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Editorial on the Research Topic
Feedlot cattle nutrition and metabolism

Like other ruminants, cattle evolved as herbivores by consuming forages (grasses and
legumes), characterized by the high cell wall content. As a result, the rumen microbiota was
shaped over the centuries by fermenting structural carbohydrates, turning the rumen into
an environment rich in fiber-utilizing microorganisms, including bacteria, protozoa, and
fungi. However, high levels of productivity cannot be achieved when cattle are consuming
forage-based diets, and to increase beef production, cattle are often fed and finished in
feedlot operations.

Feedlot cattle are often fed highly fermentable diets to achieve rapid rates of gain
and improve feed efficiency. However, this type of diet causes excessive rates of acid
production in the rumen, which can overwhelm the ability of cattle to regulate ruminal
pH, and consequently may increase the risk of ruminal acidosis. Based on this fact, the
objective of this Research Topic was to collect suitable papers to improve our knowledge and
understanding of rumen function and metabolism in order to mitigate acidosis and improve
the performance of feedlot cattle.

Most articles on this Research Topic addressed the effects of some type of feed additive,
or a combination of them, to manipulate ruminal fermentation and maximize either the
short-chain fatty acids production in the rumen or the animal performance. Combinations
of feed additives to prevent ruminal disorders and increase productivity included: monensin
and narasin (Baggio et al.), monensin and essential oils (Silva et al.), monensin and
virginiamycin (Rigueiro et al.). Sodium monensin is the most used feed additive in feedlot
diets around the world, however, due to its negative effect on dry matter intake, the
association with other feed additives may lead to a synergistic effect to improve cattle health
and performance.

Moreover, the search for an alternative to replacing sodium monensin in feedlot
diets, since its use as a growth promoter was banned in some countries, was also the
objective of some of the authors on this Research Topic. Polyclonal antibodies failed on
controlling ruminal acidosis when compared to monensin (Pacheco, Souza, et al.); however,
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virginiamycin was as effective as monensin to prevent
rumen pH decline when cattle were adapted for 14 days
a blend

and 25-hydroxyvitamin D3 seems to be an alternative to

(Squizatti et al). Furthermore, of essential oils
replace monensin in feedlot diets offered to Holstein steers
(Latack et al.).

Interestingly, two papers addressed the effect of different
molecules on reducing heat stress in feedlot cattle, which is literally
a hot topic in production systems that are not even close to the
natural habitat cattle are used to. Carvalho et al. reported that
the use of NutraGen supplement induced significant changes in
the metabolism of the steers, whereas Pacheco, Oliveira Gusmao,
et al. concluded that lysolecithin enhances feedlot performance
and has the potential to increase diet intake during very
hot days.
contributed  to

In summary, this Research Topic

improving the current knowledge of feedlot cattle
nutrition and metabolism by providing an enormous
amount of new relevant data that certainly are

useful worldwide.
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Pre-slaughter long-distance transport resulted in a rapid depletion of muscle glycogen and
led to a higher rate of dark, firm and dry (DFD) meat. Therefore, enhancing muscle glycogen
reserves is critical for beef cattle prior to transportation. Creatine pyruvate (CrPyr) can
provide simultaneous pyruvate and creatine and both are proven to promote the glycogen
reserves. This study aimed to investigate the effects of transport treatment and dietary
supplementation of rumen-protected (RP)-CrPyr on the meat quality, muscle energy
metabolism, and hepatic gluconeogenesis of beef cattle. Twenty 18 month-old male
Simmental crossbred cattle (659 + 16 kg) were allotted 4 treatments based ona 2 x 2
factorial arrangement with two RP-CrPyr levels (140 g/d or O g/d) and two transport
treatments (12 h or 5 min): ST_CrPyrO, ST_CrPyr140, LT_CrPyrO and LT_CrPyr140. Three
cattle per group were slaughtered after 30 days of feeding. The interaction of transport and
RP-CrPyr had a significant effect on the muscle pHass min, redness, glycogen content, GP,
and AMP level (P < 0.05). Compared with short-distance transport, long-distance transport
increased the muscle pHus min Value, redness, yellowness, drip loss, creatine level (P < 0.05),
decreased muscle glycogen content, glycolytic potential (GP), and liver glucose amount (P <
0.05). Supplementation of RP-CrPyr decreased the activities of creatine kinase and lactate
dehydrogenase in serum, muscle pHo4 1, value, redness, yellowness, lactate content, AMP
level, and AMP/ATP (P < 0.05), increased the muscle glycogen content, GP, hexokinase
activity, ATP and ADP levels, and ATP/ADP, liver pyruvate and glucose contents, activity of
pyruvate carboxylase in the liver of cattle than those in the nonsupplemented treatments
(P < 0.05). These results indicated that dietary RP-CrPyr supplementation might be
favorable to improve meat quality and regulatory capacity of energy metabolism of beef
cattle suffering long-distance transport followed with recovery treatment by increasing
muscle glycogen storage, energy supply, and hepatic gluconeogenesis.

Keywords: beef cattle, creatine pyruvate, meat quality, muscle glycogen, transport stress
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RP-CrPyr and Transported Beef Cattle

INTRODUCTION

The separation of breeding and slaughtering is the dominant
model of the beef cattle industry in China. The beef cattle are
inevitably subjected to stress during the centralized
transportation process. Transport stress has been reported to
increase the physical energy consumption of beef cattle, resulting
in a decrease in muscle glycogen content at slaughter. The
insufficient muscle glycogen cannot produce enough lactic acid
and H" and leads to a high ultimate pH (pHu) in postmortem
muscle, which results in dark, firm, and dry (DFD) meat. Higher
rates of DFD meat cause substantial economic losses to the beef
cattle industry (Ferguson and Warner, 2008; Ponnampalam
et al., 2017). In Australia, the incidence of “Dark Cutting”
(DC) beef is close to 10%, resulting in a potential loss about
AU $36 million to the cattle industry, which equates to $0.45/kg
hot carcass weight. The DC meat in the US was estimated to cost
about $165 million to the beef industry in the year 2000, an
amount equal to an estimated $5.43 per fed beef animal
harvested (Ponnampalam et al., 2017). In China, the average
incidence of DFD in beef cattle was as high as 10.07%, of which a
major factor that affects the rate of DFD meat is pre-slaughter
transport time and quality (Zhao, 2013). Ponnampalam et al.
(2017) summarized that short-distance transport (< 400 km) has
little effect on the postmortem muscle pHu value of beef cattle,
while long-distance transport can increase the pHu value by 0.1
to 0.2 pH units. Therefore, alleviating pre-slaughter long-
distance transport stress is an important guarantee to produce
high-quality beef.

Pre-slaughter nutritional management is an efficient
technological means to regulate energy metabolism, relieve
transportation stress, reduce depletion of muscle glycogen, and
improve beef quality in transported beef cattle (Ponnampalam
et al,, 2017). Creatine pyruvate (CrPyr, C;H;3N305, 219.20) is a
new multifunctional nutrient that contains pyruvate and creatine
at a ratio of 40:60 (Jiger et al, 2011). CrPyr can provide
pyruvate and creatine, which are both the products of normal
cellular metabolism and plays critical roles in the process of
energy metabolism. Pyruvate is a pivotal component in
intermediary metabolism (glucose metabolism, lipid
metabolism, and amino acid metabolism), can regulate energy
metabolism through gluconeogenesis/glycolysis pathway and
tricarboxylic acid cycle (Chen et al, 2011). Guo et al. (2009)
reported that supplement of calcium pyruvate for 3 weeks could
improve liver and muscle glycogen content at the start of
exhaustive exercise. Shetty et al. (2012) showed that exogenous
pyruvate could enhance internal glycogen stores and therefore
increase the energy buffering capacity of hippocampal slices
under low glucose condition. Additional studies have reported
that pyruvate could enhance hypoxia and even anaerobic
tolerance of cells by restoring pyruvate dehydrogenase complex
activity and increasing glycolytic enzymes activity (Sharma et al.,
2009; Hu et al., 2016). Creatine, as an important material for the
synthesis of energy storage substance phosphocreatine, is the
backup guarantee of skeletal muscle ATP production (Allen,
2012). Creatine supplementation could promote the absorption
of creatine by human and animal skeletal muscle, increase the

content of creatine and phosphocreatine in muscle, enhance the
energy buffering effects of phosphogen system, and improve the
energy metabolism of skeletal muscle (Schoch et al., 2006).
Moreover, creatine supplementation could facilitate glycogen
accumulation in muscle of mammalian and reduce the
glycogen depletion under normal physiological conditions or
during exercise (Ceddia and Sweeney, 2004; Ju et al., 2005).

Interestingly, the effect of CrPyr feeding on muscle energy
metabolism of broilers was significantly higher than that of its
separate active ingredients, pyruvate and creatine (Chen et al.,
2012). A previous study discovered that CrPyr supplementation
was helpful for athletes to further promote aerobic capacity and
improve endurance performance (Jiger et al., 2008). Chen (Chen
et al, 2011) discovered that CrPyr supplementation has a
positive influence on enhancing the activity of creatine kinase
and phosphocreatine concentration in broilers muscle and
increased muscle glycogen reserve by reducing glycogenolysis
via decreasing the activity of phosphorylase-b. Recently, another
study reported that in ovo feeding of CrPyr could promote
broilers liver and muscle energy reserves on the day of hatch
and enhance glycolysis in chest through increasing the activity of
glycolytic enzyme (Zhao, 2017). However, the information about
the impacts of CrPyr on energy metabolism and whether CrPyr
can relieve the glycogen consumption in the transported beef
cattle is largely unknown. We hypothesized that CrPyr might
affect meat quality by influencing the muscle energy metabolism
and hepatic gluconeogenesis that beef cattle suffer during
transportation. Therefore, the present study was designed to
test this hypothesis.

MATERIALS AND METHODS

Animal Care

This experiment was approved by the Committee for the Care
and Use of Experimental Animals at Jiangxi Agricultural
University (JXAULL-2021-10).

Animal Treatments and Experimental Diets
Experimental design of experimental cattle has been described in
ajoint experiment (Mao et al., 2022). Briefly, a total of twenty 18-
mouths-old male Chinese Simmental crossbred cattle, raised
under identical feeding and environmental conditions,
weighing 659 + 16 kg, with similar genetic backgrounds were
used in this study. They were allotted four treatments based on a
2 x 2 factorial arrangement with two supplemental levels of RP-
CrPyr (140 g/d/head or 0 g/d/head) in basal diets and two
treatments of transport (12 h or 5 min that were ST_CrPyr0 (0
g/d/head RP-CrPyr + 5 min transport), ST_CrPyr140 (140 g/d/
head RP-CrPyr + 5 min transport), LT_CrPyr0 (0 g/d/head RP-
CrPyr + 12 h transport), LT_CrPyr140 (140 g/d/head RP-
CrPyr + 12 h transport). For long-distance transport, we
decided 12 h because one previous study indicated that 12 h of
transportation pre-slaughter resulted in decreases in slaughter
performance and beef quality of Simmental crossbred cattle (Lu
et al,, 2015) and for short-distance transport we decided 5min
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because transport to the abattoir near the farm (1 km) took
approximately 5 min. Three cattle from each treatment were
randomly slaughtered and samples were collected after feeding
for 30 days. The cattle in the short-distance transport group were
fed at 04:00 pm on September 16, 2020, loaded at 04:00 am on
September 17, 2020, and after 5 min of transportation the cattle
reached the abattoir near the farm (1 km). After unloading, cattle
were given 2 hours rest and then subjected to slaughter by
electric shock (at 06:00 am on September 17, 2020). The cattle
in the long-distance transport group were fed at 06:00 am on
September 16, 2020. The transport journey was from Xuchang
(01:00 pm on September 16, 2020) to Nanyang (01:00 am on
September 17, 2020), Henan Province, which took 12 h (mean
velocity of 60-70 km/h). During the 12 h of transport, the
temperature and humidity were 22-32°C and 30-72%,
respectively. The cattle were allowed 2 h to rest and then
subjected to slaughter by electric shock (03:00 am on
September 17, 2020).

CrPyr (purity of 99.9%) was bought from Shanghai Jinli
Technology Co., Ltd. (Shanghai, China). The coating
processing was completed by Hangzhou King Techina Feed
Co., Ltd (Hangzhou, China), the content of CrPyr in the final
RP-CrPyr was 40%, 12 h of rumen bypass ratio was 82.8%, and
12 h of intestinal fluid dissolution was 78.6%. RP-CrPyr was
added in concentrate and fed twice a day (06:00 am and
04:00pm). Concentrate was given after the rice straw was fed.
All animals were placed individual pens in a closed cowshed with
available access to clean water during the entire experimental
period. Table 1 shows the ingredients and nutrient levels of the
experimental diet.

Sample Collection

Blood sampling was performed from cattle by jugular vein puncture
before slaughter and then placed in evacuated anticoagulated tubes
and stored at room temperature. Serum was obtained by
centrifugation (3000 g, 10 min, 4°C) and then stored at -20°C to
measure indices. Shortly afterwards, cattle were slaughtered after
being stunned by electric shock. Immediately, the liver sample and
the M. longissimus thoracis (LT) muscle (taken from the last rib of
the left-half carcass) was stored at —80°C to analyze the indices
including hepatic gluconeogenesis and muscle energy metabolism.
About 5 cm thickness steaks of LT, without extra-muscular fat and
connective tissues from the last rib of the left-half carcass, were
collected within 30 min after slaughter. After muscle pH 45 min

TABLE 1 | Composition and nutrient levels of experimental diet (air-dry basis, %).

Ingredients Content Nutrient levels Content
Wheat Straw 40.0 Dry matter 87.2
Corn 43.7 Crude protein 13.5
wheat bran 3.66 Crude fat 2.47
Soybean meal 9.12 Ash 7.86
Sodium bicarbonate 0.420 Neutral detergent fiber 36.2
Premix® 3.06 Acid detergent fiber 156.8
Total 100

The premix " (per kg of diet) is: 80000 IU of vitamin A, 20000 IU of vitamin D3, 280 mg of
vitamin E, 4100 mg of Fe, 1100 mg of Mn, 800 mg of Zn, 265 mg of Cu, 120 g of Ca and
35 g of P.

determination, these chops were vacuum-packed at 4°C to measure
muscle pHy, p, color, drip loss, and texture analyzer determination.

Serum Parameters Determination

The activities of creatine kinase (CK) and lactate dehydrogenase
(LDH) and the pyruvate concentration in serum were
determined by commercial CK, LDH and pyruvate kits
(Nanjing Jiancheng Bioengineering Institute, Nangjing, China)
according to kit instructions. The serum glucose concentration
was determined by a commercial glucose kit (Shanghai
RongSheng Biotech Co. Ltd., Shanghai, China). The serum
creatine concentration was measured by 1’-Hydroxy-2’-
acetonaphthone colorimetry. Firstly, a standard curve was
performed using different concentrations of creatine. Briefly, 1
mL of the reaction system contained 250 UL of 5% ZnSO,, 250
UL of 5% Ba(OH), and 500 uL of different dilutions of creatine
standard was mixed and centrifuged (3000 r/min for 10 min) to
get supernatant. Then, 0.5 mL of supernatant was pooled with
2.5 mL of chromogenic reagent (ten-fold volume of 7 g/L a-
naphthol solution mixed with one-fold volume of 0.1% biacetyl
reagent, 1 L of 7 g/L a-naphthol solution contained 128 g of
anhydrous Na,CO3, 60 g of NaOH, 7 g of a-naphthol). After 5
min of rest, the mixture was incubated at 30°C for 30 min.
Following incubation, 2.5 mL of distilled water was added and
absorbance was measured at 520 nm. Finally, the solubility curve
was drawn. For serum creatine content determination, the
appropriate amount of serum sample was taken and distilled
water was added to it, sonicated for 20 min, shocked for 15 min,
and centrifuged (4000 r/min for 10 min) to get supernatant.
Subsequently, 250 pL of the supernatant was collected and 250
uL of distilled water, 250 UL of 5% ZnSOy,, and 250 uL of 5% Ba
(OH), were added and followed by the protocol described above.
Lastly, the absorbance values were recorded and quantified using
standard curves established.

Meat Quality Measurements

Muscle pHys min and pH,, 1, were determined using an
insertiontype portable pH meter (HI99163N, Hanna, Padova,
Italy). Triplicates were done for each chop at different areas and
averaged to calculate the results.

Color of the meat was determined using a spectrocolorimeter
(WSC-S, Shanghai, China) at 24 h postmortem. The meat color
was presented in (CIE) L* (lightness), a* (redness), and b*
(yellowness). The illuminant and observer angle were D65 and
10°, respectively. The L*, a*, and b* values were collected from
three different areas of each steak with freshly cut surface
(exposure to air for 20 min).

To measure drip loss, approximately 30 g of rectangle muscle
were cut along the fibre direction at 24 h postmortem. The
samples were suspended in a polyethylene plastic bag to avoid
any contact with the bag. Samples were re-weighed to calculate
the drip loss after 24 h at 4°C.

Texture profile analysis (TPA) values of cooked samples were
determined using a CT3 texture analyzer (Brookfield,
Middleboro, MA, USA). Briefly, at 48 h postmortem, LT
muscle samples were cut in approximately 2.5 cm thick pieces.
The pieces were individually vacuumed packaged then placed in
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a hot-water bath (80°C) to reach a center temperature of 75°C.
The packaged samples were cooled down to room temperature
by running water, then removed from bags, and wiped dry with
absorbent paper. The blot-dried samples were cut in 1.0 cm thick
pieces to ensure a flat surface. Finally, the meat pieces were
placed beneath the probe and analyzed for five TPA parameters:
hardness, cohesiveness, springiness, gumminess, and chewiness.
Each sample was measured thrice, and the relevant parameters
were designed as follows: the probe model was TA3/100, the pre-
measurement speed was 2 mm/s, the test speed was 0.5 mm/s, the
post-measurement speed was 0.5 mm/s, the sample height was
10 mm, and the trigger force was 5 g.

Muscle Glycolytic Potential and Glycolytic
Enzyme Activities

The measurement of glycogen was conducted as described by a
previous study (Zhang et al., 2009). The glycogen was hydrolysed
to glucose by reaction with amyloglucosidase and the glucose-6-
phosphate was catalysed to glucose by reaction with glucose-6-
phosphatase. Finally, the glucose determination operations were
carried out according to a commercial glucose kit (Shanghai
RongSheng Biotech Co. Ltd.). The lactate content was
performed using a commercial diagnostic kit (Nanjing Jiancheng
Bioengineering Institute) in accordance with kit instructions. The
glycolytic potential (GP) was calculated according to the formula
from Monin and Sellier (1985): GP = 2 x glycogen + lactate.

For muscle glycolytic enzyme activities determination, 0.5 g
frozen LT muscle sample was homogenized in 4.5 mL ice-cold
physiological saline for 1 min in an ice bath and centrifuged
(2,700 g, 10 min, 4°C) to get supernatants. The supernatants of
LT muscle were subjected to the determination of the activities of
phosphofructokinase (PFK), hexokinase (HK), pyruvate kinase
(PK), and LDH. The concentration of total protein in LT muscle
was determined by TP kit (Nanjing Jiancheng Bioengineering
Institute) according to kit instructions. The activities of PFK,
HK, PK, and LDH were determined by commercial PFK, HK,
PK, and LDH kits (Nanjing Jiancheng Bioengineering Institute).
The enzyme activities in LT muscle were normalized by total
protein concentration in LT muscle according to kit instructions.

Phosphocreatine, Creatine, and Adenosine
Phosphates Determination

The phosphocreatine (PCr), creatine, and adenosine phosphates
(ATP, ADP, and AMP) contents of LT muscle were assayed
using a high-performance liquid chromatography (HPLC)
according to previous study (Li et al., 2017). The reference
standard samples used in the analysis were creatine anhydrous
(98%), creatine phosphate disodium salt (97%), adenosine 5’-
stiphosphate disodium salt, adenosine 5’-diphoshate, adenosine
5’-monophosphate. All of the standard samples were purchased
from Shanghai Yuan Mu Biotechnology Co., Ltd (Shanghai,
China). The extracted muscle sample solution was prepared as
described previously (Monin and Sellier, 1985) and separated on
a Shimadzu LC-2030 Plus HPLC (Shimadzu, Kyoto, Japan)
equipped with a YMC-Pack ODS-AQ column (250 mm x 4.6
mm 1D, 5 um, YMC Co., Ltd., Kyoto, Japan) at 25°C for PCr

and creatine determination and at 30°C for ATP, ADP, and AMP
determination. The mobile phase of creatine and PCr
determination was HPLC methyl cyanides and phosphate
buffer (29.4 mM potassium dihydrogen orthophosphate,1.15
mM tetra-butylammonium hydrogen sulphate, 2%/98%), and
adenosine phosphates determination was HPLC grade methanol
and phosphate buffer (2.5 mM tetra-butylammonium hydrogen
sulphate, 0.06 M dipotassium hydrogen orthophosphate, 0.04 M
potassium dihydrogen orthophosphate, 13.5%/86.5%). The UV
detection for creatine and PCr was at 210 nm and adenosine
phosphates was at 254 nm. The flow-rate was set to 1.0 mL/min
and an auto-sequence injection was set for sample measurement.
Peaks were identified and quantified using standard curves.

Liver Pyruvate, Glucose, and

Glycogen Concentration, and Enzyme
Activity Determination

The contents of pyruvate and glycogen were determined by
commercial pyruvate and glycogen kits (Nanjing Jiancheng
Bioengineering Institute) according to kit instructions. The
glucose concentration was determined by a commercial glucose
kit (Shanghai RongSheng Biotech Co. Ltd.). For liver enzyme
activities determination, 0.5 g frozen liver sample was
homogenized in 4.5 mL ice-cold physiological saline for 1 min
in ice bath and centrifuged (2,700 g, 10 min, 4°C) to get
supernatants. The supernatants of liver were subjected to the
determination of the activities of phosphoenolpyruvate
carboxykinase (PEPCK), glucose-6-phosphatase (G-6-pase),
and pyruvate carboxylase (PC). The concentration of total
protein in liver was determined by TP kit (Nanjing Jiancheng
Bioengineering Institute) according to kit instructions. The
activities of PEPCK, G-6-pase, and PC were determined by
commercial PEPCK kit (Nanjing Jiancheng Bioengineering
Institute), commercial G-6-pase and PC kits (Shanghai enzyme
linked Biotechnology Co., Ltd). Except for PEPCK, other enzyme
activities in the liver were normalized by total protein
concentration in the liver according to kit instructions.

Statistical Analysis

Data processing was performed using SPSS (version 17.0, IBM,
Armonk, NY, USA). All treatment groups were analyzed by
analysis of univariate using the general linear model (GLM) as a
2 x 2 factorial arrangement with transport, RP-CyPry and their
interactions as the main effects. The results are shown as the
mean and standard error mean (SEM). Differences among means
were determined using Tukey’s multiple range test was done
when the interaction was significant. The level of statistical
significance was set at P < 0.05.

RESULTS

Serum Parameters

As presented in Table 2, RP-CrPyr and transport had no
interaction on serum parameters. The beef cattle in the RP-
CrPyr-supplemented group had a lower activities of serum CK
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TABLE 2 | Effects of transport and rumen-protected creatine pyruvate on the serum indicators of beef cattle.

Item Treatment'

Long-distance transport

SEM P-value

Short-distance transport

RP-CrPyri40 RP-CrPyr, RP-CrPyri40 RP-CrPyrq Transport RP-CrPyr Transport x RP-CrPyr?
CK, U/mL 0.146 1.00 0.195 0.895 0.0584 0.813 0.001 0.528
LDH, U/mL 1.08 1.30 1.02 1.20 0.0278 0.170 0.007 0.735
Glucose, mmol/L 4.32 417 4.16 4.14 0.102 0.681 0.685 0.771
Pyruvate, umol/mL 0.326 0.292 0.259 0.273 0.0174 0.331 0.638 0.400
Creatine, umol/L 155 149 155 167 4.114 0.649 0.803 0.629

T A 2 x 2 factorial arrangement with 2 supplemental levels of rumen-protected creatine pyruvate (RP-CrPyr) in basal diets (O or 140 g/d for each cattle) and 2 transport treatment (transport

5 min or 12 h before slaughter).
2 Transport x RP-CrPyr, the interaction between Transport and RP-CrPyr.
SEM, stand error of mean; CK, creatine kinase; LDH, lactate dehydrogenase.

(0.170 vs. 0.947 U/mL, P < 0.01) and LDH (1.05 vs. 1.25 U/mL, P
< 0.01) than unsupplemented cattle. However, transport
treatment has no significant effects on serum CK and LDH
activities. The contents of serum pyruvate, glucose, and creatine
appeared to be unaffected by transport or RP-CrPyr (P > 0.05).

Meat Quality

The results of meat quality can be seen in Table 3. Except for
PHys min value and redness, RP-CrPyr and transport had no
significant interaction influence on other meat quality
characteristics. Compared with cattle in the nontransport
group, the pHys min value (6.36 vs. 6.20, P < 0.01), drip loss
(1.81% vs. 1.08%, P < 0.05), redness (34.6 vs. 27.9, P < 0.01), and
yellowness (22.1 vs. 15.8, P < 0.05) of LT muscle were
significantly increased in group transport. Dietary RP-CrPyr
supplementation decreased the LT muscle pH,, j, value (5.47
vs. 5.59, P < 0.05), redness (28.2 vs. 34.3, P < 0.01), and
yellowness (16.1 vs. 21.7, P < 0.05) of beef cattle than those in
the unsupplemented groups. RP-CrPyr or transport had no effect
on the meat color and texture properties of LT muscle (P > 0.05).

Muscle Glycolytic Potential and Glycolytic
Enzyme Activity

As shown in Table 4, there is a significant transport x RP-CrPyr
interaction influence on muscle glycogen and GP. However, there is
no notable RP-CrPyr and transport interaction on glycogen,
glucose, lactate, and glycolytic enzymes. Compared with the beef
cattle in nontransport groups, the muscle glycogen content (37.3 vs.
48.3 umol/g, P < 0.05) and GP (118 vs. 139 umol/g, P < 0.01) of beef
cattle decreased significantly in the transport groups. In addition, no
notable differences were identified in the contents of muscle glucose
and lactate between the nontransport and transport treatment (P >
0.05). Dietary supplementation of RP-CrPyr increased the muscle
glycogen content (53.5 vs. 32.1 umol/g) and GP (146 vs. 110 pmol/
g) (P <0.01), and decreased the muscle lactate content (39.2 vs. 46.0
pmol/g, P < 0.01) of beef cattle compared to those in the RP-CrPyr
unsupplemented groups. Glycolytic enzymes, except for muscle HK
activity (7.64 vs. 2.49 U/mgprot, P < 0.01), were significantly
increased by RP-CrPyr supplementation compared to those in the
unsupplemented groups, and the activities of PFK, PK, and LDH
were not affected by transport or RP-CrPyr supplementation.

TABLE 3 | Effects of transport and rumen-protected creatine pyruvate on the M. longissimus thoracis meat quality of beef cattle.

Item Treatment’ SEM P-value
Long-distance transport Short-distance transport
RP-CrPyry40 RP-CrPyr, RP-CrPyr40 RP-CrPyr, Transport RP-CrPyr Transport x RP-CrPyr?

PHas min 6.27° 6.46° 6.24° 6.16° 0.0185 0.002 0.171 0.008
pHo4 1 5.47 5.69 5.47 5.50 0.0277 0.182 0.033 0.217
Lightness (L*) 33.2 25.0 30.9 30.4 1.07 0.498 0.075 0.107
Redness (a%) 29.2° 40.12 27.2° 28.6° 0.742 0.002 0.003 0.012
Yellowness (b*) 17.8 26.4 14.5 171 0.998 0.014 0.024 0.165
Drip loss, % 1.67 1.96 1.20 0.970 0.0868 0.030 0.874 0.165
Hardness, kg 0.600 0.840 0.560 0.790 0.145 0.877 0.438 0.995
Cohesiveness 0.610 0.710 0.700 0.660 0.0192 0.646 0.482 0.113
Springiness, mm 0.240 0.270 0.310 0.270 0.0170 0.357 0.850 0.357
Gumminess, kg 0.450 0.600 0.380 0.440 0.0846 0.540 0.552 0.812
Chewiness, mJ 10.8 16.0 14.0 25.2 3.43 0.391 0.267 0.679

ab NMeans within a row with no common superscript difter significantly (P < 0.05).

T A 2 x 2 factorial arrangement with 2 supplemental levels of rumen-protected creatine pyruvate (RP-CrPyr) in basal diets (0 or 140 g/d for each cattle) and 2 transport treatment (transport

5 min or 12 h before slaughter).

2 Transport x RP-CrPyr, the interaction between Transport and RP-CrPyr.

SEM, stand error of mean.
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TABLE 4 | Effects of transport and rumen-protected creatine pyruvate on the contents of glycogen and lactate, glycolytic potential, and glycolytic enzymes activity in M.

longissimus thoracis of beef cattle.

ltem Treatment’ SEM P-value
Long-distance transport Short-distance transport
RP-CrPyrq40 RP-CrPyr, RP-CrPyr40 RP-CrPyr, Transport RP-CrPyr Transport x RP-CrPyr?

Glycogen, umol/g 44.6° 30.0° 62.4% 34.3° 1.41 0.004 0.001 0.043
Lactate, umol/g 38.5 47.6 40.0 44.5 0.871 0.664 0.004 0.225
GP, umol/g 128° 108° 165° 1130¢ 2.88 0.006 0.001 0.025
HK, U/mgprot 7.15 2.30 8.26 2.69 0.458 0.412 0.001 0.668
PFK, U/mgprot 16.8 10.5 24.3 14.0 2.28 0.264 0.103 0.673
PK, U/gprot 451 510 461 626 43.0 0.482 0.227 0.555
LDH, U/kgprot 3.04 3.43 2.96 2.69 0.139 0.177 0.827 0.275

ab Means within a row with no common superscript difter significantly (P < 0.05).

" A 2 x 2 factorial arrangement with 2 supplemental levels of rumen-protected creatine pyruvate (RP-CrPyr) in basal diets (0 or 140 g/d for each cattle) and 2 transport treatment (transport

5 min or 12 h before slaughter).
2 Transport x RP-CrPyr, the interaction between Transport and RP-CrPyr.

SEM, stand error of mean; GP (glycolytic potential), 2 x (glycogen) + lactate (Monin and Sellier, 1985); LDH, lactate dehydrogenase; PFK, phosphofructokinase; PK, pyruvate kinase; HK,

hexokinase.

Phosphocreatine, Creatine, and Adenosine
Phosphates in Muscle

The results of muscle PCr, creatine, and adenosine phosphates
are showed in Table 5. Except for muscle AMP content, RP-
CrPyr and transport had no significant interaction on the other
characteristics. Compared with the beef cattle in nontransport
groups, the beef cattle in transport groups had higher muscle
creatine content (22.4 vs. 21.2 pumol/g, P < 0.05). Dietary RP-
CrPyr supplementation significantly decreased the level of
muscle AMP (67.4 vs. 76.8 ug/g, P < 0.01), muscle AMP/ATP
(0.13 vs. 0.68, P < 0.05), and significantly increased the levels
muscle ATP (579 vs. 217 pg/g), muscle ADP (330 vs. 238 ug/g),
and muscle ATP/AMP (1.59 vs 0.790) (P < 0.05).

Hepatic Gluconeogenesis

As shown in Table 6, RP-CrPyr and transport had no significant
interaction influence on any of these parameters. Compared with
the beef cattle in nontransport groups, the beef cattle with

transport treatment had lower liver glucose content (0.171 vs.
0.209 mmol/g, P < 0.05). Dietary supplementation of RP-CrPyr
significantly increased the concentrations of liver pyruvate (41.8
vs. 29.9 umol/gprot, P < 0.01) and glucose (0.213 vs. 0.167 mmol/
g, P < 0.05), and the level of PC (19.2 vs. 13.7 ng/mgprot, P <
0.05) compared with the beef cattle in RP-CrPyr
nosupplementation groups. Transport or RP-CrPyr had no
effect on the liver glycogen content and the levels of G-6-Pase
and PEPCK (P > 0.05).

DISCUSSION

The results of our previous study indicated that transport
significantly decreased the catalase activity and total
antioxidant capacity in serum, which shows that transport
leads to oxidative damage to beef cattle (Mao et al., 2022). It is
widely known that oxidative damage might be harmful to the

TABLE 5 | Effects of transport and rumen-protected creatine pyruvate on the contents of phosphocreatine, creatine, and adenosine phosphates in M. longissimus

thoracis of beef cattle.

ltem Treatment' SEM P-value
Long-distance transport Short-distance transport
RP-CrPyr40 RP-CrPyr, RP-CrPyrq40 RP-CrPyr, Transport RP-CrPyr Transport x RP-CrPyr?

PCr, umol/g 2.07 2.37 2.18 2.16 0.0530 0.637 0.223 0.176
Creatine, pmol/g 21.7 23.2 21.5 21.0 0.230 0.027 0.315 0.068
ATP, ug/g 592 168 567 267 69.0 0.794 0.030 0.667
ADP, ug/g 288 249 373 227 17.2 0.391 0.027 0.162
AMP, Lg/g 64.3° 83.22 70.5P 70.4° 1.35 0.256 0.008 0.008
ATP/ADP 1.68 0.630 1.49 0.950 0.136 0.829 0.020 0.379
AMP/ATP 0.126 0.774 0.135 0.588 0.108 0.693 0.034 0.664

ab NMeans within a row with no common superscript difter significantly (P < 0.05).

T A 2 x 2 factorial arrangement with 2 supplemental levels of rumen-protected creatine pyruvate (RP-CrPyr) in basal diets (0 or 140 g/d for each cattle) and 2 transport treatment (transport

5 min or 12 h before slaughter).

2 Transport x RP-CrPyr, the interaction between Transport and RP-CrPyr.
SEM, stand error of mean; PCr, phosphocreatine; Crm cretaine; ATP, adenosine triphosphate; ADP, adenosine diphosphate; AMP, adenosine monophosphate.
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TABLE 6 | Effects of transport and rumen-protected creatine pyruvate on the hepatic gluconeogenesis of beef cattle.

Item Treatment' SEM P-value
Long-distance transport Short-distance transport
RP-CrPyr40 RP-CrPyr, RP-CrPyry40 RP-CrPyr, Transport RP-CrPyr Transport x F!P-CrPyr2

Pyruvate, pmol/gprot 42.4 25.7 41.2 34.1 1.33 0.215 0.002 0.110
Glucose, mmol/g 0.187 0.155 0.239 0.180 0.00719 0.028 0.014 0.370
Glycogen, mg/g 17.5 15.9 17.9 17.8 1.27 0.657 0.740 0.783
PC, ng/mgprot 22.4 13.5 16.1 13.9 0.926 0.148 0.017 0.114
PEPCK, U’kg 86.1 83.4 80.2 87.9 3.19 0.913 0.708 0.442
G-6-Pase, ng/mgprot 5.22 5.18 5.79 5.53 0.325 0.499 0.830 0.868

T A 2 x 2 factorial arrangement with 2 supplemental levels of rumen-protected creatine pyruvate (RP-CrPyr) in basal diets (0 or 140 g/d for each cattle) and 2 transport treatment (transport

5 min or 12 h before slaughter).
2 Transport x RP-CrPyr, the interaction between Transport and RP-CrPyr.

SEM, stand error of mean,; PC, pyruvate carboxylase; PEPCK, Phosphoenolpyruvate carboxykinase; G-6-pase, glucose-6-phosphatase.

cellular and alter membrane permeability and thus, the stress
enzymes such as CK and LDH are released into the serum
through leakage arising from altered membrane permeability
(Mader, 2003; Sattler and Firll, 2004). Consistently, previous
studies indicated that serum alanine aminotransferase, aspartate
aminotransferase, CK, and LDH activities were increased in
transported wild ungulates due to tissue damage, poor
muscular tissue perfusion, reduced heat dissipation, hypoxia,
and fatigue (Lopez-Olvera et al., 2006). In this study, serum CK
and LDH activities were lower in the RP-CrPyr-supplemented
group which indicates that oxidative damage was minimized.
Correspondingly, our previous study presented that RP-CrPyr
reduced oxidative stress, to some extent, by tending to decrease
the serum MDA concentration (Mao et al., 2022). Creatine and
pyruvate are both energetic and antioxidant substances (Rieger
et al,, 2017), RP-CrPyr can be absorbed in the form of pyruvate
and creatine in the small intestine after ingestion, thereby
enhancing the antioxidant properties of beef cattle. Blood
glucose level is used as a metabolic indicator of energy status
in cattle. Transportation without feed and water for 2 days
caused a decrease in serum glucose of steer calves immediately
after transportation (Takemoto et al., 2018). While, another study
reported that the blood glucose of bulls increased significantly after
9 h of transport (Earley et al., 2013). Our result was different with
both of these study that there was no difference in serum glucose
between the long-distance transport and short-distance transport.
This may be due to the differences in the transportation time, which
can be summarized as: 2 days of transport results in a decrease, 9 h
of transport results in an increase, and 12 h of transport with 2 h of
recovery did not cause change in blood glucose. Moreover, the
present study showed that RP-CrPyr supplementation had no effect
on serum pyruvate and creatine contents. For this, one possible
explanation might be that the pyruvate and creatine entered the
tissues from blood when sampling.

It is well known that pre-slaughter stress results in depletion
of glycogen stores in the muscle, further limits post-mortem
glycolysis and the formation of lactic acid, and leads to a high
pH, (Ponnampalam et al., 2017; Shange et al.,, 2019). Among
which, transport stress is one of the major factors. In the present
study, the transport x RP-CrPyr interaction significantly affected

the pHys min value of muscle, which seems to be associated with
the observed interaction for glycogen and GP in muscle
(Table 4). This suggests that RP-CrPyr could restore the long-
distance transport-induced rice in pHys min,by increasing muscle
glycogen content. Moreover, long-distance transport followed
with recovery treatment significantly increased the pHys min
value and decreased glycogen and GP, while had no effect on
pH,4 1, value. This situation may be assumed because of the
reduced muscle glycogen retention related to transport stress but
it was not low enough to result in high pH,, . Indeed, it was
suggested the relationship between initial muscle glycogen
content and ultimate pH is only linear at very low levels of
glycogen (Mariia et al., 2003). Similarly, Fernandez et al. (1996)
reported that there was no significant change in the pH at 48 h
postmortem while 11 h of transport significantly reduced muscle
GP and increased pH at 4 h postmortem. Moreover, a previous
study reported beef meat that has a pHy, 1, greater than 5.5 is
considered a result of pre-slaughter glycogen depletion and
comes with a lack of glycogen in muscle that accumulated
adequate lactate concentration (Kannan et al., 2002).
Consistently in this study, the muscle from long-distance
transported beef cattle without RP-CrPyr supplementation had
pHay 1, greater than 5.5 (pHys , = 5.69). Meat color is the most
important component in physical appearance and is used by
consumers to evaluate the quality and freshness of meat. When
the color of meat changes from bright red (oxymyoglobin, the
oxygenated form of the muscle pigment myoglobin) to brown
(metmyoglobin), it is well known that a* values are most closely
related to the oxymyoglobin content of the meat (Renerre et al.,
1996) while L* will decrease with the increase of a* and the flesh
color will gradually become dark. Transport stress is
accompanied by oxidative stress, which leads to the decline of
muscle antioxidant capacity and increase in oxymyoglobin
content of meat. Consistently, the long-distance transported
beef cattle without RT-CrPyr (antioxidants) supplementation
had lower L* value and higher a* value, while long-distance
transported beef cattle fed with RT-CrPyr increased L* value and
decreased a* value. In addition, our findings showed that long-
distance transport followed with recovery treatment significantly
increased muscle drip loss. This result was in accordance with at
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least one study (Honkavaara et al., 2003) but in contrast to others
(Fernandez et al., 1996; Xin et al., 2018).

In the current study, RP-CrPyr supplementation reduced the
pHy4 1, value and this was attributed to RP-CrPyr increasing the
muscle glycogen content and glycolytic potential at the early
postmortem period, providing sufficient glycogen and lactate for
the reduction of muscle pH at 24 h postmortem. Previous research
indicated that exogenous pyruvate, creatine, and CrPyr could
promote glycogen stores in muscle of mammalian (Ceddia and
Sweeney, 2004; Ju et al., 2005; Guo et al.,, 2009; Chen et al., 2012;
Shetty et al., 2012; ), therefore, the muscle glycogen level in cattle
fed RP-CrPyr was higher in this study. During early postmortem
metabolism, the phosphagen system and glycolysis contribute to
the maintenance of ATP levels (Scheffler and Gerrard, 2007).
Creatine supplementation has been shown to promote the increase
in intramuscular PCr, which could improve the energy supply
substrates of the phosphagen system, relatively reduce
glycogenolysis, and thereby decrease lactate production (Li et al.,
2018). Consistent with this, the present study shows that RP-
CrPyr increased muscle ATP reserve and decreased the muscle
lactate content at early postmortem. Glycolytic enzymes are the
key factors regulating glycolytic flow and lactate accumulation in
muscle (Scheffler and Gerrard, 2007). Oxidative stress causes the
inactivation of key glycolytic enzymes in mammalian cells
(Reichmann et al,, 2018). Our previous study showed that RP-
CrPyr could reduce oxidative stress induced by transport stress to
some extent (Mao et al., 2022). Therefore, in this study the
enhanced activity of glycolytic enzyme HK by RP-CrPyr might
be attributed to the antioxidant properties of CrPyr. Similarly,
Zhao et al. (2018) reported that in ovo feeding of CrPyr increased
glycolytic enzyme activity and promoted glycolysis in chest of
broilers. Bortoluzzi et al. (2019) found that creatine, plus pyruvate
supplementation, prevented the oxidative stress induced decrease
in HK and PK cell activities in the brain of rats subjected to
chemically-induced phenylketonuria.

For ruminants, the gluconeogenesis in liver accounts for 80% of
endogenous glucose (Aschenbach et al., 2010). Propionate,
glucogenic amino acids, lactate, glycerol, and pyruvate are all
substrates for hepatic gluconeogenesis in ruminants. Previous
research has found that supplementation of gluconeogenic
precursors increased glycogen content in muscle and liver via
stimulating the rate of gluconeogenesis (Volpi-Lagreca and
Duckett, 2017). Our results show that RP-CrPyr supplementation
increase the liver pyruvate content and provide an additional source
of substrate for gluconeogenesis, which in turn increases hepatic
glucose production and glucose levels. In the process of
gluconeogenesis, PC is the primary key enzyme for the conversion
of pyruvate to oxaloacetic acid, which is then converted to
phosphoenolpyruvate through PEPCK, undergoes a series of non-
enzymatic reactions to generate glucose-6-phosphate, and finally
catalyzes by G-6-Pase enzyme to produce glucose. The PC, PEPCK,
and G-6-Pase are the rate-limiting enzymes responsible for
gluconeogenesis (Aschenbach et al, 2010), and their activity is
regulated transcriptionally and post-transcriptionally, such the
supply of gluconeogenic precursors to the liver as well as by
insulin and glucagon (She et al., 1999; Bobe et al,, 2009). In this
study, we found that RP-CrPyr supplementation increased the

gluconeogenesis

@D D
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FIGURE 1 | The possible mechanisms diagram of creatine pyruvate
promoting beef muscle glycogen deposit. CrPyr, creatine pyruvate; Cr,
creatine; Py, pyruvate; Glu, glucose; ATP, adenosine triphosphate.

activity of PC. Similarly, Zhao et al. (2018) reported that in ovo
feeding of CrPyr up-regulated the mRNA expression levels of PC
and PEPCK in broilers. Hence, the increased hepatic gluconeogenic
enhanced the glucose generation, which might be useful to the
muscle glycogen deposition.

In conclusion, dietary supplementation, with RP-CrPyr,
improved meat quality and energy metabolism regulatory
capacity in beef cattle suffering from long-distance transport
followed with recovery treatment. This may show that RP-CrPyr
attributes to increased muscle glycogen storage and energy
supply and hepatic gluconeogenesis (Figure 1).
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Bans on the use of ionophores in several regions of the world has led to a need
to identify alternative feed additivies to be added in cattle diets. Essential oil
blends have been identified as a potential alternative to ionophores in feedlot
diets. The objective of this study was to evaluate the effects of a supplemental
a blend of essential oils and 25-hydroxyvitamin D3 on growth performance,
energetic efficiency, and carcass characteristics in calf-fed Holstein steers.
Ninety Holstein steer calves (123 + 7 kg; 4 months old) were randomly assigned
to 18 pens (5 steers/pen; 6 pens/treatment). Dietary treatments consisted of a
steam-flaked corn-based diet supplemented with (DM basis): (1) no additives
(CON); (2) 30 mg/kg DM of monensin (MON); (3) 200 mg/kg DM of a mixture of
essential oils plus 25-hydroxyvitamin D3 (EO+4+HYD). There were no treatment
effects (P > 0.05) on initial, intermediate and final cattle live weight; moreover,
cattle had similar (P > 0.05) average daily gain (ADG) and dry matter intake
(DMI) among dietary treatments. However, during the first 112 days of feed,
calf-fed Holstein steers supplemented with EO+HYD had a greater (P < 0.05)
gain to feed ratio (G/F) than cattle fed the control diet but similar (P > 0.05) G/F
to cattle supplemented with MON. However, there was no effect (P > 0.05) of
dietary treatments on 112 to 286 d and the overall G/F ratio of calf-fed Holstein
steers. Calf-fed Holstein steers supplemented with EO+HYD had greater (P
< 0.05) estimated net energy for maintenance (NEm) and net energy for gain
(NEg) based on cattle growth performance than cattle fed the CON diet. Cattle
supplemented with MON had an intermediate and similar (P > 0.05) NEm and
NEg compared to the other two dietary treatments. However, when observed
vs. expected NEm and NEg were calculated, cattle supplemented with MON
and EO+HYD had greater efficiency of dietary energy utilization than cattle fed
the CON diet. Calf-fed Holstein steers supplemented with MON had greater
(P < 0.05) fat thickness than EO+HYD supplemented steers, and both were
intermediate (P > 0.05) to that of cattle fed the CON diet. There were no other
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effects (P > 0.05) on kidney, pelvic and heart fat, longissimus area, marbling
score, and retail yield. The health status of cattle and liver abscesses or liver
scars at slaughter were similar (P > 0.05). We conclude that supplementing
calf-fed Holstein steers with MON or EO4+HYD for over 285 days increased
dietary net energy utilization for maintenance and gain of the diet by 3 and 4%,
respectively, compared to non-supplemented steers.

essential oil, monensin, cattle, feedlot, Holstein

Introduction

Monensin (MON) is among the most commonly used
ionophores in the growing-finishing diets for feedlot cattle
(1). Enhancements in gain efficiency and digestive function
(2) are partially attributable to selective action on the gram-
positive bacteria in the rumen, potentially decreasing ruminal
acetate:propionate molar ratio and methane energy losses (3,
4), and reduction in maintenance energy requirements (5).
However, the present ban on ionophore supplementation within
the European Union (6), and the potential trend elsewhere,
have led to the quest for alternatives to conventional antibiotic
supplements. Among those alternatives are plant-extracted
essential oils. As with the ionophores, essential oil (EO)
supplementation may reduce acetate:propionate molar ratio,
methane production, and ruminal protein degradation (7).
Moreover, recent studies have reported that growing-finishing
cattle fed high energy diets supplemented with EO or MON had
similar growth performance and carcass characteristics effects
(8-10). However, the broader antimicrobial activities of EO
within the rumen (7, 11, 12) may also lead to negative responses
in organic matter digestion and cattle growth performance.

Another alternative feed additive that has been recently
explored in the literature is the supplementation of 25-hydroxy-
vitamin-D3 (HYD).

It has been reported that cattle supplementation with
HYD increased average daily gain (13), carcass weight (14),
and dressing percentage (15) compared to cattle receiving a
diet without supplementation of HYD. However, these studies
did not aimed to include an EO plus HYD in their dietary
treatments. Crina® Ruminants is a eubiotic blend composed
of thymol, eugenol, limonene, and vanillin, while HyD® is
the 25-hydroxyvitamin D3, an active metabolite of vitamin D3
(DSM Nutritional Products, El Salto, Jalisco, MX) for 286 days.
Therefore, the effect of the combination of EO + HYD on
cattle growth performance and carcass characteristics of calf-fed
Holstein steers that stay on feed for long periods is still lacking.

