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Abstract

The aim of this study was to evaluate the energy-blood protein metabolism in dairy cows four genotypes first lactation
under grazing in Canton Arosemena Tola, Napo, Ecuador. 36 dairy cows in first parity crosses of the genotypes were
evaluated: Bos Indicus x Gir (GIR), Bos Indicus x Brown Swiss (BS), Bos Indicus x Jersey (J) and Bos indicus x Sahiwal
(S). Blood samples coccygeal vein on days 60 and 21 were taken before of calving, the time of calving and at 30, 60
and 90 days after of calving. Values were determined in plasma, glucose, urea, creatinine, and total protein. None
of the variables showed significant differences (p >0.05) between races and the values obtained for all they were
below normal values for dairy cows. Glucose showed no significant difference (p >0.05) over time. However, for
urea, creatinine and total proteins were significant differences (p>0,001) over time. One set was used Local regression
smoothing parameter equal to 0.8 was to study how the trajectory of the variable over time. A mixed linear model for
each variable then adjusted, considering a node in cases for which a change in the trajectory was observed at some
particular time (as noted in the graph 1, 2, 3 Local regression). It was concluded that for the four dairy genotypes
studied no differences were found in the concentration of metabolic indicators.
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Resumen

El objetivo de este trabajo fue evaluar el metabolismo energético/proteico en sangre de vacas lecheras de cuatro
genotipos de primera lactancia en condiciones de pastoreo en el cantén Arosemena Tola, Napo, Ecuador. Se evaluaron
36 vacas lecheras de primer parto cruzas de los genotipos: Bos Indicus x Gir (GIR), Bos Indicus x Brown Swiss (BS),
Bos Indicus x Jersey (J) y Bos Indicus x Sahiwal (S). Se tomaron muestras de sangre de la vena coccigea los dias 60 y
21 antes del parto, al momento del parto y a los 30, 60 y 90 dias después del parto. Se determinaron los valores en
plasma de, glucosa, urea, creatinina y proteinas totales. Ninguna de las variables present6 diferencias significativas
(p>0,05) entre razas y los valores obtenidos para todos se encontraron por debajo de los valores normales para las
vacas lecheras. La glucosa no mostr¢ diferencias significativas (p>0,05) en el tiempo. En cambio, para Urea, Creatinina
y Proteinas Totales existieron diferencias significativas (p>0,001) a través del tiempo. Utilizando una regresion local
con paradmetro de suavizado igual a 0,8 para estudiar como era la trayectoria de la variable en el tiempo. Luego, se
ajusté un modelo lineal mixto para cada variable, considerando un nodo en los casos para los cuales se observaba un
cambio en la trayectoria en algtin tiempo en particular (segtin lo observado en el gréfico 1, 2 y 3 de la regresién local).
Se concluye que para los cuatro genotipos lecheros estudiados no se encontré diferencias en la concentracién de los
indicadores metabdlicos.

Palabras claves: Creatinina, grupos génicos, glucosa, proteinas totales, sistema a pastoreo, urea.
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1 Introduction

In the Ecuadorian Amazon, as in many countries,
natural pastures are used as the main source of nu-
trients in cattle for milk or meat. These tropical sys-
tems offer comparative advantages as the produc-
tion strategy is based on the exploitation of abun-
dant solar energy for efficient photosynthesis of fast
growing C4 grasses and water availability. But, fa-
ced with the abundance of forage, they are deficient
in some nutritional components. Management sys-
tems, the quality and availability of forage, as well
as the adaptation of the respective crosses of cattle
to the specific environmental conditions play a cru-
cial role in this context (Madalena, 2012).

Under tropical conditions, dairy cows are expo-
sed to stressful climatic conditions associated with
periods of high ambient temperature and solar ra-
diation. In this adverse climate, different crosses
with different milk potentials have been explored,
trying to highlight their individual production with
exotic breeds, however their adaptability is in doubt
(Alameen and Abdelatif, 2012). Since there are still
no conclusive studies for the Amazon region and
even more for the genotypes under study.

And the same concluded Mancuso and Marini
(2012), in their study, that the variations within each
analyzed genotype and the different responses that
each of them produces, does not adequately explain
the possible adaptation of the animals to the envi-
ronment and current management, therefore it is al-
ways necessary this type of studies.

