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Effect of the inclusion of rumen-
protected amino acids in the diet
of growing beef cattle on animal
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de Ingenieria Agrondmica, Alimentaria y de Biosistemas (ETSIAAB), Universidad Politécnica de Madrid
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Introduction: This study investigated the impact of rumen-protected amino
acids on beef cattle's growth, fattening performance, and meat quality.

Methods: Two groups of 40 Montbeliard steers (237.8 + 30 kg body weight) were
housed separately and fed, with mono-tunnel feeders, either a control diet
(CON) or a diet containing rumen-protected lysine and methionine with 3% less
crude protein (APR). Feed consumption and weight were tracked in all animals,
and meat quality analysis focused on the longissimus muscle, with 10 steers
randomly selected from each treatment.

Results and discussion: Results for overall performance revealed no significant
differences in body weight, average daily gain (ADG), and concentrate conversion
ratio between the CON and APR diets (p > 0.05). However, during the final 90 days
of the trial, the APR group showed significantly higher ADG (p < 0.05) than the
CON group, while the concentrate conversion ratio was significantly higher (p <
0.05) in the CON group compared to the APR group. The hot carcass weight,
dressing percentage, and carcass conformation did not differ significantly
between the CON and APR diets (p > 0.05). There was a slight tendency (p =
0.06) for higher fatness score in the CON group. Regarding meat composition, the
diet did not significantly affect proximate composition, but a tendency (p = 0.059)
for higher crude protein content in APR cattle’'s meat compared to the CON group
was observed. The APR meat showed slightly lower levels of C17:1 (0.56% vs.
0.72%) and C18:1n9 (31.7% vs. 34%). There was a tendency for C14:0 to be lower
(P = 0.07), and for C16:0, C18:2 and polyunsaturated fatty acids (PUFA) to be
greater in meat from cattle fed APR compared to CON. However, meat quality
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attributes like pH, water-holding capacity, color, and texture were similar in both
CON and APR groups (p > 0.05). The findings indicate that utilizing rumen-protected
amino acids enables formulating diets with reduced crude protein levels while
enhancing nitrogen utilization efficiency for protein synthesis in intensively reared
steers. Importantly, these dietary improvements do not adversely affect meat quality.

KEYWORDS

rumen-protected amino acids, rumen-protected methionine, rumen-protected lysine,
steer, beef cattle, meat quality

1 Introduction

Ruminant nutrition is influenced by various factors, such as
protein quality, fiber content, feed type, rumen microorganisms,
digestion, animal welfare, species, life stage, climate, and nutrient
source (NRC, 2001). Among these, the quality of protein is more
crucial than the quantity of protein for the growth, production, and
reproduction of ruminants. The inefficient breakdown of high-
protein diets in the rumen can lead to excess nitrogen release into
the environment, contributing to the production of gases such as
nitrous oxide, nitric oxide, nitrate, and ammonia, which pose
environmental concerns (Abbasi et al., 2018). In cattle finishing
diets, approximately 10% to 20% of the ingested nitrogen is stored
in the animal’s tissues, while a significant portion of 30% to 50% is
eliminated through feces. The majority of the remaining 40% to
70% of ingested nitrogen is excreted through urine (Cole and Todd,
2009). The Sustainable Development Goals (SDGs), set by the
United Nations in 2015, emphasize the need to address poverty,
hunger, and environmental preservation. Livestock farming is
pivotal for addressing poverty and hunger (SDG 1 and SDG 2),
but it must also align with goals focused on environmental
preservation and ecosystem protection (SDG 13 and SDG 15) to
ensure sustainable growth in the sector (Wanapat et al, 2015).
Reducing crude protein (CP) in ruminants’ rations while
maintaining animal performance could be a strategy to reduce
nitrogen excretion and feed costs. In fact, dietary protein is the most
important on-farm variable that can be controlled relatively easily
with a significant effect on ammonia emissions (Agle et al., 2010). In
dairy cows, Broderick (2003) observed that as dietary CP increased,
there were linear increases in milk urea and urinary nitrogen (N)
excretion, accompanied by linear decreases in nitrogen efficiency.
Specifically, increasing CP from 15.1% to 18.4% resulted in a
reduction in milk nitrogen from 31% to 25% of dietary nitrogen,
an increase in urinary nitrogen from 23% to 35% of dietary
nitrogen, and a decrease in fecal nitrogen from 45% to 41% of
dietary nitrogen. In beef cattle, Todd et al. (2006) estimated that
there would be an annual reduction in daily ammonia flux of 28% if
CP was reduced from 13% to 11.5% in cattle diets.