According to the latest National Beef Quality Assurance
Audit, the percent of Holstein steers fed for slaughter in
the United States increased around 60% from 2011 to 2016

Frontiersin Veterinary Science

18

(16, 17). In 2016, Holsteins represented 16% of total cattle
fed for slaughter in the U.S. (17). Calf-fed Holstein steers
enter the feedlot at characteristically light weights (115-180 kg)
represents most of the cattle fed in southwest desert region
in the U.S., where they are fed for periods typically over
285 days (18, 19). However, studies evaluating the effects of
EO + HYD supplementation on the growth performance of
calf-fed Holstein steers fed grain-based diets over 285 days
are limited. Therefore, the objective of this study was to
evaluate the interaction of supplemental Crina® Ruminants
and HyD® (EO+HYD) on growth performance, energetic
efficiency, and carcass characteristics in calf-fed Holstein steers
fed a conventional growing-finishing diet.

Materials and methods

All procedures involving animal care and management were
in accordance with and approved by the University of California,
Davis, Animal Use and Care Committee (protocol # 18811
and 18812).

Ninety Holstein steer calves (123 £7kg; 4 months old)
originating from Tulare, California, were received at the
University of California Desert Research Center, Holtville, CA.
Upon arrival, calves were vaccinated for IBR, BVD, PI3, and
B.R.S.V. (Bovi—shield® Gold 4, Zoetis Animal Health, New
York, NY), clostridial (UltraChoice® 8, Zoetis Animal Health,
New York, NY), gram-negative septicemic diseases (Endovac-
Beef; IMMVAC, Inc. Columbia, MO), treated for parasites
(Dectomax® Injectable, Zoetis Animal Health, New York, NY)
and injected (S.C.) with 400 mg Tulathromycin (Draxxin, Zoetis,
Kalamazoo, MI). Steers were randomly assigned to 18 pens
(5 steers/pen). Pens were 79 m? with 27 m? overhead shade,
automatic waterers and 4.22m fence-line feed bunks. During
the initial 28-d adjustment period, all calves were fed the same
non-supplemented (control) basal diet. On d 28, calves received
Endovac-Beef and Ultra Choice 8 booster vaccinations, injected
with 1,000,000 IU vitamin A (Vitamin AD, Huvepharma, Inc.,
St. Joseph, MO), weighed, and the trial was initiated. Dietary
treatments are shown in Table 1, consisting of a steam-flaked
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TABLE 1 Composition of experimental diets (DM basis).

Item Basal diet?
Ingredient composition, % DM

Sudangrass hay 8.00
Alfalfa hay 4.00
Tallow 2.50
Molasses, cane 4.00
Distillers Grains w/solubles 17.50
Steam flaked corn 61.07
Urea 0.80
Dicalcium phosphate 0.15
Limestone 1.56
Magnesium oxide 0.12
TM Salt® 0.30
Dry matter, % 89.2
Net energy for maintenance, Mcal/kg 2.20
Net energy for gain, Mcal/kg 1.53
Crude protein, % 14.9
Rumen degradable intake protein, % 60.0
Rumen undegradable intake protein, % 40.0
Ether extract, % 7.17
Ash, % 5.89
Nonstructural CHO, % 53.9
Neutral Detergent Fiber, % 20.5
Calcium, % 0.80
Phosphorus, % 0.40
Potassium, % 0.83
Magnesium, % 0.28
Sulfur, % 0.20

#Basal diet supplemented with: CON: control no antibiotic; MON, supplemented with
30 mg/kg (0.018% of diet, DM basis) monensin (Rumensin 80, Elanco Animal Health,
Greenfield, IN); EO+HyD: 200 mg/kg DM (0.018% of diet, DM basis) Crina® (dosage
0.1g/kg D.M.) plus HYD® (dosage 0.1mg/kg D.M.). Crina® 4 (D.S.M. Nutritional
Products) is a eubiotic blend composed of thymol, eugenol, limonene, and vanillin
combined with HyD® (25-hydroxyvitamin D3) supplemented to provide.

PTrace mineral salt contained: CoSO4, 0.068%; CuSO4, 1.04%; FeSO4, 3.57%; ZnO,
0.75%; MnSO4, 1.07%; KI, 0.052%; and NaCl, 93.4%.

corn-based diet supplemented with (DM basis): (1) no additives;
(2) 30 mg/kg DM of monensin; (3) 200 mg/kg DM of a mixture
of Crina® (dosage 0.1g/kg DM) plus HyD® (dosage 0.1 mg/kg
DM). Diets were prepared weekly and stored in plywood boxes
in front of each pen. Steers were allowed ad libitum access to
water and dietary treatments. Fresh feed was provided daily.
On days 112 and 224, all steers were injected subcutaneously
with 500,000 IU vitamin A (Vital E-A + D, Stuart Products,
Bedford, TX) and implanted with Revalor-S (Intervet, Millsboro,
DE). The health status of cattle was monitored daily by
trained personnel for signs of illness or pinkeye. Cattle with
signs of illness were pulled out, classified as morbid, and
treated with an antimicrobial if the rectal temperature was
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>39.5°C. Antimicrobial treatments were conducted following
a veterinarian’s recommendation. A post-treatment interval of
3 days was implemented after the first and second treatments.
If cattle remained morbid after the third treatment and the
prognosis of a full recovery was unlikely, cattle were removed
from the study.

Steer full body weight (BW) was recorded every 28
days until the end of the experiment (day 286) to monitor
live weight changes. Steers were not denied feed or water
before weighing. In the determination of average daily gain
(ADG), interim and final weights were reduced by 4%
to account for digestive tract fill (20). On June 21, 18
steers (1 steer per pen) were orally administered a SmaX-
tec intraruminal boluse. SmaX-tec animal care technology®
enables the continuous (every 10min) real-time display of
ruminal temperature. The data were measured with the help
of specific antennas (smaX-tec animal care technology®, Graz,
Austria). From July 12 through December 6, respiration rate
measures (breaths per minute) for these same steers, were
observed weekly at 1,100 h (5h following the morning feeding)
by trained personnel.

Carcass measurements

Hot carcass weights were obtained from all steers at
slaughter (286 days on trial). After carcasses were chilled for
48 h, the following measurements were obtained: (1) longissimus
muscle area (ribeye area), taken by direct grid reading of
the muscle at the twelfth rib; (2) subcutaneous fat over the
ribeye muscle at the twelfth rib taken at a location 3/4 the
lateral length from the chine bone end; (3) kidney, pelvic
and heart fat (KPH) as a percentage of hot carcass weight,
and (4) marbling score (21). Assessment of liver scaring
and liver scores were obtained from all steers at the time
of slaughter.

Estimation of dietary net energy (NE)

Daily energy gain (EG; Mcal/d) was calculated by the
equation: EG = ADG!"%%7 0.0557W%7>, where W is the mean
shrunk B.W. (kg; (22)) Maintenance energy (EM) was calculated
by the equation: EM = 0.086W %7°. Dietary net energy for
gain (NEg) was derived from net energy for maintenance
(NEm) by the equation: NEg = 0.877 NEm - 0.41 (5). Dry
matter intake (DMI) is related to energy requirements and
dietary NEm according to the equation: DMI = (EM/NEm) +
(EG/(0.877NEm - 0.41). From this relationship, dietary NE can
be resolved by means of the quadratic formula: x = (-b - /b2 -
4ac) / 2c, where: x = NEm, a = —0.42 EM, b = 0.887 EM + 0.41
DMI + EG, and ¢ = —0.887 DMI (23).
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Weather measurement and temperature
and humidity index (THI) estimation

Climatic variables (ambient temperature and relative
humidity) were obtained every hour from an on-site weather
station (California Irrigation Management Information System;
Meloland Station) throughout the experimental period. The
temperature humidity index (THI) was calculated using the
following formula THI = (0.8 x Ta) + [(H/100) x (Ta - 14.4)] +
46.4, where Ta is air temperature (°C) and H is relative humidity
(24, 25); Min = minimum; Max = maximum.

Statistical design and analysis

The trial was analyzed as a completely random design, using
pens as experimental units. Treatment effects were separated
using Fisher’s Least Significant Difference test. Treatment effects
were considered significant when P < 0.05 and were identified
as trends when P > 0.05 and <0.10. (Stastistix 10, Analytical
Software, Tallahassee, FL).

Results

Treatment effects on growth performance and dietary NE
are shown in Table 2. There were no treatment effects (P >
0.05) on initial, intermediate (112 d), and final (286 d) live
weight. Holstein steers supplemented with MON or EO+HYD
had similar (P > 0.05) ADG and DMI throughout the entire (1 -
286 d) feeding period. However, during the first 112 days on feed,
steers supplemented with EO4+HYD had a greater (P < 0.05)
gain to feed ratio (G/F) than cattle fed the control diet, but were
not different from cattle supplemented with MON (P > 0.05).
There were no treatment effects (P > 0.05) from 112 to 286 d or
the overall G/F ratio.

The greater results of G/F for EO4+HYD vs. CON calves
during the initial 112-d feeding period was also reflected by
enhanced efficiency of dietary energy utilization (Table 2). Steers
supplemented with EO+HYD had greater (P < 0.05) estimated
NEm and NEg based on cattle growth performance than cattle
fed the control diet. The effects of MON supplementation on
the efficiency of energy utilization were intermediate (P >
0.05) to that of CON and EO+HYD treatments. The overall
observed vs. expected dietary NEm and NEg were greater for
MON and EO+HYD than for CON. Observed NE for steers
fed the Control diet was in close agreement with expected
(OBS/EXP NEm and NEg were 0.99), whereas estimated dietary
NE for steers supplemented with MON or EO+HYD exceeded
expectations throughout the feeding period.

Treatment effects on carcass characteristics are shown in
Table 3. Calf-fed Holstein steers supplemented with MON had
greater fat thickness as measured over the longissimus than
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EO+HYD supplemented steers, and both were intermediate
(P > 0.05) to cattle fed the CON diet. There were no other
treatment effects (P > 0.05) on KPH, longissimus area, marbling
score, and retail yield. The health status of cattle in the current
study, as well as liver abscess and liver scars at slaughter, were
similar (P > 0.05) across treatments (Table 3).

Monthly average THI and maximum and minimum
temperature during the 286-d feeding period are presented in
Figure 1. During July and August of 2021, the average THI
exceeded 80, an ambient condition classified as “danger” Brown-
Brandl et al. (26). Feeding EO4+HYD to calf-fed Holstein steers
under these ambient conditions decreased (P < 0.05) mean
rumenal temperature compared to cattle fed CON or MON
diet (Figure 2). There were no major treatment effects on cattle
respiration rate (Figure 3). However, it is worth pointing out
that regardless of treatment, cattle respiration rate was above
“danger” designation (26) during July and August, and were
highly correlated with THI measurements.

Discussion

Consistent with the current study (Table 2), Meyer et al.
(8) reported that crossbred yearling beef steers fed grain-
based diets for 115 days and supplemented with a similar
EO had similar overall ADG to the control non-supplmented
and MON supplemented diet. However, different than the
current experiemnt these authores observed that compared
with non-supplemented control and EO supplemented cattle,
cattle supplemented with MON decreased DML, but greater G/F
compared to non-supplemtend cattle (8). Meschiatti et al. (9)
compared the effects of supplementing EO in a grain-based
diet fed to Nellore bulls, and observed that supplemental MON
decreased DMI but did not appreciably affect ADG or G/F when
compared to diets supplemented with only an EO blend (9). In
a similar study, Gouvea et al. (10) observed a similar increase
in DMI for cattle supplemented with a blend of EO compared
to cattle supplemented with MON, though cattle supplemented
with a blend of EO were also supplemented with amylase.
Moreover, Toseti et al. (27) observed similar G/F in Nellore bulls
fed grain-based diets supplemented with EO or MON. However,
authors reported that whereas bulls fed EO had similar DMI,
both ADG and final BW were greater for bulls supplemented
with EO than for bulls supplemented with MON (27).

Although, results comparing MON vs. EO have been
inconsistent. In agreement with the current study (Table 2),
Meschiatti et al. (9) and Gouvea et al. (10) observed that cattle
fed EO or MON had similar estimated dietary energy utilization,
but greater than non-supplemented cattle. Conversely to the
current study, Mendoza-Cortéz et al. (28) reported that Zebu-
British bulls fed a grain-based diet in high ambient temperature
supplemented with EO+HYD had greater efficiency of dietary
energy utilization of the diet compared with bulls supplemented
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TABLE 2 Influence of feeding an eubiotic blend of essential oils plus 25-hydroxy-vit-D3 on growth-performance of calf-fed Holstein steers.

Dietary treatments! SEM
CON MON, EO+HYD,
30 mg/kg 200 mg/kg

Weight, kg
Initial 153.8 155.7 156.3 33
112d 326.4 331.2 333.8 5.4
286 d 583.5 595.9 599.4 7.8
Average daily gain (kg)
1-112d 1.55 1.58 1.59 0.031
112-286 d 1.47 1.51 1.52 0.035
1-286d 1.50 1.54 1.55 0.021
Dry matter intake (kg/d)
1-112d 6.66 6.62 6.57 0.137
112-286 d 9.23 9.22 9.30 0213
1-286 d 8.15 8.13 8.16 0.155
Gain to feed ratio
1-112 & 0.233" 0.239% 0.244° 0.003
112-286 d 0.159 0.164 0.163 0.003
1-286 d 0.184 0.190 0.190 0.002
Net energy for maintenance (NEm), Mcal/kg
1-112 d* 2.02° 2.07% 2.10° 0.021
112-286d 2.23 2.29 2.29 0.023
1-286 d? 2.19° 226° 2.26° 0.020
Net energy for gain (NEg), Mcal/kg
1-112 & 1.36 1.40% 1.43° 0.019
112-286 d 1.55 1.60 1.59 0.020
1-286 d2 1.51° 1.57% 1.58* 0.017
Observed/expected NEm
1-112 d2 0.91° 0.94% 0.95° 0.009
112-286 d 1.01 1.04 1.04 0.010
1-286 d? 0.99° 1.02° 1.02° 0.009
Observed/Expected NEg
1-112 & 0.89" 0.92% 0.94° 0.012
112-286 d 1.01 1.05 1.05 0.013
1-286 d? 0.99° 1.03 1.03 0.012

! Treatments: CON: control no antibiotic; MON, monensin (Rumensin 80, Elanco Animal Health, Greenfield, IN) and Crina® + (D.S.M. Nutritional Products) is a eubiotic blend
composed of thymol, eugenol, limonene, and vanillin combined with HyD® (25-hydroxyvitamin D3) supplemented to provide 200 mg/kg DM Crina® (dosage 0.1g/kg D.M.) plus HyD®

(dosage 0.1mg/kg D.M.).
2 Means in a row with different superscripts differ (P < 0.05).

with MON. Authors attributed the potential benneficts of
supplementing EO+HYD to a greater DMI intake observed in
cattle receiving EO+HYD compared to cattle in the MON (28).
Moreover, the greater ADG observed by Mendoza-Cortéz et al.
(28), could be attributed to potential effect that supplementing
HYD would have on net protein retention (lean tissue growth),
previous reported in the literature (14). However, in contrast
with the present study, none previously mentioned studies had a
negative (non-supplemented) control diet.
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Consistent with similar studies, there was no effect of MON
or EO on major carcass characteristcs (Table 3). In the current
study dressing percentage, KPH, longissiumus area, marbling
score, or yield grade, though the studies did not include a control
diet with no feed additive (8-10). Meschiatti et al. (9) did not
observe any difference between EO and MON treatments on
the specific carcass characteristics listed, though, conversely to
this study, it was reported that cattle had an increased HCW
when supplemented with EO + amylase compared to MON.
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TABLE 3 Influence of feeding an eubiotic blend of essential oils plus 25-hydroxy-vit-D3 on carcass characteristics and health score of calf-fed

Holstein steers.

Dietary treatment! SEM
CON MON, EO+HYD +,
30 mg/kg 200 mg/kg
Hot carcass weight, kg 360.3 362.9 370.9 6.85
Dressing percentage 61.7 60.9 61.9 0.50
Kidney, pelvic and heart fat,> % 3.43 341 3.37 0.07
Fat thickness?, cm 0.76* 0.85° 0.68" 0.06
Longissimus area,’ cm? 79.4 79.9 80.1 1.37
Marbling score* 5.40 5.88 5.71 0.26
Calculated yield grade 2.99 3.07 2.97 0.15
Pinkeye, % 13.33 7.50 6.67 5.33
Morbidity, % 6.67 10.00 6.67 6.02
Liver abscess, % 0.03 0.03 0.10 0.05
Liver abscess scars, % 20.0 17.5 30.0 6.80

! Treatments: CON: control no antibiotic; MON, monensin (Rumensin 80, Elanco Animal Health, Greenfield, IN) and Crina® + (DSM. Nutritional Products) is a eubiotic blend composed
of thymol, eugenol, limonene, and vanillin combined with HyD® (25-hydroxyvitamin D3) supplemented to provide 200 mg/kg DM Crina® (dosage 0.1g/kg D.M.) plus HyD® (dosage

0.1mg/kg D.M.).
2 Means in a row with different superscripts differ (P < 0.05).
3 Kidney, pelvic and heart fat fat as a percentage of carcass weight.

4 Coded: minimum slight, 3.0, minimum small, 4.0, minimum modest, 5.0, minimum moderate, 6.0, and so on.
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FIGURE 1

Temperature-humidity index (THI) during the course of the
286-d feeding period: THI = (0.8 x Ta) + [(H/100) x (Ta — 14.4)]
+ 46.4, where Ta is air temperature (°C) and H is relative humidity
(Thom, 1959; NOAA, 1976); Min, minimum; Max, maximum.

In contrast to similar studies, the current study reported an
increase in fat thickness over the longissimus area for cattle
supplemented with EO + HyD compared to MON while the
control treatment was intermediary. As previously mentioned
in the current manuscript, previous research has reported that
cattle supplemented with HYD could have greater lean tissue
growth due to greater net protein retention (14), this could be
the reason for decrease in fat thickness observed in the current
study. However, there were no differences among treatments
in other major carcass characteristcs. Therefore, authors in the
current experiment recommend that more research needs to be
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Average reticulorumen temperature during July and August.

conducted to elucidate the effects of EO+HYD on the carcass
composition of cattle.

Converse to the current study where authors did not
observed treatment effects in percentage of liver abscess
or liver abscess scars (Table 3). Meyer et al. (8) reported
that cattle supplemented with MON + Tylosin and EO +
Tylosin decrease, and cattle supplemented EO alone tended
to decrease liver abscess incidence compared to the control
(6.5, 8.6, 16.6, and 27.2%, respectively). Although previous
research has reported that calf-fed Holstein steers have a
greater incidence of liver abscess than native beef breed (29),
studies conducted at our laboratory (19, 30) have reported
lower incidences (<10%) of liver abscess in calf-fed Holstein
(more characteristic of the southwest desert region in the
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FIGURE 3
Weekly cattle respiration rate (1,100 h) and
temperature-humidity index from July through December.

United States) than previous research. Although, previous
research has reported that the majority of respiratory diseases
in the feedlot occurred within the weeks days after cattle
arrival (31), which may impact cattle growth performance.
Therefore, potentially explanning the greater G/F efficiency
observed in the first 112 days on feed for cattle supplemented
with EO4+HYD and MON, compared to non-supplemented
cattle. There were no effect of cattle supplementation on
pikeye incidence or cattle morbidity in the current study.
Moreover, consistent with the present study (Figure 2), Silva
et al. (32) also observed that lactating dairy cows supplemented
with a blend of EO had reduced frequency of high rectal
temperature and increased blood oxygenation. However, more
research needs to be conducted to illustrate the mechanism
of this potential benefit of EO and EO+HYD to cattle
health and confort when animals are raised under high-
ambient temperatures.

Conclusion

Supplementation of calf-fed Holstein steers with MON or
EO+HYD increases the overall efficiency of dietary net energy
utilization for maintenance and gain (3 and 4%, respectively)
without major effects on carcass characteristics or liver abscess
incidence when fed to calf-fed Holstein steers for over 285 days.
Moreover, cattle supplemented with EO+HYD decreased mean
reticulorumen temperature when experiencing extremely high
ambient temperature.
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Feed additives such as monensin (MON) and virginiamycin (VM) are widely used in
feedlots diets to maximize rumen fermentation. However, the knowledge about the
effects of MON and VM combinations in specifics feedlot periods and the benefits of
this association are still unclear. This study aimed to evaluate the effects of withdrawal
of MON when associated with VM during the adaptation and finishing periods on
feedlot performance of Nellore cattle. The experiment was designed as a completely
randomized block replicated six times (four animals/pen) in which 120 Nellore bulls
(378.4 + 24.4 kg) were allocated in 30 pens and fed for 112 days according to the
following treatments: (T1) MON during the entire feeding period; (T2) VM during
the entire feeding period; (T3) MON-+VM during the adaptation period and only VM
during the finishing period 1 and 2; (T4) MON+VM during the entire feeding period;
(T5) MON+VM during the adaptation and finishing period 1 and only VM during the
finishing period 2. After 112 days on feed, no treatment effect was observed for DMI
(P > 0.12). However, bulls fed T5 had greater (P = 0.05) final BW and ADG when
compared to T1, T2, and T4. Cattle from T3 and T5 groups presented heavier HCW (P
= 0.05) than that fed T1, T2, and T4. Nellore bulls fed T1 and T5 had lower (P < 0.01)
DMl variation than those receiving T2. The withdrawal of MON when associated with
VM during the final third of the feedlot period improved overall final BW, ADG, and
HCW when compared to bulls fed either MON or VM, but did not positively impact
feedlot performance when compared to cattle that had MON withdrawn at the end
of the adaptation period.

antibiotic, ionophore, papillae, rumen, Zebu

1. Introduction

Feed additives such as ionophores are widely used in North American and Brazilian feedlots
(1, 2). In a meta-analysis conducted by Duffield et al. (3), sodium monensin (MON) decreased
dry matter intake (DMI) by 3.1% and improved the gain-to-feed (G:F) ratio by 6.4% in feedlot
cattle. Also, it has been reported by the Brazilian feedlot cattle nutritionists that the use of
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antibiotics associated with ionophores as a primary feed additive has
become a common practice (2). The most common antibiotic that is
associated with ionophores is virginiamycin (VM). Salinas-Chavira
et al. (4) and Salinas-Chavira et al. (5) reported that VM improved
G:F ratio by 3.83 and 4.20%, respectively when VM was fed to feedlot
Holstein cattle. Both additives improved G:F ratio for feedlot cattle
when fed as sole feed additives, however, only MON has been shown
to decrease DMI (3).

There are few studies that evaluated the effect of MON and VM
combinations for cattle, and the benefits of this association are still
unclear. Erasmus et al. (6) reported a complementary effect between
MON and VM when both were included in the diets of early lactation
cows. However, Lemos et al. (7) did not observe any evidence that
the combination of MON and VM for the entire feeding period
improves feedlot performance or causes a positive impact on carcass
characteristics of Zebu cattle. However, although the studies cited
above have evaluated the combination between MON and VM in
feedlot diets, none of them reported the combination of two feed
additives in specifics periods. In the meantime, Rigueiro et al. (8)
reported positive effects using different combinations of MON and
VM in feedlot Nellore cattle. It was recommended by the authors that
Nellore yearling bulls should be fed with diets containing MON and
VM only during the adaptation period, and VM during the finishing
period to improve overall feedlot performance. In a subsequent
study, Rigueiro et al. (9) reported again that the use of MON and
VM associated for the entire feeding period did not promote any
positive effect on feedlot performance when compared to cattle fed
only MON or VM. Furthermore, Rigueiro et al. (8, 9) observed
that cattle fed only VM did not decrease DMI in the last 28 days
on feed.

Typically, the DMI of feedlot cattle decreases in the final third
of the feeding period, and this is one of the challenges feedlot
cattle nutritionists have to face to keep cattle performance. One
of the main factors related to DMI decrease during this period
is the increase in leptin concentrations (10). According to Foote
et al. (11), leptin was negatively associated with DMI. Leptin is a
hormone produced by the adipocytes, and as an animal grows and
approaches mature body size, fat deposition occurs as a normal part
of growth (12). For this reason, nutritional strategies to increase
DMI during the final third of the feedlot period have become a new
research area.

Therefore, we aimed to test the hypothesis that withdrawing
MON combined with a higher energy diet during the final third of
the feedlot period increases DMI, and as a consequence improves
feedlot performance and carcass traits of Nellore cattle. Thus,
this study was designed to evaluate the effects of withdrawing
MON when associated with VM during the adaptation and
finishing periods on feedlot performance, feeding behavior,
carcass, rumen, and cecum morphometrics characteristics of
Nellore cattle.

2. Material and methods

All the procedures involving the use of animals in this study were
in accordance with the guidelines established by the Sao Paulo State
University Ethical Committee for Animal Research (protocol number
CEUA 154/2016).
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2.1. Animals and treatments

The trial was conducted at the Sdo Paulo State University
feedlot, Dracena campus, Brazil. One hundred and twenty 22-mo-old
yearling Nellore bulls (378.44 4 24.43 kg) were allocated in 30 pens
(1.5m of linear bunk space and 18 m? of pen space per animal; n =
4 animals per pen) and fed for 112 days, according to the treatments:
(1) MON during the entire feeding period (T1); (2) VM during the
entire feeding period (T2); (3) MON + VM during the adaptation
period and only VM during the finishing period 1 and 2 (T3); (4)
MON + VM during the entire feeding period (T4); (5) MON + VM
during the adaptation and finishing period 1 and only VM during the
finishing period 2 (T5). Doses were based on Rigueiro et al. (8) when
either MON (30 mg/kg of DM) or VM (25 mg/kg of DM) were fed as
sole feed additives in the diet.

2.2. Feeding and management description

At the beginning of the study, all yearling bulls were dewormed
(Ivermax, Dispec do Brasil, Maringd, BR). Cattle were fed ad libitum
3 times per day at 800h (35% of total ration), 1,100h (20% of
total ration), and 1,600h (45% of total ration), targeting 3 to
5% refusal with free-choice water access to a water trough. The
experimental diets were formulated according to the Large Ruminant
Nutrition System (LRNS; (13)) and are shown in Table 1. The step-
up adaptation program consisted of ad libitum intake and lasted 14
days, where 3 adaptation diets containing 66, 72, and 78% concentrate
were fed for 5, 4, and 5 days, respectively. The finishing period
program also consisted of ad libitum intake and lasted 98 days, where
2 finishing diets containing 84%, and 88% concentrate were fed for
58, and 40 days, respectively.

Samples of the feed ingredients offered were analyzed for DM
weekly and dietary DM was adjusted on a weekly basis according
to changes in feed ingredient DM and water was added to the
experimental diets to equalize the DM content by approximately 70%.
Feed ingredient samples were dried in a forced-air oven for DM
determination [(14); method 930.15]. Subsequently, samples were
ground using a hammer mill to pass through a 1-mm screen (MA340,
Marconi equipamentos para laboratdrios Ltda, Piracicaba, BR) and
were analyzed for ash [(14); method 942.05], crude protein [(15);
method 990.02], and neutral detergent fiber (16).

2.3. Feedlot performance and carcass traits

One day before the start of the study, and every 28 days, all
yearling bulls were withheld from feed for 16 h for the body weight
(BW) assessment. Consequently, ADG and G:F ratio were calculated
at the end of the experiment. The DMI was calculated daily by
weighing the ration offered and refusal before the next morning
delivery and expressed in kilograms and as a percentage of BW. The
DMI variation was calculated as the difference in intake between two
consecutive days throughout the study (17). Daily DMI variation was
expressed as a percentage of variation. In order to estimate the net
energy for maintenance (NEm) and net energy for gain (NEg), it was
used the methods described by Lofgreen and Garrett (18), NRC (19),
and Zinn and Shen (20).
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TABLE 1 Feed ingredients and chemical composition of high-concentrate
diets fed to Nellore yearling bulls (n = 30) during adaptation and finishing
periods.

Percent of concentrate

88
Days on feed, n ‘ 5 ‘ 4 ‘ 5 ‘ 58 ‘ 40
Ingredients, % of DM?
Cynodon dactylon hay 20.00 | 14.00 4.00 2.00 2.00
Sugarcane bagasse 14.00 14.00 18.00 14.00 10.00
Corn grain fine grind 46.00 | 54.00 | 62.00 | 70.00 | 76.70
Soybean meal 17.30 | 15.10 | 12.90 | 10.70 8.00
Supplement® 1.40 1.40 1.50 1.50 1.50
Urea 0.40 0.60 0.70 0.90 0.90
Limestone 0.90 0.90 0.90 0.90 0.90
Nutrient content, % of DM
Dry matter, % 74.00 74.00 73.00 73.00 74.00
Total digestible nutrients 72.00 | 72.00 | 75.00 | 78.00 | 80.00
Crude protein 1520 | 15.00 | 14.60 | 14.50 | 14.00
Neutral detergent fiber 3430 | 30.50 | 26.80 | 23.00 | 19.20
Non-fiber carbohydrates 43.00 | 48.00 | 52.00 = 57.00 = 61.00
peNDFCl 26.00 22.00 18.00 14.00 10.00
Net energy for gain, Mcal/kg 1.09 1.09 1.15 1.25 1.26
Ca 0.60 0.58 0.56 0.54 0.52
P 0.40 0.41 0.42 0.42 0.42

4DM: dry matter. bSupplement contained: Ca: 18.23%; P: 4.05%, Mg: 0.77%, K: 0.05%, Na: 8.22%,
Cl: 12.65%, S: 1.60%, Co: 27.50 ppm, Cu: 757.17 ppm, Fe: 2,498 ppm, I: 37.29 ppm, Mn: 740 ppm,
Se: 6.20 ppm, Zn: 1,790 ppm. Monensin (Bovensin 200; Phibro Animal Health Corporation,
Guarulhos, Sdo Paulo, Brazil) was added at 2,000 mg/kg of supplement and Virginiamycin (V-
Max 2; Phibro Animal Health Corporation, Guarulhos, Sdo Paulo, Brazil) was added at 1,666
mg/kg of supplement and offered to yearling bulls in the treatments. “Estimated by equations
according to Large Ruminant Nutrition System (LRNS; (13)). 4peNDF: physically effective
neutral detergent fiber.

Final BW was obtained at the feedlot prior to transportation.
Cattle were transported 150 km (~3 h) to a commercial abattoir. Hot
carcass weight (HCW) was obtained after a kidney, pelvic, and heart
fat removal. Dressing percentage was calculated by dividing HCW by
the final BW. The 12 th rib fat thickness, Biceps femoris fat thickness,
longissimus muscle (LM) area, and marbling were measured via
ultrasound at the beginning and at the end of the experimental period
following the method described by Perkins et al. (21). The 12th rib fat
thickness daily gain, Biceps femoris fat daily gain, and LM area daily
gain were calculated as the difference between the two measurements
divided by days on feed. Images were collected using an Aloka SSD-
1100 Flexus RTU unit (Aloka Co. Ltd., Tokyo, Japan) with a 17.2 cm,
3.5 MHz probe.

2.4. Feeding behavior and particle sorting
All yearling bulls were submitted to visual observations to

evaluate feeding behavior, every 5 min, over two periods of 24 h. The
visual observations were performed on days 61 (finishing period 1)
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and 96 (finishing period 2) according to Robles et al. (22). Feeding
behavior data were recorded for each animal as follows: time spent
resting, ruminating, and eating (expressed in minutes), and the
number of meals per day. A meal was considered the non-interrupted
time cattle stayed in the feed bunk eating the ration. Meal length in
minutes was calculated by dividing time spent eating by the number
of meals per day. The DMI per meal in kilograms was calculated by
dividing DMI by the number of meals per day.

In addition, data on time spent eating and ruminating were used
to calculate the eating rate of DM (time spent eating/DMI) and
rumination rate of DM (time spent ruminating/DMI), both expressed
in minutes per kilogram of DM, according to Pereira et al. (23).
Samples of diets and refusals were collected for chemical analysis
of NDF (16) to determine the intake of NDF on the day of feeding
behavior. Eating rate of NDF was calculated by dividing the time
spent eating by NDF intake. Rumination rate of NDF was determined
by dividing the time spent ruminating by NDF intake. Both eating
rate and rumination rate were expressed in minutes per kilogram of
NDF, according to Pereira et al. (23).

Samples of diets and refusals were also collected on days 61 and
62 (finishing period 1), and 96 and 97 (finishing period 2) of the
study, respectively, for the determination of particle-size distribution
using the Penn State Particle Separator with aperture sizes of 19, 8,
and 1.18 mm, and a pan according to Heinrichs and Kononoff (24).
The particle size distribution was determined using representative
1-L samples. Physical effectiveness factor was determined as the
proportion of particles retained on 3 sieves (25).

Samples of diets and orts were also collected for the
determination of particle size distribution, which was performed by
sieving using the Penn State Particle Size Separator and reported
on an as-fed basis as described by Heinrichs and Kononoft (24).
Particle sorting was determined as follows: n intake / n predicted
intake, in which n = particle fraction retained on screens of 19 mm
(long), 8 mm (medium), and 1.18 mm (short) and a pan (fine).
Particle sorting values equal to 1 indicate no sorting. Those <1
indicate selective refusal (sorting against), and those >1 indicate
preferential consumption (sorting for), according to Leonardi and
Armentano (26).

2.5. Liver abscess, rumen and cecum
morphometrics

Liver abscesses were classified according to incidence according
to Brink et al. (27). Rumenitis evaluation was recorded after cattle
evisceration, and all entire washed rumens were scored. Rumen
epithelium was classified according to the incidence of lesions
(rumenitis) and abnormalities (e.g., papillae clumped) as described
by Bigham and McManus (28) using a scale of 0 (no lesions and
abnormalities noted) to 10 (severe ulcerative lesions). All rumens
were scored by 2 trained individuals, who were blinded to the
treatments, and the final data represent the average of the 2 scores.

Also, a 1-cm? fragment of each rumen was collected from the
dorsal cranial sac and placed into a PBS solution for morphometric
measurements according to Resende Junior et al. (29). Manually,
the number of papillae per square centimeter of rumen wall (NOP)
was determined; 12 papillae were randomly collected from each
fragment and scanned, and the mean papillae area (MPA) was

frontiersin.org


https://doi.org/10.3389/fvets.2023.1067434
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Rigueiro et al.

determined using an image analysis system (Image Tool, version
2.01 alpha 4, UTHSCSA Dental Diagnostic Science, San Antonio,
TX). The rumen wall absorptive surface area (ASA) in cm? was
calculated as follows: 1 + (NOP x MPA) - (NOP x 0.002),
where 1 represents the 1 cm? fragment collected and 0.002 is the
estimated basal area of papillae in square centimeters. The papillae
area, expressed as a percentage of ASA, was calculated as follows:
(NOP x MPA)/ASA x 100.

Likewise, a 1-cm? fragment of each rumen was collected from
the ventral cranial sac for histological assessment. Histological
sections were stained with hematoxylin and eosin, embedded in
paraffin wax, and sectioned (30). Histological measurements, such as
papillae height, papillae width, papillae surface area, and keratinized
layer thickness were performed on 4 papillae per animal using a
computer-aided light microscope image analysis. The same 1-cm?
fragment collected from the ventral cranial sac was also used for
the evaluation of cell proliferation of rumen papillae according
to the immunohistochemistry method adapted from Pereira et al.
(31). The slides were incubated with primary inoculum (PCNA-
PC10, Dako, Glostrup, Denmark), and diluted in PBS for positive
control. For the negative control, only PBS was added to the
IgG Murine Anti-Mouse Isotope Control (Sigma, Saint Louis, MO,
EUA) in a dark moist refrigerated chamber (4°C) overnight with a
1:500 dilution, and utilizing 70 WL per sample (for both controls).
The slides were then mounted for analyses using a Leica Qwin
Image Analyzer within a Leica electron light microscope. Four
papillae of each animal were randomly chosen (final data represented
the average of the 4 papillae) to determine the number of cell
nuclei, as well as the number of proliferating cell nuclei. The
cell proliferation index was expressed as a percentage and was
calculated as follows: number of proliferating nuclei cells/number of
cell nuclei x 100.

Cecum lesions evaluation was performed after cattle evisceration,
and all washed cecum were scored. Cecum epithelium was classified
according to the presence of cecal wall inflammation, lesions, and
petechiae using a scale of 0 (no lesions noted) to 10 (severe
lesions), according to Pereira et al. (32). All cecum were scored
by 2 trained individuals, who were blinded to the treatments,
and the final data represented the average of the 2 scores. In
addition, a 1 cm? fragment was collected from the center of the
cecum epithelium for histological assessment and preserved in
buffered paraformaldehyde 4% solution until future histological
analyses (33). For the histological analysis of cecum epithelium,
tissue samples were dehydrated and embedded in paraffin wax,
sectioned at 8 pum, and stained with hematoxylin and eosin.
Histological measurements, such as crypt depth and goblet cells,
were determined in 10% of the total number of crypts per animal,
using a Leica Qwin Image Analyzer within a Leica electron
light microscope.

2.6. Statistical analysis

The experimental design was a completely randomized block and
the initial BW was utilized as a criterion for block formation, and
the block was included in the model as a random effect. Pens were
considered experimental unit for this study (n = 30; 4 bulls per pen),
and each treatment was replicated 6 times (block 1: 338.42 kg; block
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2: 358.90 kg; block 3: 371.70 kg; block 4: 386.50; block 5: 395.60 kg;
block 6: 412.50 kg; SEM: 9.96). Data were analyzed using the MIXED
procedure of SAS (SAS Inst., Inc., Cary, NC) and Tukey test to
compare means. Tests for normality (Shapiro-Wilk and Kolmogorov-
Smirnov) and heterogeneity of treatment variances (GROUP option
of SAS) were performed before analyzing the data. Results were
considered significant at P < 0.05 level.

3. Results

3.1. Feedlot performance and carcass traits

Regarding the performance data, the initial BW was not affected
by treatments (P = 0.99; Table 2). For the first 28 days on feed, there
were no effects of treatments for final BW (P = 0.10), and DMI (P
> 0.35), expressed both in kg and as a percentage of BW. However,
Nellore bulls fed T5 had greater (P < 0.03) ADG and improved G:F
ratio, when compared to animals receiving T2, T3, and T4. Cattle fed
T2 had greater (P = 0.02) DMI variation than animals from other
treatments. After 56 days on feed, no significant treatments effects
were observed for final BW (P =0.11), and DMI (P > 0.49), expressed
both in kg and as a percentage of BW. However, cattle fed T5 had
greater (P = 0.05) ADG and improved G:F ratio when compared to
animals receiving T'1, T2, and T4. Cattle fed T1 had lower (P = 0.04)
DMI variation than those receiving T2 and T4.

After 72 days on feed, no significant treatments effects were
observed for DMI (P > 0.29; Table 2), expressed both in kg and as a
percentage of BW. However, cattle fed T5 had greater (P = 0.04) final
BW when compared to animals receiving T1, T2, and T4. Nellore
bulls fed T5 presented grater (P = 0.02) ADG than those receiving
T2. Cattle fed T5 improved (P < 0.01) G:F ratio when compared to
animals from other treatments. Nellore bulls fed T1 and T5 had lower
(P =0.01) DMI variation than those receiving T2 and T4.

After 84 days on feed, no significant treatments effects were
observed for DMI (P > 0.30; Table 2), expressed both in kg and as
a percentage of BW. However, Nellore bulls fed T5 had greater (P <
0.05) final BW and ADG when compared to animals receiving T1, T2,
and T4. Cattle fed T5 improved (P = 0.03) G:F ratio when compared
to animals receiving T1, T2, and T4. Nellore bulls fed T1 and T5 had
lower (P < 0.01) DMI variation than animals receiving T2 and T4.

Overall, after 112 days on feed, no significant treatments effects
were observed for DMI (P > 0.12; Table 2), expressed both in kg and
as a percentage of BW, NEm (P =0.11) and NEg (P = 0.11). However,
bulls fed T5 had greater (P = 0.05) final BW and improved G:F when
compared to animals receiving T2. Cattle fed T5 had greater (P =
0.05) ADG when compared to animals receiving T1, T2, and T4.
Nellore bulls fed T1 and T5 had lower (P < 0.01) DMI variation than
animals from other treatments.

There was no significant treatment effect (P > 0.05) for most
of the carcass characteristics variables evaluated (Table 3). However,
cattle fed T3 and T5 had heavier (P = 0.05) HCW when compared
to other treatments. Nellore bulls fed T3, T4, and T5 increased (P
< 0.01) final 12th rib fat and 12th rib fat daily gain when compared
to other treatments. Cattle fed T3 increased (P < 0.01) final BF fat
thickness when compared to animals receiving T1 and T2. Moreover,
cattle fed T1 reduced (P < 0.01) BF fat daily gain when compared to
others treatments.
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TABLE 2 Withdrawal of sodium monensin when associated with virginiamycin during adaptation and finishing periods on feedlot performance of Nellore yearling bulls (n = 30) consuming high-concentrate diets.

29

Period Treatments! s.em.? P-value

Adaptation: MONVM MONVM MONVM

Finishing 1: VM MONVM MONVM

Finishing 2: VM MONVM VM

(T4) (T5)
Initial BW, kg 378.23 378.33 378.60 378.57 378.48 9.96 0.99
0-28 days
Final BW, kg 411.44 402.68 409.52 409.57 417.60 10.75 0.10
ADG, kg 118 0.87¢ 1.10% L11be 1.40° 0.11 0.03
Daily DMI, kg 8.62 8.58 8.72 8.29 8.58 0.35 0.59
Daily DMI, % of BW 2.06 2.10 2.13 2.06 2.09 0.03 0.47
G:F ratio, kg/kg 0.140% 0.102° 0.126" 0.131° 0.160* 0.011 0.01
DMI variation, % 7.29 9.88° 7.43° 7.71° 7.11° 0.62 0.02
0-56 days
Final BW, kg 448.84 444.56 455.20 448.79 459.64 12.17 0.11
ADG, kg 1.26%¢ 1.18° 1.36% 1.25b¢ 1.45° 0.07 0.05
Daily DML, kg 9.07 9.19 9.36 9.00 9.40 0.30 0.51
Daily DMI, % of BW 2.02 2.07 2.06 2.00 2.04 0.03 0.49
G:F ratio, kg/kg 0.139%¢ 0.128° 0.146% 0.139% 0.155% 0.006 0.03
DMI variation, % 5.96° 8.25% 7.04%¢ 7.56% 6.10% 0.57 0.04
0-72 days
Final BW, kg 472.72% | 468.24° 479.84% 473.00°¢ 485.80° 11.50 0.04
ADG, kg 1.31%¢ 1.24¢ 1.40% 1.300¢ 1.49* 0.05 0.02
Daily DML, kg 9.31 9.46 9.67 9.19 9.62 0.30 0.39
Daily DML, % of BW 1.97 2.02 2.02 1.94 1.98 0.03 0.29
G:F ratio, kg/kg 0.141°¢ 0.132¢ 0.145° 0143° 0.156° 0.005 <0.01
DMI variation, % 5.48" 7.57% 6.67% 7.39* 5.92° 0.46 0.01
0-84 days
Final BW, kg 487.40* | 485.36° 496.96% 488.31%¢ 501.28* 1223 0.05
ADG, kg 129 b¢ 1.27¢ 1.40% 1.30% 1.46* 0.05 0.02
(Continued)
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TABLE 2 (Continued)

Treatments!

MONVM  MONVM
VM MONVM
VM MONVM

s.em.

P-value

(T4)

Daily DML, kg 9.40 9.55 9.79 9.24 9.71 0.30 0.31

Daily DMI, % of BW 1.92 1.97 1.97 1.89 1.94 0.03 0.30

G:F ratio, kg/kg 0.139"¢ 0.133¢ 0.144% 0.142% 0.152* 0.005 0.03

DMI variation, % 5.49° 7.55% 6.61% 7.23% 5.73 0.44 <0.01
0-112 days

Final BW, kg 533.67°¢ | 529.25° 540.79% 531.18%¢ 548.25% 13.43 0.05

ADG, kg 1.39° 1.34° 1.45% 1.36 1.51% 0.05 0.05

Daily DMI, kg 9.50 9.69 9.97 9.27 9.94 0.31 0.14

Daily DML, % of BW 1.78 1.83 1.83 1.74 1.81 0.03 0.12

GiF ratio, kg/kg 0.146% 0.140° 0.145% 0.147% 0.153* 0.004 0.05

DMI variation, % 5.26" 7.13* 6.93 6.74* 5.46° 0.41 <0.01
NEm (Mcal/kg of DM) 2.03 1.96 2.00 2.04 2.08 0.03 0.11

NEg (Mcal/kg of DM) 1.37 131 1.34 1.39 1.41 0.03 0.11

'T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T5 (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). 2BW, body weight; G: E gain-to-feed ratio; AGD, average daily gain; DMI, dry matter intake; NEm, energy for maintenance; NEg, net energy for gain. *s.e.m.: standard error of the mean,
referent to n = 6 pens per treatment. Values within a row with different lower case letters differ (P < 0.05).
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TABLE 3 Withdrawal of sodium monensin when associated with virginiamycin during adaptation and finishing periods on carcass characteristics of Nellore yearling bulls (n = 30) consuming high-concentrate diets.

Hot carcass weight, kg 289.48" | 289.02° 295,06 289.12° 296,71 7.97 0.05
Dressing percentage 54.25 54.61 54.58 54.39 54.09 0.31 0.47
Initial 12 rib fat, mm 2.29 231 2.40 2.40 2.42 0.07 0.50
Final 12" rib fat, mm 5.03° 5.26" 5.80° 5.94° 5.75° 0.20 <0.01
12 rib fat daily gain, mm 0.024° 0.025" 0.030* 0.031° 0.029° 0.001 <0.01
Initial BE? fat thickness, mm 4.16 412 4.09 4.01 4.15 0.10 0.84
Final BF fat thickness, mm 7.55¢ 8.36" 9.00* 8.50 8.57% 0.24 <0.01
BF fat daily gain, mm 0.030° 0.037° 0.043* 0.040% 0.039% 0.002 <0.01
Initial LM? area, cm? 63.19 61.04 60.73 62.99 59.89 1.84 0.14
Final LM area, cm? 79.81 77.72 77.92 77.39 78.65 1.93 0.86
LM area daily gain, cm? 0.150 0.150 0.150 0.140 0.163 0.01 0.79
Initial marbling, % 2.06 2.01 2.14 2.27 2.19 0.12 0.48
Final marbling, % 2.82 2.70 2.73 2.92 2.86 0.08 0.23

'T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T5 (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). 2BE Biceps femoris muscle; LM, Longissimus muscle. *s.e.m., standard error of the mean, referent to n = 6 pens per treatment. Values within a row with different superscripts differ (P < 0.05).
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TABLE 4 Withdrawal of sodium monensin when associated with virginiamycin during adaptation and finishing periods on feeding behavior and particle sorting at day 61 (finishing period 1) of Nellore yearling bulls (n =
30) consuming high-concentrate diets.

