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Abstract

The factors affecting the course of lactation and intensity of milk secretion include the
condition and body weight, as well as chewing time. A little researched factor is also the cocaine
and amphetamine regulated transcript (CART) which has been suggested to have an anorexigenic
function. This study sought to examine the dependent indicators of condition and chewing
time on daily milk yield assessment in the context of the concentration of CART, glucose and
3-hydroxybutyrate (BHB) in blood. Higher CART levels contributed to shorter chewing time
(min/day), lower body condition and lower body weight. Blood glucose concentration showed
a stronger correlation with body weight and condition than with blood BHB concentration. An
important practical aspect of the results is the relationship shown between CART and chewing
time and the potential relation between daily milk production and chewing time. Importantly,
the animals with lower daily milk production had relatively the highest concentration CART.
This may suggest that this neuropeptide is indirectly involved in milk production, especially by
shortening the chewing time. The obtained results help to better explain the mechanisms involved
in milk secretion and the process of rumination and digestion. More research is required, but they
also show important functions of other examined neuropeptides.

Chewing time, body weight, neuropeptide, milk production

Increasing milk yields of dairy cows more and more often disrupt their metabolic
processes. In the first period after calving, this mostly concerns a decrease in rumen
motility and excessive mobilization of energy reserves (Kovac et al. 2009) and changes
in the profile of hormones participating in energy metabolism (Vargova et al. 2015).
Research findings show that this often entails disruption of food ingestion and chewing.
Little attention, especially during the first weeks of lactation, is paid to the role played by
anorexigenic neuropeptides secreted in different segments of the digestive tract. Some of
these, by regulating appetite, have an effect on the ingestion of food and chewing time
(Hunter et al. 2004), determining the rumen metabolism and energy balance in cattle
(Nikkhah 2011). The impact of this influence on many digestive functions is often
observed in the neuroendocrine structures, which are related to the mechanisms of milk
secretion control. Therefore, for high-producing cows it is expected that this impact may
be critical to the processes that control milk secretion.

Satisfactory milk production is based on the feeding, amount of feed intake, and nutrient
utilization, which depend largely on the chewing time and retention time in different
segments of the digestive tract. These functions may be weakened by the anorexigenic
action of the cocaine and amphetamine regulated transcript (CART). Its presence has
been reported in the wall of the pyloric portion of the abomasum in cattle (Mtynek et
al. 2015) as well as in energy metabolic pathways in monogastric and laboratory animals
(Rohner-Jeanrenaud et al. 2002; Wortley et al. 2004; Lucidi et al. 2005). Based on
current knowledge, it may be hypothesized that higher concentrations of CART reduce
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appetite and increase the risk of excessive mobilization of fat reserves. This may impair
liver metabolism and lead to excessive ketosis.

The aim of the experiment was to analyse how the connection between the cows’ body
weight, body condition, and chewing time affects the concentration of CART and selected
blood metabolism indices, as evaluated in terms of the amount of milk produced per day in
Polish Holstein-Friesian cows. The experimental hypothesis was that lower values of the
studied indices would be obtained from cows with higher concentrations of anorexigenic
CART in blood and a resulting reduction in milk production.

Materials and Methods
Animals
The experiment was conducted in the spring in a total of 60 Holstein-Friesian dairy cows. The general
characteristics of the cows are presented in Table 1. The mean production age was 2.5 lactations. The milk yield
production of the previous lactation (305-day) was 7256 =359 1.

Table 1. Characteristic traits of production and body condition indicators, blood indices and chewing time in cows
during lactation.

Eriu;sg 4 Means Min. Max. SEM
Day of lactation 142 5 197 2.16
Body weight (kg) 532.9 423.6 692.7 2.93
Daily milk production (1) 325 15.9 435 0.37
BCS (point) 2.35 2.0 4.0 0.04
Content in the blood:

Glucose (mmol/l) 2.542 1.356 4.531 0.042

BHB (mmol/l) 1.021 0.329 1.815 0.024

CART (ng/ml) 0.926 0.349 1.987 0.022
CT (min/day) 756.4 617.4 920.4 75.0

BCS - body condition score; BHB - 3-hydroxybutyrate; CART - cocaine and amphetamine regulated transcript;
CT - chewing time; SEM - standard error of the mean

Housing and nutrition management

Cows were kept in a free-stall barn with separate lying areas. Animals were milked by milking robots and fed
in concentrated feeding stations. An automatic feed push-up robot was used at the feed bunk.

