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A B S T R A C T

Large percentages of dairy cows do not express behavioural signs of oestrus. Faecal and urine
fatty acid concentrations increase during oestrus. The objective of the present study was to de-
termine the milk FA profile of dairy cows during the oestrous and dioestrous periods and the
relationship with behavioural signs on the day of oestrus. The activity of 32 Holstein Friesian
cows was measured continuously using GEA Rescounter ll pedometers (GEA Farm Technologies,
Düsseldorf, Germany) and IceQubes (IceRobotics Ltd., Edinburgh, UK). Milk samples were col-
lected on the day of oestrus and on day 14 of the subsequent oestrous cycle and analysed for FA
concentration using gas chromatography (GC) and milk composition was also determined. All
cows were artificially inseminated within 12 h of the onset of oestrus. On the day of oestrus, the
concentration of acetic acid (P < 0.001), valeric acid (P=0.016), caproic acid (P < 0.001) and
myristoleic (P=0.035) were greater in milk compared to day 14. On day 14 milk arachidonic
acid concentration, however, was greater (P= 0.004) compared to the day of oestrus. Also, on
day 14 arachidonic acid concentration was greater (P=0.002) in non-pregnant compared to
pregnant cows. In conclusion, the results of this study indicate there are changes in the con-
centrations of some milk FA during oestrus and dioestrus in lactating dairy cows.

1. Introduction

Oestrus is a behavioural characteristic that ensures the cow is mated close to the time of ovulation (Roelofs et al., 2010). In dairy
herds using artificial insemination, detection of oestrus in a large percentage of lactating dairy cows is essential to maximise re-
productive performance (Forde et al., 2011). One of the predominant reproductive dysfunctions causing poor fertility in dairy cows,
however, is when there is ovulation that occurs without an associated behavioural oestrus (Yániz et al., 2008). Standing oestrous
behaviour is detected in only 50% of oestrous cows (Lyimo et al., 2000). Furthermore, it has been reported (Palmer et al., 2010;
Zebari et al., 2018) that only 50%–60% of cows express behavioural signs of oestrus, with the remaining 40%–50% having ovulations
without expression of behavioural oestrus which obviously cannot be detected by observation or automated methods of oestrous
detection.

Chemical communication has an important role (Sankar and Archunan, 2004) in mammalian sexual behaviour and reproductive
processes. Oestrous cows produce olfactory chemical factors which attract the bull (Rekwot et al., 2001). The bull responds to
pheromones (Rekwot et al., 2001), chemical factors which are released from one individual that are sensed by other individuals of the
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same species as a result of specific receptors for these chemicals. As a result of sensing these signals, there is induction of specific
endocrine and behavioural reactions in another individual of the same species (Vyas et al., 2012). Oestrous-specific pheromones have
been detected in the urine (Ramesh Kumar et al., 2000), faeces (Wiegerinck et al., 2011) and vaginal secretions (Rivard and Klemm,
1989; Rekwot et al., 2001) of cows. Bulls express the Flehmen response to vaginal secretions from oestrous cows that have been
applied to cows in dioestrous (Sankar and Archunan, 2004).

In addition, oestrous and non-oestrous cows have been differentiated by bulls through the detection of pheromones in urine (Vyas
et al., 2012). Various molecules have been proposed as chemical indicators of oestrus (Sankar and Archunan, 2008). During oestrus,
fatty acids (FA) such as tridecanoic, myristic and pentadecanoic acids are in greater concentrations in cow urine than at other stages
of the oestrous cycle (Kumar and Archunan, 2006). Furthermore, Gnanamuthu and Rameshkumar (2014) reported that valeric,
caproic, myristic, gadoleic and pelargonic acids were present in cow faeces during oestrus but not during pro-oestrus and dioestrus.
Mozūraitis et al. (2017) reported that the concentrations of acetic acid, propanoic acid, butanoic acid and pentanoic acid were greater
in faecal samples of cows in oestrous compared with non-oestrous cows. The appearance of these FA at greater concentrations during
oestrus may be due to the greater concentrations of circulating steroid hormones and may be involved in attracting the opposite sex
(Kumar and Archunan, 2006).

