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The impact of the pregnancy stage of dairy cows on milk yield, milk fat and milk protein 
content is well known. During the last decade researchers underlined the possibility of 
spectral predictions of pregnancy stage due to the detailed milk composition which can 
be approached thanks to the Mid-infrared (MIR) spectroscopy. MIR is using the infrared 
light from the electromagnetic spectrum which shows specific absorption patterns, 
when sent through a milk sample caused by frequency dependent interactions with the 
chemical bonds of the chemical milk components. MIR is a non-expensive and routinely 
used method for major milk components and also for fine milk composition analysis. 
One of the outcomes from those researchs was the proposed use of MIR pregnancy 
tools for choosing the better insemination period. The results were indicating that at 
the beginning of the pregnancy some areas of the MIR spectra were more specifically 
affected, than the absorption patterns of the fat or protein content. The aim of this paper 
is to study the impact of the energy balance (EB-NEL) at the insemination day and to 
underline the economic loss based on milk MIR spectra predictions. The objective was 
to show, that it is possible to help milk recording organization advisors to use EB-NEL-
based MIR milk spectra predictions not just in health issues, but also in choosing the 
right insemination period. It was observed that this approach could be used for further 
studies aiming to develop MIR strategies based on EB-NEL for management strategies 
for improved insemination success and the reduction of fertility economical loss.

Keywords: Fertility, insemination management, energy balance, mir milk spectra, dairy 
cow, dairy farming, controlling.

Mid Infrared (MIR) spectroscopy is using the infrared light from the electromagnetic 
spectrum which shows specific absorption patterns when sent through a milk sample 
caused by frequency dependent interactions with the chemical bonds of the chemical 
milk components. With the help of milk MIR spectra, a wealth of information can be 
obtained by establishing relationships with reference methods. MIR is a non-expensive 
and routinely-used method for major milk components and also for fine milk composition 
analysis. During the last 15 years different researchers were developing new calibration 
models with the help of milk MIR spectral data linked to milk main components such as 
fatty acids (Grelet C. et al. 2014) or minerals (Soyeurt H. et al. 2009), milk biomarkers 
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such as ketone bodies (Grelet C. et al. 2016) in milk, inflammation indicators or 
complex components such as blood components (BHB, NEFA, Glucose, IBF1, 
Insulin, Calcium) (Dale et al. 2020) and traits like energy balance (NEL and ME) 
(Dale L. et al. 2019). At Regional Association for Performance Testing in Livestock 
Breeding of Baden-Württemberg (LKV B.W.), due to the collaborations with German 
Association for Quality and Performance Testing e.V. (DLQ) and optiKuh Consortium, 
data from feeding and breeding experiments from the 12 optiKuh research farms, 
together with spectral data was used to perform MIR calibrations based on energy 
balances NEL (GfE, 2001) and ME (Susenbeth, 2018). The models were robust 
and statistical accurate and can be used for rough screening (Dale et al., 2019). 
Moreover, in the last decade the research focus was on the proposal of using milk 
MIR spectral data for predictions of pregnancy information into tools that could give 
the information to the farmer if a cow is open or pregnant. In the early 2013 a Belgian 
team has developed a first model based on MIR standardized spectral data and 
pregnancy information. Laine et al., (2015) was the pioneer study, trying to build a 
model based on open and pregnant cows with the help of MIR spectral data. The 
results showed that there is a strong link between the pregnancy and the lactation 
stage. Also, the Bavarian team (Kammer et al., 2015) tried to build a model in late 
lactation stage but was unsuccessful. Laine et al., (2017) pointed out, that for some 
specific wave numbers of the milk MIR spectrum the relative effect of pregnancy is 
higher than on fat and protein content at the beginning of the pregnancy stage. In 
2020, an Australian team (Dehlez et al., 2020) tried to develop a similar model as 
the Belgium team with the result, that in the first 100 lactation days it is not possible 
to see a difference between open and pregnant cows. Meanwhile, a Scottish team 
developed a deep learning model, where the cow pregnancy status was predicted 
using MIR spectral data (Brand et al., 2021). Unfortunately, until now no researcher 
found a proper model to be useful for the Milk Recording Organization as a working 
tool of the monthly milk recording. For dairy farmers a large economic loss is caused 
by fertility issues. An early identification of pregnant cows could be a key element for 
the improvement of reproductive performances and reduction of economic losses. It 
is well known that the veterinary services cost is varying from 30€ to 90€ per day and 
depending on the issues in the farm the costs are increasing. Also, the insemination 
costs by veterinary are ranging from 15€ to 35€ per cow depending on the quality of 
insemination material, while the insemination costs by farmer are between 12€ and 
20€ per cow for work plus 6€ to 20€ for insemination material. Seen all this information 
it was decided to explore what was wrong at the insemination day and to try to have 
a better insemination rate. The objective of LKV B.W. is to help dairy farmers with the 
close monitoring of their dairy cows, including the detection of fertility problems using 
EB-NEL predictions. The aim of this study was to see the influence of pregnancy 
stage in the spectral data and also the impact of the EB-NEL at insemination day and 
to underline the economic loss due to multiple inseminations. The objective was to 
show, that it is possible to help milk recording organization consultants and advisors 
to use EB-NEL-based MIR milk spectra predictions not just in choosing the proper 
feeding ration or healthy issues but also in choosing the right insemination period. 

