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Abstract | An on-farm study was conducted to evaluate the effects of concentrate supplementation containing a
mineral mixture on blood biochemical parameters and pregnancy rate of Limousin crossbred cows. A total of 30
Limousin crossbred cows with a mean body weight of 336.63+38.24 kg were randomly divided into two groups
(n=15/group). Cows in the control group (CON) were maintained under traditional farmer feeding practices. In
the supplemented group (SUP), cows received an additional 1 kg/day of concentrate (HQEFS®) containing 0.5%
mineral mixture (Agromix Booster®). Blood samples were collected on days 0 and 21 of experimental feeding. Estrous
synchronization was performed using 5 ml prostaglandin F2a administered intramuscularly. Artificial insemination
(AI) using post-thawed frozen sexed-Y Limousin bull semen was conducted at 2 and 8 h after estrous detection.
Pregnancy diagnosis was performed by transrectal palpation 60 days after Al The results showed that dry matter,
organic matter, crude protein, nitrogen-free extract, and total digestible nutrient intake did not differ between groups
(P>0.05). However, cows in the SUP group had lower crude fiber intake and greater ether extract intake than cows
in the CON group (P<0.05). Serum high-density lipoprotein (HDL) and phosphorus concentrations on day 21 were
significantly greater in the SUP group than in the CON group (P<0.05). No significant differences were observed in
first-service conception rate or pregnancy rate between treatments under the conditions of this study. The pregnancy
rate in both groups was 26.67%. This study concluded that concentrate supplementation containing a mineral mixture
increased serum HDL and phosphorus concentrations without adverse effects on other blood biochemical parameters.
However, no significant improvement in pregnancy rate was observed under the present experimental conditions.
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INTRODUCTION consumption in Indonesia remains relatively low compared

with many other countries, domestic beef production is still

he increasing human population in Indonesia is insufficient to meet national demand (Kusumaningrum
accompanied by a growing demand for animal- ¢z o/, 2025). Supply shortages have been estimated to be
source foods, including beef. Although per capita beef approximately 40% of total national demand and may
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reach up to 75% in major urban centers (Chang er al,
2020). Under smallholder farming systems in Indonesia,
crop residues and agricultural by-products are commonly
used as basal diet components for cattle. However, these
teed resources are generally characterized by low nutritional
quality, particularly low digestible energy, crude, and mineral
contents (Agus and Widi, 2018; Khalil ez a/., 2019; Woittiez
et al.,2018). For example, rice straw is characterized by high
fiber and low protein concentrations. The neutral detergent
fiber, acid detergent fiber, and hemicellulose contents range
from 66.18%—77.22%, 36.33%—49.77%, and 21.67%—
33.84%, respectively, whereas crude protein (CP) content is
relatively low, ranging from 3.34% to 6.78%. Nutrients play
an essential role in supporting reproductive performance,
particularly in cattle traditionally reared under smallholder
farming systems, whereas inadequate nutrient supply
remains one of the major constraints (Kuntariningsih et al.,
2025). Reproductive failure is commonly associated with
insufficient animal nutrition (Oliveira-Filho e /., 2010).
In addition, feed quality also fluctuates with the season, so
additional nutrient supplementation may be necessary to
meet the nutritional requirements of cows (Tshuma ez a/.,

2019).

One strategy to improve reproductive performance is
supplementation with good-quality feed. Providing
concentrate supplementation to improve dietary protein
concentration is expected to ensure nutrient sufficiency to
support optimal animal growth and puberty (Gading ez a/.,
2020). Sonjaya e al. (2020) reported that supplementation
with concentrate containing 14% CP increased pregnancy
rate. Increasing dietary protein concentration from 5.5% to
13% CP also stimulated estrous cycles and estrous expression
in cattle (Maquivar ez al., 2006). Rodrigues ez al. (2021)
showed that supplementing pregnant Nellore cows with
protein during the dry season improved body condition and
tended to increase pregnancy rates during the subsequent
breeding season. Smuts ez a/. (2019) noted that balanced
nutrition is essential for maintaining cows’ body condition
and directly influences fertility. Nutrient deficiency may
impair ovarian activity, resulting in lower conception rates.
As micronutrients, minerals are also essential in regulating
reproductive performance in cattle (Talukdar ez 4/, 2016;
Morsy et al., 2020). Mineral supplementation has been
widely reported to improve reproductive performance
in some studies (Chester-Jones ez al., 2013; Molefe and
Mwanza, 2020). Supplementation with mineral mixtures
improved pregnancy rate in animals (Anam e a/., 2021,
2025; Ray ez al., 2012). Trace minerals have specific
physiological functions related to reproduction. Zinc
is involved in ovarian follicle development (Yatoo ez a/.,
2013), copper contributes to superoxide dismutase enzyme
activity associated with progesterone production (Sales ez
al., 2011), iron plays a role in embryo development (Gao
et al., 2007), and selenium is associated with postpartum

uterine involution (Arthington and Ranches, 2021).

Several studies have evaluated reproductive performance
in cattle supplemented with concentrate diets and single
or combined mineral supplementation. However, there
is limited research regarding the combination of mineral
mixtures with concentrate supplementation, particularly
concerning pregnancy rate in Limousin crossbred cows.
Accordingly, this study aimed to evaluate the effects of
concentrate supplementation containing mineral mixture
on blood biochemical parameters and pregnancy rate of
Limousin crossbred cows raised under smallholder farming
systems.