Milk is a readily available medium with potential for oestrous detection. In a study where the day of AI was considered to be the
day of oestrus, Toledo-Alvarado et al. (2018) found that specific milk fatty acid profiles changed during the oestrous phase compared
to other phases of oestrous cycle. It, however, was unclear whether the cows used in this study were oestrous synchronised or
naturally oestrous cycling. Although the milk from cows in oestrus attracts bulls (Sankar and Archunan, 2004), there are no known
published studies relating concentrations of milk FA to oestrous activity in cows undergoing spontaneous oestrous cycles. The present
study, therefore, was conducted to quantify the differences in milk FA profiles in dairy cows during oestrus and day 14 after oestrus
(day 14).

2. Material and methods

The experiment was undertaken between August and October 2017 at the Dairy Unit of Harper Adams University, Newport,
Shropshire, TF10 8NB, UK. The Harper Adams University Research Ethics Committee approved the research protocol.

2.1. Experimental animals, housing and management

Multiparous (parity 2.8 ± 0.1; range 2–4), lactating Holstein Friesian cows (n=32) at 60.9 ± 17.7 days into their lactation
period were used for the study. The average locomotion score (Scale 1–5; as described by Chapinal et al., 2009) of the selected cows
was 2.5 ± 0.5 (range 2–3). The cows were producing 34.4 ± 6.6 kg per day milk with a mean body condition score (BCS; Scale 1–5;
AHDB Dairy, AHDB, 2014) of 2.9 ± 0.3 (range 2.5–3.0) at the start of the study. Cows were housed in a free stall cubicle house
(cubicles 2.7× 1.2m, with 3 cm thick rubber mattresses, 105 cubicles per 100 cows). The cubicles were bedded with sawdust three
times per week and passageways were scraped using an automatic device four or five times per day. Cows were milked twice a day at

Table 1
Ingredients (kg DM/animal/day) and nutrient supply (g/kg DM) of
the total mixed ration fed to dairy cows throughout the study.

Ingredients kg DM/animal

Maize silage 8.84
Grass silage 1.56
Lucerne 3.15
Chopped wheat straw 0.30
Protein syrup 0.96
Protein blend 4.66
Sweet starch 1.98
Soya hulls 1.80
Megalac 0.20
Dairy minerals 0.15
Acid buff 0.10
Salt 0.09
Saccharomyces cerevisiae 0.02
Water 0.0
Total 22.47
Nutrient supply g/kg DM
DM (g/kg fresh) 430.0
ME (MJ/kgDM) 12.1
Crude protein (%DM) 16.7
NDF (%DM) 36.1
Ether extract (%DM) 4.4
Starch and sugar (%DM) 20.9

(Profeed Nutrition Consultancy, UK, 2017).
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approximately 05:00 and 16:30 in a 40-point internal rotary milking parlour (Westfalia, GEA Milking System, Germany).
Cows were fed a total mixed ration (TMR) ad libitum (Table 1) provided daily at approximately 07:30. Nutrients supplied in the

ration are shown in Table 1. Water was also provided ad libitum from water troughs at the end of each passageway area.

2.2. Determination of the day of oestrus and duration of oestrus

Cows were monitored for signs of spontaneous oestrus using two automated methods throughout the duration of the experiment.
These were a GEA Rescounter ll pedometer (GEA Farm Technologies, Düsseldorf, Germany) attached on the right front leg and an
IceQube (IceRobotics Ltd., Edinburgh, UK) attached to the back left leg of each cow.

The ‘Oestrus’ samples were collected on the day of behavioural oestrus. Oestrus was identified using the cows alert system (GEA
Rescounter ll and IceQubes). The oestrous period was identified from the increase in physical activity (GEA using an arbitrary unit;
AU) and the number of steps taken (IceQube) that were> 80% of the mean number for the preceding 3 days followed by a decrease
to< 80% during the following 2 days. The periods between the two basal thresholds of physical activity that were indicative of a
non-oestrous animal were considered to be the period of oestrous duration (López-Gatius et al., 2008).

