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RESUMEN
El nabo forrajero (Brassica rapa L.) es utilizado durante el verano como cultivo suplementario en
vacas a pastoreo. El objetivo de este estudio fue evaluar el efecto de la suplementación estival con dos
niveles de oferta de nabo forrajero en la producción de leche, y la respuesta metabólica de energía
y proteína en vacas lecheras a pastoreo. Se emplearon 16 vacas Frisón Negro Chileno distribuidas
aleatoriamente en dos tratamientos: dieta A (2,6 kg DM vaca-1) y dieta B (5,1 kg DM vaca-1). La
producción de leche del grupo con la dieta A no presentó diferencia significativa con el grupo que
recibió la dieta B. La proteína y grasa láctea fue similar entre los grupos (p > 0,05). Los dos niveles
de suplementación con nabo mantuvieron un adecuado balance energético y de proteínas, reflejado
en concentraciones plasmáticas de βHB, proteína total, albúmina y urea que fluctuaron dentro de los
intervalos de referencia. Bajo las condiciones del ensayo la respuesta productiva fue igual en ambos
tratamientos, no afectando la composición láctea y manteniendo un balance energético normal. Se
observó una hipofosfatemia en el tratamiento con la dieta B.
Palabras clave: respuesta metabólica, vacas lecheras, sólidos lácteos, nabo, suplementación
ABSTRACT
Forage turnip (Brassica rapa L.) is used as a supplementary feed for grazing cattle in summer.
The aim of this study was to evaluate the effect of two levels of forage turnip supplementary feed on
milk production, and energy and protein metabolic responses in grazing dairy cattle during summer.
16 randomly distributed Chilean Black Friesian cows were used in two treatments: diet A (2.6 kg
DM cow-1) and diet B (5.1 kg DM cow-1). The milk production in cows fed on diet A presented no
statistical difference with those fed on diet B. Milk protein and milk fat were similar between the
two treatments (p > 0.05). Both turnip diets maintained an adequate protein and energy balance,
reflected in plasma βHB, total protein, albumin and urea concentrations within the reference
intervals. No differences in yield responses were found between the two treatments under the study
conditions. Similarly, no effects were observed on milk composition, while a normal energy balance
was maintained. Hypophosphatemia was observed in cows fed on diet B.
Key words: metabolic response, dairy cows, mild solids, turnip, supplementation
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INTRODUCTION

MATERIALS AND METHODS

Energy is considered as the most limiting
nutrient for milk production in dairy herds
with feeding based on temperate grazing
systems (Kolver, 2003), while N consumption
in excess of requirements is frequently verified,
contributing to environmental contamination
(Pacheco and Waghorn, 2008). This imbalance
does not favor microbial protein synthesis and
leads to an increased formation of ammonium at
ruminal level, which is detrimental for both the
microorganisms and the ruminant (Bach et al.,
2005) as it involves a high energy cost generated
by the excess ammonium converted to urea in the
liver (Pacheco and Waghorn, 2008).
In southern Chile, ruminant feeding is
commonly based on grazing, using conserved
forage in periods of poor pasture growth.
Weather variations throughout the year limit
the growth rate of pastures to minimum values
in unfavorable months in winter or dry summer
(Keim et al., 2015). The grazing systems are
affected by the variations in the amount and
quality of nutrients throughout the year.
Therefore, the use of supplementary feeds is a
strategy that can extend the grazing season and
compensate for deficiencies in terms of amount
or quality of nutrients.
Fast-growing forage crops, as turnip (Brassica
rapa ssp. rapa), fulfill an important niche in the
provision of high-quality, easily digestible feed
during dry months of the year in many countries
worldwide (Collett, 2014). Summer forage crops
are a valuable component of a farm’s feed supply
as they accumulate relatively large quantities
of forage dry matter (DM) (Chakwizira et al.,
2014) for use in summer when pasture growth
and quality is often limited by inadequate soil
moisture (Hanly et al., 2017). For this reason, the
use of forage turnip as a supplementary feed for
dairy cows has increased during summer grazing
in southern Chile. As a group, brassica plants
have a much higher ratio of readily fermentable
carbohydrates (i.e., water soluble sugars and
pectins) to structural carbohydrates (i.e., cellulose
and hemicellulose) than grass-based pastures,
whereas crude protein (CP) content is similar
(Barry, 2013).
When using forage turnip during summer, the
contribution of fermentable energy may increase
at ruminal level, resulting in an increased milk
yield by maintaining the metabolic balance. The
aim of this study was to evaluate the effect of
two levels of forage turnip supplementary feed
on milk production, and energy and protein
metabolic responses in grazing dairy cattle
during summer.