MATERIALS AND METHODS

ANIMALS AND EXPERIMENTAL DESIGN

An on-farm trial was conducted in Kecopokan and
Ngrancah villages, Sumber Pucung Sub-district, Malang
Regency, East Java Province, Indonesia (-8.18601
latitude and 112.49985 longitude). The Animal Ethics
Committee of the Faculty of Veterinary Medicine,
Brawijaya University, Indonesia, approved the research
protocol with grant number 128-KEP-UB-2021. Based
on the survey, thirty crossbred Limousin x Ongole cows
with a mean body weight of 336.63+38.24 kg and a
body condition score of 3.85+0.8 were used in this study.
Before beginning the study, all experimental animals were
examined for reproductive organ normality via transrectal
palpation and then randomly allocated into two equal
groups (n=15/group). Animals in the control group
(CON) were maintained under traditional farmer feeding
practices (rice straw and native forage as the basal diet)
without nutritional supplementation. In the supplemented
group (SUP), cows received 1 kg/day of concentrate along
with the control feed. The concentrate was High-Quality
Feed Supplement® (PT. Agromix Lestari, Yogyakarta,
Indonesia) containing 0.5% Agromix Booster® mineral
mixture. The Agromix Booster® consisted of mixed
minerals: Ca 243.4 g/kg, Na 24.3 g/kg, Fe 12.5 g/kg, P 3.2
g/kg, Mg 1.8 g/kg, Mn 1.2 g/kg, Zn 439.0 mg/kg, K 277.9
mg/kg, Cu 179.4 mg/kg, S 130.4 mg/kg, Co 5.4 mg/kg,
and Se 131 pg/kg. The mineral mixture was included at a
relatively low level (approximately 5 g/day/cow), thereby
contributing minimally to the overall dietary Ca:P ratio.
Concentrate supplementation was provided individually
to each cow during feeding to minimize competition and
ensure complete consumption. Feed refusals were recorded
daily, and no substantial concentrate refusal was observed
during the experimental period.

EsTrROUS SYNCHRONIZATION, ARTIFICIAL
INSEMINATION, AND PREGNANCY DIAGNOSIS
Estrous synchronization was conducted 21 days after
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supplemental feeding treatment. Before prostaglandin
administration, corpus luteum status was evaluated
by transrectal palpation performed by experienced
veterinarians to ensure that cows were responsive to
the synchronization protocol. Subsequently, cows were
injected intramuscularly with 5 ml of prostaglandin F2a
(Lutalyse™, dinoprost tromethamine, Zoetis Inc.) to
synchronize the estrous cycle. Estrous signs were observed
approximately two days after estrous synchronization
(Susilowati ez al., 2021). The semen used to inseminate
estrous animals was sexed-Y Limousin bull semen produced
by the Singosari National Artificial Insemination Center,
Malang, Indonesia. The motility, viability, and abnormality
of the semen were 41.0%, 71.0%, and 6.8%, respectively.
Sexed semen generally exhibits lower post-thaw motility
than conventional frozen semen because the sorting and
cryopreservation processes may reduce sperm quality.
Artificial insemination (AI) was carried out at 2 and 8
hours after estrous detection (Wiranto ez al., 2020).

Table 1: Chemical composition of concentrate

supplemented to the Limousin crossbred cows.
Item Value
Dry matter (%) 87.33
% dry matter
Organic matter 92.87
Crude protein 14.71
Crude fiber 9.04
Ether extract 1.89
Nitrogen free extract 67.23
Total digestible nutrients 60.12

Al in both treatment groups was performed by the same
experienced technician using the same batch of sexed-Y
Limousin semen to minimize procedural variation among
animals. Cows returning to estrus on days 19,20,and 21 were
inseminated for the second Al, and the non-return estrous
rate on this cycle (NRR-1) was calculated. Similarly, cows
returning to estrus on days 38,39, and 40 were inseminated
for the third Al, and the non-return estrous on this cycle
(NRR-2) was calculated. Transrectal palpation at 60 days
post-Al was used to confirm pregnancies. The first-service
conception rate was calculated using the following formula:
(total pregnant cows in the first service/total inseminated
cows) x 100%. The pregnancy rate was calculated using the
following formula: (total pregnant cows in all services/total
inseminated cows) x 100%.

MEASUREMENTS AND LABORATORY ANALYSIS

The diet was provided to the cows twice daily, and diet
samples were collected weekly and composited for
nutrient analysis. Table 1 shows the chemical composition,

including dry matter (DM), organic matter (OM), CP,

crude fiber (CF), and ether extract (EE), which was
determined according to AOAC (2023). Total digestible
nutrients (TDN) was calculated following Jayanegara ez
al. (2019). Feed consumption was measured daily based
on the difference between feed offered and feed refused.
Nutrient intake was subsequently calculated.

On days 0 and 21 of dietary treatment, approximately
10 ml of blood samples were collected into sterile BD
vacutainer® tubes. On day 21, blood samples were collected
before prostaglandin F2a administration to avoid potential
acute effects of hormonal treatment on blood biochemical
parameters. Samples were centrifuged at 2000 rpm for 20
min at 4°C, and serum was separated for further analysis.
Serum metabolite concentrations, including glucose, total
protein, albumin, cholesterol, triglyceride, high-density
lipoprotein (HDL), low-density lipoprotein (LDL),
creatinine, uric acid, blood urea nitrogen (BUN), calcium,
and phosphorus, were analyzed using commercial kits

(DiaSys Diagnostic System, Holzheim, Germany).

STATISTICAL ANALYSIS

Blood biochemical and nutrient intake data were analyzed
using an independent sample T-test. The reproductive
parameters, including NRR-1, NRR-2, first-service
conception rate, and pregnancy rate, were analyzed using a
2 x 2 Fisher’s exact test. No formal adjustment for multiple
comparisons was applied; therefore, significant differences
in blood biochemical parameters should be interpreted
cautiously as exploratory findings. All statistical analyses
were performed using IBM SPSS® Statistics version 20.

RESULTS AND DISCUSSION

There were no significant differences between the two
dietary treatments in DM, OM, CP, NFE, and TDN
intake (P>0.05). However, CF intake was lower, and EE
intake was greater in the SUP group than in the CON
group (P<0.05) (Table 2). Although cows in the SUP
group received an additional 1 kg/day of concentrate
containing a mineral mixture, the supplementation did not
markedly alter overall nutrient intake compared with the
CON group. The similarity in total DM intake suggests
that concentrate supplementation partially substituted
for forage consumption rather than additively increasing
total intake, a substitution effect commonly observed
when concentrates are introduced into forage-based diets
for ruminants (Heublein ez a/., 2017; Quang ez al., 2015).
Individual feed intake measurements indicated that cows
in the SUP group consumed lower CF and greater EE
than cows in the CON group, a response consistent with
the lower CF and greater EE contents of the concentrate
diet relative to the basal forage. A similar response pattern

was reported by Quang ez a/. (2015), who demonstrated
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that increasing concentrate supplementation in cattle diets
reduced fiber intake while increasing ether extract intake.
Although CF and EE differed significantly between
treatments, overall DM, CP, and TDN intakes remained
statistically comparable, indicating that energy and protein
supply were broadly equivalent between groups.

