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ABSTRACT

Feeding cull cows with a balanced concentrate is a major strategy to improve meat production and quality. The
optimal protein level of the concentrate is rarely determined specifically for indigenous cull Bali cows fed
urea-treated rice straw. The present experiment was conducted to investigate the effects of feeding concentrate
differing in crude protein (CP) content on the feed intake, nutrient digestibility, and growth performance of
cull Bali cows fed urea-treated rice straw. We used 24 thin cull Bali cows that were randomly assigned into
three groups of 8 animals to receive concentrates containing different CP levels as treatments, i.e. 12.6%
(CP12), 14.2% (CP14), and 16.4% (CP16) at dry matter (DM) basis. The concentrate allowance was 2% live
weight (LW) and urea-treated rice straw was offered at 1% LW. The experiment was conducted in a com-
pletely randomized design. The measured variables included the intake and digestibility of DM and nutrients,
rumen ammonia and volatile fatty acids (VFA) concentration, blood plasma of glucose (GLUC), blood urea
nitrogen (BUN), average daily gain (ADG), live weight gain (LWG) and feed conversion ratio (FCR). Dry
matter intake (DMI) decreased linearly (P<0.05) with increasing CP content of the concentrate, but the di-
gestibility of dry matter as well as other nutrients was not affected. There was a linear increase in rumen am-
monia concentration (P<0.05) with increasing CP content in the concentrate. The ruminal total VFA concen-
tration was not affected (P>0.05) by the treatments, but the concentrations of propionate, butyrate, and n-
valerate were lowest (P<0.05) in CP16. The GLUC, BUN and blood profiles, including packed cell volume
(PCV) and hemoglobin declined by feeding concentrate with increasing CP levels. The levels of ADG, LWG
and FCR were significantly higher (P<0.05) in CP12 than in CP14 and CP16. In conclusion, feeding concen-
trate containing more than 12.6% CP reduces the intake, rumen parameters, blood metabolites and ADG of
cull Bali cows when fed at 2% LW.

WA 011908 concentrate, cull Bali cows, protein level, urea-treated rice straw, weight gain.

INTRODUCTION

A major proportion of beef supply in Indonesia, particularly
in some cattle-producing areas where fattened bulls are
mainly transported to major cities in the country, is contrib-
uted by slaughtering beef cows (Priyanti et al. 2017). In
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those areas, approximately 72 to 91% of the total cattle
being slaughtered are cows, and approximately 81.7%
(Suardana et al. 2013) to 90% (Priyanti et al. 2017) of those
cows are considered productive. This has been considered
the most important factor that contributes to the decline of
the cattle population in Indonesia (Priyanti et al. 2017).
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Hence, there is a strong need to reduce the number of
productive cows being slaughtered and one obvious strat-
egy is by fattening cull cows. Numerous studies have
shown that thin cull cows could gain significant weight and
have a higher dressing percentage when they were fed a
high energy and protein diet (Gallo et al. 2017; Chainam et
al. 2019; Santos et al. 2019). Moreover, beef quality from
cull cows is also markedly improved when they are fed on
concentrate-based diets (Couvreur et al. 2019).

Despite the numerous studies that have been undertaken,
information on the optimal crude protein (CP) level in the
concentrate for fattening cull cows is still lacking although
studies on feeding concentrates containing different CP
levels to dairy cows (Mantysaari et al. 2004; Teixeira et al.
2011; Katongole and Yan, 2020), crossed steers (Mendes et
al. 2015), local Vietnamese cattle (Dung et al. 2013), or
swamp buffaloes (Chanthakhoun et al. 2012) have been
documented. It appears that the optimal CP level in the
concentrates differs with the level of concentrate in the di-
ets, cattle genotypes, the companion forages or roughages
as well as other factors. Dung et al. (2013) reported that the
optimal level of CP in the concentrates is 16% for male
Vietnamese local cattle fed natural grass and rice straw.
Meanwhile, for dairy cows or steers, a concentrate CP level
of 17.6% is required for optimal milk production
(Katongole and Yan, 2020). There is a possibility, however,
that this optimal level may not simply apply to cull cows. It
is commonly believed that the protein requirement of cull
cows is somewhat lower than that of other classes of cattle
since the composition of gain in finishing cull cows is high
in fat content (Santos et al. 2017). In addition, Bali cows
are an Indonesian indigenous cattle breed that have small
mature size with a slow growth rate (Sampurna et al. 2014).
Therefore, the animals may need a lower CP content in the
ration.

