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Abstract. The aim of the research was to study the effect of heat stress (HS) and associated
changes in the rectal temperature and the respiratory rate on long-chain fatty acid (LCHFA) content
in the milk of Holstein-Friesian cows. The study included 22 cows on different parities studied in
two periods: under thermo-neutral environment conditions (May 2018) and under heat stress (August
2018). The fatty acid content of milk was determined using a chromatograph by the method of Rose-
Gottlieb. It was found that HS in dairy cows leads to changes in the content of some LCHFAs (C17:0;
C18:0; C18:2 and C18:3) in milk fat. Under conditions of moderate HS (temperature-humidity index
over 79), a certain decrease in the content of C17:0 was reported, while in the other three LCHFAs,
an increase in their content in milk fat was reported to varying degrees. The strongest effect of HS was
reported on the content of C18:0, which was proportional to the levels of HS. With an increasing rectal
temperature, an increase in the content of C18:0 was reported, the increase being most substantial at a

rectal temperature above 39.5°C.

Introduction

In the last few decades of the 19th century, we
have witnessed dramatic changes in the Earth’s cli-
mate associated with warming (Renna et al., 2010).
Such trends are reported in different climatic zones,
including the temperate continental. Milk cows are
very sensitive to climate change and especially to
elevated temperatures. Heat stress in dairy cows is
usually associated with activation of certain ther-
moregulatory mechanisms to overcome the hyper-
thermia and maintain vital functions of the animal
and, as a consequence, reduction of their productiv-
ity (Nardone et al., 2006). Exposure to heat stress
can dramatically change both the quantity and com-
position of ruminant milk (Renna et al., 2010). Pro-
tein in milk has been found to decrease significantly
under conditions of heat stress (Giustini et al., 2007;
Kamiya et al., 2005). Studies by a number of authors
have shown different trends in the milk fat content of
cows’ milk under heat stress conditions (Giustini et
al., 2007; Bouraoui et al., 2002; Sevi et al., 2001; Lac-
etera et al., 1996). Some authors do not find changes
in the amount of fat in cow’s milk at HS (Roman-
Ponce, 1977; Knapp and Grummer, 1991; Lacetera et
al., 2003), while others report a significant decrease
(Bouraoui et al., 2002; Hammami et al., 2015; Hill
and Wall 2015). However, surveys that have studied
the effect of HS on the fatty acid profile of milk are
few, and the results between the authors are contro-
versial (Lacetera et al., 2003). The fatty acid profile
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of milk has been found to be a potential indicator of
energy balance in cows (Bastin et al., 2012). HS leads
to certain physiological changes in dairy cows such
as increased respiratory rate, increased heart rate and
increased body temperature (Kadzere et al., 2002;
Wheelock et al.,, 2010), but the most prominent
change is the reduced intake of dry matter (West,
2003), which, together with the efforts for cooling,
results in consumption of much energy and meta-
bolic changes in the body of dairy cows (Bernabucci
et al., 1999). According to Chilliard et al. (2000) and
Parodi (2004), the content of LCHFAs after C16:0 in
milk is a consequence of metabolism in the body and
they are not synthesized de novo in the mammary
gland of cows. According to the authors, all processes
related to metabolism in the body under metabolic
changes can cause a number of alterations in the per-
centage of LCHFAs. Most of the LCHFAs in milk
have different effects on human health. Palmitic acid
(C 16:0) together with some medium-chain saturated
fatty acids (C12:0 and C14:0) are considered to be
major factors in the development of cardiovascular
diseases in humans (Kaylegian and Lindsay, 1995;
Jensen, 2002). On the other hand, some unsaturated
LCHFAs, such as oleic (C18:1), linoleic (C18:2) and
linolenic (C18:3), have a positive effect on human
health (Simopoulos, 2002). HS, leading to changes
in the content of these fatty acids in milk, is of inter-
est both in relation to the metabolic changes in the
body of cows and respectively their welfare, and in
relation to the qualities of produced milk as healthy
food for humans.

The aim of the study was to investigate the ef-
fect of HS and associated changes in the rectal tem-
perature and the respiratory rate on the percentage of
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LCHFAs — isomargaric (C17:ISO), margaric (C17:0),
stearic (C18:0), oleic (C18:1), linoleic (C18:2) and
linolenic (C18:3) — in milk fat in Holstein-Friesian
COws.