The diets were formulated according to INRA feeding standards (INRAtion Software for Ruminant Diet
Calculation, version 2.03; DJ Group, Krakow, Poland). Roughage was prepared in the feed mixer, with maize
silage, grass and lucerne haylage, straw (1 kg/animal/day) and a concentrate containing soybean and rapeseed
meal, vitamin-mineral supplements, and buffering agents (ground limestone). During the first 100 days, the cows
received additional glycerine as well as concentrate in pellet form from automatic feeders.

Monitoring of the indicators

Data on the characteristics of production, physiological indices such as body weight (BW), body condition
score (BCS), biochemical blood indices such as 3-hydroxybutyrate (BHB), glucose (GLU), CART, and chewing
time (CT) were collected at 10, 40, 70, 100, and 150 days of lactation. In total, 284 (n) complete data sets were
used for statistical calculations.

Transponders were used for identification of the cows in the system. Chewing time per day (min/day) was
measured using noseband-sensor halters. Body weight was determined using a weighing platform on the floor of
the milking stall (sensor system). Devices for measuring BM and CT were validated at 30-day intervals. Cows
were evaluated for the amount of depot fat using a BCS (1 = emaciated to 5 = obese). The BCS, BW, CT and
amount of milk drawn were determined on the blood sampling day.

Energy metabolism was evaluated from the concentration of BHB and GLU in blood, and the level of CART was
also determined. Samples were collected in the morning from the abdominal vein, on the day of BCS estimation.
Tubes for GLU (with sodium fluoride; Medlab-Products, Poland), BHB and CART (with clot activator) were
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used. After collection, the blood samples were transported to laboratory on ice (approximately within 2 h). Blood
samples were then centrifuged at 1.500 x g at 4 °C for 20 min. The isolates were stored at — 80 °C until analysis.

Plasma CART concentrations (ng/ml) were measured by enzyme immunoassay using bovine specific ELISA
kit (EIAab, Wuhan, CN). Glucose concentration (mmol/l) was determined in whole blood by the enzymatic
method, using Randox kits (Randox Laboratories Ltd, Crumlin, UK).

Statistical analysis

To evaluate the effects of the selected factors (BW, BCS, and CT), statistical analyses with repeated
measurements with Linear Mixed Models (LMM) were performed using Statistica 13.0. The analysis included
the day of lactation as a covariate when factors were assessed using a covariance matrix. Correlation between the
selected indicators was calculated using the variance-covariance matrix model (P < 0.05).

Results

The data presented in Table 1 show the cows did not exhibit an increased energy deficit
during the lactation period under study. Their GLU and BHB blood concentrations ranged
from 1.356 to 4.531 and from 0.329 to 1.815 mmol/l, respectively. During the analysed
lactation period, the BW of cows averaged 532.9 kg (ranging from 423.6 to 692.7 kg), and
their mean BCS was 2.35 (from 2.0 to 4.0). The CT averaged 756.4 min/day, but varied
considerably between 617.4 and 920.4 min/day.

Table 2. General characteristics of traits and correlation coefficients for chewing time with production traits, BCS
and blood indices.

CT (min/d

Traits I 11 1 SEM P value Correlation
n=284 167 71 46 CT %
CT (min/day) 711.9 802.1 847.4 44 0.001 -
Body weight (kg) 516.7 548.9 554.7 2.8 0.019 0.383*
Daily milk production (1)  30.3 35.1 36.2 0.4 0.017 0.517*
BCS (point) 2.19 2.54 2.65 0.04 0.011 0.379*
Content in blood:

GLU (mmol/l) 2.753 2.575 2.199 0.021 0.012 -0.389*

BHB (mmol/l) 2.499 3.233 3.103 0.038 0.005 -0.345%*

CART (ng/ml) 1.695 1.169 1.065 0.037 0.001 -0.644*

*P < 0.05; BCS - body condition score; CT - chewing time; GLU - glucose; BHB - B-hydroxybutyrate; CART-
cocaine and amphetamine regulated transcript; SEM - standard error of the mean

The results obtained for the changes in the analysed indicators depending on the time
spent chewing are shown in Table 2. The CT was significantly correlated to BW and BCS.
The animals with a longer CT were at the same time characterized by a higher BW and
stronger body condition which was confirmed with correlation analysis that produced the
values of 0.383 and 0.379, respectively (P < 0.05). It is of note that increased CT was more
strongly correlated with the amount of milk produced per day (0.517; P < 0.05). Analysis
of the results for biochemical components of blood (Table 2) demonstrated that a longer
CT was associated with lower GLU and BHB concentrations. A lower blood concentration
of CART was found in animals with a longer CT. This trend may indicate that a longer CT
resulting in a lower CART concentration allows the body to have a more efficient energy
metabolism. The changes shown in the tables for the blood components were confirmed
by the obtained coefficients of correlation. For the GLU and BHB concentrations, the
correlations with CT were not very strong (-0.389 and -0.345; P < 0.05); but they were
stronger for CART (-0.644; P < 0.05). The contribution of CART to regulating the CT
reflex here most probably resulted from suppression of appetite. This suggests that animals
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Table 3. General characteristics of traits and correlation coefficients for BCS with production traits, blood indices
and chewing time.

