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ABSTRACT

Blood samples of 189 healthy Holstein cows classified as high-producers, low-producers, or dry cows, were
collected with the purpose of establishing reference values for several biochemical analytes in Mexican dairy
farms. Mean values were calculated for: 1) Energy profile: glucose, cholesterol, triglycerides, -
hydroxybutyrate, and non-esterified fatty acids, 2) Protein profile: urea, albumin, globulin, and total protein, 3)
Mineral profile: calcium, phosphorus, sodium, potassium, magnesium, chlorine, carbon dioxide, bicarbonate,
and anion gap, and 4) Hepatic enzyme: y-glutamyl transpeptidase. The resulting data set was analyzed using
Gaussian distribution and descriptive statistics. Confidence intervals of 95% were established. The linear
relationships between the biochemical analytes were quantified, and an analysis of variance was performed to
compare the mean values between the three production groups. The overall concentrations of the described
analytes are consistent with values reported by international literature. However, lower values were found for
urea, calcium, and sodium; higher values were found for cholesterol, and y-glutamyl transpeptidase. Negative
correlations were found between B-hydroxybutyrate and glucose or urea, y-glutamyl transpeptidase and urea,
and bicarbonate and urea or phosphorus or anion gap. Positive correlations were found between -
hydroxybutyrate and cholesterol or anion gap, non-esterified fatty acids and anion gap, cholesterol and
globulin, different analytes of mineral profile and anion gap or urea or glucose, and between sodium and
calcium. Differences among the three production groups were observed for B-hydroxybutyrate and cholesterol
concentrations. The y-glutamyl transpeptidase concentration was similar in high and low-producing cows but
was higher in comparison to serum levels of dry cows. Calcium showed differences between high-producing
cows and the other two groups, and sodium showed the highest concentration in dry cows. The outcomes of
this work improve the accuracy of the metabolic profiles as a tool for assessing the nutritional and health status
of dairy cows.
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RESUMO

As amostras de sangue de 189 vacas da raga Holandesa clinicamente saudaveis, classificadas em alta
produgdo, baixa produ¢do ou vacas secas, foram coletadas com a finalidade de se estabelecerem valores de
referéncia para varios analitos bioquimicos em rebanhos leiteiros mexicanos. Os valores médios foram
calculados para: 1) perfil energético: glicose, colesterol, triglicerideos, f-hidroxibutirato, e dcidos graxos ndo
esterificados, 2) perfil proteico: ureia, albumina, globulina e proteinas totais, 3) perfil mineral: calcio, fosforo,
sodio, potdssio, magnésio, cloro, dioxido de carbono, bicarbonato e hiato anionico, e 4) enzima hepatica: y-
glutamil transpeptidase. O conjunto de dados resultante foi analisado utilizando-se distribui¢do gaussiana e
estatistica descritiva. Intervalos de confianga de 95% foram estabelecidos. As relagoes lineares entre os
analitos bioquimicos foram quantificadas, e uma andlise de varidncia foi realizada para se compararem os
valores médios entre os trés grupos de produgdo. As concentragdes totais dos analitos descritos sdo
consistentes com os valores relatados na literatura internacional. No entanto, os valores mais baixos foram
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encontrados para a ureia, o cdlcio e o sodio; os valores mais elevados foram encontrados para o colesterol e o
y-glutamil transpeptidase. Correlagoes negativas foram encontradas entre fp-hidroxibutirato e glicose ou ureia,
y-glutamil transpeptidase e ureia, e entre bicarbonato e ureia ou fosforo ou hiato aniénico. Foram
encontradas correlagdes positivas entre [-hidroxibutirato e colesterol ou hiato anidnico, dcidos graxos ndo
esterificados e hiato anionico, colesterol e globulina, diferentes analitos de perfil mineral e hiato anionico ou
ureia ou glicose, e entre sodio e cdlcio. As diferengas entre os trés grupos de produgdo foram observadas para
as concentragoes de p-hidroxibutirato e de colesterol. A concentragdo y-glutamil transpeptidase foi semelhante
em vacas de alta e baixa produgdo, mas foi maior em comparag¢do com os niveis séricos de vacas secas. O
calcio mostrou diferencas entre vacas de alta produgdo e os outros dois grupos, e o sodio apresentou a maior
concentragdo em vacas secas. Os resultados deste trabalho podem melhorar a precisdo dos perfis metabdlicos

como uma ferramenta para avaliar o estado nutricional e de saude das vacas leiteiras.

