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ABSTRACT: We investigated the effect of the amount of body condition loss in the dry period and early lactation in 42 high-yielding
Holstein-Friesian cows on milk yield and the share of fatty acids in milk fat. Energy reserves were estimated based on the body
condition scoring (BCS) and backfat thickness (BFT). Milk yield and milk composition were determined over 305-d lactation. From d 6
to 60 of lactation, the concentrations of 43 fatty acids in milk fat were determined by gas chromatography. Cows were categorized based
on body condition loss from the beginning of the dry period to the lowest point of the BCS curve in early lactation into three groups: low
condition loss group (L) <0.5 points (n = 14); moderate condition loss group (M) 0.75 to 1.0 points (n = 16) and high condition loss
group (H) >1.0 points (n = 12). Cows whose body energy reserves were mobilized at 0.8 BCS and 11 mm BFT, produced 12,987 kg
ECM over 305-d lactation, i.e. 1,429 kg ECM more than cows whose BCS and BFT decreased by 0.3 and 5 mm, respectively. In group
H, milk yield reached 12,818 kg ECM at body fat reserve mobilization of 1.3 BCS and 17 mm BFT. High mobilization of body fat
reserves led to a significant (approx. 5%) increase in the concentrations of monounsaturated fatty acids-MUFA (mostly Cig.; Cis-9,
followed by Cg.; trans-11), a significant decrease in the levels of fatty acids adversely affecting human health, and a drop in the content
of linoleic acid, arachidonic acid and docosahexaenoic acid in milk fat. In successive weeks of lactation, an improved energy balance
contributed to a decrease in the concentrations of unsaturated fatty acids (UFA) and an increase in the conjugated linoleic acid (CLA)

content of milk fat. (Key Words: Dairy Cows, Body Condition Loss, Backfat Thickness, Oleic Acid, CLA)

INTRODUCTION

Intensive genetic selection has resulted in dairy cows
that yield large amounts of milk in early lactation while
mobilizing body reserves extensively. The cow’s milk
output increases faster than its feed intake capacity,
reaching their maxima 4 to 7 wks and 8 to 22 wks after
calving, respectively (Ingvartsen, 2006). Negative energy
balance (NEB) is partially caused by reduced dry matter
intake around the time of calving. The rate and amount of
changes in body condition score (BCS) and backfat
thickness are good indicators of body energy reserve
mobilization in early lactation (Grummer et al., 2004;
Schroeder and Staufenbiel, 2006; Berry et al., 2007;
Nogalski and Gorak, 2008; Ayres et al., 2009). Energy
stores are, therefore, a key component of milk production.
Research in this area has implicated increased milk
production with increased activity of lipolytic enzymes in
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adipose tissue, and more recently with greater expression of
genes involved in body fat mobilization (Sumner and
McNamara, 2007).

Milk fat is the main energy component of milk and the
most easily digested animal fat in the human diet. Milk fat
contains 400 to around 500 fatty acids (Reklewska et al.,
2002). Due to its high content of saturated fatty acids and
the presence of cholesterol, milk fat is considered a risk
factor for atherosclerosis by some doctors and dieticians.
However, it remains a rich source of many fatty acids (FA)
known for their health-promoting properties (Reklewska et
al., 2002; Khanal and Dhiman, 2007). Milk FA originate
from four major pathways: directly from the diet, de novo
synthesis in the mammary gland, formation in the rumen by
biohydrogenation or bacterial degradation, and release from
body fat stores (Stoop et al., 2009). Changes in milk fat
composition over lactation imply shifts in the activity of
these pathways and are related to changes in the energy
status of the cow (Gross et al., 2011). Van Knegsel et al.
(2005) suggested that during NEB, de novo synthesis of FA
(C6:0 to C14:0) was reduced and body fat reserves used.
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Lactation stage and energy balance significantly contribute
to variation in milk fat composition and alter the activity of
different fatty acid pathways. The majority of studies
conducted to date have focused on cattle herds with an
average milk yield of up to 10,000 kg. Therefore, it seems
interesting to determine whether milk production and the
fatty acid profile of milk from high-yielding cows are
affected by NEB.