The optimal level of protein content in the concentrate
may also depend on the quality of the other feeds in the
ration. Feeding urea-treated rice straw has been consistently
demonstrated as a solution for combating ruminant feed
scarcity in developing countries (Sheikh et al. 2018). Urea
treatment generally improves the nutritive value and its
utilization of rice straw for ruminant production (Aquino et
al. 2020).

The utilization of urea-treated straw is variably affected
by the supplementation of concentrate and protein feeds
(Tekliye et al. 2018) which indicate different level of pro-
tein is required. The purpose of this experiment was to in-
vestigate the effect of increasing CP content in the concen-
trate mixtures on nutrient intake and digestibility, rumen
fermentation products, the concentration of blood metabo-
lites, and the performance of cull Bali cows fed urea-treated
rice straw.
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MATERIALS AND METHODS

Animals, feeds and treatments

This experiment was conducted at the University of Nusa
Cendana, Indonesia for 3 months with a 2-week adaptation
period and 10 weeks of data collection from July to De-
cember 2021. A number of 24 thin Bali cows (BCS 1.5-2,
i.e., based on a 1-5 scoring system; 1= extremely thin to 5=
extremely fat) (Soares et al. 2011) were allocated in this
experiment. The animals were purchased from the local
market, moved to the barn and randomly placed into 1.5 m
x 2 m individual concrete-floored barns. They were in-
spected for any tooth disorder and then dewormed with a 1
mL subcutaneous injection of Ivomec (Merck Sharp and
Dohme B.V.). During the adaptation period, the animals
were first fed with mainly fresh grass and gradually intro-
duced to concentrate and urea-treated rice straw. This adap-
tation period lasted for 2 weeks, and the animals were then
weighed in the morning before feeding.

The mean initial weight of the cows was 175 £ 18.1 kg,
and they were randomly allotted into three groups of 8
cows. Each group was offered one of the concentrate mix-
tures containing different CP content, i.e., 12.6% (CP12),
14.2% (CP14), and 16.4% (CP16), respectively, and urea-
treated rice straw. The experimental design was a com-
pletely randomized design with three treatments and 8 rep-
lications. The concentrates were offered at 2% LW divided
into two meals given at 08.00 in the morning and 16.00 in
the afternoon. The concentrates were composed of corn-
meal, rice bran, and fishmeal (Table 1). Each cow was fed
in a plastic bucket 1 h before urea-treated rice straw was
introduced in the feed manger separated from the concen-
trate. Urea-treated rice straw was offered at 1% LW, but an
additional amount of the straw was offered when it was
completely consumed by the cows. Rice straw was treated
with 4% urea (W/W) at approximately 65% moisture con-
tent and incubated for 4 weeks in a plastic container. The
straw was removed from the container and spread on the
floor for at least 6 hours before feeding. The amount of
feeds on offer was adjusted every week for any changes in
the cow's live weight. Water was available at all times in a
plastic bucket for each cow. The ingredients and chemical
composition of the concentrate mixtures and urea-treated
rice straw are presented in Table 1.

Data collection and sampling

Approximately 200 g of sample was sampled when the
concentrate was prepared, i.e. once in two weeks. Mean-
while, a similar amount of sample of urea-treated rice straw
was taken at the time of container opening. About 50 g of
those samples were directly determined for DM content.
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[te) 58 The ingredients and chemical composition of the concentrate mixtures and urea-treated rice straw

Concentrate .

Item Urea-treated rice straw

CPy, CPyy CPys
Ingredient (% of DM)*
Cornmeal 64 55 61
Rice bran 30 35 25
Fishmeal 5 9 13
Mineral premix’ 1 1 1
Chemical composition (% of DM)?
oM 94.1 91.6 91.2 77.5
CP 12.6 14.2 16.3 6.71
EE 4.54 5.51 5.98 0.22
CF 17.1 17.0 17.1 26.1
NFE 59.8 54.9 50.2 54.9
GE (MJ/kg DM) 17.91 17.8 17.9 13.9

" Ingredients (/kg): Calcium carbonate: 470 g; Phosphate flour: 310 g; Ferrum: 10 g; Cuprum: 0.5 g; Manganese sulfate: 0.3 g; Potassium iodide: 0.01 g; Sodium chloride:
270 g; Magnesium sulfate: 30 g and Zinc oxide: 10 g.
2 OM: organic matter; CP: crude protein; EE: ether extract; CF: crude fiber; NFE: nitrogen free extract, calculated as OM-(CP+EE+CF); GE (MJ/kg DM): gross energy,

calculated as CP (g/kg) x 24.237 + EE (g/kg) x 34.116 + (CF+NFE) (g/kg) x 17.300 (Hvelplund et al. 1995).