Palavras-chave: vaca leiteira, bioquimica sanguinea, perfil metabdlico

INTRODUCTION

The metabolic profile is a set of analytical tests
of blood chemistry. It grants knowledge about
the functional state of the metabolic pathways of
an individual animal or a group of them. The use
of metabolic profiles in dairy cattle was
introduced at the beginning of the seventies
(Payne, 1972). The original objectives of this
methodology were: 1) To provide paraclinical
clues to aid the veterinarian in reaching a
diagnosis of metabolic diseases and production
problems, and 2) To identify superior cows in
term of their metabolic response to high milk
production. The focus of this methodology has
since been adapted and modified (Bjerre-Harpoth
et al., 2012), helping to clarify many topics
related to the transition period of dairy cows
(Van Saun, 2010), especially to assess the risks
of metabolic diseases and achieve their early
detection. The complexity of energy metabolism
often makes difficult the selection of reliable
indicators of the energetic status of the cow
(Nafikov and Beitz, 2007). The main blood
analytes used to assess the energy profile are:
glucose (GLU), which should be interpreted
carefully to avoid errors related to food intake
(Samanc et al., 2011); Cholesterol (COL-T), be
used to jointly evaluate the performance of
nutrition programs (Kaneko, 2008); triglycerides
(TAG), lipids that circulate in the blood, used by
a cell to produce adenosine triphosphate (ATP)
(Kaneko, 2008); B-hydroxybutyrate (p-HBA),
which is the most important and abundant ketone
body in dairy cows (Duffield et al., 2009); and
non-esterified fatty acids (NEFA), which are
related to lipomobilization and to the degree of
negative energy balance (NEB) (Ospina et al.,
2010). The essential blood analytes for assessing
the protein profile are: blood urea nitrogen
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(BUN), as a good indicator of the energy intake
of the cow, in particular it is used as an
indication of the synchronization between
fermentable carbohydrates and rumen degradable
protein (RDP) (Van Saun, 2010); albumin
(ALB), that can reflect hepatic insufficiency by
decreasing its concentration (Whitaker, 2000);
globulin (GLOB), that is increased in response
to an inflammatory process (Kaneko, 2008); and
total protein (PROT-T), gives information about
kidney damage, liver damage, and nutritional
health (Stojevié et al., 2005). Considering the use
of body tissues in response to NEB, the produced
ketone bodies (by its acidic nature) decrease the
natural buffering capacity of bicarbonate (HCOj;
), increasing the anion gap in the blood, and
causing changes in pH by movements of
electrolytes, water, and carbon dioxide (CO,)
(Herdt et al., 2000). The essential blood analytes
of the mineral profile are: sodium (Na), which is
the main extracellular fluid cation and an
important  determinant of body  water
homeostasis (Kume et al., 2011); chlorine (Cl),
the most abundant anion in extracellular fluid
(Soetan et al., 2010); potassium (K), the
principal intracellular cation in mammals (Van
Saun et al., 2006); and calcium (Ca), phosphorus
(P), and magnesium (Mg) due to their
importance in the rapidity of metabolic reactions
and their role in the transmembrane transport
systems (Houillier, 2014); and the enzyme y-
glutamyl transpeptidase (y-GT), is an essential
indicator of hepatic lesions and function
(Stojevié et al., 2005).

Although metabolic profiles are used by Mexican
veterinarians as an important tool to monitor the
health of individual cows and at herd level,
obtained values are generally compared with
those reported in international literature under
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very different producing conditions. There are no
published reference values specific to Mexico for
these analytes. Therefore, the aim of this study
was to establish reference values for different
biochemical analytes, in high-producing, low-
producing, and dry Holstein cows in intensive
farming systems in the Mexican temperate zone.