Material and Methods

The study was conducted at a cattle farm with
Holstein-Frisian cows near Karnobat, southeastern
Bulgaria, in 2018. Cows were housed in a semi-open
free stall dairy barn, fed year-round ad libitum with a
total mixed ration at the following composition for a
cow per day in kg: forage — 14 kg, concentrates — 14
kg, and vitamin and mineral supplements — 0.39 kg.
The content of the forage expressed as a percentage
of the total amount is as follows: corn silage — 77.15%,
alfalfa hay — 12.14%, and straw — 10.71%. The con-
tent of concentrates expressed as a percentage of their
total quantity is as follows: maize grain (ground) —
35.74%, wheat grain (ground) — 21.42%, barley grain
(ground) — 7.14%, soybean meal — 11.42%, sunflower
meal — 19.28%, and palm oil — 5%. The study in-
cluded all cows calved between first April and tenth
May 2018, thus excluding the effect of the lactation
period on the fatty acid content of milk. The includ-
ed cows were at first (9 cows), second (6 cows) and
third to fifth (7 cows) parity or a total of 22 cows. To
test for fatty acid content, individual milk samples
with a volume of 100 mL from the morning and the
evening milking were taken from each cow included
in the study once in May and once in August. The
daily milk yield as well as the content fat and protein
percentage of the cows were taken from their offi-
cial monthly milk performance records (for May and
August).

Extraction of milk fat was performed by the Rose-
Gottlieb method using diethyl ether and petroleum
ether (Methodenbuch, Bd. VI VDLUFA-Verlag,
Darmstadt, 1985). The solvents were then evaporated
on a vacuum rotary evaporator. Sodium methylate
(CH3ONa) was used to prepare the fatty acid methyl
esters. The fatty acid content of milk fat was deter-
mined by a “Clarus 500" gas chromatograph with a
flame-ionization detector and a “ThermoScientist”
column (60 m, ID 0.25 mm, film: 0.25 pm).

To measure the heat stress, a temperature-hu-
midity index (THI) was estimated using a “Kestrel”
automatic measuring instrument. Reporting of THI
was carried out in the cows’ housing premises once a
day, at 3 pm, with examination of the physiological
parameters of each cow: the rectal temperature and
the respiratory rate per minute. The rectal tempera-
ture was measured by a digital thermometer in de-
grees of Celsius. The respiratory rate was reported by
visual observation and recording of the movement of
the chest for a period of one minute according to the
method of Zimbelman et al. (2009).

For better approximation factors object of the
study were presented in classes as follows:

THI is presented in three classes according to the

proposed THI scale by Armstrong (1994), respective-
ly: Class 1 — THI up to 72; Class 2 — 72 to 79 (mid-
moderate heat stress conditions); and Class 3 — THI
above 79 (moderate heat stress conditions).

The rectal temperature of the cows, respectively:
Class 1 — up to 38.5°C; Class 2 — from 38.5 to 39°C;
Class 3 — from 39 to 39.5°C; and Class 4 — above
39.5°C.

Respiratory rate per minute: Class 1 — up to 40 per
minute; Class 2 — 40 to 45 per minute; Class 3 — 45
to 55 per minute; and Class 4 — over 55 movements
per minute.

For basic statistical processing of the data, a pack-
age MS Excel was used, and for obtaining the aver-
age values, errors, and analysis of variance, the cor-
responding modules of STATISTICA of StatSoft was
employed (Copyright 1990-1995 Microsoft Corp.)

The following model was used to evaluate the in-
fluence of controlled factors on the content of long-
chain fatty acids in milk:

Y= u +THL + RT + B, + Ciik

Where: Y, is the dependent variable (each of the
fatty acids studied), w is the mean effect, THI is
the effect of THI (classes), RT, is the effect of rectal
temperature (classes), B, is the effect of respiratory
movements per minute (classes) and €,y i the ran-
dom residual effect.

By analysis of variance (ANOVA) for the model
were obtained by classes of fixed factors the means of
least squares (LSM).

Results

Table 1 presents the reported THI averages for the
two calendar months, with a significant difference of
73.4 and 79.1, respectively. The variation in THI val-
ues for May corresponds to conditions from optimal
to mid-moderate heat stress, THI 71.2 and THI 76.2,
respectively. For August, the reported minimum-
maximum values of THI were significantly higher
corresponding to the conditions from mid-moderate
heat stress (THI 77.1), to conditions of moderate heat
stress (THI 81.5).

