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Abstract

The purpose of this study was to measure the level of BUN in dairy cows and its influence on services per conception (S/C) rate, milk
output, and the forage to concentrate (F/C) ratio. Oestrogen concentrations were also assessed based on BUN level and pregnancy
rate. Three blood samples were taken for the measurement of estrogen on the day of Al (D0), seven days later (D+7), and twenty-
two days later (D+22). From the entire herd, a batch of eighteen dairy cows in total were chosen at random and split to the groups
based on S/C, milk output, F/C ratio, BUN, and pregnancy rate. The means of BUN based on F/C ratio showed significant differ-
ence (p<0.05) of the results. Each group’s estrogen concentration on DO and D+7 did not significantly differ (p>0.05) in regards
to BUN and pregnancy rate, while the group of non-pregnant cows with high BUN featured lower value. However, in D+22, the
group of non-pregnant cows with high BUN showed a lower estrogen concentration than the group of pregnant cows with low BUN
(p<0.05), while the group of pregnant cows with low BUN had a higher BUN concentration than the group of non-pregnant cows
with low BUN (p>0.05). These results indicated that while feed could alter BUN concentrations, non-feeding factors should also be
taken into account. S/C and milk yield were found to provide no effect on BUN concentrations. According to these findings, a higher
BUN concentration decreased the CR value, and concentrations of BUN =18 mg/dL led to lower levels of estrogen.
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Introduction
The success of a dairy farm is determined by feed man-

optimal productivity and reproductive efficiency [2]. Since
protein is the essential element of food primarily required

agement factors. Feed should contain nutrients necessary
for the cow’s body, in sufficient quantity and adequate quali-
ty for survival and reproduction. Nutrients needed by cows
include carbohydrates, fat, protein, vitamins, water, min-
erals and inorganic elements [1]. Balanced and sufficient
amount of feed according to the animal’s needs will ensure

to boost milk production, lactating dairy cows’ milk yield
can often be raised by increasing the share of protein in
their diet [3]. To boost milk yield, dairy farmers as a rule
increase the amount of feed given; nevertheless, it is recog-
nized that increasing the amount of feed protein can nega-
tively impact the reproductive functions [4].

Copyright © 2025, Mulyati et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.
org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for any purpose, even

commercially, provided the original work is properly cited and states its license.
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Urea is the final byproduct of ruminant protein metab-
olism that enters the blood circulation [5]. High-yielding
dairy cows show decreased fertility, longer days open (DO)
and calving intervals (CI), increased service per conceive
(S/C) and decreased conceive rate (CR) [6]. Increasing
protein concentration in the ration results in increased
urea nitrogen concentration in the body. The liver’s pro-
cess of detoxifying ammonia produces urea, a metabolite
of protein included into the ration [7]. The circulatory sys-
tem distributes urea, which passively diffuses across bodily
fluids and contains milk urea nitrogen (MUN) and blood
urea nitrogen (BUN) [8]. MUN concentration is highly
correlated with BUN concentration. As a result, BUN mea-
surement can provide farmers with crucial information
regarding the health and nutritional state of the cows [9].

Ineffective intake of nitrogen for development and milk
production is indicated by high BUN values [10]. Increased
urea nitrogen concentrations have been shown to provide
detrimental effects on dairy cow’s fertility, including altered
uterine fluid pH, impaired ovarian function, mineral im-
balance in the uterus, lower rates of conception, and hor-
monal imbalance leading to reproductive disorders [11]. In
addition to impaired immunity, lactating cows’ secretion
of K, Mg, and P, and causing hormonal imbalances, includ-
ing estrogen level deviation, high blood urea prevents the
removal of uterine contaminations [12]. High levels of urea
nitrogen in dairy cows have detrimental effects on repro-
duction function because they prevent fertilization and
follicle growth, decrease the ability of progesterone to at-
tach to the ovarian receptor, and decrease the binding of
luteinizing hormone to the ovarian receptor [13].

A number of risk factors, including managerial, envi-
ronmental, metabolic, and nutritional problems, interact
with each other to negatively impact fertility and milk
yield. Reproductive function failure or infertility is a com-
plex condition. The amount of protein in the concentrate,
the resulting BUN concentration, and its potential detri-
mental effects on various reproductive processes are a few
examples of such factors [14]. The aim of this study was to
find the correlation between the level of blood urea nitro-
gen (BUN), level of serum estrogen and conception rate
(CR) with fertility and milk yield criteria in dairy cattle.