Treatments! sem.3 P-value

Adaptation: MONVM MONVM

Finishing 1: VM MONVM

Finishing 2: MONVM

(T4)

Feeding behavior
Time spent resting, min 994.17° | 1002.08° 985.00° 1051.74° 980.63" 19.63 0.05
Time spent ruminating, min 292.50 274.17 272.71 220.14 289.37 21.87 0.16
Time spent eating, min 153.33 163.75 182.29 168.13 170.00 11.68 0.53
Meals per day, n 10.54 11.96 13.58 12.55 11.75 1.13 0.43
Meal length, min 14.91 14.04 13.62 13.69 15.12 1.05 0.70
DMI per meal, kg 0.96 0.88 0.76 0.83 0.92 0.09 0.55
DML kg 9.88 9.81 10.04 9.69 9.98 0.39 0.96
ER of DM?, min/kg of DM 15.72 17.06 18.17 17.74 17.05 1.48 0.91
RR of DM, min/kg of DM 30.11 28.04 27.00 23.20 29.15 2.32 0.26
NDF intake, kg 1.80 1.54 1.93 1.72 1.85 0.21 0.53
ER of NDF, min/kg of NDF 87.62 112.04 96.70 113.87 106.30 17.76 0.38
RR of NDE min/kg of NDF 179.26 190.06 148.77 137.61 157.27 18.30 0.20
Particle sorting*
Long 0.91° 0.97% 1.04° 0.92° 1.01% 0.06 0.05
Medium 0.98 0.95 0.99 1.06 1.03 0.03 0.15
Short 1.00 1.01 1.01 1.01 1.01 0.01 0.25
Fine 1.00* 1.00° 0.99% 0.97° 0.97° 0.01 0.05

I'T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T5 (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). 2DpMI, dry matter intake; ER, eating rate; DM, dry matter; RR, rumination rate; NDF, neutral detergent fiber; peNDE, physically effective neutral detergent fiber. 3s.e.m., standard error of the
mean, referent to 71 = 6 pens per treatment. Values within a row with different lower case letters differ (P < 0.05). Particle fraction retained on screens of 19 mm (long), 8 mm (medium), 1.18 mm (short) and a pan (fine).
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TABLE 5 Withdrawal of sodium monensin when associated with virginiamycin during adaptation and finishing periods on feeding behavior and particle sorting at day 96 (finishing period 2) of Nellore yearling bulls (n =
30) consuming high-concentrate diets.

Feeding behavior

Time spent resting, min 1,068.67° | 1,030.96" 1,015.62° 1,054.74% 1,050.50% 20.27 0.01
Time spent ruminating, min 210.13 247.84 245.00 219.38 225.88 13.47 0.19
Time spent eating, min 154.38 154.38 179.38 172.71 171.46 10.06 0.30
Meals per day, n 10.21 9.92 11.42 9.81 10.42 0.98 0.49
Meal length, min 16.52 15.88 1591 18.34 17.10 1.69 0.83
DMI per meal, kg 1.06 1.08 0.93 1.04 1.07 0.12 0.87
DML, kg 9.94% 10.15° 10.51° 9.26" 10.72° 0.48 0.04
ER of DM?, min/kg of DM 15.78 15.61 17.18 19.11 16.06 1.42 0.39
RR of DM, min/kg of DM 21.51 24.57 23.52 23.87 21.15 1.4 0.26
NDF intake, kg 1.82 2.09 2.13 1.84 2.05 0.16 0.31
ER of NDE min/kg of NDF 93.11 77.38 87.26 97.62 86.83 10.69 0.65
RR of NDE, min/kg of NDF 126.21 121.28 120.40 121.56 115.03 13.08 0.98

Particle sorting*

Long 1.06 1.08 1.06 1.01 1.03 0.02 0.26
Medium 1.02 1.03 1.03 1.01 1.03 0.01 0.85
Short 1.01 1.01 1.00 1.00 1.00 0.002 0.48
Fine 0.98 0.98 0.99 0.99 0.99 0.01 0.44

IT1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T5 (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). 2DMI, dry matter intake; ER, eating rate; DM, dry matter; RR, rumination rate; NDF, neutral detergent fiber; peNDE, physically effective neutral detergent fiber. 3s.e.m., standard error of the
mean, referent to n = 6 pens per treatment. Values within a row with different lower case letters differ (P < 0.05). “4Particle fraction retained on screens of 19 mm (long), 8 mm (medium), 1.18 mm (short) and a pan (fine).
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TABLE 6 Withdrawal of sodium monensin when associated with virginiamycin during adaptation and finishing periods on rumen and cecum morphometrics of Nellore yearling bulls (n = 30) consuming
high-concentrate diets.

Period Treatments! s.e.m.> P-value
Adaptation: MONVM MONVM MONVM

Finishing 1: VM MONVM  MONVM
Finishing 2: VM MONVM VM
(T3) (T4) (T5)

Rumen measurements

Rumenitis score ‘ 1.28% ‘ 0.99° ‘ 1.08° 1.44° 1.01° ‘ 0.12 ‘ 0.05

Macroscopic variables

Number of papillae, n 75.24 79.48 79.56 72.74 81.35 6.53 0.84
Mean papillae area, cm? 0.54* 0.45° 0.42° 0.57% 0.43° 0.05 <0.01
ASA?, cm?/cm? of rumen wall 38.10 34.47 34.19 4149 35.05 2.93 0.12
Papillae area, % of ASA 97.31 97.15 96.57 97.57 97.19 0.32 0.26

Microscopic variables

Papillae height, mm 4.40 4.27 4.30 4.50 4.53 0.28 0.89
Papillae width, mm 0.46 0.40 0.44 0.43 0.44 0.02 0.08
Papillae surface area, mm? 1.83 1.59 1.80 1.77 1.84 0.12 0.42
Keratinized layer thickness, jum 12.33 11.86 11.70 11.60 11.91 0.40 0.78
Mitotic index, % 2.49 222 243 2.56 2.30 0.15 0.52
Mitotic index, n 49.71 44.33 48.67 51.13 46.08 3.15 0.52

Cecum variables

Cecum score 2.08 221 2.29 1.99 1.79 0.42 0.92
Crypt depth, pm 170.63 154.23 150.65 162.77 162.77 11.20 0.42
Goblet cells, n 34.22 37.47 34.84 34.18 34.15 2.00 0.73

I'T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T5 (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). 2ASA, absorptive surface area. *s.e.m., standard error of the mean, referent to n = 6 pens per treatment. Values within a row with different lower case letters differ (P < 0.05).
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3.2. Feeding behavior and particle sorting

No significant treatment effect was observed (P > 0.05) for
most of the feeding behavior and particle sorting variables evaluated
after 61 days on feed (Table 4). However, Nellore bulls fed T4 spent
more time resting (P = 0.05) when compared to other treatments.
Animals fed T3 and T5 sorted more intensively for long particles
when compared to animals receiving T1 and T4. In addition, cattle
fed T4 and T5 sorted (P = 0.05) against fine particles when compared
to animals receiving T1 and T2.

Also, no significant treatment effects were observed (P > 0.05) for
most of the feeding behavior and particle sorting variables evaluated
after 96 days on feed (Table 5). However, Nellore bulls fed T1 spent
more time resting (P = 0.01) when compared to animals receiving T2
and T3. Cattle fed T2, T3, and T5 had greater (P = 0.04) DMI when
compared to animals receiving T4.

3.3. Liver abscess, rumen and cecum
morphometrics

No liver abscess was found in the cattle evaluated in this study. No
treatment effect was observed (P > 0.05) for any of the microscopic
and cecum variables evaluated (Table 6). However, Nellore bulls fed
T4 presented higher rumenitis scores (P = 0.05) when compared to
animals receiving T2, T3, and T5. No treatment effect (P > 0.05) was
observed for any of the macroscopic variables evaluated, except for
mean papillae area (MPA), where cattle fed T1 and T4 had larger (P
< 0.01) MPA when compared to other treatments.

4. Discussion

The effect of combinations between MON and VM for cattle are
unclear. Nuiiez et al. (34) and Lemos et al. (7) tested combination
of MON, lasalocid, VM, and flavomycin, but no positive feedlot
performance effects were reported by the authors. Although the
studies cited above have evaluated the combination between MON
and VM in feedlot diets, none of them reported the combination of
two feed additives in specifics periods. In this context, the present
study was part of a larger research performed by this research
group assessing the effect of different combinations of MON and
VM in specifics feedlot periods. Rigueiro et al. (8) investigated
different combinations of MON and VM during adaptation and
finishing periods of feedlot Nellore cattle. The authors concluded that
Nellore yearling bulls should be fed high-concentrate diets containing
MON and VM during the adaptation period, and only VM during
the finishing period to improve overall feedlot performance. Same
authors also reported that cattle fed only VM during the finishing
period had most of the increased performance in the last 40 days of
the study. Consequently, it was hypothesized that the withdrawal of
MON, when associated with VM, combined with a higher energy diet
during the final third of the feedlot period would increase DMI, in
order to improve feedlot performance and carcass traits.

In this context, DMI is an important indicator to evaluate how
well cattle are either accepting or adapted to the diets (35), and the
faster cattle reach a DMI of 2% of BW, more adapted they are to
the diets. In the present study, there were no effects of treatments on
DM, expressed both in kg and as a percentage of BW, in the first 28
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days on feed. Based on results described by Rigueiro et al. (8), where
Nellore bulls fed VM as the sole feed additive during adaptation
reached a DMI of 2% of the initial BW in 4.3 days on average,
whereas those fed MON needed 20.7 days to reach a similar intake,
another study of this research group was developed by Rigueiro et al.
(9) where it was hypothesized that the adaptation period could be
shortened to 9 days or even 6 days when VM (25 mg/kg DM) is
used in finishing diets of Nellore cattle as the sole feed additive.
The authors reported that, during the first 28 days on feed, the DMI
decreased linearly as the adaptation was shortened for the cattle fed
VM as a sole feed additive, where cattle fed VM for 14 days presented
a greater DMI, expressed as % of BW, than animals fed either MON
or MON+VM for 14 days.

The different combinations between MON and VM during
adaptation and finishing periods in the current study did not affect
the DMI expressed both in kg and as a percentage of BW overall.
However, the MON effect on reducing DMI has been reported in the
literature (3, 36, 37). In relation to the VM effect on DMI, Erasmus
et al. (6), Lemos et al. (7) and Salinas-Chavira et al. (5) did not
report a decrease in DMI when VM was fed to feedlot cattle. In the
present study, Nellore bulls fed T5 did not consume MON during
the final third of feedlot period (last 40 days), and therefore, DMI
was not increased when compared to cattle fed MON + VM during
the entire feeding period, which did not confirm one the hypothesis
of the present study. On the other hand, Rigueiro et al. (8) observed
an increase in DMI when MON was withdrawn during the finishing
period. However, the finishing period lasted 71 days, 31 more days on
feed when compared with the current study. Despite to the time of
exposure to the treatment, the withdrawal of MON when associated
with VM during the last 40 days of the feedlot period improved the
animal performance overall when compared to bulls fed either MON
or VM.

Although withdrawal of MON during the final third of the feedlot
period does not affect DMI, cattle fed T5 consumed more 0.44 and
0.25kg of DM per day when compared to cattle fed only MON
and VM during the entire feeding period, respectively, which may
have contributed to an increase HCW in 7.23 and 7.69 kg when
compared to cattle fed only MON and VM, respectively. Nellore
bulls fed only MON during the entire feeding period presented lower
fat deposition. Goodrich et al. (36) also observed negative effects of
MON on dressing percentage and 12th rib fat thickness. According
to the authors, standard deviations for percentage change in carcass
characteristics indicate that these effects of MON are highly variable.
In a meta-analysis, Duffield et al. (3) did not report negative effects of
feeding MON on carcass characteristics. However, the slower 12th rib
fat daily gain and Biceps femoris fat daily gain observed in the current
study, which led to thinner final 12th rib fat and final Biceps femoris
fat thickness, may be associated with the decreased acetate:propionate
ratio (38), which may negatively impact the lipid metabolism. It is
noteworthy to mention that based on the results reported by Rigueiro
et al. (9), the shortening of the adaptation period from 14 to 9 or 6
days did not negatively impact the feedlot performance overall, where
there were no effects of treatments on final body weight, ADG and
HCW. However, the authors reported that cattle fed VM for 9 days
had more meals per day and less DMI intake per meal, due to the
rumen acidification, resulting in a linear decrease in the 12th rib fat
and BF fat daily gain.

Associated with the performance assay performed by Rigueiro
et al. (9), Squizatti et al. (39) performed a rumen metabolism assay,
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and the authors reported that as the adaptation length decreased for
animals consuming only VM, the rumen degradability of DM, NDF
and starch decreased. Associated with that, it was observed higher
proportions of protozoa for animals receiving VM adapted for 6 or
even 9 days, justifying the reduced rate of ruminal degradation since
protozoa predate bacteria, resulting in a reduction of colonization
rate of feed and, consequently, reducing DMI as shown by Rigueiro
et al. (9). In addition, both authors concluded that feedlot cattle fed
VM as a sole feed additive should not be adapted to high-concentrate
diets in less than 14 days, since it compromises DMI, carcass fat
deposition and disrupts feeding behavior patterns.

In this context, analyzing the feeding behavior allows the
adjustment of dietary management in order to achieve better
production performance in beef cattle (40). The particle sorting
affects the individual nutrient intake, since there are indications
that this sorting of the diet is associated with an increased risk of
metabolic diseases (41). In the present study, Nellore bulls fed T4
at day 61 sorted against long and fine particles, which led to spend
more time resting. In addition, cattle fed T3 and T5 sorted in favor
of long particle and against fine particles at day 61, which lead to
a numerical increase in NDF intake and results in less time resting,
which may be a response to control rumen acidification. Similarly,
Rigueiro et al. (9) reported that the cattle adapted with VM for 9 days
sorted for medium and against fine diet particles during both the
adaptation and finishing periods and consumed significantly more
NDF during adaptation.

It is recognized that reducing the particle size of fiber decreases
chewing activity, saliva flow, and rumen pH, increasing the risk
of subacute ruminal acidosis, as well as increasing resting time
and reducing sorting behaviors and eating time (42). Consequently,
increasing the consumption of large particles led to increased intake
of physically effective fiber, which was positively associated with fiber
digestion and chewing time, preventing subclinical ruminal acidosis
(43). In relation to rumen measurements, rumenitis scores reported
in this study were very low, the average score was less than 2, using
a scale of 0 (no lesions noted) to 10 (severe ulcerative), according
to Bigham and McManus (28). Also, cattle fed T1 and T5 presented
larger MPA, which may have contributed to a larger development of
rumen epithelium, which allows a faster SCFA clearance; however,
larger MPA in the current study did not influence ASA. The
rumen wall absorptive surface area (ASA) is the morphometric
variable most correlated to the speed of SCFA absorption, playing an
important role to increase the ruminal pH to adequate levels (44).
Rigueiro et al. (9) observed that the shortening of the adaptation
period for cattle fed only VM did not negatively impact rumenitis
score; however, cattle receiving VM by 14 days presented a higher
incidence of rumen lesions when compared to those fed MON+VM
by 14 days (0.85 vs. 0.38, respectively). In addition, the authors
reported that cattle fed virginiamycin for 9 days had lower rumen
development in the number of papillae, mean papillae area, ASA
and papillae area expressed as % of ASA. Moreover, there is
evidence that VM supplementation results in increased propionate
synthesis and reduced acetate and butyrate concentration, as well as
reduced lactate production and increased ruminal pH (45). In this
context, decreasing the ruminal acetate/propionate ratio may have
contributed to a development of rumen epithelium, increasing the
SCFA absorption. Squizatti et al. (46) observed a quadratic effect
for adaptation length when only VM for mean pH, duration of pH
below 5.2 and 6.2, where cattle consuming VM adapted for 9 days
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had higher mean pH and shorter period of pH below 5.2 and 6.2
compared to animals adapted in 6 days. However, it is important to
note that these results do not guarantee that adaptation length can
be reduced since it was observed lower DMI for cattle adapted for
9 days, as already described by Rigueiro et al. (9), a fact associated
with inadequate adaptation. On other hand, the authors reported that
animals consuming only VM and adapted for 14 days had higher
maximum pH and acetate:proprionate ratio, as well as lower ox-redox
potential than cattle receiving MON+VM for 14 days.

4. Conclusion

In conclusion, the withdrawal of MON when associated with
VM during the last 40 days of the feedlot period did not increase
DMI; however, this withdrawal of MON combined with a higher
energy diet during the final third of the feedlot period improved
overall final BW, ADG and HCW of Nellore cattle when compared
to bulls fed either MON or VM, but did not positively impact
feedlot performance and carcass characteristics when compared to
cattle that had MON withdrawn by the end of the adaptation
period. According to the results, Nellore cattle should be fed high-
concentrate diets containing MON and VM during adaptation,
and only VM during the finishing period to improve overall
feedlot performance.
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and characteristics of digestion in
calf-fed Holstein steers

Pedro H. V. Carvalho?!, Brooke C. Latack?,
Marcos V. C. Ferraz Junior®3, Ruben Flores?,
Gerson Sanchez-Cruz?*, Martin F. Montafio* and Richard A. Zinn*
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Evaluation of the effects of feeding NutraGen supplement (NutraGen, NTG; Phibro
Animal Health, Teaneck, NJ, USA) on growth performance, energetic efficiency,
carcass characteristcs, and characteristics of digestion in calf-fed Holstein steers
fed a conventional growing-finishing diet. Trial 1 evaluated growth performance,
dietary energetics and carcass characteristics. Two hundred Holstein steer calves
(134 + 5kg) were blocked by initial body weight (BW) and randomly assigned to
40 pens (5 steers/pen). Dietary treatments consisted of a steam-flaked corn-based
growing-finishing diet supplemented with 0, 0.2, 0.4, or 0.6% NTG (DM basis). In
trial 2, four Holstein steers (170 £6 kg) with cannulas in the rumen and proximal
duodenum were used in a 4 x 4 Latin square experiment to evaluate digestibility
and ruminal characteristics using the treatments from trial 1. Compared to
non-supplemented cattle, NTG increased BW (2.0%, P = 0.02) and tended to
increase ADG (3.6%, P = 0.07) during the initial 56 d period. However, there were no
treatment effects on overall growth performance and efficiency of dietary energy
utilization after the first 56 days (P > 0.10). Supplementation of NTG increased
(linear effect; P < 0.03) longissimus muscle area and kidney, pelvic, and heart
fat. There was no effect (P > 0.05) of NTG supplementation on other carcass
characteristics, liver abscess incidence, or liver abscess scars. Supplementation
decreased the molar proportion of ruminal propionate (P = 0.05) and tended to
increase acetate:propionate molar ratio (P = 0.09). However, there was no effect
of NTG supplementation on ruminal and total tract diet digestion. NTG increased
performance of Holstein steers during the first 56 d on feed in the feedlot. In
addition, the steers had an increase in KPH fat and LM area, indicating that the
additive induced change in metabolism of the steers.

KEYWORDS

Holstein, feedlot, performance, heat-stress, cattle
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Introduction

Recently, there has been an increased concern about the
over-routine use of supplemental antibiotics, which has increased
the investigation of potential non-antibiotic alternatives in cattle
diets (1). NutraGen (NTG; Phibro Animal Health, Teaneck,
NJ, USA) contains similar properties to OmniGen (OMG;
Phibro Animal Health, Teaneck, NJ, USA), which is used
in the dairy industry (2). Previous research has reported
that the use of this blend in dairy cows diets includes
improved metabolic response to a glucose tolerance test (2),
modulation of inflammatory responses (3), increased milk
production (4), and enhanced immunomodulatory response to
heat stress (5, 6). The latter may be particularly relevant
for enhancing growth performance responses in feedlot cattle
during extreme ambient temperatures. The NTG is a blend of
silicon dioxide, calcium aluminosilicate, sodium aluminosilicate,
dehydrated brewer’s yeast, mineral oil, calcium carbonate, rice
hulls, niacin, biotin, d-calcium pantothenate, choline chloride,
thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-
phosphate, and folic acid.

Although some of these compounds have been studied in
the beef industry individually, to the authors’ knowledge, the
mechanism of action of NTG and OMG on heat stress is still
unknown. Wang et al. (7) observed that OMG supplementation
increased the expression of neutrophil associated genes in
peri-parturient dairy cows, such as interleukin-1b converting
enzyme, interleukin-4 receptor, interleukin-8 receptor and
thymopoeitin-o« (7). Feeding OMG for 2 weeks increased
mammary inflammatory response and antigen presentation to
mammary infections caused by a single strain of mastitis pathogens
(Streptococcus uberis, Escherichia coli, and Staphylococcus
aureus) in a mouse model of infection, suggesting OMG could
in ruminants

OMG might

in ruminants.

incidence of infectious diseases
that
incidence of infectious diseases

decrease the
(8). These
reduce the

reports together indicated
However, no information has been published on the effects
of supplemental NTG on cattle growth performance and
digestive function when cattle are fed a common steam-flaked
corn-based diet.

Moreover, there is no information on the potential
benefits of feeding NTG as a heat load mitigator for calf-
fed Holstein steers in the southern desert region of the
United States. A region characterized by its extreme heat
Therefore, the
objective of the current study was to evaluate the effects of
NTG

efficiency, carcass characteristics, and digestive function in calf-fed

conditions during the summer months.

supplementation on growth performance, energetic

Holstein steers.

Materials and methods

Procedures for animal care and management

(#20548)
Animal Use

were

conducted under a protocol approved by

the University of California, and Care

Advisory Committee.
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Trial 1

Cattle management and treatments

Two hundred Holstein steer calves (130.9 £ 4 kg) were utilized
to evaluate the influence of NTG supplementation on growth
performance, dietary energetics, and carcass characteristics. The
trial was initiated on January 14, 2020, and completed following a
322-d feeding period (December 1, 2020). Calves were purchased
from a commercial calf ranch (CalfTech, Tulare, CA). Upon arrival
at the University of California Desert Research and Extension
Center (Holtville, CA), calves were vaccinated for IBR, BVD, PI3,
and BRSV (Bovi—shield® Gold One Shot, Zoetis Animal Health,
New York, NY), clostridials (Ultrabac® 7, Zoetis Animal Health,
New York, NY), treated against internal and external parasites
(Dectomax, Zoetis Animal Health, New York, NY), injected with
1,500 IU vitamin E (as d-alpha-tocopherol) 500,000 IU vitamin
A (as retinyl-palmitate) and 50,000 I.U. vitamin D3 (Vital E-
AD, Stuart Products, Bedford, TX), and 300 mg tulathromycin
(Draxxin, Zoetis Animal Health, New York, NY). Calves were
blocked by initial shrunk (off truck) weight and randomly
assigned within weight groupings to 40 pens (5 steers/pen,
10 pens/treatment). On day 28, calves received the Ultrabac®
7 booster vaccination and were vaccinated with Endovac-Beef
(Endovac Animal Health, Columbia, MO). On d 56 calves received
the Endovac-Beef booster vaccination. Pens were 62 m? with 25
m? overhead shade, automatic waterers, and 2.4 m fence-line feed
bunks. Steers were allowed ad libitum access to feed and water.
Fresh feed was provided daily.

Dietary treatments are shown in Table 1, consisting of a steam-
flaked corn-based diet supplemented with (DM basis): (1) no
feed additive; (2) 0.2% of NTG; (3) 0.4% of NTG; (4) 0.6% of
NTG. Nutragen doses were based on a previous study on dairy
cows, and no feed additive was included in the diet. Diets were
prepared weekly and stored in plywood boxes in front of each
pen. On d 112 and 224, all steers were reinjected subcutaneously
with 500,000 IU vitamin A (Vital E-A + D, Stuart Products,
Bedford, TX) and implanted with Revalor-S (Intervet, Millsboro,
DE). The health status of cattle was checked daily. Cattle were
monitored daily by trained personnel for signs of illness or pinkeye.
Cattle with signs of illness were pulled out, classified as morbid,
and treated with an antimicrobial if the rectal temperature was
> 39.5°C. Antimicrobial treatments were conducted following a
veterinarian’s recommendation. A post-treatment interval of 3 days
was implemented after the first and second treatments. If cattle
remained morbid after the third treatment and the prognosis of
a full recovery was unlikely, cattle were removed from the study
(two animals died during the experiment for causes unrelated to
dietary treatments).

Steer full body weight (BW) was recorded every 28 days until
the end of the experiment to monitor live weight changes. Steers
were not denied feed or water before weighing. In determining
ADG, interim and final weights were reduced by 4% to account
for digestive tract fill (9). From March 9, 2020, to the end of the
experiment, SmaX-tec intraruminal boluses (SmaX-tec animal care
technology ~, Graz, Austria) were orally inserted into the rumen
(1 steer per pen) to monitor the ruminal temperature. Continuous
real-time temperature data was retrieved using a monitoring device
located in the proximity of cattle pens.
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TABLE 1 Composition of experimental diets (DM basis).

NutraGen® level, %

0.2 0.4
Ingredient composition, %
DM
Sudangrass hay 8.00 8.00 8.00 8.00
Alfalfa hay 4.00 4.00 4.00 4.00
Tallow 2.50 2.50 2.50 2.50
Molasses, cane 4.00 4.00 4.00 4.00
Distillers Grains w/solubles 10.00 10.00 10.00 10.00
Steam flaked corn 68.12 67.92 67.72 67.52
Urea 1.15 1.15 1.15 1.15
Limestone 1.68 1.68 1.68 1.68
Dicalcium phosphate 0.10 0.10 0.10 0.10
Magnesium oxide 0.15 0.15 0.15 0.15
TM Salt* 0.30 0.30 0.30 0.30
NutraGen® 0.00 0.20 0.40 0.60
Nutrient composition, DM basis®
Dry matter, % 87.9 87.9 87.9 87.9
NEm, Mcal/kg 221 2.20 2.20 2.20
NEg, Mcal/kg 1.53 1.52 1.52 1.52
Crude protein, % 14.3 14.3 14.3 14.3
Rumen DIP, % 62.7 62.7 62.7 62.7
Rumen UIP, % 37.3 37.3 37.3 37.3
Ether extract, % 6.70 6.70 6.70 6.70
Ash, % 5.76 5.76 5.76 5.76
Nonstructural CHO, % 58.0 58.0 58.0 58.0
NDE % 17.7 17.7 17.7 17.7
Calcium, % 0.80 0.80 0.80 0.80
Phosphorus, % 0.35 0.35 0.35 0.35
Potassium, % 0.77 0.77 0.77 0.77
Magnesium, % 0.28 0.28 0.28 0.28
Sulfur, % 0.19 0.19 0.19 0.19

2Trace mineral salt contained: CoSO4, 0.068%; CuSO4, 1.04%; FeSO4, 3.57%; ZnO, 0.75%;
MnSO04, 1.07%; K1, 0.052%; and NaCl, 93.4%.

bNutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation
containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate,
dehydrated brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-
calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride,
riboflavin-5-phosphate and folic acid.

bBased on tabular values for individual feed ingredients (33).

Carcass measurements

Hot carcass weights (HCW) and liver abscess incidence [based
on size and number, scaled as 0, A-, A, and A+; (10)], as well
as liver scarring measures, were obtained at the time of slaughter.
After carcasses were chilled for 24 h, the following measurements
were obtained: Longissimus muscle (LM) area (cm?) by direct grid
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reading of the muscle at the 12th rib; subcutaneous fat (cm) over
the LM at the 12th rib taken at a location 3/4 the lateral length
from the chine bone end (adjusted for unusual fat distribution);
kidney, pelvic and heart fat (KPH) as a percentage of HCW;
marbling score [(11); using 3.0 as minimum slight, 4.0 as minimum
small, 5.0 as minimum modest, 6.0 as minimum moderate, etc.],
and preliminary as well as estimated retail yield of boneless,
closely trimmed retail cuts from the round, loin, rib and chuck
as a percentage of HCW [Yield, % = 52.56-1.95 x subcutaneous
fat—1.06 x KPH + 0.106 x LM area—0.018 x HCW; (12)].

Estimation of dietary net energy

Daily energy gain (EG; Mcal/d) was calculated by the equation:
EG = ADGY%7 0.0557W%7>, where W is the mean shrunk B.W.
[kg; (13)] Maintenance energy (EM) was calculated by the equation:
EM = 0.086W %7, Dietary NEg was derived from NEm by the
equation: NEg = 0.877 NEm—0.41 (14). Dry matter intake is
related to energy requirements and dietary NEm according to the
equation: DMI = (EM/NEm) + (EG/(0.877NEm—0.41). From this
relationship, dietary NE can be resolved by means of the quadratic
formula: x = (-b - / b2 - 4ac)/ 2c, where: x = NEm, a = - 0.42
EM, b =0.887 EM + 0.41 DMI + EG, and ¢ = - 0.887 DMI (15).

Weather measurement and temperature and
humidity index estimation

Climatic variables (ambient temperature and relative
humidity) were obtained every hour from an on-site weather
station  (California  Irrigation Information
System; Meloland ~ Station) experimental
period. The temperature humidity index was calculated
using the following formula THI = (0.8 x Ta) + [(H/100)
x (Ta - 14.4)] + 46.4, where Ta is air temperature (°C)
and H is relative humidity (16, 17); Min =

Max = maximum.

Management
throughout  the

minimum;

Statistical design and analysis

Pens were used as experimental units. The experimental
data were analyzed as a randomized complete design experiment
according to the following statistical model: Yij = . + Bi + Tj
+ Eij, where p is the common experimental effect, Bi represents
the initial weight group effect (df = 6), Tj represents the dietary
treatment effect (df = 3), and Eij represents the residual error (df
= 18). Treatment effects were tested using the following contrasts:
0 vs. NTG and linear and quadratic polynomials to assess the effect
of dosage (Stastix 10, Analytical Software, Tallahassee, FL).

Trial 2

Cattle management and treatments

Four Holstein steers (170 +6kg) with cannulas in the rumen
and proximal duodenum were used in a 4 x 4 Latin square
experiment. Treatments are the same as in Trial 1 (Table 1). A
single basal diet was prepared with 0.3% chromic oxide as a digesta
marker. Corresponding amounts of NTG (0, 0.2, 0.4, and 0.6%
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TABLE 2 Effects of feeding NutraGen supplement on health, growth performance and dietary net energy utilization.

NutraGen? (%)

10.3389/fvets.2023.1039323
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0.2 0.4
Days on test 322 322 322 322
Pen replicated 10 10 10 10
Morbidity, % 6.0 10.0 4.0 2.0 3.1 0.20 0.34 0.85
Mortality, % 0.0 2.0 0.0 0.0 1.0 0.66 0.33 0.57
Live weight? (kg)
Initial 129.8 1323 130.5 130.9 0.71 0.63 0.16 0.10
56 d 196.3 202.0 199.3 199.3 1.4 0.31 0.05 0.02
112d 281.9 284.8 283.8 283.5 1.9 0.69 0.42 0.37
Final 586.2 587.1 581.4 590.6 5.2 0.75 0.43 0.97
ADG (kg)
1-56 d 1.19 1.25 1.23 1.22 0.02 0.36 0.12 0.07
56-112d 1.53 1.48 1.51 1.50 0.02 0.64 0.36 0.25
1-112d 1.36 1.36 1.37 1.36 0.02 0.83 0.79 0.78
112-322d 145 1.44 1.42 1.46 0.02 0.84 0.23 0.06
1-322d 1.42 141 1.40 1.43 0.02 0.79 0.32 0.84
DMI (kg/d)
1-56 d 4.82 4.96 4.90 491 0.07 0.49 0.35 0.20
56-112d 6.99 7.01 7.03 7.02 0.09 0.85 0.89 0.85
1-112d 5.91 5.98 5.97 5.96 0.07 0.65 0.59 0.46
112-322d 8.65 8.45 8.51 8.56 0.11 0.68 0.26 0.27
1-322d 7.69 7.59 7.62 7.66 0.09 0.84 0.45 0.50
ADG/DMI (kg/kg)
1-56 d 0.246 0.252 0.251 0.249 0.003 0.64 0.30 0.30
56-112d 0.219 0.211 0.215 0.214 0.003 0.51 0.27 0.16
1-112d 0.230 0.228 0.230 0.229 0.003 0.85 0.87 0.72
112-322d 0.168 0.170 0.167 0.171 0.002 0.55 0.77 0.52
1-322d 0.184 0.186 0.184 0.187 0.002 0.62 0.84 0.59
Dietary ME (Mcal/kg)
Maintenance
1-112d 1.88 1.88 1.88 1.88 0.02 0.89 0.90 0.96
112-322d 2.27 231 2.27 2.31 0.03 0.47 0.96 0.33
1-322d 2.19 2.22 2.18 222 0.02 0.58 0.91 0.48
Gain
1-112d 1.24 1.24 1.24 1.24 0.01 0.89 0.90 0.96
112-322d 1.58 1.62 1.58 1.62 0.02 0.47 0.96 0.33
1-322d 1.51 1.53 1.50 1.53 0.02 0.58 0.91 0.48
Observed/ expected dietary NE
Maintenance
1-112d 0.85 0.85 0.85 0.85 0.01 0.89 0.90 0.96
112-322d 1.03 1.05 1.03 1.05 0.01 0.47 0.96 0.33

(Continued)
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TABLE 2 (Continued)

NutraGen? (%)

0.2 0.4
1-322d 0.99 1.00 0.99 1.00 0.01 0.58 0.91 0.48
Gain
1-112d 0.81 0.81 0.81 0.81 0.01 0.89 0.90 0.96
112-322d 1.03 1.06 1.03 1.06 0.01 0.47 0.96 0.33
1-322d 0.99 1.00 0.98 1.00 0.01 0.58 0.91 0.48

I'NutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate, dehydrated
brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-phosphate and
folic acid.

2Live weight reduced by 4% to account for gut fill.

TABLE 3 Effects of feeding NutraGen supplement on carcass characteristics, liver abscess, and cattle morbidity.

NutraGen? (%)

0.2 0.4 0vs. TMT
Carcass weight (kg) 364.0 364.6 361.1 366.8 3.2 0.75 0.43 0.97
Dressing percentage (%) 62.0 62.3 61.9 62.2 0.22 0.81 0.93 0.60
KPH fat® (%) 3.10 3.14 3.20 3.31 0.06 0.01 0.53 0.09
Fat thickness (cm) 0.83 0.79 0.73 0.78 0.04 0.32 0.29 0.24
LM area (cm®) 83.8 86.5 85.5 88.1 1.1 0.03 0.94 0.04
Marbling score® 4.35 4.32 4.53 4.41 0.10 0.41 0.71 0.59
Retail yield 51.3 51.7 51.6 51.7 0.17 0.17 0.50 0.12
Yield Grade 2.82 2.66 2.64 2.63 0.09 0.13 0.39 0.09
Abscessed liver (%) 12.0 14.0 6.0 10.0 5.0 0.54 0.84 0.73
Liver abscess scars (%) 30.0 22.0 22.0 32.0 6.2 0.83 0.16 0.52
Morbidity (%) 6.0 10.0 4.0 2.0 3.1 0.20 0.34 0.85

*NutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate, dehydrated
brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-phosphate and

folic acid.
PKPH fat as a percentage of carcass weight.

€Coded: minimum slight = 3.0, minimum small = 4.0, minimum modest = 5.0, minimum moderate = 6.0, and so on.

of diet DM) were top-dressed on the basal diet at the time of
feeding. Dry matter intake was restricted to 2.2% of live weight
to avoid feed refusals. Diets were fed at 0,800 and 2,000 daily.
Experimental periods consisted of a 17-d diet adjustment period
followed by a 4-d collection period. During the collection period,
duodenal and fecal samples were obtained from all steers twice
daily: d 1, 0750, and 1,350; d 2, 0,900, and 1,500; d 3, 1,050, and
1,650; and d 4, 1,200 and 1,800. Individual samples consisted of
approximately 700 ml duodenal chyme and 200 g (wet basis) fecal
material. Additionally, on d4 of the collection period at 1,200 h,
100mL of ruminal fluid was obtained from each steer via the
ruminal cannula. Ruminal fluid pH was determined on freshly
collected samples. Ruminal fluid was then strained through 4 layers
of cheesecloth. Freshly prepared 25% (wt/vol) m-phosphoric acid
(2mL) was added to 8 mL of the strained ruminal fluid, centrifuged
(17,000 x g for 10 min) and supernatant fluid stored at —20° C
for VFA analysis [direct injection gas chromatography, using HP
5890A gas chromatograph, Hewlett Packard, Palo Alto, CA; DB-
FFAP column, J&W Instruments, New Brighton, MN; WSFA-2
VFA standards, Supelco Analytical, Bellefonte, PA; 3-methyvaleric
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acid internal standard, TCI America, Portland, OR; (18)]. Duodenal
and fecal samples from each steer within each collection period
were composited for analysis. Upon completion of the experiment,
ruminal fluid was obtained via the ruminal cannula from all steers
and composited for the isolation of ruminal bacteria by differential
centrifugation (19). Feed, duodenal fluid, and fecal samples were
subjected to the following analysis: DM [oven drying at 105°C until
no further weight loss; method 930.15; (20)]; ash [method 942.05;
(20)], Kjeldahl N [method 984.13; (20)]; aNDFom (21), corrected
for NDF-ash, incorporating heat stable o-amylase (Ankom FAA,
Ankom Technology, Macedon, NY) at 1 mL per 100 mL of NDF
solution]; chromic oxide (22); and starch (23). Duodenal samples
were also analyzed for ammonia N (method 941.04, 20) and purines
(24). Duodenal flow and fecal excretion of DM were determined
based on marker ratio using chromic oxide. Microbial organic
matter (MOM) and nitrogen (MN) leaving the abomasum were
estimated using purines as microbial markers (24). Organic matter
(OM) fermented in the rumen is considered equal to OM intake
minus the difference between the amount of total OM reaching
the duodenum and MOM reaching the duodenum. Feed N escape
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TABLE 4 Effects of feeding NutraGen supplement on ruminal temperature during summer months.

NutraGen? (%)

0.2 0.4

June ruminal temp, °C

Min temp 39.3 39.2 39.3 39.3 0.05 0.92 0.53
Ave temp 40.0 39.9 40.1 39.9 0.06 0.93 0.95
Max temp 40.7 40.5 40.8 40.6 0.07 0.95 0.92

July ruminal temp, °C

Min temp 39.4 39.3 394 394 0.07 0.49 0.57
Ave temp 40.3 40.1 40.4 40.2 0.07 0.74 0.89
Max temp 40.9 40.9 41.2 40.9 0.08 0.64 0.59

August ruminal temp, °C

Min temp 39.5 39.4 39.5 39.5 0.06 0.77 0.45
Ave temp 40.4 40.2 40.4 40.3 0.06 0.80 0.87
Max temp 41.1 40.9 41.2 41.0 0.07 0.99 0.77

September ruminal temp, °C

Min temp 38.9 38.9 39.1 39.0 0.05 0.18 0.66
Ave temp 39.8 39.8 39.9 39.8 0.07 0.41 0.61
Max temp 40.4 40.4 40.6 40.5 0.09 0.35 0.60

*NutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate, dehydrated
brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-phosphate and

folic acid.
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FIGURE 1
Temperature-humidity index (THI) during the 286-d feeding period: THI = (0.8 x Ta) + [(H/100) x (Ta — 14.4)] + 46.4, where Ta is air temperature (°C),
and H is relative humidity (16, 17); Min = minimum; Max = maximum.
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TABLE 5 Effects of feeding NutraGen supplement on characteristics of ruminal and total tract digestion.

NutraGen? (%)

0.2 0.4 . Ovs. TMT
Steer replication 4 4 4 4
Intake, g/d
DM 3,672 3,672 3,672 3,672
oM 3,464 3,464 3,464 3,464
NDF 554.2 554.2 554.2 554.2
N 80.4 80.4 80.4 80.4
Starch 1,706 1,706 1,706 1,706
Flow to the duodenum, g/d
oM 1,737 1,711 1,708 1,680 40.4 0.38 0.98 0.46
NDF 269.0 238.6 283.3 255.9 22.6 0.96 0.94 0.72
Starch 268.7 272.6 265.6 216.0 30.5 0.27 0.41 0.64
Microbial N 45.0 45.6 44.0 49.1 33 0.49 0.52 0.76
Nonammonia N 84.6 84.7 83.9 85.4 1.1 0.73 0.56 0.94
Feed N 304 29.9 30.7 27.1 2.7 0.48 0.58 0.73
Ruminal
oM 62.9 63.8 63.4 65.7 0.02 0.34 0.71 0.50
NDF 515 57.0 48.9 53.8 0.04 0.96 0.94 0.72
Starch 84.2 84.0 84.4 87.3 0.02 0.27 0.41 0.64
Feed N 62.2 62.8 61.8 66.3 0.03 0.48 0.58 0.73
Microbial efficiency? 20.7 20.5 20.0 21.6 12 0.69 0.48 0.99
Protein efficiency® 1.05 1.05 1.04 1.06 0.01 0.73 0.56 0.94

Fecal excretion, g/d

DM 803.2 784.6 796.9 805.7 22.4 0.85 0.57 0.78
oM 672.1 656.4 655.3 662.1 23.9 0.78 0.65 0.63
NDF 275.5 265.2 254.7 263.0 14.2 0.50 0.52 0.42
Starch 10.6 10.5 8.49 8.46 1.8 0.34 0.99 0.51
N 23.4 22.8 23.2 23.5 0.61 0.82 0.51 0.74

Total tract digestion, %

o

DM 78.1 78.6 78.3 78.1 0.61 0.85 0.57 0.78
oM 80.6 81.1 81.1 80.9 0.01 0.78 0.65 0.62
NDF 50.3 52.2 54.0 54.2 0.03 0.50 0.52 0.42
Starch 99.4 99.4 99.5 99.5 0.001 0.34 0.99 0.51
N 70.9 71.7 71.1 70.8 0.01 0.82 0.51 0.74

*NutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate, dehydrated
brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-phosphate and
folic acid.

>Duodenal microbial N, g kg~! OM fermented in the rumen.

“Duodenal non-ammonia N, g g~! N intake.

to the small intestine is considered equal to total N leaving the  Statistical design and analysis

abomasum minus ammonia-N, MN, and endogenous N [0.195 x The trial was analyzed as a balanced 4 x 4 Latin square
BWO%7; (25)]. Methane production was estimated based on the  according to the following statistical model: Yy = u+ A; + P;
theoretical fermentation balance for observed molar distribution of ~ + Ty + Ejj, where Yjj, is the response variable, 4 is the common
VFA and OM fermented in the rumen (26). experimental effect, A; is the steer effect, P; is the period effect, Ty is
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TABLE 6 Effects of feeding NutraGen supplement on ruminal pH and VFA concentrations.

NutraGen? (%)

0.2 0.4

Ruminal pH 591 5.95 6.06 6.10 0.12 0.26 0.98 0.41
Total VFA, mM 72.1 74.4 71.9 75.9 8.6 0.82 0.92 0.85
Ruminal VFA, mol/100 mol

Acetate 49.4 48.9 51.3 52.3 2.0 0.26 0.72 0.55
Propionate 325 28.1 27.2 26.1 1.9 0.06 0.43 0.05
Isobutyrate 0.69 0.38 0.45 1.01 0.11 0.08 <0.01 0.54
Butyrate 11.9 13.9 14.3 14.9 1.2 0.13 0.58 0.12
Isovalerate 1.62 2.10 2.32 1.95 0.32 0.42 0.23 0.22
Valerate 3.90 6.56 4.39 3.63 1.9 0.75 0.42 0.69
Acetate/propionate 1.59 1.88 1.98 2.04 0.16 0.09 0.52 0.09
Methane/mol glucose® 0.43 0.46 0.48 0.50 0.02 0.05 0.71 0.07

#NutraGen (Phibro Animal Health, Ridgefield Park, NJ) is a proprietary formulation containing a mixture of silicon dioxide, calcium aluminosilicate, sodium aluminosilicate, dehydrated

brewers yeast, mineral oil, calcium carbonate, rice hulls, niacin, biotin, d-calcium pantothenate, choline chloride, thiamine mononitrate, pyridoxine hydrochloride, riboflavin-5-phosphate and

folic acid.
Methane, mol/mol glucose equivalent fermented.

the treatment effect, and Ej is the residual error. Treatment main
effects were assessed by means of orthogonal polynomials.

Results

In the present study, NTG was supplemented at 0, 0.2, 0.4,
and 0.6% of diet DM. During the first 56 days of the study, steers
consumed 0, 59, 119, and 178 mg per kg of live BW per day,
respectively. However, the observed intake from 112 to the end of
the experiment averaged 0, 39, 79, and 117 mg per kg of live BW per
day, respectively. Treatment effects on health, growth performance,
and estimated dietary NE are shown in Table 2. Morbidity and
mortality were low and not affected (P > 0.20) by dietary
treatments, averaging 5.5 and 0.5%, respectively. Supplementation
of NTG increased (quadratic effect; P = 0.05) shrunk live weight on
d 56 of the trial, with cattle supplemented with 0.2% NTG being the
heaviest. Moreover, NTG supplementation tended to increase (P =
0.07) ADG from d 1-56 and decrease (P = 0.06) ADG from d 112-
322. There was no effect of NTG on growth at any other time and
no effect on DML, feed efficiency, or efficiency of energy utilization
(P> 0.10) (Table 2).

Treatment effects on carcass characteristics, liver abscess
incidence, liver scars measures, and morbidity are shown in Table 3.
Dietary supplementation of NTG increased LM area (linear effect;
P = 0.03) and KPH fat (linear effect; P = 0.01). However, there
was no effect (P > 0.12) of NTG supplementation on other carcass
characteristics, liver abscess incidence, or liver abscess scars.

Treatment effects on minimum, average, and maximum
ruminal temperature during the summer months (June, July,
August, and September) are presented in Table 4. There was no
effect (P > 0.18) of NTG supplementation on minimum, average,
or maximum ruminal temperature during summer months when
cattle were under high ambient temperature conditions (Figure 1).

Frontiersin Veterinary Science

Treatment effects on ruminal and total tract digestion and
ruminal pH and VFA are shown in Tables 5, 6, respectively. There
was no effect (P > 0.12) of NTG supplementation on ruminal
and total tract digestion. The supplementation of NTG decreased
(P = 0.05) propionate concentration in the rumen by 16.5%
compared to the non-supplemented diet; therefore, the ruminal
acetate/propionate ratio tended (P = 0.09) to increase linearly with
NTG supplementation. There was a quadratic effect (P < 0.01) on
isobutyrate concentration in the rumen, with isobutyrate minimal
concentration being observed when cattle were supplemented with
0.2% of NTG in the diet. Moreover, cattle supplemented with
NTG had a linear increase (P = 0.05) in the methane/mol glucose
ratio compared to non-supplemented cattle. There was no effect
(P > 0.10) of NTG supplementation on ruminal pH and other
VFA concentrations.

Discussion

Although this product had not been previously tested in cattle
under the conditions of the present study, we hypothesized that
NTG supplementation might enhance growth performance, dry
matter intake, and apparent digestibility of nutrients, ruminal
parameters, and carcass characteristics of calf-fed Holstein
steers. According to the manufacturer, NTG combines natural
components with immunostimulant function, especially under
stressful circumstances. Previous research reported that most
respiratory diseases in the feedlot occurred within the first 30
days after arrival (27). Therefore, the greater growth performance
observed in calves supplemented with NTG during the first weeks
of the experiment may be associated with a greater immune
response to challenges being faced during the receiving period,
as has been suggested in previous studies (1-4, 6). However, in
agreement with the current study, Colombo et al. (6) did not
observe an overall effect on growth performance when crossbred
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yearling cattle were fed a similar immunomodulatory supplement
in the feedlot. Sanchez et al. (2) observed an increase in the final
BW of beef heifers supplemented with OMG, a similar product used
in the current experiment. The positive effects of OMG (mainly in
dairy studies; 2-4, 6) have been attributed to the enhanced immune
system, growth performance responses to OMG may largely
depend on the stress conditions that animals are experiencing.
For comparison, no prior studies evaluate growth performance
responses to NTG supplementation of calf-fed Holstein steers.

In the present study, the dosage of NTG was supplied in the
percentage of DMI (0, 0.2, 0.4, and 0.6% of DM), representing an
increase in the dosage consumed according to BW. However, the
intake in the first 56 days (0, 59, 119, and 178 mg of NTG per kg
of live BW per day) was greater compared from 112 to the end of
the experiment (0, 39, 79, and 117 mg of NTG per kg of live BW
per day). However, the effect of NTG on growth performance at
the beginning of the experiment was not dose-dependent. Sanchez
et al. (2) and Moriel et al. (28) reported an enhancement in the
metabolism of beef cattle supplemented with 100 and 88 mg of
OMG per kg of BW, respectively.

Brown-Brandl et al. (29) stated that under ambient conditions
where THI is > 78, cattle are experiencing heat stress and “danger”
conditions. In the present study, cattle were experiencing THI
greater than 70 for almost half of their time on feed. Colombo
et al. (6) fed 111 mg of OMG per kg of live BW per day and
observed that this supplementation ameliorated hyperthermia in
finishing beef cattle exposed to heat stress conditions. Although
supplemental OMG has been shown to decrease the negative effect
of heat-stress conditions on the performance of heifers and steers
in feedlot and pasture (2, 6, 28), these extreme heat conditions
faced by steers in the present study may have reduced the potential
benefits of feeding an immunomodulatory supplement (NTG). The
weather conditions that calf-fed Holstein steers were exposed to in
this study were unfavorable from a growth performance standpoint
(Figure 1). Nevertheless, no death loss occurred during the period
of elevated THI. Historically, very low or no mortality during the
early growing phase of calf-fed Holstein has been observed at the
Research Center used in this study.