2.3. Artificial insemination and pregnancy diagnosis

All of the cows were artificially inseminated 12 h after detection of oestrus using frozen-thawed semen from one of six bulls. Cows
that did not return to oestrus within 30 days of insemination (n=29; 90.6%) were diagnosed for pregnancy status by a veterinarian
using a transrectal ultrasonic device (Easi Scan-3, BCF Technology, UK). Cows were designated pregnant or non-pregnant. Cows that
reinitiated oestrus 18 to 30 days after AI were also considered to be non-pregnant (n=3; 9.4%). Overall, of the 32 cows, 56.3%
(n=18) were diagnosed as being pregnant and 43.7% (n=14) were diagnosed as non-pregnant cows.

2.4. Collection of milk samples

When oestrus was identified by both the GEA Rescounter ll and IceQubes, a milk sample (80mL) was collected between 1 and
12 h after the onset of oestrus (termed the “oestrus” sample). On day 14 of the subsequent oestrous cycle, a second milk sample
(80mL) was collected (termed the day 14 “after oestrus” sample). The samples were aliquoted into two vessels containing 40mL and
stored in a freezer at −20 °C until analysis for short and long chain FA profiles using gas chromatography (GC – subsequently
described in Sections 2.5 and 2.6) and milk composition using a Milko-Scan Minor analyser (Foss, Denmark) calibrated according to
AOAC (2012), as described in Section 2.7.

2.5. Short chain fatty acid determination using gas chromatography

Short chain FA standards (acetic, propionic, iso-butyric, butyric, iso-valeric, valeric and caproic acids) as well as 2-methylvaleric
acid (Sigma-Aldrich Company Ltd., Dorset, UK) were weighed (250mg) and placed in 50mL tubes and dissolved with approximately
50mL of distilled water. The volatile FA (acetic, propionic, iso-butyric, butyric, iso-valeric, valeric and caproic acids) were mixed and
0.5ml of this mixture was added to 0.5 mL of 2-methylvaleric acid solution to be used as the internal standard (Yang and Choong,
2001). This mixture (0.1 μl) was injected into a Hewlett Packard HP6890 GC (Agilent Technologies Inc. Germany) equipped with a
flame ionization detector and utilising a capillary column (30.0m×250 μm×0.25 μm) supplied by Greyhound Chromatography
and Allied Chemicals (Merseyside, UK). The milk samples were thawed at room temperature and 1mL of each sample was transferred
to a GC vial and 50 μl of the 2-methylvaleric acid (0.5%) aqueous solution was added, then mixed thoroughly. There was 0.1 μl of the
mixture subsequently injected into the GC. The concentration of each VFA (mg/mL) was determined using the equation of Yang and
Choong (2001).

2.6. Long chain fatty determination by gas chromatography

Milk fat for long-chain FA determination was extracted using the methods previously published by Feng et al. (2004) and a milk
lipid methylation process was assessed using the methods described by Christie (1982) with modifications occurring as described by
Chouinard et al. (1999). Long chain FA methyl esters (FAME) in hexane were prepared from milk fat by the method of Feng et al.
(2004). Individual FAME was determined using a GC (Hewlett-Packard - HP 7820A GC System, Agilent Technologies Inc. Germany)
fitted with a CP-Sil 88 column (100m×0.25mm i.d.× 0.2 μm film, Agilent Technologies, Santa Clara, California, USA) as described
previously by Lock et al. (2006).