MATERIALS AND METHODS

All animals in this study were kept following the
guidelines of the Canadian Council on Animal
Care (Farm..., 1993). The study was carried out
with blood serums obtained from sampling of the
coccygeal vein of 189 Holstein cows belonging
to nine different intensive housed dairy farms.
All farms were located in the Mexican temperate
zone, at an altitude of 2 260 m above sea level,
with sub-humid climate (Koéppen Cfb) (Peel et
al., 2007). The average temperature is 15°C, and
pluvial precipitation is 620 mm/year. In
multiparous cows, the period of peak milk
production in early lactation is usually between
30 to 60 d after calving, when the uterus is
involuting and the ovary is returning to estrous
cyclicity (Herdt et al., 2000; Oetzel, 2004;
Quiroz-Rocha et al., 2009). The peak milk
production generally begins to descend until 12
to 14 wk postpartum (Nutrient..., 2001).
Therefore, sampling was done according to the
methodology proposed and described by Payne
(1972) the Compton metabolic profile. Twenty
one healthy Holstein cows from 2nd or 3rd
calving were selected from each farm. Seven
cows were selected from each of the three
following production groups: 1) High-producing
cows [DIM: 42 + 15 d postpartum; Milk
Production (Mean + SD): 34.96 £+ 1.69], 2) Low-
producing cows [DIM: 91 + 17 d postpartum;
Milk Production (Mean + SD): 16.14 + 1.12],
and 3) Dry cows (21 = 5 d prepartum; end of
pregnancy and not producing milk). Milk
producing cows were milked twice daily. The
feeding of the high-producing cows diet
included: 7.14kg bale of alfalfa, 1.32kg of alfalfa
silage, 1kg of oat straw, 14.06kg of corn silage,
and 3.38kg of triticale silage; low-producing
cows diet included: 4kg bale of alfalfa, 14.3kg of
chopped alfalfa, 1.5kg of oat straw, 2.5kg of
ground corn; and dry cows diet included: 8kg
bale of alfalfa, 4.9kg of oat straw, 9.5kg of
triticale silage, 2kg of canola meal, and lkg of
ground corn. All the groups additionally received
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0.3kg of HCO;', mineral supplements, and free
access to fresh water. Commercial concentrate
with 18% PC, was supplied only to milk
producing cows at a rate of 13.25kg/d for high-
producing cows, and 7kg/d for low-producing
cows. One of the farms under study provided by-
pass fat at a rate of 400 g/d for high-producing
cows, and 200 g/d for low-producing cows.

Blood samples were collected after the first
morning milking and before feeding, by puncture
of the coccygeal vein using 8.5 mL vacuum
tubes with clot activator and serum separator gel
(BD Vacutainer 367988; Becton-Dickinson Co.,
Franklin Lakes, United States). To obtain serum,
the blood samples were centrifuged directly at
the farms at 1 500 x g for 10 min as described by
Van Saun (2010) using a portable centrifuge
(Porta-Spin  C828; UNICO., Dayton, United
States). Subsequently, the serum samples were
separated using 1.5 mL tubes with lid (Tubes
Safe-Lock 3810X; Eppendorf., Madrid, Spain)
and transported at 4°C in a portable cooler
(Thermoelectric Cooler Car/Home M5644-710;
Coleman Company., Kansas, United States) to
the clinical laboratory of the Universidad
Auténoma Metropolitana campus Xochimilco
where they were frozen at -20°C until analysis.
The concentration of each analyte was
determined with an UV-Vis double beam
spectrophotometer (Biochemistry Analyzer ES-
218; KONTROLab., Guidonia, Italy). The
biochemical analytes, the analytical method for
each parameter, the units in which the results
were expressed, and the corresponding
commercial reagents, are described in Table 1.