The efficiency of metabolizable protein (MP) utilization in
ruminants depends on the amino acid (AA) profile, as an
inadequacy in any specific AA can restrict the use of others, even
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if they are present in sufficient quantities (Cole and Van Lunen,
1994; Klemesrud et al., 2000a). When certain AAs are lacking or
imbalanced in the diet, the ruminant’s capacity to utilize MP is
reduced, leading to decreased growth performance and overall
productivity (Harper et al, 1964). Although the limitation of
methionine (Met) and lysine (Lys) as the primary AAs in dairy
cattle is widely acknowledged and documented (Sinclair et al., 2014;
Abbasi et al., 2018), limited information is available for beef cattle.
In diets with large proportions of corn, Lys is the first limiting AA
for growing beef cattle because corn is low in Lys (Klemesrud et al.,
2000a) but not in cattle fed diets containing soybean meal (Hussein
and Berger, 1995). Therefore, ensuring that ruminant diets contain
an optimal balance of AAs is crucial to promote efficient protein
synthesis and maximize growth and productivity. This can be
achieved through meticulous dietary management and the
incorporation of rumen-protected AAs (RP-AAs) to supplement
specific AAs as needed. RP-AAs have the advantage of bypassing
the rumen and being absorbed directly in the small intestine,
preventing degradation by rumen microbes and increasing their
availability for absorption and utilization by the animal. However,
there have been relatively few studies evaluating the effects of RP-
AA supplementation in growing beef cattle, particularly in
feeding systems involving cereal concentrates and ad libitum
straw, with different results. Recently, Montaiio et al. (2019)
reported that supplementation with rumen-protected Met and Lys
enhanced average daily gain (ADG) and gain efficiency during the
early growing phase in Holstein calves. However, Barido et al.
(2020) found that supplementation with Met and Lys had no effect
on growth performance and carcass weight and yield in Hanwoo
steers. Therefore, more research in this area is needed to better
understand the benefits and applications of RP-AAs in beef
cattle nutrition.

Building on previously published information, this study was
conceived with the hypothesis that integrating protected AAs into a
diet for beef cattle with reduced protein levels could potentially yield
equivalent growth and meat quality to a diet with standard protein
levels. The primary objective of this study was to evaluate the
impact of incorporating RP-AAs into a diet with a 3% reduction in
CP while increasing the levels of digestible Met and Lys. The study
aimed to assess the effects on the growth and fattening performance
of beef cattle, along with meat composition and quality.
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2 Materials and methods
2.1 Animals and experimental diets

Forty Montbéliard steers, all the same age (158.6 days + 11.9
days) and with an average body weight (BW) of 237.8 kg + 30 kg,
were split into two uniform groups and placed in separate housing.
Each housing unit was equipped with a feeding system that allowed
for the monitoring of weight and feed consumption of individual
calves. To achieve this, each calf was uniquely identified using an
electronic ear tag (transponder). The feeding unit was equipped
with a radiofrequency identification (RFID) antenna, which
detected the calf every time it approached to eat. This technology
records data on feed consumption and calves’ weight each time they
use the feeding unit. Consequently, although the calves were
grouped homogeneously, the records for feed consumption and
live weight were maintained for each calf. Each pen, which was
naturally ventilated and fully covered, measured 7.0 m x 25.0 m,
providing 8.75 m? per calf. The pen included a mono-tunnel feeder
featuring an automatic weighing scale for the animals and a 70-cm-
long feed hopper with a 100-kg capacity. The pen was supplied with
feed from a metal silo positioned above the hopper. In addition,
there was a 15-m-long straw feeder and two 1.0-m-long constant-
level drinkers in each enclosure. Twenty calves were randomly
placed in each paddock and subjected to an experimental treatment.
Ethics approval was not required for this study involving animals, as
it complied with local legislation and institutional requirements.
The study did not involve invasive procedures on the animals, and it
was conducted on production animals.

The trial involved testing two diets: a control diet (CON) and a
diet with 3% less CP containing RP-Lys LysiGEMTM and RP-Met
KESSENT® MF Arome Dry (Kemin Animal Nutrition and Health,
Belgium) (APR). Both diets had the same energy content (1.04 meat
forage units; INRA, 2007), but they differed in CP content [13.3% in
CON vs. 10.3% in APR; 9.4% of protein digestible in the intestine
(PDI) in CON vs. 7.6% of PDI in APR, according to INRA (2007)].
The metabolizable Lys (LysDI) and metabolizable Met (MetDI)
values were 5.7% and 1.7% of protein digestible in the intestine with
energy limitation (PDIE) in CON (with a Lys-to-Met ratio of 3.35)
and 6.0% and 2.6% PDIE in APR (with a Lys-to-Met ratio of 2.31),
respectively. Both diets were evaluated using the Cornell Net
Carbohydrate and Protein System (CNCPS) model (version 6.55),
resulting in percentages of Lys and Met in MP of 6.1% and 2.2%,
respectively, in CON (with a Lys-to-Met ratio of 2.78) and 6.9% and
2.7% in APR (with a Lys-to-Met ratio of 2.5). To determine the
chemical composition of experimental diets, six samples were taken
and analyzed for dry matter (DM), CP, ether extract, crude fiber,
and ash using near-infrared spectroscopy (DS2500F; FOSS
Barcelona, Spain), with a wavelength range of 850 nm to 2,500
nm. The ingredients and the chemical composition of the diets are
shown in Table 1.