2.7. Milk composition profile

Milk samples were analysed to determine total solids, total protein, total fat, and lactose using a Milko-Scan Minor analyser (Foss,
Denmark) calibrated according to AOAC (2012) for cow’s milk. The samples were thawed by placement in a water bath at ap-
proximately 35 °C and shaking well to ensure that all of the milk contents were mixed.
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2.8. Statistics

The milk concentrations of short chain FA, long chain FA, total fat, total protein, lactose, total solids and fat/protein ratio on the
day of oestrus were compared with day 14 using a paired t-test (Genstat statistical software package, Genstat 17th edition,
17.1.14713, VSN International Ltd, UK). Fatty acid concentrations in pregnant and non-pregnant cows were also assessed. Linear
regression analysis was used to determine the relationship between GEA activity and the number of steps taken per day (from the
IceQubes). Regression analyses were used to determine the relationship between the response variable, the number of steps taken per
day (from the IceQubes) and the explanatory variables: acetic acid, caproic acid and valeric acid on the day of oestrus. All of the data
sets analysed were normally distributed. Differences are reported as significant at P < 0.05 and tendencies are reported when P is
between 0.09 and 0.05.

3. Results

3.1. Oestrous characteristics

Spontaneous oestrous events (n=32) were detected using the GEA pedometers during the study period. The average physical
activity during oestrus as recorded by GEA was 768.5 ± 37.9 AU (Mean ± SEM; range 412–1220 AU). The average duration of
oestrus as determined by the GEA pedometers was 12.8 ± 0.6 h (range 7–19 h). On the day of oestrus, the average number of steps
recorded using the IceQube accelerometers was 2714.5 ± 213.0 steps (range 1054–5381 steps). Based on the number of steps taken
by cows, the average duration of oestrus was 12.6 ± 0.6 h (range 7–18 h). There was a positive correlation (P < 0.001) between the
GEA activity (AU/day) measurements and the number of steps recorded by the IceQube accelerometers (y= 0.162x – 329.84;
r2=0.821) during the day of oestrus (Fig. 1).

3.2. Milk short chain fatty acids profile

The concentrations of acetic acid (C2:0; P < 0.001), valeric acid (C5:0; P=0.016) and caproic acid (C6:0; P < 0.001) in milk
were greater on the day of oestrus in comparison to day 14 (Table 2). Furthermore, the concentration of butyric acid (C4:0) was not
significantly (P=0.131) greater on the day of oestrus compared to day 14. There was no difference (P=0.713) in the concentration
of isovaleric acid (iso-C5:0) on the day of oestrus in comparison to day 14. Propionic acid (C3:0) was not detected in the milk samples,
on either the day of oestrus or day 14 (Table 2).

There were positive quadratic relationships (P < 0.001), between both the milk concentrations of acetic acid
(y=0.03x2 – 9.68x+ 2886.8; r2=0.40; Fig. 2A) and caproic acid of (y= 6.02x2 – 307.68x+ 5574.5; r2=0.75; Fig. 2B) and the
number of steps recorded by the IceQubes during the day of oestrus. In addition, a positive linear relationship (P=0.004) was
observed between milk concentrations of valeric acid and the number of steps recorded by the IceQubes (y= 83.57x+352.91;
r2=0.25; Fig. 2C) during the day of oestrus.

Fig. 1. Relationship between GEA activity (AU per day) recorded by the GAE pedometers and the number of steps per day recorded by the IceQube
accelerometers on the day of oestrus in Holstein Friesian cows (n=32).

Table 2
Milk short chain FA (mg/100mL) concentrations (means ± SEM) on the day of oestrus and day 14 of dioestrus in lactating Holstein Friesian dairy
cows (n=32).

Short chain FA Lipid number Oestrus (mg/100mL) Day 14 (mg/100mL) P-value

Acetic acid C2:0 297.0 ± 18.5 229.0 ± 11.9 0.001
Propoinic acid C3:0 N/A N/A N/A
Butyric acid C4:0 179.1 ± 6.8 157.3 ± 11.4 0.131
IsoValeric acid Iso C5:0 389.0 ± 18.7 380.0 ± 18.1 0.713
Valeric acid C5:0 28.3 ± 1.3 23.7 ± 1.0 0.016
Caproic acid C6:0 35.3 ± 1.7 28.7 ± 1.1 0.001
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3.3. Milk long chain fatty acids profile

