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Simple Summary: This study investigated the effect of varying the levels of dietary crude protein (CP)
in concentrate mixes on growth performance, rumen characteristics, digestibility, blood metabolites,
and methane emissions in fattening Hanwoo steers. The experiment was conducted for 12 weeks by
feeding four concentrate mixes with different levels of dietary CP (15, 18, 19, and 21% of CP dry matter
basis). There was a linear increasing trend in the average daily gain (ADG) with increasing dietary
CP (p = 0.066). The increase in CP levels also influenced the characteristics of the rumen fluid, leading
to increased concentrations of rumen ammonia and an increase in the proportion of butyrate and
valerate (p < 0.05) while decreasing the propionate proportion (p = 0.004). The blood urea increased
(p < 0.001) and the blood non-esterified fatty acids and cholesterol decreased (p ≤ 0.003) as the dietary
CP increased. The methane concentration from eructation per intake (ppm/kg), forage neutral
detergent fiber (NDF) intake, total NDF intake, and ADG exhibited linear decreases (p ≤ 0.014) across
diets. In summary, increasing the dietary CP to 21% in concentrates tended to increase the ADG,
reduce the propionate, and increase the butyrate. The methane from eructation showed a tendency to
linearly decrease with higher CP.

Abstract: This study aimed to investigate the effect of varying levels of dietary crude protein (CP) on
growth performance, rumen characteristics, blood metabolites, and methane emissions in fattening
Hanwoo steers. Twenty-four steers, weighing 504 ± 33.0 kg (16 months old), were assigned to
four dietary treatments with different CP concentrations (15, 18, 19, and 21% of CP on a dry matter
(DM) basis). A linear increasing trend in the average daily gain (ADG) was observed (p = 0.066). With
increased dietary CP levels, the rumen ammonia concentration significantly increased (p < 0.001),
while the propionate proportion linearly decreased (p = 0.004) and the proportions of butyrate
and valerate linearly increased (p ≤ 0.003). The blood urea exhibited a linear increase (p < 0.001),
whereas the blood non-esterified fatty acids and cholesterol showed a linear decrease (p ≤ 0.003) with
increasing dietary CP. The methane concentration from eructation per intake (ppm/kg), forage neutral
detergent fiber (NDF) intake, total NDF intake, and ADG exhibited linear decreases (p ≤ 0.014) across
the treatments. In conclusion, increasing the dietary CP up to 21% in concentrates demonstrated a
tendency to linearly increase the ADG and significantly decrease the propionate while increasing the
butyrate. The methane concentration from eructation exhibited a tendency to linearly decrease with
increasing dietary CP.
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1. Introduction

Feeding appropriate crude protein (CP) levels is very important in beef cattle produc-
tion, considering its effects on productivity. A deficiency in dietary protein in beef cattle
may result in negative effects on weight gain, feed intake, and carcass results [1].

Meanwhile, an excessive CP supply increases the energy expenditure of removing
excessive nitrogen as urea and also causes a detrimental impact on the environment by
increasing nitrogen excretion [2,3].

Studies have been conducted to investigate the effects of various CP levels on the
production and body metabolism, including ruminal fermentation and blood metabolites,
in beef cattle. Gleghorn et al. [4] reported that increasing dietary CP from 11.5 to 14.5%
dry matter (DM) quadratically increased the average daily gain (ADG) and hot carcass
weight in finishing beef steers. In another study with young Holestein bulls, increasing CP
from 10.2 to 14.2% DM linearly increased the ADG and feed efficiency [5]. Increasing CP
modified ruminal fermentation by increasing ammonia (NH3-N), acetate, and propionate
concentrations and increased the blood urea nitrogen concentration in the same study [5].
Additionally, dietary CP levels were reported to affect enteric methane (CH4) production in
ruminants, although the results were inconsistent between studies [6,7].

The effects of dietary CP levels were also investigated in Hanwoo cattle, which is
a native Korean breed. Jeong et al. [8] found that higher CP increased the ADG in late-
fattening (23 to 30 months) Hanwoo steers fed an iso-energetic diet. However, other studies
reported no effect of increasing CP on weight gain in growing and finishing steers [9,10].
The carcass weight of Hanwoo beef cattle has been continuously improved by the genetic
selection program run by the Korean government [11]. According to a study reported by
the Korea Institute for Animal Products Quality Evaluation, the national average carcass
weight in Hanwoo steers has improved by 11.0% over the past ten years [12]. It is certain
that studies are needed to investigate the effects of dietary CP levels on productivity and
body metabolism in Hanwoo steers because of genetic improvement. However, there are
limited studies about the effects of dietary CP levels in Hanwoo steers in the fattening stage.
Therefore, the objective of this study was to investigate the effects of different levels of
dietary CP on the growth performance, rumen characteristics, blood metabolites, and CH4
emissions of Hanwoo fattening steers. We hypothesized that an increase in the CP level of
the concentrate mix would enhance productivity and have no impact on CH4 emissions.

2. Materials and Methods

This study was conducted in the Animal Science Research Center at Chungnam
National University in Korea. The use of animals and the protocols for this experiment
were reviewed and pre-approved by the Chungnam National University Animal Research
Ethics Committee (202203A-CNU-057).