The percentage of KPH fat and LM area increased linearly
with increasing levels of NTG supplementation, indicating that
the metabolic effect that effects of NTG on carcass characteristics
were dose-dependent. The acetate and glucose are used in ruminant
metabolism as substrates for fatty acid synthesis. Sanchez et al. (2)
observed that heifers supplemented with OMG were more sensitive
to changes in blood glucose. Moreover, Buntyn et al. (30) observed
an increase in blood glucose in steers fed OMG without affecting
the growth performance of feedlot steers or carcass characteristics.
These findings indicate that OMG (or NTG) supplementation may
affect the storage and redistribution of energy deposits: expressed
by changes in KPH fat and LM area. However, research is needed
to provide more information on how NTG supplementation may
have brought about the observed changes.

Very little information is available that evaluates the effects
of NTG on ruminal parameters digestibility. Prior research
in dairy cows supplemented with OMG reported no effects
of supplementation on ruminal pH and VFA concentrations
(31). In the current study, NTG decreased ruminal propionate
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molar proportion, leading to increased estimated methane
energy loss. According to these results appears that NTG may
affect microorganisms that enhance methanogens. Nevertheless,
components of NTG, such as dehydrated brewer’s yeast, have been
observed to increase ruminal propionate molar concentration in
dairy cattle (32). However, as previously stated, to the authors’
knowledge, there are no prior studies evaluating the effects of NTG
(or OMG) on diet digestibility or ruminal kinetics in cattle fed a
grain-based feedlot finishing diet.

Conclusion

Supplementing calf-fed Holstein steers with NTG increased the
live weight of steers during the initial 56 days on feed. However,
despite decreasing propionate concentration, treatment effects
were not appreciable on overall cattle growth performance. Calf-fed
Holstein steers supplemented with NTG had a greater percentage
of KPH fat and LM area. However, NTG supplementation had no
major effect on diet digestibility and ruminal temperature.
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Feed additives used in finishing diets improve energy efficiency in ruminal
fermentation, resulting in increased animal performance. However, there is no
report evaluating the effect of BEO associated with exogenous a-amylase in
response to increased starch content in feedlot diets. Our objective was to
evaluate increasing levels of starch in the diet associated with a blend of essential
oils plus amylase or sodium Monensin on performance, carcass characteristics,
and ruminal and cecal morphometry of feedlot cattle. 210 Nellore bulls were
used (initial body weight of 375 + 13.25), where they were blocked and randomly
allocated in 30 pens. The experiment was designed in completely randomized
blocks in a 3 x 2 factorial arrangement: three starch levels (25, 35, and 45%),
and two additives: a blend of essential oils plus a-amylase (BEO, 90 and 560
mg/kg of DM, respectively) or sodium Monensin (MON, 26 mg/kg DM). The animals
were fed once a day at 08:00 ad libitum and underwent an adaptation period of
14 days. The diets consisted of sugarcane bagasse, ground corn, soybean hulls,
cottonseed, soybean meal, mineral-vitamin core, and additives. The animals fed
BEO35 had higher dry matter intake (P = 0.02) and daily weight gain (P = 0.02).
The MON treatment improved feed efficiency (P = 0.02). The treatments BEO35
and BEO45 increased hot carcass weight (P < 0.01). Animals fed BEO presented
greater carcass yield (P = 0.01), carcass gain (P < 0.01), rib eye area gain (P = 0.01),
and final rib eye area (P = 0.02) when compared to MON. The MON25 treatment
improved carcass gain efficiency (P = 0.01), final marbling (P = 0.04), and final
subcutaneous fat thickness (P < 0.01). The use of MON reduced the fecal starch%
(P < 0.01). Cattle-fed BEO increased rumen absorptive surface area (P = 0.05) and
% ASA papilla area (P < 0.01). The MON treatment reduced the cecum lesions score
(P = 0.02). Therefore, the use of BEO with 35 and 45% starch increases carcass
production with similar biological efficiency as MON; and animals consuming
MON25 improve feed efficiency and reduce lesions in the rumen and cecum.
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additives, concentrate, efficiency, fermentation, non-fiber carbohydrates
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1. Introduction

The increase in performance associated with lowering the age
at slaughter is often achieved through the use of high-concentrate
feeds to meet energy requirements and maximize production in
feedlot cattle (1, 2). The inclusion of grains in diets, as well as the
extent of processing, promotes an increase in starch availability
and starch breakdown in the rumen, thereby increasing energy
intake and rumen fermentation, resulting in increased microbial
protein production and high short-chain fatty acid (SCFA) release
(3). However, in response to this increased availability of starch in
the rumen, negative effects may also occur, such as a decrease in
digestibility of fibrous carbohydrates and metabolic disturbances
(4). The use of large amounts of starch in conjunction with proper
feed management and feed additives is essential for controlling
metabolic disorders such as acidosis and bloat (5).

Feed additives used in finishing diets improve energy
efficiency in ruminal fermentation, resulting in increased animal
performance. Diets with high starch content promote high
production of SCFA in the rumen, which leads to a drop in pH. The
use of additives is important for controlling rumen acidification
and manipulating the rumen fermentation process to maximize
the utilization of dietary nutrients (6). Among them, monensin
(MON) is widely used in feedlot diets to prevent diseases and
metabolic disorders, as well as to improve feed efficiency and
animal performance (2, 7). However, the European Union have
banned the use of ionophores as they are classified as antibiotics and
growth promoters (European Union Regulation, 1831/2003/EC),
considering the risk of these products is increasing bacterial
resistance to antibiotics and, consequently, possible risks to human
health (8).

In this context, this has instigated a search for natural
alternatives to ionophores, such as essential oils and their blends
(BEO), which act as growth promoters when added to animal
feed diets (9). BEO are plant-derived compounds such as thymol,
with known antimicrobial, anti-inflammatory, antioxidant, and
coccidiostatic properties, that can modulate rumen fermentation
to improve nutrient utilization in ruminants (10, 11). The BEO
has been reported to make the rumen more energy efficient
by increasing the molar ratio of propionate and decreasing the
acetate:propionate ratio in the rumen (11), thereby improving
nutrient utilization and animal performance (12, 13). BEO can
also decrease amino acid deamination and ammonia production
in the rumen, improve protein digestibility and promote greater
nitrogen retention (11, 14, 15). In this context, some studies have
been conducted to evaluate the efficacy of essential oils fed to
cattle on animal performance and meat quality (16-18). However,
the animal performance was similar in animals that did not
receive additives, MON, or BEO. In addition, BEO functionality
depends on the source and composition of BEO, as well as the
extraction method and dosages used (19, 20). In this context, BEO
is an additive with the potential to be utilized in association with
monensin or other additives.

It has been suggested that exogenous amylase improves feed
efficiency by increasing nutrient utilization, resulting in improved
animal performance (18). Some studies reported increased milk
production, improved conversion of feed to milk, and increased
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starch digestion in the rumen (21-23) in response to the
administration of exogenous amylase to lactating dairy cows.
However, there are few studies investigating the effect of exogenous
amylase in finishing cattle (18, 24, 25). Meschiatti et al. (18)
reported synergism between BEO and exogenous amylase in a
feedlot finishing diet, where the combination of both additives
resulted in an increase in DMI, ADG, BW, and hot carcass weight
compared to monensin. In addition, BEO in combination with
exogenous amylase was reported to reduce liver abscesses and fecal
starch in cattle fed high-starch diet (18, 26).

However, based on the aforementioned information, there is
no report evaluating the effect of BEO associated with exogenous
a-amylase in response to increased starch content in a feedlot
diet. It was hypothesized that BEO should be an alternative to
MON in finishing feedlot diets, as well as that BEO associated with
exogenous enzymes would further improve nutrient utilization and
animal performance in high-starch diets, reducing fecal starch and
cecum lesions score. Therefore, the objective of this study was
to evaluate the increasing starch content in the diet associated
with a blend of essential oils plus amylase or sodium monensin
on performance, carcass characteristics, and ruminal and cecal
morphometry of feedlot cattle.

2. Material and methods

All the procedures involving the use of animals in this study
were by the guidelines established by the Sdo Paulo State University
Ethical Committee for Animal Research, and approved by Ethical
Commission in Use of Animals of the Innovation and Applied
Science DSM Nutritional Products SA (number BR190313).

2.1. Animals and treatments

The trial was conducted at the feedlot facility of the Center
for Innovation and Applied Science in Ruminants, from DSM
Nutritional Products (I&AS Beef Center; Rio Brilhante, Mato
Grosso do Sul, Brazil), using 210 22-mo-old yearlings Nellore bulls
(375 £ 13.25kg). Animals were housed in 30 pens, with 120 m?
of area, a water trough, and a collective bunk (50 cm/animal, 5m
of bunk/pen).

The experimental design was performed in completely
randomized blocks and the initial BW was utilized as a criterion
for block formation, in a 3 x 2 factorial arrangement, in which
were evaluated: 3 levels of starch (25, 35, and 45%) and 2 feed
additives (BEO + a-amylase or sodium monensin), totaling 6
treatments: (1) MON25: 25% of starch + monensin; (2) BEO25:
25% of starch + essential oil and a-amylase; (3) MON35: 35% of
starch + monensin; (4) BEO35: 35% of starch + essential oil and
a-amylase; (5) MON45: 45% of starch + monensin; (6) BEO45:
45% of starch + essential oil and a-amylase. Each treatment had 5
replicates (pen as an experimental unit), with 7 animals/pen (total
of 30 pens).

The sodium monensin (Rumensin, Elanco, Greenfield, Indiana,
USA) was included in the diet at a dose of 26 ppm. The blend of
essential oil (Crina ® Ruminants DSM Nutritional Products Ltd.,
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Basel, Switzerland) which contains thymol, eugenol, limonene, and
vanillin (14), and the exogenous enzyme a-amylase (Ronozyme
Rumistar; DSM Nutritional Products Ltd., Basel, Switzerland) were
added to the diet at a dose of 90 and 560 mg/kg of DM, respectively.
The doses of feed additives used in this study were to the company’s
recommendations. It's noteworthy to mention that MON has been
largely used around the world, and since results have been very
consistent over decades, it was adopted as a positive control in
this study.

2.2. Feeding and management description

At the beginning of the study, all yearling bulls were weighed,
dewormed, and vaccinated (tetanus, bovine viral diarrhea virus, 7-
way Clostridium sp.; Cattlemaster and Bovishield, Pfizer Animal
Health, New York, NY). The animals were submitted to a
pre-adaptation period of 10 days to standardize their ruminal
population and adapt to the facilities and management. Cattle were
fed ad libitum once a day at 08:00 h, targeting 3-5% refusal, with
free-choice water access to a water trough.

The experimental diets were formulated according to the
LRNS (Large Ruminant Nutrition System, Table 1), meeting the
nutritional requirements, with daily weight gains between 1.5
and 1.7 kg/day/animal. The experimental diets were composed
of sugarcane bagasse, ground corn, soybean hulls, cottonseed,
soybean meal, mineral-vitamin core, urea, and additives. The step-
up adaptation program diet consisted of ad libitum intake and
lasted 14 days, whereas 2 adaptation diets containing 65 and 75%
concentrate were fed for 7 days each (Table 1). The finishing period
program also consisted of ad libitum intake and lasted 89 days,
where the finishing diet contained 85% concentrate. The different
starch content of the diets (25, 35, and 45%) was obtained by
increasing the proportion of Corn grain fine grind. During the
experimental period, weekly samples were taken of the rations for
the chemical analysis of dry matter (DM), crude protein (CP), ether
extract (EE), and mineral matter (MM) according to AOAC (27),
and neutral detergent fiber (NDF) according to Van Soest et al. (28).

The duration of the experimental period was 99 days, which
included a pre-adaptation period of 10 days (day —10 to day 0), a
step-up adaptation program diet of 14 days (day 0 to day 14), and a
finishing period program of 89 days (day 14 to day 89).

2.3. Feedlot performance and carcass traits

At the beginning of the experimental period (day 0), and 30 and
89 days of the study, the feed was withheld from bulls for 16 h before
every body weight (BW) assessment. Consequently, average daily
gain (ADG), and feed efficiency (gain-to-feed, G/F) were calculated
at the end of the experiment. The DMI was calculated for each pen
daily, by weighing the ration offered and refused before the next
morning delivery and expressed in kilograms and as a percentage
of BW. To estimate the net energy for maintenance and net energy
for gain, the methods described by Lofgreen and Garrett (29), NRC
(30), and Zinn and Shen (31) were used. The values obtained by the
equations of net energy for gain were related to the average values
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estimated by the LRNS, proportional to each diet (25, 35, and 45%
starch) and additives evaluated (32).

At the end of the adaptation period, one animal from each block
(n = 6) was randomly chosen to be slaughtered as a reference to
the evaluation of the gain composition in the function of the initial
BW, and determination of the equation of adjustment of the BW in
the function of the carcass weight (model equation reference: HCW
= 12.2581 + 0.4837*initial BW). The remaining Nellore yearling
bulls were harvested at the end of the study. The final BW was
obtained at the feedlot before truck loading, and the cattle were
then transported to a commercial abattoir. The hot carcass weight
(HCW) was obtained after kidney, pelvic, and heart fat removal.
The dressing percentage was calculated by dividing HCW by the
final BW (33).

2.4. Feeding behavior and particle sorting

All yearling bulls were submitted to visual observations to
evaluate feeding behavior, every 5min, over one period of 24h
(day 71), according to Johnson and Combs (34). Feeding behavior
data were recorded for each animal as follows: time spent resting,
ruminating, and eating (expressed in minutes), and the number of
meals per day. Meal length (expressed in minutes) was calculated
by dividing the time spent eating by the number of meals per day.
The DMI per meal in kilograms was calculated by dividing DMI
by the number of meals per day. In addition, data on time spent
eating and ruminating were used to calculate the eating rate of DM
(time spent eating / DMI) and rumination rate of DM (time spent
ruminating / DMI), both expressed in minutes per kilogram of DM,
according to Pereira et al. (35).

During the observation period, samples of diets and orts were
collected after 24 h for future analyses of DM [AOAC, (27)] and
neutral detergent fiber [NDF; (28)], to determine DMI and NDF
intake on the day of the feeding behavior evaluations. Moreover,
the eating rate (DM and NDF), as well as the rumination rate (DM
and NDF), time spent eating per meal, and dry matter intake per
meal was calculated as described by Carvalho et al. (36).

On the day of observation of feeding behavior (day 71),
samples of diets and orts were also collected from all pens for the
determination of particle size distribution, which was performed
by sieving using the Penn State Particle Size Separator (Nasco, Fort
Atkinson, WI, EUA) and reported on an as-fed basis as described
by Heinrichs and Kononoff (37). Particle sorting was determined as
follows: n intake/n predicted intake, in which n = particle fraction
retained on screens of 19 (long), 8 (medium), and 1.18 mm (short)
and a pan (fine). Particle sorting values equal to 1 indicate no
sorting. Those <1 indicate selective refusal (sorting against), and
those >1 indicate preferential consumption sorting for Leonardi
and Armentano (38).

2.5. Rumen and cecum morphometrics
Rumenitis evaluation was performed after bull evisceration,

and all rumens were scored after washing. Rumen epithelium was
classified according to the incidence of lesions (rumenitis and
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TABLE 1 Feed ingredients and chemical composition of diets containing levels of starch fed to Nellore yearling bulls supplemented with essential oils
and amylase or sodium monensin.

Starch, %? 45%
Concentrate, %° 85% 65% 85% 65% 75%

Ingredients, % of DM®

Sugarcane bagasse 35 25 15 35 25 15 35 25 15
Corn grain fine grind 30 33 36 30 40 50 30 47 64
Soybean meal 9 5,5 2 9 6,5 4 9 7,5 6
Cottonseed 6 8 10 6 8 10 6 8 10
Soybean hull 15 23,5 32 15 15,5 16 15 7,5 0
Mineral Supplement 5 5 5 5 5 5 5 5 5
Nutrient content, % of DMY

Crude protein 14,6 14,7 14,6 14,6 14,7 14,6 14,6 14,5 14,5
Total digestible nutrients 66 68 69 66 69 73 66 72 77
DIP 51 51 50 51 51 52 51 52 53
Neutral detergent fiber 43,7 42,4 41,2 43,7 38,2 33 43,7 31,6 25,2
peNDFd 36 30 25 36 29 23 36 28 22
Ca 0,77 0,75 0,73 0,77 0,75 0,73 0,77 0,76 0,75
P 0,31 0,28 0,25 0,31 0,31 0,31 0,31 0,36 0,37
Starch 20,95 23,08 25,46 20,95 28,40 35,50 20,95 37,28 45,80
ME, Mcal/kg DM*® 2,40 2,44 2,48 2,40 2,51 2,63 2,40 2,62 2,77

Level of starch (25, 35, and 45%); ®Percent of concentrate of step-up adaptation diets and finishing diet: Adaptation 1 = 65% concentrate, 0-7 days; Adaptation 2 = 75% concentrate, 7-14 days;
Finishing diet = 85% concentrate, 14-89 days; “DM, dry matter; ¢Estimated by equations according to Large Ruminant Nutrition System (LRNS; 20). ¢ Metabolizable energy. DIP, degradable

intake protein.

hyperkeratosis) as described by Bigham and McManus (39) based
on a scale of 0 (no lesions) to 10 (severe ulcerative lesions).

A small fragment (1 cm?) of each rumen was collected from
the dorsal cranial sac, and placed into a phosphate-buffered saline
solution for future morphometric measurements according to
Resende Junior et al. (40). The number of papillae per square
centimeter of rumen wall (NOP) was determined manually, where
12 papillae were randomly collected from each fragment (1 cm?)
and scanned, and the mean papillae area (MPA) was determined
using an image analysis system (Image Tool, version 2.01-4;
UTHSCSA Dental Diagnostic Science, San Antonio, TX, USA). The
rumen wall absorptive surface area (ASA) was calculated according
to Daniel et al. (41).

For histological analyzes, a method adapted from Odongo
et al. (42) was used. A 1 cm? fragment of each rumen was
collected from the ventral cranial sac, stained with hematoxylin
and eosin, embedded in paraffin wax, and sectioned. Histological
measurements, such as papillae height, papillae width, papillae
surface area, and keratinized layer thickness were performed in four
papillae per bull using a computer-aided light microscope image
analysis. Measurements were performed per animal, in 10% of the
total papillae per cm?, which were chosen randomly. The final value
for each variable was the average of measured papillae (Figure 1).

The same 1-cm? fragment collected from the ventral cranial
sac was also used for the evaluation of cell proliferation of rumen
papillae according to the immunohistochemistry method adapted
from Pereira et al. (43). To determine the mitotic index, the nuclei
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of 2,000 cells of the basal layer of the ruminal epithelium were
marked, and among these, the number of mitotic figures was
counted. Thus, the proportion of cells in mitosis in the basal layer
of the ruminal epithelium was determined.

Cecum epithelium was classified according to the presence
of cecal wall lesions and abnormalities, according to the method
adapted from Pereira et al. (44). Histological measurements, such
as crypt depth and goblet cells, were determined in 10% of the total
number of crypts per animal, using a Leica Qwin Image Analyzer
within a Leica electron light microscope.

2.6. Shear force analysis and meat color

For meat quality analysis, 2.54-cm thick steak samples of
Longissimus dorsi (LM) were obtained between the 12th and 13th
ribs of animals (3 animals/pen). The samples were identified,
vacuum packaged, and frozen at —20°C for further analysis. The
analyzes were performed at the Food Products of Animal Origin
Laboratory (Economy, Sociology and Technology Department—
School of Agriculture UNESP—Botucatu, Brazil).

For the shear force analysis, the samples were thawed, for
24h at 2°C, and processed according to the American Meat
Science Association (AMSA) (45) and Wheeler et al. (46) using
a Warner—Bratzler shear force device. The shear force of each
sample was considered as the average of 6-8 repetitions (cylinders).
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FIGURE 1

Histological section of a cattle ruminal papilla; (A) Papillae height (h) and papillae width (w; measured perpendicular to papilla length). (B) Papillae
surface area (PSA; thick outer line) and stratum corneum thickness (KS; keratinized surface).

The analysis of cooking losses was performed following the
methodology described by Honikel (47).

The color was determined by the CIE Lab system (48).
Color measurement was performed in three distinct points of the
sample, utilizing a spectrophotometer, model CM2500d (Konica
Minolta Brazil, Sdo Paulo, Brazil) with D65 illuminating standard,
observation angle of 10°, and 30 mm shutter opening. The samples
were left exposed to the environment for 20min for color
determination, where L* is the chrome associated with luminosity
(L* = 0 black; 100 white), a* is the chrome that varies from green
(-) to red (+), and b* is the chrome that ranges from blue (-)
to yellow (4). Color values were considered the average of the
three readings.

For the evaluation of the proximate composition, samples
of Longissimus dorsi were used, and thawed the day before
the analysis in a refrigerator at 2-5°C. Moisture was evaluated
according to AOAC (method 39.1.02) (49). The total nitrogen
was quantified using the Kjeldahl method according to AOAC
(method 39.1.19) (49). Total protein was calculated as a function
of total nitrogen, using the conversion index of 6.25. The
ethereal extract was determined according to AOAC (method
39.1.05) (49). Ash was determined according to AOAC (method
39.1.09) (49).

2.7. Statistical analysis
The experimental design was performed in completely

randomized blocks, and the initial BW was utilized as a criterion
for block formation, in a 3 x 2 factorial arrangement of
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treatments (3 levels of starch and 2 feed additives). Pens were
considered the experimental unit for this study (n = 30), and
each treatment was replicated five times. Data were analyzed
using the MIXED procedure of SAS (SAS, 2003) and the Tukey
test to compare means. Tests for normality (Shapiro-Wilk and
Kolmogorov-Smirnov) and heterogeneity of treatment variances
(GROUP option of SAS) were performed before analyzing the
data. The model also included fixed effects of treatments and their
interaction. The block was considered a random effect in the model.
Results were considered significant at P < 0.05 level.

3. Results

3.1. Feedlot performance and carcass traits

The results of feedlot performance are presented in Table 2.
A significant interaction between starch level and additives was
observed for BW (P < 0.01) and ADG (P = 0.01) on the first 30
days of the study, where the cattle fed BEO45 had greater values
when compared with MON in the same levels of starch. Similarly,
there is a significant interaction between starch level and additives
for DMI (P < 0.01) and DMI expressed as %BW (P = 0.01)
on the first 30 days of the study; and for final BW (P = 0.04),
ADG (P = 0.02), DMI (P = 0.02) and DMI expressed as %BW
(P = 0.05) at the end of the experimental period, where the cattle
fed BEO35 had greater values when compared with MON35 and
MON45. No effects of treatments were observed (P > 0.05) for
G/F in the first 30 days of the study. However, at the end of the
study, there was a significant linear decrease in G/F (P = 0.05) in
response to increasing levels of starch (0.151, 0.149, and 0.145, for
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TABLE 2 Levels of starch associated with a blend of essential oils or sodium monensin on feedlot performance of Nellore yearling bulls.

Treatments? P-value®

Level of starch, % 25% SEMP  Additive Starch  AdditivexStarch
Initial BW, kg? 375.99 376.02 378.61 374.98 375.14 373.94 5.61 0.17 0.90 0.53
BW 30 days, kg 421.33% | 42857* | 431.86° | 422.02%° | 418.64> | 417.39" 4.62 0.05 0.47 <0.01
Final BW, kg 510.35* | 516.72° | 51027° | 506.45% | 497.23% | 487.47° 5.68 <0.01 0.04 0.04
ADG 30 days, kg 1.46° 1.70° 1.72° 1.52° 1.40° 1.40° 0.07 <0.01 0.49 0.01
ADG, kg/days 1.51% 1.58* 1.48° 1.48° 1.37¢ 1.28¢ 0.04 <0.01 <0.01 0.02
DMI 30 days, kg/days 9.30° 9.92% 9.73* 9.22° 8.92¢ 8.77¢ 0.10 <0.01 0.16 <0.01
DML, kg/days 10.37% 10.68° 10.29° 9.54¢ 9.164 8.76° 0.11 <0.01 <0.01 0.02
DMI, % of BW 30 days, 2.33¢ 2.47° 2.40° 2.31° 2.254 2.224 0.12 <0.01 0.08 0.01
kg/days

DMI, % of BW 2.34% 2.39* 2320 2.16¢ 2.10%4 2.034 0.02 <0.01 <0.01 (L) 0.05
G/F ratio 30 days, kg/kg 0.157 0.171 0.177 0.165 0.158 0.160 0.008 0.19 0.58 0.15
G/F, kg/kg 0.146 0.148 0.144 0.155 0.150 0.146 0.004 0.02 0.05 (L) 0.19
Fecal starch, % 4.94 10.73 9.76 3.47 6.86 7.38 0.64 0.05 <0.0001 (Q) 0.39

*BEO: blend of essential oil (Crina ® Ruminants and exogenous enzyme a-amylase Ronozyme RumiStar '™ ); MON: monensin; "SEM = Standard error mean; °L = linear effect; Q = quadratic

effect; dBW, body weight; G: F, gain-to-feed ratio; ADG, average daily gain; DMI, dry matter intake. Values within a row with different superscripts differ (P < 0.05).

25, 35, and 45% starch, respectively). Moreover, cattle-fed MON
improved G:F (0.146 vs. 0.150, for BEO and MON, respectively, P
= 0.02). Regarding fecal starch, there was a significant (P < 0.01)
quadratic effect in response to increasing levels of starch, where
cattle fed BEO had greater fecal starch content when compared with
MON (8.48 vs. 5.90, for BEO and MON, respectively, P = 0.05;
Table 2).

The results of carcass traits are presented in Table3. A
significant interaction between starch level and additives was
observed for final HCW (P = 0.01) and HCW gain (P = 0.01),
where the cattle fed BEO25 and BEO35 had greater values when
compared with MON35 and MON45. However, a significant
interaction between starch level and additives was observed for
final carcass gain efficiency (P = 0,01), biological efficiency
(P = 0,01), final marbling (P = 0,04), final subcutaneous fat
thickness (P = 0,01) and P8 rump fat thickness gain (P =
0,01), where the cattle fed MON25 had greater values when
compared to BEO25 and BEO45. Moreover, there was a significant
linear decrease in dressing percentage (P = 0.01), carcass gains
(P = 0.05), final P8 rump fat thickness (P = 0.01), rib-eye
area gain (P = 0.03) and P8 rump fat thickness gain (P =
0.01) in response to increasing levels of starch. In addition,
cattle fed BEO had higher dressing percentage (55.38 vs. 54.56
%, for BEO and MON, respectively, P = 0.01), carcass gain
(66.78 vs. 64.33 %, for BEO and MON, respectively, P =
0.01), rib-eye area (67.72 vs. 65.47 cm?, for BEO and MON,
respectively, P = 0.02) and rib-eye area gain (0.18 vs. 0.16 cm?/days
for BEO and MON, respectively, P = 0.01) when compared
with MON.

The results of meat color and chemical composition are
presented in Table 4. There was a significant quadratic effect for
cooking losses (P < 0.01) and moisture (P = 0.02) in response to
increasing levels of starch, where the highest value for cooking loss
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and the lowest value for moisture was obtained on a 35% starch
diet. No effects of treatments were observed (P > 0.05) for chroma
L, chroma A, chroma B, pH, marbling, shear force, ash, and protein
(Table 4).

3.2. Feeding behavior and particle sorting

The results on feeding behavior are summarized in Table 5.
A significant interaction between starch level and additives was
observed for feed efficiency (P = 0.04), time spent resting (P =
0.02), and meal length (P =0.02). Regarding feed efficiency, the
highest value was observed in cattle fed MON45, followed by
MONS35 and BEO45. For time spent resting, the highest values
were observed for BEO35 and MON45. In addition, for meal
length, the lowest values were observed for BEO45 and MON45.
Regarding particle sorting, no significant treatment effect was
observed (P > 0.05) for most of the feeding behavior and particle
sorting variables evaluated. However, animals fed CR35 sorted (P
= 0.02) more intensively for medium diet particles when compared
to MON35.

There was a significant quadratic effect for DMI (P < 0.01) in
response to increasing levels of starch, where the highest value was
obtained on 35% starch (11.01, 11.37, and 10.66 kg/days for 25,
35, and 45% starch, respectively). Moreover, there was a significant
linear increase in time spent eating (P < 0.01), meals per day (P
< 0.01), eating rate of NDF (P < 0.01), rumination rate of NDF
(P < 0.01), in response to increasing levels of starch. There was a
significant linear decrease in DMI per meal (P < 0.01) and eating
rate of NDF (P < 0.01) in response to increasing levels of starch.

Besides that, DMI (11.65 vs. 10.37 kg/days, for BEO and
MON, respectively; P < 0.01), time spent ruminating (244.86 vs.
219.86 min, for BEO and MON, respectively; P = 0.02) and NDF
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TABLE 3 Levels of starch associated with blend of essential oils or sodium monensin on carcass characteristics of Nellore yearling bulls.

Treatments? P-value®

Level of starch, % SEMP  Additive Starch AdditivexStarch
Initial Hot carcass weight, kg 19412 | 19414 | 19539 | 19364 | 19371 193.13 271 0.17 0.90 0.53
Final Hot carcass weight, kg 28276 | 287.42* | 281.38> | 279.90° | 270.91¢ | 263.00¢ 3.91 <0.01 <0.01 0.01
Hot carcass weight gain, kg 1.00% 1.06 0.98" 0.98" 0.88° 0.794 0.02 <0.01 <0.01 0.01
Carcass gain efficiency, kg/kg 0.097° 0.099% 0.095% 0.102% 0.096° 0.090¢ 0.001 0.592 0.01 0.01
Dressing, % 55.39 55.62 55.13 55.26 54.48 53.95 0.32 0.01 0.01 (L) 0.07
Carcass gain, % 66.90 67.40 66.03 66.46 64.18 62.34 1.96 0.01 0.05 (L) 0.22
Biological efficiency, kg DM/@ 156.8° | 152.9% | 160.14® | 148.18° | 158.81° | 167.51* 2.05 0.51 0.01 0.01
Initial rib-eye area, cm? 50.99 51.16 51.04 50.85 51.16 50.83 0.62 0.88 0.96 0.99
Final rib-eye area, cm? 67.91 68.44 66.82 66.52 65.73 64.17 0.73 0.02 0.24 0.79
Initial marbling, % 2.05 2.15 2.22 2.2 1.93 2.26 0.054 0.87 0.07 0.08
Final marbling, % 2.45° 2,61 2.64% 2.72° 2.51° 2,65 0.05 0.314 0.47 0.04
Initial sub. fat thickness, mm 2.24 2.25 2.29 231 2.27 241 0.03 0.03 0.08 0.53
Final sub. fat thickness, mm 3.77° 3.95% 3.97% 433 3.81° 3.71° 0.101 0.64 0.28 0.01
Initial P8 rump fat thickness, mm 4.22 4.26 4.15 4.19 4.21 4.34 0.046 0.44 0.76 0.12
Final P8 rump fat thickness, mm 6.64 6.38 6.37 6.89 6.09 6.08 0.167 0.52 0.01 (L) 0.30
Rib-eye area daily gain, cm?/days 0.19 0.19 0.17 0.17 0.16 0.14 0.01 0.01 0.03 (L) 0.49
Sub. fat thickness daily gain, 0.017 | 0.019® | 0019 | 0.022* | 0017 | 0.014° 0.001 0.86 0.13 0.01
mm/days

P8 rump fat thickness daily gain, 0.027 0.023 0.024 0.030 0.021 0.019 0.002 0.36 0.01 (L) 0.14
mm/days

3BEOQ: blend of essential oil (Crina ® Ruminants and exogenous enzyme a-amylase Ronozyme RumiStarTM); MON: monensin; bSEM = Standard error mean; “L = linear effect; Q = quadratic

effect; Values within a row with different superscripts differ (P < 0.05).

intake (4.07 vs. 3.73 kg, for BEO and MON, respectively; P = 0.02)
were affected by the type of additive, where cattle fed BEO obtained
the best results. No effects of treatments were observed (P > 0.05)
for the rumination rate of DM and drinking bouts.

3.3. Rumen and cecum morphometrics

The results on rumen and cecum morphometrics are
presented in Table 6. There was a significant quadratic effect
for rumenitis score (P 0.03) in response to increasing
levels of starch, where the highest value was obtained
on 35% starch (0.80, 1.05, and 0.88 for 25, 35, and 45%
starch, respectively).

Moreover, animals fed BEO obtained greater absorptive surface
area (ASA; 32.78 vs. 29.95 cm?/cm? of rumen wall, for BEO and
MON, respectively; P = 0.05), papillae area (97.06 vs. 96.74% of
ASA, for BEO and MON, respectively; P = 0.01) and papillae
height (4.20 vs. 3.97, for BEO and MON, respectively; P = 0.03)
when compared to MON treatment. However, the supplementation
with BEO increased the cecum lesions score (2.11 vs. 1.43, for
BEO and MON, respectively; P = 0.02), crypt/enterocytes ratio
(4.72 vs. 4.51, for BEO and MON, respectively; P = 0.01) and
crypt/goblet ratio (51.75 vs. 47.51, for BEO and MON, respectively;
P =0.02).
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4. Discussion

Essential oils (EO) and exogenous enzymes may have the
potential to replace ionophores, increase BW and ADG and
contribute to improved beef production and animal performance
(50), but the amount of research information on the potential
benefits of these new technologies compared to the most common
feed additives for feedlot cattle is limited (18). In this context, the
present study answers new questions regarding the use of BEO,
evaluating the effect of essential oil associated with exogenous a-
amylase in response to increased starch content in a feedlot diet.
The EO are aromatic oily liquids extracted from plant material
that possess a broad spectrum of antimicrobial activities (11,
51). However, a detailed explanation of how EO affects ruminal
fermentation by altering microorganisms has not been established
(18, 50).

In the present study, cattle fed BEO35 had the highest final
BW and ADG, and DMI compared with treatments at MON;
however, the results for feed efficiency were more satisfactory
compared with treatments fed BEO regardless of starch content
than when MON was used. These results could be related to the
change in rumen fermentation pattern in response to essential
oil treatment in combination with exogenous a-amylase, which
may alter the acetate/propionate ratio in the rumen. However,
results regarding DMI in response to supplementation with EO
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TABLE 4 Levels of starch associated with blend of essential oils or sodium monensin on shear force analysis and meat color of Nellore yearling bulls.

Treatments? P-value®

Level of starch, % SEMP  Additive Starch AdditivexStarch
Chroma L 39.16 39.93 39.06 39.15 39.57 38.95 0.43 0.77 0.55 0.96
Chroma A 18.84 19.34 18.52 18.96 19.69 19.04 0.32 0.42 0.28 0.92
Chroma B 8.57 8.98 8.45 8.58 9.13 8.55 0.20 0.73 0.11 0.98
pH, n 5.85 5.71 5.80 5.81 5.77 5.77 0.04 0.85 0.10 0.45
Cooking losses, % 27.93 30.23 26.49 27.75 29.44 28.65 0.55 0.60 <0.01 0.39

Q

Marbling, % 2.08 2.04 1.96 2.18 1.94 1.98 0.09 0.93 0.18 0.55
Shear force, kgf 3.98 4.26 4.48 431 4.34 4.55 0.14 0.25 0.18 0.62
Moisture, % 75.10 74.59 75.36 74.89 75.01 75.45 0.17 0.56 0.02 (Q) 0.31
Ash, % 111 1.08 111 1.08 1.14 112 0.01 0.47 0.56 0.15
Protein, % 17.65 17.57 17.95 17.85 17.81 17.65 0.12 0.74 0.85 0.30

*BEO: blend of essential ol (Crina ® Ruminants and exogenous enzyme a-amylase Ronozyme RumiStar ' M); MON: monensin; PSEM = Standard error mean; °L = linear effect; Q = quadratic

effect; Values within a row with different superscripts differ (P < 0.05).

are inconsistent because several factors may influence the mode
of action of this additive, such as the type of feed, breed, sex,
and age, as well as the type of essential oil used in the blend
(18, 52). Essential oils are plant-derived compounds with known
antimicrobial, anti-inflammatory, antioxidant, and coccidiostatic
properties. In addition, EO has properties similar to ionophores
and contains compounds that have been shown to modulate rumen
fermentation by selecting microorganisms in the rumen, thereby
improving nutrient utilization in ruminants (53). The BEO might
have a flavor effect on feed which may have contributed to increase
DML, as was previously reported (54). In addition, the association
of EO with a-amylase, such as BEO, ensures the better breakdown
of glycosidic bonds present in starch, which serve as a substrate and
consequently increase the abundance of non-fibrous carbohydrate-
fermenting bacteria. Salazar et al. (54) reported greater DMI for
cattle receiving BEO when compared to MON. Moreover, Tricarico
et al. (55) reported an increase in DMI when exogenous o-amylase
was used due to a change in the molar ratio of butyrate and
propionate, and a decrease in rumen lactate concentration. In this
context, previously study reported the negative effects of increasing
ruminal propionate on DMI in dairy cows (56). This may justify the
increase in DMI in BEO-treated animals, which may have increased
the rumen passage rate.

In this context, data on feeding behavior may help in the
interpretation of DMI in response to BEO supplementation.
However, evaluation of the feeding behavior in feedlot cattle
supplemented with BEO is limited in the literature (57, 58). In the
present study, the variables examined were significantly affected by
starch content. Cattle fed BEO35 sorted for medium diet particles
and spent more time feeding NDF and ruminating NDF, which may
be a response to control rumen acidity and a possible explanation
for the increased DMI of cattle consuming BEO. In addition,
increasing the starch content of the diet resulted in more meals
per day and lower DM intake per meal while attempting to control
rumen acidosis. Moreover, essential oils may decrease protein
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breakdown in the rumen, which promotes less colonization by
bacteria with proteolytic activity (59). This increase in rumination
rate in response to BEO treatment may have a positive effect on
reducing the size of feed particles and increasing the contact area
for bacteria and rumen fermentation. On the other hand, longer
rumination times may affect feed passage rate and, thus, DML
Regarding monensin, it is well documented that the main
effects of ionophores are a reduction in DMI and increased feed
efficiency (6, 7, 33). A meta-analysis by Duffield et al. (7) reported
that the use of monensin decreased DMI by 3% and improved feed
efficiency by 2.5-3.5% in feedlot beef cattle. This higher DMI of
BEO-supplemented animals may also be attributed to the essential
oils’ palatability. Depending on the plants extracted, some essential
oils have active ingredients that can improve the palatability of the
diet (60). Meschiatti et al. (18) reported higher DMI in Nellore
feedlot cattle fed a 55% starch diet associated with the use of a BEO
plus exogenous a-amylase compared with a treatment containing
only essential oils or monensin. However, Meyer et al. (50) found no
difference in DMI in feedlot cattle receiving a blend of essential oils.
In this context, starch-rich diets can increase the risk of rumen
acidosis, as well as lesions in the ruminal epithelium, due to the
greater rumen fermentation and consequently higher production
of SCFA (33). The number of papillae, papillae area, and absorptive
surface area (ASA) are important parameters directly related to
the absorption of SCFA, preventing the accumulation of these
acids in the rumen environment and acidification (17, 61). In the
present study, the highest rumenitis score was observed in diets
containing 35% starch, regardless of the additive. On the other
hand, supplementation with BEO increased the papillae height
and papillae area (% of ASA). Due to the higher DMI observed
in response to BEO, this treatment increased the production of
SCFA and, consequently, resulted in greater papillae development.
In addition, the use of essential oil may act as a modulator of
rumen fermentation by selecting lactic acid-producing bacteria
and protecting the rumen from a possible drop in rumen pH,
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TABLE 5 Levels of starch associated with blend of essential oils or sodium monensin on feeding behavior and particle sorting of Nellore yearling bulls.

Treatments? P-value®

Level of starch, % 45% SEMP Additive Starch AdditivexStarch

Feeding behavior

DML, kg¢ 11.34 12.23 11.37 10.67 10.50 9.94 0.23 <0.01 <0.01 0.09
Q

Feed efficiency of DM, 15.61° 15.06" 18.43° 16.15" 19.29° 19.60° 0.54 <0.01 <0.01 0.04

Time spent eating, min 176.43 183.95 208.57 171.71 202.71 194.14 4.80 0.98 <0.01 0.07
(L)

Time spent ruminating, min 256.00 228.29 250.29 213.86 235.71 210.00 12.13 0.02 0.93 0.11

Time spent resting, min 1,007.57% 1,027.76* | 981.14°> | 1,054.43* | 1,001.57% 1,035.86* 14.55 0.05 0.32 0.02

Drinking bouts, n 3.24 3.94 3.71 3.57 3.54 3.65 3.61 0.85 0.45 0.43

Meals per day, n 15.09 16.80 17.29 13.89 16.31 17.23 0.60 0.42 <0.01 0.76
(L)

ER of NDE min/kg DM® 37.92 4295 65.93 38.92 52.55 68.92 2.34 0.09 <0.01(L) 0.37

RR of DM, min/kg DM 22.75 18.74 21.98 20.19 22.53 21.25 1.16 0.88 0.71 0.06

RR of NDE min/kg DM’ 55.13 53.37 78.49 48.69 61.61 74.99 3.92 0.89 <0.01(L) 0.15

Meal length, min 11.79% 11.04% 12.25° 12.42% 12.66* 11.31% 0.51 0.21 0.72 0.02

DMI per meal, kg 0.76 0.74 0.67 0.78 0.66 0.58 0.03 0.11 <0.01 0.35
(¢9)]

NDEF intake, kg 4.69 4.30 3.21 4.43 3.90 2.87 0.11 0.02 <0.01(L) 0.91

Particle sorting?

Long 1.02 0.92 0.91 1.00 0.87 0.96 0.03 0.92 0.01 0.33

Medium 1.01° 0.99* 0.94° 1.00* 0.94° 0.97% 0.01 0.40 <0.01 0.02

Short 1.00 1.01 1.02 1.00 1.01 1.01 0.00 0.40 0.01 0.06

Fine 0.99 1.01 1.01 1.00 1.02 1.01 0.0045 0.26 0.03 0.40

aBEO: blend of essential oil (Crina® Ruminants and exogenous enzyme o-amylase Ronozyme RumiStarTM); MON: monensin; >’SEM = Standard error mean; °L = linear effect; Q = quadratic
effect; IDMI, dry matter intake; °ER, eating rate; fRR, rumination rate; 8Particle fraction retained on screens of 19 (long), 8 (medium), 1.18 mm (short) and a pan (fine). Values within a row

with different superscripts differ (P < 0.05).

due to the high amounts of fermented starch (62). Li et al. (63)
reported that the use of a BEO altered rumen fermentation with
increased propionate concentration, improved fiber digestibility,
and decreased methane production.

However, treatment with BEO also increased the cecum lesions
score and decreased the number of goblet cells. Considering the
higher DMI observed, it may be that animals fed BEO had a
higher rumen passage rate so that a greater amount of starch
bypassed the rumen and some of this starch entered the cecum,
which may lead to excessive fermentation in the cecum, increasing
the production and accumulation of SCFA, and lowering the pH
in the cecum. Thus, acidification of the intestinal environment
may lead to an increase in lesions in the cecal epithelium and a
decrease in the number of goblet cells and enterocytes because
the intestinal epithelium is more sensitive to pH changes than the
rumen (64). However, in a companion study, Rocha et al. (65)
reported that cattle fed BEO plus amylase surprisingly did not
have proteins related to inflammatory processes (leukocyte elastase
inhibitors) in the cecal tissues, although cecal lesions increased in
response to BEO. This could be because feed enzymes remain active
in the intestine and can help digest nutrients that escape rumen
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fermentation, or they may have even had an anti-inflammatory
effect, but they cannot control cecal lesions.

Just as SCFA concentrations and rumen pH cause changes
in SCFA absorption rate (17, 66), SCFA act as signaling and
regulatory molecules for biological processes to protect gut health
(67). Alteration of goblet cell differentiation, such as expression
of mucin-related genes, is associated with increased acetate and
propionate concentrations (68). The intestinal epithelium was
mechanically stimulated to secrete mucus, which they attributed
to the effect of SCFAs on mucus thickening (69). The use of high-
starch diets for cattle can lead to lesions and an inflammatory
response in the cecum (65). Studies evaluating cecal morphometric
parameters, cecal epithelial health, and the correlation of these
parameters with animal performance are limited in the literature
(44, 70). It has been previously reported in the literature that diet
and infusion of fatty acids affect mitotic index, crypt depth, and
intestinal mucosal weight in rats (71-74). In the present study,
the higher DMI in animals supplemented with BEO may have
contributed to this increase in cecum acidity in response to a greater
amount of starch fermentation. On the other hand, the higher
DMI could have caused a higher production of SCFA, which would
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TABLE 6 Levels of starch associated with blend of essential oils or sodium monensin on rumen and cecum morphometrics of Nellore yearling bulls.

Treatments? P-value©

Level of starch, % SEMP  Additive Starch Additivesstarch
Rumenitis score ‘ 0.85 ‘ 1.00 ‘ 0.95 ‘ 0.75 ‘ 1.10 ‘ 0.80 ‘ 0.06 ‘ 0.50 ‘ 0.03 (Q) ‘ 0.36
Macroscopic variables

Mean papillae area, cm? 0.52 0.50 0.46 0.48 0.45 0.47 0.02 0.26 0.40 0.40
Number of papillae, n 63.98 69.77 70.13 62.33 64.58 64.51 2.63 0.18 0.45 0.84
ASA, cm?/cm? of rumen walld 32.82 35.24 30.29 30.23 29.50 30.13 1.13 0.05 0.46 0.28
Papillae area, % of ASA 97.09 97.07 97.02 96.82 96.64 96.77 0.09 0.01 0.76 0.78
Microscopic variables

Mitotic index, n 159.73 170 155.4 183.93 162.87 165.93 8.50 0.39 0.69 0.49
Mitotic index, % 7.99 8.50 7.77 9.20 8.14 8.30 0.42 0.39 0.69 0.49
Papillae height, mm 4.18 4.17 4.24 4.04 4.04 3.83 0.08 0.03 0.78 0.41
Papillae surface area, mm? 1.02 0.96 1.01 1.01 0.94 0.92 0.02 0.14 0.22 0.29
Papillae width, mm 0.18 0.16 0.15 0.16 0.16 0.17 0.01 0.78 0.55 0.19
Keratinized layer thickness, 7.74 8.29 9.26 7.92 8.04 7.86 0.22 0.09 0.12 0.07
pwm

Cecum variables

Cecum lesions score, n 1.61 2.55 2.16 1.30 1.43 1.55 0.21 0.02 0.25 0.47
Crypt depth, pm 75.48 76.57 74.88 74.40 76.06 74.17 1.41 0.65 0.73 0.99
Enterocytes, n 16.25 16.05 15.95 16.93 16.57 16.51 0.35 0.18 0.77 0.99
Goblet cells, n 1.51 1.48 1.45 1.67 1.65 1.65 0.06 0.06 0.94 0.98
Crypt/Enterocytes 4.66 4.79 4.70 4.43 4.60 4.51 0.06 0.01 0.27 0.97
Crypt/Goblet, n 50.99 52.21 52.05 46.77 48.56 47.19 1.28 0.02 0.76 0.94

3BEQ: blend of essential oil (Crina ® Ruminants and exogenous enzyme a-amylase Ronozyme RumiStarTM); MON: monensin; bSEM = Standard error mean; °L = linear effect; Q = quadratic

effect; {ASA: absorptive surface area. Values within a row with different superscripts differ (P < 0.05).

develop the cecum and make it less susceptible to inflammatory
processes (33, 44). The increase in dietary starch content may
promote the down-regulation of enzymes related to carbohydrate
degradation, likely caused by damage to the cecal epithelium due to
increased responses associated with inflammatory injury (65).