On the day 14 after oestrus, arachidonic acid (C20:4n6c) concentrations in milk samples were greater (P=0.004) in comparison
to the day of oestrus. Furthermore, arachidonic acid concentrations in day 14 milk samples from pregnant cows were less (P=0.002;
0.53 ± 0.02 mg/100mL; mean ± SEM) compared with that of non-pregnant cows (0.64 ± 0.02mg/100mL). The concentration of
undecanoic acid (C11:0) also tended (P=0.066) to be greater on day 14 compared to the day of oestrus. In contrast, the con-
centration of myristoleic acid (C14:1) was greater (P=0.035) on the day of oestrus, and the concentration of elaidic acid (C18:1n9t;
P > 0.097) and lignoceric acid (C24:0; P=0.063) also tended to be greater on the day of oestrus compared to day 14. There were no
significant differences in the concentrations of the other long chain FA that were assessed (Table 3) and no other differences in fatty
acid concentrations of PD+ compared to PD- cows.

3.4. Milk composition

The concentrations of milk fat, protein, lactose and total solids were not different on the day of oestrus compared to day 14
(Table 4). There was also no effect of oestrus (P=0.990) on the fat/protein ratio of milk compared to day 14 (Table 4).

4. Discussion

An increase in physical activity is an important external sign of oestrus in dairy cattle (Firk et al., 2003). In the present study, a
concurrent increase in physical activity was recorded with use of the GEA pedometer and IceQube accelerometers. The increase in the
number of steps recorded using the IceQubes was positively correlated with the concentration of acetic acid, caproic acid, valeric acid
and myristoleic acid in milk on the day of oestrus. Using pedometers, Roelofs et al. (2005) there was a similar increase detected in the
number of steps (2080) on the day of visually observed oestrus. In the present study, the physical activity recorded using the GEA

Fig. 2. Association between acetic acid (A), caproic acids (B) and valeric acids (C) concentrations (mg per 100mL) in milk and the number of steps
recorded by IceQube accelerometers on the day of oestrus in Holstein Friesian cows (n=32).

H.M. Zebari et al. Animal Reproduction Science 202 (2019) 26–34

30



pedometers was positively correlated (y=0.162x+329.84; r2=0.821; P < 0.001) with the number of steps recorded by the
IceQubes on the day of oestrus. Environmental conditions including the type of housing and management conditions may affect the
extent of walking activity (López-Gatius et al., 2005; Yániz et al., 2006).

Previously, the duration of standing oestrus in dairy cows was considered to be 18 h (Valenza et al., 2012). Oestrous duration in
the present study, as recorded by the GEA pedometers and the IceQube accelerometers, was 12.8 ± 4.6 and 12.6 ± 2.6 h, re-
spectively. Similarly, it was reported from a study conducted by Roelofs et al. (2005) using pedometers that the oestrous duration was
12.3 h, while in a study by Silper et al. (2015), reported that there was a duration of oestrus of 14.3 ± 4.1 h that was detected using a
neck mounted accelerometer. The duration of oestrous activity in the present study, however, was shorter than that reported by
Valenza et al. (2012) of 16.1 ± 4.7 h detected using a physical activity monitoring system.