2.1. Animals, Housing, and Diets

Twenty-four 16-month-old Hanwoo fattening (15 to 22 months) steers (504 ± 33.0 kg),
which were blocked by initial body weight (BW) and estimated breeding values for carcass
BW, were randomly assigned to one of four dietary treatments based on a completely
randomized block design [13]. Within each block, two steers with similar BW were paired
and housed together in a pen (5 m × 5 m). Each pen was equipped with a forage feed bunk
(Dawoon, Co., Incheon, Republic of Korea) that utilized a radio-frequency identification
(RFID) tag to automatically measure the individual feed intake of the steers. The forage
feed bunk incorporated two load cells for assessing the amount of feed remaining, sensors
to identify the presence of the steers, and a panel designed to detect the RFID neck tags
of each steer. The system operated so that the panel would rise if a steer’s RFID neck tag
was not detected and lower to allow access when the tag was recognized. This mechanism
ensured that only one steer could access the feed bunk at a time. Additionally, the intake of
concentrate mix for each steer was monitored manually. This involved measuring the quan-
tity of concentrate mix fed to the steers and the residue left after feeding. The experiment
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was conducted for three months. Prior to the commencement of the experiment, the steers
underwent a seven-day adaptation period to acclimate to the experimental environment
and diets. Following the adaptation period, the steers were fed the experimental diets for
three months.

Two types of concentrate mix were prepared for the study: a low-CP concentrate
mix containing 15% CP on a DM basis and a high-CP concentrate mix containing 21%
CP on a DM basis. These were combined in varying proportions to create four dietary
treatments with incremental CP levels: (1) low CP (LCP; 100% low-CP concentrate mix;
15% CP on a DM basis), (2) medium-low CP (MLCP; 50% low-CP concentrate mix and
50% high-CP concentrate mix; 18% CP on a DM basis), (3) medium-high CP (MHCP; 25%
low-CP concentrate mix and 75% high-CP concentrate mix; 19% CP on a DM basis), and
(4) high CP (HCP; 100% high-CP concentrate mix; 21% CP on a DM basis). The diets
aimed for a target average daily gain (ADG) of 0.9 kg/day, in accordance with the Korean
feeding standards for Hanwoo growing steers [14]. Feedings were scheduled at 0800 and
1800 h. Tall fescue, which was provided as forage, and drinking water were available ad
libitum throughout the experiment. Detailed formulations and chemical compositions of
the experimental diets are presented in Tables 1 and 2.

Table 1. Diet formulation of the experimental concentrate mix.

Items 1
Treatment 2

LCP MLCP MHCP HCP

Ingredients (g/kg DM)
Corn, flaked 192 192 192 192
Corn, ground 57 31 18 5
Wheat, ground 140 157 165 173
Hydrogenated fat 3 23 12 6 0
Palm oil 11 10 9 9
Corn gluten feed 159 159 159 159
Soybean hull 98 49 25 0
Wheat bran 63 32 16 0
Molasses 44 31 24 18
DDGS 50 172 233 294
Palm kernel meal 103 101 100 100
CMS 13 13 13 13
Urea 0 3 5 6
Ammonium chloride 2 2 2 2
Limestone 32 25 22 19
Salt 2 2 2 2
Vitamin and mineral mix * 8 8 8 8

1 DDGS, distiller’s grains with solubles; CMS, condensed molasses solubles. 2 LCP, low crude protein (15%);
MLCP, middle-low crude protein (18%); MHCP, middle-high crude protein (19%); HCP, high crude protein
(21%). 3 It is a hydrogenated free fatty acid mainly composed of C16 (56.0%) and C18 (42.0%) and it was used
to complement the energy in the feed. * 33,330,000 IU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg
vitamin E, 20 mg/kg Cu, 90 mg/kg Mn, 100 mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.

Table 2. Chemical composition (g/kg DM or as stated) of the experimental diets.

Items 1
Treatment 2

Tall Fescue
LCP MLCP MHCP HCP

DM, g/kg as fed 886 886 886 886 888
OM 911 916 918 920 941
CP 147 178 193 208 69
SOLP 58 67 72 77 30
NDICP 26 27 27 27 13
ADICP 12 13 14 15 9
aNDF 271 286 293 301 640
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Table 2. Cont.

Items 1
Treatment 2

Tall Fescue
LCP MLCP MHCP HCP

ADF 134 131 129 128 404
ADL 38 37 36 36 62
Ether extract 69 62 59 56 13
Ash 89 84 82 80 59
Ca 15 13 12 10 3
P 6 6 7 7 1
K 10 11 11 12 18
Na 2 2 3 3 1
Cl 5 5 5 5 5
S 4 4 5 5 1
Mg 3 4 4 4 1
TDNs 747 740 736 733 557
NEm, MJ/kg DM 8.1 8.0 7.9 7.8 5.0
NEg, MJ/kg DM 5.4 5.3 5.2 5.2 2.7
Total carbohydrates 695 676 666 656 859
NFC 450 417 400 383 232
Carbohydrate fraction, g/kg carbohydrate
CA 84 88 91 93 127
CB1 554 506 481 457 2
CB2 9 21 27 34 141
CB3 221 253 269 285 556
CC 132 131 131 131 174
Protein fraction, g/kg CP
PA+B1 391 381 376 371 435
PB2 431 463 480 496 374
PB3 98 80 70 61 64
PC 79 76 74 72 128

1 DM: dry matter; OM: organic matter; CP: crude protein; SOLP: soluble CP; NDICP: neutral detergent insoluble
CP; ADICP: acid detergent insoluble CP; aNDF: neutral detergent fiber analyzed using a heat-stable amylase and
expressed inclusive of residual ash; ADF: acid detergent fiber; ADL: acid detergent lignin; TDNs: total digestible
nutrients; NEm: net energy for maintenance; NEg: net energy for growth; NFC: non-fiber carbohydrate; CA:
carbohydrate A fraction; ethanol soluble carbohydrate, CB1: carbohydrate B1 fraction; starch, CB2: carbohydrate
B2 fraction; soluble fiber, CB3: carbohydrate B3 fraction; available insoluble fiber, CC: carbohydrate C fraction;
unavailable carbohydrate, PA+B1: protein A and B1 fractions; soluble CP, PB2: protein B2 fraction; intermediate
degradable CP, PB3: protein B3 fraction; slowly degradable fiber-bound CP, PC: protein C fraction; unavailable CP.
2 LCP, low crude protein (15%); MLCP, middle-low crude protein (18%); MHCP, middle-high crude protein (19%);
HCP, high crude protein (21%).