From the LKV BW cattle database about 288 dairy farms were selected. The selected 
farms are taking part in the health monitoring program “GMON Rind BW”. The data 
covered the complete years of calving period and the variability of days in milk for 
the population. The selection milk samples covered a complete period of 6 years 
and considered the relevant breeds Holstein, Simmental and Brown Swiss as well 
as the season variability. For this study indicator data and insemination data was 
combined together, followed by adding the veterinary diagnosis information to the 
selected data. Once the data was prepared the spectral data for the selected milk 
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Figure 1. Pearson Correlations comparing open versus pregnant cows.

recording samples was added. All milk recording data from LKV B.W. is analyzed on 
Bentley Spectrometers. The spectral data set was first standardized by applying the 
OptiMIR/EMR method (Grelet et al., 2015) and pre-processed by Savitzky-Golay first 
derivative to remove the offset differences between samples for baseline correction, 
before performing Legendre polynomial modeling. To identify the main variables 
that were positively or negatively associated with pregnancy information a Pearson 
correlation analysis with all MIR predictions available at EMR level but also at LKV 
B.W. was performed using the “corrplot” R package (Figure 1.).In order to identify 
the pregnant and open cows it was applied first the definition code for the pregnancy 
status such as: code 0 = non-pregnant, code 1 = pregnant because of calving date 
registration and official insemination date within the 9 months period and code 2 = 
open because of multiple inseminations. The 212 OptiMIR wave numbers of spectral 
data were used for the comparison between the pregnancy statuses (Figure 2.). Then 
pregnancy status data were combined with EB-NEL data. 

The first results were indicating that at the beginning of the pregnancy some areas 
of the MIR spectra were more specifically affected than the absorption patterns of 
the fat or protein content. Due to the Pearson correlations, itcan be observed in the 
Figure 1, that the EB-NEL is affected the most comparing open versus pregnant cows, 
showing positive correlations 0.53. Similar results in Pearson correlation were obtained 
for EB-NEL during the lactation stage varying between 0.50 and 0.85 for Holstein 
and Simmental cows respectively (Becker et al. 2021).Inversely, the long chain fatty 
acids (LCFA) were negatively correlated with -0.53. As described in literature positive 
correlations with pregnancy status could be found for protein, blood insulin, glucose, 
calcium, IGF1, fatty acids such as C10, C12 and De-Novo, EB-ME as well as all 
minerals such as calcium, magnesium, phosphor and potassium. Negative correlations 
could be found for energy corrected milk (ECM), fat to protein ratio (FEQ), Natrium, 
fatty acids such as C17, C18 and Preformed, as well as Ketosis indicators like BHB 
and NEFA in blood and milk.
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Figure 2. Spectral differences of cows after 2nd insemination between not-pregnant, open (not 
successful insemination) and pregnant data at 22-56 days in milk (DIM)