The objective of this study was to investigate the effect
of the amount of body reserve loss in the dry period and
early lactation in high-yielding cows on milk yield and the
fatty acid profile of milk fat.

MATERIALS AND METHODS

Cows

A total of 42 animals from a herd of 330 Holstein-
Friesian cows were selected for the experiment based on the
following criteria: a similar calving date to eliminate the
effect of calving season (the selected cows calved between
16 January 2008 and 14 March 2008), yield for the previous
lactation (not lower than 10,000 kg of milk during 305-d
lactation), for heifers-yield estimated based on pedigree
information, lactation number-proportionally for the entire
herd (first lactation 15 cows, second lactation 15 cows and
third lactation 12 cows). A herd of cows kept in a free-stall
system was investigated in this experiment. The cows were
milked in a parallel parlor three times a day. The animals
were fed a total mixed ration (TMR) based on maize silage,
grass and alfalfa haylage, and brewer’s spent grain. In the
complete diet, the concentrate was supplemented with
protein, minerals, vitamins and milk production enhancers
(protein and rumen-protected fat, active yeast cultures and
other energy supplements). Cows were fed a TMR
formulated to produce 45 to 50 L of milk (7.15 MJ/kg net
energy (lactation) and 18% crude protein). Dry cows and
heifers on pre-calving days 60 to 45 were kept in deep litter
free-stall facilities, and they were divided into two groups:
i) dry cows: 6 to 8 wks ap (ante partum) to 3 wks ap; ii)
transition cows: 3 wks ap to 1 wk pp (post partum). Dry
cows were fed a TMR of grass and straw haylage
supplemented with minerals in the dry period. Transition
cows were administered lactation rations with an increasing
share of concentrate. Feed was offered twice daily, using
mixer wagons, and it was gathered up several times per day
to ensure ad libitum access.

Study design and measurements

Energy reserves were estimated based on the body
condition scoring (BCS) scale of 1 (thin) to 5 (obese) points
with 0.25 intervals (Wildman et al., 1982), and backfat
thickness (BFT). Ultrasound measurements of BFT were
performed with the use of the Mysono 201 device (Medison
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Co.) equipped with a convex probe operating in the 2 to 5
MHz frequency range, in the area between the ischial
tuberosity, the coxal tuber and the sacrum. Prior to the
measurements, the skin was shaved and covered with gel.
Evaluations were carried out at two-week intervals, from 5
wks ap to 20 wks pp. Milk yield in kg ECM and the average
content of fat and protein over 305-d lactation were
calculated for each cow, as follows.

Energy corrected milk: milk with a standardized energy
content (Sjaunja et al., 1990),

ECM(kg)
(0.383 - fat(%) + 0.242 - protein%) + 0.7832)

= milk(kg) 5 140

Between lactation days 6 and 60, at five-day intervals,
milk samples were collected from clinically healthy cows
during morning milking. The proximate chemical
composition of milk was determined by infrared
spectrophotometry, using the Milco-scan 133 B analyzer
(Foss Electric). Milk fat was extracted by the method
proposed by Rose Gottlieb (AOEC, 1990), and the
concentrations of 43 fatty acids were determined by gas
chromatography, in the Varian CP 3800 chromatograph
equipped with a split/splitless injector and a flame-
ionization detector (FID). One pl ester samples were placed
on a capillary column with a length of 100 m and an
internal diameter of 0.25 mm, with the CP-sil88 stationary
phase. Helium was used as the carrier gas, injector
temperature was 260°C, and the total time of a single
analysis was 68 min. The fatty acids and fatty acid groups
analyzed in the study are presented in Table 1.

In the herd, regular health examinations were performed
by the same investigator once a week. Animal handling and
sampling procedures performed for the needs of this study
have been fully approved by the local ethics committee in
Olsztyn, Poland.