In addition, an increase in fecal starch was observed in animals
fed high starch levels, with cattle fed BEO35 having higher fecal
starch, suggesting that the cecum was unable to digest the starch
from the rumen and absorb SCFA, thereby increasing fecal starch.
On the other hand, animals receiving MON had the lowest levels
of fecal starch, which may be related to the effectiveness of
this additive in influencing rumen fermentation, selection, and
stimulating the growth of rumen bacteria, thereby preventing
starch losses via feces. Ionophore antibiotics have limited effects
on the microbiota and intestinal fermentation of ruminants, as the
effect of monensin is more likely to be observed in the rumen (65).
There are reports that BEO can affect the colonization of starch-rich
substrates by rumen bacteria, thereby increasing the availability and
utilization of starch in the rumen (75). In the present study, it
was observed that BEO did not improve the utilization of dietary
starch. Although, as diet starch levels increased, an increase in
performance would be expected, as a result of greater diet energy
content (Table 1). However, we had no increase in performance as
the starch levels increased for BEO, and for MON we had a decrease
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in performance and intake as starch levels increased. This indicates
that we had a non-optimal condition for digestion as starch
levels increased, which may have affected animals’ digestibility.
Meschiatti et al. (18) reported that fecal starch concentration was
25.6% lower and total tract starch digestibility was 5.11% higher (P
= 0.04) with BEO than with MON.

Thus, the manipulation of rumen fermentation and better
feed efficiency, in response to additives use may affect carcass
characteristics. In the present study, it was observed that cattle fed
BEO35 had the best HCW values. However, the best results in final
fat thickness were obtained when cattle were treated with MON25.
As mentioned earlier, it was observed that increasing the starch
content in the diet resulted in more meals per day and lower DMI
per meal while trying to control rumen acidity. As a result, carcass
fat deposition was negatively affected in cattle-fed MON because
increasing starch content linearly decreased final fat thickness and
daily fat gain. Better dressing percentage and carcass gain were
observed in cattle fed BEO, which may be explained by the higher
DMI observed in this treatment as a function of manipulation of
rumen fermentation, and the higher carcass yields may be related
to higher production of propionate in the rumen, which is an SCFA
precursor of glucose in ruminants (76). Tricarico etal. (55) reported
an increase in HCW in feedlot cattle-fed diets supplemented with
a-amylase and attributed these results to the improvement in the
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molar ratio of acetate and propionate and the decrease in lactate.
Several active compounds present in essential oils such as carvacrol,
thymol, allicin, and pinene have an antimicrobial activity that
can affect gram-positive and gram-negative bacteria (77). Because
of their ability to modulate the rumen microbiota, essential oils
can directly affect protein degradation and SCFA production (78).
Meschiatti et al. (18) reported higher HCW in animals fed BEO on
a finishing diet containing 55% starch when compared to MON,
but no significant difference in dressing percentage was observed.
In the present study, the feedlot cattle fed BEO had better results
for the rib-eye area, as well as a greater rib-eye area gain, which can
be explained by the higher values of HCW and dressing found in
these treatments, where greater carcass deposition is a consequence
of a greater muscle tissue production.

The change in rumen fermentation pattern in response to
the use of these additives affects the production of SCFA and,
consequently, the acetate:propionate ratio. There are reports that
glucose is the major contributor to fatty acid biosynthesis in
intramuscular adipose tissue (79, 80). Considering that propionate
is the main substrate for glucose formation in ruminants,
maximizing its production in the rumen environment seems to
be essential to improve marbling (76). In this context, using
feed additives and increasing the availability of starch for rumen
fermentation can increase propionate production in the rumen and
positively influence intramuscular fat deposition. In the present
study, the effect of feed additives on final marbling and final fat
thickness was dependent on starch content, where the MON25
presented the best results. In this context, different starch levels
associated with this additive may increase fat deposition, leading
to better carcass quality. However, Ornaghi et al. (58) reported no
differences in final fat thickness, rib-eye area and final marbling in
feedlot cattle fed a diet containing 41% starch supplemented with
essential oil. Regarding meat quality, higher cooking loss, and lower
moisture were observed for treatments BEO35 and MON35. The
other quality variables were not affected by the treatments, and the
values found in this study are within what is considered normal
in the literature (26). Cooking losses are related to intramuscular
fat, which has a positive effect on water retention capacity and
prevents fluid loss after cooking (81). Meat maturation time is also
related to low water loss, which is due to a slight increase in pH
and the change from divalent to monovalent ions (82). In general,
the average values found for cooking loss vary between 20 and 28%
(8, 83), similar to the values obtained in the present study. Toseti
et al. (26) observed no difference in cooking loss, pH, shear force,
and chroma A and B in response to treatment with BEO.

5. Conclusion

The BEO increased DMI and enhanced overall animal
performance but the effect was dependent on starch content,
with no effect on feed efficiency. Animals receiving monensin
improved feed efficiency and decreased lesions in the rumen
and cecum in finishing feedlot cattle. Therefore, the blend of
essential oil evaluated in the current study can be an alternative
to replacing MON in finishing feedlot diets. Overall, cattle fed
MON25 improved feed efficiency, whereas BEO presented better
results on feedlot performance and carcass traits with 35 and 45%
starch diets.
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This study was designed to evaluate a spray-dried multivalent polyclonal antibody
preparation (PAP) against lactate-producing bacteria as an alternative to monensin
(MON) to control ruminal acidification. Holstein cows (677 + 98kg) fitted with
ruminal cannulas were allocated in an incomplete Latin square design with two
20 days period. Cows were randomly assigned to control (CTL), PAP, or MON
treatments. For each period, cows were fed a forage diet in the first 5 days (d—5
to d—1), composed of sugarcane, urea and a mineral supplement, followed by a
74% concentrate diet for 15 days (d O to d 14). There were no treatment main
effects (P > 0.05) on dry matter intake (DMI) and microbial protein synthesis.
However, there was a large peak (P < 0.01) of intake on d 0 (18.29 kg), followed
by a large decline on d 1 (3.67kg). From d2, DMI showed an increasing pattern
(8.34kg) and stabilized around d 8 (12.96 kg). Higher mean pH was measured
(P < 0.01) in cattle-fed MON (6.06 vs. PAP = 5.89 and CTL = 5.91). The ruminal
NH3z-N concentration of CTL-fed cows was lower (P < 0.01) compared to those
fed MON or PAP. The molar concentration of acetate and lactate was not affected
(P > 0.23) by treatments, but feeding MON increased (P = 0.01) propionate during
the first 4 days after the challenge. Feeding MON and PAP reduced (P = 0.01) the
molar proportion of butyrate. MON was effective in controlling pH and improved
ruminal fermentation of acidosis-induced cows. However, PAP was not effective
in controlling acidosis. The acidosis induced by the challenge was caused by the
accumulation of SCFAs. Therefore, the real conditions for evaluation of this feed
additive were not reached in this experiment, since this PAP was proposed to work
against lactate-producing bacteria.
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1. Introduction

Intensive cattle management systems often include increased
amounts of cereal grains in the diet to increase energy input and
improve performance (1). Thus, energy-dense diets typically fed
to highly productive ruminants can lead to digestive disorders,
such as ruminal acidosis, in response to the rapid ruminal
fermentation of starch and sugars (2). Ruminal acidosis is the
most economically important metabolic disorder in intensive cattle
production systems, and that exists in both acute and subacute
forms (3). Ruminal acidosis has been reported as the second most
common health problem affecting feedlot cattle in Brazil (1).

Sub-acute ruminal acidosis (SARA) is an ongoing problem
in the dairy and feedlot sector, responsible for the onset of
different pathologies, such as rumenitis, parakeratosis, laminitis,
and metabolic acidosis. Streptococcus bovis was the major initiators
of ruminal acidosis by producing lactate as the major fermentation
product under low ruminal pH (4). This results in consistent
economic losses in both beef and dairy industries primarily due
to decreased efficiency of milk production, premature culling, and
reduction in milk yield and milk fat (5, 6) as well as a reduction on
efficiency and performance of beef cattle (6, 7).

In this context, ionophore antibiotics, such as monensin
(MON), are widely used in feedlot diets for acidosis control by
modulating rate the of ruminal fermentation reducing dry matter
intake (8, 9). Moreover, this ionophore modify rumen fermentation
dynamics by inhibiting growth of Gram-positive bacteria, including
lactate-producing rumen bacteria such as Streptococcus bovis (10),
reducing ruminal lactate production and the risk of acidosis.
Moreover, studies reported that monensin reduces ruminal protein
degradation and decreased microbial protein synthesis (11, 12), due
to inhibitory effects on hyper-ammonia-producing bacteria (13).
Despite the beneficial effects of monensin, the use of antibiotics
and growth promoters has raised the concern about the risk of
these products in increasing bacterial resistance to antibiotics and,
consequently, possible risks to human health (14). However, these
mechanisms of resistance are not fully understood, since the genes
responsible for ionophore resistance in ruminal bacteria have not
been identified (15).

As a result, there is a search for antibiotic replacements to
modulate ruminal fermentation to control acidosis and increase
animal performance (16). An alternative to antibiotics is passive
immunization with polyclonal antibodies preparations (PAP)
against specific groups of ruminal bacteria, such as lactate-
producing ruminal bacteria (Streptococcus bovis) and bacteria
related to liver abscesses (Fusobacterium necrophorum). In this
context, the use of PAP against lactate-producing ruminal bacteria
have led to a reduction in the concentration of rumen lactate
(17-19), and also in the control of acidosis in animals during the
rapid transition to a high-concentrate diet (16, 20).

Recent ruminal metabolism studies with PAP were conducted
under the most extreme condition of abrupt transition to high-
concentrate diets (18, 20). However, most experiments carried
out with acidosis induction for the evaluation of additives were
designed to monitor rumen fermentation in short periods (between
1 and 2 d; 3.5-7 g PAP/d (18, 20). In this context, there is a lack of
information on the persistence of action of feed additives, as well
as the administration time necessary to reduce the negative effects
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of this nutritional disorder on ruminal fermentation. Furthermore,
this allows the comparison of PAP with other additives, such as
MON, under these conditions of the longer evaluation period.
Therefore, it was hypothesized that, in a situation of induction
MON reduces the
protein to the intestine. Furthermore, PAP would be effective

of ruminal acidosis, flow of microbial
in preventing lactic acidosis after an abrupt change to high-
concentrate diet. Thus, the present study aimed to evaluate the
spray-dried multivalent polyclonal antibody preparation against
lactate-producing bacteria (Streptococcus bovis, Fusobacterium
necrophorum, and Lactobacillus ssp.) as an alternative to monensin
to control ruminal acidification in cow fed high concentrate diets.

2. Materials and methods

All protocols and procedures followed in this study were
approved by the Sdo Paulo State University Ethical Committee for
Animal Research (CONCEA, 2013), Sdo Paulo State University,
Botucatu campus, Brazil.

2.1. Polyclonal antibody preparation

Polyclonal antibodies were produced by CAMAS Inc. (Le
Center, MN, USA). The commercial product contains 39.5%
immunoglobulins against Streptococcus bovis (ATCC 9809), 17.6%
against Lactobacillus ssp. (ATCC 4356; 14917; 9649 and 7469),
13.20% against Fusobacterium necrophorum (ATCC 27852), 17.6%
against E. coli O157:H7, and endotoxins. For PAP preparation, the
procedures were similar to those described by DiLorenzo et al.
(17), with the exception that a multivalent PAP was tested, rather
than antibodies to specific organisms. Streptococcus bovis and
Lactobacillus ssp. are the main lactic acid-producing bacteria during
the process of acidosis; Fusobacterium necrophorum is strongly
associated with liver abscess in cattle; while E. coli is a commensal
in the rumen and can be opportunistically pathogenic in humans.
Endotoxins are the lipopolysaccharides that are present in the walls
of gram-negative ruminal bacteria, being released in situations of
bacterial death. The PAP in solid form was obtained by spray drying
and was maintained in hermetically sealed packages Protected from
heat light during the experimental period.

2.2. Animals and experimental facilities

The experiment was conducted at the School of Veterinary
Medicine and Animal Science at the University of Sdo Paulo (USP),
Campus of Pirassununga, Sio Paulo, Brazil. Nine non-pregnant
and non-lactating Holstein cows with an average live weight of
677 + 98kg previously fitted with ruminal cannulas were used.
The animals were housed in individual stalls (Stall size: 1.5 m bunk
space per 9m. 13.5 m2 per animal) with sand bedding, feed bunk,
and access to drinking water. The facility had fans suspended from
the ceiling that was turned on automatically during the hottest
hours of the day, to mitigate the effects of ambient temperature.
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2.3. Experimental design and treatments

An incomplete Latin square design was used, divided into two
experimental periods of 20 d each (d—5 to d 14). The choice
for only two experimental periods is attributed to the attempt to
avoid diluting the challenge effect of high-concentrate diets by
potential metabolic memory in an attempt to avoid large intakes
of concentrate. Cattle were submitted to the following treatments:
(1) Control (CTL); (2) Monensin (MON); (3) Polyclonal Antibody
Preparations (PAP) against Streptococcus bovis, Fusobacterium
necrophorum, and Lactobacillus ssp. The PAP and Monensin were
inserted through the ruminal cannula twice a day, before each meal
and inside envelopes made of absorbent paper, between days 0 and
14 of each experimental period. The MON was administered at a
dose of 300 mg/d, which corresponds to 3 g/d of the commercial
product Rumensin (Elanco Animal Health, Indianapolis, IN). This
commercial product contains 10% sodium monensin per kilogram
of product. The PAP (CAMAS Inc, Le Centre, MN, USA) was
administered at a dose of 3 g/d (corresponding to 10mL of
liquid product).

The experiment had a total duration of 55 d, divided into two
periods of 20 d each (d—5 to d 14), with an interval of readaptation
to the roughage diet of 15 d between periods. The washout period
was used to reestablish normal ruminal pH conditions. During
d—5 to—1, the cows received only a roughage diet, composed of
sugarcane, urea (1.4% DM), and a mineral supplement to supply
the following levels of crude protein (CP), NDF, and ADF (DM
basis): 14.05, 43.98, and 22.18%, respectively. From d 0 to d
14, a 74% concentrate diet was offered (Table 1), composed of
sugarcane, high-moisture corn silage, soybean meal, and vitamin
and mineral premix.

Between d—5 to d 14, the following variables were
measured: individual dry matter intake; ruminal pH;
ruminal concentration of total lactate and short-chain
fatty acids (SCFA); NH;3-N concentrations, and microbial
protein synthesis.

Before the two experimental periods, ~20kg of rumen
content was extracted from each animal and these portions
were mixed. After this procedure, the same amount of
rumen content, removed and already mixed, was returned
to each animal. This procedure aimed to homogenize the
ruminal microbial population before the application of the
experimental treatment.

2.4. Nutritional management

Diets were offered twice a day, at 800h and 1,600h. The
experimental diet was administered as a total mixed ration
(TMR), with a roughage: concentrate ratio of 26:74, in which
the roughage source used was fresh sugarcane (2.9% CP, 47.48%
NDE and 25.68% ADF, DM basis) chopped with a theoretical
mean particle size of 1.14 cm (21). The concentrate was composed
of soybean meal (44.12% CP, 20.57% NDE and 7.30% ADE,
DM basis), and high-moisture corn silage (7.91% CP, 6.22%
NDE and 3.31% ADFE, DM basis; Table 1). The DM, mineral
matter (MM), CP, ether extract (EE), calcium, and phosphorus
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TABLE 1 Feed ingredients and chemical composition of the experimental
diet.

Item Experimental
diet
Ingredients, % of DM
Sugarcane, fresh and chopped 26.5
High-moisture corn silage 53.6
Soybean meal 17.9
Vitamin and mineral premix® 1.0
Calcitic limestone 1.0
Nutrient content
Dry matter (%) 55.0
Crude protein (%DM) 14.8
Rumen degradable protein (% CP) 72.0
Rumen undegradable protein (%CP) 28.0
Neutral detergent fiber (% DM) 233
Physically effective neutral detergent fiber (% DM)® 13.0
Non-fiber carbohydrates (% DM) 55.0
Starch (% DM) 32.6
TDN (% DM) 80.0
Ca (%DM) 0.6
P (%DM) 0.4

“Composition of vitamin and mineral premix per kilogram of product: 230 g of Ca, 90 g of
P, 15g of S, 20 g of Mg, 48 g of Na, 100 mg of Co, 700 mg of Cu, 2.000 mg of Fe, 80 mg of I,
1.250 mg of Mn, 20 mg of Se, 2.700 mg of Zn, 900 mg of F (maximum), 200.000 UT of vitamin
A, 60.000 UT of vitamin D3, 60 UT of vitamin E.

YEstimated by equations according to CNCPS, Cornell version 5.0.40.

analyzes were performed according to AOAC (22), while the NDF
corrected for ash and ADF were performed according to Van
Soest et al. (23). For NDF analysis, a-amylase and urea were
added. The starch concentration was carried out according to
Pereira and Rossi Jr. (24), in which extraction of carbohydrates
was performed according to Hendrix (25). The diet was formulated
according to the NRC (26) and evaluated in the Cornell Net
Carbohydrate and Protein System (CNCPS program, version
5.0.40) (27).

2.5. Dry matter intake

To evaluate dry matter intake in kg (DMI), DMI expressed
as % of BW (DMI % BW), DMI expressed as g/kg of metabolic
weight (DMI g/kg BWO,75), the amount of diet offered and
refused were collected and weighed daily, from d—5 to d
15. All feed bunks were examined every morning. If there
was no feed remaining, the amount offered was raised by
10%. If up to 10% remained, the amount of feed offered
was not changed and if the surplus was >10%, the feed
offered was reduced by 10%. Additionally, the fluctuation of
dry matter intake (DMIF) was calculated for each animal, as
the difference in dry matter intake between consecutive days,
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according to the methodology proposed by Bevans et al. (28),
as follows:

(DMI current day — DMI previous day)

DMIF = [ ]1¥100

DMI previous day

The DMIF was performed between days—1 and 3 of each
experimental period.

2.6. Ruminal fermentation parameters

At each daily collection, at least 500 mL of rumen content was
removed at three different points of the rumen (through an electric
vacuum pump), which were returned to the rumen-reticulum after
collecting the appropriate aliquots for determination of lactate,
NH;3-N, and SCFA molar concentrations. The collections were
carried out daily, from d—5 to d 14 at 1,100h (3h after the
morning feeding, carried out at 800h) (29). Immediately after
collection, 100 mL of rumen fluid was used for pH determination
in a portable digital potentiometer (HANNA instruments HI8424),
calibrated with pH 4.0 and pH 7.0 buffer solutions. Regarding the
determination of the days on which the animals presented acidosis
(DEA), according to definitions created by several authors (6, 9, 30),
sub-acute acidosis was considered to occur when the pH was < 5.6.
So, the number of days in which the ruminal pH of each animal was
pH < 5.66 was counted. The adoption of the second decimal place is
due to the sensitivity of the pH measuring device. Thus, pH values
starting at 5.66 were considered pH 5.7 and discarded as acidotic
pH. Only the post-challenge experimental phase was accounted for
(d 0 to d 14), and the results were expressed as a percentage of
this phase.

To determine the ruminal total lactate, 2 mL of rumen fluid
was placed in test tubes and subsequently measured by the
colorimetric technique according to Pryce (31). For short-chain
fatty acid (SCFA) analyses that included acetate, propionate, and
butyrate, a fraction of ~100 mL of rumen content was centrifuged
at 2000 x g for 20 min; 2mL of the supernatant was added to
0.4 mL of formic acid and frozen at—20 °C for further analyses,
according to Erwin et al. (32). The SCFA were measured by gas
chromatography (Thermo Scientiﬁc®, model Focus GC) with an
automatic sample injector (Thermo Electron Corporation®, model
AS-3000) equipped with a 2 m long, and 1/5” diameter glass column
was used, packed with Carbopack B-DA/4% Carbowax" 20M 80-
120 (Supelco ™) and flame ionization detector (FID) maintained
at 270°C. The gas chromatograph oven was maintained at 190°C
during the analysis and the injector temperature was 220°C. The
carrier gas was high-purity H2, maintained in a flow of 30 mL/min.
The number of repetitions per sample was the one necessary for the
difference between readings to be <5%.

To determine the concentration of NH3-N, fractions of 2 mL of
rumen fluid were placed in test tubes containing 1 mL of 1N sulfuric
acid solution and stored under refrigeration until the analysis
by colorimetry (Kjeltec 2300 Analyzer Unit, Tecator, Hoganas,
Sweden), according to the method described by Kulasek (33) and
adapted by Foldager (34).
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2.7. Estimation of microbial protein
synthesis in the rumen

Analyses to determine microbial protein synthesis were
performed at the Laboratory of Animal Biochemistry and
Physiology of the VNP-FMVZ/USP, based on the quantification
of urinary purine derivatives (PD), according to the methodology
described by Valadares et al. (35) and Rennd (36), considering
the absorption of purines from the formula suggested by Verbic
etal. (37).

Urine samples (50 mL, spot sample) were collected from all
animals on d—3; 3, and 14 of each experimental period, ~3h after
feeding. The urine was filtered and 10 ml aliquots were immediately
diluted in 40mL of 0.018M sulfuric acid to avoid bacterial
destruction of purine derivatives and uric acid precipitation, then
stored at —15 °C for further analysis of allantoin and acid. uric.
A pure urine sample was stored for the determination of total
nitrogen compounds, urea and creatinine.

Creatinine concentrations were determined by commercial kits
(Laborlab®), using an enzymatic reaction in a spectrophotometer
(SBA-200 Celm ™). The total daily urinary volume was estimated by
dividing the daily urinary excretions of creatinine by the observed
values of creatinine concentration in the urine of the spot samples
according to Oliveira et al. (38).

The daily urinary excretion of creatinine was estimated from
the established mean daily excretion of 24.05 mg/kg body weight
for dairy cows (39). Thus, with the average daily excretion of
creatinine and the concentration of creatinine (mg/dL) in the
spot urine sample, the total daily volume of urine, in liters per
cow, was estimated. The levels of allantoin and uric acid in the
urine were determined by the colorimetric method, according to
the methodology of Fujihara et al. (40), described by Chen and
Gomes (41).

The total excretion of PD was calculated as the sum of allantoin
and uric acid excreted in the urine, expressed in mmol/day.
Absorbed microbial purines (AP, mM/day) were calculated from
the urinary excretion of purine derivatives (PD, mM/day), using
the equation:

AP = (PD 0.236 *"BW®7%)/0.84

where 0.84 is the recovery of purines absorbed as purine
derivatives and 0.236 is the endogenous excretion of PD (42).

Absorbed microbial purines were also assessed, considering
the endogenous excretion of 0.512*BW%7> and the recovery of
0.70 found by Gonzalez-Ronquillo et al. (43). Microbial protein
synthesis (Pmic, g of N/day) was calculated based on the AP
(absorbed microbial purines, mM/day), using the Equation (41):

Pmic = (70*AP)/( 0.83%0.134¥1000)

where 70 is the N content in the purines (mgN/mol); 0.134,
the purine N: total N ratio in bacteria (35); and 0.83, the intestinal
digestibility of microbial purines. To obtain the microbial crude
protein synthesis, the Pmic data were multiplied by the Kjeldahl
factor of 6.25.
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2.8. Statistical analysis

The experimental design was an incomplete Latin square.
Data were analyzed by Statistical Analysis System software (SAS
version 9.2; SAS Inst., Inc., Cary, NC, USA), in which the model
included the effects of treatments as fixed, and period and animal
as random. Before the analysis of variance, the normality of
the residuals was verified by the SHAPIRO-WILK Test (PROC
UNIVARIATE), and the variances were compared by the “F” Test.
Data (dependent variable) that did not meet these premises were
submitted to logarithmic [Log (X+1)] or square root [SR (X+1/2)]
transformation. The original or transformed data, when the latter
procedure was necessary, were subjected to analysis of variance
that separated the effects of treatments and period as sources of
variation, plus the factor repeated measures over time, referring
to the different sampling days. Such analysis was performed using
the MIXED procedure of SAS. The effect of time analysis was only
reported when the interaction between time and treatment effects
was significant. The differences between means were performed
using the Tukey test. Effects were considered significant at P < 0.05.

3. Results
3.1. Dry matter intake

No interactions were found between day and treatment for
DMI (P = 1.00), DMI % BW (P = 0.99), and DMI g/kg BW0,75 (P
= 0.99). The administration of feed additives via ruminal cannula
did not result in changes (P > 0.11) in DMI when compared to the
control (Tables 2, 3). However, a day effect (P < 0.01) was found
for all dry matter intake variables mentioned above. There was a
large peak of intake on d 0 (18.29 kg or 2.60% of BW), the day when
the experimental diet was started, followed by a large decline on
d 1 (3.67kg or 0.54 % of BW; Figure 1). From d 2, DMI showed
an increasing pattern (8.34kg or 1.23 % of BW) and stabilized
around d 8 (12.96kg or 1.86 % of BW) for all treatments. The
mean difference in intake between the forage diet on d—1 and the
experimental diet on d 0 was 10.61kg. On the other hand, cows
ingested 14.63 kg less feed on d 1, compared to d 0. Additionally, a
decrease in the variation of DMI was observed from d 2 (4.67 kg)
and d 3 (1.29 kg), which corroborates the increasing pattern found
in DMI and DMI % BW.

3.2. Rumen fermentation

No interaction was observed between day and treatment (P
= 0.19) for rumen pH 3 h after feeding. Intraruminal addition of
MON resulted in higher pH (P < 0.01) at the third postprandial
hour compared to the other treatments (MON = 6.06 vs. CTL =
5.91 and PAP = 5.89; Table 4). Additionally, a day effect was found
(P < 0.01) for rumen pH, where the decline in pH commenced
on day 0 and the maximum decline was on day 1 (Figure 2A)
regardless of treatments.

There was no interaction between day and treatment (P = 0.78)
for rumen lactate. The molar concentration of lactate remained
low throughout the experimental period (0.23 mM). The molar
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concentration of SCFA was higher in cows treated with PAP (P =
0.02) but there was no interaction between day and treatment (P
= 0.20). Furthermore, a treatment effect was observed (P = 0.02),
in which cows receiving PAP presented the greatest concentration.
Similarly, a day effect was detected (P < 0.01), in which the total
SCFA increased from ~90mM in the pre-challenge period to a
maximum value of 135 mM on d 1, stabilizing around 129 mM from
d 8 (data not shown).

The interaction between day and treatment was not significant
(P = 0.38) for the molar concentration of acetate. Additionally,
neither feed additive influenced acetate concentrations (P = 0.33;
Table 4). There was a time effect (P < 0.01) for the molar proportion
of this SCFA (Figure 2B), where the molar proportions of acetate
went from ~60% to around 55% on d 1, after the abrupt change to
the experimental diet.

There was an interaction between day and treatment (P <
0.01; Figure 2C), in which an increase in the molar proportions of
propionate was observed in cows receiving MON during the first
4 days following the challenge, an increase of 78% on d 4 when
compared to control (MON = 30.42 vs. PAP = 21.63 and CTL =
17.07 mM on d 4). An interaction between day and treatment (P =
0.01) was also observed for the acetate/propionate ratio, in which
MON reduced this proportion in the three first days following the
challenge (Figure 2D).

There was no interaction between day and treatment (P = 0.25)
for the molar concentration of butyrate, but both feed additives
were effective (P < 0.01; Table 4) in decreasing ruminal butyrate
(MON = 15.42 and PAP = 16.35 vs. CTL = 18.43).

The interaction between day and treatment was not significant
(P = 0.90) for NH3-N concentration. However, a treatment effect
was found (<0.01), in which animals treated with additives had
higher concentrations than CTL animals (MON = 14.74 and PAP
= 13.64 vs. CTL = 11.20). Moreover, the day effect was significant
(P < 0.0001), where the animals went from a concentration of
around 19 mg/dL when fed a forage diet, to 27 mg/dL on d 0, 3.56
ond I, and remaining around 12 mg/dL (with large variations) until
the end of the experiment (Figure 2E).

3.3. Microbial protein synthesis

No interactions were observed between day and treatment for
any of the evaluated experimental variables (P > 0.05). Moreover,
the treatments with feed additives did not result in significant
differences (P > 0.05, Table 5) for any experimental variable related
to microbial protein synthesis (Figure 3).

4. Discussion

The results of the current study indicate that monensin was
effective in controlling subacute ruminal acidosis in cattle abruptly
shifted to a high-concentrate diet, and also in improving rumen
fermentation by altering SCFA molar proportions. In addition,
the acidosis challenge induced by the abrupt increase in diet
energy levels was caused by the accumulation of SCFAs. As a
result, PAP was not effective in controlling acidosis, which can
be explained by the fact that this product targets the control of
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TABLE 2 Dry matter intake in kg (DMI, kg/d), DMI as a percentage of body weight (DMI, %BW), and DMI based on metabolic BW (DMI, g/kg BW0.75) of
cows induced to ruminal acidosis receiving polyclonal antibody preparations (PAP) or monensin (MON).

Treatments
MON
DML, kg 10.71 10.87 11.04 10.88 0.20 0.50
DMI, % BW© 1.59 1.58 1.51 1.56 0.03 0.11
DMI, g/kg BW"7 80.90 80.67 78.48 80.02 1.43 0.44

“Mean across treatments: CTL, Control; MON, Monensin; PAP, Polyclonal Antibody Preparation.

bSEM, standard error of mean.
“BW, body weight = 677 + 98 kg.

TABLE 3 Fluctuation in dry matter intake (DMIF, kg) of cows induced to ruminal acidosis receiving polyclonal antibody preparations (PAP) or monensin

(MON).
Treatments
MON
0 10.16 10.22 11.45 10.61 0.81 0.79
1 —13.88 —15.25 —14.76 —14.63 1.16 0.90
2 5.88 3.95 419 4.67 0.56 0.33
3 0.72 1.47 1.68 1.29 0.62 0.81
Overall 0.72 0.10 0.64 0.49 118 0.82

“Represents the difference in DMI (kg) between consecutive days.

b Mean across treatments: CTL, Control; MON, Monensin; PAP, Polyclonal Antibody Preparation.

¢SEM, standard error of mean.
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lactate-producing bacteria. However, it is worth mentioning that
the experimental design, as well as the protocol used in the present
study, which included a simultaneous increase in diet density and
different treatments inserted through the rumen cannulae, may
have influenced the results. Since cows get used to consecutive
acidosis challenges, an incomplete Latin square was adopted.
Despite of these limitations, and considering the complexity of
acidosis induction studies, the experimental protocol used in the
study was efficient for inducing acidosis.

The reduction in DMI and increases in feed efficiency
in animals fed high-concentrate diets in response to MON
supplementation are well documented in the literature (8, 9).
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Similarly, reductions in intake in animals receiving MON have
been found in comparative performance studies with PAP (44,
45). However, in the present study, MON did not reduce the
DMI after an abrupt transition to high-concentrate diets, and
this corroborates the absence of difference in DMI reported by
Rodrigues et al. (46) where they found no reduction in dry matter
intake in animals that received MON, also compared to PAP. From
a metabolic point of view, the evaluation of the intake behavior of
animals fed high-concentrate diets with MON may provide better
information than the simple quantification of the total daily intake,
because this negative effect of MON on DMI is related to a lower
DMI per meal (47, 48), which consequently leads to an increase
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TABLE 4 Ruminal fermentation variables of cows induced to acidosis and receiving polyclonal antibodies preparations (PAP) or monensin (MON).

Treatments
MON P-value
pH 5.91° 6.06* 5.89" 5.95 0.03 <0.01
DEA®, % 60.00 3222 58.89 50.37 6.93 0.14
Lactate, mM 0.23 0.21 0.25 0.23 0.009 0.23
Acetate, mol/100 mol 57.08 56.44 57.37 56.97 0.29 0.33
Propionate, mol/100 mol* 24.48b 28.08* 26.28" 26.28 0.45 0.04
Butyrate, mol/100 mol 18.43° 15.42° 16.35° 16.74 0.29 <0.01
Total SCFA, mM 115.81° 115.04° 120.17% 117.00 1.23 0.02
NH;-N, mg/dL 11.20° 14.74° 13.64° 13.19 0.53 <0.01

Mean across treatments: CTL, Control; MON, Monensin; PAP, Polyclonal Antibody Preparation.

2SEM, standard error of mean.

3DEA = percentage of days from the challenge with the high-concentrate diet whose pH measured at the third postprandial hour was <5.66.

*Significant interaction between day and treatment (P < 0.01).
*byalues within a row with different superscripts differ (P < 0.05).

in the number of meals without changing the total amount of dry
matter ingested daily (49, 50). In this context, this is the best mode
of action for a feed additive to prevent subacute acidosis, associated
with increased concentrations of SCFA (9), and, consequently, the
control of dry matter intake prevents excessive fermentation of high
starch content. These facts may explain the faster recovery of pH
to normal rumen conditions in animals treated with MON in the
present study.

However, the low DMI observed on day 1 may be explained by
the increase in rumen osmolarity, as a result of reduced absorption
and an increase in substances that contribute to an increase in
osmolarity, such as glucose, SCFAs, and lactate, may lead to an
influx of fluid from the blood into the rumen and, consequently,
decrease DMI (51). In the present study, the greatest fluctuations
in DMI occurred between day—1 and day 1, where the lowest
average daily pH (5.43) was observed on day 1. Increases in DMI
variation have been identified as an indicator of subacute acidosis
(52, 53). However, the fluctuations decreased over the days, and
instead of a cyclic pattern, as would be expected in animals that
experienced ruminal acidosis, an increase in DMI was observed
from day 2 onwards. The large amount of feed consumed by cows
on the day of the challenge (d 0) can be explained by the fact that
ruminants show a preference for feeds or diets that compensate
for nutrient deficiencies (54). During the pre-challenge phase, cows
were fed a high-forage diet. This may have increased the avidity
for the concentrate after the challenge, increasing the DMI from
day 2.

Furthermore, by evaluating pH and lactate concentration, it
is possible to classify the acidosis caused by the challenge in
this study as subacute (9). However, it is worth noting that
in the present study, a single sample was collected 3h after
feeding on each day of the experimental period (29), but a
recent study reported that rumenocentesis should be performed
in the late afternoon or evening to maximize the probability
of detecting animals with pH values below the threshold level
(55, 56). Subacute ruminal acidosis (SARA) is characterized by
a decline in ruminal pH below 5.8 or 5.6 (57). However, the
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diagnosis of SARA should not be made based on rumen pH alone,
but in combination with symptoms to make SARA identification
more accurate and feasible, including fecal consistency, rumen
motility, and inflammatory markers (57). Nevertheless, there
is not complete agreement on the etiology and symptoms of
SARA (57, 58). In recent years, the development of sequencing
technologies has enriched the study of SARA by expanding
the understanding of the rumen microbiota (59). Changes in
the structure and function of the rumen microbiota have been
reported during SARA, including decreased bacterial richness
and diversity, decreased relative abundance of fibrolytic bacteria
and increased levels of amylolytic bacteria, and increased levels
of propionate and total SCFA (59, 60). In the present study,
feeding MON was more effective in minimizing reductions
in rumen pH when compared to PAP and CTL. It is well
documented in the literature that MON improve feed efficiency
by reducing dry matter intake (47), reducing ruminal lactate
production because this ionophore shifts the rumen microbial
population by inhibiting growth of Gram-positive bacteria,
including lactate-producing rumen bacteria such as Streptococcus
bovis (10). However, considering only the average pH from
day 0 to day 14, it was observed that cattle fed MON had
a minimized risk of ruminal acidosis (pH 5.84), whereas cows
from the other two treatments presented, on average, acidotic
pH (pH 5.60).

In addition, the high-grain diet challenge resulted in some
clinical manifestations, which are indicative of SARA, such as
diarrhea in all animals on day 1. The change in feces could
be due to the large flow of readily fermentable carbohydrates
from the rumen to the intestine, causing excessive fermentation
in these organs (61). Also, the high osmolarity promoted
by the experimental diet described in animals with subacute
ruminal acidosis, may retain fluid in the lumen and alter
fecal consistency (62). The increase in total SCFA concentration
in the rumen of cows fed PAP was not sufficient to reduce
ruminal pH to a level below that of cows fed no feed additive.
Therefore, feeding PAP may play a role in controlling rumen
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acidification during an abrupt change from a high-forage to a
high-concentrate diets.

In this context, the effect of MON in modulating the lactate-
producing bacteria population in vivo and in vitro in acute
acidosis situations is well described in the literature (51). The
microbiological changes in acute and lactic acidosis are also well
documented in the literature (9), but very little is known about
the changes that occur in ruminants with subacute acidosis (63).
This may be because MON is a feed additive with a broad-
spectrum of activity as it reduces the rumen fermentation rate,
which may be explained by the effect of treatment on the total
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SCFA concentration. It is worth mentioning that the lactate
concentration was low in the present study. Based on this fact, the
lactate levels in the ruminal fluid of cattle with subacute ruminal
acidosis are usually not increased, which shows that the total
concentration of SCFA is more important in subacute acidosis
and the lactate concentration is more important in acute acidosis
(6, 57, 64). Also, SARA may promote a gene expression change
on rumen epithelium, due to an accumulation of intracellular
cholesterol and its metabolites in response to a higher substrate
supply (total SCFA). This could stimulate cell proliferation, increase
membrane permeability, and induce epithelial inflammation, that
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TABLE 5 Microbial protein synthesis in cattle induced to ruminal acidosis receiving polyclonal antibodies (PAP) or monensin (MON).

Treatments
MON Mean? SEMP P-value
Total urine excreted, L/day 6.57 7.76 5.72 6.70 0.47 0.12
Urinary allantoin, mM/day 104.72 106.51 89.92 100.38 6.20 0.41
Urinary uric acid, mM/day 7.04 6.40 5.81 6.42 0.59 0.61
Total purines, mM/day 111.74 112.90 95.75 106.80 6.41 0.38
Allantoin in relation to total purine, % 92.80 94.74 93.58 93.58 0.54 0.31
Absorbed purines, mM/day 95.58 90.0 74.66 86.68 7.35 0.42
Microbial protein synthesis (Pmic), g/day 60.15 60.90 46.99 56.01 4.76 0.43
Microbial crude protein, g/day 375.93 354.03 293.66 340.95 28.92 0.43

*Mean across treatments: CTL, Control; MON, Monensin; PAP, Polyclonal Antibody Preparation. *SEM, standard error of mean.

eventually disrupts rumen homeostasis and negatively affects
cow health (59).

In contrast, the lack of effect of PAP in controlling rumen
pH may have been due to the high specificity of these antibodies.
Since SARA was induced by high concentrations of SCFA, the
favorable conditions for a true evaluation of this additive were not
presented because the target microorganisms were mostly acid-
tolerant bacteria. In clinical and sub-clinical acidosis, the rumen
pH decreases to a point where cellulolytic bacteria are inhibited and
lactate-producing bacteria predominate, particularly Streptococcus
bovis and Lactobacillus sp. (65). However, the observation of the
lack of results in studies performed with PAP in solid form (66)
raises doubts about whether the loss of antibody activity occurs
during the conversion of the liquid to solid phase. Cassiano
et al. (18) reported that neither liquid nor powdered forms of
PAP altered rumen acidosis variables in adapted or unadapted
animals. In this context, further comparative studies between the
two forms of product presentation and new drying techniques
are recommended.

The effects of MON in manipulating rumen fermentation
are due to changes in rumen microbial ecology (67, 68). The
increase in the molar proportion of propionate, the decrease
in the acetate/propionate ratio, and the decrease in the molar
proportions of butyrate in animals treated with MON can be
explained by the inhibition of the growth of the population
of Gram-positive bacteria, which are sensitive to ionophores
and produce mainly acetate, butyrate, H2, and formate (67).
However, when the above changes are verified, a decrease in
the molar proportion of acetate would be expected, an effect
confirmed by others studies (67-69). Probably, the decrease in the
molar proportions of acetate occurs in experimental situations
where rumen fermentation is already stabilized, which was not
the case in this study. Thus, given the abrupt change in diet
and the start of administration of the treatments on the day
of challenge, it may have taken some time for rumen bacterial
community to change. In addition, low acetate/propionate ratios
are desirable to some extent in cattle, to maintain the necessary
daily weight gain (48, 70). However, low acetate/propionate
ratios can lead to a decrease in DMI and weight gain in
unstable situations (53). In dairy cattle, low acetate/propionate
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ratios may decrease milk fat and an increase in body
condition scores (71).

Furthermore, SARA has been characterized as a condition
of elevated SCFA concentration that can lead to a critical
rumen pH because of the imbalance between the production and
absorption of these acids (57, 72), causing reduced microbial
protein synthesis (73). In the present study, no changes in
microbial protein synthesis were observed in response to the
treatments. Studies have reported a reduction in microbial
protein flux into the gut and decreased efficiency of microbial
protein synthesis in response to MON (74). However, these
studies show results in situations in which fermentation would
theoretically be stabilized, in contrast to the present study in
which animals were induced to acidosis. A possible explanation
for the lack of effect of the treatments would be that abrupt
changes, promoted by both diet and additives, contributed to
a greater growth of the ruminal microbial population, and
shortened the time for MON to contain bacterial growth.
As a result, a linear increase in purine derivatives excretion
and an increase in microbial protein were observed during
the experimental period, explained by the increase in energy
density of the diet and the greater supply of rapidly fermentable
carbohydrates (75).

Contrary to expectations, animals treated with both MON
and PAP had higher concentrations of ruminal NH3-N. Both
additives affect the population of Streptococcus bovis, a highly
proteolytic gram-positive rumen bacterium (76) and therefore
may indirectly affect rumen ammonia concentrations. In addition,
MON may act on the partitioning of protein metabolism by
decreasing the production of NH3-N in the rumen and increasing
escape of dietary protein from ruminal degradation [increasing
the passage rate of protein from 22 to 55%; (77) and (78),
respectively]. However, despite decades of widespread use of this
ionophore, the protein partitioning effect has never been fully
explained (79), largely because of the observation that most
isolated ammonia-producing rumen bacteria are Gram-negative
(80). Chen and Russell (79, 81) were able to obtain three
isolates of gram-positive bacteria (Peptostreptococcus anaerobius,
Clostridium sticklandii and Clostridium aminophilum) with highly
specific activities for the production of ammonia, which are

frontiersin.org


https://doi.org/10.3389/fvets.2023.1090107
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Pacheco et al.

10.3389/fvets.2023.1090107

A
10 -
9 y=5.57+0.22x
- R?=0.22
=8 -
£,
=
5
4 T T T T T T T T T T T T T T T T T T 1
S543-2-101234567891011121314
Days
~8=CTL =#=MON =o=PAP
(o]
130 4
= 120 A ~
% 110 4
£ 100 -
5 901 y=98.86+2.19x
E 80 1 R2=0.12
£ 70 -
60 T T T T T ;] ) § T j & T T T i ] T T T ;| ; | 1
543-2-101234567891011121314
Days
~8=CTL =#=MON =o=PAP
E
75 -
—
65 -
-
= 55 A
- y=44.69+1.91x
B S R?=0.17
35 4 l
5-4-3-2-101 23 456 7 8 91011121314
Days
~8=CTL =4=MON =o=PAP
FIGURE 3
treatments.

B
120 -
g -
S 110 A o
]
£ 100
g
E 90 -
= y=90.39+2.00x
B 001 R2=0.10
£ 70 4
=]
60 T T T T T T T T T T T T T T T T T T 1
5432-101234567891011121314
Days
~#-CTL —#=MON —=PAP
D
120 -
100 - o v
3 804
| o
g y=71.01+3.04x
40 1 R2=0.17
20

-

Microbial crude protein, g/d

Total urine excreted (A), urinary allantoin (B), total purines (C), and absorbed microbial purines (D), microbial-N (E) and microbial crude protein (F) of
cows induced to ruminal acidosis. The bold arrow represents the change from the 100% forage diet to the 74% concentrate diet containing the

l

0 T T T T T T T T T T T T T T T T 1

4-3-2-1012345¢617891011121314

Days

~8=CTL =4=MON =o=PAP

450 -
400 -
350
300 -
250 A
200 -

150 l

100 I B B L L T L . L . T . L

54-3-2-101234567 891011121314

Days

y=279.31+11.95x
R?=0.17

~8=CTL =#=MON =—o=PAP

also sensitive to MON in in vitro studies. However, further
studies are needed to explain the increase in rumen NH3-N
concentration in animals. However, it is noteworthy to mention
that the protocol used in the present study, which involved a
simultaneous increase in diet density and different treatments,
may have influenced the results. Ammonia is the predominant
base in the rumen (51); therefore the sharp decrease in the
concentration of NH3-N observed on day 1 could be due to the
low rumen pH, along with the decrease in DMI on that day. In
addition, much of the NH3-N may have been incorporated by
the bacteria, which may have had a high growth rate during this
experimental period.
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5. Conclusion

Monensin was effective in controlling subacute acidosis in
cattle challenged with the abrupt transition to a high-concentrate
diet and improved rumen fermentation by altering SCFA molar
proportions. The PAP was not effective in controlling acidosis,
which can be explained by the fact that this product targets
the control of lactate-producing bacteria. However, the acidosis
induced by the challenge was caused by the accumulation of
SCFAs. Therefore, the real conditions for evaluation of this
feed additive were not reached in this experiment, which
opens the possibility of new studies under the conditions of
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lactic acidosis. It is worth mentioning that the protocol used
in the present study, which included a simultaneous increase
in diet density and different treatments, may have influenced
the results.
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Shortening the adaptation of
Nellore cattle to
high-concentrate diets using only
virginiamycin as sole feed additive
negatively impacts ruminal
fermentation and nutrient
utilization

Mariana M. Squizatti!, André L. N. Rigueiro?, Antonio M. Silvestre?,
Carlos H. G. Soares?, Alice H. P. M. Assumpcao?,

Evandro F. F. Dias?, Luana D. Felizari, Leandro A. F. Silva?,

Katia L. R. Souza?, Victor M. Carvalho?, Breno L. Demartini?,
Johnny M. Souza? and Danilo D. Millen?*

1School of Veterinary Medicine and Animal Science, Sdo Paulo State University (UNESP), Botucatu,
S&o Paulo, Brazil, ?College of Agricultural and Technological Sciences, Sdo Paulo State University
(UNESP), Dracena, Sao Paulo, Brazil

Feedlot cattle are usually adapted to high-concentrate diets containing sodium
monensin (MON) in more than 14 days. However, considering that the dry matter
intake DMI is usually lower during adaptation when compared to the finishing
period, the use of MON during adaptation may decrease even further the DMI, and
virginiamycin (VM) may be an alternative. This study was designed to investigate
the effects of shortening the adaptation length from 14 to 9 or 6 days on
ruminal metabolism, feeding behavior, and nutrient digestibility of Nellore cattle
fed high-concentrate diets containing only VM as the sole feed additive. The
experimental design was a 5 x 5 Latin square, where each period lasted 21 days.
Five 17 mo-old Nellore yearling bulls were used (415 + 22 kg of body weight),
which were assigned to five treatments: (1) MON (30 mg/kg) and adaptation for
14 days; (2) MON (30 mg/kg) + VM (25 mg/kg) and adaptation for 14 days; (3) VM
(25 mg/kg) and adaptation for 14 days; (4) VM (25 mg/kg) and adaptation for 9 days,
and (5) VM (25 mg/kg) and adaptation for 6 days. A quadratic effect for adaptation
length when only VM was fed was observed for mean pH (P = 0.03), duration of pH
below 5.2 (P =0.01) and 6.2 (P = 0.01), where cattle consuming VM adapted for 9
days had higher mean pH and shorter period of pH below 5.2 and 6.2. Cattle that
consumed only MON had a lower concentration of butyrate (P = 0.02) and a higher
concentration of propionate (P = 0.04) when compared to those consuming
VM and adapted for 14 days. As the adaptation length decreased for animals
consuming only VM, the rumen degradability of dry matter (P < 0.01), neutral
detergent fiber (P < 0.01), and starch (P < 0.01) decreased; however, protozoa
numbers of Entodinium and total protozoa increased. It is not recommended
to shorten the adaptation length of these animals to either 6 or 9 days without
negatively impacting nutrient disappearance and ruminal fermentation patterns.
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1. Introduction

Ruminant animals, including beef cattle, evolved as herbivores,
consuming diets where forages were predominant. However,
to supply the increasing demand worldwide for beef, the
adoption of feedlot systems became a reality, and grains and
concentrate feedstuffs became most of the diets consumed
by beef cattle in these systems (1, 2). Furthermore, high-
concentrate or starch-rich diets modify the ruminal microflora
(3), and this transition from a forage-based to a high-grain
diet should take place gradually to allow microorganisms, as
well as the ruminal epithelium, to adapt properly to the
increasing amount of readily fermentable carbohydrates in the
rumen (4).