Figure 2. Spectral differences of cows after 2nd insemination between not-pregnant, open (not successful 
insemination) and pregnant data at 22-56 days in milk (DIM) 

After seeing these positive and negative correlations the question came up whether 
there are differences in the spectral data during early lactation between open and 
pregnant data before and after insemination as well. Since, as described before, 
there is no possibility to detect with the spectral data differences between the status 
pregnant or not pregnant during the first 100 days in milk (DIM) it was decided to perform 
more statistical analysis in order to check if the spectral data are different. Especially 
differences in the first 4 lactation weeks, in the first 28 DIM and also in the weeks 4 
to 8, from 29 to 56 DIM were of interest (Figure 2.). As the Belgian team in the 2017 
explained, that the lactation stage can be seen in milk MIR spectral data, from our study 
it can be confirmed, that there are visible differences between pregnant and open cows 
before and after insemination. The green color is showing not pregnant data before 
being inseminated and the red one are the cows after insemination. Figure 2shows 
cows with 2nd insemination comparing data from 4th and 8th lactation week, between 22 
and 56 DIM. Green spectra are from cows before insemination, red spectra are from 
cows with successful inseminations and there is blue color, that appears for spectra 
of open cows after an unsuccessful insemination. It was also confirmed that cows with 
3rdinsemination compared with cows from the 5thand 9thlactation week, between 36 
and 63 DIM, could be distinguished as open and pregnant cows after insemination.

After analyzing the spectral data and after observing the influence of the EB-NEL in 
the Pearson correlation, the EB-NEL influence at insemination day was analyzed. It 
can be underline that there were differences between spectral data after insemination, 
and it can be distinguished between pregnant and open cows during the first 90 DIM. 
The EB-NEL MJ/day was first predicted for all farms and afterwards differentiated by 
primiparous and multiparous cows. In Figure. 3 can be seen the mean value of the ECM 
and the EB-NEL in MJ/day. This differences between open and pregnant cows after 
inseminations were also studied per breeds and insemination numbers (Table 1). This 
response may be explained because high ECM dairy cows use a great deal of energy 
to cope with the marked increase in ECM at the beginning of lactation. This increased 
energy requirement is partially met by increased feed intake but at a slower rate than 
milk production; and by retrieval of body energy reserves which results in cows with 
a negative EB-NEL (Gomez et al., 2018). It can be seen in the Table 1 that at the 1st 
insemination for all the farms the EB-NEL was positive for the pregnant cows while for 
the open cows it was negative.

It can also be underlined that there are differences between the breeds by regarding 
all farms or individual Holstein (HOL), Brown-Swiss (BSW), Simmental (SIM) farms. 
For the reason of better comparison, individual farms of each breed were selected 
having a similar feeding and husbandry system. In the case of HOL farms the 1st 
insemination was always after 7 till up to 10 lactation weeks (WIM), showing that the 
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Figure 3. Mean ECM (kg/day) and EB-NEL MJ/day by primiparous and multiparous and open and 
pregnant cows in different lactations