The findings of the present study indicated that milk concentrations of certain FA vary with the stage of the oestrous cycle. It is
believed that the chemical signals from different body fluids including urine (Kumar and Archunan, 2006; Archunan, 2012), blood
(Klemm et al., 1994), milk (Bendall, 2001), vaginal mucus (Sankar and Archunan, 2004) and saliva (Sankar et al., 2007) during
oestrus in cattle have an important role as an attractant pheromone for bull differentiation between oestrous and non-oestrous cows.
In the present study, there were greater concentrations of acetic acid (C2:0), valeric acid (C5:0) and caproic acid (C6:0) in milk on the
day of oestrus compared to day 14. As far as we are aware, this is first study where differences were reported in milk FA con-
centrations during different stages of spontaneous oestrous cycles. In several studies there, however, were similar differences in faecal
concentrations of FA during oestrus. Mozūraitis et al. (2017) reported that there were greater concentrations of acetic acid
(36 ± 8.0 ng/0.5 g faeces) and pentanoic (valeric) acid (125 ± 57.6 ng/0.5 g faeces) concentrations in oestrous cows compared to
those of non-oestrous cows (19 ± 5 ng/0.5 g faeces and 22.96 ± 9.9 ng/0.5 g faeces, respectively). The results of the present study
are also consistent with those of Sankar and Archunan (2008) in that acetic acid was present only in cow faeces during oestrus
compared to pro-oestrus and post-oestrus. Furthermore, Gnanamuthu and Rameshkumar (2014) reported that valeric acid (C5:0) and
caproic acid (C6:0) were present only during oestrus but in faecal samples of Bos indicus cattle collected during pro-oestrus or
dioestrus. The role of these FA in relation to oestrus remains to be determined. Milk urine and vaginal secretions of volatile FA from
oestrus cows, however, may have a role as a pheromone because urinary FA have a this role in mammals (Kumar and Archunan,
2006). Bendall (2001) also reported that volatile compounds in cow’s milk such as the ɤ-12:2 lactone functioned as an active odorant

Table 3
Milk long chain FA (g/100 g of FA) concentrations (mean ± SEM) on the day of oestrus and day 14 after oestrus of lactating Holstein Friesian dairy
cows (n=32).

Long chain FA Lipid number Oestrus Day 14 P-value

Caprylic acid C8:0 1.13 ± 0.02 1.13 ± 0.03 0.965
Capric acid C10:0 2.70 ± 0.06 2.62 ± 0.07 0.353
Undecanoic acid C11:0 0.23 ± 0.01 0.25 ± 0.01 0.066
Lauric acid C12:0 3.44 ± 0.08 3.38 ± 0.09 0.470
Tridecanoic acid C13:0 0.11 ± 0.01 0.09 ± 0.00 0.171
Myristic acid C14:0 10.28 ± 0.21 10.50 ± 0.18 0.289
Myristoleic acid C14:1 0.62 ± 0.12 0.32 ± 0.03 0.035
Palmitic acid C16:0 29.16 ± 0.50 29.12 ± 0.50 0.928
Palmitoleic acid C16:1 1.34 ± 0.07 1.39 ± 0.06 0.361
Heptadecanoic acid C17:0 0.13 ± 0.01 0.16 ± 0.03 0.335
Cis-10- Heptadecenoic acid C17:1 0.53 ± 0.01 0.51 ± 0.01 0.164
Stearic acid C18:0 10.01 ± 0.38 9.85 ± 0.33 0.743
Oleic acid C18:1n9c 22.08 ± 0.55 21.33 ± 0.60 0.230
Linoliec acid C18:2n6c 2.65 ± 0.10 2.65 ± 0.09 0.998
Elaidic acid C18:1n9t 0.95 ± 0.15 0.65 ± 0.08 0.097
Arachidic acid C20:0 0.13 ± 0.01 0.14 ± 0.01 0.308
Gadoliec acid C20:1n9t 0.39 ± 0.03 0.42 ± 0.01 0.250
Arachidonic acid C20:4n6c 0.41 ± 0.05 0.60 ± 0.03 0.004
Henicosanoic acid C21:0 0.17 ± 0.06 0.10 ± 0.01 0.102
Behenic acid C22:0 0.15 ± 0.01 0.16 ± 0.01 0.655
Tricosanoic acid C23:0 0.06 ± 0.01 0.07 ± 0.01 0.509
Lignoceric acid C24:0 0.09 ± 0.01 0.07 ± 0.01 0.063

Table 4
Milk compositions and fat/protein ratio (mean ± SEM; g/kg) on the day of oestrus and day 14 after oestrus in lactating
Holstein Friesian dairy cows (n=32).