BCS (point)

Traits 1(<2.5) 1I(2.5-3.4) HI(>3.5) SEM P value Correlation
n=284 169 98 23 BCS x
BCS (point) 1.96 2.83 3.50 0.04 0.011 -
Body weight (kg) 5223 544.5 546.7 2.8 0.023 0.278%*
Daily milk production (1)  31.0 34.5 352 0.4 0.012 0.309*
Content in blood:

Glucose (mmol/l) 1.986 2.542 3.104 0.039 0.007 0.461*

BHB (mmol/l) 1.161 0.853 0.655 0.024 0.004 -0.471*

CART (ng/ml) 1.651 1.196 1.130 0.016 0.002 -0.529
CT (min/day) 740.4 776.5 793.8 4.4 0.003 0.379%

*P <0.05; BCS - body condition score; BHB - 3-hydroxybutyrate; CART - cocaine and amphetamine regulated
transcript; CT - chewing time; SEM - standard error of the mean

Table 4. General characteristics of traits and correlation coefficients for body weight with daily milk production,
BCS, blood indices and chewing time.

Body weight (kg)

Traits 1(<531) I (> 531) SEM P value Correlation
n=284 (n=142) (n=142) BM x
Body weight (kg) 494.9 568.0 2.8 0.020 -
Daily milk production (1) 30.4 345 0.4 0.019 0.394*
BCS (point) 221 2.51 0.04 0.025 0.279*
Content in the blood:

Glucose (mmol/l) 2.023 3.075 0.039 0.002 0.721%*

BHB (mmol/l) 1.129 0.912 0.034 0.009 -0.282*

CART (ng/ml) 1.634 1.289 0.029 0.001 -0.491*
CT (min/day) 733.9 778.8 4.5 0.002 0.483*

*P <0.05; BCS - body condition score; BHB - -hydroxybutyrate; CART - cocaine and amphetamine regulated
transcript; CT - chewing time; SEM- standard error of the mean

with a higher CART concentration in their blood can absorb fewer nutrients. This caused
these animals to have poorer BCS (Table 3) and lower body weight (Table 4).

In the case of biochemical blood analysed in the context of BCS (Table 3), the trends
were similar only for BHB and CART. The negative correlations (-0.471 and -0.529)
obtained in these two cases indicate that greater BCS values (groups 2 and 3 — BCS above
2.5) were most often paralleled by lower concentration of these compounds in blood. The
opposite trend was observed for the blood GLU concentration (0.461) which was markedly
higher in animals with a higher BCS (groups 2 and 3). In animals from these groups,
CT was most often clearly longer, averaging 785.2 min/day. These groups also shared a
similar daily production of 34.8 1 on average. This suggests that the BCS of cows depends
to a similar extent on the CT (0.379; P < 0.05) and the intensity of milk secretion per day
(0.309; P <0.05).

The analysed indicators of daily milk production showed the strongest correlation with
the cow’s body mass (Table 4). The observed tendency was confirmed by the difference
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in the amount of milk produced (4.1 1 on average) and r = 0.394 (P < 0.05). The BM was
also found to have a significant effect on the CT (-0.483; P < 0.05). Animals with a higher
BW had a longer CT by 44.9 min/day, which averaged 778.8 min/day. This is relevant
because of the pre-treatment of feed, a process which improves nutrient utilization and
intake, thus increasing the intake of energy that determines BCS. However, the smallest
effect, confirmed by a significant difference (P < 0.05) of 0.3%, was noted for BCS. In
this case, the correlation was weak (0.279; P < 0.05). The data in Table 4 show that BW
had the strongest effect on blood GLU concentration. The difference between animals
representing both BW groups averaged 1.052 mmol/l, with r = 0.721 (P < 0.05). A slightly
weaker effect of BW was found for CART concentration. However, as for GLU, in heavier
animals with higher BW, blood had a higher content of this neuropeptide, by 0.345 ng/ml
on average (0.491; P <0.05). In the case of BHB, blood from heavier animals had a lower
concentration of it by an average of 0.217 mmol/l, with r = -0.282 (P < 0.05).

