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Abstract
The objective of this study was to assess the impact of increasing levels of heat-treated soybean in the diet of crossbred cattle 
during the finishing phase on nutrient intake and digestibility, ruminal parameters, digesta passage rate, nitrogen balance, 
and microbial protein synthesis. Five steers, crossbred 7/8 Jersey x Zebu, fitted with rumen cannulas and with an average 
weight of 350 ± 50 kg, were utilized. The experimental treatments consisted of 0, 7, 14, 21, and 28% inclusion of heat-treated 
soybean in the total diet dry matter. The animals were randomly allocated in a 5 × 5 Latin square design. Evaluation of the 
animals took place over five experimental periods, each lasting 20 days. During each experimental period, the first 15 days 
were allocated for animal adaptation to the experimental diets, followed by five days of data collection. No significant differ-
ences were observed among the diets in terms of dry matter intake (average of 6.57 kg  day−1; P = 0.615) and organic matter 
intake (average of 6.23 kg  day−1; P = 0.832). However, heat-treated soybean had a significant impact on the digestibility of 
dry matter (P = 0.02), organic matter (P = 0.01), crude protein (P < 0.01), and neutral detergent fiber (P < 0.01). There was 
no observed change on microbial protein synthesis (average of 409.6 g  day−1) in animals with the inclusion of heat-treated 
soybean in the diets. With each 1% inclusion of heat-treated soybean in the cattle diet, there was an increase of 0.00754 units 
in ruminal pH values and a reduction of 0.75839 mg  dL−1 in ruminal ammoniacal nitrogen values. This study suggests that 
heat-treated soybean can be included in up to 15% of the dry matter in diets for finishing feedlot cattle.
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Introduction

The production of ruminants in Brazil relies primarily on 
forage plants as the main source of nutrients for the ani-
mals. However, the low quality of tropical forages, coupled 
with factors such as seasonality in mass production, poses 
challenges in providing adequate energy intake and protein 
to meet the nutritional requirements of animals during the 
finishing phase (Vellini et al., 2020; Ferreira et al., 2021).

To address the issue of slaughtering older animals (over 
36 months) that are lighter and lack proper carcass finishing, 
the use of intensive production systems in Brazil has been 
steadily increasing each year. In 2022, a total of 39.1 million 
cattle were slaughtered (Abiec, 2023), with approximately 
15.4% of that total being finished in feedlots. In intensive 
production systems, the cost of feed is one of the factors 
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that has the most significant impact on the overall produc-
tion cost.

Soybean meal is a widely used ingredient in Brazilian 
feedlots as the primary source of crude protein. This nutri-
ent represents one of the main components that drive up 
feed costs. Consequently, there is a search for feeds rich 
in crude protein to either fully or partially replace soybean 
meal. Among various alternatives, whole processed and 
heat-treated soybeans, derived from Glycine max (L.) Merr., 
are prominent sources of protein and energy in animal diets 
(Melo et al., 2023). Their use is advantageous due to the 
slow-release of fatty acids within the rumen (Bulcão et al., 
2021). Soybean grains contain 384.7 g  kg−1 DM of crude 
protein, 905.3 g  kg−1 DM of total digestible nutrients, and 
189.1 g  kg−1 DM of lipids in their chemical composition 
(Chesini et al., 2022).

However, whole raw soyabean have inherent antinutri-
tional factors for animals, such as proteases inhibitors, lec-
tins (hemagglutinins), urease, and allergens (glycinin and 
β-conglycinin). These factors necessitate heat treatments 
to inactivate them before feeding them to animals (Rocha 
et al., 2014). After heat treatment, this feed is referred to as 
deactivated or heat-treated soybean (Chesini et al., 2022).

The inclusion of heat-treated soybean in ruminant diets 
requires careful analysis. High levels of inclusion (above 
300 g  kg−1 DM) of these ingredients can impact the volun-
tary intake of animals and fiber digestibility due to the high 
lipid content found in soybean grains (Palmquist, 1991; Ibra-
him et al., 2021). Chesini et al. (2022) evaluated the inclu-
sion of heat-treated soybean (44 g  kg−1 DM) in the diet of 
Holstein cows and did not verify changesin the digestibility 
of the diet and milk production in the animals. There are few 
literature studies with heat-treated soybean compared to the 
use of whole raw soyabean in ruminant diets. Cônsolo et al. 
(2017) evaluated diets containing 80, 160, and 240 g  kg−1 
DM of whole raw soyabean in the diet of Nelore steers. The 
authors concluded that whole raw soyabean inclusion into 
the diet of Nelore steers did not change nutrient digestibil-
ity, promoted few changes in rumen metabolism and blood 
parameters, and was not detrimental to digestive functions. 
In dairy cattle, Barletta et al. (2016) examined high levels 
of whole raw soyabean (240 g  kg−1 diet DM) in the diets 
of Holstein dairy cows and reported a linear decrease in 
DM intake. However, milk production (3.5% of fat) was not 
affected.

To avoid exceeding 80 g  kg−1 DM of lipids in ruminant 
diets (Ibrahim et al., 2021), it is essential to study the optimal 
proportion of soybean grain inclusion in the diet of cattle, as 
a partial replacement for soybean meal. We hypothesize that 
the partial replacement of soybean meal with heat-treated 
soybeans will not affect the intake and digestibility of nutri-
ents and ruminal parameters in beef cattle during the feedlot 
finishing phase.

Based on the above, the aim of this study was to assess 
the impact of increasing levels of heat-treated soybean in the 
diet of crossbred cattle during the finishing phase on nutri-
ent intake, digestibility, ruminal parameters, digesta passage 
rate, nitrogen balance, and microbial protein synthesis.