2.2. Measurement and Sample Collection

The daily intake of concentrate mix for each steer was manually recorded, while forage
intake was automatically recorded by a forage feed bunk. Every four weeks, feed intakes
were evaluated, and values that were more than or less than three standard deviations from
the mean were excluded as outliers. Intake affected by disruptions, like bedding changes,
body weight measurements, and sampling, were also excluded. The steers’ body weight
and feed samples for chemical analysis were collected every four weeks.

Rumen fluid was collected three times (−1, +3, and +6 h after morning feeding) on
three consecutive days during weeks 5 and 11 using an oral stomach tube as described in
Lee et al. [15]. Briefly, 400 mL of rumen fluid was collected in a glass flask after the initially
collected samples were discarded (approximately 300 mL of rumen fluid). The pH of the
rumen samples was immediately measured, and 10 mL of each was subsampled and stored
at −20 ◦C until analysis for NH3-N and volatile fatty acid (VFA).

About 10 mL of blood was collected once from the jugular vein of all steers before
morning feeding during week 12 using serum separator tubes (BD Vacutainer; BD and
Co., Franklin Lakes, NJ, USA). Blood serum was obtained by centrifugation at 1300× g for
15 min at 4 ◦C and frozen at –80 ◦C until analysis for blood metabolites.
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Methane emissions of all steers were measured four times (−2, −1, +1, and +2 h after
morning feeding) for five consecutive days using a laser methane detector (LMD; LMD;
Laser Methane Mini, Tokyo Gas Engineering Solutions Co., Ltd., Tokyo, Japan) during
week 10 as described by Kang et al. [16] and duplicated for an additional five consecutive
days during week 11. Briefly, with the LMD installed stably on a tripod, the visible laser
was aimed at the steer’s nose from a distance of 1 m, and CH4 emissions were measured
every 0.5 s for 6 min.

2.3. Sample Analyses

The feed samples were dried at 60 ◦C for 96 h in an air-forced dry oven and ground
through a cyclone mill (Foss, Hillerød, Denmark) fitted with a 1 mm screen. The nutrient
composition of the feed samples was analyzed at Cumberland Valley Analytical Services
Inc (Hagerstown, MD, USA). Details of the methods used to analyze the nutrient contents
in the feeds were the same as described in Jeon et al. [17].

The comprehensive details of NH3-N, VFA, and blood serum analyses are described
in Cho et al. [18]. Briefly, to analyze the NH3-N concentration in rumen fluid, a process
involving centrifugation and reaction with phenol color and alkali-hypochlorite reagents
was used, followed by incubation in a water bath and spectrophotometric measurement at
630 nm using a spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan). For the VFA concen-
tration determination, the rumen fluid supernatant was mixed with metaphosphoric acid,
cooled, centrifuged, and then analyzed using a Hewlett-Packard HP 6890 gas chromato-
graph (Hewlett Packard Co., Palo Alto, CA, USA) with specific temperature settings and a
flame ionization detector (Nukol Fused silica capillary column 30 m × 0.25 mm × 0.2 µm,
Supelco Inc., Bellefonte, PA, USA). Furthermore, serum analysis for various blood metabo-
lites was conducted using commercial kits and a clinical auto-analyzer (Toshiba Accute
Biochemical Analyzer-TBA-40FR, Toshiba Medical Instruments, Tokyo, Japan).

Methane emission data were divided into respiration and eructation by identifying
CH4 concentration peaks using an automated peak detection package in R software [19]
version 4.0.2. These peaks were then analyzed using a double normal distribution approach
with the mixdist package in R. This model’s mean value represented the average daily CH4
concentration, which was calculated as the mean of CH4 concentrations at four different
times of the day. These values were considered indicative of the CH4 levels in the exhaled
gas from the respective pathways during these specific periods [16].

2.4. Statistical Analysis

All data were analyzed using the PROC MIXED procedure of SAS (SAS Institute
Inc., Cary, NC, USA), as recommended by Seo et al. [13]. The blocks (i.e., initial BW and
breeding value for carcass weight) were treated as random effects. Individual means were
also compared by Tukey’s test. Additionally, linear and quadratic effects were assessed
by orthogonal contrasts. To evaluate the impact of treatments on rumen parameters, the
study employed a repeated measures analysis. This approach was chosen to acknowledge
the correlations between multiple observations taken from each animal. In this analysis,
no structure was assumed for the variance–covariance matrix. Statistical significance was
established at a p-value of less than 0.05, while observations with a p-value between 0.05
and 0.1 were considered indicative of a trend.