Meanwhile, the rest was kept after sundried and pooled at
the end of the experiment for chemical analyses including
organic matter (OM), CP, crude fibre (CF) and ether extract
(EE). Feed refusals were collected daily before morning
feeding. The daily refusals of concentrate and ammoniated
rice straw were collected, weighed and sampled for DM
determination. Dry matter intake (DMI) was estimated as
the difference between dry matter feeds on offer and the
refusals. Meanwhile, nutrient intake was estimated as dry
matter intake multiplied by its nutrient content.

The digestibility of DM and nutrients, i.e. OM, CP, CF
and EE were determined in the last week of the experiment.
Daily fecal production was estimated by total fecal collec-
tion for five consecutive days. The daily collected feces
were weighed every morning for every cow, mixed thor-
oughly, and sampled at approximately 5% for DM determi-
nation, and a composite sample of about 10% was formed
by the cow and immediately frozen. At the end of the fecal
collection period, the composited feces were then mixed,
subsampled, and dried at 55 °C in a forced-air oven for 48
h. The dried fecal and feed samples were ground (I mm
screen using the Cyclotech Mill, Tecator, Sweden) before
chemical determination (proximate analyses). Chemical
analyses were performed according to AOAC (1990). The
ash content was determined by ignition in a furnace at 600
°C for 4 hours (method 938.08). The total nitrogen content
was analyzed using the Kjeldahl technique, and crude pro-
tein was calculated as % N x 6.25 (method no. 984.13) and
method no. 920.85 for the determination of ether extract.
The digestibility coefficient of DM, OM, EE, CP, and CF
of the ration was calculated by the difference between in-
take and fecal matter.

To estimate the rumen pH, ammonia, and VFA concen-
tration, rumen fluid was collected in one day on the last day
of the experiment 2 h after morning feeding.
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Samples were collected using a vacuum pump connected
to a stomach tube, and the collected rumen fluid was fil-
tered through three layers of cheesecloth. The ruminal pH
was immediately measured using HANNA instrument (HI
8424 microcomputer, Singapore). Aliquots were thereafter
centrifuged at 1643 g force for 15 minutes, and the super-
natant was collected and acidified with concentrated sulfu-
ric acid to pH <4 and frozen until analysis for ammonia
(NH5-N) and VFA concentrations. Individual VFAs were
assayed using HPLC as described by Mathew et al. (1997),
and the sum was assigned as the total VFAs. Briefly, 10 mL
ruminal fluid was added with 5 mL of 20% stannous chlo-
ride solution and filtered after 10 mins. About 10 mL fil-
trate was then added with 2.5 mL H;PO, and repeatedly
filtered to produce a clear solution. The solution was then
analyzed using HPLC with a 210 mm column and peaks
were detected using a spectrophotometric detector at 210
nm. The colorimetric method as described by Chaney and
Marbach (1962) was followed to determine the NH3-N con-
centration.

About 10 pL rumen aliquots were poured into glass
tubes. Thereafter, 1.5 mL of a phenol solution and 1.5 mL
of sodium hypochlorite solution were added. The tubes
were vortexed in a water bath at 39 °C for 15 minutes. The
absorbance was then read at 630 nm in a spectrophotometer
UV/Visible BEL Photonics 2000 UV.

Blood samples were taken on the same day as rumen
fluid collection. Blood collection was performed by jugular
puncture using a vacutainer containing disodium-EDTA as
an anticoagulant approximately 2 h after feeding. Blood
samples were centrifuged at 1643 g force for 15 minutes to
collect blood plasma.

Blood plasma was then stored at -20 °C until the analyses
for plasma concentrations of glucose (GLU) and blood urea
nitrogen (BUN). GLU and BUN concentration was as-
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sessed using Roche Diagnostic GmbH, Jerman standard
procedures with COBAS C111 (Freckmann et al. 2014).