Statistical analysis

The results were processed using Statistica 9.0 software
(Statsoft 2010). The experimental factor was the amount of
body condition loss from the beginning of the dry period to
the lowest point of the BCS curve in early lactation. Cows
were categorized based on body condition loss into three
groups: low condition loss group (L) <0.5 points (n = 14);
moderate condition loss group (M) 0.75 to 1.0 points (n =
16) and high condition loss group (H) >1.0 points (n = 12).
The effect of body condition loss on milk yield and the
share of fatty acids in milk fat was evaluated by the least
squares analysis of variance, according to the below model:

Yij = ptAte;
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Table 1. The fatty acids and fatty acid groups analyzed in the study
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Groups of fatty acids Fatty acids included

C4.0,C6:0,C7:0,C8:0,C10:0,C11:0,C12:0,C13:0,C14:0,C15:0,C16:0,C17:0
C 10:1, C 12:1, C 14:1, C 16:1, C 17:1, C18:1 trans 6+9, C18:1 trans 10+11, C18:1 cis 9, C18:1 cis 11,

C18:1 cis 12, C18:1 cis 13, C18:1 trans 16, C18:2 cis 9 trans 13, C 18:2, C18:3, C 18:2 cis 9 trans 11, C 20:1,

C 10:1, C 12:1, C 14:1, C 16:1, C 17:1, C18:1 trans 6+9, C18:1 trans 10+11, C18:1 cis 9, C18:1 cis 11,

C18:2 cis 9 trans 13, C 18:2, C18:3, C 18:2 cis 9 trans 11, C 20:2, C 20:4, C 20:5, C 22:5

SCFA C4toC10
MCFA ClltoC17
LCFA C18toC22
SFA
UFA
C 20:2, C 20:4,C 20:5,C 225
MUFA
C18:1cis 12, C18:1 cis 13, C18:1 trans 16, C 20:1
PUFA
CLA C 18:2cis9trans 11
n-3 C 18:3, C 20:5
n-6 C18:2,C20:4
NE C 12:0, C 14:0, C 16:0,

SCFA = Short-chain fatty acids; MCFA = Medium-chain fatty acids; LCFA = Long-chain fatty acids; SFA = Saturated fatty acids.
UFA = Unsaturated fatty acids; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated fatty acids.
CLA = Conjugated linoleic acid; NE = Acids with a negative effect on human health.

where:

Yj; = values of the analyzed parameters

p = population mean

A, = effect of the i"" body condition loss

gjj = random error.

Differences between means were estimated using
Tukey’s test.

RESULTS

The depth and length of the NEB phase are illustrated
by changes in the BCS profile and BFT (Figure 1). Cows
with a higher BCS in the dry period were characterized by
more intense fat reserve mobilization. Between 5 wks ap to
the point of the lowest BCS, i.e. until wk 9 pp, the body
condition of group H cows deteriorated by 1.3 points on

average, which corresponded to an average change of 17
mm in BFT. In group H cows, intense mobilization of fat
reserves began already at the end of the dry period. During
the dry period and in the first three weeks of lactation,
changes in their BCS exceeded 1 point. In cows whose BCS
decreased to a lower degree, the energy demand and dietary
energy intake were already balanced in wk 5 pp (group L).
In group M, the average total output over 305-d
lactation was 12,987 kg ECM (Table 2). The difference
between groups Ma and L was significant, at 1,429 kg
(p<0.05). At peak lactation, the daily milk yield was 50 to
55 kg (Figure 2). The fat content of milk was very high in
the first weeks of lactation, and it continued to decrease
from wk 4. Milk fat concentrations until d 60 of lactation
and the average fat content of milk during 305-d lactation
were higher in cows intensively mobilizing their body fat
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Figure 1. Changes in the body condition score (BCS) and backfat thickness (BFT) of cows in the dry period and early lactation. L = Low

condition loss, M = Moderate condition loss, H = High condition loss.
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Table 2. Characteristics of 305-d lactation (Means+SE)
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Low condition loss group

Moderate condition loss group

High condition loss group

Parameter (n = 14) (n = 16) (n=12)
ECM (kg) 11,558+330.3° 12,987+403.4° 12,818+304.2°
Fat (%) 4.13+0.07 4.1610.08 4.21+0.07
Protein (%) 3.2740.03 3.2310.04 3.2240.03
Ab p<0.05.

Daily milk yield, kg
o
(=]

7 7.00

1 6.50

1 6.00

1 5.50

1 5.00

Fat, %

1 4.50

1 4.00

1 3.50

3.00

6-10

11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60

Days after calving

L milk M milk H milk

L fat f=F-- M fat H fat

Figure 2. Changes in the daily yield and the fat content of milk in early lactation. L = Low condition loss, M = Moderate condition loss,

H = High condition loss.

reserves. The protein content of milk was highest in group L
cows, but the noted differences were statistically non-
significant (Table 2).