The study was conducted at the Maquehue
Experimental Station of the Universidad de La
Frontera, located on the central plains of the
Region of La Araucanía (38°50’ S; 72°40’ W),
Chile. The cumulative rainfall of the year to
March 26, 2013 was 84.6 mm, lower than a normal
year for the area.
Animals
The experiment was conducted in summer
2013, including a pre-experimental adaptation
phase of 14 days and an experimental phase
of 8 days. Sixteen Chilean Black Friesian cows
were used, with an average live weight of 583.6
kg. The experimental animals had an average of
2.94 births, 151.9 days of lactation and an average
daily production of 23.1 L cow-1.
Experimental design
The experimental design evaluated two
treatments with different supplies of forage
turnip, provided through grazing: Diet A,
consisting of 11 kg DM of permanent pasture,
4.5 kg concentrated DM and 2.6 kg turnip DM;
and diet B, consisting of 11 kg DM of permanent
pasture, 4.5 kg concentrated DM and 5.1 kg
turnip DM.
Management and feeding
During the study, the animals grazed on
a permanent pasture composed of Bromus
stamineus L. (48.1%), Lolium perenne L. (20.7%),
Agrostis capillaris L. (10.3%) and resident species
(7%). The pasture was provided in the morning
through grazing after first milking (7:00 h) until
12:00 h, and after milking in the afternoon (15:00
h) until milking the following morning. The
daily rotational system was calculated based
on consumption of 11 kg DM per animal and
the availability estimated using the Rising Plate
Meter (RPM) (Ash grove Plate Meter, Meter
Hamilton, New Zealand) before conducting
the study. At 12:00 h, each experimental group
was transferred to the corresponding turnip
plots until milking at 15:00 h, with a surface of
3 m2 cow-1 equivalent to 2.6 kg of DM for the
diet A, and 6 m2 cow-1 equivalent to 5.1 kg DM
for the diet B. After the afternoon milking, the
cows grazed on the permanent pasture until
morning milking. The concentrate given to the
cows was prepared on site and consisted of oats
(Avena sativa L.) (61.03%), triticale (× Triticosecale
Wittmack Camus) (32.86%), urea (1.88%), mineral
salts (3.29%) and common salt (0.94%), supplied
during milking, with 4.45 kg DM d-1.
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Sample collection
Samples were extracted on the permanent
pasture with the cutting method to determine DM
and botanical composition; for turnips, six whole
plants per treatment were extracted to determine
the DM. Also, a sample composed of concentrate
from the site was taken. All the feed samples were
collected on day four of the experiment.
Milk production was measured per cow on day
one and eight (final stage) of the experiment, both
during the morning milking (07:00 h), using a
milking machine (Waikato, Alfa Laval, Hamilton,
New Zeland). On both days, four samples per
treatment were collected in plastic bottles from
the same animal, using preservatives for later
analysis.
Individual blood samples were extracted on
days one and eight after the morning milking.
These samples were taken using heparin vacuum
tubes from the animal’s coccygeal vein to obtain
the plasma.
Feed analysis
Pasture, forage turnip and concentrate were
analyzed: DM (AOAC, 1996), CP (analyzed using
the LECO FP 528 analyzer (LECO Corporation, St
Joseph, USA), based on the method of DUMAS
(AOAC, 1996), ME was estimated by regression
from the D value (organic matter in the dry
matter) determined in vitro (Goering and Van
Soest, 1972), ash (Ash) (AOAC, 1996, method
942.05), neutral detergent fiber (NDF) (Van
Soest et al., 1991) and acid detergent fiber (ADF)
(AOAC, 1996, method 973.18).
Milk analysis
Milk was analyzed for fat content and milk
protein content in g kg-1 using the IR method,
IDF-FIL standard 141C:2000 (IDF, 2000).
Blood analysis
Total protein concentration in plasma was
determined using the method of Biuret at 550
nm. The albumin determination was done with
the colorimetric method at 550 nm. Urea was
determined by the kinetic enzymatic method at
340 nm. The plasma cholesterol concentration
was measured using a commercial reagent
(Cholesterol®, Human). In addition, the β-OH
butyrate concentration was determined using
a commercial reagent (Ranbut®, Randox
Laboratories, Crumlin, Ireland).
The plasma calcium concentration (Ca)
was determined with a commercial reagent
(Ca-color arsenazo III®, Wiener). The plasma
phosphorus concentration (P) was determined
with a commercial reagent (Phosphorus
liquicolor®, Human). The plasma magnesium