Several studies have been conducted in North America (5, 6)
and Brazil (7-11) to investigate the most appropriate adaptation
length to high-concentrate diets for feedlot cattle. Brown et al.
(5) compiled several studies from North America and reported
that feedlot cattle should not be adapted in <14 d to high-
concentrate diets without impairing overall performance and
health. Concerning Brazilian feedlots, based on the results of
the studies cited above, it was found that, regardless of the
type of protocol used, corn processing method, and nutritional
background, the adaptation period for Nellore cattle in Brazil
should not be in <14 d as well.

For feedlot systems, typically, sodium monensin (MON) is
included in the diets in North America and Brazil (1, 2) to improve
feed efficiency (12) by reducing dry matter intake (DMI), and
to minimize ruminal acidification. Furthermore, all adaptation
studies from Brazil mentioned earlier fed high-concentrate diets
containing MON as the sole feed additive.

Therefore, it is well documented in the literature that the DMI
is usually lower during adaptation when compared to the finishing
period (13) and the use of a feed additive, such as the MON, may
decrease even further the DMI in this period. Since finishing diets
in Brazil contain less energy (1.22 vs. 1.52 Mcal/kg of diet dry
matter) than a typical feedlot diet in North America (1, 2), the use
of feed additives that decrease DMI, especially during adaptation,
may not be recommended. In this context, Virginiamycin (VM)
is a growth promoter, and a potential MON replacement in this
scenario, that may improve feedlot performance without negatively
impacting DMI (14), and it was the second feed additive mostly
used by Brazilian nutritionists in 2019 (2). In a Brazilian study,
authors reported that Nellore bulls fed VM, as the sole feed additive
during adaptation, reached DMI of 2% of body weight (BW) in
4.3 d, on average; whereas that fed MON needed 20.7 d to reach
a similar intake (13). In this context, the faster cattle reach a DMI
of 2% of BW, the more adapted they are to the diets, since DMI
is an important indicator to evaluate how well cattle are either
accepting or adapted to the diets (5). As a result, the use of VM
as the sole feed additive in feedlot diets containing a moderate
amount of energy may allow the adaptation period to be shortened
to nine or even 6 days, which may represent a greater economic
return, since the animals will be adapted to the finishing diet
earlier. Thus, this study was designed to investigate the effects of
shortening the adaptation length from 14 to 9 or 6 days on ruminal
metabolism, feeding behavior, and nutrient digestibility of Nellore
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cattle fed high-concentrate diets containing only VM as the sole
feed additive.

2. Materials and methods

All the procedures involving the use of animals in this study
were in accordance with the guidelines established by the Sao Paulo
State University Ethical Committee for Animal Research (protocol
number 02/2017.R1- CEUA).

2.1. Animals and treatments

The trial was conducted at the Sio Paulo State University
feedlot, Dracena campus, Brazil. Five 22-mo-old yearling Nellore
steers (414.86 + 21.71kg) fitted with ruminal cannulas were
randomly assigned to a 5 x 5 Latin square design. Cattle were
randomly assigned to a different treatment in each period, which
lasted 21 days. Therefore, the experimental treatments were as
follows: (1) MON [27 mg/kg of dry matter (DM)] and 14-d
adaptation (MON14); (2) MON (27 mg/kg of DM) + VM (25
mg/kg of DM) and 14-d adaptation (MONVM14); (3) VM (25
mg/kg of DM) and 14-d adaptation (VM14); (4) VM (25 mg/kg of
DM) and 9-d adaptation (VM9); e (5) VM (25 mg/kg of DM) and
6-d adaptation (VM6).

2.2. Feeding and management description

At the beginning of the study, all steers were dewormed and
vaccinated (tetanus, bovine viral diarrhea virus, 7-way Clostridium
sp.; Cattlemaster and Bovishield, Pfizer Animal Health, New York,
NY). Nellore steers were housed in individual pens (72 m?)
equipped with 6 m of linear bunk space and free water access to
a drinking fountain (3.00 x 0.80 x 0.20 m) shared by two animals.
Steers were fed ad libitum with a total mixed ration (TMR) once
a day at 0800 h, and DMI was calculated daily by weighing ration
offered and orts, before the next morning delivery, and expressed
both in kilograms and as a percentage of BW. The dietary DM was
determined daily following the procedures from (method 934.01;
AOAC, 1990). The amount of feed offered was adjusted daily based
on the targeted amount of orts (3 to 5%) left before morning feed
delivery (0700 h). The BW was measured at the beginning (day 1)
and at the end (day 21) of each period at 0700 h.

The basal diets were formulated according to the Large
Ruminant Nutrition System (15) and are shown in Table 1. Basal
diets were composed of sugarcane bagasse, Cynodon dactylon hay,
corn grain (finely ground), soybean meal, mineral supplement,
and urea. The step-up adaptation program consisted of ad
libitum intake with increasing levels of concentrate ingredients
until reaching the concentrate level of the finishing diet (84%).
Adaptation diets 1, 2, and 3 contained 66, 72, and 78% concentrate.
Moreover, the management of the adaptation diets was performed
according to treatments as follows: cattle adapted for 6 d were fed
adaptation diets for two d each; animals adapted for 9 d received
adaptation diets for three d each; whereas cattle adapted for 14
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TABLE 1 Feed ingredients and chemical composition of high-concentrate
diets fed to Nellore yearling bulls during adaptation and finishing periods.

Percent of concentrate

66 72 78

Ingredients, % of DM?

Sugarcane bagasse 20.00 18.00 16.00 12.00
Cynodon dactylon hay 15.00 10.00 5.00 2.00
Finely ground corn grain 41.80 50.00 59.60 70.00
Soybean meal 20.00 18.70 16.00 12.55
Supplement® 2.50 2.50 2.50 2.50
Urea 0.70 0.80 0.90 0.95
Nutrient content, % of DM¢

DM, as % of organic matter 46.00 48.00 51.00 57.00
Total digestible nutrients 64.00 67.00 70.00 74.00
Crude protein 15.60 15.60 15.20 14.60
Neutral detergent fiber 41.40 36.60 31.40 14.60
Non-fiber carbohydrates 38.00 43.00 49.00 55.00
peNDFd 28.00 23.00 18.00 13.00
NEg*, Mcal/kg® 1.00 1.08 115 1.26
Ca 0.60 0.58 0.56 0.54
P 0.40 0.41 0.42 0.42

*Dry matter; *Supplement contained: Ca: 182g/kg of DM; P: 40.5g/kg of DM; Mg: 7.7g/kg of
DM; K: 0.5g/kg of DM; Na: 82.2g/kg of DM; Cl: 126.5g/kg of DM; S: 16g/kg of DM; Co: 27.50
mg/kg of DM; Cu: 754.17 mg/kg of DM; Fe: 2498 mg/kg of DM; I: 37.29 mg/kg of DM; Mn:
740 mg/kg of DM; Se: 6.20 mg/kg of DM; Zn: 1790 mg/kg of DM. Monensin (Bovensin 200;
Phibro Animal Health Corporation, Guarulhos, Sdo Paulo, Brazil) was added at 1000 mg/kg
of supplement and Virginiamycin (V-Max 2; Phibro Animal Health Corporation, Guarulhos,
Sdo Paulo, Brazil) was added at 833 mg/kg of supplement and offered to yearling bulls
according to the treatments; Estimated by equations according to Large Ruminant Nutrition
System Fox et al., (15); 9Phisically effective NDF determined according to method described
by Heinrichs and Kononoff (18); *Net energy for gain, Mcal.

d were fed 66, 72, and 78% concentrate for 5 d, 4 d, and 5
d, respectively.

2.3. Experimental period

All data and samples in this study were collected, from each
experimental period, according to the timeline shown in Figure 1.
The description of each method employed to process and analyze
samples and data collected are described in the following sections.

2.4. Feeding behavior and particle sorting

Cattle were submitted to visual observations to evaluate feeding
behavior, every 5 min, over 24 h on day 07 (only animals fed VM6;
6-d adaptation), day 10 (only animals fed VM9; 9-d adaptation),
and day 15 (all animals) of each experimental period 15 of each
experimental period. The visual observations were performed
according to Robles et al. (16). Feeding behavior data were recorded
for each animal as follows: time spent eating, ruminating, and
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resting (expressed in minutes), and the number of meals per day.
A meal was considered the non-interrupted time cattle stayed in
the feed bunk eating the ration.

The meal length in minutes was calculated by dividing the time
spent eating by the number of meals per day. The DMI per meal in
kilograms was calculated by dividing DMI by the number of meals
per day. In addition, time spent eating and time spent ruminating
data were used to calculate the eating rate of DM (ERDM; time
spent eating/DMI) and rumination rate of DM (RRDM; time
spent ruminating/DMI), both expressed in minutes per kilogram
of DM. Moreover, samples of diets and orts were collected on
the days of feeding behavior data collection for chemical analysis
of neutral detergent fiber (NDF) (17) to determine the intake
of NDF. The eating rate of NDF (ERNDF) was then calculated
by dividing the time spent eating by NDF intake. Likewise, the
rumination rate of NDF (RRNDF) was determined by dividing the
time spent ruminating by NDF intake. Both ERNDF and RRNDF
were expressed in minutes per kilogram of NDF.

Samples of diets and orts were also collected for determination
of particle-size distribution, which was performed by sieving using
the Penn State Particle Size Separator and reported on an as-fed
basis as described by Heinrichs and Kononoff (18). Particle sorting
was determined as follows: n intake/n predicted intake, in which
n = particle fraction screens of 19 mm (long), 8 mm (medium),
1.18 mm (short), and a pan (fine). Particle sorting values equal to
1 indicate no sorting, those <1 indicate selective refusals (sorting
against), and those >1 indicate preferential consumption [sorting
for; (19)].

2.5. In situ degradability

The in situ degradability determination was performed on days
8, 9 and 10 (only animals fed VM6; 6-d adaptation); days 11, 12
and 13 (only animals fed VM9; 9-d adaptation); and days 16, 17
and 18 (all animals) of each experimental period, according to
methodology adapted from Mehres and @rskov (20). About 15g
of diet samples, previously dried at 65°C for 72h, were added
to nylon bags with a porosity of 50 microns, measuring 10.0 x
19.0 cm. Bags were inserted into the rumen and incubated for 72 h.
After rumen retrieval, nylon bags were washed with cold running
water, and then oven-dried at 65°C for 72 h. Samples not incubated
in the rumen were also washed as described above. Samples were
analyzed for DM [method 934.01; (21)]; crude protein (CP), by
total N determination using the micro-Kjeldahl technique[method
920.87; (21)], NDE with heat-stable a-amylase according to Van
Soest et al. (17), and acid detergent fiber (ADF) according to
Van Soest et al. (17). Starch analysis was performed according to
Pereira and Rossi (22), with the previous extraction of soluble
carbohydrates, as proposed by Hendrix (23). Ether extract (EE),
was determined gravimetrically after extraction using petroleum
ether in a Soxhlet extractor [method 920.85 (21)]. The value of
nitrogen-free extract (NFE) and total digestible nutrients (TDN)
was estimated according to NRC (24). The apparent coefficient of
nutrient degradability was calculated by the following equation: 100
x [01 - (bag weight after incubation - empty bag weight) / (bag
weight before incubation - empty bag weight)].
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FIGURE 1

Timeline of samples and data collection from Nellore steers cannulated in the rumen and fed Virginiamycin as sole feed additive in each
experimental period. 'VM6: 25 mg of VM/kg of DM and adaption for 6 d; 2VM9: 25 mg of VM/kg of DM and adaption for 9 d; VM14: 25 mg of VM/kg
of DM and adaption for 14 d; “MON14: 27 mg of MON/kg of DM and adaption for 14 d; SMON-+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg
of DM and adaption for 14 d; Feeding behavior and particle sorting; °Short chain fatty acids, lactate, N-NHs and Protozoa; “Ruminal degradability
and Ruminal pH; 9Total tract nutrient apparent digestibility; ®Ruminal emptying. “Sampling was performed at days 7 to 12 for animals fed VM6 only

(6-d adaptation); days 10 to 15 for animals fed VM9 only (9-d adaptation); days 15 to 16 for all animals (VM14, MON14, and MONVM14).

2.6. Ruminal fermentation variables

Ruminal pH was continuously measured every 10min, on
days 8, 9 and 10 (only animals fed VM6; 6-d adaptation); days
11, 12 and 13 (only animals fed VM9; 9-d adaptation); and
days 16, 17 and 18 (all animals) of each experimental period,
using a Lethbridge Research Center Ruminal pH Measurement
System (LRCpH; Dascor, Escondido, CA) as described by Penner
et al. (25). The pH electrode (model T7-1 LRCpH, Dascor,
Escondido, CA model S650) was covered by a shroud that allowed
particle and liquid passage but kept the pH electrode from
contacting the surface of the ruminal epithelium. The capsule
was attached to the ruminal cannula plug to aid in system
location within the rumen and to help maintain the electrode
in a vertical position. Two 900-g weights were fastened to the
bottom of the electrode shroud to maintain the electrode in
the ventral sac of the rumen. Readings in pH buffers 4 and 7
were recorded before placing the LRCpH system in the rumen.
The daily ruminal pH data were averaged and summarized as
minimum pH, mean pH, and maximum pH, as well as the
area under the curve, and the duration of time in which pH
was below 6.2, 6.0, and 5.8. The area under the curve was
calculated by multiplying the absolute value of deviations in pH
by the time (min) spent below the established threshold for
each measure divided by 60 and expressed as pH unit x hour.
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Likewise, data loggers recorded rumen temperature and ox-redox
potential (25).

Ruminal fluid samples were collected via cannula at 0, 3, 6, 9,
and 12 h after the morning meal on days 8, 9 and 10 (only animals
fed VM6; 6-d adaptation); days 11, 12 and 13 (only animals fed
VMY; 9-d adaptation); and days 16, 17 and 18 (all animals) of
each experimental period. Approximately 500 mL of rumen fluid
was collected, at each sampling time, from 3 different parts of
the rumen. After the collection of samples, the remaining ruminal
fluid was returned to the rumen immediately after the collection.
For short-chain fatty acid (SCFA) analyses that included acetate,
propionate, and butyrate, a fraction of approximately 100 mL of
ruminal fluid was centrifuged at 2,000 x g for 20 min at room
temperature, and 2 mL of the supernatant was added to 0.4 mL of
formic acid and frozen at —20°C for further analyses, according to
Erwin et al. (26). The SCFA were measured by gas chromatography
(Finnigan 9001, Thermo Scientific, West Palm Beach, FL) using
a glass column Ohio Valley Megabore, model 1 OV-351 of 1
Micron, being 30 mm long and 0.53 mm in diameter. Lactic acid
concentration was measured by a colorimetric technique, according
to Erwin et al. (26). For NH3-N concentration determination, 2 mL
of the supernatant was added to 1 mL of 1 N of H,SO4 solution and
the centrifuge tubes were immediately frozen until the colorimetric
analyses, according method described by Kulasek (27) and adapted
by Foldager (28).
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2.7. Ruminal protozoa counting

For the differential counting of rumen ciliated protozoa, the
ruminal content was manually collected by sweeping the floor of
this organ, and 10 ml of this material was stored in a vial containing
20ml of 50% (v / v) formaldehyde. The collections were performed
on day 10 (only animals fed VM6; 6-d adaptation); day 13 (only
animals fed VM9; 9-d adaptation); and day 18 (all animals) of each
experimental period, at 0, 4, 8, and 12 hours after morning feeding.
In 1-mL sample was added two drops of 2% brilliant green and
diluted with 9 ml of 30% glycerol. Protozoa were identified (genus
Isotricha, Dasytricha, Entodinium and Diplodiniinae subfamily)
and counted using a Sedgwick counting chamber Rafter with
internal dimensions of 50 mm x 20 mm x 1 mm (capacity 1 mL)
by optical microscopy (Olympus CH-2®, Japan) (29).

2.8. Total tract apparent digestibility

The apparent total tract digestibility was determined using
titanium dioxide (TiO3) as an external marker according to Pezzato
et al. (30). Cattle received 12 g of titanium dioxide daily, through
the ruminal cannula, from day 11 to day 20 of each experimental
period. Diet and orts samples were collected from each pen from
day 16 to 20 once a day at 0800 h. Samples of feces were collected
from day 16 to 20 of each experimental period twice a day at 0800 h
and at 1600 h. Feed and fecal samples were dried at 65°C for 72h
and ground to pass a 1-mm screen. After being individually ground,
each daily sample was appropriately weighed and an aliquot of
each day was taken to compose an individual composite sample per
animal per period (~200g). Composite samples per animal were
used to determine DM [method 934.01; (21)]; CP [method 920.87;
(21)]; NDF and ADF (17); starch (22) as proposed by Hendrix (23);
EE [method 920.85; (21)]; NFE and total TDN (24), as described
above for in situ degradability of nutrients. Titanium dioxide
concentration was determined according to Pezzato et al. (30).
The digestibility coefficients were calculated based on the titanium
dioxide (TiO,) content of feces samples. The excretion of DM and
nutrients, as well as nitrogen excretion, were calculated from the
digestibility coeflicient data of DM and their fractions, multiplying
the nutrient intake by the respective digestibility coeflicients and
dividing by 100.

2.9. Ruminal dynamics

The ruminal digesta was removed manually from each steer
through the rumen cannula to determine the disappearance rate in
the rumen as described by Dado and Allen (31). On day 11 (VM6);
day 14 (VM9); and day 19 (all treatments) of each experimental
period, steers had their rumens emptied at 11:00, which was about
3 h after delivering the morning meal, based on assumption that the
rumen is at the highest level of volume. The same procedure was
done on day 12 (VM6); day 15 (VM9); and day 20 (all treatments) of
each experimental period, at 8:00, immediately before the morning
meal delivery, assuming that the rumen is at its lowest volume.
During the emptying procedure of ruminal contents, liquid and
solid phases were separated, weighed, and then a 1 kg sample from
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each steer was homogenized taking into account the proportion of
liquid and solid phases for determination of DM. Consequently,
rumen digesta was reconstituted and placed back in the rumen of
the steer it originally came from. The rumen pool of DM and its
disappearance rate were calculated based on the dry weight of each
sample (55°C for 72 h). The DM disappearance rate was considered
equal to the intake rate, and they were estimated using the formula
(32): DM disappearance rate (%/h) = Daily DM intake (kg) / DM
Ruminal contents (kg) /24.

2.10. Statistical analysis

First, data related to days 15 to 20 were analyzed, in
which all treatments were in the finishing phase, after 14 days
of adaptation (minimum period to adapt cattle to finishing
diets). Subsequently, data were analyzed shortly after the start
of finishing phase, which would be days 7 to 11 and 10 to
14 for animals treated only with VM and adapted for 6 and
9 days, respectively; and from the 15th to the 20th days for
the other treatments. In this way, there are two analyzes in
which the data were compared. Data were analyzed by PROC
MIXED of SAS (2003), where residual normality (Shapiro-Wilk’s
and Kolmogorov-Smirnov’s) and variance heterogeneity (GROUP
option of SAS) tests were performed before the analysis of variance.
The effect of the treatments was considered fixed; however, the
effects of period and animal were considered random factors in
the model. Response variables, such as the molar proportion of
SCFA, NH3-N concentration, and protozoa counting were analyzed
with repeated measures over time (33). The model included the
same effects just described plus time and its interactions with
treatments. Each variable analyzed as repeated measures was
subjected to 8 covariance structures: unstructured, compound
symmetric, heterogeneous compound symmetric, autoregressive of
order one [AR (1)], heterogeneous first-order autoregressive [ARH
(1)], Toeplitz, heterogeneous Toeplitz, and ante-dependence of
order one [ANTE (1)]. The covariance structure that yielded the
smaller Akaike and Schwarz’s Bayesian criterion based on their —2
res log-likelihood was considered to provide the best fit.

For all response variables analyzed, the following contrasts were
tested: (1) linear relationship between days of adaptation when
only VM was fed (6, 9, and 14 d) and the dependent variable; (2)
quadratic relationship between days of adaptation when only VM
was fed (6,9, and 14 d) and the dependent variable; (3) MONVM14
vs. VM14, and (4) MON14 vs. VM14. As days of adaptation
were unequally spaced, we used a SAS macro (ORPOLY), which
finds contrast coefficients for orthogonal polynomials for testing a
quantitative factor variable and constructs CONTRAST statements
using these values. Differences were considered significant at P
< 0.05.

3. Results

3.1. Dry matter intake and ruminal pH
The results of DMI and ruminal pH on the 16th day of the
experimental period are presented in Table 2. When VM was fed

as the sole feed additive, no effect was observed (P > 0.69) on DMI;
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TABLE 2 Dry matter intake and ruminal pH of rumen cannulated Nellore cattle fed high concentrate diets containing sodium monensin (MON),
virginiamycin (VM) or both on day 16 of the experimental period (or both during finishing periods).

Treatments? P-value
MON MONVM MONVM14 MON14 VM effect®

14 14 SEMA vs. VM14 vs. VM14 L (@]
DMIP
Kg 8.99 8.88 9.37 9.76 9.62 0.4 0.01 0.04 0.78 0.69
% of BW® 2.18 2.16 233 235 2.33 0.74 0.02 0.03 0.94 0.73
pH measurement
Mean pH 5.83 591 6.12 6.29 5.96 0.08 0.57 0.20 0.16 0.01
Maximum pH 6.83 6.75 6.90 7.04 7.03 0.10 0.03 0.11 0.33 0.51
Minimum pH 4.96 5.06 5.15 5.18 5.15 0.12 0.48 0.15 0.97 0.76
Duration pH <5.2, h 1.14 2.30 0.77 0.82 1.59 0.77 0.50 0.27 0.15 043
Duration pH <5.6, h 8.40 5.79 251 238 5.53 1.47 0.89 0.16 0.05 027
Duration pH <6.2h 18.62 16.72 10.11 8.14 15.34 1.64 0.64 0.35 0.05 0.01
Area <52 pH x h 0.15 0.40 0.08 0.11 0.19 0.12 0.23 0.15 0.05 0.39
Area < 5.6 pH x h 1.87 1.98 071 0.70 1.60 0.58 0.62 0.88 0.05 0.32
Area < 62 pH x h 10.01 8.49 413 352 7.65 1.51 0.64 0.40 0.02 0.05
Temperature 39.07 39.20 39.40 39.12 39.24 0.07 071 0.02 0.03 0.04
Ox-redox potential —372.09 —355.67 —37633 | —3853 | —3829 12.76 0.05 0.51 0.70 0.69

*MON14: 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d; VM14: 25 mg of VM/kg of DM and
adaption for 14 d; VM9: 25 mg of VM/kg of DM and adaption for 9 d; VM6: 25 mg of VM/kg of DM and adaption for 6 d;  Dry matter intake; ‘Body weight; ¢Standard Error of Mean; °L: linear

and Q: quadratic responses for the effect of adaptation length in cattle fed only VM.

however, steers fed either MON14 or MONVM14 decreased DMI
(P <0.04) inkg and as % of BW when compared to those fed VM14.

For rumen pH variables, no effects of treatments were observed
(P > 0.15) for minimum pH and time below pH 5.2. However,
time below pH < 5.6, time below pH < 6.2, area under pH 5.2,
area under pH 5.6, and area under pH 6.2 decreased linearly (P
< 0.05; Table 2) by shortening the adaptation period from 14 to
6 d for cattle fed VM as a sole feed additive. Furthermore, mean
rumen pH and temperature were affected quadratically (P < 0.04)
when the adaptation period was shortened from 14 to 6 d for cattle
fed only VM as a feed additive. No differences (P > 0.15) in mean
and minimum pH, as well as in time below pH 5.2, 5.6, and 6.2,
and area under pH 5.2, 5.6, and 6.2 were observed when cattle
fed VM14 was compared to steers consuming either MON14 or
MONVM14. Besides that, cattle fed VM14 had greater maximum
rumen pH (P = 0.03), and lower ox-redox potential (P = 0.02),
than animals fed MONVM14. In addition, steers receiving VM14
slightly increased rumen temperature when compared to those
fed MON14.

The results of DMI and ruminal pH on the 2nd day after
adaptation period are presented in Supplementary Table A. As
adaptation length was increased for animals fed VM, intake in
kg and% BW increased linearly (P < 0.01; 8.37, 9.31 and 9.77 kg;
2.02, 2.21, 2.32 %BW for VM6, VM9 or VM14, respectively),
with no differences for MON14 when compared to VM14 (9.17 kg
and 2.29 %BW, respectively; P > 0.13). Furthermore, on day 2
after adaptation, as the adaptation time increased for animals
fed only VM, the mean pH variable was quadratically affected
(P = 0.03), and the highest value was observed for animals
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adapted at 9 days (5.94, 6.16 and 5.96 for VM6, VM9 or VM14,
respectively). Moreover, a quadratic effect was observed for time
below pH <5.2h (P = 0.01) and pH <6.2h (P = 0.01), and
the lowest value was observed for animals adapted at 9 days for
both pH < 5.2h (1.11, 0.72, and 1.59 for VM6, VM9 or VM14,
respectively) and pH <6.2h (5.44, 3.11 and 5.53 for VM6, VM9, or
VM14, respectively).

3.2. Feeding behavior and particle sorting

The results of feeding behavior and particle sorting on the
16th day of the experimental period are presented in Table 3.
When cattle receiving VM14 were compared to animals fed
MONVM14 and MON14, a decrease in RRDM and RRNDF was
observed (P < 0.05). Moreover, cattle consuming diets containing
MON14 or VMMONI14 had lesser DMI (P < 0.02) than that
fed VM14. Cattle fed MONVM14 also decreased (P < 0.01)
NDF intake when compared to animals receiving VM14. It
was observed that cattle receiving only VM as a feed additive
increased RRDM and RRNDF quadratically (P < 0.05) when the
adaptation period was shortened from 14 to 6 d. Furthermore,
NDF intake was linearly decreased (P = 0.05) by shortening
the adaptation period from 14 to 6 d. No other differences
(P > 0.08) were detected in terms of feeding behavior by
shortening the adaptation period for cattle-fed VM as the sole
feed additive. Regarding particle sorting, no differences were
detected (P > 0.15) among cattle adapted for 14 days regardless
of the feed additive fed. On the other hand, the sorting of
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TABLE 3 Feeding behavior and feed selectivity of rumen cannulated Nellore cattle fed high concentrate diets containing sodium monensin (MON),
virginiamycin (VM) or both on the 16th day of the experimental period.

Treatments? P-value
MON MONVM SEMD MONVM14 MON14vs. VM effect!
vs. VM14

Feeding behavior

Time spent resting, min 847 875 832.43 785 851 35.02 0.56 0.92 0.68 0.14
Time spent ruminating, min 417 387 433.5 455 392 23.93 0.87 0.42 0.21 0.13
Time spent eating, min 169 166 163.66 186 184 18.27 0.22 0.3 0.2 0.34
Meal length, min 15.78 18.45 17.63 18.98 17.28 2.59 0.5 0.39 0.85 0.33
DMIY, Kg 9.88 9.72 10.92 10.36 11.08 0.46 0.01 0.02 0.74 0.13
DMI per meal, Kg 1.02 1.18 1.23 1.19 1.06 0.24 0.37 0.79 0.26 0.68
ERDMS, min/kg de DM 17.99 17.25 14.81 18.22 16.61 2.26 0.64 0.32 0.24 0.05
RRDM¢, min/kg de DM 43.22 40.41 39.11 43.95 35.37 3.11 0.05 0.02 0.25 0.02
NDF* intake 4.09 3.69 4.15 4.25 4.51 0.2 <0.01 0.07 0.05 0.69
ERNDF, min/kg de DM 4391 45.84 38.82 45.02 40.96 6.23 0.29 0.52 0.67 0.22
RRNDF¢, min/kg de DM 104.39 106.41 103.25 107.73 87.17 7.69 0.03 0.05 0.08 0.05
Particle sorting

Long 0.91 0.96 0.87 1.02 0.87 0.1 0.46 0.75 0.98 0.05
Medium 1.07 1.05 1.08 1.16 1.02 0.05 0.66 0.45 0.47 0.04
Short 1.03 1.06 1.03 1.07 1.02 0.02 0.15 0.79 0.68 0.11
Fine 0.96 0.95 0.96 0.9 0.96 0.02 0.66 0.92 0.99 0.02

*MONI14: 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d; VM14: 25 mg of VM/kg of DM and
adaption for 14 d; VM9: 25 mg of VM/kg of DM and adaption for 9 d; VM6: 25 mg of VM/kg of DM and adaption for 6 d; ®Dry matter intake; “Eating rate of dry matter; ‘Rumination rate of
dry matter; “Neutral detergent fiber; ‘Eating rate of NDF; 8Rumination rate of NDF; "Standard Error of Mean; 'L: linear and Q: quadratic responses for the effect of adaptation length in cattle
fed only VM.

TABLE 4 Evaluation of ruminal fermentation products and differential protozoan counting of rumen cannulated Nellore cattle fed high-concentrate
diets containing sodium monensin (MON), virginiamycin (VM), or both on the 16th day of the experimental period.

Treatments? P-value
MON MONVM MONVM14 MON14 VM effect®
14 14 14 SEMP vs. VM14 vs. VM14 L

Acetate, mol/ 100 mol 60.03 58.75 6504 | 6168 | 59.98 2.13 0.74 0.99 0.17 0.78
Propionate, mol/ 100 mol 30.77 27.32 2598 | 2296 | 24.28 231 0.33 0.04 0.61 0.43
Butyrate, mol/ 100 mol 11.82 14.79 1479 | 1402 | 15.09 0.9 0.92 0.01 0.74 0.38
Total SCFA, mM* 102.62 100.86 106.16 | 98.66 | 9934 421 0.81 06 031 0.46
Acet.: Prop. 2.14 224 26 2.8 261 0.17 0.05 0.04 0.99 045
Lactate mM 0.05 0.06 0.05 0.05 0.07 0.06 0.85 0.53 0.56 0.54
N-NH; mg/ dl 7.03 8 7.99 6.07 7.11 0.62 0.18 0.99 0.26 0.04
Dasytricha * 10/ ml 0.67 0.82 0.63 0.53 0.38 0.2 0.15 0.34 0.25 0.9
Isotricha x 10/ ml* 1.63 1.2 2.74 2.88 13 0.29 0.78 0.48 <001 | 0.02
Entodinium x 10°/ ml* 216.19 214.75 297.66 | 29611 | 214.46 4.87 0.96 0.82 <001 | 001
Diplodinium x 10/ ml 29.28 27.07 2329 | 2683 | 1699 0.92 <0.01 <0.01 <001 | <0.01
Total x 10° / ml* 247.78 243.84 32509 | 32635 | 233.14 5.64 0.23 0.11 <001 | <0.01

*MON14: 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d; VM14: 25 mg of VM/kg of DM and
adaption for 14 d; VM9: 25 mg of VM/kg of DM and adaption for 9 d; VM6: 25 mg of VM/kg of DM and adaption for 6 d; *Treatment vs. collection time; ®Standard Error of Mean; °L: linear
and Q: quadratic responses for the effect of adaptation length in cattle fed only VM.
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FIGURE 2

This is a figure with sub figures. (A) Interaction between treatments and hours after the treatment! on the concentration of total (SCFA) fatty acid
chain (mM) of rumen-cannulated Nellore cattle fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the
16th day of the experimental period. (B) Interaction between treatments and hours after treatment on total ruminal Isotricha count (ml3/ml) of
rumen-cannulated Nellore cattle fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 16th day of the
experimental period. (C) Interaction between treatments and hours after treatment on total ruminal Entodinium count (ml3/ml) of rumen-cannulated
Nellore cattle fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 16th day of the experimental
period. (D) Interaction between treatments and hours after treatment on total ruminal protozoan count (ml3/ml) of rumen-cannulated Nellore cattle
fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 16th day of the experimental period.
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only VM.
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Similarly, time
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to 6 d (228.00, 214.00 and 184.00min for VM6, VM9 or
VM14, respectively).

respectively).

eating was linearly decreased
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3.3. Ruminal fermentation and protozoa
counting

The results of ruminal fermentation end-products and
total and differential counting of protozoa on the 16th day
of the experimental period are presented in Table4. Cattle
receiving MON14 showed (P = 0.04) a greater concentration
of propionate, but a lower (P = 0.01) concentration of
butyrate when compared to animals fed VM14. Furthermore, the
acetate:propionate ratio decreased (P < 0.05) for cattle consuming
MON14 and MONVM14 when compared to that fed VMI14.
It's noteworthy to mention that no differences in concentration
of Acetate (P > 0.74), Lactate (P > 0.53), and N-NHj3; (P
> 0.18) were observed among animals adapted for 14 days.
Regarding ruminal protozoa, Nellore cattle receiving MON14
and MONVMI14 had greater populations of protozoa from the
genus Diplodinium (P < 0.01) when compared to those from the
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This is a figure with sub figures. (A) Interaction between treatments? and hours after treatment on total ruminal Isotricha count (m!3/ml) of
rumen-cannulated Nellore cattle fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 2th day after
adaptation period. (B) Interaction between treatments and hours after treatment on total ruminal Entodinium count (ml3/ml) of rumen-cannulated
Nellore cattle fed high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 2th day after adaptation period. (C)
Interaction between treatments and hours after treatment on total ruminal Diplodinium count (ml3/ml) of rumen-cannulated Nellore cattle fed
high-concentrate diets containing sodium monensin (MON), virginiamycin (VM) or both on the 2th day after adaptation period. (D) Interaction
between treatments and hours after treatment on total ruminal protozoan count (ml3/ml) of rumen-cannulated Nellore cattle fed high-concentrate
diets containing sodium monensin (MON), virginiamycin (VM) or both on the 2th day after adaptation period.

control group fed VM14; however, no differences were noted in
populations of protozoa from the genus Dasytricha (P > 0.15) in
this study.

There was no effect of shortening the adaptation period from
14 to 6 days for Nellore cattle consuming only VM as feed
additive (P > 0.10) for most variables evaluated, except for N-
NH; (P = 0.04) and populations of protozoa from the genus
Diplodinium (P < 0.01) that presented a quadratic response.
Moreover, it was observed an interaction between treatments and
time for Total SCFA (P < 0.01), and populations of protozoa from
the genus, Isotricha (P < 0.01), Entodinium (P < 0.01), and total
protozoa (P < 0.01), which are shown in Figure 1. For total SCFA
concentration, at hours 0 and 6 cattle receiving VM9 decreased
the total concentration of SCFA (Figure 2A). For the variables of
ciliated protozoa, cattle in VM6 and VM9 groups presented greater
populations of Isotricha (Figure 2B), Entodinium (Figure 2C), and
total protozoa (Figure 2D).

1 MON14, 27 mg of MON/kg of DM and adaption for 14 d; MON+VM148
27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d;
VM14, 25 mg of VM/kg of DM and adaption for 14 d; VM9, 25 mg of VM/kg of
DM and adaption for 9 d; VM6, 25 mg of VM/kg of DM and adaption for 6 d.
*~iMeans without a common superscript letter differ (P < 0.01); pooled SEM
(2.41, 0.29, 4.87, and 5.64).
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The results of ruminal fermentation end-products and total and
differential counting of protozoa on the 2nd day after adaptation
period are presented in Supplementary Table C. No effects of
treatments were observed (P > 0.10) in concentration of Acetate,
Lactate and total SCFA. Furthermore, N-NH3 concentration was
affected quadratically (P = 0.05) when the adaptation period was
shortened from 14 to 6 d for cattle fed only VM as a feed additive
(6.72, 5.67 and 7.11 mg/ dl for VM6, VM9 or VM14, respectively).
Regarding ruminal protozoa, it was observed an interaction
between treatments and time for populations of protozoa from the
genus Isotricha (P < 0.01), Entodinium (P < 0.01), Diplodinium
(P < 0.01), and total protozoa (P < 0.01), which are shown in
Figure 3. For the variables of ciliated protozoa, cattle in VM6 and
VMO groups presented greater populations of Isotricha (Figure 3A),
Entodinium (Figure 3B), and total protozoa (Figure 3D). However,
cattle fed VM14 presented smaller populations of Diplodinium
(Figure 3C).

2 MON14, 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14,
27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d;
VM14, 25 mg of VM/kg of DM and adaption for 14 d; VM9, 25 mg of VM/kg of
DM and adaption for 9 d; VM6, 25 mg of VM/kg of DM and adaption for 6 d.
2~hMeans without a common superscript letter differ (P < 0.01); pooled SEM
(0.28, 4.88, 0.97, and 5.06).
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3.4. In situ degradability and total tract
apparent digestibility

The results of in situ ruminal degradability of nutrients on the
16th day of the experimental period are presented in Table 5. Cattle
fed MON14 decreased (P < 0.05) ruminal degradability of DM,
NDF, ADE starch, NFE, and TDN, but increased CP degradability,
when compared to animals consuming VMI14. Likewise, cattle
receiving MONVM14 had lower (P < 0.04) ruminal degradability
of DM, NDE ADE, EE, starch, NFE, and TDN than those fed VM 14.
Furthermore, as the adaptation length was shortened for cattle
consuming only VM as a feed additive, the degradability of DM,
NDEF, ADE EE, and TDN decreased linearly (P < 0.05) for animals
that consumed only VM. In addition, it was observed (P = 0.05)
a quadratic response for CP degradability when the adaptation
length was shortened, in which cattle fed VM9 presented greater
CP degradability.

Concerning the total tract apparent digestibility, the results
are in Table 5. Animals receiving MON14 decreased (P < 0.05)
digestibility of NDF, ADF, EE, and CP, but increased (P < 0.01) NFE
digestibility when compared to cattle consuming VM14. Moreover,
cattle receiving MONVM14 had lower (P < 0.01) digestibility of
DM, EE, NFE, and TDN, but greater (P < 0.04) digestibility of
NDE, ADE, and CP, when compared to animals fed VM14. When
the adaptation period was shortened, the digestibility of DM, ADE,
and EE responded quadratically (P < 0.01), in which cattle fed
VM9 presented lower digestibility of DM and EE, and greater
digestibility of ADF. Moreover, the digestibility of starch, NFE, and
TDN decreased linearly (P < 0.01), but NDF digestibility increased
linearly (P = 0.05), as the adaptation length was shortened.

The results of in situ ruminal degradability of nutrients
on the 2nd day after adaptation period are presented in
Supplementary Table D. Ruminal degradability of DM, NDF, ADF,
and EE was affected linearly (P < 0.01) when the adaptation period
was increased from 6 to 14 d for cattle fed only VM as a feed
additive. Furthermore, when the adaptation period was shortened,
the total apparent digestibility of DM, NDE, ADF, EE, CP, Starch,
NEFE and TDN responded quadratically (P < 0.01), in which cattle
fed VM9 presented lower digestibility for all variables.

3.5. Ruminal dynamics

The results of ruminal dynamics on the 16th day of the
experimental period are presented in Table 6. Cattle fed MON14
increased (P = 0.05) total mass in the rumen, expressed as
% of BW, as well as lower (P = 0.03) Kt, expressed as
%/h, when compared to animals receiving VMI14. Likewise,
animals fed MONVMI14 showed a lower (P = 0.03) Kt,
expressed as %/h than that fed VMI14. In addition, cattle
consuming MONVM14 presented greater (P = 0.05) ruminal
DM content than cattle fed VM14. Regarding adaptation length,
no effect was observed (P > 0.10) on ruminal dynamics
when the adaptation period was shortened to either 9 or
6 days.

The results of ruminal dynamics on the 2nd day after
adaptation period are presented in Supplementary Table E. There
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was no linear or quadratic effect of shortening the adaptation
period from 14 to 6 days for Nellore cattle fed only VM
as feed additive (P > 0.09) for the variables evaluated on
ruminal dynamics.

4. Discussion

The first part of this discussion section was to verify the
effectiveness of VM in promoting a safe adaptation for cattle
adapted to high-concentrate diets in 14 days when compared to
MON and MON + VM. Based on the fact that the feeding of
VM was as effective as MON and MON + VM to assure a good
adaptation for Nellore cattle, the second part of the discussion was
to evaluate the potential of shortening the adaptation period from
14 to 6 days when VM was added into high-concentrate diets as the
sole feed additive.

4.1. Adaptation in 14 days

Considering only 14 days of adaptation, the DMI was higher for
cattle that received only VM compared to animals that consumed
diets containing MONVM or MON, and this result is clearly
explained by the fact that VM does not decrease DMI (13). In
contrast, the addition of MON in feedlot diets, associated or not
with VM, leads to a reduction in DMI. This reduction in intake
may be due to the longer ruminal retention time of dry matter, and
to the increased production of propionic acid, which in ruminants
is responsible for the regulation of animal satiety (14). These data
differ from the reported by Salinas-Chavira (34), where Dutch
steers consuming 88% concentrate containing different levels of
VM (0, 16, 22.5 ppm) presented similar DMI when compared
to cattle fed MON (28 ppm). Furthermore, the positive effect on
DMI promoted by feeding only VM had no impact on ruminal
pH, which emphasizes the efficiency of VM in controlling rumen
fermentation. The replacement of MON and MONVM by only VM
as the sole feed additive in the diet increased NDF intake, and also
the RRDM and RRNDE which may have helped cattle receiving
VM to cope with ruminal acidification at greater DMI.

On the other hand, cattle consuming only MON had higher
concentrations of propionic acid, which is in agreement with
Duffield et al. (12). In a companion study, considering 14 days
of adaptation, Rigueiro et al. (35) reported that cattle fed only
MON improved feed efficiency when compared to those fed only
VM, showing that ionophores, such as MON, increase energy
availability when added to high-energy diets. According to Lanna
and Medeiros (36), the increase in propionate concentration in the
rumen is associated with the reduction of DMI, a phenomenon
known by the chemostatic mechanism. In addition, cattle receiving
either MON or VM did not differ in terms of total SCFA
concentrations overall; however, these feed additives tested in this
study slightly shift concentrations of specific SCFA, such as the
reduced acetate:propionate ratio presented by cattle fed MON. The
rumen pH and N-NH3 concentration have a great impact on the
main end products of rumen fermentation, which are the SCFA
and the microbial protein, main sources of energy and amino
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TABLE 5 In situ degradability and total apparent digestibility for rumen cannulated cattle fed high concentrate diets containing sodium monensin
(MON), virginiamycin (VM) or both on the 16th day of the experimental period.

Treatments? P-value

MON MONVM MONVM14 MON14 VM effects®
vs. VM14 vs. VM14

In situ degradability

Dry Matter, % 69.90 63.39 71.46 73.81 74.55 0.60 <0.01 <0.01 0.01 0.53
Neutral Detergent Fiber, % 36.59 33.70 35.40 44.03 45.11 2.89 0.01 0.04 0.03 0.29
Acid Detergent Fiberd, % 2593 23.60 20.06 28.36 32.70 3.05 0.04 0.05 0.01 0.58
Ethereal extract 84.88 71.90 78.02 81.05 84.32 3.16 0.04 0.89 0.04 0.95
Crude protein, % 75.35 61.78 62.26 71.55 66.20 2.90 0.28 0.03 0.36 0.05
Starch, % 86.50 80.51 93.89 93.23 95.51 1.26 <0.01 <0.01 0.35 0.31
NEE®, % 82.76 78.64 90.24 90.24 93.11 1.57 <0.01 <0.01 0.77 0.17
TDNS, % 69.74 63.10 71.01 72.65 73.02 0.68 <0.01 <0.01 0.05 0.43

Total apparent digestibility

Dry Matter, % 75.10 74.16 74.15 71.97 75.45 0.29 <0.01 0.30 <0.01 <0.01
Neutral Detergent Fiber, % 58.93 63.44 6222 | 61.57 | 60.56 0.58 <0.01 0.05 0.05 0.79

Acid Detergent Fiber, % 49.04 53.60 48.28 54.79 51.33 0.81 0.04 0.04 0.01 <0.01
Ethereal extract 74.63 74.79 79.51 70.22 79.47 0.48 <0.01 <0.01 0.93 <0.01
Crude protein, % 77.63 81.81 78.25 77.87 78.44 0.28 <0.01 0.04 0.63 0.15

Starch, % 92.45 92.23 86.13 92.74 92.70 0.20 0.09 0.35 <0.01 <0.01
NFE, % 86.77 80.20 81.88 80.24 | 84.72 0.47 <0.01 <0.01 <0.01 <0.01
TDN, % 77.01 7591 75.87 73.80 76.95 0.22 <0.01 0.79 <0.01 <0.01

*MON14: 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d; VM14: 25 mg of VM/kg of DM and
adaption for 14 d; VM9: 25 mg of VM/kg of DM and adaption for 9 d; VM6: 25 mg of VM/kg of DM and adaption for 6 d; ®Nitrogen free extract; Total digestible nutrients; ¢Standard Error of
Mean; 5L: linear and Q: quadratic responses for the effect of adaptation length in cattle fed only VM.

TABLE 6 Ruminal dynamics of rumen cannulated cattle fed high concentrate diets containing sodium monensin (MON), virginiamycin (VM), or both on
the 16th day of the experimental period.

Treatments? P-value
MON MONVM MONVM14 MON VM effect®
vs. VM 14
Body weight, kg 413.40 412.59 414.55 419.89 412.62 21.21 0.99 0.85 0.67 0.11
Total liquid mass, Kg 33.23 32.42 33.24 32.64 31.94 1.60 0.67 0.27 0.30 0.96
Total solid mass, Kg 5.94 5.99 591 5.58 5.42 0.36 0.11 0.15 0.20 0.79
Total mass, Kg 39.17 38.42 39.14 38.23 37.36 191 0.45 0.20 0.24 0.98
Total liquid mass, % BW® 8.13 7.87 8.07 7.93 7.73 0.50 0.58 0.11 0.21 0.88
Total solid mass, % BW 1.44 1.46 143 1.36 1.32 0.11 0.11 0.14 0.23 0.90
Total mass, % BW 9.57 9.32 9.50 9.30 9.05 0.60 0.37 0.05 0.18 0.93
DM€ disappearance rate, Kg/h 0.39 0.39 0.44 0.45 0.43 0.67 0.22 0.18 0.88 0.41
Solid disappearance rate, %/ h 6.62 6.61 7.81 8.30 8.04 0.03 0.03 0.03 0.72 0.48
DM of rumen content, % 15.13 15.68 15.13 14.57 14.49 0.44 0.05 0.21 0.49 0.69

*MONI14: 27 mg of MON/kg of DM and adaption for 14 d; MON+VM14: 27 mg of MON/kg of DM and 25 mg of VM/kg of DM and adaption for 14 d; VM14: 25 mg of VM/kg of DM and
adaption for 14 d; VM9: 25 mg of VM/kg of DM and adaption for 9 d; VMé: 25 mg of VM/kg of DM and adaption for 6 d; "Body weight, ¢Dry matter; 4Standard Error of Mean; ¢L: linear and
Q: quadratic responses for the effect of adaptation length in cattle fed only VM.
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acids for the animal. In this context, when SCFA accumulates
and ruminal pH declines, urea cycling is compromised, resulting
on a reduced urea infux and N-NH3 concentrations in the
rumen (37, 38). In the present study, no effect of adaptation
period was observed for SCFA concentrations in animals fed
only VM. In addition, animals adapted for 14 days had higher
N-NH3 concentrations, because the higher DMI observed for
this treatment, resulting in more N-NH3 availability in the
rumen; whereas for animals adapted for 6 days this higher N-
NH3 concentration can be explained by not having enough
microorganisms, due to the higher count of ciliated protozoa for
this treatment, which use bacteria as a source of amino acids and
nucleic acids (39).