herd manager has chosen a late insemination period. Therefore, the EB-NEL MJ/day 
has been analyzed and by comparing open versus pregnant cows after insemination in 
the first 10 weeks of lactation, it can be seen, that the EB-NEL is lower in the later ones. 
Pregnant cows had a higher net energy level (EB-NEL) as expected. In general, low 
pregnancy rates in dairy cows of actual breeding lines are expected due to excessive 
milk production. For the open cows after the 1st insemination, it can be seen, that 
the EB-NEL was less than -10 MJ/day and is consistent with published studies in 
this field (Gomez et al., 2018). In the case of BSW farms it can be seen, that at the 
1st insemination in comparison with HOL farms the EB-NEL is higher and still open 
cows after the 1st insemination have EB-NEL -2 MJ/day, while the pregnant cows 
have more than 15 MJ/day EB-NEL. In the case of SIM farms in comparison with all 
other farms the EB-NEL for the open cows after the 1st insemination was almost -17 
MJ/day, while for the pregnant cows was more than 9 MJ/day. The negative EB-NEL 
leads normally to a decrease in body condition score at calving and an increased 
level of beta-hydroxybutyrate, which could lead more likely to a delay of the first 
ovulation (Torres et al., 2019). Torres et al., 2019 found out, that cows with energy 
deficit are slow to ovulate and show a reduced conception rate to first service or have 
an increased probability of abortions and an increased calving to conception interval. 
In the case of 2ndinseminations, the ECM of open cows was higher as for cows that 
were successful inseminated and the EB-NEL for the HOL cows was lower for open 
cows after insemination as for the cows successful inseminated, the EB-NEL was lower 
than -11MJ/day for open cows and for the successfully inseminated cows was bigger 
as 9MJ/day, while the SIM cows was less than -20 MJ/day for open cows and for the 
successful inseminated cows was bigger than 10 MJ/day. In the case of BSW cows the 
EB-NEL for open cows was less than 2 MJ/day while for the successful inseminated 
was bigger than 17 MJ/day. In the case of cows with 3rd inseminations, the EB-NEL 
was lower for open cows than for cows that are successful inseminated, HOL: -11 vs. 
9, BSW:-2 vs 18and SIM: -18 vs.12 MJ/day. Regarding the differences between the 
breeds, it can be notified, that open cows of the SIM are showing the lowest EB-NEL 
values at 1st insemination. It can be stated, that the SIM breed has therefore a better 
tolerance for a deficient energy level and can compensate better, than the other two 
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breeds with respect to fertility rates. This high tolerance is also visible at the 2nd and 
3rd insemination. After checking this difference, it has been observed that the EB-NEL 
MJ/day was different for animals that were open after the inseminations (1st, 2nd or 
3rd). The EB-NEL was different also between breeds and it can be seen that there 
were 2.8 % of the open BSW cows were around 0 EB-NEL in MJ/day while SIM and 
HOL cow had more than 4%. Also 12% of this BSW cows were open and had an EB-
NEL in MJ/day more than 25 while SIM and HOL just 4.4% and 4.9%. The EB-NEL 
was also different in between breeds at the insemination period (Table 2). Table 2 
indicates that open cows were in more than 50% in the 4th energy level (between 
0 >—<25), thus in most cases they have been at a good energy level: But is is also 
showing, that for SIM this level was lower than for the other breeds, while in case of 
a negative EB-NEL the percentage in SIM was in total higher, than compared to the 
other breeds. This underlines again the finding of the SIM breed being more tolerant 
to a high variability in the energy level and showing a more constant fertility, than the 
other breeds in case of a decreased EB-NEL.

To conclude it could be notified that these results confirm findings of the literature 
described above. This results also confirm differences in tolerance of EB-NEL levels 
with respect to fertility rates between breeds. The study underlines the importance of 
checking the EB-NEL level of the animals before performing an insemination. It was 
observed that this approach could be used for further studies, aiming to develop alarm 
systems based on MIR predictions of EB-NEL MJ/day for management strategies and 
to improve the success of inseminations and to reduce respective financial losses. 
The future developments that could be carried out at all levels are: optimizing the 
insemination period at farm level by selecting the EB-NEL, reports and applications 
for efficient insemination period, MIR-based applications for reducing economic losses 
based on fertility rate.

The EB MJ NEL work was part of the collaborative project optiKuh, funded by the 
German Federal Ministry of Food and Agriculture. The EB MJ NEL spectral equation 
development was funded by the German Association for Quality and Performance 
Testing e.V., Bonn, Germany. 10 years (2011-2021) of spectral standardization. 
This work was concepted by CRA-W, founded by OptiMIR project with the support of 
INTEREG IV B and it is under enhancement and continuous development of EMR-EEIG.
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