Discussion

The intensity of milk secretion during the first weeks of lactation is the principal
determinant of its course as well as the body’s homeostasis (Nikkhah et al. 2008).
Kovac et al. (2009) have shown a strong relationship between some indicators of energy
metabolism and peptides mediating the immune response of the cow’s body in the period
around calving. They also showed that in cows with a higher concentration of non-esterified
fatty acids indicating greater mobilization of lipids, a higher concentration of acute phase
proteins was more frequently observed.

Disruption of homeostasis in lactating cows is largely limited by normal BCS and long
enough CT, which is conducive to maximizing the nutrient intake from feed (Goldhawk
et al. 2009). According to Jiang et al. (2017), by influencing ruminal physiology and
metabolism, these factors also have an effect on the amount of feed intake. In this respect,
an interesting field of research is the role of CART. It is important to conduct research
aimed at understanding the association of ruminal physiology (Rohner-Jeanrenauda et
al. 2002) and metabolic processes (Lucidi et al. 2005) with the perception of appetite and
the amount of food eaten.

In cattle, CART secretion is located in the pyloric section of the abomasum (Mtynek
et al. 2015). Studies suggest that this neuropeptide is closely connected with energy
metabolism, in cattle as well. In this regard, the trends observed in our study for BCS are
consistent with the findings of Mtynek et al. (2015), who showed lower accumulation of
adipose tissue in the carcasses of animals whose abomasums had a larger number of CART
structures in the pyloric section. This may affect the body condition (Keyun and Yanyun
2007). Furthermore, Nikkhah et al. (2008) demonstrated that lower feed intake (reduced
appetite) may perturb the energy homeostasis by causing clear changes to the concentration
of GLU, urea and ketone bodies. This trend is confirmed by our results obtained for GLU
and BHB as well as CT, which to a certain extent may characterize the strength of appetite.
Attention should also be drawn to the role of anorexigenic CART, which in our study
proved to be strongly associated (more so than the other indicators) with the CT and the
amount of subcutaneous adipose tissue (BCS). Especially in the first period of lactation in
high-yielding dairy cows, the regulation of energy metabolism is subject to sudden changes
through mobilization of lipids from adipose tissue. Chelikani et al. (2003) indicate that
during that time, these mechanisms induce leptin involved in the body condition. It is
noteworthy at this point that the analysed CART is strongly involved in the regulation of
energy metabolism (Keyun and Yanyun 2007). In the context of endogenous regulators
of energy metabolism as well as gastrointestinal performance (Nikkhah et al. 2008),
the effect of CART reported in our study may have a significant effect on the course and
rate of energy metabolism. These authors showed that the level of BCS was dependent
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on metabolism associated with GLU levels and higher insulin activity. Our findings of
low GLU concentration in animals with the lowest BCS, the highest concentration of
anorexigenic CART, and the shortest CT, may be indicative of an energy deficit induced by
inadequate nutrient utilization. Similar tendencies were reported by Nikkhah et al. (2008).

In terms of the body’s energy reserves, body weight is an important factor associated
with the metabolic potential in high-yielding cows (Clauss et al. 2009). However, its
relationship with daily milk production is not completely understood. Our results for the
connection between the daily milk yield, BCS, and body mass correspond with the findings
of Clauss et al. (2009), who showed that a sudden decrease in BCS (loss of body weight)
during the first weeks of lactation adversely affects the persistence of milk yield. Our results
obtained for the indicators of energy metabolism may suggest that in cows with lower body
weight, the effect of lactation persistency may be more at risk because the higher level of
anorexigenic CART shortens the CT by suppressing appetite. Another benefit of prolonged
CT, according to Jiang et al. (2017), is better hydration and buffering of ingested feed,
which has a positive effect on rumen metabolism. Compared to the studies cited above,
our results indicate a more pronounced association between BW and CT, because cows
with lower BW were characterized by clearly shorter CT, which in their case could have an
adverse effect on the amount of nutrient intake, and thus on lower blood GLU concentration,
more rapid mobilization of energy reserves (higher BHB concentration) and a weaker body
condition. It is supposed that this effect was largely augmented by the relationships that
we show with the concentration of anorexigenic CART. Studies of Vargova et al. (2015)
indicate the dependence of some hormones on BCS. These results were confirmed by
positive values of the correlation coefficient with leptin (0.360) and insulin (0.232) and
a negative correlation between BCS and ghrelin (-0.257). These data indicate that leptin,
ghrelin and insulin concentrations clearly affect changes in BCS.