Throughout the 202-day trial, the animals were provided with
unrestricted access to high-quality water and straw. After a 15-day
adaptation period to the experimental diets, the weights (kg) and
daily feed consumption (kg FM/day) for each calf were recorded
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TABLE 1 Ingredients and chemical composition of the experimental
diets.

Experimental diet

CON APR

Ingredients (g/kg FM)

Corn grain 600.0 602.1
Corn DDGs 100.0 144.8
Wheat bran 80.0 50.0
Soybean meal 75.0 -
Wet ensiled corn 50.0 50.0
Soybean hull 37.9 91.0
Palm oil 17.1 18.3
Sugarcane molasses 10.0 15.0
Urea 3.9 -
Calcium carbonate 13.6 13.0
Sodium bicarbonate 6.5 6.5
Sodium chloride 4.0 4.0
Vitamin-mineral premix 2.0 2.0
RP-Lys' - 1.8
RP-Met” - 15
Chemical composition (g/kg FM)

Dry matter 888.0 + 7.9 883.3 + 6.4
Crude protein 129.57 + 5.4 104.8 + 5.4
Ether extract 50.71 £ 4.0 575+ 4.0
Crude fiber 4929 +29 61.5+29
Ash 4797 + 2.6 421 +£2.6
UFV® 1.04 1.04

CON, control diet; APR, diet supplemented with protected amino acids; FM, fresh matter;
DDGs, distiller’s dried grains with solubles; Lys, lysine; UFV, feed unit for maintenance and
meat production.

'RP-Lys LysiGEM™ (Kemin Animal Nutrition and Health, Belgium).

*RP-Met KESSENT® MF Arome Dry (Kemin Animal Nutrition and Health, Belgium).
*Estimated from INRA (2007).

daily through software linked to the feeding unit. Once the
concentrate intake and growth rate for each calf were determined,
their concentrate conversion ratio (concentrate intake/growth rate)
was calculated. The average daily gain, concentrate intake, and
concentrate conversion ratio were computed for three distinct
periods: days 0 to 112 (period 1), days 113 to slaughter (period
2), and days 0 to slaughter (overall).

2.2 Slaughter measurement and sampling
At the end of the trial, all 40 study calves were transported to a

commercial slaughterhouse, located 332 km away in the province of
Valencia (Spain), for processing. Hot carcass weight (HCW) was
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determined immediately after evisceration. Carcasses’ dressing
percentage was calculated as the hot carcass weight divided by
their live weight 24 h before slaughter.

The carcasses were then assessed for conformation and fatness,
following the EUROP classification system. The conformation score
ranged from 15 (indicating very good conformation) to 1 (indicating
very bad conformation), with corresponding EUROP grades such as
E+ E, E-, U+, U, U=, R+, R, R—, O+, O, O—, P+, P, and P-. The
fatness score was evaluated on a scale of 1 to 15, with 1 indicating very
low fat and 15 indicating very high fat. There was also a 15-point
classification, with the equivalence of the scale as follows: 1-, 1, 1+, 2
-, 2,2+, 3-, 3, 3+, 4—, 4, 4+, 5—, 5, and 5+ (Piedrafita et al., 2003). For
the meat quality and composition analysis, 10 steers from each
treatment were randomly selected. After chilling the carcasses at 2°
C for 24 h, the sixth rib on the left side of the carcass was dissected, as
described by Prado et al. (2014), ensuring a minimum thickness of 2.5
cm. The longissimus muscle was then separated, placed in aluminum
bags, vacuum packaged, and frozen at —21°C until analysis. The
samples of the longissimus muscle were freeze-dried using LyoQuest
—55 (Telstar, Barcelona, Spain), to determine their proximate, fatty
acid, and AA compositions.

Before conducting the meat quality analysis, the samples were
thawed at 4°C for 24 h within their bags.

2.3 Meat composition

For the proximate composition, moisture content (AOAC
950.46 method), protein (AOAC 992.15 method), fat (AOAC
960.39 method), and ash (AOAC 920.153 method) were analyzed
using official methods from the Association of Official Agricultural
Chemists (AOAC; AOAC, 2007).