The precision and reliability of the techniques
was controlled using lyophilized bovine control
serum (SPINTROL NORMAL 1002100;
Spinreact., Girona, Spain, and Assayed Bovine
Multi-Sera AL 1027; Randox Laboratories.,
Northern Ireland, United Kingdom). Hemolysis
of serum was recorded on a qualitative scale of 0
(none) to 3 (dark) (Quiroz-Rocha et al., 2009).
Samples showing hemolysis scores of 2 and
above constituted less than 2% of all samples and
did not introduce a significant bias in any of the
tested models; thus the influence of serum
hemolysis was ignored. Milk Production (L/d)
was recorded daily for high and low-producing
COWS.
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Table 1. Biochemical analytes, units, analytical methods, and corresponding commercial reagents

Analyte Unit Method Reagent
Energy profile
Glucose (GLU) mM Colorimetric. Trinder* 1001190"
Cholesterol (COL-T) mM Colorimetric. Liquid® 41020"
Triglycerides (TAG) mM Colorimetric. Liquid* 41032'
B-hydroxybutyrate (B-HBA) mM Enzymatic? RB1007°
Non-esterified fatty acids (NEFA) mM Enzymatic® FA115
Protein profile
Blood urea nitrogen (BUN) mM Enzymatic 1001333'
Albumin (ALB) g/dL Colorimetric. Bromocresol green 1001020
Globulin (GLOB) g/dL (PROT-T) — (ALB) Difference
Total protein (PROT-T) g/dL Colorimetric. Biuret 1001291'
Mineral profile
Calcium (Ca) mM Colorimetric. Arsenazo III CA2391°
Phosphorus (P) mM Colorimetric. Phosphomolybdate 1001155'
Sodium (Na) mM Enzymatic. Galactosidase 1001385"
Potassium (K) mM Enzymatic® 1001395"
Magnesium (Mg) mM Colorimetric. Xylidyl Blue 1001286'
Chlorine (CI) mM Colorimetric. Mercuric Thiocyanate 1001360"
Carbon dioxide (CO,) mM Enzymatic" CD127°
Bicarbonate (HCO3") mM Enzymatic by CO, total and gas 99852
dissolved
Anion gap mM [(Na"+ K" —(CI' + HCO;)] Difference
Hepatic enzyme
v-glutamy] transpeptidase (y-GT) U/L Enzymatic. Carboxy substrate 41292'

*Glucose Oxidase-Peroxidase; "Cholesterol Oxidase-Peroxidase; “Glycerol Phosphate Dehydrogenase-Peroxidase; 9p-

hydroxybutyrate ~ Dehydrogenase;

“Synthetase-Oxidase-Peroxidase;

[Urease-Glutamate

Dehydrogenase;

Phosphoenolpyruvate-Lactate  Dehydrogenase; "Phosphoenolpyruvate Carboxylase- Malate Dehydrogenase;
ISpinreact,, Girona, Spain; ’Randox Laboratories., Northern Ireland, United Kingdom; 3Biolabo Laboratory.,

Grandcamp-Maisy, France

The statistical procedure used to calculate 95%
confidence intervals for the different biochemical
analytes followed the recommendation of the
International Federation of Clinical Chemistry
(Solberg, 1987). Data were first evaluated for the
presence of outlier data for each analyte. All
values out of a mean + 3 SD interval were
discarded. To assess the distribution of the
sample, the resulting data set was analyzed using
Gaussian distribution, and percentiles: Pj¢-Py,
Pys-P75 were determined by SPSS Univariate
Procedure (SPSS..., 2013). The linear
relationships between the biochemical analytes
were identified from a Pearson Correlation
Coefficient matrix, and the comparison between
groups (high-producing cows, low-producing
cows, and dry cows) was assessed by Analysis of
Variance. A multiple comparison test of Tukey
was performed when the effect of group was
found to be significant (P<0.05).
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RESULTS

The descriptive statistics for: GLU, TAG, PROT-
T, BUN, ALB, GLOB, B-HBA, NEFA, COL-T,
v-GT, Ca, P, Na, K, Mg, Cl, CO,, HCOj, and the
anion gap, determined from 189 metabolic
profiles in Holstein cows, and its respective
international reference values are shown in
Table 2.