concentration (Mg) was determined using a
colorimetric technique with a commercial reagent
(Magnesium liquicolor®, Human). The Ca/P
ratio was obtained using the quotient between
the plasma concentrations of the two elements.
The mineral concentration was expressed in
mmol L-1. The activity of the enzyme aspartate
aminotransferase (AST) was determined with
a commercial reagent (ASAT IFCC liquiUV®,
Human) and was expressed in U L-1. All the
photometric measurements were determined in
a biochemical autoanalyzer (Metrolab 2300 Plus,
Wiener Lab Group, Argentina).
Statistical analysis
The normality and homoscedasticity of the
data were evaluated through Shapiro-Wilk
tests and Bartlett’s test, respectively. Student’s
t-test for independent samples was used for
comparing mean values. The AST activity and
urea concentration were converted to natural
logarithm values before analysis. A p value less
than 0.05 was considered significant.
RESULTS AND DISCUSSION
Chemical composition of the feed
The nutritional composition of the feed used
is shown in Table 1. The pasture used during the
study is permanent; its nutritional composition is
comparable to a summer without drought. Araya
et al. (2012) reported that the DM of the pasture
can vary between 120 and 300 g kg-1, with average
CP values of 180 g kg-1 and ME values of 2.6 Mcal
kg-1, similar to those obtained in this analysis
(183 g kg-1 of CP and 2.5 Mcal kg-1 of ME). In the
pasture, the observed values of 216.8 g kg-1 of DM
and 504.4 g kg-1 of NDF are normal for the time
of year. According to Parga (2003), the nutrient
content of the pasture during summer can vary
widely depending on the climate conditions.
Pastures with adequate management during the
summer have a nutritional composition with
average values ranging from 220 to 280 g kg-1 of
DM; 120 to 150 g kg-1 of CP; 2.2-2.5 Mcal kg-1 of
ME, and 500 to 600 g kg-1 of NDF. Canto (2011)
performed a similar analysis in a summer with
low rainfall and no irrigation, reporting similar
values for CP and NDF, but a smaller content
of ME and a higher level of DM. Conversely,
Barrientos (2012) obtained higher nutritional
values during a wet summer.
The availability of turnip during the study was
8.5 t ha-1, which is greater than the 5.2 t ha-1 in dry
land and slightly less than the 9.3 t ha-1 obtained
with irrigation by Rowe and Neilsen (2010) in
Tasmania, Australia. The average CP content
between treatments was 203 g kg-1. This value was
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Table 1. Chemical composition of pasture, turnip and concentrate (DM). Experiment of turnip
supply to dairy cows.
Pasture
DM, g kg-1
CP, g kg-1
ME, Mcal kg-1
NDF, g kg-1
CHSO, g kg-1
Ash, g kg-1

Diet A
216.8
187.3
2.38
497.9
98.7

Turnip (whole plant)

Diet B
216.7
178.6
2.62
510.9
101.7

Diet A
92.7
216.1
2.62
270.0
100.57
98.7

Diet B
77.4
188.8
2.46
283.6
83.51
101.7

Concentrate
Diet A and Diet B
896.5
138.5
2.36
264.9
50.0

DM: Dry matter; CP: Crude protein; ME: Metabolizable protein; NDF: Neutral detergent fiber; CHSO: Soluble
carbohydrates.