3. Results and Discussion

The animal performance data are shown in Table 3. The initial and final BW, dry
matter intake (DMI) of the concentrate and forage, forage/concentrate ratio, and feed
conversion ratio were similar between the treatments. However, we found a trend of
linear increase (p = 0.066) in the ADG. As expected, the CP intake was linearly increased
(p < 0.001) by the treatments, while the net energy for growth intake was similar. There
was no difference in the pH between the treatments (Table 4), but the ruminal NH3-N
concentration significantly increased (p < 0.001) with increasing dietary CP levels. The
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total VFA concentration and molar proportion of acetate were not different between the
treatments, but the propionate proportion was linearly decreased (p = 0.004) with increased
CP. This resulted in a linear decrease (p = 0.030) in the acetate/propionate ratio. The molar
proportions of butyrate and valerate linearly increased (p ≤ 0.003) with the treatments. The
blood concentrations of total protein, glucose, albumin, creatinine, triglyceride, glutamic
oxaloacetic transaminase, glutamic pyruvic transaminase, calcium, and phosphorus were
not affected by the treatments (Table 5). The blood urea concentrations linearly increased
(p ≤ 0.003), and the non-esterified fatty acid (NEFA) and cholesterol concentrations linearly
decreased (p ≤ 0.003) in the blood with increasing CP levels. We found a trend of linear
decrease (p = 0.063) in the CH4 concentration of the exhaled gas from eructation (Table 6).
The CH4 concentration during eructation per DMI, forage neutral detergent fiber (NDF)
intake, NDF intake, and ADG were linearly decreased (p ≤ 0.014) by the treatments.
There was a quadratic increase (p = 0.049) in the CH4 concentration of the exhaled gas
from respiration. The treatments tended to linearly decrease (p ≤ 0.086) the exhaled CH4
emissions per forage NDF intake and NDF intake.

Table 3. Effects of dietary crude protein level in concentrate mix on growth performance.

Items 1
Treatment 2

SEM
p-Value

LCP MLCP MHCP HCP Mean Linear Quadratic

Initial BW, kg 501 500 504 507 5.7 0.819 0.483 0.540
Final BW, kg 564 569 570 579 6.7 0.426 0.140 0.564
ADG, g/day 617 675 647 708 31.8 0.182 0.066 0.897
DMI, kg/day
Concentrate 6.14 6.55 6.41 6.35 0.170 0.364 0.310 0.165
Forage 2.43 2.34 2.61 2.56 0.167 0.628 0.406 0.664
Total 8.57 8.89 9.02 8.90 0.214 0.409 0.154 0.433
Forage/concentrate 0.40 0.36 0.41 0.40 0.029 0.603 0.701 0.453
CP intake, kg/day 1.07 c 1.34 b 1.42 ab 1.50 a 0.038 <0.001 <0.001 0.246
NEg intake, Mcal/day 9.49 9.90 9.65 9.54 0.272 0.682 0.880 0.264
FCR 13.92 13.24 14.07 12.69 0.477 0.130 0.162 0.505

1 BW, body weight; ADG, average daily gain; DMI, dry matter intake; CP, crude protein; NEg, net energy for
growth; FCR, feed conversion ratio, DMI (g)/ADG (g). 2 LCP, low crude protein (15%); MLCP, middle-low crude
protein (18%); MHCP, middle-high crude protein (19%); HCP, high crude protein (21%). a–c Means that do not
have common superscripts significantly differed between the treatments (p < 0.05).

Table 4. Effects of dietary crude protein level in concentrate mix on rumen characteristics.

Items 1
Treatment 2

SEM
p-Value

LCP MLCP MHCP HCP Mean Linear Quadratic

pH 6.71 6.61 6.72 6.73 0.115 0.871 0.813 0.503
NH3-N, mg/dL 3.58 c 5.57 bc 6.59 ab 8.33 a 0.679 <0.001 <0.001 0.479
Total VFA, mM 54.3 56.5 58.0 59.1 3.50 0.734 0.263 0.963
Molar proportions, mmol/mol
Acetate 600 603 620 603 6.5 0.080 0.270 0.323
Propionate 235 a 222 ab 210 b 215 ab 6.3 0.018 0.004 0.387
Isobutyrate 21 22 20 21 2.0 0.940 0.970 0.925
Butyrate 106 b 115 ab 118 ab 122 a 4.1 0.029 0.003 0.909
Isovalerate 24 23 19 21 2.1 0.305 0.160 0.824
Valerate 13 b 15 ab 13 b 17 a 0.6 <0.001 0.001 0.186
Acetate/propionate 2.6 2.8 3.0 2.8 0.1 0.058 0.030 0.091

1 VFA, volatile fatty acid. 2 LCP, low crude protein (15%); MLCP, middle-low crude protein (18%); MHCP,
middle-high crude protein (19%); HCP, high crude protein (21%). a–c Means that do not have common superscripts
significantly differed between the treatments (p < 0.05).
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Table 5. Effects of dietary crude protein level in concentrate mix on blood metabolites.

Items 1
Treatment 2

SEM
p-Value

LCP MLCP MHCP HCP Mean Linear Quadratic

Total protein, g/dL 6.3 6.2 6.1 6.1 0.11 0.330 0.080 0.924
Urea, mg/dL 13.3 b 16.3 ab 19.6 a 20.5 a 1.21 0.001 <0.001 0.917
Glucose, mg/dL 78.8 77.8 77.0 77.5 1.81 0.892 0.507 0.770
NEFA, mEq/L 0.47 a 0.37 b 0.34 b 0.36 b 0.024 0.002 <0.001 0.078
Albumin, mg/dL 3.4 3.5 3.5 3.5 0.06 0.871 0.425 0.856
Creatinine, mg/dL 1.4 1.3 1.2 1.2 0.08 0.457 0.126 0.884
Triglyceride, mg/dL 14.8 21.0 17.3 15.8 2.18 0.205 0.688 0.054
GOT, U/L 57.9 54.4 54.4 55.8 3.41 0.843 0.562 0.505
GPT, U/L 19.3 17.8 19.4 20.7 1.09 0.318 0.366 0.113
Cholesterol, mg/dL 323.6 a 277.6 ab 275.2 ab 235.9 b 19.30 0.020 0.003 0.803
Calcium, mg/dL 9.0 8.9 8.6 8.8 0.11 0.156 0.085 0.840
Phosphorus, mg/dL 6.4 7.0 6.7 6.7 0.18 0.135 0.239 0.056

1 NEFA, non-esterified fatty acid; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase.
2 LCP, low crude protein (12%); MLCP, middle-low crude protein (15.5%); MHCP, middle-high crude protein
(17.25%); HCP, high crude protein (19%). a–b Means that do not have common superscripts significantly differed
between the treatments (p < 0.05).