In general, the values found for almost all
biochemical analytes are consistent with the
reference  values reported internationally.
However, in the protein profile: BUN
concentration was slightly lower than the
reference value. In the energy profile: COL-T
and  hepatic  enzyme: y-GT  showed
concentrations above reference values, and in the
mineral profile: Ca and Na concentrations were
lower than reference values.
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Table 2. Mean (x), standard deviation (SD), reference value, confidence interval (CI), and percentiles:
P19p-Pyy and P,s-P;5 for different biochemical analytes in intensive housed dairy farms of the Mexican

temperate zone (n = 189 Holstein cows)

Analyte x+SD Reference® cr P19-Pgg Pys5-P7s
Energy profile

Glucose (mM) 3.154+0.67 3.19+0.38 3.05-3.24 2.30-4.09 2.67-3.49
Cholesterol (mM)* 4.57+1.94 2.59+0.51 4.29-4.84 2.10-7.28 3.07-5.70
Triglycerides (mM) 0.12+0.05 0.10+0.10 0.11-0.13 0.04-0.18 0.09-0.15
B-hydroxybutyrate (maf) 0.48+0.21 0.41+0.03 0.45-0.51 0.21-0.76 0.33-0.57
Non-esterified fatty acids 0.10+0.04 0.40+0.20 0.10-0.11 0.05-0.16 0.10-0.11
(mM)

Protein profile

Blood urea nitrogen (mM)* 5.65+2.03 8.90+1.80 5.36-5.94 3.06-8.61 4.18-6.84
Albumin (g/dL) 3.42+0.72 3.29+0.13 3.32-3.52 2.49-4.34 2.91-3.86
Globulin (g/dL) 3.62+1.17 3.24+0.24 3.45-3.79 2.25-5.18 2.77-4.49
Total protein (g/dL) 7.04+1.48 7.10+0.18 6.83-7.25 5.12-8.86 5.84-8.10
Mineral profile

Calcium (mM)* 2.12+0.50 2.78+0.15 2.05-2.19 1.41-2.76 1.74-2.51
Phosphorus (mM) 1.81+0.48 1.95+0.15 1.74-1.88 1.20-2.60 1.57-2.02
Sodium (mM)* 124.2+13.5 142410 122.2-126.1 107.9-140.8 118.4-128.8
Potassium (m) 5.03£1.68 4.8+1.0 4.78-5.27 2.18-7.39 4.90-5.54
Magnesium (mM) 0.97+0.52 0.84+0.10 0.90-1.05 0.30-1.67 0.52-1.36
Chlorine (mM) 96.34+10.72 104+7 94.81-97.88 85.99-113.26  88.53-100.34
Carbon dioxide (mM) 26.59+3.16 26.50+5.70 26.13-27.04 22.01-30.41 24.90-28.52
Bicarbonate (m) 23.93+2.84 2346 23.52-24.34 19.80-27.36 22.41-25.66
Anion gap (mM) 8.98+13.98 19.843 6.98-10.99 -7.21-25.41 2.37-17.85
Hepatic enzyme

y-glutamyl  transpeptidase 29.04+10.17 15.70+4.0 27.58-30.50 19.11-45.23 22.02-31.88
(U/L)*

3 (Kaneko et al 2008); ° confidence interval of 95%; * differences with the reference

As shown in Table 3, negative correlation
coefficients (P<0.05) were found between p-
HBA with GLU and BUN, between y-GT with
BUN, and between HCO; with BUN, P and
anion gap. Positive correlations (P<0.05) were
found between GLU with PROT-T, BUN,
GLOB, Ca, P, Na, K, Mg and CI, between
PROT-T with ALB, GLOB, P, Na and CI,
between BUN with P, Na, Mg and Cl, between
ALB with P and Cl, between GLOB with COL-
T, P, Na and Cl, between p-HBA with COL-T
and anion gap, between NEFA with anion gap,
between P with Mg and Cl, between Na with Ca,
K, Mg and anion gap, between K with Mg, and
between anion gap with K and Mg.
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The Days in Milk (DIM) and Milk Production
are shown in Table 4. The comparison of the
energy profile analytes between the three groups
showed differences (P<0.05) in the concentration
of B-HBA and COL-T between the three groups.
Higher values of -HBA, COL-T and y-GT were
found in high-producing cows (Table 4). The
concentration of y-GT did not differ between
high and low production cows, but was higher in
comparison to serum levels of dry cows. In the
case of the mineral profile, the concentration of
Ca showed differences (P<0.05) between the
high-producing cows and the other two groups
(low-producing cows and dry cows). The highest
concentration of Na was found in the group of
dry cows.
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Table 4. Comparison of different biochemical analytes by production group in intensive housed dairy
farms of the Mexican temperate zone (n = 63 Holstein cows/group)