Table 2: Nutrient intake of cows as affected by two dietary
treatments (mean * standard deviation).

Item Treatment P
CON SUP vl
Nutrient intake (kg/day)
Dry matter 739091 8.87+1.15 0.323
Organic matter 5.84+0.69 7.04+0.88 0.291
Crude protein 0.56 £ 0.07 0.72+0.08 0.126
Crude fiber 2.07 £0.23* 1.38+0.22°* 0.039
Ether extract 0.12 £ 0.02> 1.11 £ 0.28* 0.002
Nitrogen free extract 3.09£0.38 3.83+0.47 0.237
Total digestible nutrient ~ 3.39 + 0.42 4.14 £ 0.50 0.264

Intake as percentage of body weight (% BW)

2.33+0.30 2.54+030 0.634
0.18+0.02 0.21+0.02 0.314
Total digestible nutrient ~ 1.07 £ 0.14 1.19+0.13 0.551

®“Superscript letters within the same row indicate statistically
significant differences at P<0.05. CON: cows maintained under
traditional farmer feeding practices without supplementation;
SUP: cows received an additional 1 kg/day of concentrate
containing 0.5% mineral mixture.

Dry matter

Crude protein

'The reduction in CF intake observed in the SUP group
was likely attributable to partial substitution of forage by
concentrate rather than severe dietary fiber restriction.
Nevertheless, dietary fiber composition can influence
rumen fermentation characteristics, nutrient digestibility,
and indirectly modulate metabolic processes associated
with reproductive physiology (Abramowicz e al.,
2026). Heublein e al. (2017) reported that concentrate
supplementation did not markedly alter total DM intake
in grazing dairy cows; however, the supplementation level
in that study was substantially greater than that used in
the present study, and direct quantitative comparisons
between studies should therefore be interpreted cautiously.
Total nutrient intake in the present study was generally
close to the nutrient requirement recommendations for
reproductive beef cattle suggested by the NRC (2016),
indicating that cows in both treatment groups likely
received an adequate nutrient supply for maintenance
and reproductive function. Nevertheless, because CF and
EE intakes differed significantly between treatments,
the possibility that dietary composition influenced
rumen fermentation patterns and downstream metabolic
responses cannot be fully excluded.

Serum glucose, albumin, protein, triglyceride, cholesterol,
LDL, HDL, uric acid, creatinine, BUN, calcium, and
phosphorus concentrations on day 0 did not differ
between treatments (P>0.05). These parameters also
remained similar on day 21, except for serum HDL and
phosphorus concentrations, which were greater in the
SUP group than in the CON group (P<0.05) (Table
3). Serum glucose concentrations remained within the
normal physiological range commonly reported for cattle,
indicating a relatively similar energy status between
treatments. In ruminants, blood glucose is supplied
primarily through hepatic gluconeogenesis from ruminal
propionate (Abramowicz ef al., 2026; Satoh ez al., 2026);
therefore, dietary changes that alter ruminal fermentation
patterns can influence circulating glucose concentrations.
Tahuk ez al. (2018) reported that dietary protein levels
did not affect pre-feeding serum glucose concentration in
Bali cattle, although postprandial glucose concentration
increased after feeding. Ray ez 4/ (2012) demonstrated
that concentrate and mineral supplementation increased
blood glucose concentration in grazing goats, possibly
through alterations in ruminal volatile fatty acid profiles
and propionate availability. However, several studies have
also reported inconsistent glucose responses following
concentrate or mineral supplementation (Heublein o7
al., 2017, Warken e al., 2018). In the present study, the
absence of significant differences in serum glucose may
indicate that the supplementation level was insufficient
to markedly alter energy metabolism under the existing
feeding conditions or that the sampling schedule did not
coincide with the peak postprandial glucose response.

Serum total protein, albumin, and BUN concentrations
were not significantly affected by dietary treatment. Similar
observations were reported by Ray ez a/. (2012) and Molefe
and Mwanza (2020), who found no significant differences
in serum protein metabolites following concentrate or
mineral supplementation in small ruminants and cattle. In
beef cows, BUN concentration is known to be sensitive to
dietary nitrogen supply and the balance between rumen-
degradable protein and fermentable energy (Tshuma ez
al., 2019); however, when dietary CP intake is comparable
between groups, BUN concentration would not be
expected to differ markedly, consistent with the present
results. Serum total protein concentrations on day 21
were numerically lower than those observed on day 0 in
both treatment groups. Because this reduction occurred
similarly in both groups and no clinical signs of disease were
observed during the experimental period, the change was
unlikely to be directly associated with dietary treatment.
Environmental ~ conditions, physiological  variation,
hydration status, or field-related sampling factors may
have contributed to temporal variation in serum protein
concentrations.
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Table 3: Blood biochemical parameters of cows on days
0 and 21 under two dietary treatments (mean * standard
deviation).

Item Treatment P
CON SUP value

Glucose (mg/dl)

Day 0 47.47 +2.88 46.18 + 4.41 0.812

Day 21 57.92+229 57.18+2.31 0.826

Albumin (g/dl)

Day 0 2.72 +0.26 2.83 +0.06 0.693

Day 21 2.28 +0.23 2.80 +0.12 0.074

Protein (g/dl)

Day 0 7.52 +0.23 7.48 +0.43 0.923

Day 21 491+0.50 5.43+0.44 0.452

Triglyceride (mg/dl)

Day 0 17.75 £3.46  13.00  2.64 0.300

Day 21 8.55+137 15.90+5.48 0.223

Cholesterol (mg/dl)

Day 0 100.93 + 7.86 108.15 +12.15 0.629

Day 21 96.78 + 7.45 119.82 £9.28  0.082

Low-density lipoprotein (mg/dl)

Day 0 22.03 +2.18 24.87 £ 2.18 0.379

Day 21 20.50 +2.06 26.17 +3.79 0.218

High-density lipoprotein (mg/dl)

Day 0 50.73 +3.12 54.83 +5.53 0.533

Day 21 46.25 + 3.20> 57.10 + 3.13* 0.036

Uric acid (mg/dl)

Day 0 1.03 +0.10 1.61 +0.54 0.317

Day 21 1.71 £ 0.34 1.42 + 0.07 0.417

Creatinine (mg/dl)

Day 0 1.28 + 0.08 1.72 £ 0.29 0.172

Day 21 1.31 +0.18 1.27 +0.13 0.860

Blood urea nitrogen (mg/dl)

Day 0 9.30 £ 2.03 8.74+1.15 0.815

Day 21 7.42 +1.65 7.47 +0.49 0.979

Calcium (mg/dl)

Day 0 10.69 £ 0.66 10.89 + 0.48 0.816

Day 21 11.79 £ 1.06  11.56 = 0.93 0.874

Phosphorus (mg/dl)

Day 0 1.95+0.16 2.03+0.23 0.783

Day 21 1.66 £ 0.27°  2.50 £ 0.20* 0.030

“Superscript letters within the same row indicate statistically
significant differences at P<0.05. CON: cows maintained under
traditional farmer feeding practices without supplementation;
SUP: cows received an additional 1 kg/day of concentrate
containing 0.5% mineral mixture.