The term metabolic profile was proposed by
Payne et al. (1970), and it was an analysis of dif-
ferent blood parameters performed in dairy cows.
This tool emerged as an auxiliary method in the
diagnosis of so-called production diseases. Accor-
ding to Contreras (2000), the analysis of metabolic
profiles, can contribute to the study of the nutritio-
nal balance of the rodeo, although this is not a nu-
tritional test, but it indicates when the condition of
homeostasis is altered (Wittwer, 2000).

One of the problems with dairy cattle in the tro-
pics arises from the low consumption of dry matter,
as a result of the poor quality of many tropical types
of forage, as well as the depression of consumption
due to caloric stress (Holmann et al., 2003).

Metabolic balance is deregulated in relation to
protein/energy and nutritional status, which can
be monitored through basic metabolites (Payne and
Payne, 1987). From each of the metabolic pathways
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specific biochemical indicators can be selected (Diaz
Gonzalez, 2000).

Some metabolic states are affected by the specific
requirements of nutritional compounds, therefore
the determination of the main metabolic indicators
involved in the homeostatic processes constitutes a
valuable tool for monitoring mineral supplementa-
tion and a factor of knowledge of possible causes of
reproductive and productive behavior (Underwood
and Suttle, 1999).

One of the most promising indicators is the level
of blood urea, which reflects the balance between
degradable protein and fermentable energy in the
rumen (Hammond, 1997).

As for glucose, it can be used as a source of
energy for the cells, as building units of galactose
and subsequently lactose, or as a source of glyce-
rol necessary for the synthesis of fat (Martinez Ma-
rin et al., 2010). The metabolic profile of the blood
contributes a great deal of disinformation related to
nutrition and animal health. In addition, it allows
the identification of risk factors, such as nutritional
imbalances, that may affect the productive and re-
productive performance of the bovine herd.

The objective of this work was to evaluate the
energetic and protein metabolism in blood of dairy
cows from four lactation dairy genotypes under free
grazing conditions.

2 Materials and method

2.1 Design and study population

A total of 36 cross breed dairy cows from four ge-
notypes: Brahman x Gir (Gir), Brahman x Brown
Swiss (BS), Brahman x Jersey (J) and Brahman x
Sahiwal (S) were studied during the years 2014-
2015, belonging to the dairy herd of the Center for
Research, Postgraduate and Conservation of Ama-
zonian Biodiversity (CIPCA), located in the can-
ton of Arosemena Tola, in the province of Napo,
Ecuador. (01°14.325’S, 077°53.134’"W) Area of 65ha
of pasture destined to dairy. The environment is
tropical with rainfall of 4000 mm/year, an avera-
ge relative humidity of 80% and temperatures var-
ying between 15 and 25°C. Its topography is charac-
terized by slightly undulating reliefs without pro-
nounced slopes, distributed in natural plateaus of
great extension. The altitude varies between 580
and 990m.a.s.l. Although the soils have a very he-
terogeneous composition, the majority originates in

121



Scientific paper / Articulo cientifico
AGRICULTURAL SCIENCES

Quinteros Orlando, Vargas Julio, Barbona Ivana y Marini Pablo

fluvial sediments coming from the Andean region
of the country. The evaluated cows were reared un-
der the same environmental, nutritional and mana-
gement conditions.

Management. Blood samples were taken from the
coccygeal vein on days 60 and 21 before
delivery, at delivery and at 30, 60 and 90
days postpartum. Cows had an average body
weight of 315 £ 37 kg (mean £ SD) and a
production of 6.6 + 0.9 liters (mean + SD)
per cow per day, were considered as expe-
rimental groups. 20mL of blood was obtai-
ned from each animal in a sterile, clean glass
test tube. Blood was centrifuged (3,000rpm
x 15-30min), the separated plasma was sto-
red at —20°C until analyzed. Plasma tests
of Glucose, Urea, Creatinine and Total Pro-
teins were performed using molecular spec-
trophotometry (Thermo Scientific, GENESYS
10 UV Series, Waltham, Massachusetts, USA),
the reagents used were HUMAN, from Ger-
many, Technical specifications for each of the
samples according to their protocols, Glucose:
Glucose liquicolor, Method GOD-PAP, gluco-
se enzymatic colorimetric test. Urea: Urea li-
quicolor, Colorimetric enzymatic analysis for
urea. Creatinine: Creatinine liquicolor. Jaf-
fé reaction, Colorimetric photometric test for
kinetic measurements of creatinine, Method
without deproteinization. Total Proteins: To-
tal Protein liquicolor. Photometric colorime-
tric test by total proteins. Method of biuret.