The rate of body energy reserve mobilization had a
significant effect of the fatty acid profile of milk fat during
the first two months of lactation (Table 3). Milk fat in group
L cows had a significantly higher proportion of short-chain
fatty acids and medium-chain fatty acids, and a lower
proportion of long-chain fatty acids, compared with milk fat
in the other groups. Most UFA are LCFA, which is why
UFA concentrations were significantly (p<0.01) lower in

group L. The difference in the levels of MUFA, in particular
oleic acid, exceed 5 g/100 g total fat, in comparison with
groups M and H (Figure 3). UFA had the highest share of
the total fatty acid pool in the second week of lactation
(Figure 4), and their proportion decreased on successive
days. The n-3 fatty acid content of milk fat was
significantly higher in group L cows, compared with the
remaining groups, and it increased slightly with the
progress of lactation (Figure 5).

The concentrations of functional fatty acids in milk
were significantly influenced by the amount and rate of

Table 3. The effect of body condition loss from d 6 to 60 of lactation on the concentrations of selected fatty acid groups in milk fat

Low condition loss (L
Fatty acid g/100 g milk fat ©)

Moderate condition loss (M) High condition loss (H)

LSM SE LSM SE LSM SE
SFCA 7.974 0.183 7.078 0.162 7.098 0.205
MCFA 45.53° 0.645 43.18° 0.560 43.12° 0.614
LCFA 46.50° 0.851 49.75° 0.705 49.73° 0.772
SFA 63.20% 0.721 58.278 0.647 58.18° 0.758
UFA 36.79% 0.772 41.738 0.654 41.76° 0.753
MUFA 32.78" 0.725 37.56° 0.638 37538 0.705
PUFA 4.14 0.122 4.17 0.113 4.23 0.158
n-3 0.40° 0.009 0.37° 0.006 0.36° 0.009
n-6 257 0.047 2.50 0.028 2.47 0.048
n-6/n-3 6.46 0.092 6.75 0.142 6.85 0.101

Means within a row with different superscripts differ. *® p<0.01; *° p<0.05.

SCFA = Short-chain fatty acids; MCFA = Medium-chain fatty acids; LCFA = Long-chain fatty acids; SFA = Saturated fatty acids.
UFA = Unsaturated fatty acids; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated fatty acids.
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Figure 3. Changes in the oleic acid (C 18:1 cis 9) content of milk fat from d 6 to 60 of lactation.
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Figure 4. Changes in the unsaturated fatty acid (UFA) content of milk fat from d 6 to 60 of lactation.
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Figure 5. Changes in the n-3 fatty acid content of milk fat from d 6 to 60 of lactation.
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Table 4. The concentrations of functional fatty acids in milk fat from d 6 to 60 of lactation

Fattv acid a/100 a milk fat Low condition loss (L) Moderate condition (M) loss High condition loss (H)
yactging LSM SE LSM SE LSM SE
C 4:0 (BA) 2.931 0.053 2.799 0.043 2.839 0.066
C 18:1 trans 11 (TVA) 1.038% 0.036 1.188* 0.024 1.132° 0.030
C 18:1 cis (OA) 25.534 0.687 29.438 0.653 29.688 0.677
C 18:2 (LA) 2.392 0.044 2.356 0.028 2.312 0.048
C 18:2 cis 9 trans 11 (CLA) 0.357 0.013 0.335 0.010 0.347 0.012
C 18:3 (LNA) 0.357%% 0.008 0.335" 0.006 0.322° 0.008
C 20:4 (AA) 0.176" 0.007 0.145° 0.004 0.160 0.008
C 20:5 (EPA) 0.043 0.003 0.036 0.002 0.041 0.003
C 22:6 (DHA) 0.076" 0.003 0.059°8 0.002 0.065° 0.003