Concentrate supplementation did not significantly affect
serum cholesterol, triglyceride, or LDL concentrations.

However,serum HDL concentration on day 21 was greater
in the SUP group under unadjusted statistical analysis.
In ruminants, HDL is the predominant circulating
lipoprotein fraction, and the majority of plasma cholesterol
is carried in HDL particles, whose composition and
abundance depend strongly on hepatic apolipoprotein A-I
production (Duran e7 al., 2021). Cholesterol serves as a
precursor for steroid hormone biosynthesis; consequently,
alterations in HDL concentration may reflect changes
in lipid transport, lipid metabolism, and nutrient
utilization associated with concentrate supplementation
rather than cardiovascular health (Xiao er 4/, 2024).
Duran ez al. (2021) further reported that HDL profiles
in dairy cattle are linked to reproductive outcomes and
milk vyield, suggesting a physiologically meaningful,
although still mechanistically incomplete, role for HDL
in ruminant productive performance. Because multiple
blood biochemical parameters were evaluated without
formal correction for multiple comparisons, the observed
differences in HDL concentration should be interpreted
cautiously as exploratory findings rather than definitive
physiological responses and require confirmation in future
studies.

The supplemented concentrate containing a mineral
mixture significantly increased serum phosphorus
concentration in the SUP group compared with the
CON group, whereas serum calcium concentration
remained unchanged. The relatively low serum phosphorus
concentrations observed in both groups may have been
associated with the low phosphorus content of the basal
diet, which consisted mainly of rice straw and native forage
commonly used under smallholder farming conditions
and is known to be marginal in available phosphorus
for ruminants (Shah ez a/., 2025; Pinit ez al., 2023; Agus
and Widi, 2018; Anam e7 al, 2020). Although serum
phosphorus concentration was significantly greater in the
SUP group than in the CON group, the magnitude of the
response was relatively modest, and serum phosphorus
concentrations in both groups remained below the normal
physiological range commonly reported for adult cattle.
Therefore, the observed increase should be interpreted as
a partial improvement in phosphorus status rather than
complete correction of phosphorus deficiency. Phosphorus
flow from the digestive tract into the blood pool increases
with phosphorus intake when intake is below requirement,
with apparent absorption typically ranging between 60%
and 70% in cattle, and large fractions of intake undergoing
endogenous recycling through saliva (Abramowicz
et al., 2026). Similar increases in serum phosphorus
concentration following mineral supplementation have
been reported in Brahman cross cows and grazing goats
(Anam e al., 2021; Ray e al., 2012). Phosphorus has an

established role in reproductive physiology, and sustained
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phosphorus deficiency has been associated with altered
estrous expression, lower conception rates, and embryonic
mortality (Ali e al., 2014; Zhou e al., 2021). In grazing
yak heifers, 30 days of premating supplementation with
monocalcium phosphate,butnotcalcium chloride,increased
serum phosphorus concentration, body weight gain, and
subsequent conception and calving rates, indicating that
improving phosphorus status before breeding can enhance
reproductive efficiency when basal phosphorus status is
deficient (Zhou ez al., 2021). However, dietary phosphorus
in excess of requirement does not improve reproductive
performance and may increase environmental phosphorus
excretion (Cerosaletti e al., 2004; Tallam ef a/., 2005). As
with HDL, the observed increase in serum phosphorus
concentration should be interpreted cautiously because no
formal correction for multiple comparisons was applied.
Therefore, this finding should be regarded as exploratory
and requires confirmation in future studies with larger
sample sizes and predefined primary outcomes.

No significant differences were observed in NRR-1, NRR-
2, first-service conception rate, or pregnancy rate between
treatments (Table 4). Although NRR-1 and NRR-2 were
numerically greater in the SUP group than in the CON
group, these differences were not statistically significant,
and the final pregnancy rate was identical between
groups (26.67%). The absence of detectable reproductive
responses may have been associated with several factors.
First, the supplementation period before Al was relatively
short (21 days), which may have substantially limited the
opportunity for nutritional improvement to influence
reproductive  physiology and conception outcomes.
Nutritional interventions designed to improve reproductive
performance generally require sufficient time to enhance
body condition, replenish mineral reserves, support
follicular development, and modulate endocrine function
before breeding. This consideration may be particularly
important under smallholder farming conditions, where
cattle are commonly fed low-quality basal diets based on
rice straw and native forage. Consequently, the 21-day
supplementation period used in the present study may have
been insufficient to generate detectable improvements in
reproductive performance. Zhou ez a/. (2021) found that
30 days of premating supplementation were sufficient to
produce measurable improvements in serum phosphorus
concentration, body weight gain, and conception rate in
grazing yak heifers, suggesting that supplementation
duration is an important determinant of detectable
reproductive responses. Second, although concentrate
supplementation numerically improved nutrient intake,
the supplementation level may still have been insufficient
to markedly improve the overall nutritional status of cows
maintained under smallholder farming systems. Third, the
basal diet consisted mainly of rice straw and native forage,

which are generally characterized by low nutritional
quality and marginal mineral content (Shah ¢z 4/, 2025;
Pinit ez al., 2023; Agus and Widi, 2018). Another factor
that may have contributed to the absence of significant
reproductive responses was the relatively low level of
mineral supplementation provided in the present study.
Although the concentrate contained a mineral mixture, the
actual amount supplied to each cow was limited because the
mineral mixture represented only 0.5% of the concentrate
and concentrate supplementation was provided at 1 kg/
day. Consequently, the intake of several trace minerals may
have been insufficient to substantially improve mineral
status beyond basal dietary levels. Under such conditions,
improvements in reproductive performance may be
difficult to detect, particularly when baseline nutritional
limitations, semen quality, and other field-related factors
simultaneously influence conception outcomes.