lower than the 230 g kg-1 obtained by Barrientos
(2012), but greater than the 130 g kg-1 reported
by Sun et al. (2012) and the 171.9 g kg-1 reported
by Anrique et al. (2014). This high CP content
can be attributed to the crop having undergone
some type of water stress during the growth stage
of the plant (Eckard et al., 2001). The high NDF
content (276.8 g kg-1) slightly exceeded the 260 g
kg-1 reported by Anrique et al. (2014), attributable
to the ripeness of the crop, since some plants were
beginning to flower. In this study, ME values (2.54
Mcal kg-1 DM) were lower than those reported
by Anrique et al. (2014) and Demanet (2014),
but similar to the values obtained by Barrientos
(2012).
Milk production.
Milk production (Table 2) was similar (p > 0.05)
between the treatments. Parga et al. (2009) used
5 kg DM of turnip, obtaining a lower yield (20.3
L) compared to diet B (22.6 L) in this study. The
most common levels of turnip supplementation
are up to 5 kg DM per animal (Pulido et al., 2011),
which can explain that there was no difference in
production. In addition, Barrientos (2012) used 4
kg DM of turnip feed, and reported a yield value
that was similar (22.3 L) to that obtained in diet
B. Diet A would lead to a decrease in output to
values below 20 L d-1, as was the case of diet A
at the end of the study; this is the point at which

turnip level would be insufficient to sustain the
requirements since the yield was 18.89 L. Brassica
plants have a much higher ratio of readily
fermentable carbohydrates (i.e.,water soluble
sugars and pectins) to structural carbohydrates
(i.e., cellulose and hemicellulose) than grassbased pastures, whilst crude protein content is
similar (Barry, 2013), and therefore they allow
better synchrony between energy and protein
in the rumen. This would explain that a smaller
ingestion of turnip limits milk production. In this
sense, Aucal et al. (2015), when analyzing the use
of forage turnip on 35 dairy farms in southern
Chile, concluded that the amount of turnip in the
diet was not related to the milk yield, and that the
consumption of DM and energy were the factors
that best explained the yield response. This agrees
with our results since no statistical differences in
yield were observed between treatments.
Milk composition.
Milk protein content (Table 2) was similar (p >
0.05) in both treatments. This is in agreement with
Canto (2011) and Barrientos (2012), who obtained
300 and 318 g kg-1, respectively. Milk fat had no
differences (p > 0.05) between the treatments, only
a slight increase between the beginning and end
of the experiment. This increase can be explained
by the fat content being more concentrated, given
the reduction in milk yield.

Table 2. Milk production, protein and fat contents in the different treatments (mean ± standard
deviation). Experiment of turnip supply to dairy cows.
Starting stage
Diet A
Diet B
Milk production, L
Protein, g kg-1
Fat, g kg-1

22.8 ± 3.06
32.8 ± 0.40 a
36.4 ± 0.52 a
a

Diet A

23.17 ± 2.34
29.5 ± 0.21 a
32.6 ± 0.53 a
a

Different letters in the rows indicate statistical differences p < 0.05.

Final stage

19.88 ± 3.48
32.3 ± 0.49 a
39.1 ± 0.85 a
a

Diet B

22.63 ± 3.79 a
29.5 ± 0.28 a
36.9 ± 0.32 a
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Metabolic response.
No differences were observed in terms of mean
AST plasma activity during this study (p > 0.05)
(Table 3). The values are below the reference limit
(< 150 U L-1) for the species (Wittwer, 2012). This
semi-specific enzyme is located in the hepatocyte
and other organs; however, an increase in plasma
activity over the upper reference limit indicates
(from a clinical point of view) damage to the
hepatic parenchyma in the absence of muscular
alterations (Wittwer, 2012). In this study, the
experimental animals did not present acute
hepatic alterations that could compromise their
metabolic health and, therefore, the results. The
most common levels of turnip supplementation
are up to 5 kg DM per animal (Pulido et al., 2011).
Studies with rapeseed oil meal as a source of
glucosinolates have shown that feed intake, live
weight gain and fertility were negatively affected
(Tripathi and Mishra, 2007). The secondary
compounds that occur in forage brassicas,
their degradation/metabolism in the ruminant
digestive system and the absorbed products can
have negative effects on grazing animals (Barry,
2013). The main risks are associated with nitrate
accumulation and the presence of glucosinolates
and methyl cysteine sulfoxide in the forage,
which could cause hepatic damage, goiters and
hemolytic anemia (Pulido et al., 2011; Barry,
2013).
The total protein plasma concentrations (Table
3) were similar (p > 0.05) between diets A and
B. The average recorded values in the study are
within the interval (62 to 82 g L-1) indicated for the
species (Wittwer, 2012). Likewise, the albumin
plasma concentration (Table 3) was similar (p >
0.05) between treatments. The average albumin
concentration remained within the reference
interval (29 to 41 g L-1) for the species during
the study (Wittwer, 2012). Both biomarkers,
albumin and total protein, are used to evaluate
the metabolic balance of the proteins. Albumin is
the most abundant protein in the blood plasma. It
is synthesized in the liver, and its concentration
is in direct relation to the protein contribution of