Objects and methods

Data and sample collection

The owner of a small-scale dairy farms in Wagir, Malang,
East Java, Indonesia has a total population of+1.000 lac-
tating dairy cows. Among them one hundred cows were
selected randomly based on the dairy cow type [Holstein-
Friesian (HF)], milk yield, age, parity, health condition and
measured values of body condition score BCS (1-9 points).
Fifty cows were further selected based on their reproduc-
tive efficiency data [services per conception (S/C), calving
interval (CI), days open (DO)] which is supported by the
relevant records on cows, and the quantity of feed (forage

and concentrate) consumed by them. These 50 cows were
then grouped into three groups, based on S/C and milk
yield criteria, (S/C1-2, milk yield <17 L/day), (S/C 3-4, milk
yield 17-21 L/day) and (S/C = 5, milk yield > 21 L/day). Milk
yield ranges were calculated from< (means - SD); between
(means — SD) and (means + SD), and > (means + SD),
while S/C were divided accordingly. Among the 50 cows,
18 cows complied the three groups criteria (6 cows in each
group)

Blood samples were taken through the coccygeal vein
(5 mL from each cow). Blood sample for estrogen mea-
surement was taken three times, which happened on the
day of AI (DO0), seven days after Al (D+7), 22 days after
Al (D+22), and blood sampling for BUN measurement
was taken only once. Two hours after collection, blood
samples were centrifuged at 2.000 rpm for 10 minutes.
Serum was separated and stored (-20°C). Pregnancy was
tested 3 months after AI, through rectal palpation. After
all data were obtained, regrouping was done to determine
differences in the concentration of BUN and CR based on
the F/C ratio, and the concentration of BUN (<18 mg/dL;
>18 mg/dL) and rate of pregnancy on estrogen concentra-
tions parameter.

Measurement of BUN and estrogen

BUN was measured using Berthelot method by Balai
Besar Laboratorium Kesehatan Surabaya, while estrogen
was measured by the lab instrument ELISA (DRG instru-
ment GmbH, Germany) at the Laboratory of Endocrinol-
ogy, Department of Veterinary Reproduction, Faculty of
Veterinary Medicine, Universitas Airlangga Surabaya.

Statistical analysis

Analysis was performed to identify the homogenity
based on age, parity, milk yield and BCS parameters. Simi-
larly, the homogenity of samples data of 18 cows which was
further explored from among 50 cows was studied based
on reproductive efficiency and composition of feed con-
sumed. The SPSS23.0 software was used to conduct statisti-
cal analyses using One Way ANOVA and the Independent-
Samples T Test (p <0.05).

Results and discussion

Data collection of 100 dairy cows from a herd of ap-
proximately 1,000 lactating dairy cows in Wagir, Malang,
East Java, Indonesia, showed range of ages between
3-8 years, parity 2-5, BCS 4-7 and milk yield 8-29 L/day.
Then, 50 out of the 100 cows were surveyed and found to
have S/C, CI and DO respectively 1-8 times, 338-697 days
and 37-98 days range with a mean of 4.12+0.31 times,
454.31+12.9 days and 66.12+2.53 days, and the range of
age, parity, BCS and milk yield were respectively 3-7 years,
2-5.4-7 and 10-29 L/day, with a mean of 3.94+0.36 years,
2.22+0.3, 511+0.28 and 19.17 L/day respectively. Range
of forage and concentrate quantity was 20-70 kg/day and
5-16 kg/day respectively, with a mean of 35.1+1.19 kg/day
and 10.26 £0.39 kg/day. Then 18 dairy cows were selected

157



Mulyati et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2025, vol. 10, no. 2, pp. 156-163

from among 50 cows and sorted by groups with means of
milk yield, S/C, quantity of forage and concentrate equal
to 19.17+217 L/day, 3.89+0.83, 34.44+0.66 kg/day and
10.67 +1.33 kg/day respectively. Based on the results, it can
be said that the number of cows per group can represent
the number of dairy cow population at the study site.