Milk composition Oestrus Day 14 P-value

Fat 35.2 ± 1.4 36.8 ± 1.4 0.465
Protein 32.1 ± 0.6 33.7 ± 1.2 0.171
Lactose 45.5 ± 0.7 46.1 ± 0.6 0.427
Total solid 147 ± 2.1 150.5 ± 2.3 0.390
Fat/Protein 1.1 ± 0.0 1.1 ± 0.0 0.990
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in cows. Klemm et al. (1994) found that acetaldehyde has an important function during oestrous as an attractant in cows. These
findings are consistent with those from the present study and suggest the greater concentration of short-chain FA during oestrus may
function as pheromones and sexual attractants in cattle. Furthermore, Vyas et al. (2012) reported that cows produce a specific volatile
compound in markedly greater concentrations in faeces during oestrus as a sexual attractant.

The greater concentrations of acetic acid on the day of oestrus may relate to its role as a precursor of 17β-oestradiol (Robinson
et al., 2002) and milk concentrations and may simply reflect relatively greater blood acetic acid concentrations during oestrus
(Frateschi et al., 1980). Results from previous studies indicate the synthesis of 17β-oestradiol by the mammary gland of cattle and the
secretion into both milk and mammary venous blood (Janowski et al., 1988, 2002). Without measures of milk oestradiol in the
present study, however, it is not possible to explain these findings further.

Propionic acid has previously been reported to be present at high concentrations in various media. In the present study, propionic
acid (C3:0), however, was not present in fresh cow’s milk on either the day of oestrus or day 14 of dioestrus. This result is consistent
with those reported by Bevilacqua and Califano (1989) where propionic acid was not present in the whole milk of cows but was
present in yoghurt and blue cheese. From the results of the present study, there are indications that the concentration of butyric acid
is greater (numerically) on the day of oestrus but not significantly different in comparison to day 14 and there were also no significant
differences in the concentration of isovaleric on the day of oestrus compared to 14 after oestrus. Inconsistent with the present
findings, Mozūraitis et al. (2017) reported that there was a greater concentration of butanoic (butyric) acid in faecal samples of cows
in oestrus compared to those in anoestrus. This may be due to the fact that Mozūraitis et al. (2017) measured butanoic acid in the
faecal samples of oestrous synchronised cows.

Dairy cow milk fat contains relatively greater amounts of long chain FA than non-fat constituents (Or-Rashid et al., 2009). In the
present study, only two of the long chain FA measured differed in concentrations between samples collected during oestrus and day
14. These were myristoleic and arachidonic acid, and while myristoleic acid was greater during oestrus, the concentration arachi-
donic acid was greater in day 14 of dioestrus. In several other studies there were differences in FA concentration in both faecal and
urine samples of cattle. Myristoliec acid was also found to be in greater concentrations in the milk of oestrous cows in the present
study. As far as we are aware this is the first reported difference in milk myristoleic acid concentrations and the reason for these
differences remains to be elucidated. Similar to the findings of the present study, in a study conducted with Holstein heifers by
Lukaszewska and Hansel (1980) there were greater concentrations of arachidonic acid in plasma on the day 18 of the oestrous cycle
in heifers compared with pregnant cows. The results of the present study are consistent with those of Gnanamuthu and Rameshkumar
(2014) in that arachidonic acid was present in faecal samples in dioestrus but not present on the day of oestrus in cows. These
findings are consistent with the finding that there are increases in plasma arachidonic acid and PGF2α before luteolysis in non-
pregnant cows (Mattos et al., 2003). Another interesting finding of the present study is that arachidonic acid concentrations were less
in samples from pregnant compared to non-pregnant cows on day 14 of dioestrus. The mammary gland synthesizes prostaglandin
(PG) F2α in goats (Walker and Peaker, 1981), and arachidonic acid is a precursor of PGF2α. Lukaszewska and Hansel (1980) reported
that the concentration of PGF2α was less in the uterine vein plasma of pregnant cows compared to oestrous cyclic cows during
dioestrus. This may be due to luteal tissue converting arachidonic acid to PGF2α and suggests that the products of the arachidonic
acid cascade, produced within or accumulated by the corpus luteum, may have an important role in the regulation of the oestrous
cycle (Lukaszewska and Hansel, 1980).