Cows were weighed weekly before morning feeding.
Live weight gain was calculated as the difference between
the initial and final weight. The average daily weight gain
(ADG) of individual cows was estimated from the slope of
the regression line. In addition, ADG was also estimated for
0-30, 30-60, and 60-90 days after feeding. Feed conversion
ratio (FCR) was calculated as the amount of DM required
to achieve 1 kg of live weight gain.

Statistical analysis

Experimental data were analyzed by ANOVA with poly-
nomial contrast for a completely randomized design using
SPSS (2015). Data were analyzed using:

Yij: n+ Ti+ €ij

Where:

Yij: observation from the animal j receiving treatment i.
u: population mean.

Ti: treatment effect of the i™ treatment.

&;: random error.

Means = SEM were reported. The effects of treatment
were declared significant at P < 0.05. Probabilities at 0.05 <
P <0.10 were considered a trend toward significance.

RESULTS AND DISCUSSION

As presented in Table 2, there was a linear decrease
(P<0.01) in total dry matter intake (DMI) and the intake of
CF and nitrogen free extract (NFE) in cull Bali cows fed on
concentrate with increasing CP from 12.6% to 16.4% which
correspondents to dietary CP content from 10.7% to 13.4%.
However, the intake of CP and EE did not differ between
treatments (P>0.05). In the present experiment, the decline
in DMI resulted from the linear decrease in both concen-
trate and straw intake (P<0.05). The result of our experi-
ment was contrary to other results that when the animals
were offered concentrates with increasing CP content, DMI
increased (Huhtanen et al. 2008; Kang et al. 2015) or main-
tained as shown by Puhakka et al. (2016) that DMI did not
increase when CP in the concentrates was increased from
15.4 to 19%. These different results were apparently caused
by various factors including the level of concentrate in the
diet, as well as the ingredients of the concentrate and the
quality of the companion roughage as suggested by Dung et
al. (2013).

The result of our experiment showed that despite the de-
crease in DMI, CP intake in cull Bali cows did not differ
between treatments (P>0.05).

664

It appears that the CP intake was maintained at a close
range between 0.68 and 0.72 kg/d, and this level of intake
could be the CP requirement of cull Bali cows weighing
187 to 204 kg and gaining 0.34 and 0.56 kg/d.

It is therefore understood that the animals fed higher CP
in the concentrate had lower DMI to avoid excessive CP
intake. The negative effect of excess CP on DMI is com-
monly mediated through the excess NH;-N, which is the
end product of protein degradation in the rumen (Forbes,
2007).

Rumen ammonia is absorbed from the rumen and should
be converted into urea before being excreted in the urine.
Urea synthesis in the liver requires energy, which is mainly
derived from the citric acid cycle. In addition, the synthesis
of urea also depletes a-ketoglutarate by increasing the for-
mation of glutamate, thereby inhibiting ATP production in
the Krebs cycle (Sampaio et al. 2010). This energy draining
due to urea formation may reach a level that causes discom-
fort due to poor brain tissue functioning (Forbes, 2007). At
this level, voluntary feed intake can be reduced (Detmann
etal. 2009).

The reduced intake observed in the present experiment
with increasing CP in the concentrates may be also due to
an unbalanced protein:energy ratio of the absorbed nutrients
(Forbes, 2007). The excess CP in relation to energy in-
creases body heat production (Poppi and McLenann, 1995).
The ratio of protein and energy can be estimated from
CP:digestible organic matter (DOM) and DMI starts to fall
when the ratio is above 210 g CP/kg DOM (Poppi and
McLenann, 1995) or as high as 288 g CP/kg DOM
(Detmann et al. 2014). In our study, the CP:DOM ratios
were 171, 201, and 218 g CP/kg DOM for concentrates
containing 12%, 14%, and 16% CP, which correspond to
dietary CP contents of 10.6%, 11.7%, and 13.4%, respec-
tively. In this case, it appears that CP was excessive in
CP16, but they already reduced intake to a CP level of 14%.
This lower trigger might be related to the lower CP re-
quirement of Bali cows compared to exotic breeds. Forbes
(2007) reported different levels of CP content-related en-
ergy that cause discomfort as the CP requirements differ.

The digestibility coefficients of DM and nutrients except
CP were not affected (P<0.05) by the CP level of diet (Ta-
ble 3). The results of our experiment were in agreement
with the results of Amaral et al. (2016), who found no in-
crease in DM and OM digestibility with increasing dietary
CP.