Table 4: Reproductive performance of Limousin crossbred
cows following artificial insemination.

Item Number (%) of cowsin P
each treatment value!
CON SUP

15 (100.00) 15 (100.00) -

12 (80.00) 14 (93.33) 0.598
11 (73.33) 13 (86.67) 0.651
First-service conception rate 4 (26.67) 3 (20.00)  1.000
Pregnancy rate 4(26.67) 4(26.67) 1.000

'P-value for comparison between treatments using a 2 x 2
Fisher’s exact test. CON: cows maintained under traditional
farmer feeding practices without supplementation; SUP: cows
received an additional 1 kg/day of concentrate containing 0.5%
mineral mixture.

Inseminated on day O
Non-return rate (NRR-1)
Non-return rate (NRR-2)

In addition, the use of sexed-Y semen with relatively low
post-thaw motility may have contributed substantially
to the low pregnancy rates observed in both treatment
groups. The post-thaw motility of the semen used in the
present study was only 41%, which is lower than values
generally considered optimal for artificial insemination
programs. Consequently, semen quality may have
represented a major limiting factor affecting conception
success irrespective of dietary treatment. Under such
conditions, overall fertility may have been constrained
by the reduced fertilizing capacity of the semen, thereby
contributing to the low pregnancy rates observed in both
treatment groups. Sex-sorted sperm generally exhibit
lower fertility than conventional semen because the sorting
and cryopreservation processes can compromise sperm
membrane integrity, motility, and viability (Magopa ez al.,
2023; Sharma e al., 2024). In field comparisons of timed
artificial insemination, conception rates with X-sexed
semen have been reported to be similar to or lower than
those achieved with unsexed semen, depending on breed

September 2026 | Volume 14 | Issue 9 | Page 1957

%0 .
Qals Links
OResearchers



Advances in Animal and Veterinary Sciences

and parity, with greater pregnancy and embryo losses
observed in beef cows than in dairy cows (Magopa es
al., 2023). Recent work has also indicated that delayed
insemination of sexed semen relative to estrus onset can
substantially improve pregnancy per Al in beef heifers
(Kasimanickam e7 a/., 2025), implying that Al timing
relative to estrus onset is an important moderating factor
that may not have been optimally captured by the routine
Al protocol used in this study. Despite the standardization
of semen source and insemination technician across cows,
reproductive outcomes under field conditions remain
influenced by semen quality, estrous detection accuracy,
environmental stress, and individual animal variation.
Artificial insemination in both treatment groups was
performed by the same experienced technician using the
same batch of sexed-Y Limousin semen to minimize
procedural variation among animals.

Although NRR-1 and NRR-2 were numerically greater
in the SUP group than in the CON group, these
differences were not statistically significant. The relatively
small sample size (n= 15 cows per treatment) and the
low number of pregnancies recorded in the present
study may have limited the statistical power of Fisher’s
exact test to detect modest but biologically meaningful
differences between treatments; consequently, the absence
of significant differences in conception and pregnancy
rates should be interpreted cautiously. Previous studies
have reported positive effects of concentrate or mineral
supplementation on reproductive performance in beef
and dairy cattle, buffaloes, and yak heifers (Joshi ez a/,
2019; Sonjaya ez al., 2020; Zhou et al., 2021); however,
differences in supplementation level, supplementation
duration, basal diet quality, management system, and
semen quality may explain the inconsistent reproductive
responses observed across studies. Reproductive responses
to nutritional intervention are generally more pronounced
when baseline nutritional or mineral status is severely
deficient and the intervention period is sufficiently long
to allow improvements in body condition and follicular
dynamics before breeding (Abramowicz ez al., 2026; Zhou
et al., 2021).

NRR was included in the present study because it is
commonly used as an indirect field indicator of estrous
return following artificial insemination. However, NRR
can systematically overestimate the true pregnancy rate
because not all open cows are accurately detected as
returning to estrus, and pregnancy diagnosis by transrectal
palpation or ultrasonography remains a more accurate
method for confirming conception success (Magopa e al.,
2023). Therefore, the NRR findings in the present study
should be interpreted cautiously as supportive reproductive
observations rather than definitive indicators of pregnancy
outcome. Further studies using larger sample sizes, longer

supplementation periods, optimized Al timing relative to
estrus onset, and improved overall nutritional management
are needed to clarify the potential reproductive benefits of
concentrate supplementation containing a mineral mixture
in beef cattle raised under smallholder farming systems.

CONCLUSION

The present study demonstrated that concentrate
supplementation containing a mineral mixture improved
serum HDL and phosphorus concentrations in Limousin
crossbred cows raised under smallholder farming systems
without adverse effects on other blood biochemical
parameters. However, supplementation did not
significantly improve first-service conception rate or overall
pregnancy rate under the present experimental conditions.
'The absence of reproductive improvement may have been
associated with the relatively short supplementation
period, low supplementation level, low nutritional quality
of the basal diet, and the use of sexed-Y semen with
relatively low post-thaw motility. Therefore, further studies
using larger sample sizes, longer supplementation periods,
and improved nutritional management are warranted to
clarify the potential reproductive benefits of concentrate
supplementation containing mineral mixtures in beef
cattle under smallholder production systems.

ACKNOWLEDGMENT

'The authors would like to thank the Ministry of Education,
Culture, Research, and Technology of the Indonesian
Government  (Indonesian  Collaborative ~ Research
Program) for funding and supporting this research under

the grant number: 1072/UN1/DITLIT/DIT-LIT/
PT/2021.
NOVELTY STATEMENT

Previous studies have primarily evaluated the effects of
concentrate supplementation or mineral supplementation
separately on reproductive performance in cattle. However,
limited information is available regarding the combined
use of concentrate supplementation containing mineral
mixtures under practical smallholder farming conditions,
particularly in Limousin crossbred cows. Therefore, this
study provides field-based evidence regarding the eftects
of concentrate supplementation containing a mineral
mixture on blood biochemical responses and reproductive
performance in Limousin crossbred cows raised under
smallholder production systems.