For the analysis of fatty acids, meat samples were converted into
fatty acid methyl esters (FAMES) following the procedure described
by Lee et al. (2012). The FAMES were then analyzed using a gas
chromatograph (Varian CP-3800; Agilent, USA) equipped with a
flame ionization detector and a SP-2560 column (Supelco,
Bellefonte, PA, USA). During the analysis, 1.0 puL of the sample
was injected in split mode at a 1 : 30 split ratio. The detector and
injector oven temperatures were set at 260°C. The oven temperature
profile started at 140°C for 5 min and was increased by 4°C per min
up to 240°C, and then rapidly increased by 20°C in 1 min up to
260°C, where it was held for 15 min. The identification of FAMES
was achieved by comparing them with a standard FAME mixture
(Supelco® 37-component FAME Mix; Sigma Aldrich). The results
were expressed as a percentage of the total identified FAMES.

The AAs in muscle were analyzed by the Instrumental Techniques
Laboratory of the University of Valladolid (UVA, Valladolid, Spain),
according to the method proposed by Greene et al. (2009). The samples
were hydrolyzed with a microwave in an acid medium (6 N HCI) and an
inert atmosphere. Next, the acid medium was removed with a stream of
N,. It was redissolved in 0.1 N HCl and filtered through a 0.22-um nylon
membrane into the high-pressure liquid chromatography (HPLC) vials.
The AA profile was determined using a Zorbax Eclipse Plus AAA
column (Agilent, USA) and UV detector with HPLC (1260 Infinity II;
Agilent, USA). The results were expressed in mg/g of dry matter.
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2.4 Meat quality parameters

The meat’s pH was measured using a Hanna Instruments HI-
9025 pH meter (Hanna Instruments S.L., Spain). The calibration
was previously carried out with buffers with pH values of 7.0 and
4.0, protected from light, and stored at a low temperature.

Water-holding capacity (WHC) was determined through
centrifugation according to Bouton et al. (1971) with
modifications. In brief, a 0.3-g sample of the meat was
centrifuged at 10,000 rpm for 10 min using centrifugal tubes with
an acetate filter (0.2 um). Two replicates were performed for each
sample. The amount of water expelled was determined by weighing
the sample before and after centrifugation.

The color coordinates of the longissimus muscle were expressed
using the CIELAB system (Commission Internationale de
I'’Eclairage). The measurements of L* (lightness), a* (redness
index), and b* (yellowness index) were obtained with a Minolta
CM 2600d reflectometer-colorimeter (I.T.A. Aquateknica, SA,
Valencia, Spain) using the following settings: the illuminant D65
and a visual angle of 10°. The chroma [C* = V(@% + b%)] and hue [h* =
arctan (b*/a*)] were calculated using the values of a* (ranging from
green to red) and b* (ranging from blue to yellow), respectively.

The meat samples were subjected to texture analysis after being
cooked in a water bath until their internal temperature reached
70°C. The analysis was conducted using a TA-XT2 Texture
Analyser® (Stable Micro Systems, Surrey, UK) equipped with a
Warner-Brizler device (with a 25-kg load cell and a 2 mm/s
crosshead speed). Prisms with a 1 cm X 1 cm cross-section were
cut parallel to the muscle fiber direction, and at least eight prisms
were used for each sample. The measured parameters included
maximum shear force (kg/ cm?), shear firmness (kg/s cm?), and total
area, as defined as the total work performed to cut the sample or the
area under the curve (toughness, kg/s cm?).

2.5 Statistical analysis

The statistical analysis was conducted using SAS software (SAS
version 9.0; SAS Institute (2002) Inc., Cary, NC, USA) considering an
individual calf as an experimental unit. Prior to the analysis, the
normality and homogeneity of variance were assessed for all variables
using the Shapiro-Wilk test and the Bartlett test, respectively. Once it
was validated that all variables complied with the criteria for an
ANOVA, the data were then analyzed using a one-way ANOVA,
with diet as a fixed factor. The significant differences were established
with p-value < 0.05. Values of p < 0.1 were discussed as trends.

3 Results

3.1 Animal performance and carcass
characteristics

There were no significant differences observed in the body

weight and concentrate intake between diets (p > 0.10; Table 2).
In addition, the treatments did not affect (p > 0.10) the ADG during
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TABLE 2 Animal performance and carcass characteristics from the cattle fed the control diet (CON) and the diet supplemented with protected amino