Table 6. Effects of dietary crude protein level in concentrate mix on methane emission.

Items 1
Treatment 2

SEM
p-Value

LCP MLCP MHCP HCP Mean Linear Quadratic

CH4 from eructation
CH4 ppm 161.8 ab 170.8 a 155.0 ab 126.3 b 13.10 0.043 0.063 0.045
CH4 ppm/kg of DMI 18.3 18.0 16.1 13.5 1.41 0.030 0.014 0.144
CH4 ppm/kg of FNDFI 104.9 a 104.9 a 82.5 ab 72.5 b 8.94 0.010 0.005 0.158
CH4 ppm/kg of NDFI 49.2 a 47.1 a 40.3 ab 33.7 b 3.72 0.007 0.002 0.163
CH4 ppm/kg of ADG 271.1 a 254.7 a 240.6 ab 179.3 b 21.53 0.015 0.008 0.111
CH4 from respiration
CH4 ppm 27.9 30.9 31.6 25.9 2.40 0.167 0.831 0.049
CH4 ppm/kg of DMI 3.2 3.3 3.3 2.7 0.25 0.213 0.324 0.124
CH4 ppm/kg of FNDFI 18.0 18.9 16.8 14.6 1.44 0.097 0.086 0.100
CH4 ppm/kg of NDFI 8.5 8.5 8.2 6.8 0.63 0.097 0.081 0.123
CH4 ppm/kg of ADG 46.7 ab 46.1 ab 48.9 a 36.6 b 3.48 0.035 0.118 0.067

Two steers whose forage intakes during the methane measurement period were unknown were excluded from
the analysis. 1 CH4, Methane; DMI, dry matter intake; FNDFI, forage neutral detergent fiber intake; NDFI,
neutral detergent fiber intake. 2 LCP, low crude protein (15%); MLCP, middle-low crude protein (18%); MHCP,
middle-high crude protein (19%); HCP, high crude protein (21%). a–b Means that do not have common superscripts
significantly differed between the treatments (p < 0.05).

It should be noted that terms referring to growth stages are different between studies
because the production systems for beef cattle differ depending on feed resource availability,
consumers’ needs in the market (e.g., high marbled beef), climate, geographical reason,
characteristics of breed (e.g., body frame), and genetics [20]. For example, in Korea, native
Hanwoo steers are typically slaughtered at around 30 months of age to produce high-
marbled beef. In this context, the growth stage from 7 to 14 months of age is commonly
referred to as the ‘growing phase’, 15 to 22 mo. as the ‘fattening phase’, and 23 to 30 mo.
as the ‘finishing phase’. In the present study, steers with an average BW of 504 kg in the
fattening phase are comparable with those in the finishing phase of feedlot systems in other
countries, including North and South America and Europe.

Studies have shown that increasing the CP level did not affect the feed intake in beef
cattle. Boonsaen et al. [21] reported no difference in the DMI when feedlot steers were fed
total mixed ratio (TMR) with 12 or 14% CP in a 120 d feeding trial, which is consistent
with the current study. Gleghorn et al. [4] also found that the DMI was not affected by
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a CP increase from 11.5 to 14.5% in concentrates in cross-bred feedlot steers. There are
limited studies on Hanwoo steers. Recently, Jeon et al. [22] reported that feeding with
22.2% CP concentrate did not affect the DMI compared with 19.5% in growing Hanwoo
steers. The intake response to the CP level may differ between growth stages. According
to Bailey et al. [23], increasing the concentrate CP from 11 to 14.0% did not affect the DMI
in the growing phase, but quadratically increased in the finishing phase. The authors
speculated that supplying ruminally degradable protein (RDP) in an 11% concentrate
CP diet in the finishing phase limited and reduced microbial efficiency, leading to intake
reduction [23]. Reduced feed intake has been reported in dairy cattle fed MP-deficient
diets [24]. However, all the treatments were formulated to meet the protein requirement in
the current study, which resulted in no difference in DMI.

Data about the effects of dietary CP level on weight gain in steers varied between
studies. A higher ADG was reported in finishing bulls fed 15.0% CP TMR compared with
13.5% in a 162 d feeding trial [25]. Because the feed conversion ratio (FCR) was similar
between treatments, the authors concluded that the positive result in the ADG for the
higher CP group was attributed to higher DMI compared with bulls fed lower CP TMR.
Similar results were found in a study with finishing steers by Archibeque et al. [26], where
the ADG and gain-to-feed ratio were improved by both the medium (11.8% CP) and high
(14.9% CP) groups compared with the low (9.1% CP) group. It was not discussed how
the medium and high groups increased the ADG and gain-to-feed ratio and whether the
9.1% CP diet met the MP requirement of the low group in that study. However, there was
a trend of increase in the DMI for the medium and high groups, which possibly led to
positive effects on the production data. These studies are partially in line with the results of
the current study since we observed a trend of increase in the ADG, but not for the DMI
or FCR. Similar results to the current study were found in a study by Bailey et al. [23],
who reported that increasing CP concentration (11, 12.5, and 14.0%) linearly increased the
ADG without effects on the DMI in growing cattle, including steers and heifers. In the
same study, however, responses to the CP levels were different in finishing cattle, that is,
the ADG was quadratically increased, along with a quadratic increase in the DMI [23].
Gleghorn et al. [4] also found a quadratic increase in the ADG but no effect on the DMI,
with increasing CP levels (11.5, 13.0, and 14.5%) in finishing steers, which is also consistent
with the results of the ADG and DMI in the current study. As previously mentioned, the
diets in the current study were formulated to meet the nutritional requirements according
to Korean feeding standards for Hanwoo steers targeting 900 g of ADG [14]. However, the
ADG in all the treatment groups was less than 900 g in the current study.

