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Abstract

Cattle raising is the most difused activity in the world. The main source of feeding is the grass. In this research, the
efficiency of the crude protein (CP) in grass was evaluated using four different feed formulations in the cattle feeding.
When the grass had >18% of CP, the best results were obtained with cattle feed of 12% of CP and non-nitrogenous
elements (NNE) in a 68%. It increased the milk production and the protein content, and the milk urea nitrogen(MUN)
decreased. On the other hand, if the grass had between 14-18% of CP, the best results were obtained with cattle feed
containing CP ≤ of 14% and the NNE ≥ of 61%. It also improved the milk production and the protein content, and
the MUN level decreased. Whereas, if the CP in the grass was <14%, it required an additional quantity of CP coming
from the cattle feed. The best results were obtained with cattle feed with CP>16% and NNE <57%, increasing the milk
production and the protein content, improving the content of MUN in milk.
Keywords: bovine production, supplementation, fodder mix, milk urea nitrogen.
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Improvement of the efficiency of the grass protein in dairy cattle using four different feed
formulations

Resumen

La ganadería es la actividad agropecuaria más difundida en el mundo, siendo la principal fuente de alimento el
pasto. En esta investigación se evaluó la eficiencia del uso de la proteína bruta (PB) en pastos, utilizando cuatro
formulaciones diferentes de balanceados en la alimentación de bovinos. Cuando los pastos tuvieron >18% de PB, los
mejores resultados se obtuvieron con un balanceado 12% de (PB), y los elementos no nitrogenados (ENN) en un 68%
aumentó la producción de leche, disminuyendo el contenido de proteína (p<0,05) y el nivel de nitrógeno ureico en
leche (MUN). Por otro lado, cuando los pastos se encuentran entre 14 -18% de PB, se obtuvieron los mejores resultados
con balanceados que contienen una (PB) ≤ 14% y los (ENN) ≥ 61%, mejoró la producción de leche y el contenido de
proteína (p<0,05) y el nivel de MUN disminuye; mientras que si la (PB) en los pastos <14% requiere una cantidad
adicional de (PB) proveniente del balanceado, se obtuvieron los mejores resultados con balanceados de (PB) >al 16%
y un (ENN) <57%, aumentando la producción de leche y el contenido de proteína (p<0,05), mejorando el contenido
de MUN en leche.
Palabras claves: producción bovina, suplementación, mezcla forrajera, nitrógeno ureico en leche.
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1 Introduction
The demand for livestock products in the world has
increased progressively according to (FAO, 2009),
this is due to two factors: to the increase of the po-
pulation worldwide, and to the purchasing power
making that people can consume products with a
more value; this presents a challenge as this acti-
vity has to be integrated into a context of finite natu-
ral resources, contribution to livelihoods, long-term
food security and climate change response (FAO,
2017a). The livestock sector is the world’s largest
consumer of agricultural land through grazing and
the use of forage crops. Livestock is responsible for
most of the world’s land use; pastures and farm-
lands dedicated to livestock feed production ac-
count for almost 80 percent of all agricultural land
(Batallas, 2009).

Beef cattle contributes to 40% of the value of
world agricultural production and sustains live-
lihoods and food security for nearly 1 300 mi-
llion people. The livestock sector is one of the fas-
test growing sectors in the agricultural economy.
The growth and transformation of the sector provi-
des opportunities for agricultural development, po-
verty reduction and improves food security (FAO,
2017b).

The intensification of livestock systems evalua-
tes the nitrogen losses produced by the gas emission
into the atmosphere (ammonia, nitrous oxide, and
nitric oxide), and the runoff of nitrates to the surfa-
ce and underground water. Nitrogen losses can be
reduced by improving the animal’s efficiency to use
the food protein, reducing loss during storage and

management of excreta (Díaz, 2016b). When a cow
is only fed with pastures and forages its nitrogen
losses to the atmosphere are lower than when it re-
ceives a diet composed of pastures and concentrates
(Rua, 2016).

In Ecuador, the cattle ranches use a pastoral sys-
tem for their production; it is important to analyze
the systems as a whole, that is, the relation between
soil-plant-animal, since the growth of the pasture
obeys to the soil nutrients, and pasture nutrients
have an impact on the animal production (Batallas,
2009).

This research relates the protein content of the
pastures and the interaction they have with the pro-
tein content of the formula, and how they influence
on the production of milk, protein content and urea
in milk.