S/C, milk yield and BUN

The comparison between each group showed that the
mean of S/C and milk yield of dairy cows group with S/C
> 5 featured the highest milk yield >21 L/day. Statistically
the mean of S/C and milk yield in each group was signifi-
cantly different (p<0.05). The group of cows with high
milk yield along with high S/C under consideration in this
study had the lowest BUN concentration since there was
a negative correlation between milk production and urea
nitrogen content [15]. However, it was not statistically sig-
nificant (p>0.05) (Table 1). The concentration of urea ni-
trogen was not directly related to milk production and was
not much affected by lactation period, but it was related
to the balance of protein being fed [16,17]. Urea nitrogen
concentrations can be utilized as a biomarker of how well
lactating cows use nitrogen for milk production because
urea nitrogen concentrations are regulated by the amount
and concentration of consumed dietary crude protein [18].

Table 1. Milk yield, S/C, BUN (mg/dL), DO, S/C, CI and CR based
on quantity of feed concentrate consumed by a cow

Concentrate Concentrate

<1063kgld  >10.63kg/d OrondMean
Concentrate (kg/d)  9.50+1.41* 11.50+1.31>  10.63+0.69
Milk yield (L/d) 13.50+0.62? 25.17 +1.19° 19.00+1.23
BUN (mg/dL) 15.61 £1.43% 15.67 £1.29% 15.64£1.62
%BUN>18mg/dL 44.44% (4/9)* 22.22% (2/9)® 33.33% (6/18)
DO 61.33 +5.87° 64.67 +4.86*  63.95 +3.74
S/C 1.67 £0.21* 6.33+0.21° 3.74+£0.49
CI 407.33+21.32° 444.33+34.60° 422.05+20.04
CR 33.33% (2/6)* 33.33%(2/6)* 33.33% (6/18)

Note: Different superscripts on the same row show significant differences
(p<0.05).

A high amount of protein feed (rumen degradable and
rumen undegradable protein) with a crude protein content
of >19% [19,20] results in a higher concentration of urea
nitrogen (in urine, blood and milk) and a decrease in the
efficiency of N utilization, which increases the excretion of
nitrogen (N) [21-23]. Protein feed can be obtained from
the feeding of concentrates. The highest average of F/C ra-
tio was found in the group with low milk yield (<17 L/day)
(p <0.05). This was because the quantity of concentrate is
much smaller than the quantity of forage, so the protein
nutrient is not enough to increase milk yield. The ratio of
forages to concentrates that can increased the milk yield
and raise the concentration of milk protein among the
dairy cows in early lactation period was 60:40 [24].While
based on the mean of concentrate feeding, the highest milk
yield was recorded in the group of cows with milk yield
>21 L/day and the lowest one was recorded in the group

of cows with milk yield <17 L/day (p<0.05). It indicated
that concentrate supplementation is able to increase milk
production [25]. Thus, the lactating cows in this group
may have a balance of feed management and efficient uti-
lization of N for milk production, without increasing the
concentration of urea nitrogen, because a balanced feed-
ing for lactating cows was 14-16 mg/dL in average of BUN
concentration [26].

S/C can be affected by the high concentration of
BUN [27], but no significant difference (p>0.05) between
§/Cand BUN concentrations was found in this study. Yoon
et al. [28] also reported that there was no effect of nitro-
gen urea concentration on frequency of successful artifi-
cial insemination. The high ratio of S/C (repeated attempts
of conception) was not only influenced by BUN but also
by fertilization failure and embryonic mortality caused by
many factors, among others — the flaws of artificial in-
semination, environmental issues, ovulatory failure, poor
genetics and uterine infection. Therefore, the conception
rates in each milk yield and S/C based group also showed
no significant difference (p>0.05) [29]. Furthermore, re-
grouping was performed based on F/C ratio and BUN con-
centrations, each group with greater and less parameters
than the grand mean of CR.

BUN, conception rate and F/C ratio

The mean of forage to concentrate (F/C) ratio and
BUN (from grand mean) in this research were equal
to 3.52 and 15.64 mg/dL. Then the cows were grouped
into: <3.52; 215.64 mg/dL, <3.52; <15.64 mg/dL, 23.52;
>15.64 mg/dL and >3.52; <15,64 mg/dL, with significant
difference (p>0.05) in mean result of BUN concentration.
The quantities of forage and concentrates in the F/C ra-
tio = 3.52 group was lower than that of the F/C ratio <3.52
group (p <0.05), which was linear correlation to the share
nutritional protein in each group.