Table 1 also presents the average Test day records
for milk yield, fat and protein percentage, and the av-
erage values of the reported physiological parameters
of the examined cows for the two months of the study
(May and August). The cows included in the study
had a high average daily milk yield of 39.92 kg, a
high fat content (4.13%) and a low protein content
of 2.88%. A slight difference in the average TD per-
formance values for the two months was observed.
The average milk yield and fat percentage had lower
averages for August compared with those for May but
without a significant difference. There was a slight
increase in the TD protein percentage, and although
the difference was significant, it was very small — by
only 0.1%.
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Table 1. Average values and variation of productive traits for Test day, physiological indicators and
temperature-humidity index by months of reporting

May, n = 22 August,n = 19
Indicator

x + SE min max x + SE min max
Milk yield, kg 41.12 £ 2.52 n.s. 19.5 60.1 38.6 £2.19 n.s. 23.7 52.9
Fat % 4.31 £0.22 n.s. 2.70 5.87 3.94 +0.21 n.s. 2.28 5.56
Protein % 2.84 + 0.02%* 2.60 3.00 2.94 £ 0.02%* 2.77 3.15
Rectal temperature, °C 38.55 + 0.09%** 37.3 39.2 39.27 + 0.10%** 38.2 39.9
Respiratory rate, num- 39.27 + 1.57%** 24.0 56.0 54,95 £ 1.91%%** 36.0 682.0
ber/min
Temperature-humidity 73.4 +0.29%** 71.2 76.2 79.1 £ 0.49%** 77.1 81.5
index

n.s.— has no significant effect.

*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.

The average rectal temperature of cows increased
from 38.55°C in May to 39.27°C in August, and the
respiratory rate per minute increased from 39.27 to
54.95, respectively. Table 2 presents the average val-
ues and the variation in the content of long-chain fat-
ty acids in milk fat. Under the moderate temperature
conditions for May, the values of C18:0 and C18:3
were lower, 8.46% and 0.42%, respectively, and un-
der conditions of low and moderate HS in August
their values were increased to 9.38% and 0.54%. With

LCHFA C17:0, the trend was opposite, i.e., the val-
ues decreased slightly under conditions of HS, from
3.46% to 3.21%.

Table 3 presents an analysis of variance for the
influence of THI, rectal temperature and respiration
rate on the contents of LCHFAs in the milk. The THI
affected significantly four of the six studied fatty ac-
ids: C17:0; C18:0; C18:2 and C18:3. The rectal tem-
perature had a significant effect only on the C18:0
content.

Table 2. Mean values (in %) and variation in the content of long-chain fatty acids in milk fat by months of reporting

LCHFAs May, n = 22 August,n = 19
x = SE min max x = SE min max
C17:1SO 0.55 +0.02 n.s. 0.26 0.72 0.58 £ 0.02 n.s. 0.37 0.76
C17:0 3.46 + 0.09% 2.81 4.58 3.21 £ 0.06* 2.58 3.57
C18:0 8.49 £ 0.14%** 7.10 9.65 9.38 £ 0.14%** 8.16 10.33
C18:1 25.19 £ 0.56 n.s. 20.88 29.59 26.23 £ 0.34 n.s. 23.46 28.77
C18:2 2.60 £ 0.07 n.s. 2.04 3.18 2.60 £ 0.06 n.s. 2.01 2.95
C18:3 0.42 +0.03** 0.14 0.68 0.54 £ 0.02** 0.35 0.67
Total 40.33 42.54
n.s.— has no significant effect.
*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.
Table 3. Analysis of variance for the influence of temperature-humidity index, rectal temperature
and respiration rate on the contents of long chain fatty acids
Degrees | C17:I1SO C17:0 C18:0 C18:1 C 18:2 C18:3
Sources of variation of freedom
(n—-1) F P F P F P F P F P F P
Total for the model 8 1.84 n.s. | 1.64 ns. 2.68 * 1.53 n.s. | 1.85n.s. 2.39 *
Temperature-humidity index 2 2.69 n.s. 427 * 6.61 ** 2.35 n.s. 3.57 * 3.46 *
Rectal temperature 3 0.80 n.s. | 1.31 n.s 3.30 * 1.23n.s. | 0.85n.s. | 2.00 n.s.
Respiratory rate 3 1.83 ns. | 1.18 n.s. | 1.00n.s. | 1.73n.s. | 2.18 ns. | 1.01 n.s.
Error 32

n.s.— has no significant effect.

*Significance at P < 0.05. **Significance at P < 0.01. ***Significance at P < 0.001.
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Fig.1. LS means for C17:0 content depending on the THI
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THI from 72 to 79
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Fig. 2. LS means for C18:0 content depending on the THI

Fig. 1 shows the LS mean values for C17:0 content
of milk fat, depending on the THI values. The highest
percentage (3.44%) of C17:0 in milk fat was recorded
at the THI values from 72 to 79 corresponding to
mild heat stress. With an increase in the THI values
above 79 (moderate heat stress), the percentage C17:0
content decreased to 2.99%.