The ruminal pHs in the current study were comparable with the ones in a similar
study with Hanwoo steers [27]. A linear increase in the ruminal NH3-N concentration in
the current study is in agreement with other studies in beef cattle [5,28,29]. This indicates
that increasing the CP in concentrates up to 19% as-is in Hanwoo steers could result in
excessive ruminal NH3-N and increase the conversion into urea in the liver and excretion
of urea in urine. The effects of increasing the CP on ruminal VFA concentrations are not
consistent between studies. Some studies in beef and dairy cattle reported no effects of
increasing CP on ruminal VFA concentrations [28,30]. Chanthakhoun et al. [29] found
a linear increase in the propionate concentration with a concentrate CP range of 9.2 to
21.9% in buffaloes, which is inconsistent with the current study. Changes in the VFA
concentrations were probably due to content differences in carbohydrates in diets. The
NFC content numerically decreased with increasing CP in the current study, which likely
caused the linear decrease in the propionate concentration in the rumen. The linear increase
in butyrate in the present study was not in agreement with other studies. Oh et al. [27]
and Chen et al. [28] observed no effect of increasing CP on ruminal butyrate concentration.
Brandao and Faciola [31] also reported no relationship between dietary CP and ruminal
butyrate in a meta-analysis study using a dual-flow continuous culture system. It is likely
that the nutrient composition of diets in the current study might increase the butyrate
concentration in the rumen. Butyrate-producing bacteria, such as Butyrivibrio Spp., could be
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increased by the fiber amount, and the NDF amount was numerically higher in higher-CP
diets in the current study [32]. Valerate is one of the branched chain fatty acids, which are
by-products of the deamination of amino acids in the rumen [33]. It is possibly thought
that valerate was produced more in higher-CP diets, which is consistent with the NH3-N
results in the current study.

It has been reported that increasing CP levels enhanced the blood urea nitrogen
concentration in studies with beef cattle [5,29]. This is in agreement with the current
study, and it could be speculated that excessive ruminal NH3-N resulted in increased
urea concentration in blood. The concentrations of blood NEFA in the current study were
comparable with those in a study with Hanwoo steers [34]. It is unclear how increasing
CP decreased the blood NEFA in the current study. Bharanidharan et al. [35] found no
difference in the blood NEFA between two different dietary CP levels in Hanwoo steers.
Decreases in the blood cholesterol concentration with increasing dietary CP were also
found in other studies with growing calves and beef steers [9,36]. Park [36] demonstrated
that a higher protein diet increased lecithin cholesterol acyltransferase activity compared
with a lower protein diet, which relates to the cholesterol lipid distribution in the liver.

The effects of increasing (or decreasing) the CP concentration in the diet on enteric CH4
production in ruminants have been inconsistent between studies. Hynes et al. [7] found no
effect of increasing CP (14.1 to 18.1% DM) in diets on CH4 emissions in dairy cattle. Kidane
et al. [37] also reported that increasing dietary CP (13.0 to 17.5% DM) did not affect CH4
emissions in dairy cattle. However, Arndt et al. [6] observed quadratic increases in the
CH4 emissions (g/d) and emission yield (g/kg of DMI) with increasing dietary CP (16.6 to
18.0% DM) in different ratios of alfalfa silage to corn silage. In contrast, in a meta-analysis
study, dietary CP concentration had a negative relationship with the CH4 emission yield
(g/kg of DMI) in dairy cows [38]. This is in agreement with the current study’s findings
showing that increasing the CP content linearly decreased the CH4 concentration and CH4
concentration/kg DMI. One should carefully interpret these results because ruminal VFA
concentrations (decrease in the propionate and increase in the butyrate) in the current study
were not supportive of the CH4 data. It is unclear how the ruminal CH4 concentration was
negatively affected by the CP content in the present study. Possibly, higher inclusion of
distiller’s grains with solubles (DDGS) might decrease the CH4 concentration, similar to
other studies in dairy and beef cattle [39–41]. It is known that DDGS contains a relatively
high PUFA concentration [42], and unsaturated fatty acids have a negative effect on CH4
formation by eliminating hydrogens in the rumen. However, the fatty acid composition in
diets was not analyzed in the current study.

4. Conclusions

In conclusion, increasing the dietary CP up to 21% as-is in concentrates had a tendency
of linear increase in the ADG with no effect on the DMI in Hanwoo fattening steers. In
addition, the treatments modified ruminal fermentation by decreasing the propionate
concentration and increasing the butyrate concentration. The enteric CH4 concentration
from eructation also tended to decrease when increasing the CP in the current study.