2 Materials and methods
This research was carried out in the Experimental
teaching academic Campus “La Tola” of the Faculty
of Agricultural Sciences, Universidad Central del
Ecuador, located in Tumbaco parish, Quito, Pichin-
cha, at 2 465 masl 00◦ 14’ 46” S, Longitude 78◦ 22’
00” W, with an annual temperature of 16.3 ◦C, An-
nual precipitation 870.3 mm, and an annual relative
humidity of 71.75%. For the study, 12 breed Hols-
tein cows were chosen with more than one calving,
which were distributed in three groups of 4 animals
according to their third lactation. In the first third (0
to 100 days), second third of (100 to 200 days) and
in the third third (>to 200 days)

Table 1. Bromatological composition of the formulations.

Treatments (PB)% (EE)% (FB)% Ashes% (ENN)%

T1 12 4 8 8 68
T2 14 3 13 9 61
T3 16 4 13 10 57
T4 18 4 13 10 55

PB)=Crude protein; FB=Crude fiber; EE=Ethereal extract;
(ENN)=Non nitrogen elements

Four treatments were evaluated, which were ba-
lanced with different formulations in which the le-
vel of (PB) was considered, starting with 12% and
increasing to 18%, also the amount of (FB) and

(ENN) was considered (Table 1). The Latin square
experimental design was used, using four experi-
mental units with four treatments, the third of lacta-
tion was considered as a covariate for the variables
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wich and statistic differencie (p<0.05), a Tukey test
was made. Animals were subjected to treatments
with a transition period between diets of in two
weeks. The two daily rations of the formulation we-
re provided at 3:00 a.m. and 3:00 p.m. at the time

of the milking routine. The amount of the daily ra-
tion was calculated according to the treatment and
the milk production of animals, for every 5 liters of
milk they received 1 Kg of the formula (Table 2).

Table 2. Treatment distribution of animals in the thirds of lactation

Animals Treatments

Animal 1 T1 T2 T3 T4
Animal 2 T4 T1 T2 T3
Animal 3 T3 T4 T1 T2
Animal 4 T2 T3 T4 T1

The milk production register was taken daily
with the help of a decaliter. On days 7 and 21 of each
of the treatments counted after the transition phase,
a sample of 40 ml milk was taken in sterile vials, and
taken in a refrigerated container to the Milk Qua-
lity Laboratory of Universidad Politécnica Salesia-
na, located in Cayambe. The samples were subjec-
ted to compositional analysis (protein, fat, lactose,
total solids and non-fatty solids) and urea nitrogen
in milk (MUN), the method used in the laboratory is
infrared spectrophotometry, in the equipment MIL-
KOSCAN FT 6200, PEE02 protocol.

The second analysis was to determine the cru-
de protein of the pastures consumed by the animals
at the time of the study. The sample of the fora-
ge mixture was taken with the aid of a quadrant
of 50 cm long by 50 cm of width, which was ma-
de with a flush cut at a ground level; then it was
weighed to determine the green matter. The pastu-
re sample was taken to the Laboratory of Nutrition
and Animal Health, of the Faculty of Agricultural
Sciences of Universidad Central del Ecuador. To de-
termine the dry matter content of the sample, 200 g
of the specimen was analyzed in a range at 68 ◦C for
24 hours. The sample of dry matter obtained from
each of the treatments and replications was groun-
ded in a mesh 750 micron to be used in the analysis
of protein ((PB)), ethereal extract (EE), crude fiber
(FB) and ashes. The methods used were those deter-
mined by the AOAC (2010). For the protein analy-
sis ((PB)), the Semimicro Kjeldahl method was used,
which consists of a hot digestion with concentrated
H2SO4 and catalyst and amino nitrogen; the sam-
ple becomes (NH4)2SO4, which subsequently by ac-
tion of an alkali (NaOH) decomposes, releasing am-

monia (NH3) which is distilled and collected in bo-
ric acid. Finally, the acid which is proportional to
the amount of nitrogen is valued with a normalized
acid and from the amount of acid that has reacted
with the ammonia.

3 Results

3.1 Milk Production
The best milk productions were obtained with T1
and T2 (Figure 1), when the pastures had >18% (Pb)
and between 14-18% (PB); while T3 and T4 recor-
ded smaller productions; the best treatments were
T3 and T4 with the (PB) in Pastures <14%. Gaglios-
tro (2012) interprets the protein content in the pastu-
res and concludes that a content higher than 20% is
very high and causes excess of NH3 at a ruminal le-
vel, and its elimination is expensive and should be
supplemented with grains of high ruminal degra-
dability; content between 16 and 20% causes slight
excess of NH3 at ruminal level and ensures adequa-
te ruminal functioning, while a content of less than
12% is inadequate for the milk production and for
good live weight gains except termination.