Moreover, animals that consumed only VM had smaller
numbers of Diplodinium genus in the rumen, which may be
associated with an increased passage rate resulting from greater
DMI presented by these animals, since there was no difference
involving rumen pH variables of these animals. According to
Frazolin and Dehority (40), diets containing high levels of energy
may lead to a reduction in the protozoan population due to either
reduced rumen pH or increased passage rate. It is noteworthy
to mention that VM-fed cattle presented greater Kt, as well as
increased ruminal degradability and total tract digestibility of most
nutrients than those fed either MON or MONVM, which may lead
to the inference that Diplodinium protozoa have been washed out of
the rumen. Also, the feeding of VM decreased ruminal DM content,
which is in agreement with the fact that the rumen passage rate was
faster for these animals, but not enough to negatively impact the
ruminal degradability of nutrients. These results corroborate the
data from Poos et al. (41), who reported that in sheep diets with
increasing levels of MON (0, 22, and 38 ppm), there was a reduction
in ruminal degradability of DM and fiber. Ruminal degradation of
CP may be also reduced with the inclusion of ionophores resulting
in an increase in the amount of protein that bypasses the rumen
(42). However, this study cannot confirm this.

When the adaptation period of 14 days was adopted, changes
in ruminal fermentation patterns and in nutrient disappearance
across the digestive tract were detected when MON and MONVM
were replaced by VM as the sole feed additive in the diet; however,
none of these changes negatively impacted the variables related to
the adaptation period in this study. Thus, cattle fed VM can be
safely adapted for 14 days to high-concentrate diets.

4.2. Adaptation in <14 days

This section will discuss the effects of shortening the adaptation
period from 14 to either 6 or 9 days using VM as the sole
feed additive.

The shortening of the adaptation period did not affect the
DMI, however, it changed the feeding behavior of Nellore that
were adapted in <14 days since they sorted for long and medium
particles and against fine particles. Dado and Allen (31) reported
that cattle may sort for longer diet particles and avoid diet fines to
cope with ruminal acidification. Likewise, cattle adapted for either
9 or 6 days took longer to consume and ruminate a kg of DM,
which is a sign of unproper ruminal function (43). This mechanism
of animal defense against ruminal acidosis may have collaborated
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to decrease the pH duration below 5.6 and 6.2, resulting in a
smaller area under pH 5.2, 5.6, and 6.2 for cattle adapted in
<14 days. As a result of increasing ruminal pH, ciliated protozoa
numbers, such as Isotricha, Entodinium, and Diplodinium also
increased, since they are sensitive to low pH (3), in cattle adapted
in <14 days.

The change observed in feeding behavior and particle sorting
when cattle were adapted for either 6 or 9 days also negatively
impacted ruminal degradability and total tract digestibility of
most nutrients evaluated. Furthermore, this decrease in ruminal
degradability of nutrients may have contributed to reducing
ruminal fermentation, resulting in an increase in ruminal pH,
and in the numbers of ciliated protozoa as well. Nagaraja and
Tigtemeyer (3) reported that ruminal protozoa consume bacteria
in order to control ruminal acidification to survive, and this may be
one of the factors to explain the decrease in nutrient disappearance
across the cattle’s digestive tract. It’s noteworthy to mention that the
shortening of the adaptation did not negatively impact Kt, and the
lower ruminal degradability of nutrients may have been offset by a
faster passage rate since cattle adapted for either 6 sorted for long
and medium particles. In a companion study, Rigueiro et al. (35)
reported that shortening the adaptation period from 14 to either
9- or 6-days compromises carcass fat deposition, disrupts feeding
behavior patterns, and does not promote any positive effect on
animal performance and on development of both the rumen and
cecum epithelium.

Therefore, despite maintaining adequate ruminal pH, the pH-
related variables evaluated in this study only demonstrate that
cattle were able to self-regulate to avoid acidosis. Moreover, it is
noteworthy to mention that during the experimental period, an
animal while on VM6 treatment presented intensive bloat when
promoted to the finishing diet. The steer returned to the study
in the next experimental period without presenting any signs of
clinical bloat or acidosis for the rest of the study. The short time
of 6 days to adapt to the finishing diet may have not allowed the
animal self-regulate its behavior to avoid ruminal acidosis.

5. Conclusion

Nellore cattle adapted well to finishing diets, containing only
VM as a feed additive, for a period of 14 days. However, it
is not recommended to shorten the adaptation length of these
animals to either 6 or 9 days without negatively impacting nutrient
disappearance and ruminal fermentation patterns.
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Lysolecithin might increase ruminal and intestinal emulsification, leading to
increased digestibility, but there is minimum information about which is the
most appropriate phase to start supplementation and its impacts on feedlot
performance and muscle fatty acid profile. Two experiments were conducted
to evaluate the effects of phase-feeding of Lysoforte™ eXtend (LYSO). In the
first experiment, 1,760 predominantly Bos indicus bullocks (initial body weight
of 400 + 0.561kg) were allocated in a complete randomized block design.
LYSO was supplemented at 1 g/1% of ether extract from the diet. Treatments
were no LYSO supplementation (NON); LYSO starting during the growing period
and continuing during the finishing period; LYSO starting during the finishing
period (FIN); and LYSO during adaptation, growing, and finishing periods (ALL).
In the second experiment, the same treatments were evaluated with 96 bullocks
(64 Nellore and 32% Nellore x % Angus) in a 4 x 2 factorial arrangement
(treatments x genotype). For both studies, intake and average daily gain were
accessed; carcass characteristics were evaluated in the first experiment, while
digestibility of nutrients and profile of muscle fatty acids were measured in the
second experiment. In the first experiment, LYSO increased final body weight
(P < 0.022) and average daily gain (GRO and FIN; P < 0.05). In the second study, a
treatment x breed x feeding phase interaction was observed with Nellore having
a greater average daily gain (P < 0.05) than crossbreds in every feeding phase that
LYSO was introduced to the diet. A treatment x feeding phase interaction was
observed for digestibility, such that LYSO increased total dry matter (P = 0.004),
crude protein (P = 0.043), and NDF (P = 0.001) digestibility during the finishing
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period. A treatment x breed x day classification was observed (P < 0.05). During
the finishing phase, crossbreds treated with LYSO had greater DMI (P < 0.05) on
very hot days than NON. Also, animals treated with LYSO presented a greater C18:3
n3 concentration (P =0.047) in the longissimus. Overall, feeding LYSO during GRO
and FIN enhanced feedlot performance and should lead to higher intakes during
very hot days of the finishing feeding period.

KEYWORDS

feed additives, lysolecithin, zebu, phase-feeding, Nellore, heat stress

1. Introduction

Fat inclusion is a worldwide nutritional strategy recommended
by nutritionists (1-3), especially as a means of increasing
dietary energy density. Moreover, a fraction of rapidly fermented
carbohydrates can be replaced when fat is added to finishing diets,
thereby decreasing the risk of metabolic disorders (4, 5).

Generally, fat sources can be classified as non-protected (tallow,
yellow grease, vegetable oils, and seeds such as whole cottonseed)
or protected (rumen bypass sources, which are mainly calcium
salts of soybean and palm oil). Limitations to fat digestion and
absorption exist and are inherent in the ruminant animal (6). In the
rumen, microorganisms perform biohydrogenation of unsaturated
fatty acids into more saturated forms (7), whereas bypass sources
are emulsified and digested in the intestines. Independent of the
site, microbial and host animal metabolism and digestion of fatty
acids have limits that decrease the potential for fat inclusion in
diets (8). Therefore, if lipid digestive capacity can be improved
in ruminants, feed conversion, and costs could be decreased in
feedlot operations.

Lysoforte™ eXtend (LYSO) is an emulsifier additive composed
of lysolecithin, synthetic emulsifier, and monoglycerides that
increase lipid emulsification and emulsion stability (9), which can
lead to higher fat digestibility, alter ruminal biohydrogenation,
and increase ruminal lipid passage rate associated with the
liquid phase (10). Hence, it may also lead to muscle fatty
acid metabolism alterations in feedlot animals, as a greater flux
of dietary unsaturated fatty acids is expected to be available
for absorption in the intestines. Rumen-protected fatty acids
sources, such as calcium salts, have been previously reported to
increase feedlot performance (11), downregulate mRNA expression
of enzymes related to lipid metabolism (12), and improve
marbling (13). However, it has not yet been described how
emulsifiers alter carcass characteristics, especially the longissimus
fatty acids profile.

Calves receiving LYSO had improved fat digestion and
absorption of nutrients (14). Also, in lactating cows, greater milk
fat yield was observed in high-fiber and lower-fat diets but not in
low-fiber and higher-fat diets (10). On the contrary, Drago (15)
observed improvements in feedlot performance when a higher-fat
diet was offered to Nellore bullocks. Thus, taking into consideration
that in feedlot nutrition programs higher fiber and lower fat
diets are usually fed during the initial and intermediary days of
feeding, conversely to the finishing periods, it is necessary to
determine which feeding protocol is the most appropriate to start
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LYSO administration (i.e., adaptation, growing, or finishing diets)
and its consequences in dry matter intake (DMI), digestibility,
and performance.

Feedlot cattle raised in open dry lots often are exposed
to heat events that directly affect animal bioenergetics (16),
with the potential to decrease feed and energy intakes, ADG,
and efficiency (17, 18). As a result, it is necessary to monitor
meteorological variables during the feeding period. To better
describe and understand the effects of supplemental feed additives
on DML, especially during heat events, we evaluated and proposed
an innovative methodology to monitor the thermal comfort of
feedlot cattle.

We hypothesized that fat and fiber digestion, as well as animal
performance, would be increased when LYSO was added to the
diet of finishing Bos indicus-influenced cattle. The objectives of
this study were (1) to evaluate three different strategies of LYSO
supplementation on feedlot performance, carcass characteristics,
nutrient digestion, and the longissimus fatty acid profile of Bos
indicus and Bos indicus crosses and (2) to validate an innovative
environmental index named InComfort (InCl) as a tool to evaluate
DMI during natural heat stress events in the course of conducting
open dry-lot feedlot experiments.

2. Materials and methods

All procedures and protocols involving the use of animals
were approved by the Ethics Committee on animal use of the Sao
Paulo State University “Julio de Mesquita Filho” (UNESP; Protocol
number: 016339/19).

Two experiments were simultaneously conducted at the Agro-
Pastoril Paschoal Campanelli Research Center in Altair, Sao Paulo,
Brazil (20° 31'26”S 49° 03/32”0; average annual temperature is
22.9°C and annual rainfall is 1,287 mm). The first experiment
(Exp. 1) was conducted in a large pen setting with the goal
of evaluating performance variables, and the second experiment
(Exp. 2) was conducted in electronically monitored pens to access
digestive, physiological, and metabolic variables. The experiments
were carried out from 1 June to 23 September 2020.

2.1. Pre-experimental procedure

From 21 March to 8 May 2020, a total of 1,970 predominantly
Bos indicus and Bos indicus X Bos taurus crossbred bullocks
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TABLE 1 Diet composition (Experiments 1 and 2).
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Ingredient (%, DM basis)

Sugar cane silage 30.1 - - -
Sugar cane bagasse 358 - - -
Corn silage - 31.5 17.3 9.42
Snaplage - 19.5 259 27.1
Citrus pulp - 18.7 25.7 31.2
Soybean molasses 143 6.80 6.10 6.54
Peanut meal 20.5 10.9 9.46 6.60
Whole cottonseed - 9.27 10.6 13.1
Protected fat® - 1.38 2.62
Urea 0.91 0.92 0.98 1.00
Trace mineral supplement® 2.24 227 241 2.46
Diet composition, % of diet

DM 52.0 52.0 59.0 65.0
Ash 6.40 3.00 3.00 3.50
Cp 11.8 16.0 15.6 14.7
EE 1.20 3.50 5.00 6.50
NDF 52.9 33.5 29.9 27.7
Ca® 0.74 1.33 1.70 1.98
P 0.35 0.52 0.43 0.37
NFC 25.7 44.1 46.5 47.7
NEm, Mcal/kg® 1.08 1.82 1.89 1.97
NEg, Mcal/kg® 0.53 1.19 1.25 1.32

2Calcium 127.9 g/kg, phosphorus 23.0 g/kg, cobalt 25.0 mg/kg, copper 420.0 mg/kg, sodium 40.0 g/kg, sulfur 14.0 g/kg, iodine 25.0 mg/kg, magnesium 15.0 g/kg, manganese 810.0 mg/kg,
selenium 15.0 mg/kg, zinc 1,500.0 mg/kg, iron 0 mg/kg, vitamin A 72,000 IU/kg, vitamin D3 14,413 IU/kg, vitamin E 500 IU/kg, monensin 714.0 mg/kg, virginiamycin 714.0 mg/kg. ®Calcium
soap of fatty acids, ~86% of fatty acids from soybean and 14% of calcium. Lysoforte™ eXtend inclusion was 1.7% in the premix of treated animals, in those of 1 g/1% of EE.,Estimated by

LRNS. ! Pre-experimental (maintenance diet); trace mineral premix was the same as NON treatments, without LYSO inclusion.

weighing 380.9 £ 16.9kg (mean + SD) and approximately 24-
month-old were selected for the experiment. The cattle originated
from 16 different stocker ranches with an average transportation
distance of 693 km (minimum 50 km and maximum 910 km) to
the Agro-Pastoril Paschoal Campanelli Research Center. At the
end of the weighing process, animals were immediately allocated
into seven 12-hectare Cynodon dactylon grass paddocks equipped
with feedlot bunks. A pre-experimental maintenance diet (Table 1)
without feed additives was offered ad libitum. This diet was
formulated to reestablish the ruminal environment and equalize the
physiological conditions of all animals before the experiments.

All animals were ear-tagged, dewormed with an oral drench
of 1ml per 20kg of body weight (BW) of 10% fenbendazole
(Panacur, MSD Saude Animal, Sao Paulo, Sdo Paulo, Brazil), and
vaccinated against bovine respiratory disease with an intranasal live
and attenuated vaccine (1 ml in each nostril; Inforce, Zoetis, Sdo
Paulo, Sio Paulo, Brazil). Additionally, animals were vaccinated
against clostridia (5-ml subcutaneous injection; Poli-Star, Valée
S/A, Montes Claros, Minas Gerais, Brazil).
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On 19 May, animals were submitted to a 16-h feed and water
withdrawal. To ensure that all animals were weighed with the same
restriction time on a subsequent day to determine initial body
weight (IBW), a 15-min staggered-interval schedule for both feed
and water restriction was applied. Following weighing, bullocks
were blocked according to their respective IBW using a macro
lottery spreadsheet with a random number function in Microsoft
Excel 2011 (Microsoft Corporation, Redmond, Washington, USA).
The 114 animals that presented weight variations two standard
deviations above the mean or presented health issues were
eliminated from the experiment.

A total of 1,760 animals were selected for Exp. 1, with 890
animals that were predominantly Bos indicus Nellore and 860
animals classified as Bos indicus x Bos taurus crossbred bullocks.
To maintain experimental unit homogeneity, both genotypes were
equally distributed in each pen (28 Bos indicus, predominantly
Nellore, and 27 Bos indicus x Bos taurus).

In parallel to Exp. 1, a total of 96 animals, of which 64 were Bos
indicus Nellore (NEL, 372.55 £ 20.5kg) and 32 were Bos indicus
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x Bos taurus (Y2 Nellore x % Angus, CEA, 406.42 £ 24.5kg),
with approximately 24-month-old, were similarly processed and
selected for Exp. 2. Bullocks were assigned with radio frequency
identification ear tags (Allflex, FDX, Joinville, Santa Catarina,
Brazil), and, similar to Exp. 1, both genotypes were equally
distributed in each of the four electronically monitored pens (16
NEL and 8 CEA).

2.2. Design and treatments

A randomized complete blocked design was used for
Exp. 1. Bullocks were blocked in four weight groups (8
replications/treatment). For Exp. 2, a completely randomized
design with a 4 x 2 factorial arrangement (96 animals, 24 animals
per pen, 16 NEL, and 8 CEA) evaluated the same treatments as in
Exp. 1 in addition to genotype.

On 1 June, animals from both experiments were switched to the
adaptation diet. The following treatments were used: (I) no LYSO
supplementation (NON); (IT) LYSO supplementation starting at the
growing period (GRO), from the 17" day on feed throughout the
entire finishing period; (III) LYSO supplementation starting only at
the finishing period (FIN), from the 34™ day on feed throughout
the entire finishing period; (IV) LYSO supplementation during
the entire feeding period, starting at adaptation on day 0 to the
end of the experimental period (ALL). Prior to the experiments,
LYSO was mixed in the mineral premix supplement with a 1,000-L
capacity mixer for 15 min, according to the instructions provided
by the equipment manufacturer. The LYSO was dosed to provide
approximately 1g of product or 1% of dietary ether extract
(DM basis). Mixed samples were sent to a commercial lab to
evaluate the mixed quality (CBO Laboratory Analysis, Valinhos,
SP, Brazil). This resulted in 3.91, 5.95, and 6.29 g/day of the
commercial product (LYSOFORTE™ eXtend, Kemin Industries,
Inc., Valinhos, SP, Brazil) in adaptation, growing, and finishing
diets, respectively. Monensin (Elanco Animal Health, Sao Paulo,
Brazil) and virginiamycin (Phibro Animal Health, Guarulhos,
Sdo Paulo, Brazil) dietary concentrations during the adaptation,
growing, and finishing phases were 22.77, 24.20, and 24.70 mg/kg
of DM, respectively, for both of these feed additives.

2.3. Pens assignment

Animals in Exp. 1 were allocated in open dry lot pens with
0.27 cm of linear bunk space per animal, space availability of 13
m?/animal (750 m?; 50 m length x 15 m width) with water trough
(3.0m length x 0.8m height x 0.25m width). Shade (SH) was
provided in all pens (2.4 m?/animal). Sheet and cable structures
of SH were manufactured with galvalume steel sheet (0.43 mm
thickness x 1.08 m wide x 10m long), 0.15m of gap distance
between sheets, tensioned with a set of eight cables (6.35mm
on top and 3.17 mm under the sheet), and held by carbon steel
columns (2.6 mm thickness, 7.62 cm diameter, fixed with a 2-m
height concrete base). The sheets were positioned 5m from the
ground in a north-to-south orientation, with an 18° displacement
in the northeast-to-southwest direction.
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In Exp. 2, animals were allocated to four dry lot pens (375
m?, 50m length x 7.5m width) with a capacity of 24 steers
(15.62 m?/animal). These pens were equipped with three electronic
feeding system monitors and two individual scales located at
the water trough [IS, Model VW1000, Intergado Ltd., Contagem,
Minas Gerais, Brazil; (19)]. Troughs were built with a dimension
of 3m length x 0.8 m height x 0.25m width. Similar to Exp. 1,
animals had access to SH, but in this case, 2.7 m%/animal was
provided to maintain the same steel sheet size according to the
respective pen width.

2.4. Feeding and health management

For both studies, the experimental feeding program consisted
of three diets: adaptation, growing, and finishing. The adaptation
diet was fed for 16 days, the growing diet for 17 days, and
the finishing diet from 52 to 73 days, according to block IBW
(staggered by 7-day intervals from heavier to lighter blocks). The
same adaptation and growing programs were offered to the animals
in Exp. 2; however, the finishing diet was offered for 69 days.

Diets were formulated to provide nutrients for an ADG of at
least 1.5kg, according to the LRNS [http://www.nutritionmodels.
com/lrns.html, accessed May 2020; (20)]. Nutrient levels and diet
composition are presented in Table 1. The animals were fed twice
daily at 07:30 and 14:00 h, with bunk score calls recorded daily at
06:45 h, following a modification of the method of Pritchard and
Bruns (21) adapted for 1-2% of feed refusals. Feed delivery was
equally divided between morning and afternoon offers. Individual
pen feed refusals were weighed in a staggered manner (5 min/pen)
every morning before the first feed delivery with a modified tractor-
trailer (Nonino, CAR-Balanga, 1,700-kg capacity, Bebedouro, Sao
Paulo, Brazil) equipped with a £0.10-kg precision electronic
scale (Alfa Instrumentos, Samel-2CF, Sdo Paulo). This procedure
was adopted to ensure that the bunks always contained feed,
considering that the difference between the first and the last pen
to be fed was approximately 2.5 h.

Animals were fed using a truck-mounted mixer (Brutale,
Model MTB-120CM, 16-m? capacity, Sao Carlos, Sao Paulo, Brazil)
equipped with an electronic scale (+£1kg precision). The scale
was calibrated weekly during the experimental phase. To avoid
the confounding effects of feed additives, the mixer was cleaned
before every treatment change, four times in the morning and
four times in the afternoon. Additionally, it was re-checked for
feed residues after the cleaning procedure and flushed with water
when necessary. The ingredients were added to the truck-mounted
mixer in the following order: corn silage, snaplage, peanut meal,
citrus pulp, whole cottonseed, protected fat, soybean molasses, and
mineral supplement. Following this, diets were mixed for 4 min
before delivery.

One trained person checked animals for signs of disease twice
daily. If needed, animals were treated with florfenicol and flunixin
meglumine (intramuscular injection, 1 ml per 7.5 kg of BW, Resflor
Gold®, MSD Saude Animal, Sdo Paulo, Sdo Paulo, Brazil) for
pulmonary issues or with tildipirosin (intramuscular injection, 1 ml
per 45 kg of BW, Zuprevo ~ , MSD Saude Animal, Sdo Paulo, Brazil)
when hoof anomalies were detected. If necessary, for both illnesses,
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a second treatment was given, and the animal was removed from
the experiment if recovery was not indicated.

2.5. Performance and carcass variables

For Exp. 1, the average DMI was calculated by the difference
between offered feed and refusals. Based on that, the DMI of the
large pen study (DMIyp, kg/animal/day) from each large pen was
given as follows:

DML p) = (OF(dmf/IOO)NA.RE (dmr/100)>
J

where OF = offered daily feed and RE = refusals were
corrected daily to average DM of feed (dmy) and refusals (dm,),
and divided by the number of animals in each pen (NAj) (j =
1...,32), respectively, of the i ordinal day from the experiment (i
=1,...,111).

On the last day of the experimental feeding period, to obtain
a final body weight (FBW) measurement, animals were withheld
from feed and water for 16h in a staggered manner as described
from the beginning of the experiment. Performance data such as
ADG and feed conversion (FC) were calculated based on shrunken
IBW and shrunken FBW using the mean DMI of the entire
experimental period.

At the end of the experiment, animals were harvested at
a commercial packing plant located 330km from the feedlot.
Bullocks were harvested on four separate dates (staggered weekly),
according to weight blocks (heavier to lighter). Harvest weight was
defined when animals reached 560 kg of shrunken FBW.

Hot carcass weight (HCW) was obtained after evisceration and
removal of the kidney, pelvic, and heart fat. Dressing percentage
(DP) was calculated as the ratio of HCW to shrunken FBW. As
different days of feeding were necessary to reach harvest FBW,
the average DP (57.03%) of all animals was also used to estimate
adjusted FBW, ADG, FE, and FC. In addition, carcasses were
classified by one trained packing plant employee, according to
subcutaneous fat deposition (SFD), using five categories (2-, 2=
scarce, absence of fat; 24+ and 3- median; 3= and 3+ uniform;
4 excessive; Farol JBS, adapted from Brazil, 2004). After 24h
of chilling, pH was measured in the longissimus muscle (CpH),
between the 12th and 13th ribs, using a portable digital pH meter
(model HI98163; Hanna Instruments, Sio Paulo, Brazil) with a
puncture electrode (model V-627).

For Exp. 2, IBW was calculated as in Exp. 1. Data were analyzed
as repeated measures over time to evaluate the feed additive
interactions with meteorological variables. The DMI from each
electronically monitored pen was given as follows:

n
DMlIjkemy = (Z FL‘(EM)) (dm;/100)

i=1

where Flijgy) (kg/animal/day) is the daily amount of feed
intake in the i visit in the feed bunk equipped with an electronic
feeding system performed by j animal in the k™ ordinal day from
feeding period, and dm; (%) is the percentage of dry matter in
the diet.
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The live weight of animals without feed and water withdrawal
(kg) was registered for every drinking event during all feeding
periods. From this data basis, spline functions were adjusted
as follows:

w(xX)jx = o + Prxjx + v12) + 122, + 323+, - FV19219

where x is the kth ordinal day from the feeding period registered
in the jth animal, consequently the average daily gain was given
as follows:

ADGjEny = w(x)jx — w(x)jk—1

2.6. Chemical analyses

Dietary DM adjustments of feed ingredients (corn silage and
snaplage) with variable water concentration were conducted twice
daily, before feed mixing, throughout the experiment using a Koster
Moisture Tester (Koster Crop Tester Inc., Model D, Medina, Ohio,
USA). In a similar manner, total mixed diet and feed refusals were
collected twice and once daily, respectively. For both variables,
treatment composite samples (based on equal amounts of samples
per pen) were generated and dried at 105°C [Tecnal, model TE-
394/3-MP, Piracicaba, Sio Paulo, Brazil; method 930.15, (22)] for
12h to determine DM.

For both experiments, samples of diet, ingredients, and orts
were collected weekly, composited, and sampled for chemical
analyses. All the samples were dried at 55°C in a forced-air oven
for 72h for DM determination. Dried samples were ground in a
Wiley-type mill (1-mm screen, MA-680, Marconi Ltda, Piracicaba,
Sdo Paulo, Brazil) and analyzed for ash [method 924.05; (23)], NDF
(24), CP (AOAC International, 2012), and EE (method 920.85;
AOAC, 1986). The NFC was estimated according to the following
equation: NFC (%) = 100% - (% NDF + % CP + % EE + % ash),
according to Mertens (25).

Apparent nutrient digestibility was measured in Exp. 2.
Indigestible NDF was used as an internal marker, determined by
a 288-h in-situ incubation procedure (26). Due to the necessary
adaptation period of the diet before fecal collection and the
fact that during the growing feeding phase, GRO treatment was
supplemented with LYSO (similar to ALL) and FIN was not
supplemented (similar to NON), it was evaluated NON and ALL
treatments, in which was possible to respect animal acclimatation
to facilities and human presence, necessary adaptation after dietary
change (12 days), and fecal collection period (5 days). Animals
from NON and ALL treatments were acclimated to human
presence inside pens, during the adaptation feeding period, with the
objective to visualize individual animal identification. Starting on
the 12 day after animals were transitioned to growing diet, fecal
and diet samples from all animals of NON and ALL treatments were
collected during 5 consecutive days, hourly staggered, over a 10-h
period (from 07:00 a.m. to 05:00 p.m.). Fecal samples were collected
directly from the pen floor immediately after defecation (avoiding
soil contamination) and individually identified. As a result of a
successful acclimation program, it was possible to collect hourly
subsamples from 47 animals (23 from NON and 24 from ALL).
Composited fecal samples were generated with approximately 10%
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of the wet weight from each of the hourly subsamples. The same
procedure was conducted during the finishing phase, except that it
was conducted during the final 5 days of feeding.

The fatty acid profile (FAP) of diets and in the longissimus
muscle was also evaluated from NON and ALL treatments.
Approximately 24-h post-mortem, samples of approximately
2.50 cm were collected from the 12 and 13™ ribs of the animals
in the second experiment. They were individually identified and
vacuum-packed until further laboratory analyses. The FAP was
performed according to the methodology described by Folch et al.
(27), with the lipid fraction methylated and the methyl esters
generated following techniques described by Kramer et al. (28).
Qualitative and quantitative measurements of fatty acids were
performed via gas chromatography (GC-2010 Plus autoinjector —
AOC 20i; Shimadzu Scientific Instruments, Kyoto, Japan) using a
100m x 0.25 mm diameter column of 0.02 um thickness (Supelco
SP-2560; Sigma Aldrich Pty Ltd., Castle Hill, Australia). The
initial temperature was kept at 70°C for 4 min, with progressive
heating (13°C/min) until the temperature reached 175°C, and
this temperature was maintained for 27 min. Thereafter, 4°C/min
increases were obtained until the temperature reached 215°C, and
this temperature was maintained for 31 min. Hydrogen gas was
used as the carrier with a 40 cm?/s flux. Fatty acids were identified
and quantified, and the peak areas were normalized using software
(GC solution) with a standard (non-adecanoic acid; C19:0).

2.7. Meteorological data

Solar irradiance (Rs, W m~™2; CMP-22, Kipp and Zonen,
Delft, Netherlands; spectral range = 0.3-3.6um), ultraviolet
solar radiation (Uy, W m™2; spectral range = 0.28-0.4 um), air
temperature (T4, °C; range = —40 to + 70, accuracy + 0.1°C,
accuracy = 0.1°C), the black-globe temperature in the sun (TGgun,
°C; accuracy = 0.1°C), relative humidity (Ry, %; accuracy £ 3%),
wind speed (Ws, m/s; accuracy % 0.44 m/s), and daily precipitation
(P, mm/h) were all continuously recorded every minute using a
portable weather station (WS-18 model 110, Nova Lynk, Auburn,
CA, USA) placed near the pens. In addition to the meteorological
data collected by the weather station, temperature sensors were
also placed inside the pens and water troughs and attached to
the roof surface of the shade structure for the characterization
of the microclimate experienced by the shaded cattle. These
local measurements were recorded every 5min and included
air temperature, relative humidity, black-globe temperature, the
temperature of the inner surface of the roof, and water temperature.

A set of six black-globe devices was placed in two shaded
pens, while three black globes were placed in three unshaded areas,
positioned 2m above the ground surface. Miniature data loggers
(i-bottom DS1925L, Maxim Integrated, Sao Jose, US; size = 0.60
x 1.70 cm, height x diameter; accuracy + 0.5°C) were inserted
inside globes for measuring black-globe temperature (T Gghade; and
TGshade2> ©C) in the shade underneath the roof and exposed to full
sun (TGsun1> TGsun2> and Tgsun3> °C). Three temperature sensors
(i-bottom) were attached to the inner surface of the shade roof
structure to obtain the roof surface temperature (Trs;, Trs2, and
Trs3, °C). Three temperature sensors (i-bottom) were previously
waxed (Sasol wax, GmbH D-20457) and placed inside the water
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troughs to obtain water temperature (Twi, Tw2, Tws3, °C). Three
temperature-humidity data loggers (HOBO ™ data logger, model
U12-012, Onset Computer Corp., Bourne, MA), of which two were
placed inside the shaded pens and one within an unshaded area,
were used to obtain air temperature (Ta1, Taz, and T3, °C) and
relative humidity (Ry1, Ru2, and Rps, °C). These temperature-
humidity data loggers were shielded against direct solar radiation.

2.8. Heat load experienced by feedlot cattle

The principal component analyses (29-33) were used to
observe dissimilarities over the days on feed concerning the
meteorological conditions (T, Hr, Rs, U, Wy, and Tg) experienced
by feedlot cattle. Principal components were obtained by
computing eigenvalues (%) and the respective eigenvectors ¢, =
[ei1 e e3] of the data correlation matrix. The bi-dimensional
representation of the multidimensional set was created by using
scores for the first (PCAlj = e;1 Ta+einHr+e3Rs+e1aU+e1s W+
e167G) and second principal components (PCAy; = exnTa +
e HR + e23Rs + 24U + €35 Ws + €26 T). All principal components
were used according to Liu et al. (32) for the development of an
environmental index, namely, the InComfort Index (InCI)-Based
Membership Function Value Analysis.

InCl="Y [R(:) W (e)]

i=1

where n is the number of principal components and InCI is the
weighted membership value calculated with principal components
for each day linked with its meteorological conditions, thereby
building a ranking with the level of thermal stress. Being R (1;)
given by

ROy = Ai = Ai(min)

)\i(mux) - )‘i(min)

indicating \; is the value of jth principal component, Ai(min)
and hj(may) are the maximum and minimum values of ith principal
component, respectively:

W(ei) = ei/ i e
=1

where W (e;) is the weight of the i principal component
among all the principal components selected for evaluating the level
of heat stress on animals, and e; is the contribution rate of the ith
principal component.

The values of InCI are in an interval from 0 to 1, with
the lowest value representing meteorological conditions that are
more comfortable for animals. Conversely, the highest InCI values,
reflect meteorological conditions that negatively affect the thermal
comfort of animals. Based on water intake and respiratory rate, the
InCI were divided into four classes, namely, rainy days, when the
mean of 0 < InCI < 1, with precipitation rate above 20 mm/day;
cloudy days, when the mean of 0 < InCI < 0.4 (A); hot days, when
the mean of 0.4 < InCI < 0.6 (N); and very hot days, when the
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mean of 0.6 < InCI < (Q). Water intake (WIgpp, L/animal/day)
from each electronically monitored pen was calculated as follows:

n
Wp, — Wiy
Wigvp = ) <7)
P 0.997

where Wy, and W;, (kg/day/animal) are the final and initial
weights of the animal during water intake in the n visit of the
animal in the water trough on the i ordinal day of the experiment,
and 0.997 is the water constant (kg/L).

2.9. Statistical analyses

Before statistical analysis, data were checked for normality,
homoscedasticity, and outliers using the PROC UNIVARIATE,
evaluating Student and Pearson residuals. For the first study,
feedlot performance and carcass characteristics were analyzed using
the PROC GLIMMIX procedure of SAS (SAS Inst., Inc., Cary,
NC, USA) as a generalized randomized block design. For IBW,
FBW, ADG, HCW, DP, CpH, and FAP, animals were considered
the experimental unit. Treatment, block, breed, number of days
in the receiving pasture, and the treatment x breed interaction
were considered fixed effects. Because the treatment x block
interaction was not significant (P > 0.05), it was removed from
the model. Treatment within the pen was considered a random
effect. A total of 79 animals were removed from the analysis; 59
because of health problems (pneumonia and/or foot rot; 3.35%
of animals) and 20 because of divergence between the research
team’s notes and the packing plant sequence. For DMI and FC,
the pen was considered an experimental unit. For this model,
treatment, block, pen, and the treatment x block interaction
were considered fixed effects, whereas treatment within a pen was
considered a random effect. The Satterthwaite approximation was
used to determine denominator degrees of freedom for testing
fixed effects in both models. Orthogonal contrasts (NON x ALL
+ GRO + FIN; ALL x GRO + FIN and GRO x FIN) were
performed to compare differences among treatment means, and
treatment means were also compared by the PDIFF option of
LSMEANS. Differences were declared significant when P-value was
<0.05 and regarded as tendencies when the P-value was >0.05 and
P-value was <0.10. Carcass classifications were evaluated by the
chi-square test.

For the study,
experimental unit. Raw data from electronic equipment (both

second animals were considered the
bunks and scales) was collected and filtered with algorithms
developed by our research group (unpublished data). Performance
and physiological data were analyzed as repeated measures over
time. Repeated measures were analyzed using mixed model
methods based on generalized least squares and a variance
component estimation, which were performed by a restricted
maximum likelihood (REML) algorithm with a procedure for a
linear mixed model (PROC MIXED) of the Statistical Analysis
System (34), according to Littell et al. (35). Treatment, breed,
treatment X breed, a current day on feed nested within treatment
x breed, the current weight of the animal on the respective day

of evaluation, and both the duration of meals and the number
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of bunk visits on the evaluated day were considered fixed effects.
Animal nested within treatment x breed was considered the
repeated measure subject, and means were compared by the PDIFF
option of LSMEANS procedure. In this study, the constructed
covariance matrix demonstrated that measures taken close in time
did not present the same covariance as measures far apart in time.
Based on these results and because Akaike’s information criterion
(AIC), the AIC corrected (AICC), and the Bayesian information
criterion were smaller for the autoregressive moving average
(1) covariance structure, verifying the superior fit compared
with other covariance structures. As NEL animals differed in
IBW in comparison to CEA, it was used as a covariable. For
digestibility data, treatment, breed, phase, treatment x phase,
and treatment x breed were considered fixed effects, whereas
pens nested within a treatment were random. The means were
compared using the PDIFF option of LSMEANS. Additionally,
for the FA profile, the same model described for digestibility was
used, means were compared by the PDIFF option of LSMEANS,
and differences were declared significant at a P-value of <0.05
and regarded as tendencies when the P-value was >0.05 and
P-value was <0.10.

3. Results

3.1. Experiment 1 (large pen trial feedlot
performance)

Performance results are presented in Table 2. No differences
were detected for IBW (P = 0.791). The use of LYSO
increased FBW (P = 0.022); however, no differences were
detected among the LYSO phase-feeding treatments (P =
0.191). Regarding ADG, no LYSO supplementation effect was
observed (P = 0.122). Furthermore, when contrasts were used
to compare LYSO-supplemented animals, phase-feeding protocols
improved ADG compared with ALL (P = 0.007). In addition,
the same phase-feeding response pattern was observed when
NON was compared with GRO (P = 0.089; regarded as a
tendency) and with FIN (P = 0.012) by comparing the pairwise
differences among the means. Feeding LYSO did not alter
DMI, regardless of the protocol or feeding period (P > 0.05).
Animals supplemented with LYSO tended to have a lower FC
(P = 0.090), but no phase-feeding effect was observed (P =
0.4738). Conversely, a tendency was observed (P = 0.060) when
NON was compared with the pairwise comparisons of the
means (GRO).

Supplementing LYSO did not affect HCW (P = 0.241) under
the experimental conditions. Similar to ADG, ALL animals tended
to have a lesser HCW (P = 0.095) than those on the phase-feeding
protocols. Likewise, animals from the FIN treatment tended (P
= 0.055) to have heavier carcasses compared with NON. Carcass
classification was not affected by LYSO supplementation (P =
0.689). Moreover, neither the DP (%) nor the CpH (P = 0.611) was
affected by the LYSO supplementation (P = 0.290). The mean DP-
adjusted performance variables did not differ (neither tendencies
were observed), thus, they were removed from the “Results” and
“Discussion” sections.
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TABLE 2 Effects of lysolecithin-derived feed additive administration on the performance of Bos indicus influenced cattle in Experiment 1.

Treatments?

GRO FIN
Performance
IBW, kg 400.83 400.82 400.86 401.1 0.561 0.791 0.513 0.933
FBW, kg 564.77 568.38 570.18 567.00 2.206 0.021 0.191 0.357
ADG, kg/d 1.528 1.560 1.574 1.522 0.020 0.121 0.007 0.471
DML, kg/d 11.23 11.01 11.26 11.23 0.181 0.764 0.710 0.357
DML, % 2.31 227 229 2.29 0.040 0.532 0.841 0.803
DMIggqp, kg/d 10.80 10.60 10.81 10.84 0.225 0.848 0.627 0.500
DMy, kg/d 11.42 11.40 11.59 11.59 0.159 0.575 0.639 0.404
DMlIj,, kg/d 11.32 11.05 11.30 11.24 0.217 0.609 0.803 0.427
FC 7.41 7.09 7.19 7.25 0.112 0.090 0.473 0.534
HCW, kg 322.50 323.79 325.03 322.48 1.481 0.241 0.095 0.342
DP, % 57.14 56.99 57.03 56.90 0.210 0.290 0.491 0.817
CpH 5.65 5.66 5.59 5.65 0.021 0.611 0.082 0.581
Carcass classification (%)
2= 5.12 4.27 4.95 4.24
2+ 20.73 23.93 25.94 24.24
3- 63.17 61.14 56.60 58.82
3= 10.73 10.66 12.50 12.71
4 0.24 0.00 0.00 0.00

2Treatments main effects: N, Control (NON); G, Lysoforte supplementation starting in growing phase (GRO); E, Lysoforte supplementation starting in finishing phase (FIN); A, Lysoforte
supplementation in all phases (since adaptation; ALL). bIBW, initial body weight; FBW, final body weight; ADG, average daily gain; DMI, dry matter intake; DMl dqp» dry matter intake in
adaptation feeding period; DMIgyoy, dry matter intake in growing feeding period; DMIy,, dry matter intake in finishing feeding period; FC, feed convertion; HCW, hot carcass weight; DP,
dressing percentage; CpH, carcass pH; Carcass classification: 2= reflects excessive lean carcass, 2+, 3-, 34 desirable fat carcasses and 4 excessive fat carcass. ‘N x L = NON x others, A x G +

F=ALL x GRO + FIN and G x F = GRO x FIN.

3.2. Experiment 2 (electronically monitored
feedlot performance)

A treatment x breed interaction was observed, in which CEA
animals had a higher IBW (P < 0.001; 406.42 vs. 372.55 for CEA
and NEL, respectively); however, no differences were detected for
FBW (P = 0.223; data not shown). Furthermore, a treatment x
breed x feeding period interaction was observed for both DMI (P
= 0.001) and ADG (P < 0.001; Figure 1). During the adaptation
feeding period, LYSO did not influence DMI regardless of genotype
(P > 0.05), but during the growing feeding period, CEA bullocks
from ALL and GRO had greater DMI intake (P < 0.05) than
CEA animals from NON and NEL from ALL. During the finishing
period, CEA animals from ALL and GRO had greater DMI (P <
0.05) than NON and FIN within the same genotype. Moreover,
NEL animals from FIN also had greater DMI (P < 0.05) than NON,
GRO, and ALL cohorts within the same genotype but did not differ
from CEA in the ALL and GRO protocols.

The NEL cattle from ALL had greater ADG (P < 0.05) than
NON animals from both genotypes during the adaptation period.
Similarly, during the growing feeding period, NEL from GRO
had greater ADG (P < 0.05) than NON animals within the same
genotype, whereas ALL was intermediate among the NEL cattle.
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The CEA animals from NON, GRO, and ALL had intermediate
ADG. In the finishing feeding period, NEL from the FIN protocol
had the greatest ADG (P < 0.05), NEL from the GRO and NON
protocols (along with CEA from NON) the second greatest, CEA
animals from ALL the intermediary, and NEL from ALL and CEA
from GRO and FIN had the least ADG.

3.3. Experiment 2 (digestibility of nutrients
and fatty acid profile of longissimus muscle)

No breed effect and breed x treatment interaction was
noted for digestibility (P > 0.05). However, a treatment-feeding
phase interaction was observed (P = 0.004; Figure 2). Somewhat
surprisingly, no differences were observed (P = 0.194) for
EE digestibility (81.20 vs. 79.40, NON and ALL, respectively),
regardless of the feeding phase. In the finishing feeding period, for
ALL protocol, a consistent increase in NDF (P < 0.001), CP (P <
0.001), and DM (P = 0.001) digestibilities was observed.

The FAP of experimental diets is presented in Table 3, and the
effects of LYS supplementation during the whole feeding period
(ALL) on the longissimus FAP are presented in Table 4. Also, no
breed effect or breed x treatment interaction was observed for FAP
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FIGURE 1
Treatment x Breed x Feeding phase interaction of dry matter intake (A) and average daily gain (B) of electronically monitored Bos indicus influenced
bullocks. NON, Control; ALL, Lysoforte supplementation in all phases (since adaptation); GRO, Lysoforte supplementation starting at growing phase;
FIN, Lysoforte supplementation starting at finishing phase. CEA = % Nellore x % Angus, NEL = Nellore. Letters within column with different
superscripts differ in LSMEANS at P < 0.05.

(P > 0.05). Supplemental LYSO increased concentrations of C8:0,
C17:1, and C18:3n3 (P = 0.014, 0.001, and 0.048, respectively),
but it decreased those of C20:0 and C24:1 (P = 0.004 and
0.003, respectively).

3.4. Experiment 2 (electronically monitored
bullocks, breed x treatment x day
classification interactions that influence
DMI)

Meteorological variables are summarized in Table Durlng
the experimental period, 37 days were classified as A (mlld),
days as N (normal/hot), and 10 days as Q (very hot). Based
on these classifications, a significant breed x treatment x day
classification was observed (P < 0.001; Figure 3). There were no
differences during the adaptation and growing feeding periods, but
the meteorological variables played an important role during the
finishing period. Regardless of genotype, DMI drastically decreased
when animals experienced Q days during the finishing period. For
CEA, bullocks from the GRO protocol had the greatest intake
(P < 0.05), ALL and FIN were intermediate, and NON was
the least. By comparison, NEL from FIN had the greatest DMI
(P < 0.05), ALL was intermediate, and GRO and NON were
the least.
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4. Discussion

4.1. Feedlot performance

The combination of a large-pen study with a smaller-scale,
electronically monitored DMI and ADG experiment led to a
relevant evaluation of LYSO’s mode of action throughout the
different feeding phases. In Exp. 1, it was possible to assess the
effects of LYSO in a commercial feedlot scenario under a rigorously
monitored environment, whereas, in Exp. 2, the mechanism
through which the treatments affected performance variables could
be better understood within the two most common cattle genotypes
fed in the tropics.

Similar to our observations in Exp.l1, Zhang et al. (36)
reported linear increases in FBW, ADG, and feed efficiency in
supplemented Angus cattle without affecting DMI when the dose
of a lysophospholipid-derived feed additive was increased from 0.5
to 0.75 g/kg of DM. Moreover, Drago (15) noted improvements in
ADG and feed efficiency in LYSO-supplemented Nellore bullocks
submitted to a finishing diet with 7.0% EE but not when the diet
contained 3.8% EE. Using lambs, Gallo et al. (37) observed 11
and 16% improvements in ADG when the same commercial LYSO
product as the one used in this study was tested in diets with 6% of
EE in the form of either soybean or sunflower oil, respectively.

The aforementioned studies did not evaluate phase-feeding
protocols. Based on the examination showing that animals from
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Feeding phase x digestibility interaction [(A) dry matter digestibility;
(B) NDF digestibility; (C) crude protein digestibility] of electronically
monitored Bos indicus influenced bullocks during growing and
finishing feeding period. NON, Control; ALL, Lysoforte
supplementation in all phases (since adaptation); within column,
different superscripts differ in LSMEANS at P < 0.05.

NON and ALL protocols had similar performance, the responses
observed with LYSO supplementation could be attributed to the
GRO and FIN protocols, as supported by the pairwise comparisons
of LSMEANS. In addition, GRO and FIN had similar performance,
with the former tending to also have better FC and the latter a
heavier HCW when both protocols were compared with NON.
Therefore, under conditions similar to Exp. 1 (i.e., different
genotypes fed in the same pen with greater Bos indicus influence),
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TABLE 3 Fatty acid profile of growing and finishing diets of Experiment 2.

Fatty acids (g/100g) ‘ Growing Finishing

C10:0 (Capric) 0.018 0.017 0.024 0.036
C12:0 (Lauric) 0.193 0.180 0.247 0.197
C14:0 (Myristic) 0.491 0513 0.549 0.565
C16:0 (Palmitic) 20.87 21.81 21.62 21.85
C17:0 (Margaric) 0.164 0.082 0.095 0.155
C18:0 (Stearic) 3.557 3.574 4.113 4.257
€20:0 (Arachidic) 0.323 0303 0.291 0.272
€22:0 (Behenic) 0.243 0.269 0.256 0.247
C24:0 (Lignoceric) 0.245 0244 | 0204 0.182
C16:1 cis 9 (Palmitoleic) 0376 0.396 0.432 0475
C18:1:cis 9 (Oleic) 24.59 23.56 23.23 23.19
C20:1 (Eicosenoic) 0.223 0.089 0.480 0.518
C18:2:cis 9 cis 12 (Linoleic) 41.65 4243 40.79 41.00
C18:3:n3 (Linolenic) 1.814 1.693 1.445 1.683

2NON, Control; ALL, Lysoforte supplementation in all phases (since adaptation).

one may assume that starting supplementation of LYSO in growing
diets is beneficial in situations when FC is an important driver,
whereas the FIN protocol might be more suitable whenever heavier
HCW plays an important role. As greater digestibility may be
accomplished by the use of LYSO, the additional nutrient uptake
might be directed accordingly to the animal’s physiological status,
resulting in greater ADG and carcass deposition of growing and
finishing feedlot bullocks, respectively.

In Exp. 2, the effects of phase-feeding protocols according to
cattle genotype were evaluated. First, it is worth noting that CEA
cattle started the experiment heavier than NEL cattle. Because CEA
cattle have a lighter mature weight than NEL cattle, it is expected
that Angus-influenced bullocks start fat deposition at earlier days
on feed (38, 39), which also results in a slower rate of gain sooner
than NEL cattle.

With regard to CEA animals, DMI was statistically greater for
supplemented animals during the growing and finishing feeding
phases in the GRO and ALL protocols. This finding suggests that
there is a persistent effect of LYSO supplementation and also that
intake might be more responsive when stimulated during the initial
phases of feeding programs with LYSO for this genotype. For ADG,
the lower rate of gain observed for LYSO-supplemented animals
during the finishing period suggests that greater fat deposition was
expected, changing the composition of gain (40), driven by the
higher digestibility of dietary nutrients.