Fig. 2 shows the LS mean values for the C18:0
content at different THI levels. At the THI up to 72,
the content of C18:0 was 8.4%, at the THI from 72 to
79, it was 8.84, and at the THI above 79, it increased
to 9.83%.

Fig. 3 presents the LS mean values of C18:0 de-
pending on the rectal temperature. At values of the
rectal temperature up to 38.5°C, the values of C18:0
were 8.58% and increased to 10% at a rectal tempera-
ture above 39.5°C.

Fig. 4 shows the LS means for the C18:2 content
depending on the THI levels. With the increase in

the THI values from mild (up to 72) to moderate HS
(THI from 72 to 79), the increase in the content of
this fatty acid was almost 0.4%.

Fig. 5 presents the LS mean values for the content
of C18:3, depending on the THI. At the THI up to
72, the amount of linolenic acid (C18:3) was 0.36%,
at the THI from 72 to 79, it was 0.47%, and at the
THI over 79, it was 0.56%. The tendency of increas-
ing content of C18:3 with the increase of the THI
value was clearly evident here.

Discussion

Similarly to our data presented in Table 1, Dimov
et al. (2017) also reported THI risk values for the re-
gion of southern Bulgaria. The authors indicate that,
during the summer season, values determining con-
ditions for mild to moderate heat stress in dairy cows
were reported, namely, average daily values of the
THI over 75. There was also a certain risk of such
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Fig. 3. LS means for C18:0 content depending on the rectal temperature
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Fig. 5. LS means for C18:3 content depending on the THI
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conditions in spring and autumn. It can be said that,
with respect to the main productive traits of the cows
included in the study, no significant differences were
observed for the two calendar months and the report-
ed THI values, although the trend showed a slight
decrease in TD milk yield and TD fat percentage in
milk and a slight increase in the TD protein percent-
age under mild to moderate HS in August (Table 1).
There were no unidirectional data on the effect of HS
on milk composition reported by other authors as
well. Bouraoui et al. (2002) also found a decrease in
milk yield and a fat percentage under the influence of
HS, while Smith et al. (2013) found an increase in fat
content in milk under mild HS (THI over 68). These
differences may also be due to different levels of HS
in the studies by different authors.

In respect of the two physiological indicators, i.e.,
rectal temperature and respiratory rate, the results in
Table 1 show that in May at the optimal to slightly
risky THI values significantly lower values for the rec-
tal temperature and the respiratory rate per minute
were reported. Similar changes in the rectal tempera-
ture values and the respiratory rate in cows under the
influence of HS were also found by Bouraoui et al.
(2002). According to Atkins et al. (2018), the respira-
tory rate increases by 1.95 breaths per minute at the
THI below 70 and by 3.18 breaths per minute at the
THI over 70. This explains the differences in the re-
spiratory rate per minute in our study.

Significant differences in the content for the two
months of studying were reported in three studied
LCHFAs: C17:0, C18:0 and C18:3. Our results for
C17:0 and C18:0 were consistent with the studies of
Hammami et al. (2015). Under the conditions of HS,
Liu et al. (2016) also found an increase in C18:3 con-
tent in milk fat. The other LCHFAs showed very
small (C17:ISO and C18:1) or no difference (C18:2)
under both optimal and HS conditions. Our results
regarding the C18:1 greatly differed from the results
of Liu et al. (2016). The authors found a significant
increase in the content of this fatty acid under HS
conditions lasting 4 days. According to Liu et al.
(2016), under HS conditions, LCHFAs are increased
of the occurred lipolysis of the adipose tissue.

The data presented in Table 2 show that the total
amount of LCHFAs reported in August (conditions of
mild to moderate HS) was higher by 2.21%, compared
with their total in May, under optimal temperature
conditions. Renna et al. (2010) also found an increase
in the amount of LCHFAs under HS conditions.

The data in Table 3 show that the THI was the
factor that significantly influenced four of the six
studied fatty acids: C17:0; C18:0; C18:2 and C18:3.
In regard of the two physiological indicators, the re-
spiratory rate had no significant effect on the studied
LCHFAs, and the rectal temperature had a significant
effect only on the C18:0 content.

Similarly to our results in Figure 1, Hammami et
al. (2015) also found a decrease in the content of mar-
garic acid (C17:0) at the THI values above 62.