A protein-deficient diet causes body deposits to
be emptied into the blood, liver, and muscles. As a
consequence, the milk production and protein con-
tent reduce, and the body fat deposition increases
(Velez, 2015). A deficient diet in protein causes body
stores to empty into the blood, liver and muscles.
As a consequence, milk production and protein con-
tent decrease and at the same time increases the
deposition of body fat (Velez, 2015). The require-
ments of crude protein depends on the lactation sta-
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ge, for an early stage is 18 - 17%, for an average
stage is 17 and 16%, and late between 16 and 15%
(Ishler, Heinrichs y Varga, 2013). For cows produ-
cing 20 to 25 l / day, 16% of CP in the diet appears
as adequate, being feasible to provide it with most
forages (INTA, 2014). There is a clear relationship
between the increasing level of protein in the ra-
tion and milk production, with a disparity of crite-
ria ranging from 14 to 18% of crude protein (Zara-
goza, Seguí y Sanz, 1998). The supplementation of
the cows allows to balance the meadow, the prai-
rie protein must be corrected through the supply
of concentrates with good contribution of fermenta-
ble non-structural carbohydrates in the rumen to in-

crease the synthesis of microbial protein and decrea-
se the high levels of ammonium and the excretion of
urea in milk and urine, a cows could produce up to
26 liters of milk per day with only forages (Klein,
N.d.). The pastures in the real production systems
present physical and quality limitations that make
that the consumptions achieved are lower than the
potential values in milk production, which makes it
necessary to introduce supplementation (Cangiano,
2011). The basis of the feeding of the cows should be
the forage that must be complemented with a con-
centrate whose compositional characteristics vary
to complete it (Shimada Miyasaka, 2003).

Figure 1. Influence of crude protein content on pasture and formulation on milk/cow/day production

3.2 Protein content in the milk

For the protein variable in milk, the best beha-
ved treatment was the T1 with pastures of >18%,
reaching 3.6% ( Figure 2); the other treatments with
different pasture contents of (PB) had protein values
in milk between 3.3% and 3.1%; except for treat-

ment T2 and T1 with a content of (PB) in pastures
<14%. This shows that at this level the animals had
deficiencies of (PB) in their diet. The average pro-
tein in milk for the Holstein Friesian breed is 3.3%
(Hazard, 2015), and the minimum protein content
in raw milk to be marketed in Ecuador according to
the standard (INEN, 2015) is 2.9%

Figure 2. Influence of crude protein content on pastures and treatments on the protein content in milk.
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Pastoral systems of temperate zones have an im-
balance between energy and protein, this is because
pastures have high quality (high digestibility and
high protein); the higher the quality of the pastu-
re, the more effective the degradability of the starch
(Santini, 2014). If the energy and protein ratio is ade-
quate, the rumen bacteria can synthesize NH3 and
transform it to bacterial protein; the quality of the
bacterial protein is high for ruminants, this is reflec-
ted in a greater synthesis of milk protein in the ud-
der. Approximately 95% of the nitrogen in milk is in
the form of protein; the rest is found in substances
such as urea, creatine, glucosamine and ammonia,
which pass from blood to milk (McDonald, 1999).
The objective of the protein in ruminants is to provi-
de the adequate amount of protein degraded in ru-
men to optimize its efficiency and obtain the desired
animal production with the minimum amount of
crude protein (Dairy Cattle Nutrition, 2001).

Currently, the efficiency of nitrogen use (EUN)
is calculated as the proportion of nitrogen excre-
ted in milk or meat on the nitrogen consumed; in
ruminants (Eun) average is 25%, this can be im-
proved by limiting the protein content in the diet
and it has been shown that diets with a content of
16.5% are sufficient to obtain maximum yields in
high production dairy cattle (Díaz, 2016a). The ave-
rage efficiency of the use of nitrogen in dairy cattle
is 26% (Calsamiglia, 2014). Gaining efficiency in the
nutrients consumed by animals is a permanent cha-
llenge of dairy production and developing a techno-
logy that develops dynamic feeding systems (Mar-

tinez del Olmo, 2015). The inclusion of concentrated
supplements modifies the composition of milk, ge-
nerally with a decrease in fat concentration and an
increase in milk protein content (Bargo, 2003).