Analyte High-producing cows Low-producing cows Dry cows'
Days in milk (DIM) 42+15 91+17

Milk production (L/d)* 34.96+1.69" 16.14+1.12°

Energy profile

Glucose (mM) 3.01+0.65 3.18+0.69 3.2540.64
Cholesterol (mM)* 5.70+1.73° 5.05+1.73 2.95+1.11°
Triglycerides (mM) 0.12+0.04 0.12+0.05 0.12+0.05
B-hydroxybutyrate (mM)* 0.56+0.20° 0.48+0.21° 0.39+0.18°
Non-esterified fatty acids (mM) 0.10+0.05 0.10+0.04 0.10+0.03
Protein profile

Blood urea nitrogen (mM) 5.75+2.13 5.75+2.01 5.46+1.97
Albumin (g/dL) 3.52+0.66 3.3240.67 3.41+0.81
Globulin (g/dL) 3.62+1.06 3.65+1.32 3.58+1.15
Total protein (g/dL) 7.14+1.43 6.98+1.46 7.00+1.56
Mineral profile

Calcium (mM)* 2.26+0.50° 2.10+0.47° 2.01+0.50°
Phosphorus (mM) 1.83+0.52 1.78+0.43 1.83+0.48
Sodium (mM)* 122.98+12.61° 120.90+12.70° 128.81+14.20°
Potassium (mM) 4.90+1.58 4.93+1.81 5.25+1.66
Magnesium (mM) 0.99+0.46 0.97+0.51 0.97+0.57
Chlorine (mM) 94.90+10.84 95.37+11.15 98.77+9.87
Carbon dioxide (mM) 26.44+3.07 26.56+3.60 26.76+2.80
Bicarbonate (mM) 23.80+2.76 23.90+3.24 24.09+2.52
Anion gap (mM) 9.19+13.14 6.56+£14.96 11.21+13.60
Hepatic enzyme

y-glutamyl transpeptidase 31.87+£10.58* 30.54+9.38" 24.71£9.17°
(U/L)*

121+5d prepartum; end of pregnancy and not producing milk; * significant differences were obtained between groups
indicated with different letters (P <0.05); all data are presented means = SD

DISCUSSION

During the period of positive energy balance,
dairy cows of high genetic merit have a low lipid
mobilization, and NEFA concentration values are
around 0.25 mM (Fonseca et al, 2004).
Concentrations higher than 0.40 mM indicate
NEB, and a high lipid mobilization (Oetzel,
2004). According to this, none of the cows
sampled in this study showed evidence of high
lipid mobilization from adipose tissue because
only four cows exceeded 0.25 mM (the highest
NEFA concentration recorded was 0.32 mM).
Serum concentration of B-HBA has been recently
used to discriminate cows affected by subclinical
ketosis from healthy cows. The cutoff points
used for this purpose vary between 1 and 1.4 mM
(Duffield et al., 2009; Goldhawk et al., 2009). In
the present study, three high-producing cows and
two low-producing cows presented [B-HBA
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concentrations above 1.2 mM. The highest
recorded value for B-HBA concentration was
1.31 mM. These data suggest that the NEFA
concentration may be a less efficient indicator of
subclinical ketosis compared to the B-HBA. This
assumption is consistent with that reported by
Duffield et al. (2009), who indicated that during
the dry period, the use of NEFA is a better
indicator of NEB compared to B-HBA, although
B-HBA is a more useful indicator during
postpartum. This fact can explain the low
correlation coefficient (r = -0.01) found between
B-HBA and NEFA (Table 3). Moreover, the
relationship between B-HBA and NEB can be
inferred by the negative correlation coefficient
found between B-HBA and GLU (r =-0.41). It is
also worth noting that the same cows identified
with the highest concentration of f-HBA also
had the lowest concentrations of TAG (between
0.04 and 0.07 mM). These data suggest that in
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cows affected by ketosis the TAG concentration
decreases because this biochemical analyte is
deposited in cells of the liver and other organs.