In the present study, the concentration of undecanoic acid tended to be less on the day of oestrus compared to day 14 of dioestrus.
The lesser concentration of undecanoic acid may be due to a negative energy balance because undecanoic acid is generally involved
in amino acid metabolism and fat metabolism (Li et al., 2014). The results of the current study indicate there is a tendency for there to
be greater concentrations of myristoleic, elaidic and lignoceric acids in milk on the day of oestrus compared to day 14 of dioestrus.
Similarly, Kumar and Archunan (2006) also reported that the urinary concentration of tridecanoic, myristic and pentadecanoic acids
were greater on the day of oestrus in comparison to the pre-pubertal and pregnancy periods in cattle. The results of the current study
are consistent with those reported in a study conducted with Umblachery cattle by Gnanamuthu and Rameshkumar (2014) where
that myristic and gadoleic acid were only present on the day of oestrus, but were not present in pro-oestrus and dioestrus. The
presence of certain FA in cow’s milk in greater concentrations during oestrus compared to day 14 indicates there may be a role as a
chemical signal to attract bulls.

From the results of the current study, there appear to be no differences in the concentrations of the other FA measured on the day
of oestrus in comparison to day 14. In a recent study conducted by Toledo-Alvarado et al. (2018), however, the concentrations of milk
myristic acid (C14:0) and palmitic acid (C16:0) were less on the day of oestrus compared to dioestrus. In addition, it was reported that
the concentrations of stearic acid (C18:0) and oleic acid (C18:1 cis-9) were greater on the day of oestrus compared to other phases of
oestrous cycle. This may reflect the large number of samples analysed in their study. Similar to the findings of the present study,
Gnanamuthu and Rameshkumar (2014) reported that there were no differences in the concentration of faecal stearic acid in oestrus
and dioestrus cows. Also, Gnanamuthu and Rameshkumar (2014) reported the concentration of palmitic, elaidic and behenic acids in
cattle faeces did not differ between pro-oestrus and dioestrus. In another study conducted in cattle (Bos taurus), Kumar and Archunan
(2006) analysed FA in urine, and reported that lauric, tridecanoic, myristic and stearic were present in pro-oestrus, oestrus and
dioestrus samples but were not different in concentration. Although Megalac is a source of C16:0 and C18:1n9c FA (Scollan et al.,
2001), and dry matter intake has been previously shown to be reduced during oestrus (Zebari et al., 2018) C16:0 and C18:1n9c FA
concentrations were similar during oestrus and day 14 of dioestrus in the present study.

From the results of the current study, total milk fat, protein, lactose and solids, as well as the fat/protein ratio, were not different
on the day of oestrus in comparison to day 14 of dioestrus. Gnanamuthu and Rameshkumar (2014), however, reported that the total
concentration of protein, carbohydrate and lipid in faecal samples on the day of oestrus were greater in comparison to the pro-
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oestrous and the post-oestrous phase of the oestrous cycle in cows. Although in the results of the present study there were no
significant differences in the composition of milk between oestrus and day 14 of dioestrus, it has previously been reported that lipids
(Poddar-Sarkar and Brahmachary, 1999; Kumar and Archunan, 2006) and proteins (Zhou and Rui, 2010) in mammalian urine and
faeces have an important role as a carrier of olfactory chemical signals in sexual attraction. Proteins and lipids, therefore, may also
have an important role as carriers for the ligands and for transportation of these chemical signals in mammals, while the role of milk
carbohydrates in sexual attraction is unknown (Gnanamuthu and Rameshkumar, 2014).

5. Conclusion

As far as we are aware, this is the first study in which there was changes in the concentrations of some milk FA during behavioural
oestrus in dairy cows undergoing spontaneous oestrous cycles. Further research is needed to establish the potential for using milk FA
profiles as part of our on-farm oestrous detection procedures.
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