3.3 Urea content in the milk (MUN)

In MUN, no difference was found (p<0.05) for va-
lues ranging from >18% to 14 to 18% of (PB); ho-
wever, T4 registered an elevated value, 18 mg/dl of
MUN (Figure ??); while the content of (PB) <14%
had differences with the previous two levels, regis-
tering lower values than the accepted between 11
and 10 mg/dl of MUN. The most suitable values of
urea in milk in works carried out in Ecuador are bet-
ween 12 and 15 mg/dl, values higher than 18 mg/dl
imply high risk in the productive and reproducti-
ve management of the bovines (Bonifaz y Gutiérrez,
2013). The values per treatment range from 9 to 18.3
mg / dL, the lowest MUN values were found in
high production cows and were increased as lacta-
tion progressed and milk production decreased (Pe-
ña, 2002). Values of urea in blood or milk lower than
2.5 mmol / L (7.0 mg / dL MUN or PUN), indicate
low content of degradable protein in the diet in rela-
tion to the ruminal availability of energy, while hig-
her values at 7.0 mmol / L (19.6 mg / dL MUN or
PUN) indicates a reverse situation (Scandolo, 2007).
The MUN level can vary between breeds of dairy
cows the MUN in Holstein cows is 14.18 mg / dL
(Doska et al., 2012).

Figure 3. Influence of crude protein content on pastures and formulations on the urea content in milk (MUN) mg= milligrams;
dl=deciliter; (PB)=crude protein.
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The excess of protein causes the animal to pro-
duce urea secretions synthesized from the rumen
ammonia, the nitrogen excreted in milk and feces is
positively and linearly related to the nitrogen con-
sumed, while the nitrogen excreted in urine is expo-
nentially related to nitrogen consumption; this de-
monstrates the importance of not supplying protein
above the needs of the animal (Díaz, 2016b).

An excess of protein (more than 18% of PC) in-
creases urea levels in the blood and milk, and espe-
cially if it is easily degradable, it affects the liver that
has to transform the NH3 into urea. This transfor-
mation is a gradual process; meanwhile, the excess
of NH3 circulating in the blood affects the reproduc-
tion by a change in the pH of the uterus after ovu-
lation, and by the toxic effect of ammonia and its
metabolites on the gametes and the embryo (Elrod
y Butler, 1993).

The excess of urea may affect the reproducti-
ve processes through the toxic effects on the ovum,
sperm, and the embryo (Melendez, 2011).

The transformation of ammonia into urea de-
mands a considerable amount of energy, so it de-
creases the availability of energy for productive pro-
cesses and also requires the amino acid arginine; if
the amount of ammonia is high, arginine deficiency
may occur, affecting the production (Zinn y Owens,
1993).

4 Conclusions and Recommenda-
tions

The (PB) of pastures have a direct influence on the
production of milk, protein content in milk and
MUN; depending on the (PB) in pastures the diet
of the bovines must be completed with a specific
formulation that would that potentiate the rumi-
nal metabolism and the synthesis of final products
such as milk production and nutrient content. This
can be evidenced when pastures had a content of
(PB) >18%, using formulations with 12% (Pb) and
(ENN) above 60%, which increased the milk pro-
duction and the protein content, and decreased the
levels of MUN. When the content of (PB) in the pas-
ture is between 14-18%, the (PB) in the formulation
should be ≤ 14% for milk production and protein
content to increase and decrease the MUN level.
When the content of (PB) <14% in the pasture, it is
deficient for milk production so a formulation with
(PB) >16% should be used, to improve the produc-

tion, the protein content and MUN levels.

References
AOAC. 2010. “Official Methods of Analysis. En:

USA: W. Horwitz & G. Latimer.”.

Bargo, F., Muller L. Delahoy J. E. & Cassidy T. W.
2003. “Production and Digestion of Suplmented
Dairy Cows on Pasture.” Journal of Dairy Science,
2(86) .

Batallas, C. 2009. “Introducción a los sistemas
de produccion Ganadereos. Sangolqui-Ecuador:
Centro de Posgrados de la Universidad de las
Fuerzas Armadas ESPE.”.

Bonifaz, Nancy y Francisco Gutiérrez. 2013. “Corre-
lación de niveles de urea en leche con característi-
cas físico-químicas y composición nutricional de
dietas bovinas en ganaderías de la provincia de
Pichincha.” La Granja 18(2):33–42.