Author Contributions: Conceptualization, S.S.; methodology, J.O., H.C. and S.S.; software, H.C.
and S.S.; validation, S.S.; formal analysis, J.O., H.C., S.J. (Sinyong Jeong), K.K., M.L., S.J. (Seoyoung
Jeon), H.K. and S.S.; investigation, H.C., S.J. (Sinyong Jeong), K.K., M.L., S.J. (Seoyoung Jeon) and
H.K.; resources, J.O.; data curation, J.O., H.C., S.J. (Sinyong Jeong), K.K., M.L., S.J. (Seoyoung Jeon),
H.K. and S.S.; writing—original draft preparation, J.O. and H.C.; writing—review and editing, S.S.;
visualization, H.C.; supervision, J.O. and S.S.; project administration, S.S.; funding acquisition, S.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Korea Institute of Planning and Evaluation for Technol-
ogy in Food, Agriculture, and Forestry (project No. 321080-3), funded by the Ministry of Agriculture,
Food and Rural Affairs, Republic of Korea.



Animals 2024, 14, 469 10 of 11

Institutional Review Board Statement: The experiment was reviewed and pre-approved by the
Chungnam National University Animal Research Ethics Committee (202203A-CNU-057).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and confidentiality.

Conflicts of Interest: Joonpyo Oh is an employee of Cargill Animal Nutrition Korea. This paper
reflects the views of the scientists and not the company. The remaining authors declare that the
research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References
1. Galyean, M. Protein levels in beef cattle finishing diets: Industry application, university research, and systems results. J. Anim.

Sci. 1996, 74, 2860–2870. [CrossRef]
2. Archibeque, S.; Freetly, H.; Cole, N.; Ferrell, C. The influence of oscillating dietary protein concentrations on finishing cattle. II.

Nutrient retention and ammonia emissions. J. Anim. Sci. 2007, 85, 1496–1503. [CrossRef]
3. Jennings, J.S.; Meyer, B.E.; Guiroy, P.J.; Cole, N.A. Energy costs of feeding excess protein from corn-based by-products to finishing

cattle. J. Anim. Sci. 2018, 96, 653–669. [CrossRef]
4. Gleghorn, J.; Elam, N.; Galyean, M.; Duff, G.; Cole, N.; Rivera, J. Effects of crude protein concentration and degradability on

performance, carcass characteristics, and serum urea nitrogen concentrations in finishing beef steers. J. Anim. Sci. 2004, 82,
2705–2717. [CrossRef]

5. Xia, C.; Rahman, M.A.U.; Yang, H.; Shao, T.; Qiu, Q.; Su, H.; Cao, B. Effect of increased dietary crude protein levels on production
performance, nitrogen utilisation, blood metabolites and ruminal fermentation of Holstein bulls. Asian Australas J. Anim. Sci.
2018, 31, 1643. [CrossRef]

6. Arndt, C.; Powell, J.; Aguerre, M.J.; Wattiaux, M.A. Performance, digestion, nitrogen balance, and emission of manure ammonia,
enteric methane, and carbon dioxide in lactating cows fed diets with varying alfalfa silage-to-corn silage ratios. J. Dairy Sci. 2015,
98, 418–430. [CrossRef]

7. Hynes, D.N.; Stergiadis, S.; Gordon, A.; Yan, T. Effects of concentrate crude protein content on nutrient digestibility, energy
utilization, and methane emissions in lactating dairy cows fed fresh-cut perennial grass. J. Dairy Sci. 2016, 99, 8858–8866.
[CrossRef]

8. Jeong, J.; Seong, N.-I.; Hwang, I.-K.; Lee, S.-B.; Yu, M.-S.; Nam, I.-S.; Lee, M.-I. Effects of level of CP and TDN in the concentrate
supplement on growth performances and carcass characteristics in Hanwoo steers during final fattening period. J. Anim. Sci.
Technol. 2010, 52, 305–312. [CrossRef]

9. Lee, Y.H.; Ahmadi, F.; Lee, M.; Oh, Y.-K.; Kwak, W.S. Effect of crude protein content and undegraded intake protein level on
productivity, blood metabolites, carcass characteristics, and production economics of Hanwoo steers. Asian Australas. J. Anim. Sci.
2020, 33, 1599. [CrossRef]

10. Jeon, S.; Lee, M.; Seo, J.; Kim, J.-H.; Kam, D.-K.; Seo, S. High-level dietary crude protein decreased backfat thickness and increased
carcass yield score in finishing Hanwoo beef cattle (Bos taurus coreanae). J. Anim. Sci. Technol. 2021, 63, 1064. [CrossRef]

11. Chung, K.Y.; Lee, S.H.; Cho, S.H.; Kwon, E.G.; Lee, J.H. Current situation and future prospects for beef production in South
Korea—A review. Asian Australas J. Anim. Sci. 2018, 31, 951. [CrossRef]

12. KAPE. 2022 Animal Products Grading Statistical Yearbook; Korea Institute for Animal Products Quality Evaluation: Sejong, Republic
of Korea, 2023.

13. Seo, S.; Jeon, S.; Ha, J.K. Guidelines for experimental design and statistical analyses in animal studies submitted for publication in
the Asian-Australasian Journal of Animal Sciences. Asian Australas J. Anim. Sci. 2018, 31, 1381. [CrossRef]

14. NIAS. Korean Feeding Standard for Hanwoo, 3rd ed.; National Institute of Animal Science in Rural Development Administration:
Jeonju, Republic of Korea, 2017.