The THI had the highest significance effect (P
< 0.01) on the C18:0 content (Figure 2). These data
partly confirm the findings of Hammami et al. (2015),
according to which C18:0 and C18:1 were the fatty
acids affected by HS. Contrary to the results reported
reported by Hammami et al. (2015), C18:1 was not
significantly affected by HS levels reported in our
conditions. This was probably due to the difference
in the THI values. In our study, the reported THI
values were around and above 79, while in the study
of Hammami et al. (2015), the highest THI value was
75. A more detailed analysis of the data presented in
Figure 2 shows that with the increase in THI values,
the percentage of C18:0 in milk fat also increased.
These results confirm those of Barber et al. (1997).
According to the authors, when cows were subjected
to a negative energy balance, as observed under HS,
a higher ratio of C18:0 and C18:1 cis-9 was found. In
other words, the presence of moderate heat stress led
to lipolysis, which caused an increase in the C18:0
content. Based on our results, we consider that the
most sensitive change in cows under HS conditions
was reported in stearic acid (C18:0) compared with
the other analyzed LCHFAs.

From the LS figures shown in Figure 2, it can be
seen that the increase in C18:0 content in cow’s milk
at the THI up to 72 and from 72 to 79 is only 0.44%.
When the THI increased above 79 (conditions of
moderate HS), the content of this fatty acid increased
by almost 1%. The increase in stearic acid values re-
flected the metabolic changes occurring in the body
of the cows, which affected the fatty acid content of
the milk they produce. Bandaranayaka and Holmes
(1976) found that a high ambient temperature of
30°C was associated with a statistically significant in-
crease (P < 0.05) of C18:0 content in milk fat.

In support of the above thesis that the amount of
C18:0 in milk of dairy cows is an objective indicator
of moderate heat stress presence, a significant effect
(P < 0.05) of the rectal temperature on the content of
this fatty acid was also reported (Table 3).

A clear trend for an increase in content of C18:0
with the increasing rectal temperature was observed.
As the THI values increased, an increase in the cows’
rectal temperature was also observed (Srikandaku-
mar and Johnson, 2004). According to (Ammer et al.,
2016), the normal body temperature of cows varied
between 38°C and 39.2°C. Our study found that the
increase in C18:0 content in milk fat in cows within
the physiological norm for the rectal temperature (up
to 39.5°C) was minimal, i.e., 0.2%. However, an in-
crease in the rectal temperature of cows above 39.5°C
was associated with a significant increase in the per-
centage of C18:0 in milk fat, possibly due to increased
lipolysis in the body due to reduced dry matter in-
take (Barber et al., 1997; West, 2003; Wheelock et
al., 2010; Bouraoui et al., 2002; Rhoads et al., 2009).

These results confirm the studies of Liu et al.
(2016), who found an increase in the content of this
fatty acid by 4.1 mg/g of milk fat under HS within
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the THI range between 72 and 84. In our study, it
was found that increasing the THI values above 79 did
not maintain the tendency of increasing the C18:2
content, as reported for C18:0. There was even a
slight decrease in its content by 0.02% in moderate
heat stress (THI over 79), compared with cows un-
der mild HS (THI 72 to 79). In a study by Nantapo
et al. (2014) with advancing of lactation, the content
of linoleic acid (C18:2) in the milk decreased. The
increase we found presented in Figure 4 shows that
the influence of HS was very strong, overcoming the
physiologically expected trend for lowering. In the
studies of Liu et al., (2016), the C18:2 content in-
creased in absolute values, but the authors did not
consider how this fatty acid content changed at dif-
ferent levels of HS. Based on the results of our study
it follows that lipolysis occurring in the body of cows
under moderate HS most considerably affected the
content of stearic acid. According to Hammami et al.
(2015), the most substantial change in the fatty acid
composition of milk under conditions of HS concerns
mainly C18:1 cis-9. The differences between our re-
sults and those of other authors may also be due to
the differences in the feeding strategy of the cows and
their daily milk yield. In the study of Hammami et al.
(2015), the average daily milk yield of cows reached
23.43 kg per day, while in our study it was signif-
icantly higher, i.e., - 39.92 kg per day. Cows with
higher milk yield reacted with occurrence of symp-
toms of HS (increased respiratory rate and higher
rectal temperature) at lower values of the THI due
to their higher sensitivity to HS (Bernabucci et al.,
2014). As cow productivity increases, the metabolic
heat they produce increases (Purwanto et al., 1990),
which increases their sensitivity to HS (Kadzere et
al., 2002). The increase was 0.39% at the THI from
72 to 79, and 0.37% at the THI above 79, relative to
thermo-neutral conditions (THI below 72).
According to Liu et al. (2016), HS induced an in-
crease in the content of LCHFAs in milk. Our study
on the content of C18:3 in milk confirmed the results
obtained in studies of Liu et al., (2016), finding that
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