acids (APR).
CON APR SEM p-value
Body weight (kg)
Day 0 239.2 236.4 6.880 0.776
Day 112 4422 434.6 8.579 0.536
Day 202 562.1 574.0 9.536 0.381
Average daily gain (kg/d)
Days 0 to 112 1.8 1.7 0.047 0.537
Days 112 to 202 1.3 1.5 0.059 0.012
Days 0 to 202 1.6 1.6 0.035 0.143
Concentrate intake (kg/d)
Days 0 to 112 8.3 8.4 0.199 0.791
Days 112 to 202 10.0 9.9 0.196 0.790
Days 0 to 202 9.1 9.1 0.175 0.984
Concentrate conversion ratio (kg/kg)
Days 0 to 112 46 4.7 0.159 0.606
Days 112 to 202 7.8 6.5 0.293 0.004
Days 0 to 202 5.6 5.4 0.118 0.114
Carcass characteristics
Hot carcass weight (kg) 304.2 308.4 5.557 0.602
Dressing percentage (%) 54.1 537 0.428 0.475
Conformation score’ 6.5 6.8 0.192 0.156
Fatness score’ 6.3 5.6 0.270 0.067

SEM, standard error of the mean.
'Measured with a 15-point scale (1: very poor conformation; 15: very good conformation).
*Measured with a 15-point scale (1: very low fat; 15: very high fat).

the first period, from 0 days to 112 days, or overall (0-202 days).
However, animals fed the APR diet had a greater ADG than those
fed the CON diet from 112 to 202 days (1.55 kg/day vs. 1.33 kg/day;
p <0.05). Likewise, the concentrate conversion ratio was similar for
both diets (CON and APR) from 0 days to 112 days and overall. In
contrast, from days 112 to 202, cattle fed the CON diet had a higher
conversion ratio than those fed the APR diet (7.80 kg/kg vs. 6.53 kg/
kg; p < 0.05).

The hot carcass weight, dressing percentage, and carcass
conformation showed no significant difference between the CON

and APR diets (p > 0.05; Table 2). However, there was a tendency
(p = 0.06) for the fatness score to be slightly higher in the CON
group than in the APR group (6.30 vs. 5.58).

3.2 Meat composition

Table 3 shows the proximate composition of meat from cattle
fed the control diet (CON) and the diet supplemented with
protected AAs (APR). There was a trend (p = 0.059) for CP

TABLE 3 Proximate composition of meat from the cattle fed the control diet (CON) or the diet supplemented with protected amino acids (APR).

CON APR SEM p-value
Moisture (%) 74.6 74.5 0334 0912
Protein (%) 16.8 18.6 0.641 0.059
Fat (%) 5.54 431 0.624 0.182
Ash (%) 3.61 3.95 0211 0.265

SEM, standard error of the mean.
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content, with higher protein content in the meat of APR cattle than
CON cattle (18.6% vs. 16.8%). No differences were observed (p >
0.10) for the other meat proximate composition parameters
(moisture, fat, and ash).

The cattle fed the APR diet, supplemented with Met and Lys,
produced meat with lower levels of C17:1 (0.56% vs. 0.72%; p =
0.04) and C18:1n9 (31.7% vs. 34%; p = 0.04) (see Table 4) and a
higher concentration of C18:1t11 (8.95% vs. 7.77%; p = 0.04) than
cattle on the CON diet. Furthermore, the meat from animals fed the
APR diet showed a tendency toward lower levels of C14:0 (p = 0.07)
and higher levels of C16:0 (p = 0.08), C17:0 (p = 0.07), C18:2 n6¢c
(p = 0.08), and PUFAs (p = 0.06) than cattle on the CON diet.
However, the diet did not have a significant impact (p > 0.10) on the
total levels of saturated fatty acids (SFAs) and monounsaturated
fatty acids (MUFAs).

Table 5 displays the AA profiles of the longissimus, and no
significant differences (p > 0.05) were observed in both essential and
non-essential AAs between the CON and APR diets. Specifically,
the Lys content of the meat of the CON cattle was 71.20 mg/g and
70.30 mg/g in the APR cattle. Similarly, the met content in the
longissimus was 17.88 mg/g for the CON diet and 17.79 mg/g for the
APR diet.

TABLE 4 Fatty acid composition (%) of meat from the cattle fed the
control diet (CON) or the diet supplemented with protected amino acids
(APR).

10.3389/fanim.2023.1269775

3.3 Meat quality

The diet did not affect pH values (p > 0.05), with a mean pH of
5.60 (Table 6). Similarly, the percentage of expelled juice was similar
in meat from CON and APR cattle. The color parameters were not
affected by diet, with similar L*, a*, and b* values for CON and APR
meat. In relation to texture parameters, meat from CON and APR
cattle had similar tenderness, with no differences between groups (p
> 0.05) in shear force, total area, or shear firmness.