AUTHOR’S CONTRIBUTION

MSA and CH: conceptualization, investigation,

September 2026 | Volume 14 | Issue 9 | Page 1958

%0 .
Qals Links
OResearchers



OPEN aACCESS

Advances in Animal and Veterinary Sciences

methodology, software, writing original draft, writing
review and editing; AA: conceptualization, methodology,
supervision, writing review and editing, TS and JK: data
curation, supervision, writing review and editing.

GENERATIVE Al AND Al ASSISTED TECHNOLOGY

STATEMENT

No generative Al tools were employed for data analysis,
interpretation, or the generation of original scientific
content. Al assistance was strictly limited to refining
English grammar and enhancing language clarity.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

Abramowicz B, Tomaszewska E, Brzeziniska O, Ktos K, Urosevic
M, Kurek £ (2026). Phosphorus metabolism and function
in ruminants: Current knowledge. Animals, 16(1): 130.
https://doi.org/10.3390/ani16010130

Agus A, Widi TSM (2018). Current situation and future
prospects for beef cattle production in Indonesia: A review.
Asian-Australas. J. Anim. Sci., 31(7): 976-983. https://doi.
org/10.5713/ajas.18.0233

Ali F, Lodhi LA, Hussain R, Sufyan M (2014). Oxidative status
and some serum macro minerals during estrus, anestrous
and repeat breeding in Cholistani cattle. Pak. Vet. J., 34(4):
532-534.

Anam MS, Agus A, Yusiati LM, Hanim C, Astuti A, Bintara S, Al
Anas M (2021). Blood biochemical profiles and pregnancy
rate of Brahman crossbred cows supplemented with mineral
mixture. Am. J. Anim. Vet. Sci., 16(3): 176—184. https://doi.
org/10.3844/ajavsp.2021.176.184

Anam MS, Hanim C, Agus A (2025). Effects of selenium-
enriched high-protein concentrate supplementation on
blood metabolites and pregnancy rate in beef cows fed a rice
straw-based diet. Adv. Anim. Vet. Sci., 13(11): https://doi.
org/10.17582/journal.aavs/2025/13.11.2498.2507

Anam MS, Yusiati LM, Hanim C,Bachruddin Z, Astuti A (2020).
Effect of combination of protected and non-protected corn
oil supplementation on iz wvifro nutrient digestibility. IOP
Conf. Ser. Earth Environ. Sci., 478: 012026. https://doi.
org/10.1088/1755-1315/478/1/012026

AOAC (2023). Official methods of analysis. In: Official methods
of analysis of AOAC international. Oxford University Press.

Arthington JD, Ranches ] (2021). Trace mineral supplementation
of grazing beef cattle. Animals, 11 (2627): 1-20. https://doi.
org/10.3390/ani11102767

Cerosaletti PE, Fox DG, Chase LE (2004). Phosphorus
reduction through precision feeding of dairy cattle. J. Dairy
Sci., 87(7): 2314-2323. https://doi.org/10.3168/jds.S0022-
0302(04)70053-3

Chang H-S, Sumantri I, Panjaitan T, Hilmiati N, Edriantina R,
Prameswari F (2020). Beef demand trends in Indonesia and
the implications for Australian live cattle and beef exports.
Australas. Agribus. Rev., 28: 10-14.

Chester-Jones H, Vermeire D, Brommelsiek W, Brokken K,
Marx G, Linn JG (2013). Effect of trace mineral source on

reproduction and milk production in Holstein cows. Prof.

Anim. Sci., 29(3): 289-297. https://doi.org/10.15232/
S1080-7446(15)30235-7

Duran MJ, Kannampuzha-Francis J, Nydam D, Behling-Kelly
E (2021). Characterization of particle size distribution of
plasma lipoproteins in dairy cattle using high-resolution
polyacrylamide electrophoresis. Front. Anim. Sci., 2: 678085.
https://doi.org/10.3389/fanim.2021.678085.

Gading BMWT, Agus A, Irawan A, Panjono P (2020). Growth
performance, hematological and mineral profile of post-
weaning calves as influenced by inclusion of pelleted-
concentrate supplement containing essential oils and
probiotics. Iran. J. Appl. Anim. Sci. 10(3): 461-468.

Gao G, Yi ], Zhang M, Xiong J, Geng L, Mu C, Yang L (2007).
Effects of iron and copper in culture medium on bovine
oocyte maturation, preimplantation embryo development,
and apoptosis of blastocysts in vitro. J. Reprod. Dev., 53(4):
777-784. https://doi.org/10.1262/jrd. 18109

Heublein C, Dohme-Meier F, Siidekum K-H, Bruckmaier
RM, Thanner S, Schori F (2017). Impact of cow strain
and concentrate supplementation on grazing behaviour,
milk yield and metabolic state of dairy cows in an organic
pasture-based feeding system. Animal, 11(7): 1163-1173.
https://doi.org/10.1017/51751731116002639

Jayanegara A, Ridla M, Nahrowi, Laconi EB (2019). Estimation
and validation of total digestible nutrient values of
forage and concentrate feedstuffs. IOP Conf. Ser. Mater.
Sci. Eng., 546: 042016. https://doi.org/10.1088/1757-
899X/546/4/042016

Joshi PM, Patel D, Patel PD (2019). Effect of chelated mineral
mixture on blood biochemistry, hormone and mineral status
in repeat breeder buffaloes in tribal areas of Dahod District
in Gujarat, India. Indian J. Vet. Sci. Biotechnol., 15(1): 40—
44. https://doi.org/10.21887/ijvsbt.15.1.9

Kasimanickam R, Ratzburg K, Madsen K, Keckler R (2025).
Improved pregnancy outcomes in beef heifers through
delayed insemination of sexed semen. Reprod. Domest.
Anim., 60(8): €70111. https://doi.org/10.1111/rda.70111

Khalil, Bachtiar A, Evitayani (2019). Reproductive performance
of Female Kacang Goats supplemented by mineral under a
tethering feeding system. Trop. Anim. Sci. J., 42(3): 215-
223. https://doi.org/10.5398/tasj.2019.42.3.215

Kuntariningsih ES, Mariyono J, Gayatri S, Prasetiyono BWHE
(2025). Strategic assessment of ruminant livestock
development in Gunungkidul Regency. J. Adv. Vet. Res.,
15(5): 610-614.