Protein consumption, the effectiveness of N use for milk
production, and energy balance can all affect a dairy cow’s
urea nitrogen content [30,31]. The absence of BUN that was
>15.64 mg/dL in F/C ratio > 3.52 in a group indicated that
the amount of protein feed given was not high, thus unable
to increase the concentration of BUN, whereas in cows
that obtained F/C ratio >3.52 with BUN <15.64 mg/dL
(Table 2). BUN was averagely <12 mg/dL, which indicated
protein deficiency and it was suggested to give additional
feed [8]. In cows given F/C ratio <3.52 BUN concentration
were >15,64 mg/dL. It was caused by the higher concen-
trate feed F/C ratio <3.52 than F/C ratio 23.52 (p<0.05).
Adding the concentrate feed may increase the concentra-
tion of urea nitrogen [32]. Cows given F/C ratio <3.52
with BUN <15.64 mg/dL showed that dairy cows are able
to efficiently utilize N from feed for productivity, whereas
cows given ratio of F/C <3.52 with BUN >15.64 mg/dL had
a high concentration value of >18 mg/dL, which showed
that there was a decrease in efficiency of utilization N, thus
increased the excretion of N [18,22].
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Table 2. Blood urea nitrogen (BUN) (mg/dL) and conception
rate (CR) based on quantity of feed concentrate consumed and
BUN (mg/dL) were more or less than the mean of whole sample

Concentrate Concentrate

>10.63 kg/d <10.63 kg/d

BUN=>15.64 BUN<15.64 BUN<15.64

Concentrate (kg/d) 11.43+0.95*° 11.63+0.88*  6.33+0.88"
BUN(mg/dL) 19.93+0.80° 13.38+0.53> 11.67+1.27°
CR (%) 14% (1/7) 50% (4/8) 33.3% (1/3)

Note: Different superscriptson the same row show significant differences
(p<0.05).

In addition to utilizing protein from feed, ruminants
can also synthesize proteins on their own with the help
of microbes available in rumen. Ruminants can also uti-
lize sources of nitrogen that are not derived from proteins
(named non protein nitrogen, NPN), for the synthesis of
their body proteins, in which microbial proteins have very
high biological values. Thus, the amino acid supply of the
body comes from feed proteins and rumen microbes. Al-
though some proteins are resistant to rumen degradation,
feed proteins and NPN that ruminants consume partially
break down in the rumen, i. e. amino acids break into am-
monia and branched chain fatty acids, which then provide
amino acids and peptides that cattle can absorb in their
intestines and use to boost its productivity [33]. Ammonia
is necessary for rumen microorganisms to flourish. The ru-
men contains an excess of N-NH3 if amino acids and pep-
tides that have not been utilized for milk production are
absorbed. If not utilized for microbial protein synthesis,
the excess of N-NH3 in the rumen is absorbed through the
rumen wall, transformed into urea in the liver, and partial-
ly excreted in the urine [34]. As a result, cows may not al-
ways use high protein diets to their full potential; this relies
on how well they process nitrogen to produce milk. If not
used nitrogen raises the urea nitrogen concentration [31].

Group of cows which was given F/C ratio <3.52 with
BUN 215.64 mg/dL showed the lowest CR value. This in-
dicated that the increase of feeding quantity that could in-
crease BUN, in accordance with previous study where BUN
concentration >16 mg/dL resulted to the lower pregnancy
rate [35], and BUN >18 mg/dL could lead to decreased
fertility [9]. The group of cow given F/C ratio >3.52 with
BUN <15.64 mg/dL also had low CR values, which indicat-
ed that feeding with low quantity of forage and concentrate
could also reduce CR and BUN concentrations.

BUN, estrogen and pregnancy

Pregnancy detection of 18 cows showed that 6 cows
were pregnant and the other 12 cows were not pregnant.
Previously reported that the decrease of conception rates
in dairy cow can be influenced by the high concentra-
tion of BUN that reach >18 mg/dL [36] while half of
the 12 non-pregnant cows had BUN concentrations of
>18 mg/dL in accordance to the results of this study. Preg-
nant cows in this study had a mean concentration of BUN
<18 mg/dL, reflected they could achieve maximum fer-
tility if the concentration of urea nitrogen ranged within

12-16 mg/dL [37]. The lack of pregnancy of cows with BUN
<18 mg/dL may be caused by other factors that contributed
the repeated attempts of conception. Cows were divided
into three groups according to their BUN and pregnancy
status, they were grouped to low BUN and pregnant, high
BUN and non-pregnant and low BUN and non-pregnant
with mean concentrations of 13.92, 20.42, and 12.58 mg/dL
of BUN respectively. Statistically the group of low BUN
and pregnant and the group of low BUN and non-pregnant
group showed no significant difference between each other
(p>0.05), but significantly different from the group of high
BUN, non-pregnant cows (p <0.05).