4 Discussion

The greater ADG in the 90 days of the trial for animals fed the
APR diet could be explained by the better utilization of the N
provided in the APR diet in the fattening phase, when less growth
occurs, which leads to a lower energetic cost of eliminating the N
that is not used by the animal. As cattle increase in body weight and
level of fatness, the rate of protein deposition decreases, leading to a
reduction in their MP requirements (Teixeira et al., 2019). Logically,
future research work is required to explain the better performance
in animals fed less CP. Similar findings were reported by Prado et al.
(2014), who observed no significant differences in animal

TABLE 5 Amino acid profiles (mg/g) of meat from the cattle fed the
control diet (CON) and the diet supplemented with protected amino
acids (APR).

CON APR SEM p-value
C14:0 2.57 2.34 0.080 0.065 CON APR SEM p-value
C14:1 0.32 0.35 0.046 0.688 EAAs
C15:0 0.46 0.45 0.033 0.804 Isoleucine 22.80 22.56 1215 0.890
C16:0 24.8 256 0.301 0.079 Leucine 50.61 51.52 2.006 0.752
C16:1 2.18 1.98 0.105 0.193 Lysine 71.20 70.30 2.943 0.830
C17:0 1.28 1.15 0.045 0.067 Methionine 17.88 17.79 0.707 0.926
C17:1 0.72 0.56 0.041 0.037 Phenylalanine 25.83 24.63 0.986 0.400
C18:0 19.5 194 0.551 0.859 Threonine 27.99 27.82 1.095 0.912
C18:1t11 7.77 8.95 0.384 0.043 Valine 24.81 24.28 1.029 0.723
C18:1n9¢ 34.0 317 0.712 0.036 Tryptophan 4.28 4.20 0.335 0.878
C18:2 n6t 0.13 0.18 0.028 0.245 NEAAs
C18:2 néc¢ 5.16 6.08 0.348 0.079 Arginine 46.74 47.00 2.037 0.926
C20:1 0.10 0.11 0.029 0.904 Alanine 40.20 40.14 1.451 0.978
C18:3n3 0.08 0.14 0.029 0.202 Aspartic acid 70.44 70.12 2.475 0.926
C21:0 0.19 0.23 0.030 0.301 Glutamic acid 108.13 107.37 4205 0.900
C20:3n6 0.06 0.07 0.029 0.674 Serine 31.60 31.61 1.220 0.995
C20:4n6 0.54 0.60 0.067 0.533 Histidine 29.06 29.18 1.188 0.947
SFAs 48.8 482 0.536 0.659 Glycine 27.47 28.69 1.153 0.463
MUFAs 45.1 437 0.612 0.124 Tyrosine 25.56 2521 1.000 0.804
PUFAs 5.97 7.08 0.383 0.057 Proline 24.83 25.94 1.016 0.449

SEM, standard error of the mean; SFA, saturated fatty acid; MUFA, monounsaturated fatty
acid; PUFA, polyunsaturated fatty acid.

Frontiers in Animal Science

06

SEM, standard error of the mean; EAAs, essential amino acids; NEAAs, non-essential amino
acids.
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TABLE 6 Meat quality characteristics from the cattle fed the control diet
(CON) or the diet supplemented with protected amino acids (APR).

CON APR SEM | p-value

pH 5.61 5.56 0.072 0.623
WHC (% expelled juice) 9.36 9.98 1.052 0.685
Color

L* 28.7 30.5 0.984 0.214

a* 13.7 12.7 0.453 0.147

b* 8.46 8.50 0.683 0.967

h* 31.7 332 2.419 0.679

(0 16.3 15.5 0.486 0.255
Texture

Shear force (kg/cmz) 7.00 8.26 0.610 0.163

Total area (kg/s cm?) 349 39.7 3.150 0.297

Shear firmness (kg/s cm?) 2.25 2.51 0.190 0.356

SEM, standard error of the mean; WHC, water-holding capacity.

performance between those with low- and high-protein diets (14.6%
CP vs. 16.8% CP) and different Lys-to-Met ratios (3.0 vs. 3.4).
However, the growth response to supplementing diets with
protected AAs exhibited variability in previous studies
(Klemesrud et al., 2000a; Klemesrud et al., 2000b; Schroeder and
Titgemeyer, 2008).

Mazinani et al. (2020) suggested that adding protected AAs may
have some benefits for these parameters by enhancing rumen
undegradable protein. Furthermore, Montaiio et al. (2019) found
improved daily gains and feed efficiency in Holstein steers fed a
rumen-protected Met and Lys diet. In their study, the consumption of
these protected AAs increased the availability of Met and Lys in the
intestine, post-ruminal segments, and the entire gastrointestinal tract.