For NEL animals, regardless of DMI for LYSO-supplemented
bullocks, during the adaptation and growth phases, statistical
differences were only noted during the finishing period. The
average daily gain was greater in every phase that LYSO was
introduced to the diet, but animals from the ALL protocol
presented decreased ADG during the finishing feeding phase.
These findings suggest that NEL animals were more physiologically
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TABLE 4 Fatty acid profile of longissimus muscle of Bos
indicus-influenced feedlot cattle supplement with lysolecithin-derived

10.3389/fvets.2023.1041479

TABLE 5 Meteorological variables of Experiment 2.

feed additive in Experiment 2. Day Mean Standard Minimum Maximum
classifications? deviation
Fatty acids® (g/100g) NON ALL SE P-value
Class A
C8:0 0.004 | 0.007 | 0.008 0.014
Air temperature, °C 20.6 223 14.7 233
C10:0 0.052 | 0.057 | 0.003 0.311
Relative humidity, 65.6 8.00 47.6 86.2
C12:0 0.059 | 0.072 | 0.004 0.075 %
C14:0 2534 | 2914 | 0139 0.063 Black globe 23.1 3.08 14.7 27.1
temperature, °C
C15:0 0.243 | 0264 | 0.013 0.285
Solar irradiaton, W 137.4 66.7 7.32 246.9
C15:0 Iso 0.094 | 0.116 | 0.008 0.059 m-2
C15:0 Anteiso 0.116 | 0.121 | 0.011 0.772 Wind speed, m s~! 1.39 0.55 029 273
C16:0 2359 | 2445 | 0464 0.196 Wind direction, © 193.4 8.96 103.9 284.5
C17:0 0.543 | 0583 | 0.028 0.334 Class N
C17:1 0318 | 0369 | 0.009 0.007 Air temperature, °C | 22.9 1.77 19.1 27.0
C18:0 1550 | 1450 | 0.623 0.266 Relative humidity, 61.0 6.91 45.0 72.8
0
C18:1 Trans 3489 | 3346 | 0238 0.674 %
C18:1 Cis 9 3291 | 3365 | 0607 0.231 Black globe - 268 203 26 322
temperature, °C
C18:2 Cis 9 Cis 12 8585 | 7292 | 0.597 0.125
187 Solar irradiaton, W | 195.1 44.0 108.5 337
C18:2 Cis 9 trans 11 0422 | 0430 | 0.027 0.840 m~?
C18:2 Trans 10 cis 12 0.012 | 0.018 | 0.002 0.124 Wind speed, m s~ 2.20 0.65 121 4.22
C18:3 n6 0.019 0.013 0.002 0.091 Wind direction, © 204.0 44.4 108.4 282.0
C18:3n3 0302 | 0361 | 0.020 0.047 Class Q
C20:0 0.070 0.048 0.005 0.004 Air temperature, °C 25.7 1.47 23.0 28.6
C20:1 0.156 0.168 0.011 0.431 Relative humidity, 54.2 9.52 40.1 68.4
%
C21:0 0.046 | 0.051 | 0.004 0.440
Black globe 30.7 2.42 26.9 365
C22:0 0.066 0.052 0.007 0.152 temperature, °C
C23:0 0.033 | 0.040 | 0.005 0.319 Solar irradiaton, W 239.8 51.4 169.9 348.2
-2
m
C24:1 0.145 | 0.086 | 0.012 0.002
Wind speed, m s ! 2.87 0.27 1.92 4.54
SFA 4383 | 44.07 | 0.700 0.815
Wind direction, ° 2342 30.8 168.0 2775
UFA 5616 | 5592 | 0.700 0.815

SFA, Saturated fatty acids; UFA, unsaturated fatty acids. NON, Control; ALL, Lysoforte
supplementation in all phases (since adaptation).

responsive to the dietary digestibility increment, redirecting
nutrients for a faster rate of BW gain. Nonetheless, LYSO
supplementation beginning in the adaptation feeding period might
also anticipate fat deposition and, consequently, change gain
composition, in accordance with the ADG results from Exp. 1 and
CEA bullocks of Exp. 2.

4.2. Nutrients digestibility and fatty acids
profile of longissimus muscle

The absence of a breed x treatment effect for both digestibility
and FAP suggests that the LYSO mode of action is independent
of genotype. The digestibility of EE was not influenced by LYSO
supplementation. One plausible explanation is that calcium salts
of fatty acids (CSAF) from soybeans represented approximately
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2A, mild days; N, normal/hot days; and Q, very hot days.

one-third of total dietary EE. High-lipid digestibility in CSAF-
supplemented NEL bullocks fed high-concentrate feedlot diets has
been previously reported (11, 41). Similarly, Drago (15) reported
greater lipid digestibility for CSAF from soybeans in feedlot NEL
bullocks. In that study, LYSO did not modify lipid digestion,
which suggests that the potential for LYSO to further improve
EE digestion was likely decreased when animals are fed rumen-
protected highly digestible fat sources. In contrast, Zhang et al. (36)
observed a positive linear effect on EE digestion with a lecithin-
derived feed additive (up to 8.75 g/animal/day) when rumen-
protected fat was added to the diet, but the type and source of
fat were not described. The authors suggested that EE digestibility
was increased as a result of the effective emulsification of lecithin
in reducing the size of fat globules, forming smaller micelles, and,
as a consequence, increasing the surface area of lipid droplets for
interaction with pancreatic enzymes. The interaction of fat sources
(i.e., fatty acid profile and ruminal protection) and inclusion

frontiersin.org


https://doi.org/10.3389/fvets.2023.1041479
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Pacheco et al.

10.3389/fvets.2023.1041479

>

"
1166 41L79 11,92 11.81

B ~NoN [ Gro I FN I ALL

1198

11.79

i~
i

s

3 b b

291 L4 11,7 1157 al ab ab

éﬂ 11\6 1”7 “% 1139 11,46 abc abe 1bc111911\”“

o bed 112 1123 7 7¢

£ 10,93 od
2 114

S 1061 der 1074
5 1033

E

= 104

a

lliﬁl :
ALL NON ALL ALL |GRO|NON| ALL
A | N [ Q
B
a
131 1 12,61 ab -

2 ab 12,29 ab a

£ 12,08 12,21

3 ab ab b b ab

© bl abc

» 121 1137 1 176 11,69 1 11,59 AL be
& i 1148 X bede bede bede " 114
5 02 11,14 1.14 11,1411.12 11,14 &

2 11,07 "
£ nd def  def
g 10,6110.63
o

S

E

2 104

.

a

AL:]FIN GRC| \OI\/\LL FIN|5GRC]

.|‘i I_-_|_-__-_'_-__-_|_-_ -l--‘-_
ALL ALL ALL NOX LL |GRO |N!
Q A

N Q N

ADAPTATION

FIGURE 3

GROWING

Breed x Treatment x Day classification interaction of dry matter intake of electronically monitored Bos indicus (A = Nellore; B = % Angus x %
Nellore) bullocks during adaption, growing and finishing feeding period. NON, Control; ALL, Lysoforte supplementation in all phases (since
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mild days; N, normal hot days; and Q, very hot days. Within column, different superscripts differs in LSMEANS at P < 0.05.

FINISHING

levels with the capabilities of different lysophospholipids deserves
further investigation.

Similarly to the NDF digestibility increments observed in Exp.
2, Drago (15) tested the same LYSO product supplemented in
this study with three different main sources of fat (CSAF from
soybean, CSAF from palm, and degummed soybean oil). The
authors reported a 6.81% increment, regardless of the fat source.
In addition to increased NDF digestion, Drago (15) also reported
improvements in total VFA production and lower ruminal pH
for the treatment with the combination of LYSO and soybean
oil compared with either CSAF from soybean or palm oil, which
indicates that LYSO likely improved ruminal fermentation by
facilitating the emulsion and passage of fatty acids out of the rumen,
decreasing the potential negative effect that unsaturated fatty acids
can have on ruminal microbial function. Higher cellulolytic enzyme
activities and enhanced fiber degradation in the rumen have also
been noted with the use of synthetic emulsifiers (42).

Crude protein digestibility was positively affected by LYSO
supplementation during the final feeding period. Increments in CP
digestibility in feedlot cattle supplemented with lysophospholipids
have been previously observed (15, 36). The rationale applied in
nonruminant animals to explain the effect of lysolecithin-derived
emulsifiers with regard to the greater number and size of membrane
pores and altered fluidity and transmembrane permeability of
nutrients in the intestine may be plausible for ruminants as well (36,
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43), but further research is needed. Greater ruminal ammonia was
observed in Drago (15) and when lysophospholipid-supplemented
cows were compared with cohorts receiving monensin (44). In
the later study, lysophospholipid-supplemented animals presented
greater purine derivative excretion, which might indicate higher
microbial protein supply, N secreted in milk, and reduced urinary
N excretion. The authors suggested that dietary N was absorbed in
more utilizable forms for protein synthesis in the body, which could
partially explain the greater ADG of NEL bullocks fed LYSO as they
have higher protein requirements (45). Therefore, the greater DM
digestibility and performance observed in this study in response
to supplemental LYSO seem to be related to improved CP and
NDF digestibility.

The longissimus FAP of feedlot cattle supplemented with either
LYSO or other emulsifiers has not previously been described. The
most remarkable finding is the greater concentration of alpha-
linolenic acid (C18:3n3) and a trend (P = 0.091) for linolenic acid
(C18:3n6), which are exclusive of dietary origin (46), indicating that
LYSO possibly enhanced ruminal escape of these specific fatty acids.
In a biohydrogenation-induced milk fat depression trial, Rico et al.
(10) concluded that the decrease in milk fat in LYSO-treated cows
was not specifically related to biohydrogenation, suggesting that it
was associated with substrate emulsification in both the rumen and
intestines. Furthermore, the higher concentration of octanoic acid
(C8:0), which is derived from branched-chain amino acids [valine,
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leucine, and isoleucine; (47)], could be partially linked to greater
NDF digestibility (48).

4.3. Influence of meteorological variables
on DMI of LYSO-supplemented cattle

Heat stress has been extensively investigated in countries with
a mature feedlot industry like the United States and Australia. In
the former, it is estimated that heat stress is annually responsible
for US$282 million in losses (49), while in the latter is estimated
to cost a total of AU$16 million (50). Nonetheless, long-term
financial losses are likely to exceed 5-10 times animal mortality
because of decreased DMI and lower performance (51). Deleterious
effects of heat stress on intake and digestive parameters in Bos
indicus animals were only evaluated in calorimetric chambers (52),
which may not reliably represent an open dry-lot condition as solar
radiance is not measured.

As DMI was affected by heat events in the present research, we
suggested that InCl would help to elucidate variation in DMI under
research conditions and possibly in commercial feeding operations.
Another remarkable aspect of the present methodology is the use
of animal physiological variables to evaluate animal comfort, in
contrast to regular heat stress induction protocols that artificially
alter temperature and humidity.

During the conduct of Exp. 2, 10% of days were classified as
Q. A decrease in DMI with heat stress was observed during the
finishing feeding period, regardless of genotype, but effects were
less in LYSO-supplemented CEA and LYSO-supplemented NEL
for the FIN treatment. Thus, one might consider supplementing
LYSO during conditions in which DMI might be affected by heat
events. To the best of our knowledge, this is the first experiment
to look at the effects of emulsifiers on heat stress amelioration in
cattle. Digestibility enhancement is plausibly responsible for the
improved DMI because the subcutaneous temperature was not
altered by the use of LYSO (data not shown). Meneses et al. (52)
observed detrimental effects on DMI and DM digestibility and a
shift in nutrient digestibility from the rumen to the intestines in
heat-stressed NEL heifers. These authors proposed that modifying
the site of digestion in NEL animals reflected an adaptive response
of the digestive tract to heat stress conditions. As LYSO may
improve intestinal digestibility (CP and DM), it could partially
explain the lower decrease in DML It should also be noted that SH
availability may have possibly interfered with the DMI responses
of ALL and GRO of NEL during heat events that occurred in the
finishing feeding phase. Nonetheless, the mechanisms by which
LYSO improved the DMI of CEA animals on very hot days need
elucidation, but they might be related to a lower heat increment
derived from a more efficient fiber ruminal fermentation.

5. Implications

This studys findings suggest that LYSO enhances feedlot
performance when administered during the growing and/or
finishing feeding phases of Bos indicus-influenced cattle. The
emulsification increased CP, NDE, and DM digestion of the
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finishing diet and also increased ruminal escape of dietary fatty
acids. Finally, the development of the InCl index helped to identify
DMI alterations during heat events, and LYSO supplementation
ameliorated decreases in DMI caused by heat stress.
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United States, *Department of Animal Science, Federal University of Amazonas, Parintins, Brazil,
*Department of Animal Sciences, University of Florida, Gainesville, FL, United States, *Department of
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The objective of this study was to evaluate the effects of different combinations of
monensin and narasin on finishing cattle. In Exp. 1, 40 rumen-cannulated Nellore
steers [initial body weight (BW) = 231 + 3.64 kg] were blocked by initial BW and
assigned to one of the five treatments as follows: Control (CON): no feed additive
in the basal diet during the entire feeding period; Sodium monensin (MM) at 25
mg/kg dry matter (DM) during the entire feeding period [adaptation (days 1-21)
and finishing (days 22-42) periods]; Narasin (NN) at 13 mg/kg DM during the entire
feeding period (adaptation and finishing periods); Sodium monensin at 25 mg/kg
DM during the adaptation period and narasin at 13 mg/kg DM during the finishing
period (MN); and narasin at 13 mg/kg DM during the adaptation period and sodium
monensin at 25 mg/kg DM during the finishing period (NM). Steers fed MM had
lower dry matter intake (DMI) during the adaptation period compared to NM (P
= 0.02) but not compared to CON, MM, MN, or NN (P > 0.12). No differences
in DMI were observed among the treatments during the finishing (P = 0.45) or
the total feeding period (P = 0.15). Treatments did not affect the nutrient intake
(P > 0.51) or the total apparent digestibility of nutrients (P > 0.22). In Exp. 2, 120
Nellore bulls (initial BW = 425 + 5.4kg) were used to evaluate the effects of the
same treatments of Exp. 1 on growth performance and carcass characteristics of
finishing feedlot cattle. Steers fed NM had greater DMI during the adaptation period
compared to CON, MM, and MN (P < 0.03), but no differences were observed
between NM and NN (P = 0.66) or between CON, MM, and NN (P > 0.11). No
other differences between treatments were observed (P > 12). Feeding narasin
at 13 mg/kg DM during the adaptation period increases the DMI compared to
monensin at 25 mg/kg DM, but the feed additives evaluated herein did not affect
the total tract apparent digestibility of nutrients, growth performance, or carcass
characteristics of finishing cattle.
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104 frontiersin.org


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2023.1117639
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2023.1117639&domain=pdf&date_stamp=2023-04-28
mailto:vinicius.gouvea@ag.tamu.edu
https://doi.org/10.3389/fvets.2023.1117639
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fvets.2023.1117639/full
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Baggio et al.

1. Introduction

According to Brown et al. (1) and Pereira et al. (2), the
adaptation period in which finishing cattle is transitioned from a
high-roughage-based diet to a high-concentrate diet is considered
the most critical period for feedlot cattle due to the changes in dry
matter intake (DMI) and risks of subacute or acute acidosis caused
by the increased amount of rapidly fermentable carbohydrates
in the diet (3-5). The low DMI during the first 14-21 days of
the adaptation period (2, 4, 6) can limit the performance of
feedlot cattle. Therefore, feed additives that can modulate ruminal
fermentation characteristics and increase the average daily gain
(ADG) without negatively affecting the DMI would benefit the
adaptation process and perhaps increase growth performance
throughout the feedlot finishing phase.

Ionophores, such as sodium monensin, are largely used in the
feedlot industry to improve the feed efficiency of finishing cattle.
According to the surveys conducted by Samuelson et al. (7) and
Pinto and Millen (8), more than 97% of feedlot nutritionists in the
USA and Brazil include ionophores in finishing diets for feedlot
cattle. However, according to Samuelson et al. (7), monensin is the
primary ionophore included in feedlot diets in the USA. Monensin
decreases DMI, especially in diets with a high proportion of forage
(9). In a meta-analysis conducted by Duffield et al. (10), monensin
decreased DMI by 3% and improved feed efficiency (G:F; gain
to feed ratio) of finishing beef cattle by 2.5-3.5%. The positive
effect of feeding monensin to ruminants is frequently attributed
to the improved efficiency of energy metabolism as a result of
increased propionate production in the rumen (11). Monensin can
also affect meal patterns, especially during times when rumen pH
is low (12). According to Erickson et al. (13), feeding monensin
to finishing feedlot cattle increases the number of meals and
decreases intake rate (%/h) and average meal size. However, feeding
monensin reduces ruminal pH variance (13), which can contribute
to preventing rumen acidosis on high-grain finishing diets (14).

Narasin is an ionophore that has been studied in high-roughage
diets (15-17). According to Polizel et al. (18), feeding Narasin at
13 or 20 mg/kg DM to beef steers provided with a high-roughage
diet (Tifton-85; Cynodon dactylon spp.) did not affect DMI and
increased ruminal concentration of propionate. Feeding narasin
at 13 mg/kg DM increased growth performance and benefited
ruminal fermentation characteristics of steers fed a forage-based
diet (19).

Therefore, we hypothesized that feeding narasin during
the adaptation period would increase the DMI and growth
performance compared to monensin, and the positive effects
obtained during the adaptation period would carry over the
entire feedlot finishing phase. The objective of this experiment
was to evaluate different combinations of monensin and
narasin on intake, nutrient digestibility, ruminal fermentation
characteristics, growth performance, and carcass traits of finishing
feedlot cattle.

2. Materials and methods

A total of two experiments were conducted at the Experimental
Feedlot Cattle facilities of the Department of Animal Science
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and the “Luiz de Queiroz” College of Agriculture (ESALQ),
University of Sao Paulo (USP), in Piracicaba, State of Sao Paulo,
Brazil (22°43’30” S, 47°38°51” W). All procedures using animals
were approved by the Animal Care and Use Committee of the
ESALQ/USP (protocol number #9763030920).

2.1. Experiment 1. Intake, digestibility, and
ruminal fermentation characteristics

A total of 40 rumen-cannulated Nellore steers [Bos indicus;
initial body weight (BW) = 231 =+ 3.64 kg; age = 20 & 1.0 months]
were blocked by initial BW and allocated to 40 pens (3.5 x
8m; 1 steer/pen), with concrete floor, fully roofed, 3.5 m of bunk
space, and individual waterers (BV 009 3L, Agricola Suin, Joinville,
SC, Brazil). Pens within each BW block were then randomly
assigned to one of the five treatments (Figure 1) as follows: (1)
Control (CON): no feed additive in the basal diet during the
entire feeding period; (2) Sodium monensin (MM) at 25 mg/kg
dry matter (DM) during the entire feeding period [adaptation
(days 1-21) and finishing (days 22-42) periods (Rumensin 100,
Elanco Brazil, Sao Paulo, SP, Brazil)]; (3) Narasin (NN) at 13 mg/kg
DM during the entire feeding period (adaptation and finishing
periods; Zimprova 100, Elanco Brazil, Sio Paulo, SP, Brazil); (4)
Sodium monensin at 25 mg/kg DM during the adaptation period
and narasin at 13 mg/kg DM during the finishing period (MN);
and (5) narasin at 13 mg/kg DM during the adaptation period
and sodium monensin at 25 mg/kg DM during the finishing
period (NM).

The experiment lasted for 42 days. Steers were adapted to
the finishing diet during the first 21 days of the experiment
(adaptation period; day 1-21), using three step-up diets (Table 1)
which gradually (7 days in each step) decreased the roughage source
(sugarcane bagasse) from 23 to 18% (Adap. 1), to 13% (Adap.
2), and to 8% (Adap. 3) and increased concentrate accordingly.
The finishing diet containing 8% of roughage (DM basis) was
fed from days 22 to 42 (finishing period). The experimental
diets (Table 1) were formulated to meet the nutrient requirements
of finishing Nellore steers for 1.35kg ADG as specified by
NASEM (9). The experimental rations were mixed using a feed-
mix wagon (Totalmix TMX25, Casale Equipamentos Ltda., Sao
Carlos, Brazil) and delivered to the steers as a total mixed
ration (TMR) once a day at 800h. After mixing, the TMR
was weighed into 100 L capacity plastic bins using an electronic
scale with 50g of readability (Welmy, W 300, Santa Béarbara
d’Oeste, SP, Brazil) and manually delivered to each pen. Steers
had ad libitum access to the experimental diets containing the
treatments and water during the entire experiment (days 1-42).
The amount of feed offered to each steer was adjusted daily
based on the amount of feed provided on the previous day to
allow 5% of refusals, that were removed daily, weighted, sampled
(5% of the total amount; wet weight), and frozen (—18°C) for
analysis of nutrient composition and DMI calculation. Samples
of ingredients (~500g) were collected one time each week
and dried at 105°C for 24h for DM determination and diet
DM adjustments.
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d1 d21 d 42/d 105*

<«

l Adaptation period l Finishing period

CON | No feed additive No feed additive

MM | Sodium monensin Sodium monensin

NN | Narasin Narasin

MN | Sodium monensin Narasin

NM | Narasin Sodium monesnin

FIGURE 1

Schematic representation of the treatments. The adaptation period consisted of 21 days. During the adaptation period, steers were fed three step-up
diets which gradually (7 days in each step) decreased the roughage source (sugarcane bagasse) from 23 to 18% (Adap. 1), to 13% (Adap. 2), and to 8%
(Adap. 3) and increased concentrate accordingly. From days 22 to 42 (Exp. 1) or day 105 (Exp. 2), steers were fed the finishing diet containing 8% of
roughage (sugarcane bagasse). Treatments were as follows: Control (CON): no feed additive in the basal diet during the entire feeding period;
Sodium monensin (MM) at 25 mg/kg DM during the entire feeding period [adaptation and finishing periods (Rumensin 100, Elanco Brazil, Sdo Paulo,
SP, Brazil)]; Narasin (NN) at 13 mg/kg DM during the entire feeding period (adaptation and finishing periods; Zimprova 100, Elanco Brazil, Sdo Paulo,
SP, Brazil); Sodium monensin at 25 mg/kg DM during the adaptation period and narasin at 13 mg/kg DM during the finishing period (MN); and narasin
at 13 mg/kg DM during the adaptation period and sodium monensin at 25 mg/kg DM during the finishing period (NM). *Exp. 1 lasted for 42 days and
Exp. 2 lasted for 105 days.

TABLE 1 Ingredients and chemical composition [dry matter basis (DM)] of experimental diets used in Exp. 1 and 2.

Experimental diets?

Adap. 2 Adap. 3 Finishing®

Days in each diet 7 7 7 21/84

Ingredients, %

Sugarcane bagasse 23.0 18.0 13.0 8.00
Whole cottonseed 10.0 10.0 10.0 10.0
Soybean hulls 15.0 15.0 15.0 15.0
Ground corn 44.0 49.0 56.0 62.0
Soybean meal 5.00 5.00 3.00 2.00
Urea 1.00 1.00 1.00 1.00
Mineral supplement® 2.00 2.00 2.00 2.00

Analyzed composition, %

Dry matter 70.8 71.9 70.2 70.0
Organic matter 92.2 92.9 91.6 91.7
Crude protein 14.6 14.5 12.7 12.4
Neutral detergent fiber 454 434 30.5 28.0
Acid detergent fiber 26.9 25.7 17.1 16.0
Ash 7.70 7.00 8.30 8.20
Ether extract 3.30 3.20 3.10 4.40
Net energy of maintenance, Mcal/kg? 1.69 1.77 1.82 1.90
Net energy of gain, Mcal/kg! 1.07 115 1.23 1.30
Total digestible nutrients? 71.5 74.3 77.2 80.1

? Adap, adaptation diet; Adap. 1, fed from days 1 to 7; Adap. 2, fed from days 8 to 14; Adap. 3, fed from days 15 to 21; Finishing, finishing diet.

In Exp. 1, steers were fed the finishing diet for 21 days. In Exp. 2, steers were fed the finishing diet for 84 days.

¢Containing (DM basis): 164 g/kg Ca, 60 g/kg P, 40 g/kg S, 140 g/kg Na, 10 g/kg Mg, 780 mg/kg Mn, 3,750 mg/kg Zn, 1,010 mg/kg Cu, 60 mg/kg Co, 75 mg/kg I, and 19 mg/kg Se.
4Estimated using the tabular values according to NASEM (9) with no feed additive inclusion. Energy values of sugarcane bagasse were obtained from Valadares Filho et al. (20).
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Ruminal content was collected from each steer 6h after
feeding on days 21 (the last day of the adaptation period), 24,
27, and 42 (end of the experiment). During the sampling days,
five trained personnel were assigned to eight steers each; at least
one steer of each treatment/staff, so treatments were balanced
within personnel. In addition, trained personnel rotated on each
sampling day to account for any variation during sampling.
Steers were halter broken and used in the previous study (19)
and did not require to be restrained for sampling. Sampling
was completed within 40 min. Approximately 100 ml of ruminal
content was manually collected from the ventral portion of the
rumen and squeezed into four layers of cheesecloth as described
by Polizel et al. (18). Immediately after collection, the pH of
ruminal fluid was measured using a digital pH meter (Digimed-
M20; Digimed Instrumentagdo Analitica; Sdo Paulo, SP, Brazil).
Sub-samples (~5ml) were stored at —18°C for further analysis
of short-chain fatty acids (SCFA) and ruminal ammonia nitrogen
N (NH;-N).

The SCFA concentration was determined as described by
Polizel et al. (18). In brief, 1.6 ml of ruminal fluid was mixed
with 0.4 mL metaphosphoric acid:formic acid (3:1) and 0.2mL of
100 mM 2-ethyl-butyric acid (internal standard). The homogenate
was centrifuged for 30 min at 15,000 x g at 4°C, and 1.2ml
of the supernatant was then transferred to a chromatography
vial. The quantification of SCFA was performed using an Agilent
7890A gas chromatograph equipped with a flame ionization
detector (7683B), a fused-silica capillary column (J] &W19091F-
112, Agilent Technologies, Santa Clara, CA, United States), 25 m
in length, and 320 mm internal diameter, containing 0.20 M
cyanopropyl polysiloxane. The data acquisition was performed
using the ChemStation software (Agilent Technologies, Santa
Clara, CA, United States). The concentration of NH3;-N was
determined by the colorimetric method as described by Chaney
and Marbach (21), adapted for a microplate reader (EON, BioTech
Instruments, Winooski, VT, United States), using a 550 nm
absorbance filter.

The total fecal collection was performed from days 37-41 to
determine the total apparent digestibility of nutrients. The total
fecal production of each steer was collected every 4h from the
concrete floor (22), weighted, sampled (10% of the total), and
frozen at —18°C for further chemical analysis.

At the end of the experiment, feed ingredients and fecal samples
were thawed, dried in a forced-air oven at 55°C for 72h, and
ground through a 1-mm screen using a Willey-type mill (MA-680,
Marconi, Piracicaba, Brazil). All samples were analyzed for DM
[method 930.15; (23)], ash [method 942.05; (23)], and nitrogen
(Leco FP- 528; Leco Corp., St. Joseph, MI). The organic matter
(OM) was calculated based on ash values (OM, % = 100 - ash, %).
Crude protein (CP) was obtained by multiplying the total N
content by 6.25. The determination of the fibrous fraction was
carried out sequentially, using thermostable alpha-amylase and
sodium sulfite for analysis of neutral detergent fiber (NDEF)
according to the methodology proposed by van Soest et al. (24)
and acid detergent fiber (ADF) according to Goering and van
Soest (25), using the Ankon 2000 Fiber Analyzer (Ankon Tech.
Corp., Fairport, NY, United States). The NDF and ADF reports are
ash corrected.
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2.2. Experiment 2. Animal performance,
feeding behavior, and carcass
characteristics

A total of 120 Nellore bulls (Bos indicus; initial BW = 425
+ 5.4kg; age = 30 £+ 2.0 months) purchased from one single
ranch were used in this experiment. Upon feedlot arrival, bulls
were individually weighted (Id Beck 2.0, Beckhauser Balangas e
Troncos, Paranavai, Brasil), after 16 h of feed and water withdrawal,
identified with ear tags, and vaccinated/dewormed as described by
Gouvéa et al. (26). Bulls were blocked according to the initial BW,
allocated to 40 pens as described in Exp. 1 (3.5 x 8 m; 3 bulls/pen),
and then, pens within each BW block were assigned to the same
treatments described in Exp. 1 (Figure 1). Experiment 2 lasted for
105 days. The experimental diets and adaptation protocol were the
same as described in Exp. 1 (Table 1). The finishing diets were
fed from days 22 to 105. Bulls had ad libitum access to water and
to the diets containing the treatments throughout the experiment.
Feeding management, diet, and refusal sampling were as described
in Exp. 1.

Bulls were individually weighed after 16 h of fasting (feed and
water) at the beginning of the experiment (day 1) and at the end
of the trial (day 105). Full BW was collected at the end of the
adaptation period (day 21) and discounted by 4% as ruminal fill
(9) to calculate shrunk BW at the end of the adaptation period. The
ADG, DMJ, and G:F were calculated for each experimental period.
At the end of the experiment (day 105), bulls were transported to
a commercial packing plant and slaughtered on the following day
as described by Gouvéa et al. (26). In brief, the hot carcass weight
(HCW) was obtained after the removal of the hide, head, feet, tail,
kidneys, and visceral fat. The dressing percentage was calculated
using the HCW obtained after slaughter, divided by the final
shrunk weight. Longissimus muscle (LM) area and subcutaneous fat
thickness were measured between the 12 and 13th rib from each
carcass after a 24-h chill at 2°C as described by Toseti et al. (27),
using a digital camera attached to a fixed distance (10 cm) of a 15
x 20 cm rectangular steel base. The images obtained by the digital
camera were interpreted by one experienced technician using the
AutoCAD® software.

2.3. Statistical analysis

Both experiments were analyzed using the MIXED procedure
of SAS 9.4 software (SAS Inst. Inc., Cary, NC), as a randomized
complete block design with five treatments and initial BW used
as the blocking factor. The steer was the experiment unit in
Exp. 1, and the pen served as the experimental unit in Exp. 2.
The Kenward Roger approximation was used to determine the
correct denominator degrees of freedom for testing fixed effects.
Each experimental period (adaptation, finishing, and total feeding
period) was analyzed separately. In Exp. 1, the statistical model
used to analyze intake and nutrient digestibility was: yij = p +
Ti + Bj + eij, where y = dependent variable, . = overall mean,
Ti = fixed effect of treatment, Bi = random effect of block, and
eij = the residual error. The SCFA, pH, and NH3-N in Exp.
1 were analyzed as repeated measurements over time using the
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MIXED procedure following the statistical model: yijk = p+ Ti
+ Bj + eij + Pk + TiPk + eijk, where p = overall mean, Ti
= the fixed effect of treatment; Bj = random block effect, eij
= subject level random error, Pk = fixed effect of time, TiPk
= fixed effect of treatment X time interaction, and eijk = the
residual error. The covariance matrix used was the compound
symmetry (CS) and was selected using the Bayesian information
fit criteria (smaller is better), after adjusting models with the
AR(1), ARH(1), ANTE(1), CS, CSH, and UN covariance. The
subject was treatment (pen). In Exp. 2, the statistical model used
to analyze growth performance and carcass data was as follows:
yij = w + Ti 4+ bj + eij, where p = overall mean, Ti = fixed
effect of treatments, bi = random effect of a block, and eij = the
residual error.

Data from all experiments were reported as least-square means.
Effects were declared significant at P < 0.05. The tendency
was discussed when P > 0.05 and < 0.10. When a significant
treatment effect was observed, a post-hoc analysis using the
Tukey test was used to identify significant differences among the
treatment’s least square means. When a significant treatment x
time interaction was observed in Exp. 2 for SCFA, NH3-N, or
pH, treatments were compared within each time point using the
Tukey test.

3. Results
3.1. Experiment 1

Feed additives affected the DMI during the adaptation period
(P = 0.02; Table 2). Steers fed MM had lower DMI during the
adaptation period compared to NM (P = 0.02; 5.76 vs. 6.92 kg/day,
respectively) but not compared to CON, MM, MN, or NN (P >
0.12). No differences in DMI were observed between the treatments
during the finishing period (P = 0.45) or the total feeding period
(P =0.15).

Treatments did not affect the nutrient intake (P > 0.51) and the
total tract apparent digestibility of nutrients (P > 0.22; Table 3).

No treatment x day interaction was observed for any
of the ruminal fermentation characteristics evaluated in the
present study (P > 0.14; Table 4). Treatments tended to affect
the ruminal concentration of NH3-N (P = 0.06). Steers fed

10.3389/fvets.2023.1117639

NN tended to have greater NH3-N concentration compared to
CON (P = 0.15 5.81 vs. 4.11 mg/dL, respectively) but not
compared with MM, MN, or NM (P > 0.20). No other treatment
effects were observed on the ruminal fermentation characteristics
(P> 0.61).

An effect of the day (P < 0.01) was observed for the
total concentration of SCFA, molar proportion of acetate,
propionate, and ruminal pH (Tables4, 5). The
day tended (P = 0.06) to affect the molar proportion
(Tables 4, 5).
proportion of acetate and butyrate, and acetate:propionate

sampling

of butyrate Overall, ruminal pH, molar
ratio decreased over the sampling days (P < 0.05), and the
total ruminal concentration of SCFA and molar proportion
of propionate increased (P < 0.05) over the sampling days

(Table 5).

3.2. Experiment 2

Feed additives affected the DMI during the adaptation period
(P < 0.001; Table 6). Steers fed NM had greater DMI during the
adaptation period compared to CON, MM, and MN (P < 0.03;
10.4 vs. 9.73,9.57, and 9.43 kg/day, respectively), but no differences
were observed between NM and NN (P = 0.66) or between CON,
MM, and NN (P > 0.11). Treatments also tended to affect the DMI
during the total feeding period (P = 0.07). Steers fed NN tended to
have greater DMI compared to MM (P = 0.09; 10.4 vs. 9.83 kg/day)
but not compared to CON, MN, and NM (P > 0.16).

No other differences between treatments were observed for any
of the growth performance and carcass characteristics evaluated in
the present study (P > 12), except for 12th-rib fat (P = 0.04). Steers
fed MM had greater 12th-rib fat compared to CON (P = 0.02), with
no differences between the other treatments (P > 0.16).

4. Discussion

Feed additives such as ionophores, also known as non-
nutritional ingredients, are fed to feedlot cattle to increase feed
efficiency (10), decreasing the cost of production and improving
the potential profit of the feedlot operation. The most common
response to monensin inclusion in beef cattle diets is the

TABLE 2 Effects of feed additives on dry matter intake of finishing beef cattle—Exp. 1.

Treatments? SEMP P-value
MM MN
Pens (steers) ‘ 8 (8) ‘ 8(8) ‘ 8(8) ‘ 8(8) ‘ 8(8) ‘ - ‘
Dry matter intake, kg/day
Adaptation period (days 1-21) 6.65° 5.764 6.06° 6.92° 6.57%4 0.26 0.02
Finishing period (days 22-42) 7.85 6.95 7.57 7.77 7.43 0.36 0.45
Total feeding period (days 1-42) 7.25 6.35 6.87 7.34 7.00 0.28 0.15

2CON, control; no feed additive; MM, sodium monensin at 25 mg/kg DM during the adaptation and finishing periods (Rumensin, Elanco Saude Animal, Sdo Paulo, SP, Brazil); MN, sodium
monensin at 25 mg/kg DM during the adaptation period and narasin at 13 mg/kg DM (Zimprova, Elanco Saude Animal, Sdo Paulo, SP, Brazil) during the finishing period; NM, narasin at 13

mg/kg DM during the adaptation period and sodium monensin at 25 mg/kg DM of during the finishing period; NN, narasin at 13 mg/kg DM during the adaptation and finishing periods.

bSEM, standard error of the mean.
dMeans that do not have common superscript letters are different (Tukey’s test; P < 0.05).
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TABLE 3 Effect of feed additives on intake and apparent digestibility of nutrients of finishing beef cattle—Exp. 1; days 37-42.

Treatments?®
MN

Pens (steers) 8(8) 8(8) 8(8) 8(8) 8(8) - -
Intake, kg/day
Dry matter 7.03 6.33 7.03 6.51 6.34 0.49 0.71
Organic matter 6.34 5.86 6.47 6.03 5.83 0.45 0.81
Neutral detergent fiber 1.90 1.74 2.08 1.80 1.92 0.14 0.51
Acid detergent fiber 1.07 1.02 1.19 1.05 1.10 0.08 0.67
Apparent digestibility, %
Dry matter 67.5 66.7 68.7 67.0 63.5 1.67 0.27
Organic matter 68.9 69.2 70.3 69.6 66.0 1.57 0.35
Neutral detergent fiber 52.9 53.1 59.1 52.1 54.2 2.22 0.22
Acid detergent fiber 51.0 54.2 57.7 54.2 53.9 2.36 0.46

2CON, control; no feed additive; MM, sodium monensin at 25 mg/kg DM during the adaptation and finishing periods (Rumensin, Elanco Saude Animal, Sdo Paulo, SP, Brazil); MN, sodium

monensin at 25 mg/kg DM during the adaptation period and narasin at 13 mg/kg DM (Zimprova, Elanco Saude Animal, Sdo Paulo, SP, Brazil) during the finishing period; NM, narasin at 13
mg/kg DM during the adaptation period and sodium monensin at 25 mg/kg DM of during the finishing period; NN, narasin at 13 mg/kg DM during the adaptation and finishing periods.

bSEM, standard error of the mean.

TABLE 4 Effect of feed additives on the ruminal concentration of short-chain fatty acids (SCFAs), pH, and ammonia nitrogen (NHz-N) of finishing beef
cattle—Exp. 1.

Treatments? P-value©
MN DEYY Treat x Day

Pens (steers) 8(8) 8(8) 8(8) 8(8) 8(8) - - - -
Total SCFA, mmol/L 119 112 125 117 119 8.91 0.86 <0.001 0.90
SCFA, mol/100 mol

Acetate 58.9 58.9 57.6 57.9 59.1 1.80 0.96 <0.001 0.34
Propionate 27.1 26.6 26.9 27.5 26.7 1.61 0.92 <0.001 0.15
Butyrate 9.77 10.8 11.7 10.7 10.7 0.71 0.35 0.06 0.22
Acetate:propionate ratio 2.31 2.31 2.24 227 2.48 0.06 0.92 <0.01 0.14
Ruminal pH 6.20 6.08 6.00 6.08 6.10 0.11 0.79 <0.01 0.43
NH;-N mg/dL 4.11° 5.21% 5.75% 4.11% 5.81¢ 0.55 0.06 0.23 0.72

2CON, control; no feed additive; MM, sodium monensin at 25 mg/kg DM during the adaptation and finishing periods (Rumensin, Elanco Saude Animal, Sdo Paulo, SP, Brazil); MN, sodium
monensin at 25 mg/kg DM during the adaptation period and narasin at 13 mg/kg DM (Zimprova, Elanco Saude Animal, Sdo Paulo, SP, Brazil) during the finishing period; NM, narasin at 13
mg/kg DM during the adaptation period and sodium monensin at 25 mg/kg DM of during the finishing period; NN, narasin at 13 mg/kg DM during the adaptation and finishing periods.

bSEM, standard error of the mean.

CTreat, effect of treatment; day, effect of day (days 21, 24, 27, and 42); Treat x Day = interaction between treatment and day. deMeans that do not have common superscript letters are different

(Tukey’s test; P < 0.05).

increased G:F by improving or maintaining ADG and reducing
DMI (10, 28, 29).

Monensin is one of the most used feed additives in finishing
diets for beef cattle (7, 8). It selectively inhibits gram-positive
bacteria (11), increasing the efficiency of energy metabolism (30)
and nitrogen metabolism (31), and it is also used to control bloat
(32), probably due to reduced feed intake variation (33) and meal
size and frequency of meals (34). According to Duffield et al. (10),
the average concentration of monensin in feed across 40 peer-
reviewed manuscripts and 24 trial reports published from 1972 to
2003 was 28.1 mg/kg DM. Monensin decreases DMI, especially in
diets with a high proportion of forage (9) due to the increased
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molar proportion of propionate and decreased molar proportion
of acetate and butyrate (35).

Narasin is an ionophore produced by Streptomyces
aureofaciens. It has been evaluated for pigs (36) and chicken
(37), and more recently in beef cattle diets (15, 16, 18). According
to these last authors, narasin fed at 13 mg/kg DM has the
potential to increase ADG and improve ruminal fermentation
characteristics, especially increasing the molar proportion of
propionate and decreasing the molar proportion of acetate and
acetate:propionate ratio, without negatively affecting DMI of beef
cattle fed high-roughage diets. This characteristic would also
benefit finishing cattle, especially during the adaptation period, in
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TABLE 5 Effect of sampling days on the ruminal concentration of short-chain fatty acids (SCFAs) and pH of finishing beef cattle—Exp. 1.

Sampling days? SEMP P-value
24 27
Total SCFA, mmol/L 1174 88.2¢ 137¢ 1334 6.45 <0.001
SCFA, mol/100 mol
Acetate 60.6° 59.5¢ 57.14 56.84 0.974 <0.001
Propionate 24.5¢ 25.5% 27.6%4 29.4¢ 0.998 <0.001
Butyrate 11.1¢d 10.6% 11.5 9.734 0.60 0.06
Acetate:propionate ratio 2.61¢ 2.47¢ 2.19¢ 2.03¢ 0.11 <0.01
Ruminal pH 6.14° 6.20° 5.98¢ 6.03¢ 0.065 <0.01

#Ruminal content was collected from each steer 6 h after feeding on days 21 (the last day of the adaptation period), 24, 27, and 42 (end of the experiment).

YSEM, standard error of the mean.

cdeMeans that do not have common superscript letters are different (Tukey test; P < 0.05).

TABLE 6 Effect of feed additives on growth performance and carcass characteristics of finishing beef cattle—Exp. 2.

Treataments? SEMP P-value
MN

Pens (steers) 8 (24) 8 (24) 8 (24) 8 (24) 8 (24) - -
Growth performance
Body weight, kg©
Day 1 424 424 425 425 425 10.6 0.41
Day 21 437 442 441 442 439 10.1 073
Day 105 570 571 576 578 569 132 0.85
Dry matter intake, kg/day
Adaptation period 9.73¢f 9.57¢ 9.43 10.4¢ 10.14¢ 0.221 <0.001
Finishing period 10.1 9.90 10.3 10.4 10.5 0.260 0.15
Total feeding period 10.0% 9.83¢ 10.14¢ 10.4¢ 10.42 0.244 0.07
Average daily gain, kg/day
Adaptation period 0.590 0.819 0.761 0.821 0.701 0.150 0.78
Finishing period 1.59 1.54 1.61 1.62 1.54 0.069 0.88
Total feeding period 1.39 1.40 1.44 1.46 1.38 0.066 0.87
Feed efficiency (gain:feed ratio)
Adaptation period (days 1-21) 0.060 0.084 0.080 0.079 0.070 0.015 0.79
Finishing period (days 22-105) 0.156 0.156 0.158 0.154 0.149 0.006 0.87
Total feeding period (days 1-105) 0.140 0.141 0.144 0.140 0.133 0.006 0.76
Carcass characteristics
Dressing, % 57.3 58.3 58.5 58.4 57.5 0.51 0.12
Hot carcass weight, kg 328 334 336 333 332 4.00 0.70
Longissimus muscle area, cm? 74.8 76.7 75.3 73.2 75.9 1.69 0.64
12th-rib fat, mm 4.69° 6.58¢ 5.78d 6.05% 5.834 0.45 0.04

2CON, control; no feed additive; MM, sodium monensin at 25 mg/kg DM during the adaptation and finishing periods (Rumensin, Elanco Saude Animal, Sdo Paulo, SP, Brazil); MN, sodium
monensin at 25 mg/kg DM during the adaptation period and narasin at 13 mg/kg DM (Zimprova, Elanco Saude Animal, Sdo Paulo, SP, Brazil) during the finishing period; NM, narasin at 13
mg/kg DM during the adaptation period and sodium monensin at 25 mg/kg DM of during the finishing period; NN, narasin at 13 mg/kg DM during the adaptation and finishing periods.

bSEM, standard error of the mean.

¢Shrunk body weight on days 1 and 105 (after 16 h of feed and water withdrawal). Body weight on day 21 was discounted by 4% from the full BW as ruminal fill.
defMeans that do not have common superscript letters are different (Tukey’s test; P < 0.05).
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which finishing cattle is transitioned from high-roughage-based
diets to high-concentrate diets, and the low DMI during the
first 1-21 days of the adaptation period (2, 4, 6) could limit the
growth performance.

In agreement with our hypothesis, steers fed narasin during
the adaptation period had greater DMI compared to monensin.
In Exp. 2, this difference tended to carry over the finishing
period, but no differences in ADG or feed efficiency were detected
between the treatments. Apparently, any difference in feed intake
during the adaptation period due to feeding monensin will be
compensated during the finishing phase, so no differences in
the growth performance were detected at the end of the total
feeding period.

The lack of treatment effect on growth performance and
carcass characteristics in the present study is in agreement with
Stackhouse-Lawson et al. (38) and Gouvéa et al. (39), who also
did not observe differences in growth performance and carcass
characteristics when monensin was fed to finishing cattle. The
inclusion of 0, 22, 33, and 44 mg monensin/kg diet DM for
finishing beef cattle also did not affect the DMI, rumen pH,
SCFA concentrations, and H,S gas (40). Bell et al. (41) also
did not observe differences in nutrient digestibility of beef steers
receiving a forage-based diet with or without monensin. On the
contrary, in a meta-analysis using 40 peer-reviewed manuscripts
and 24 additional trial reports, Duffield et al. (10) concluded that
monensin decreased DMI by 3% and improved G:F of finishing beef
cattle by 2.5-3.5%. According to Yang and Russell (42), monensin
can inhibit amino acid-fermenting ruminal bacteria, decreasing
ruminal amino acid deamination and ammonia production in
the rumen.

Contrary to Polizel et al. (18) and Limede et al. (19), narasin
supplementation did not increase the ruminal concentration of
propionate or the total concentration of SCFA in the current study.
The lack of treatment effect on ruminal fermentation characteristics
and nutrient digestibility agrees with the lack of treatment effect on
growth performance in the current experiment.

The increase in the molar proportion of propionate and
decrease in the molar proportion of acetate and butyrate
throughout the days on feed is probably a result of rumen microbial
change due to an increase in the amount of starch fermented in
the rumen, as a combined result of dietary changes during the
adaptation period and increased DMI following changes in BW.

According to Clary et al. (43), a diminished response to
ionophores is observed when fat is fed in high-concentrate diets.
However, according to these authors, supplementing monensin
in finishing diets containing tallow (4% DM) did not affect feed
efficiency but did increase the feed efficiency by 4% in diets
with no tallow. According to Zinn and Borques (44), the growth
performance response to monensin supplementation is reduced in
fat-supplemented finishing diets. In the current study, although no
supplemental fat was included in the diet, the inclusion of whole
cottonseed contributed to an increase in the total fat content of
the diet, which can be related to the lack of response to ionophore
supplementation on the growth performance. According to Clary
et al. (43), the interaction between fat and ionophores may be
related to the similar effects of these two ingredients on ruminal
fermentation (45) or to the decreased solubility of ionophores
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in lipids (43). More research is needed to better understand the
nutritional and management factors that can impair monensin in
finishing diets.

The lack of treatment effect on growth performance and
ruminal fermentation characteristics in the current experiment is
a good example of the importance of using a negative control
treatment (without feed additives) when comparing different feed
additives. Monensin is frequently used as the control treatment to
evaluate alternative feed additives (46, 47), which makes it difficult
to accurately account for the benefits (or the lack of benefits)
of alternative feed additives on animal performance or ruminal
fermentation characteristics.

5. Conclusion

Feeding narasin at 13 mg/kg DM during the adaptation period
increases the dry matter intake compared to monensin at 25 mg/kg
DM; however, no effects of feed additives were observed on nutrient
digestibility, growth performance, or carcass characteristics of
finishing cattle.
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