The BUN concentration was related to the
amount of RDP and to the content of non-protein
nitrogen (NPN) (Cozzi et al., 2011). It is
possible that the observed values of BUN, on
average slightly lower than the reference, could
be related to a low protein intake or a low quality
of protein source in the diet. However, it is
necessary to consider: 1) that the liver produces
nitrogen in the form of ammonia (NHj) as it
breaks down proteins into their constituent amino
acids to obtain energy (Rojen et al., 2012), and
2) the negative correlation coefficients (P<0.05)
found between BUN and f-HBA (r = -0.39), and
BUN and y-GT (r = -0.36) (Table 3). Gonzalez et
al. (2011) reported that the accumulation of TAG
in hepatic cytosol of dairy cows produces fatty
liver that compromises BUN synthesis. The
serum levels of y-GT (29.04 + 10.17 U/L)
quantified in this study (Table 2) confirm a
certain degree of hepatic damage or biliary tract
disease, probably caused by the infiltration of
TAG in the liver (Bossaert et al, 2012).
Therefore, considering that less than 4% of cows
(5 of 189) showed subclinical ketosis and a
slightly high lipid mobilization, it is proposed
that the sampled cows have a moderate degree of
liver damage due to infiltration of TAG. A
higher infiltration degree would have
considerably reduced the ALB concentration, but
results in this study proved to be comparable to
reference values (Table 2). High values of COL-
T were found in most sampled cows, perhaps due
to hepatic steatosis (Bossaert et al., 2012), or a
decrease in its excretion rate by an inflammatory
process obstructing the bile ducts both inside and
outside of the liver (Temel and Brown, 2012).
These assumptions could explain the positive
correlation (P<0.05) found between COL-T and
GLOB (r = 0.31) (Table 3). Diet formulation is
also worth considering, as foods high in fat can
raise the COL-T concentration. Duske et al.
(2009) and Zarate-Martinez et al. (2011)
indicated that dairy cows supplemented with by-
pass fat, show a significant increase in the COL-
T concentration. This information is consistent
with our results. As it is shown in Figure 1, the
cows supplemented with by-pass fat on farm No.
3, showed higher values (P<0.05) of COL-T with
respect to the other eight dairy farms under
study.

452

The physiological tendency of dairy cows to
respond to NEB by catabolism and utilization of
their body reserves generates subclinical ketosis
with biosynthesis of Acetoacetate (AcAc) and f3-
HBA (Duffield et al., 2009). These ketone bodies
release H' ions in the extracellular fluid, which
decrease the natural buffering capacity of HCO;,
and provoke changes in pH by movements of
electrolytes, water, and CO, (Herdt ef al., 2000).
Therefore, an increase in concentration of ketone
bodies increases the difference between anions
and cations (Kraut and Madias, 2010). This
could explain the positive correlation coefficients
(P<0.05) found between B-HBA and anion gap (r
= 0.36), and between NEFA and anion gap (r =
0.38), as well as the negative correlation
coefficient (P<0.05) found between HCO;  and
anion gap (r = -0.38). When comparing the COL-
T concentration between the three production
groups, increased levels were found after
calving. These levels started to decrease around
175 d postpartum. Guillén et al. (2008) reported
that in dairy cows, the postpartum COL-T
concentration increases in proportion to milk
production. This information is consistent with
the COL-T behavior found in our study, where
the group of high-producing cows showed the
highest values for this analyte (Figure 2).