According to Weekes et al. (2006), either a deficiency or
imbalance in the AA profiles within MP can inhibit the growth
performance and feed conversion efficiency of livestock.
Heiderscheit and Hansen (2020) conducted an evaluation of
supplemental RP-Lys in Angus crossbred steers. Their hypothesis
was that steers fed diets formulated to meet Lys requirements would
exhibit better feed efficiency and greater gains than those fed a Lys-
deficient diet. However, they found that the ADG throughout the
entire trial was higher in the control diet, which was deficient in Lys,
than the diet formulated to meet Lys requirements using ingredients
other than RP-Lys. They suggest that growth performance
responses in RP-Lys-fed steers might have been negatively
affected by overconsumption of rumen-bypass Lys during the
finishing phase. Nevertheless, these authors concluded that diets
formulated to meet Lys requirements resulted in positive
metabolizable Lys balances during finishing. The increased
metabolizable Lys balance may have impacted performance if
other AAs were imbalanced. Ma et al. (2021) observed differences
in the ADG and feed-to-gain ratio in yaks in a feedlot with four
supplementary levels of RP-Lys and Met in the diets. They
concluded that growth performance and meat quality could be
improved by supplementing RP-AAs in the diets.

Frontiers in Animal Science

10.3389/fanim.2023.1269775

Teixeira et al. (2019) also observed that steers fed a supplemental
RP-Lys diet did not experience changes in dressing percentage, but
did produce carcasses with reduced fat thickness and increased
longissimus muscle area. These findings led them to conclude that
the RP-Lys diet improved nitrogen utilization, indicating the
enhanced utilization of AAs for anabolic purposes and increased
protein accretion and muscle synthesis, as we observed in the APR
group, which increased protein content in the meat. Heiderscheit and
Hansen (2020) reported no differences in the carcass characteristics of
Angus crossbred steers fed supplemental RP-Lys diets. Similarly, Ma
et al. (2021), in their study with different levels of protected Lys and
Met, found no differences in carcass characteristics. In diets with
varying levels of CP and Lys-to-Met ratios, Prado et al. (2014) did not
observe significant differences in carcass conformation and fatness
score. In addition, Barido et al. (2020) found that meat from cattle
supplemented with Met and Lys had higher protein content than
meat from non-supplemented cattle. Similarly, Teixeira et al. (2019)
conducted a study on Angus x Simmental steers that were fed diets
with RP-AAs, and they suggested that Lys supplementation increased
protein accretion and muscle synthesis. These observations made
them deduce that the RP-Lys regimen boosted nitrogen assimilation,
pointing to an improved uptake of AAs for growth activities and
heightened protein deposition and muscle development.

The fatty acid composition of cattle meat can be influenced by
various factors, including breed, weight, sex, age, and diet (De la
Fuente et al., 2009). However, in the context of diet, the fatty acid
profile of ruminant meat is relatively unaffected due to ruminal
modifications, but it can still reflect differences in the composition of
dietary lipids (Diaz et al., 2005). In addition, lipid metabolism can be
influenced by the balance of AAs in the diet (Martinez et al., 2017).
Research has demonstrated that restricting essential AAs in the diet,
such as Met, can result in substantial alterations in lipid metabolism
within adipose and hepatic tissues. These changes trigger significant
transcriptional and metabolic responses, including a reduction in
transcriptional initiation and the expression of the enzyme fatty acid
synthase (Anthony et al., 2013), which is responsible for the de novo
biosynthesis of fatty acids. Published literature on the effects of RP-
AAs on the fatty acid composition of ruminant meat is scarce and
presents highly variable results. For instance, Barido et al. (2020)
observed only minor effects of dietary Met and Lys supplementation
on intramuscular fatty acid composition in Hanwoo cattle, with
C14:0 being the only fatty acid affected. The present study found
that the effect of diet on the intramuscular fatty acid profile was
limited, and, therefore, cattle fed the APR diet, supplemented with
Met and Lys, produced meat with slightly lower levels of C18:1n9 and
greater C16:0 than the CON meat. For example, Trinacty et al. (2006)
observed a reduced proportion of C18:1 in milk fat from cows that
were supplemented with RP-AAs (Lys, Met, and histidine) compared
with cows that were not supplemented. This finding suggests that Met
may influence the de novo synthesis of fatty acids, potentially
increasing the production of short- and medium-chain fatty acids
within the mammary gland (Pisulewski et al., 1996). In this context,
C16:0 emerges as the predominant end product of de novo synthesis
by fatty acid synthase (Smith et al., 2003). In our study, the lower
proportion of C18:1n9 and greater C16:0 in cattle fed the APR diet
could be attributed to Met supplementation, but it might also be
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influenced by the different composition of the diets provided. Further
research needs to be conducted to better understand the mechanism
of the AAs’ effect on meat fatty acid composition. Other researchers
have ascribed a partial effect of AA lipid coating on the fatty acid
composition of milk (Sevi et al., 1998). In our case, the surface coating
used for Met protection was palmitic acid, which could partly explain
the tendency toward a higher proportion of C16:0 in the APR meat.
In the case of growing lambs, Dong et al. (2020) demonstrated that
betaine, a choline metabolite closely related to Met, supplementation
increased the PUFA content of the gluteus muscles, similar to the
results of our study, with near to 1% more PUFAs in APR than in
CON meat. In this study, the inclusion of RP-AAs and the reduction
of CP levels did not have a significant effect on the AA content of the
longissimus muscle. Similarly, Ma et al. (2021) found no significant
differences in the AA profile of the longissimus muscle in feedlot yaks
with various levels of supplementary RP-AAs in the diet. Similarly,
Xue et al. (2010) found no differences in the meat AA profile of
Limousin-crossbred calves fed RP-Lys. Teixeira et al. (2019) noticed a
tendency for Lys levels in serum to decrease when arginine was added
to the diet, suggesting that excessive arginine intake might hinder Lys
absorption from the small intestine. However, they reported no
notable variations in plasma Lys levels among calves consuming
diets containing RP-Lys.