the ration and the capacity for hepatic synthesis
(Eckersall, 2008). Since these metabolites did not
suffer modifications in their concentration, we
could say that the ration was appropriate to cover
the animal’s requirements; however, it must be
remembered that these metabolites, particularly
albumin, do not reflect sudden metabolic changes
in the short-term given their mean life, which is
21 days in a bovine.
The plasma urea concentration was similar
between treatments (p > 0.05) (Table 3). All the
urea concentrations were within the reference
interval (2.6 to 7.0 mmol L-1) indicated for the
species (Wittwer, 2012). The plasma β-OH
butyrate concentrations (Table 3) were similar (p >
0.05) between diets A and B. The values obtained
in both treatments are below the upper reference
limit (< to 0.60 mmol L-1) indicated for the species
(Wittwer, 2012).
β-OH butyrate is an endogenous metabolite
that also derives from ingestion as a pre-formed
component in certain foods, an indicator of energy
balance (Chilliard et al., 1995). Managing diets that
do not cover the animal’s energy requirements
triggers the mobilization of triacylglycerols from
the fat reserves to obtain energy. Free fatty acids
are β-oxidized in the liver and skeletal muscle
to form acetyl-CoA, which enters the Krebs
cycle (Roche et al., 2009). When the oxaloacetate
availability in the liver is insufficient to dock onto
all the acetyl-CoA molecules from β-oxidation,
acetyl-CoA diverts to the metabolic pathway to
synthesize ketone bodies as β-OH butyrate, acetate
and acetoacetate (Bruss, 2008). In this study, the
β-OH butyrate concentrations made it possible to
establish that turnip feed did not affect the energy
balance, keeping it in a state considered adequate
(Wittwer, 2012).
Parga et al. (2010) and Barrientos (2012)
conducted studies using turnip, reporting mean
concentrations of β-OH butyrate of 0.74 (mmol
L-1) and 0.75 (mmol L-1) , repectively, which were
higher than those observed in this study. At
ruminal level, an adequate energy contribution
in relation to the degradable protein is reflected

Table 3. Concentration of plasma metabolites (mean ± standard deviation) for each treatment, and
time effect. Experiment of turnip supply to dairy cows.
Starting stage
Diet A
Diet B
Urea, mmol L-1
Total protein, g L-1
Albumin, g L-1
β-OH butyrate, mmol L-1
Cholesterol, mmol L-1

5.64 ± 0.79 a
77.64 ± 7.83 a
39.54 ± 3.14 a
0.38 ± 0.10 a
6.64 ± 1.23 a

5.72 ± 1.28 a
75.09 ± 2.77 ᵃ
37.49 ± 2.34 ᵃ
0.33 ± 0.09 ᵃ
6.30 ± 1.40 ᵃ

Different letters in the rows indicate statistical differences p < 0.05.

Final stage
Diet A
Diet B
5.42 ± 0.26 ᵃ
77.68 ± 1.65 ᵃ
39.14 ± 2.54 ᵃ
0.31 ± 0.03 ᵃ
6.45 ± 1.14 ᵃ