During the first third of lactation, the COL-T
concentration is positively associated with
expression of estrus during first ovulation
postpartum, with a shorter interval from calving
to conception, and with likelihood of conception
and pregnancy by 150 d of lactation (Westwood
et al, 2002). These data suggest that the
difference (P<0.05) in the COL-T concentration
observed in the group of high-producing cows
could be partly explained by ovarian
steroidogenesis. This analyte serves in the bovine
ovary as substrate to build estradiol during the
follicular phase (benefiting the expression of
estrus), and progesterone during the luteal phase
(favoring the conception and pregnancy). The
dry cows group showed the lowest values of
COL-T (Figure 2). Leroy et al. (2008) indicated
that dry cows display a series of metabolic
adaptations that include mobilization of body
tissues to compensate for the decrease in dry
matter intake, fetal development, and growth of
the mammary gland to produce milk, causing a
hypocholesterolemia during this period. The (-
HBA is an analyte that can be used as an
additional source of energy by body tissues to
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cover the shortage of glucose during NEB
(Ospina et al., 2010). Therefore, during the first
stage of lactation the B-HBA concentration is
slightly raised in response to lipid mobilization
(Duffield et al., 2009). This information is
consistent with our results (Figure 2), as different
(P<0.05) B-HBA concentrations were observed
between high-producing cows and the other two
groups. The temporary accumulation of lipids in
the liver of dairy cows is a normal physiological
process (Duffield et al., 2009). All dairy cows of
high genetic merit have a moderate degree of
hepatic lipidosis after the dry period, and
accumulate fat in the liver during the first days
after calving (Ospina et al, 2010). These
metabolic  adaptations  raise  the y-GT
concentration, since the liver is exposed to large
amounts of NEFA mobilized from the fat tissue
(Jump,  2011).  Afterwards, the vy-GT
concentration begins to descend, reaching the
lowest values during the dry period. Finally, the
metabolism of the dairy cow keeps Ca under
strict homeostatic control; therefore, its inclusion
in the mineral profile only proves useful as an

indicator of a proper homeostatic capacity, and
not as a reflection of its availability in the diet
(Herdt et al., 2000). However, the quantified
value of this analyte was 2.12 + 0.50 mM (Table
2) which is lower than the reference value of
2.78 + 0.15 mM (Kaneko, 2008). The lack of
adequate levels of Ca increases the risk of
developing postpartum  diseases such as
hypocalcemia, especially if an electrolyte
imbalance also occurs (Van Saun et al., 2006) as
seems to be the case in our study. Liao et al.
(2012) and Michel ef al. (2014) indicated that the
Na/Ca exchange located in the plasma membrane
of the osteocytes is essential for maintaining Ca
homeostasis, and that a decrease in the Na
concentration could lead to the presence of low
serum Ca levels. This affirmation explains the
positive correlation (P<0.05) found in our study
between Na and Ca (r = 0.38). A negative
balance between anions and cations was recorded
in 19.5% of the sampled cows: 11 high-
producing cows, 16 low-producing cows, and 10

dry cows.
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Figure 1. Comparison of Cholesterol in nine intensive housed dairy farms of the Mexican temperate zone
(n =21 Holstein cows/dairy farm). Feeding supplemented with by-pass fat (m); “° significant differences
were obtained between groups indicated with different letters (P<0.05).
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Figure 2. Comparison of means between different groups of production in Holstein cows of the Mexican
temperate zone (n = 9 dairy farms). High-producing cows [DIM: 42 + 15 d postpartum; Milk Production
(Mean + SD): 34.96 + 1.69, m], 2) Low-producing cows [DIM: 91 + 17 d postpartum; Milk Production
(Mean £ SD): 16.14 = 1.12, m], and 3) Dry cows (21 + 5 d prepartum; end of pregnancy and not
producing milk, 0); * ° significant differences were obtained between groups indicated with different

letters (P<0.05).
CONCLUSIONS

The proposed approach to establish reference
values for different biochemical analytes, in
high-producing, low-producing, and dry Holstein
cows, serves to improve the accuracy of the
biochemical profile as a tool for the assessment
of the metabolic status in intensive farming
systems in the Mexican temperate zone. The
calculated confidence intervals could be used at
herd level to detect alert situations when at least
5% of the sampled cows would fall outside of the
calculated reference interval for a given
parameter. The reference values also open the
possibility of comparisons between Mexico and
other countries with similar dairy systems.
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