High BUN concentrations in dairy cows may be due to
intense feeding with crude protein (CP). There are several
reasons why too much dietary CP reduced reproductive
performance [9,38]. Excess dietary CP has been linked
to poor energy status because it can raise energy require-
ments, which can range from 13.3 kcal of digested energy
per gram of excess N. Due to delayed ovulation and de-
creased plasma progesterone levels, poor energy status
may decrease fertility. Sperm, oocytes, and embryos may
be toxically affected by high BUN concentrations. It has
also been noted that high BUN levels reduce the formation
of prostaglandin (PGF2a), luteal phase P, Mg, and K con-
centrations, and pH of uterine fluid. Additionally, a high
BUN may lessen the binding of leutinizing hormone (LH)
to ovarian receptors. Reduced LH binding would result
in lower levels of progesterone in the blood, which would
lower fertility [39,40].

Estrogen concentration measured on D(0) showed that
its value in the group of low BUN and non-pregnant cows
< the group of high BUN and non-pregnant cows < the
group of low BUN and pregnant cows; and on D(+7) it
changed the following way: the group of high BUN and
non-pregnant cows < the group of low BUN and pregnant
cows < the group of low BUN and non-pregnant cows,
but each group showed no significant difference in estro-
gen concentration (p>0.05), whereas on D(+22), estrogen
concentrations in the group of low BUN and pregnant
cows was lower than the group of low BUN and non-preg-
nant cows and showed significant difference (p <0.05), but
a mean of estrogen concentration on D(+22) in group of
low BUN and pregnant cows and the group of high BUN
and non-pregnant cows were not significantly different
(p>0.05) (Figure 1).

Cows with BUN concentrations of >18 mg/dL showed
false positive pregnancies because estrogen concentrations
in blood were not significantly different from the pregnant
cows with BUN concentrations <18 mg/dL, they also had a
lower estrogen concentrations than pregnant and not preg-
nant cows with BUN concentrations <18 mg/dL. Silva et
al. [41] reported that there was a negative correlation be-
tween the concentrations of urea nitrogen and estrogen,
and higher protein intake (undegradable protein) is able
to cause low estrogen concentrations. High feed intake can
increase excessive blood flow to the gastrointestinal tract
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Figure 1. Serum estrogen levels (pg/mL) at day-0, day-7 and day-22 (day-0 = estrus) grouped by BUN and pregnancy status;
Different superscripts (4 P) show significant differences (p < 0.05) between groups; Different superscripts (* )
show significant differences (p <0.05) between day of sampling

and to the liver. The liver has a major function for the me-
tabolism of progesterone and estradiol 17p, increased liver
blood flow causes cessation of hormone metabolism in the
liver, thus lowering the concentrations of progesterone and
estrogen in the blood [42]. High concentrations of urea
nitrogen may also affect hormonal secretion in the ova-
ries, namely decreased the concentrations of luteinizing
hormone (LH) that binds to ovarian receptors, insulin and
insulin-like growth factor-1 (IGF-1), which all three hor-
mones play a role in the process of steroidogenesis [43]. The
IGF-1and insulin stimulate cells proliferation and differen-
tiation, and act synergistically with FSH in steroidogenesis
by increasing the activity of P450 aromatase, and increase
the secretion of estradiol. In addition, LH is also a stimula-

tor of aromatase activity in granulosa cells, along with its
being the physiological factor in the follicular ovarian of
estradiol production regulator (E2) in cattle [44]. Reduced
reproductive function could result from the product of N
metabolism changing the hypophyseal pituitary-ovarian
axis’s activity [28].

Conclusion

The results of this study confirm that the occurrence
of pregnancy can be affected by BUN concentration as
the factor altering estrogen concentration. An increased
concentrations of BUN >18 mg/dL showed false positive
pregnancy, based on estrogen concentration, and caused
lowered conception rates.
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