Kusumaningrum R, Suryana AT, Nurmalina R, Mulatsih S,
Suprehatin S (2025). The role of policy intervention in
achieving the national beef self-sufficiency target. J. Int. Soc.
Southeast Asian Agric. Sci., 31(1): 162-174.

Magopa TL, Mphaphathi ML, Mulaudzi T (2023). Application
of gender-ablated semen during timed artificial insemination
following oestrous synchronization in dairy and beef cows.
Reprod. Domest. Anim., 58(4): 529-536. https://doi.
org/10.1111/rda.14323

Maquivar M, Galina CS, Verduzco A, Galindo J, Molina R,
Estrada S, Mendoza MG (2006). Reproductive response
in supplemented heifers in the humid tropics of Costa
Rica. Anim. Reprod. Sci., 93(1-2): 16-23. https://doi.
org/10.1016/j.anireprosci.2005.05.033

Molefe K, Mwanza M (2020). Effects of mineral supplementation
on reproductive performance of pregnant cross-breed
Bonsmara cows: An experimental study. Reprod. Domest.
Anim., 55(3): 301-308. https://doi.org/10.1111/rda.13618

September 2026 | Volume 14 | Issue 9 | Page 1959

%0 .
Qals Links
OResearchers


https://doi.org/10.3390/ani16010130
https://doi.org/10.5713/ajas.18.0233
https://doi.org/10.5713/ajas.18.0233
https://doi.org/10.3844/ajavsp.2021.176.184
https://doi.org/10.3844/ajavsp.2021.176.184
https://doi.org/10.17582/journal.aavs/2025/13.11.2498.2507
https://doi.org/10.17582/journal.aavs/2025/13.11.2498.2507
https://doi.org/10.1088/1755-1315/478/1/012026
https://doi.org/10.1088/1755-1315/478/1/012026
https://doi.org/10.3390/ani11102767
https://doi.org/10.3390/ani11102767
https://doi.org/10.3168/jds.S0022-0302(04)70053-3
https://doi.org/10.3168/jds.S0022-0302(04)70053-3
https://doi.org/10.15232/S1080-7446(15)30235-7
https://doi.org/10.15232/S1080-7446(15)30235-7
https://doi.org/10.3389/fanim.2021.678085
https://doi.org/10.1262/jrd.18109
https://doi.org/10.1017/S1751731116002639
https://doi.org/10.1088/1757-899X/546/4/042016
https://doi.org/10.1088/1757-899X/546/4/042016
https://doi.org/10.21887/ijvsbt.15.1.9
https://doi.org/10.1111/rda.70111
https://doi.org/10.5398/tasj.2019.42.3.215
https://doi.org/10.1111/rda.14323
https://doi.org/10.1111/rda.14323
https://doi.org/10.1016/j.anireprosci.2005.05.033
https://doi.org/10.1016/j.anireprosci.2005.05.033
https://doi.org/10.1111/rda.13618

OPEN aACCESS

Advances in Animal and Veterinary Sciences

Morsy MM, El-Ghannam AA, Saleh SY, Arafa MM (2020).
Assessment of serum mineral concentrations of Barki sheep
and its impact on kidney functions in El-Hammam City.
Adv. Anim. Vet. Sci., 8(s1): 68-75.

NRC (2016). Nutrient Requirements of Beef Cattle, Eighth
Revised Edition. ed. The National Academies Press,
Wiashington, DC.

Oliveira Filho BD, Toniollo GH, Oliveira AFD, Viu MAO,
Ferraz HT, Lopes DT, Gambarini ML (2010). The effect
of offering an energy and protein supplement to grazing
canchim beef cows either postpartum or both pre- and
postpartum on lipid blood metabolites and folliculogenesis.
Anim. Reprod. Sci., 121(1-2): 39-45. https://doi.
org/10.1016/j.anireprosci.2010.04.192

Pinit S, Ariyakulkiat L, Chaiwanon ] (2023). Rice straw-derived
smoke water promotes rice root growth under phosphorus
deficiency by modulating oxidative stress and photosynthetic
gene expression. Sci. Rep., 13(1): 14802. https://doi.
org/10.1038/s41598-023-41987-5

Quang DV, Ba NX, Doyle PT, Hai DV, Lane PA, Malau-Aduli
AE, Van NH, Parsons D (2015). Effect of concentrate
supplementation on nutrient digestibility and growth
of Brahman crossbred cattle fed a basal diet of grass and
rice straw. J. Anim. Sci. Technol., 57(1): 35. https://doi.
org/10.1186/s40781-015-0068-y

Ray B, Dehuri PK, Mishra SK, Swain RK, Mohanty DN, Dash
SK (2012). Effect of supplementation of concentrate on
reproductive performance of grazing Ganjam goat in its
native tract. Indian J. Anim. Sci., 82(4): 419-422. https://
epubs.icar.org.in/index.php/IJAnS/article/view/16711

Rodrigues LM, Schoonmaker JP, Resende FD, Siqueira GR,
Rodrigues MacHado Neto O, Gionbelli MP, Ramalho
Santos Gionbelli T, Ladeira MM (2021). Effects of protein
supplementation on Nellore cows’ reproductive performance,
growth, myogenesis, lipogenesis and intestine development
of the progeny. Anim. Prod. Sci., 61(4): 371-380. https://
doi.org/10.1071/AN20498

Sales JNS, Pereira RVV, Bicalho RC, Baruselli PS (2011). Effect
of injectable copper, selenium, zinc and manganese on the
pregnancy rate of crossbred heifers (Bos indicusxBos taurus)
synchronized for timed embryo transfer. Livest. Sci., 142(1-
3): 59-62. https://doi.org/10.1016/j.1ivsci.2011.06.014

Satoh H, Fukumori R, Kondo M, Morimoto J, Abe K, Iki S,
Hayashi H, Hayashi H, Chisato K, Oikawa S (2026). Effects
of bypass sugar supplementation from the close-up period
through 5 days after calving on milk production, blood
profiles, and health conditions in dairy cows. Anim. Biosci.
39(4): 250489. https://doi.org/10.5713/ab.250489

Shah AM, Zhang H, Shahid M, Ghazal H, Shah AR, Niaz
M, Naz T, Ghimire K, Goswami N, Shi W, Xia D, Zhao
H (2025). The vital roles of agricultural crop residues and
agro-industrial by-products to support sustainable livestock
productivity in subtropical regions. Animals, 15(8): 1184.
https://doi.org/10.3390/ani15081184