However, the result of our experiment is contrary to other
results from similar breeds. Mariani et al. (2016) reported
that the DM digestibility of feeds was higher in diets con-
taining higher CP. Increasing digestibility with increasing
dietary CP levels was also reported in Bali cows (Jelantik,
2001).
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1) [ Effects of dietary protein level on dry matter and nutrient intake

Intake (DM bases) Treatment : P-value :
CPy, CPy, CPis Linear Quadratic
Concentrate (kg/d) 4.12+0.27 3.44+0.51° 3.32+0.80° 0.010 0.253
Rice straw (kg/d) 2.41£0.23 2.15+0.26™ 1.85+0.66" 0.018 0.899
Total (kg/d) 6.54+0.41° 5.59+0.69" 5.17+1.29° 0.005 0.489
Total (g/kg LW*™) 129+10.2° 118+16.40® 107+28.1° 0.040 0.970
oM 5.75+0.36" 4.82+0.61° 4.46+1.10° 0.003 0.380
CP 0.68+0.04 0.63+0.08 0.72+0.17 0.548 0.170
EE 0.19+0.01 0.19+0.0.03 0.200.05 0.570 0.788
CF 1.58+0.11° 1.36+0.16® 1.23+0.33° 0.006 0.653
CHO 4.88+0.31° 3.99+0.50° 3.54+0.88° <0.001 0.418
NFE 3.78+0.23" 3.06+0.38° 2.67+0.67° <0.001 0.408
GE (MJ/d) 107.49+6.67* 91.0+11.53° 85.6+20.90° 0.006 0.377
CP in the DM intake (%) 10.4+0.13" 11.3+0.23" 14.0+0.92¢ <0.001 0.001

DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; CF: crude fibre; NFE: nitrogen free extract; CHO: total carbohydrate estimated as CF + NFE and
GE: gross energy
The means within the same row with at least one common letter, do not have significant difference (P>0.05).

L) E Effects of dietary protein level on nutrient digestibility and digestible nutrient intake

Treatment P-value

Parameters - -

CPy, CPyy CPy¢ Linear Quadratic
Digestibility (%)
DM 71.9+4.56 74.6+£6.12 76.5£5.35 0.109 0.868
OM 76.7£3.16 76.4+3.32 78.3+1.67 0.288 0.394
CP 72.3+3.41° 74.7+6.04° 80.9+2.70° 0.001 0.337
EE 81.7+10.0% 76.24£6.90° 85.4+5.36° 0.411 0.043
CF 80.6+3.11 81.0+1.84 82.6+£1.98 0.138 0.584
GE 76.6+£3.16 76.3+£3.47 78.7+£1.42 0.189 0.292
Digestible nutrient intakes
DDMI (kg/d) 4.710+0.51° 4.20+0.79* 3.48+0.80 0.067 0.712
DOMI (kg/d) 4.42+0.40° 3.69+0.53 3.48+0.80° 0.006 0.319
DCPI (kg/d) 0.49+0.03° 0.47+0.08* 0.58+0.14° 0.089 0.136
DEI (MJ/d) 82.5+7.42° 69.5+10.16° 67.2+15.50° 0.015 0.299

DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; GE: gross energy; DDMI: digestible dry matter intake; DOMI: digestible organic matter intake;

DCPI: digestible protein intake and DEI: digestible energy intake.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

The positive results of increasing dietary CP on digesti-
bility were commonly observed when protein (or nitrogen)
is the limiting factor for optimal rumen fermentation. In the
present experiment, however, rumen fermentation might
not be limited by nitrogen availability in the rumen since
about 60% of the intake was coming from concentrate,
which should have been easily fermented in the rumen.
Moreover, all diets contained sufficient rumen degradable
protein (RDP) for every kg of organic matter intake. In ad-
dition to that, the CP difference between treatments in the
present experiment may not be sufficiently large to affect
DM digestibility. Promkot and Wanapat (2005) reported
that to affect DM digestibility, the difference in dietary CP
level should be at least 4%. In our research, the difference
in CP content of the dietary CP level was only 3.4%.