Nutrition and health. Bovine herd feeding in study
was free grazing, with grasses based on Bra-
chiaria decumbens (17,585kg DM/ha/year,
Protein: 10,6% Phosphorus: 0,18%, In Vivo
Digestibility of Dry Matter, DIVMS: 44,4 %),
Brachiaria brizantha (26,970kg DM /ha/year,
Protein: 10,1%, Phosphorus: 0,18%, In Vi-
vo Digestibility of Dry Matter, DIVMS DIV:
4,1%), Arachis pintoi (6,212kg DM /ha/year,
Protein: 19,4%, Phosphorus: 0,21%, In Vi-
vo Digestibility of Dry Matter, DIVMS DIV:
59,2%), Desmodium ovalifolium (5,890kg
DM/ha/year, Protein: 16,3%, Phosphorus:
0,16%, In Vivo Digestibility of Dry Mat-
ter, DIVMS DIV: 39,6%) and Stylosanthes
guianensis (15,237kg MS/ha/Year, Protein:
21,4%, Phosphorus: 0,4%, In Vivo Digestibi-
lity of Dry Matter, DIVMS DIV: 48,7 %). (Var-
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gas et al., 2015). The sanitary management
usually used for the bovine herd of CIPCA
was applied. It includes deworming, baths
against ticks and flies, vaccinations for foot-
and-mouth disease, bovine rabies and vesicu-
lar stomatitis and injectable application of vi-
tamins and minerals.

2.2 Data analysis

An exploratory analysis of the data was performed,
where averages and standard errors were estima-
ted for the measured variables. In addition, graphs
of average profiles for inspection and LOESS adjust-
ments were performed to visually inspect the trajec-
tory of the variables over time. Then, Mixed Linear
Models were adjusted and in this way take into ac-
count the longitudinal nature of the data, conside-
ring as independent variables genotype and time. It
was tested whether there were significant differen-
ces between genotypes. All statistical analyzes were
performed using the JMP program in its version 5.0
for Windows (2003).

3 Results

The variable Glucose did not present significant
differences (p > 0,05) between breeds nor in time
(Chart 1). Some of the data obtained are below the
normal values for dairy cows (2,50 —4,16 mmol /L),
generally for all breeds on the 60" and 21 days of
breeding do not reach the desired minimum. Then,
there is no pattern since delivery at 90 days postpar-
tum in all genotypes studied. Only BS cows from
birth onwards have values within the normal ran-
ge.

The result of the model showed that there are no
significant differences (p > 0,05) between breeds for
the creatinine variable (Chart 2), but there are sig-
nificant differences (p > 0,001) over time. Using the
LOESS settings with a smoothing parameter equal
to 0,8, it was observed that the trajectory of the
creatinine variable over time changes from birth.
The obtained values are below the normal values
for dairy cows (105,4 £ 35,6 mmol /L) for almost all
sampling and breed times. Creatinine values befo-
re delivery are well below the minimum range and
then postpartum increase.

The result of the model showed that there are no
significant differences (p > 0,05) between breeds for
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Chart 1. Mean and standard errors of glucose in mmol/L by breed and time

Time (days)
Breed Total
-60 -21 0 30 60 90

BS 246+08 235+14 3,18+1,7 2,7754+08 237+£08 320+£09 2,75+12
Gir 239+0,7 228+£06 252+£05 195+£05 285+06 216+£1,0 2,36=£0,7
J 233+04 1,73£0,7 218+£0,7 231£05 273+£1,0 2,75+£05 235=£0,7
S 2,16+09 189 +06 231+£10 216+0,7 276+06 258+04 2,30=£0,8
Total 2,33+0,7 2,05+103 260+12 236+07 264+08 279+08 247+0,9
Brahman x Gir (Gir), Brahman x Brown Swiss (BS), Brahman x Jersey (J) and Brahman x Sahiwal (S)