15. Lee, M.; Jeong, S.; Seo, J.; Seo, S. Changes in the ruminal fermentation and bacterial community structure by a sudden change to a
high-concentrate diet in Korean domestic ruminants. Asian Australas J. Anim. Sci. 2019, 32, 92. [CrossRef]

16. Kang, K.; Cho, H.; Jeong, S.; Jeon, S.; Lee, M.; Lee, S.; Baek, Y.; Oh, J.; Seo, S. Application of a hand-held laser methane detector for
measuring enteric methane emissions from cattle in intensive farming. J. Anim. Sci. 2022, 100, skac211. [CrossRef]

17. Jeon, S.; Sohn, K.-N.; Seo, S. Evaluation of feed value of a by-product of pickled radish for ruminants: Analyses of nutrient
composition, storage stability, and in vitro ruminal fermentation. J. Anim. Sci. Technol. 2016, 58, 34. [CrossRef]

18. Cho, H.; Jeong, S.; Kang, K.; Lee, M.; Jeon, S.; Kang, H.; Kim, H.; Seo, J.; Oh, J.; Seo, S. Effects of Dietary Fat Level of Concentrate
Mix on Growth Performance, Rumen Characteristics, Digestibility, Blood Metabolites, and Methane Emission in Growing Hanwoo
Steers. Animals 2023, 14, 139. [CrossRef]

19. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020.
20. Smith, S.B.; Gotoh, T.; Greenwood, P.L. Current situation and future prospects for global beef production: Overview of special

issue. Asian Australas J. Anim. Sci. 2018, 31, 927. [CrossRef]

https://doi.org/10.2527/1996.74112860x
https://doi.org/10.2527/jas.2006-208
https://doi.org/10.1093/jas/sky021
https://doi.org/10.2527/2004.8292705x
https://doi.org/10.5713/ajas.18.0125
https://doi.org/10.3168/jds.2014-8298
https://doi.org/10.3168/jds.2016-11509
https://doi.org/10.5187/JAST.2010.52.4.305
https://doi.org/10.5713/ajas.19.0822
https://doi.org/10.5187/jast.2021.e96
https://doi.org/10.5713/ajas.18.0187
https://doi.org/10.5713/ajas.18.0468
https://doi.org/10.5713/ajas.18.0262
https://doi.org/10.1093/jas/skac211
https://doi.org/10.1186/s40781-016-0117-1
https://doi.org/10.3390/ani14010139
https://doi.org/10.5713/ajas.18.0405


Animals 2024, 14, 469 11 of 11

21. Boonsaen, P.; Soe, N.W.; Maitreejet, W.; Majarune, S.; Reungprim, T.; Sawanon, S. Effects of protein levels and energy sources in
total mixed ration on feedlot performance and carcass quality of Kamphaeng Saen steers. Agric. Nat. Resour. 2017, 51, 57–61.
[CrossRef]

22. Jeon, S.; Cho, H.; Kang, H.; Kang, K.; Lee, M.; Park, E.; Hong, S.; Seo, S. Effects of the crude protein concentration on the growth
performance and blood parameters in growing Hanwoo steers (Bos taurus coreanae). Korean J. Agric. Sci. 2021, 48, 975–985.
[CrossRef]

23. Bailey, C.; Duff, G.; Sanders, S.; Treichel, J.; Baumgard, L.; Marchello, J.; Schafer, D.; McMurphy, C. Effects of increasing crude
protein concentrations on performance and carcass characteristics of growing and finishing steers and heifers. Anim. Feed Sci.
Technol. 2008, 142, 111–120. [CrossRef]

24. Giallongo, F.; Harper, M.; Oh, J.; Lopes, J.; Lapierre, H.; Patton, R.; Parys, C.; Shinzato, I.; Hristov, A. Effects of rumen-protected
methionine, lysine, and histidine on lactation performance of dairy cows. J. Dairy Sci. 2016, 99, 4437–4452. [CrossRef]

25. Cortese, M.; Segato, S.; Andrighetto, I.; Ughelini, N.; Chinello, M.; Schiavon, E.; Marchesini, G. The effects of decreasing dietary
crude protein on the growth performance, feed efficiency and meat quality of finishing charolais bulls. Animals 2019, 9, 906.
[CrossRef]

26. Archibeque, S.; Miller, D.; Freetly, H.; Berry, E.; Ferrell, C. The influence of oscillating dietary protein concentrations on finishing
cattle. I. Feedlot performance and odorous compound production. J. Anim. Sci. 2007, 85, 1487–1495. [CrossRef]

27. Oh, Y.-K.; Kim, J.-H.; Kim, K.-H.; Choi, C.-W.; Kang, S.-W.; Nam, I.-S.; Kim, D.-H.; Song, M.-K.; Kim, C.-W.; Park, K.-K. Effects
of level and degradability of dietary protein on ruminal fermentation and concentrations of soluble non-ammonia nitrogen in
ruminal and omasal digesta of Hanwoo steers. Asian Australas J. Anim. Sci. 2008, 21, 392–403. [CrossRef]

28. Chen, S.; Paengkoum, P.; Xia, X.; Na-Lumpang, P. Effects of dietary protein on ruminal fermentation, nitrogen utilization and
crude protein maintenance in growing Thai-indigenous beef cattle fed rice straw as roughage. J. Anim. Vet. Adv. 2010, 9, 2396–2400.
[CrossRef]

29. Chanthakhoun, V.; Wanapat, M.; Berg, J. Level of crude protein in concentrate supplements influenced rumen characteristics,
microbial protein synthesis and digestibility in swamp buffaloes (Bubalus bubalis). Livest. Sci. 2012, 144, 197–204. [CrossRef]

30. Norrapoke, T.; Wanapat, M.; Wanapat, S. Effects of protein level and mangosteen peel pellets (Mago-pel) in concentrate diets on
rumen fermentation and milk production in lactating dairy crossbreds. Asian Australas J. Anim. Sci. 2012, 25, 971. [CrossRef]

31. Brandao, V.L.; Faciola, A.P. Unveiling the relationships between diet composition and fermentation parameters response in
dual-flow continuous culture system: A meta-analytical approach. Transl. Anim. Sci. 2019, 3, 1064–1075. [CrossRef]
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