In the present experiment, there was a significant effect
of treatments (P<0.05) on the digestible organic matter in-
take (DOMI) and digestible energy intake (DEI). In this
case, DOMI and DEI increased in CP14 but no further in-
crease was observed in CP16.
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Meanwhile, DCP intake (DCPI) was slightly higher in
CP16 compared to other treatments. DOMI has been known
to have a close relationship with weight gain (Salah et al.
2014).

It is therefore clear from the study that the digestible en-
ergy intake has been optimized when the concentrate con-
tains 14.2% CP.

In many circumstances, intake and digestibility in rumi-
nant animals are predominantly determined by the rate and
extent of rumen degradation by ruminal microorganisms
through physical rumen fill and their metabolic effect on
the end product of rumen degradation (Allen et al. 2019).
Hence, the determination of several fermentation products,
such as rumen ammonia and VFA concentrations, as well
as rumen pH would help to indicate the rate and extent of
rumen fermentation (Mapato et al. 2010; Daneshvar et al.
2015). Rumen ammonia, VFA concentration, and pH in
culled Bali cows fattened with a diet containing different
levels of crude protein in the concentrate are presented in
Table 4.
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In general, rumen pH was slightly acidic, but it was un-
der the range of 6.0 to 6.8, which is considered by
Ososanya et al. (2013) to be required to maintain the stabil-
ity of the rumen ecosystem and function.

The result of the present experiment showed that there
was no difference among treatments (P>0.05) in the rumen
pH. In contrast with our result, Amaral et al. (2016)
reported increasing rumen pH with an increasing dietary CP
from 10 to 14%. Rumen pH is affected by the degradation
rate of dietary carbohydrates, particularly grain (Metzler-
Zebeli et al. 2013), and hence by the ratio between concen-
trate and roughage (Phesatcha et al. 2020). In the present
experiment, the concentrate:straw ratios of the consumed
feed were 63:37% in CP12 and 64:36% in CP16. In all
treatments, the concentrate portion was higher than the
straw. According to Faniyi et al. (2019), rumen pH is com-
monly acidic in cows fed concentrate-based diets.

Rumen ammonia concentration increased linearly
(P<0.05) with increasing CP in the concentrate as shown in
Table 4. A similar result was reported by Amaral et al.
(2016), who recorded a linear increase in rumen ammonia
concentration when dietary CP was increased gradually
from 10 to 14%. Previously, Chanthakhoun et al. (2012)
and Chen et al. (2010) also reported a similar trend, i.e.,
increasing NH;-N with increasing dietary CP. Ammonia is
the product of protein degradation in the rumen therefore an
increase in NH;-N is commonly observed. Nevertheless, the
rumen ammonia concentration in the present experiment,
even at the lowest level of CP (NH3-N=126 mg/L), was
above the minimum level required for optimal growth and
activities of rumen microbes, which was reported by Satter
dan Slyter (1974) to be 50 mg/L. The level of NH3-N in the
present experiment is also higher than 120 mg/L which is
the required level to optimize intake and digestibility in
Bali cattle consuming low-quality roughages (Jelantik and
Belli, 2010). This indicates that nitrogen is probably not the
limiting factor for optimal rumen fermentation even at the
lowest CP content of the concentrate mixture in this study.

The total VFA concentration (TVFA) in the rumen did
not differ (P>0.05) among cull Bali cows receiving concen-
trate differing in the CP level. The result of the present ex-
periment was similar to the results reported by Amaral et al.
(2016) that there was no increase in TVFA or the propor-
tion of individual VFAs with increasing dietary CP levels.
Chanthakhoun et al. (2012) also did not find an increase in
total VFA when the concentrate differing in CP level (12.4
to 18.1%) was supplemented to buffaloes consuming rice
straw basal diets. Ruminal VFA concentration is highly
related to the proportion of concentrate in the diet and its
ratio to roughage (Phesatcha et al. 2020). As the ratio be-
tween concentrate and urea-treated rice straw did not mark-
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edly vary in the present experiment, it would be expected
that TVFA did not differ among treatments.