Means within a row with different superscripts differ. ~& p<0.01; *° p<0.05.
BA = Butyric acid; TVA = Trans-vaccenic acid; OA = Oleic acid; LA = Linoleic acid; CLA = Conjugated linoleic acid.
LNA = Linolenic acid; AA = Arachidonic acid; EPA = Eicosapentaenoic acid; DHA = Docosahexaenoic acid

body energy reserve mobilization (Table 4). The content of body fat reserve mobilization in early lactation had no
short-chain butyric acid in milk was higher in group L than  significant effect on the CLA content of milk, which was
in the other groups, and it oscillated around 2.9 ¢g/100 g found to increase in successive weeks along with an
total fat throughout the experiment (Figure 6). The rate of increase in daily milk yield (Figure 7). The concentrations

3.00 1
2o | MM
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2.70 A

2.60

C 4:0 g,100 g milk fat

2.50

240

6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60
Days after calving

—&—Low conditionloss =—H=—NModerate condition loss ==—High condition loss

Figure 6. Changes in the butyric acid (C 4:0) content of milk fat from d 6 to 60 of lactation.
0.45
0.40
0.35

0.30 4

CLA, g/100 g fat milk
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0.20

6-10 11-15 16-20 21-25 26-30 31-35 3640 41-45 46-50 51-55 56-60
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Figure 7. Changes in the conjugated linoleic acid (CLA) content of milk fat from d 6 to 60 of lactation.
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Table 5. The concentrations of fatty acids adversely affecting human health in milk fat from d 6 to 60 of lactation

Low condition loss (L)

Moderate condition (M) loss High condition loss (H)

Fatty acid g/100 g milk fat

LSM SE LSM SE LSM SE

C12:0 2.31° 0.107 1.86° 0.089 1.82° 0.094
C 14:0 8.05" 0.258 6.90° 0.224 6.83° 0.248
C 16:0 29.98° 0.302 28.74° 0.245 28.93° 0.361

Means within a row with different superscripts differ. & p<0.01; * p<0.05.

of TVA and OA in milk from group L cows were lower,
compared with the other groups (Table 4). A significant
difference to the advantage of group L cows was noted with
respect to the levels of LNA, AA and DHA.

Cows characterized by low body fat mobilization, in
comparison with cows of the remaining groups, produced
milk with a significantly higher content of fatty acids
having an adverse effect on human health (Table 5). The
differences in the levels of myristic acid between groups L
and M, and L and H were significant (p>0.01), at 14.3% and
15.1%, respectively. The proportion of saturated fatty acids
C 12:0, 14:0 and 16:0 increased with progressing lactation
(Figure 8).

DISCUSION
BCS at calving is positively correlated with a decrease

in dry matter intake (Drackley 1999) and with BCS
reduction after calving, and thus it is associated with the

extent of NEB balance in early lactation (Berry et al., 2007).

In our study, cows characterized by the highest drop in BCS
(group H) already began to mobilize their fat reserves from
3 to 5 wks ap, while in the other cows the process started
from 1 to 3 wks ap. The curves illustrating changes in BCS
and BFT were similar, thus suggesting that a subjective
assessment of body condition is a good indicator of the
energy status of dairy cattle. Cows which mobilized
approximately 11 mm subcutaneous fat (group M), and not
17 mm (group H), were characterized by the highest milk

50.00 4

45.00 A

=
o
o
[=]

35.00 1

g/100 g milk fat

30.00 A

yield throughout lactation, which does not agree with the
findings of Roche et al. (2009) who reported that body
condition loss was positively correlated with milk
production during lactation and peak milk yield. However,
the cited authors analyzed cows producing 4,000 to 9,500
kg milk per lactation, kept in different systems and fed
different diets. In our study, all cows were fed exclusively a
TMR, and they produced nearly 13,000 milk per 305-d
lactation on average. Under such conditions, the most
intense mobilization of body energy reserves was not
associated with the highest productivity, which could result
from the fact that an excessive NEB makes the cow more
susceptible to metabolic disorders (Santschi et al., 2011).
The fatty acid profile of milk is determined by shifts in
the activity of fatty acid pathways (Stoop et al., 2009).
Under severe NEB, the concentrations of short-chain and
medium-chain fatty acids decrease, while the content of
long-chain fatty acids increases. SFCA are an important
source of energy for milk consumers as they are rapidly
synthesized in the digestive tract and metabolized in the
liver. Thus, they should have a high share of the total fatty
acid pool. We found that high mobilization of body fat
reserves adversely affected SFCA levels. The desirable,
high UFA content of milk in groups M and H resulted from
enhanced fat reserve mobilization and increased supply of
non-esterified fatty acids (NEFA) to the udder. Gross et al.
(2011) also observed a decrease in UFA concentrations in
milk fat in successive weeks of lactation, as the energy
balance improved. In our experiment, differences in MUFA