In light of the function of endogenous regulators of energy metabolism as well as daily
milk production and BCS, our results are consistent with those of Chelikani et al. (2003).
They showed that the relationship between milk secretion and BCS can be dependent on the
GLU concentration, which along with leptin is involved in energy metabolism pathways.
Chelikani et al. (2003) showed that during the first period of lactation, the influence of
blood GLU and lipid concentration on the stimulation of leptin secretion is less important,
concluding that during that time leptin expression and release were inhibited by the
growth hormone. In light of this study, our results suggest that in addition to the identified
endogenous substances involved in regulation of energy metabolism, CART remains an
important co-regulator of these processes. In the study by Vargova et al. (2015), it was
shown that changes in energy profile indices (including BHB and GLU) in cows after calving
play a physiological role in the formation of BCS. Depending on the level of hormones
(Ieptin, ghrelin or insulin), they can induce higher feed intake, which is beneficial for milk
production and the physiological condition of cows in the first lactation period.

The results of our research indicate that the anorexigenic effect of CART, which
mediates the regulation of fat accumulation and BW (Wortley et al. 2004; Mtynek and
Janiuk 2013), may significantly contribute to feed intake, and thus indirectly influence
the intensity and persistence of milk secretion. This effect was reported by Asnicar et
al. (2001) who showed that rats deprived of the gene regulating the production of CART
ingested more feed. As a result, the animals showed increased BW and greater amounts
of accumulated adipose tissue, as indicated also by Hunter et al. (2004). Miynek et
al. (2015) demonstrated that bulls in which more CART structures were observed in the
pyloric section of the abdomen, had a significantly thinner layer of external fat and less
fat carcasses. Existing knowledge allows us to guess how CART engages in pancreatic
activity and regulation of plasma glucose. Research conducted by Wierup and Sundler
(2006) on the clarification of the putative role of CART in islet hormone release revealed
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that CART potentiates glucose-stimulated insulin secretion from clonal b-cells in the rat.
The possible contribution of CART to energy metabolism pathways that regulate the GLU
concentration was also suggested by Arciszewski et al. (2008) for sheep. Their study
showed that this neuropeptide is involved in regulating pancreatic insulin secretion. This
fact is relevant because insulin secreted in the pancreas has the function of regulating blood
GLU concentration and is directly related to food ingestion (Rohner-Jeanrenaud et al.
2002). This is thus another major function of this neuropeptide, particularly given that this
function can be strengthened in the presence of CART in the structures of the stomach
(Mtynek et al. 2015).

The association of CT with blood CART concentration and the effect of this relationship
on the body condition, body mass and productivity in cows, as observed in our study, is
important in light of the findings of Davidowa et al. (2005), who showed a significant
effect of food restriction on CART gene expression and the amount of neuropeptide
secretion. These results seem relevant from the viewpoint of our study, because the shorter
CT, which is generally associated with the amount of feed eaten, could influence the
expression and amount of CART secreted in the stomach. This hypothesis is supported by
Bannon et al. (2001) who reported that administration of exogenous CART to rats clearly
suppresses their appetite reflex. The fact that CART contributes to mechanisms regulating
BW and rate of adipose tissue deposition has been confirmed by Mtynek and Janiuk
(2013) for cattle and by Wortley et al. (2004) and Asnicar et al. (2001) for monogastric
laboratory animals.

In the context of CT, the feed given to high-yielding dairy cows is highly important for
ingestion behaviour, which according to Maulfair et al. (2010) has a fundamental effect
on the production of saliva and of buffering sodium bicarbonate. As a consequence, this
is important for rumen fermentation processes (Nikkhah et al. 2008) and gastrointestinal
motility (Dias et al. 2011). In light of the above studies, appetite-suppressing CART,
by shortening the CT, may reduce the particle size and moisture of feed, thus adversely
affecting ruminal fermentation and limiting the availability of nutrients. These results
correspond with the findings of Weckerly (2013) who showed that the BW of cows is
associated, among other factors, with the amount of feed intake. The research by these
authors is consistent with the results of our study, in which heavier animals exhibited
longer CTs and at the same time lower blood CART concentrations.

The results obtained lead to the conclusion that in the development of body mass and
condition, CT is directly involved, which is significantly affected by the level of the
anorexigenic function of CART. Most probably its concentration in blood has an indirect
effect on the body’s energy metabolism. The anorexigenic role of CART, associated in our
study with shorter CT, is confirmed by the relatively strong correlations of blood indices
with CT. With regard to the most important practical aspect of the amount of milk produced
per day, our results show that CART is indirectly involved in this process. This can be
concluded from the magnitude of the correlation between milk production and CT. At the
same time, it was found that shorter CT were accompanied by higher blood concentrations
of CART.

The results of our study extend the current knowledge on endogenous factors involved in
the energy metabolism of ruminants and can be used to improve production efficiency with
regard to the feeding of cows.
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