The concentrations of propionate, butyrate, and n-
valerate differed significantly between treatments (P<0.05)
and they were lowest in CP16 (Table 4). This finding is in
contrast with the report of Chanthakhoun et al. (2012), who
found increasing propionate concentration with increasing
CP in the concentrate mixture. Commonly, the positive
effect of dietary CP on propionate concentration is related
to the ratio between concentrate and straw; the propionate
concentration and molar proportion in the rumen increase
with increasing concentrate:forage ratio (Wang et al. 2020).
Although concentrate intake was indeed reduced in the pre-
sent experiment, the ratio between concentrate and straw
did not change since straw intake was also reduced. In the
present experiment, the ratio of concentrate:straw in the
consumed diet was relatively similar, i.e., 64%:36% in
CP16 compared to 63:37 in CP12. Hence, the reduction of
the concentration and molar proportion of propionate, bu-
tyrate, and n-valerate may be due to the partial substitution
of starchy feeds (maize and rice bran) with fishmeal to in-
crease the protein content of the concentrate in CP16. This
small level of substitution may be sufficient to cause a re-
duction in propionate concentration in the rumen. Propion-
ate production is primarily from the fermentation of starch
in the rumen and varies from different sources of starch
(Allen et al. 2019); hence, the decline in propionate in
CP16 can be attributed to the fact that CP16 has the lowest
proportion of cornmeal and rice bran, which have a high
starch content.

Means of the concentrations of blood metabolites and
blood constituents in cull Bali cows fed urea-treated rice
straw and concentrate containing different levels of crude
protein are presented in Table 5. The glucose concentration
declined linearly (P<0.05) with increasing CP in the diet.
This finding is different from previous results that plasma
glucose concentration increased with increasing dietary CP
(Tahuk et al. 2018). This decline in glucose concentration
found in the present experiment might be related to the de-
cline in propionate concentration in the rumen as previously
discussed. Propionate is known as one of the glucose pre-
cursors in ruminant animals (Bannink et al. 2006). Beef
cows mostly rely on the gluconeogenesis mechanism from
either amino acids or propionate to suffice the glucose re-
quirement because glucose absorption from the small intes-
tine is commonly low (Allen et al. 2019).

The concentration of BUN in the present experiment
tended to be linearly reduced (P=0.075) in cull Bali cows
fed a higher CP diet. This finding is unexpected since in the
present experiment there was a significant increase in ru-
men NH3-N with increasing dietary CP.
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]G Effects of protein level in the concentrate mixture on rumen environment of cull Bali cows

. Treatment P-value
Variable - -
CPy, CPy4 CPy¢ Linear Quadratic

pH 6.56+0.34 6.70+0.21 6.58+0.37 0.891 0.385
Ammonia nitrogen (mg/L) 126+44.3° 148+72.7° 216+68.3° 0.010 0.470
Acetate (mM) 71.0+17.00 64.4+17.07 68. 6+20.92 0.796 0.511
Propionate (mM) 25.9+6.78" 28.0+5.72° 18.9+7.35° 0.046 0.065
Butyrate (mM) 12.9+3.54° 12.44+4.25° 8.91+3.35% 0.045 0.375
Iso-Valerate (mM) 2.24+0.49 2.32+0.88 1.734£0.65 0.151 0.276
n-Valerate (mM) 1.25+0.34* 1.26+0.51° 0.75+0.33° 0.024 0.159
Total VFA (TVFA) 113.3+£25.32 108.4+24.60 98.8+30.28 0.294 0.843
Acetate (% of TVFA) 62.57+3.08° 59.3+5.69° 69.5+3.61° 0.004 0.002
Propionate (% of TVFA) 22.8+3.48% 26.1+4.02° 19.0+3.99° 0.060 0.005
Butyrate (% of TVFA) 11.4+1.78° 11.2+2.28° 8.94+2.01° 0.025 0.239
Ratio C3:(C2+C4) 0.311+0.058" 0.375+0.086" 0.246+0.065" 0.078 0.005

VFA : volatile fatty acids; C2: acetate; C3: propionate and C4: butyrate.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

The effect of CP levels in the concentrate mixture on blood metabolites in cull Bali cows fed urea-treated rice straw

. Treatment P-value
Parameter 3 -
CPy, CPyy CPys Linear Quadratic

Glucose (mg/dL) 55.3£6.07° 51.746.64% 46.2+5.84° 0.010 0.731
BUN (mg/dL) 15.7£2.46 14.9+1.67 13.5+2.82 0.075 0.780
TPP (g/dL) 8.45+0.74 8.00+0.28* 7.65+0.58° 0.011 0.828
PCV (%) 36.2+4.07° 32.6+5.34% 30.0+4.75° 0.022 0.811
Hb (g/dL) 12.0£1.36° 10.9+1.78% 10.0+1.58° 0.022 0.811
Erytrocite (x10° cells/mm®) 16£1.96 14.6+2.71 13.7£2.48 0.077 0.827
Leucocyte (x10° cells/mm’®) 13.4+1.53 14.9+2.77 15.14+3.88 0.279 0.596