Chart 2. Mean and standard errors of Creatinine in mmol/L by breed and time

Time (days)
Breed Total
-60 =21 0 30 60 90
BS 41,8 £18,8 30,6 £9,3 3324147 40,1 £12,5 80,0+ 28,7 1159 +£21,9 59,3+ 37,3
Gir 35,4+6,4 785+329 5024248 49,6+92 102,0+425 89,7 +458 66,9 + 38,7
J 37,1£69 52,7+183 442494 43,5+55 110,0+258 102,8 +52,5 65,7 + 39,5
S 32,74+134 56,8+ 14,5 66,7+ 132 364+70 1272+39,1 1358 +54,1 75,2 +48,7

Total 37,3+13,2 53,1 +253 46,5+198 41,9+10,1 103,1+37,7 111,62+454 66,0 + 41,3
Brahman x Gir (Gir), Brahman x Brown Swiss (BS), Brahman x Jersey (J) and Brahman x Sahiwal (S)
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Figure 1. Creatinina fit
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the Urea variable (Chart 3), but there are significant
differences (p > 0,001) over time. Using the LOESS
settings with a smoothing parameter equal to 0,8, it
was observed that the trajectory of the Urea variable
in time changes from birth. The values obtained are
within the range of normal values for dairy cows in
the tropics, (2,50 — 6,66 mmol/L or 15 —40mg/dL),
for almost all moments of sampling and breed.

The values of Urea decrease until the birth then
return to grow onwards.

The results of the model showed that there are
no significant differences (p > 0,05) between breeds
for the variable Total Proteins (Albumin and Glo-
bulins) (Chart 4), but there are significant differen-
ces (p > 0,001) over time. Using the LOESS settings
with a smoothing parameter equal to 0,8 it was ob-
served that the trajectory of the variable Total Pro-
tein in time changes, being constant until the birth
(time 0), whereas from this moment it begins to sig-
nificantly descend (p > 0,001). Values obtained after
calving are below the normal values for dairy cows
(6,62 —7,28g/dL).

4 Discussion

Inadequate feeding and mineral supplementation
in cattle is one of the main constraints to cattle ran-
ching in the tropical and Amazonian regions (De-
pablos et al., 2009), where low quality forage be-
comes the main and only source of feed (Sanchez,
2007). Whole blood and serum are widely used for
studies of metabolic profiles and often preferable to
forage and soil analyzes because they reflect a bet-
ter contribution of the total diet (McDowell et al.,
1984). There is a great deal of information on the
metabolic profile of Holstein cows, but little in rela-
tion to different dairy crosses, which represent mo-
re than 70% of milk production in the tropics (Facé
et al., 2002). Being the same situation in the Ecua-
dorian Amazon (Quinteros ef al., 2016). In addition,
the Amazon has a potential for milk production not
yet evaluated, despite the difficulties of availability
of quality food.

The increase in glucose on the day of delivery
occurs very rapidly, falling after a few hours af-
ter delivery (De Aquino Neto, 2012). This increa-
se is the result of a higher concentration of gluca-
gon, catecholamines and glucocorticoids, which are
mechanisms to prioritize the use of glucose by the
mammary gland (Park et al., 2010). The low ove-
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rall glucose value found (2,72 mmol/L) may be in-
dicating the low energy level of food (Margolles,
1983). In this study glucose levels were always be-
low normal values and showed no trend during the
whole period evaluated. The four genotypes sho-
wed no deference between them in the behavior, alt-
hough it appears a better behavior in the BS, that is,
with the same feed glucose levels were higher in the
BS. Possibly the low milk production of these cows
(7 £ 1liters) did not require high mobilization of
body reserves to guarantee production, as can occur
in high production Holstein cows (435 liters). The
low glucose values for all breeds could be due to a
poor energy intake in the daily ration. These results
agree with Margolles (1983), who indicates that va-
lues lower than 2.41 mmol/L in dairy cows is given
by low energy in the pastures and low supplemen-
tation with concentrate. The results also coincide
with those of Margolles (1983), where it shows that
grazing livestock does not suffer major changes in
glycemia during lactation. Studies comparing blood
glucose behavior among different genotypes found
no difference in mean values between pure Hols-
tein cows and their Swiss Brown crosses (Di Miche-
le De Rosa et al., 1977), nor between Holstein and
their crosses With Montbeliarde (Mendonga et al.,
2014). However, Campos et al. (2007), mentions dif-
ferences between seven specialized breeds (Ayrshi-
re, Gir-Holando, Holstein Friesian, Jersey, Lucerne,
Swiss and Simmental) for glucose and BHB, among
other metabolites in dairies in the Colombian tro-
pics. Campos et al. (2007), emphasize the good per-
formance of Jersey cows, which presented better ho-
meostasis in glucose than the rest, especially com-
pared to Holstein.