Calsamiglia, S. 2014. “Fundacion Española para el
Desarrollo de la Nutrición Animal (FEDNA).”.

Cangiano, C. & Brizuela, M. 2011. “Produccion Ani-
mal en Pastoreo.” segunda ed. Bueno Aires - Argen-
tina: Ediciones INTA. .

Dairy Cattle Nutrition. 2001. “Nutrient Require-
ments of Dairy Cattle.” septima ed. Washington
D.C.: National Academy Sciences. .

Díaz, F. 2016a. “Reduciendo emiciones de nitro-
geno.” Infortambo Andina 4(90).

Díaz, F. 2016b. “Revisando la Dieta.” Infortambo An-
dina 6(92).

Doska, Maria Cecília, Delma Fabíola Ferreira da Sil-
va, José Augusto Horst, Altair Antônio Valloto,
Paulo Rossi Junior y Rodrigo de Almeida. 2012.
“Sources of variation in milk urea nitrogen in Pa-
raná dairy cows.” Revista Brasileira de Zootecnia
41(3):692–697.

Elrod, CC y WR Butler. 1993. “Reduction of fertility
and alteration of uterine pH in heifers fed excess
ruminally degradable protein.” Journal of animal
science 71(3):694–701.

FAO. 2009. “La larga sobra del ganado proble-
mas ambientales y opciones.” FAO ed. Roma-Italia:
FAO. .

120
LA GRANJA: Revista de Ciencias de la Vida 28(2) 2018:114-121.

c©2018, Universidad Politécnica Salesiana, Ecuador.



Improvement of the efficiency of the grass protein in dairy cattle using four different feed
formulations

FAO. 2017a. “La ganadería y el medio ambiente.”
FAO ed. Roma-Italia: FAO .

FAO. 2017b. “Producción Animal.” FAO ed, Roma-
Italia: FAO .

Gagliostro, G. 2012. “Principios de nutrición y su-
plementación de bovinos en pastoreo.” Balcarce-
Argentina, INTA. .

Hazard, S. 2015. “Variación de la composición de la
leche.” INIA Chile 2(22).

INEN. 2015. “Leche Cruda, Requisitos.” novena ed.
Quito-Ecuador: Intistituto Ecuatoriano de Normaliza-
ción. .

INTA. 2014. “Nutrición animal aplicada.” Balcarce -
Argentina: INTA, EEA Balcarce. .

Ishler, V, J Heinrichs y G. Varga. 2013. “From feed to
milk: understanding rumen function. Extension
circular penn state university.” Issue 422 .

Klein, F. N.d. “Utilización de Praderas y Nutrición
de Vacas en Pastoreo.” . Forthcoming.

Martinez del Olmo, D. 2015. “Fundación Española
para el Desarrollo de la Nutición Animal (FED-
NA).”.

McDonald, E. & Greenhalgh, M. 1999. “Nutrición
Animal.” quinta ed. Zaragoza- España: Acribia S.A..
.

Melendez, P. & Wainstein, A. 2011. “No siempre
más es mejor.” Mundo Agro 5(18).

Peña, C. 2002. “Importancia del nitrógeno ureico de
la leche como Ãndice para evaluar la eficiencia
productiva.” Revista Acovez 1(27).

Rua, M. 2016. “¿Qué huella dejar?” Infortambo An-
dina 1(87).

Santini, F. 2014. “Conceptos básicos de la nutrición
de rumiantes.” INTA, ed. Nutrición Animal Aplica-
da. Balcarce-Argentina .

Scandolo, D. 2007. “Sitio Argentino de Produccion
animal.”.

Shimada Miyasaka, Armando. 2003. Nutrición ani-
mal. Technical report México, MX: Trillas.

Velez, M. 2015. “Nutrición del Ganado Lechero.”
primera ed. Francisco Morazan-Honduras: Universi-
dad Zamorano. .

Zaragoza, C, A Seguí y E Sanz. 1998. “Relaciones
entre la produccion y el contenido de proteína
con los factores de la produccion de leche.”.

Zinn, RA y FN Owens. 1993. “Ruminal escape pro-
tein for lightweight feedlot calves.” Journal of ani-
mal science 71(7):1677–1687.

LA GRANJA: Revista de Ciencias de la Vida 28(2) 2018:114-121.
c©2018, Universidad Politécnica Salesiana, Ecuador. 121


	Introduction
	Materials and methods
	Results
	Milk Production
	Protein content in the milk
	Urea content in the milk (MUN)

	Conclusions and Recommendations