BUN: blood urea nitrogen; TPP: total protein plasma and Hb: hemoglobin.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

Live weight gain of cull Bali cows fed different CP levels in the concentrate mixture
Variables! Treatment : P-value :

CP, CPyy CPys Linear Quadratic

Initial LW (kg) 178+20.13 168+12.83 178+20.63 0.978 0.222
Final LW (kg) 236+21.96" 212+8.90™ 218+25.21° 0.082 0.096
Total LWG (kg) 57.9+6.53" 43.8+11.42° 39.9+18.72° 0.013 0.381
ADG (kg/d) 0.630+0.079* 0.462+0.136" 0.420+0.223° 0.013 0.381
FCR (kg DM/kg LWG) 9.596+1.267° 10.6+2.838™ 12.6+4.768" 0.082 0.697

LW: live weight; LWG: live weight gain; ADG: average daily gain and FCR: feed conversion ratio estimated as kg DM feed required by the cows to gain 1 kg daily.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).

As stated by Kang et al. (2015), there is a particularly
strong positive relationship between ammonia concentra-
tion in the rumen and BUN. Similarly, the decrease of BUN
in this experiment cannot be explained by its positive rela-
tionship with energy intake as stated by Garcia et al.
(2017).

Blood profiles, including PCV and hemoglobin, were
significantly reduced (P<0.05) with increasing CP levels in
the concentrate. The erythrocyte concentration tended to
decline (P=0.08) with increasing CP levels. However, leu-
cocytes did not differ between treatments (P>0.05). The
decline in erythrocytes and hemoglobin may be attributed
to the decline in DOMI, which may indicate a lower me-
tabolism rate in Bali cows fed concentrate with a CP of
more than 12%.
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Merdana et al. (2020) reported that erythrocyte synthesis
is stimulated by increasing oxygen demands, such as during
the later stages of gestation. It is possible that when DOMI
decreased the requirement for oxygen transport also de-
clined. Hematocrit and hemoglobin values are directly pro-
portional to the number of erythrocytes (Adam et al. 2015).

The results of our experiment showed that ADG and
LWG were significantly reduced (P<0.05) in Bali cows fed
the concentrate mixture with increasing CP content. LWG
in CP12 was about 36 to 50% higher than that in CP14 and
CP16 respectively. This finding was different from several
results of other experiments with Bali cattle in which LWG
was improved when the animals were fed diets with
increasing CP content. Quigley et al. (2009) reported that
LWG was significantly improved when the CP level of the
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supplemental concentrate was increased from 9% to 24% in
young male Bali cattle. Similarly, Tahuk et al. (2020)
reported that ADG increased when dietary CP was
increased from 11 to 13%. However, our results were in
line with some reports. Lee et al. (2011) presented data that
multiporous Haenwoo cows fed high-energy diets
containing 14.28% CP found in one farm had lower ADG
compared to a diet containing 12.39% CP. The decrease of
ADG in the present experiment was best explained by the
decline of DOMI in cows fed increasing CP in the
concentrate mixture. DOMI is commonly used to estimate
metabolizable energy intake (Ulger et al. 2018) and Salah
et al. (2015) concluded that at a similar intake of digestible
crude protein, ADG is reduced with declining ME intake.

Nevertheless, this experiment demonstrates that feeding
concentrates containing low CP to cull Bali cows provides a
considerable practical alternative to reduce the number of
productive cattle being slaughtered. With LWG of 57.9 kg
obtained in 70 days of the feeding period, it is expected that
the number of productive female cattle that need to be
slaughtered could be reduced by about one-third assuming
the average LW of the slaughtered Bali cows in Indonesia
is between 180-200 kg. With this reduction, -cattle
productivity can be significantly increased.

CONCLUSION

Feeding concentrate containing CP of more than 12.6% to
cull Bali cows maintained on urea-treated rice straw re-
duces live weight gain and feed conversion ratio. The de-
cline is mainly due to the reduced digestible organic matter
intake as well as the concentration in the rumen propionate
and blood metabolites.
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