The ultimate pH values were in accordance with those obtained
by Thenard et al. (2006) in Montbéliard cattle, and no differences
were observed in the meat from cattle fed the CON diet and the
APR diet. The pH values were below 5.6, indicating that the animals
were not stressed at slaughter (Prado et al., 2014). Similar results
were obtained by Barido et al. (2020), who reported no effect of
dietary supplementation with rumen-protected Met/Lys on pH at 0
h of longissimus lumborum muscle from Hanwoo steers. In yak
meat, Ma et al. (2021) obtained ultimate pH values of 5.44, with no
differences due to the supplementary level of RP-AAs. Likewise, the
WHC was not affected by diet, with a similar percentage of expelled
juice in meat from cattle fed the CON diet and the APR diet
supplemented with Met and Lys, in accordance with similar
ultimate pH values found in the CON and APR meat. The WHC
indicates variations in the charges and structure of muscle proteins,
and is closely related to pH (Bouton et al., 1971).

In ruminants, the papers published about the impact of RP-AAs on
meat quality are scarce and present variable results. Some authors have
observed an effect of Met supplementation on ruminant meat color
(Dong et al,, 2020; Ma et al,, 2021). Ma et al. (2021) noted an impact of
dietary supplementation with RP-AAs (Met and Lys) in feedlot yaks,
resulting in changes in meat color. They reported increased a* values
and decreased L* and b* values in the supplemented groups compared
with the control group. In the case of growing lambs, Dong et al. (2020)
observed a linear decrease in the b* value of the longissimus muscle
with increasing doses of rumen-protected betaine. However, our study
did not show any significant effect on meat color, as we observed
similar L*, a*, and b* values in both the CON and the APR meat
samples. It has been reported that some AAs, including Met, have
antioxidant activity (Levine et al., 2000; Lund et al, 2011), improving
muscular antioxidant status and enhancing meats’ stability against
oxidation. Myoglobin oxidation during storage affects the extent of
meat discoloration depend on the length of the storage period,

Frontiers in Animal Science

10.3389/fanim.2023.1269775

packaging conditions, and storage temperature (Olivera et al,, 2013).
In the present study, meat samples were stored through vacuum
packaging and at congelation temperature. These conditions
minimize oxidation (Vieira et al., 2009). This could partially explain
the lack of effect of diet on meat color.

Despite the differences in protein content between the CON and
APR meat, no significant effect of diet was recorded for texture
parameters. According to Koohmaraie et al. (2002), changes in
muscle protein synthesis do not affect meat tenderness; however,
changes in muscle protein degradation affect meat tenderization/
tenderness. Similarly, Prado et al. (2014) did not report differences in
texture parameters (shear force) due to diet protein level or Lys-to-
Met ratio. However, they reported lower values of shear force (4.63
kg) than in our study. The differences between studies could be due to
the different breeds used, which imply differences in the quantity and
solubility of collagen, fatness, and calpain and calpastatin activity
(Monson et al.,, 2005), which affect tenderness, but are also due to
differences in aging time (Vieira et al., 2009) between studies.

5 Conclusion

The findings of this study demonstrate that the inclusion of RP-
AAs in cattle fattening diets offers several benefits. It allows for a
reduction in CP content without compromising productive yields or
the quality of the meat produced. Moreover, it may enhance the
efficiency of the utilization of nitrogen from the diet, thereby
potentially reducing environmental pollution. In summary,
incorporating RP-AAs in cattle diets presents a promising
approach for beef producers in southern Europe. It may not only
mitigate the challenges associated with volatile raw material prices
and deforestation but also offer environmental benefits while
maintaining cattle productivity and the quality of the meat produced.
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