6.23 ± 1.05 a
74.69 ± 6.28 a
39.20 ± 3.58 a
0.32 ± 0.06 a
6.00 ± 1.24 a
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in the urea concentrations. Urea concentrations
depend not only on the protein contribution of the
ration, but also on the degradable protein:energy
synchrony in the rumen. High urea concentrations
indicate an energy deficiency or asynchronism
between protein degradability in the rumen and
energy of the ration. No treatment affected the
concentration of this metabolite; the values were
within the reference interval, which indicates a
synchronization between the energy released by
the fermentable degradation of carbohydrates and
the degradable protein at ruminal level (Wittwer,
2012). Parga et al. (2010) obtained plasma urea
values of 8.5 mmol L-1, while Barrientos (2012)
reported a value of 9.49 mmol L-1. This better
synchronization between energy and degradable
protein is explained by the fact that turnip
generally has a higher amount of easily fermentable
carbohydrates than structural ones (Barry, 2013).
Based on the high solubility of its protein, this
attains a ruminal degradable protein:energy
synchrony similar to that obtained with the
use of concentrates. In herbivores, cholesterol
is predominantly endogenous, synthesized in
various tissues from acetyl-CoA and considered
an indicator of the fiber contribution and energy
balance (Cavestany et al., 2005).
In this study, the average cholesterol
concentration did not differ between treatments.
The values recorded in this study are over the
upper reference limit (2.7 to 5.3 g L-1). The high
cholesterol concentration is commonly attributed
to lipid mobilization when the energy demand is
greater than that supplied in the diet; however, the
other indicators of energy balance in this study are
within the reference interval and do not reflect an
energy imbalance. Hypercholesterolemia may be
due to the high NDF of the diet associated with
an increase in the synthesis of plasma lipoproteins
and the progress of lactation.
The mineral metabolic balance of the
experimental groups is shown in Table 4. The
plasma calcium concentration was similar (p >
0.05) in the two treatments. The mean calcium
concentration remained within the reference
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interval (2.0 to 2.6 mmol L-1) (Wittwer, 2012).
The plasma phosphorus concentration fell in the
animals fed on diet B at the end of the study (p
= 0.034), recording a mean value below the limit
of the interval given for bovines (1.0 to 2.3 mmol
L-1). The plasma magnesium concentration was
not altered by the treatments; all the groups
presented average values above the reference limit
(0.6 to 1.1 mmol L-1). The calcium/phosphorus ratio
increased significantly in both treatments at the
end of the study (p = 0.0004). Forage turnip has a
low phosphorus content in its leaves, and a high
content of calcium and other minerals, among
them potassium; this conditions a high Ca/P ratio
in the animal, which, if prolonged, leads to an
increase in the risk of bone problems and fractures
(Reid et al., 1994). The calcium concentration in
the blood is subject to a strict hormonal control,
unlike phosphorus, which is why phosphatemia
has a greater fluctuation, being a better biomarker
of its contribution to the diet. The reduction in
magnesemia observed in the animals fed on diet B
at the end of the study may be attributed to the high
potassium contribution that turnip supplies. The
potassium at ruminal level limits the absorption
of magnesium, since it reduces the magnesium
transport from the rumen to the blood. Just like
phosphatemia, magnesemia is variable when not
subject to hormonal control, thus being a reflection
of the digestive absorption and the excretion
through urine and milk.
CONCLUSIONS
The use of forage turnip as a supplementary
feed maintained milk yield in dairy cows grazing
on permanent pastures, with no differences
between treatments in the study period. A nonsignificant lower yield was observed towards
the end of the study in the group fed on the diet
with lower turnip contribution. Both treatments
maintained protein and milk fat levels in addition
to an adequate energy and protein metabolic
balance. Turnip supply caused an imbalance in
the Ca/P ratio in the animal towards the end of the

Table 4. Mineral concentration and Ca/P ratio in plasma (mean ± standard deviation) in each
treatment, and time effect. Experiment of turnip supply to dairy cows.
Starting stage
Diet A
Diet B
Ca, mmol L-1
P, mmol L-1
Ca/P ratio
Mg, mmol L-1

2.26 ± 0.14 a
1.18 ± 0.09 a
1.94 ± 0.22 a
1.57 ± 0.08 a

2.17 ± 0.19 a
1.02 ± 0.08 a
2.13 ± 0.16 a
1.60 ± 0.08 a

Different letters in the rows indicate statistical differences p < 0.05.

Final stage
Diet A
Diet B
2.33 ± 0.17 a
1.01 ± 0.10 a
2.31 ± 0.13 b
1.52 ± 0.11 a

2.34 ± 0.13 a
0.96 ± 0.18 b
2.49 ± 0.35 b
1.49 ± 0.15 b
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study. If this condition is prolonged alterations in
health could be observed.
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