corre-
lated to BHBA and NEFA in all studied 
animals. It can be suggested that the high 
levels of glucose and insulin can prevent 
the synthesis of BHBA and NEFA via 
supplying and utilising the energy de-
mands. In a negative energy balance situa-
tion, released fatty acids from adipose 
tissue circulate as NEFA, which are a ma-
jor source of energy to the cow (De Kos-
ter & Opsomer, 2013). The concentration 
of NEFA in blood reflects the degree of 
adipose tissue mobilisation (Pullen et al. 
1989); therefore, as negative energy ba-
lance increases, more NEFA are released 
from body fat and the concentration of 
NEFA in blood increases. As the concen-
tration of NEFA in blood increases around 
calving or in early lactation, more NEFA 
are taken up by the liver (Emery et al., 
1992). Once taken up by the liver, NEFA 
can be completely oxidised to carbon di-
oxide to provide energy for the liver, par-
tially oxidised to produce ketone bodies 
such as BHBA that are released into the 
blood and serve as fuels for other tissues, 
or reconverted to storage TG (De Koster 
& Opsomer, 2013). 

There were negative correlations 
among insulin and glucose with lipid pro-
file, i.e. the high levels of insulin and glu-
cose can provide the energy demands and 
prevent the lipolytic effects of negative 
energy balance. Decreasing the lipogenic 
activity in adipose tissue takes place du-
ring negative energy balance. While the 
overall effect of decreasing lipogenic ac-
tivity of adipose tissue is to supply milk 
fat precursors to the mammary gland, 
there are additional negative conse-
quences on tissues throughout the body. 
Primarily, the liver is affected if uptake of 
fatty acids exceeds its ability to oxidise 

them or export them in the form of VLDL 
(Goff & Horst, 1997). Cows given free 
access to feed during the dry period have 
as much as two-fold higher postpartum 
hepatic TGs (Van den Top et al., 1996). 
The resulting accumulation of TGs in the 
liver, known as fatty liver, decreases the 
gluconeogenic capacity (Goff & Horst, 
1997). If the liver has decreased ability to 
make glucose to support milk production, 
this further extends the amount of lipoly-
sis which must occur in order to support 
lactation (Rukkwamsuk et al., 1999). 

The positive correlations between 
BHBA and NEFA can be explained as the 
increase of plasma NEFA concentration 
led to the increase of ketogenesis by hepa-
tocytes (Grummer et al., 2004). Fiore et 
al. (2014) demonstrated that glucose infu-
sion influenced metabolism in ruminants 
modifying glucose, insulin, NEFA and 
BHB profile. They presented that glucose 
is an important direct controller of meta-
bolic interactions and responses in dairy 
cows. The decrease of glucose and the 
increase of NEFA and BHBA in their 
study, explains our results about negative 
correlations among glucose and insulin 
and both BHBA and NEFA concentra-
tions. 

In conclusion, the results of the pre-
sent study provide the normal value of 
metabolic profile in different physiologi-
cal states of high producing Holstein dairy 
cows. These values can assist veterinari-
ans to diagnose metabolic abnormalities 
by determining circulating metabolic pa-
rameters. Evaluating the circulating meta-
bolic biomarkers in dairy cows and com-
pare them to normal reference values pre-
sented in this research can discover the 
metabolic abnormalities in the herd and 
assist veterinarians and farmers to better 
manage the metabolic problems at the 
herd level. The correlations among stu- 
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died metabolic parameters showed that 
meeting the energy demands can prevent 
the ketogenic and lipolytic metabolisms in 
high producing dairy cows. Finally, infor-
mation regarding the correlations among 
circulating metabolic parameters can be 
used to estimate the changing patterns of 
each metabolic parameter by evaluating 
another one. 
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