Creatinine values are a non-protein nitrogen
compound commonly used in the evaluation of the
renal excretion function (Gregory et al., 2004); in the
study they did not show differences between ge-
notypes, where pre-delivery values were below the
lower limit and from it grew, possibly by an impro-
vement of the body state. A study by Campos et al.
(2007), found lower creatinine values in the lower
weight animals (Jersey, Ayrshire) and in the ani-
mals with greater tendency to metabolic changes of
weight and greater catabolism of muscle tissue sho-
wed the highest values (Simental, Gir-Holando).
All values found were within international referen-
ces, except the Jersey breed. The latter could have
happened in the crosses analyzed in this study whe-
re the low creatinine value is associated with the
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Chart 3. Mean and standard errors of Urea in mmol/L by breed and time

Time (days)
Breed Total
-60 -21 0 30 60 90
BS 583+£19 592+14 540+1,8 479+15 504+15 640+1,5 553+1,7
Gir 7,11 +1,1 519+13 464+£08 499+0,6 676+10 451+18 556=+1,5
J 6,00£22 593+1,6 411+09 5444+08 597+18 485+10 537+16
S 566+12 580+19 446+1,7 518+12 491+13 452+1,7 513+16
Total 6,08+18 577+16 471+15 509+12 558+16 530+1,7 540+1,6
Brahman x Gir (Gir), Brahman x Brown Swiss (BS), Brahman X Jersey (J) y Brahman x Sahiwal (S)
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Figure 2. Urea fit.

Chart 4. Mean and standard errors of Total Proteins in g/dl by breed and time.

Time (days)
Breed Total
-60 221 0 30 60 90
BS 947+09 962+18 834+09 927+2,6 500+13 436+08 7,51+2,7
Gir 9594+28 87708 875+14 745+19 524+13 492+13 7,52+25
J 8,18+1,2 854+1,1 787+15 895+1,6 540+09 435+04 7,15+2,1
S 9,16 +23 9,16 14 841+07 8,19+0,7 422+08 384 +1,1 7,31+2,5

Total 9,05+19 906+14 829+12 864+20 498+12 4354+09 737+25
Brahman x Gir (Gir), Brahman x Brown Swiss (BS), Brahman x Jersey (J) y Brahman x Sahiwal (S)
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Figure 3. Urea fit.

body condition, because the mobilization of adipo-
se and muscular tissue reflected in the low levels of
reserves could cause the fall of creatinine by increa-
se of the rate of excretion during the period of loss
of body condition.