Sharma A, Sood P, Kumar P, Sharma P, Ahuja AK, Negi
V, Kumar H, Sharma AK (2024). Comparative study
of reproductive and estrus characteristics of sexed and
conventional semen in crossbred cows under field conditions.
Vet. World, 17(5): 1119-1123. https://doi.org/10.14202/

vetworld.2024.1119-1123

Smuts MP, de Bruyn S, Thompson PN, Holm DE (2019).
Serum albumin concentration of donor cows as an
indicator of developmental competence of oocytes.
Theriogenology, 125: 184-192. https://doi.org/10.1016/.
theriogenology.2018.09.002

Sonjaya H, Rahim L, Sari DK, Abdullah A, Gustina S, Hasbi
H (2020). Estrous and pregnancy rate responses of
postpartum Bali cattle to concentrate supplementation with
different protein levels of rice-straw as basal ration. IOP
Conf. Ser. Earth Environ. Sci., 492: 012075. https://doi.
org/10.1088/1755-1315/492/1/012075

Susilowati S, Sardjito T, Mustofa I, Widodo OS, Kurnijasanti R
(2021). Effect of green tea extract in extender of Simmental
bull semen on pregnancy rate of recipients. Anim. Biosci.,
34(2): 198-204. https://doi.org/10.5713/ajas.20.0025

Tahuk PK, Budhi SPS, Panjono P, Baliarti E (2018). Nitrogen
balance, microbial protein synthesis and blood metabolites in
fattening of male Bali cattle fed ration with different protein
levels in smallholder farms. J. Indones. Trop. Anim. Agric.,
43(1): 43-53. https://doi.org/10.14710/jitaa.43.1.43-53

Tallam SK, Ealy AD, Bryan KA, Wu Z (2005). Ovarian activity
and reproductive performance of dairy cows fed different
amounts of phosphorus. J. Dairy Sci., 88(10): 3609-3618.
https://doi.org/10.3168/jds.S0022-0302(05)73046-0

Talukdar DJ, Talukdar P, Ahmed K (2016). Minerals and its
impact on fertility of livestock: A review. Agric. Rev., 37(4):
333-337. https://doi.org/10.18805/ag.v37i4.6464

Tshuma T, Fosgate GT, Hamman R, Holm DE (2019). Effect
of different levels of dietary nitrogen supplementation on
the relative blood urea nitrogen concentration of beef cows.
Trop. Anim. Health Prod., 51(7): 1883-1891. https://doi.
org/10.1007/s11250-019-01883-5

Warken AC, Lopes LS, Bottari NB, Glombowsky P, Galli GM,
Morsch VM, Schetinger MRC, Silva ASD (2018). Mineral
supplementation stimulates the immune system and
antioxidant responses of dairy cows and reduces somatic cell
counts in milk. An. Acad. Bras. Cienc., 90(2): 1649-1658.
https://doi.org/10.1590/0001-3765201820170524

Wiranto W, Kuswati K, Prafitri R, Huda AN, Yekti APA,
Susilawati T (2020). The success rate of artificial insemination
using frozen sexing semen of different breed cow. J. Agripet
20(1): 17-21. https://doi.org/10.17969/agripet.v20i1.15811

Woittiez LS, Slingerland M, Rafik R, Giller KE (2018).
Nutritional imbalance in smallholder oil palm plantations
in Indonesia. Nutr. Cycl. Agroecosystems, 111(1): 73-86.
https://doi.org/10.1007/s10705-018-9919-5

Xiao H,Li W, Qin Y, Lin Z, Qian C, Wu M, Xia Y, Bai ], Geng
D (2024). Crosstalk between lipid metabolism and bone
homeostasis: Exploring intricate signaling relationships.
Research, 7: 0447. https://doi.org/10.34133/research.0447

Yatoo MI, Saxena A, Deepa PM, Habeab BP, Devi S, Jatav RS,
Dimri U (2013). Role of trace elements in animals: A review.
Vet. World, 6(12): 963-967. https://doi.org/10.14202/
vetworld.2013.963-967

Zhou ], Zhang J, Xue B, Yue S, Yang C, Xue B (2021). Effects
of premating calcium and phosphorus supplementation
on reproduction efficiency of grazing yak heifers. Animals,
11(2): 554. https://doi.org/10.3390/ani11020554

September 2026 | Volume 14 | Issue 9 | Page 1960

%0 .
Qals Links
OResearchers


https://doi.org/10.1016/j.anireprosci.2010.04.192
https://doi.org/10.1016/j.anireprosci.2010.04.192
https://doi.org/10.1038/s41598-023-41987-5
https://doi.org/10.1038/s41598-023-41987-5
https://doi.org/10.1186/s40781-015-0068-y
https://doi.org/10.1186/s40781-015-0068-y
https://epubs.icar.org.in/index.php/IJAnS/article/view/16711
https://epubs.icar.org.in/index.php/IJAnS/article/view/16711
https://doi.org/10.1071/AN20498
https://doi.org/10.1071/AN20498
https://doi.org/10.1016/j.livsci.2011.06.014
https://doi.org/10.5713/ab.250489
https://doi.org/10.3390/ani15081184
https://doi.org/10.14202/vetworld.2024.1119-1123
https://doi.org/10.14202/vetworld.2024.1119-1123
https://doi.org/10.1016/j.theriogenology.2018.09.002
https://doi.org/10.1016/j.theriogenology.2018.09.002
https://doi.org/10.1088/1755-1315/492/1/012075
https://doi.org/10.1088/1755-1315/492/1/012075
https://doi.org/10.5713/ajas.20.0025
https://doi.org/10.14710/jitaa.43.1.43-53
https://doi.org/10.3168/jds.S0022-0302(05)73046-0
https://doi.org/10.18805/ag.v37i4.6464
https://doi.org/10.1007/s11250-019-01883-5
https://doi.org/10.1007/s11250-019-01883-5
https://doi.org/10.1590/0001-3765201820170524
https://doi.org/10.17969/agripet.v20i1.15811
https://doi.org/10.1007/s10705-018-9919-5
https://doi.org/10.34133/research.0447
https://doi.org/10.14202/vetworld.2013.963-967
https://doi.org/10.14202/vetworld.2013.963-967
https://doi.org/10.3390/ani11020554