25.00

6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60

Days after calving

—s—Low condition loss —5—Moderate condition loss —~—High condition loss

Figure 8. The concentrations of fatty acids adversely affecting human health in milk fat from d 6 to 60 of lactation.
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content were mostly due to the elevated levels of oleic acid
in the milk fat of cows intensively mobilizing their body
energy reserves. Oleic acid (C 18:1 cis 9) is the
predominant FA in adipocytes. It is released primarily
through lipolysis during NEB (Rukkwamsuk et al., 2000).
Plasma NEFA and triglycerides are utilized by the
mammary gland for milk FA synthesis (Gross et al., 2011).
In the present study, a high transfer rate of oleic acid from
plasma into milk fat was confirmed by an elevated
proportion of C 18:1 cis 9 in the milk fat of group M and H
cows. Long-chain FA are derived from plasma and
incorporated into milk fat, and they inhibit de-novo
synthesis of short-chain FA by the mammary gland
(Palmquist et al., 1993). The observed increase in butyric
acid with progressing lactation in the present study is
consistent with the decreasing adipose tissue mobilization.
Van Haelst et al. (2008) suggested that an elevated
proportion of oleic acid may be an interesting trait for the
prediction of subclinical ketosis, particularly since this FA
was elevated in milk fat before diagnosis of ketosis. The
correlation between energy balance and the proportion of C
18:1 cis 9 was 0.77 (Gross et al., 2011).

The elevated levels of n-3 fatty acids in milk from cows
characterized by low mobilization of body fat reserves
could be due to increased supply of LNA to the rumen.
LNA acts a substrate for both TVA, which is converted to
CLA, and long-chain fatty acids formed by further
desaturation and elongation. In our study, the overall n-6/n-
3 fatty acid ratio was higher than recommended (Reklewska
et al.,, 2002). The concentrations of n-6 fatty acids are
higher in milk from cows fed a TMR, and so is the n-6/n-3
fatty acid ratio (Natecz-Tarwacka, 2006).

The CLA content of milk fat increased with progressing
lactation, with an improved energy balance, which
corroborates the findings of Gross et al. (2011) who noted
an increase in CLA levels in successive weeks of lactation
in both cows fed a restricted ration (reduced energy intake)
and control group cows.

Higher concentrations of lauric, myristic and palmitic
acids in milk from cows with lower mobilization of body
fat reserves, observed in our study, resulted from
differences in the rate of fatty acid synthesis in the
mammary gland. As demonstrated by Schroeder et al.
(2003), the concentrations of lauric acid and myristic acid
increased in milk from cows whose BCS improved by 0.1
on average in early lactation. This indicates that body fat
reserve mobilization is associated with an increase in the
share of UFA in the total fatty acid pool in milk, mostly due
to a high supply of NEFA accompanied by a lower SFA
content. According to Nalgcz-Tarwacka (2006), the
proportion of fatty acids which adversely affect human
health in the total fatty acid pool may be reduced through
pasture grazing and avoiding mono diets.
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CONCLUSIONS

Under conditions of high milk production, the highest
mobilization of body energy reserves by cows with the
highest BCS in the dry period was not accompanied by the
highest productivity, which could result from their greater
susceptibility to subclinical disease. Our findings do not
indicate a clear association between high milk production
and intensive feeding (TMR) and deterioration of the
functional quality of milk fat. High mobilization of body fat
reserves was associated with elevated levels of MUFA
(mostly oleic acid), reduced concentrations of fatty acids
adversely affecting human health and a decreased content of
some functional fatty acids in milk. With progressing
lactation, an improved energy balance contributed to a
decrease in UFA concentrations and an increase in the CLA
content of milk.
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