One of the most promising indicators is the le-
vel of blood urea, which reflects the balance bet-
ween degradable protein and fermentable energy
in the rumen (Hammond, 1997). The recommenda-
tions for crude protein concentration (CP) in dairy
cow rations range from 12 % to 18 % for cows in the
first part of lactation, which is administered by mi-
xing forages and concentrates (Coleman and Barth,
1977). The results obtained in this work showed a
low blood urea presence in all the studied genoty-
pes, possibly due to the low pasture quality (des-
cribed in materials and methods) that did not meet
the protein requirements (Butler et al. 1996, Nozad
et al., 2012). A paper by Mancuso et al. (2016), found
in dairy cows belonging to five types of crosses: C
(Holstein x Jersey); P (C x Swiss Brown); M (C x
Montbeliarde); G (C x Guernsey) and R (P, M or G-
without discriminating which of them—x Holstein)
in grazing systems that the indicators of protein me-
tabolism were found in the upper range with res-
pect to the reference ones, which would relate to
diets high in protein. In addition, no differences we-
re found between genotypes with respect to urea le-
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vels. This response coincides with that reported by
Hess et al. (1999), who indicated that one of the fac-
tors that determine urea levels in the blood is the
diet given to the animal and the degree of degrada-
bility of the protein at the rumen level. In addition,
the low energy input from consumed fodder. The
values of Total Protein, behaved inversely to that
of urea, since after the delivery they decreased to
values below the normal range. Without showing
differences between the studied breeds, in this ca-
se coinciding with works by Mancuso et al. (2014;
2016) where it did not find differences between the
genotypes with respect to the levels of total protein.
As for the influence of breeds on blood protein con-
centrations, Campos (2007) found differences in the
concentrations of total proteins, albumin and glo-
bulins among different dairy breeds specialized in
pastoral systems in Colombia, in another study Pe-
reira Lorenzo et al. (2010), also found differences for
total proteins, albumin and globulins, in pure Uru-
guayan Holstein cows with respect to their crosses
with New Zealand Holstein, although they did not
differ in plasma urea concentrations.

The global trend towards milk production from
forages, international competitiveness that presses
the reduction in production costs and the expansion
of the agricultural frontier give countries in the tro-
pical belt an opportunity to produce quality milk

LA GRANIJA: Journal of Life Sciences 26(2) 2017:119-130.

(©2017, Universidad Politécnica Salesiana, Ecuador.



Blood metabolic indicators of dairy genotypes grazing in the province of Napo-Ecuador

in a competitive way (Ibarra, 2004). The finding of
energy-protein metabolic values below normal ran-
ges would require the need to look at systems such
as the one analyzed for the use of dairy cows adap-
ted to the environment in order to take advanta-
ge of the competitive and comparative advantages
of grazing systems, referenced to which Quinteros
and Marini (2017) note, the objective of research in
the Ecuadorian Amazon is to generate data capable
of evaluating and improving the productive and re-
productive behavior of local dairy genotypes under
free grazing conditions.

Metabolites indicative of energy/protein sta-
tus showed oscillations between the different gene
groups, according to the physiological phase, the-
refore it can be concluded that a greater variation
in the indicators show a greater metabolic demand
(initiation of lactation). This variation is also due to
the fact that one of the physiological changes that
the cow presents when approaching breastfeeding
is the increase in energy requirements, which may
increase during the last month of preparation. Du-
ring this physiological phase the consumption of
food decreases leading to a cow with a negative
energy balance that starts a month before delivery,
is accentuated in the first week postpartum and can
be extended up to the seventh week postpartum,
this negative energy balance forces the cow to mo-
bilize its body reserves forcing it to perform a me-
tabolic adjustment with its subsequent implications
(Cevallos et al., 2002). The usefulness in the deter-
mination in different physiological groups allows
a better understanding of the management of the
herd as a whole and produces adequate and inte-
grated information through which changes or ad-
justments can be made in the alimentary, nutritional
and sanitary management, in agreement with the
proposed Nutritional analysis of Payne and Payne
(1987). Although the metabolic indicators analysis
is not a nutritional examination in and of itself, sin-
ce the blood metabolites are not good indicators of
the nutritional status of individuals, they indicate
when the capacity of homeostasis has been altered,
which is why they are indicators of the metabolic
balance in animals (Hoff and Cote, 1988). The Meta-
bolic Profile complements the indications of the nu-
tritional balance. The number of variables that are
potentially feasible to measure in a metabolic profi-
le is unlimited, in practice only those with adequa-
te knowledge about biochemistry and physiological
role will be used, information that allows to inter-
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pret the obtained results. On the other hand, met-
hods and equipment are also required to make the
economically feasible determination and reference
values to compare results (Wittwer, 2000).

5 Conclusions

It is concluded that for the four dairy studied ge-
notypes no differences were found in the concen-
tration of metabolic, energetic-protein values.

The reference values found for biochemical me-
tabolites indicative of energy metabolism, protein,
in four bovine gene groups for milk production un-
der grazing conditions in tropical climate, are basic
information for work in clinical pathology and phy-
siology of adaptation.

The found values are reference for dairy cattle in
the Ecuadorian Amazon.
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