Materials and methods

Location of execution

This research was conducted in accordance with the ethical 
principles established by the National Council for the Con-
trol of Animal Experimentation (CONCEA) and received 
approval from the Committee on Ethics in Animal Use/
CEUA/UFGD (protocol number 22/2020).

The experiment was carried out at the Federal University 
of Grande Dourados (UFGD), located in Dourados, Mato 
Grosso do Sul, Brazil, at a latitude of 22° 14´S, longitude of 
54° 49´W, and an altitude of 450 m.

Animals and experimental design

Five rumen-cannulated male crossbred steers (7/8 Jersey 
x Zebu) were utilized, each weighing 350 ± 5 kg and aged 
approximately 28.0 ± 3.0 months. The experiment followed 
a 5 × 5 Latin square design, with each experimental period 
spanning 20 days, including 15 days for adaptation to the 
experimental diets and 5 days for sampling. The animals 
were vaccinated, dewormed, and housed in individual stalls 
measuring 3 × 5 m (15  m2) with shelter and free access to 
water. Feeding occurred at 8:00 a.m. with ad libitum access 
to feed (with a 10% allowance for refusals on an as-fed 
basis).

The experimental diets were formulated to include levels 
of heat-treated soybean at 0, 7, 14, 21 and 28% (on a dry 
matter basis; Table 1). The roughage-to-concentrate ratio, 
based on dry matter, was 15:85. As per the NRC (2016) 
guidelines, all diets were designed to meet the nutrient 
requirements for an average daily gain of 1.5 kg per day.

Heat-treated soybeans were incorporated into the diets to 
achieve an ether extract (EE) concentration of 80 g  kg−1 DM. 
This EE level of 80 g  kg−1 DM in the diets was established 
in accordance with NRC (2016) recommendations, which 
specify the maximum allowable lipid content in ruminant 
diets. Conversely, the ether extract (EE) level in the control 
diet was determined according to standard feed compositions 
for confined ruminant animals.

Intake, chemical composition and digestibility of nutrientes

The daily feed intake was determined by weighing both pro-
vided feed and the leftovers. Samples of both the offered and 
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refused feed were collected on a daily basis and frozen for 
subsequent analysis of various components, including dry 
matter (DM; method 930.15), organic matter (OM; method 
942.05), crude protein (CP; method 976.05), and ether 
extract (EE; method 920.39), in accordance with AOAC 
(2000) procedures. Neutral detergent fiber (NDF) was 
assessed following the method described by Mertens (2002), 
utilizing α-amylase (Termamyl®; Sigma Aldrich). Acid 
detergent fiber (ADF) was determined as per AOAC (2012) 
guidelines. The total digestible nutrient content (TDN) was 
calculated based on NRC (2001) recommendations.

Digestibility coefficients were calculated using the fol-
lowing formula: DC = [(kg of the portion ingested—kg of 
the portion excreted) / (kg of the portion ingested)] × 100.

Ruminal parameters

On the 19th day of each experimental period, samples of 
ruminal digesta were collected from five different locations 
within the rumen (cranio-dorsal, cranio-ventral, ventral, 
caudo-ventral, and caudo-dorsal ruminal regions). These 
samples were taken through the ruminal cannula shortly 
before and 2, 4, 6, and 8 h after the morning feeding, total-
ing five collections.

Rumen pH was promptly measured after collecting 
200 mL of samples using a pH meter (MB-10, Marte, Santa 
Rita do Sapucaí, Brazil). Subsequently, 20 mL of ruminal 
fluid were collected, stored in sealed plastic containers, and 
immediately frozen at -20 °C for later analysis. Analysis of 
volatile fatty acids was conducted using High-performance 
Liquid Chromatography (Shimadzu, Japan) equipped with 
an ultraviolet detector (SPD-10AVP Columbia, USA) and a 
column (HPX-87H—30 cm × 4.5 mm, Bio-Rad Laboratories 
Ltd.) according to Erwin et al. (1961). Ammonia nitrogen 
concentration  (NH3-N) in the ruminal fluid was determined 
using a spectrophotometer (Spectrophotometer Mono Beam 
SP-22, Curitiba, Biospectro, Brazil®) following the method 
outlined by Broderick and Kang (1980).

Nitrogen balance and microbial protein synthesis

Urine collection was carried out on the 19th day of each 
experimental period, occurring 4 h after feeding. Allantoin 
analysis was conducted using the colorimetric method, fol-
lowing the technique described by Fujihara et al. (1987), as 
outlined by Chen and Gomes (1992). The total excretion of 
purine derivatives was calculated by summing the amounts 
of allantoin and uric acid excreted in the urine, expressed in 
mmol per day.

Absorbed microbial purines (mmol per day) were calcu-
lated based on the excretion of purine derivatives in the urine 
(mmol per day) using the equation: DP = 0.85 × Pabs + 0.3
85 ×  BW0.75, where 0.85 represents the recovery of purines 
absorbed as urinary purine derivatives, and 0.385 ×  BW0.75 
accounts for the endogenous contribution to purine excretion 
(Verbic et al. 1990).

To determine the nitrogen balance, the nitrogen content 
in urine, feces, and feed was analyzed using the Kjeldahl 
method in accordance with AOAC (2000) procedures. Uri-
nary volume was calculated using the equation: UV (l per 
day) = (27.36 × BW) / [creatinine], where BW represents 
body weight, and UV stands for urinary volume. The value 
of 27.36 signifies the average daily excretion of creatinine, 
in parts per million (ppm) of body weight, as established by 
Rennó et al. (2014).

Digesta passage rate and ruminal dynamics

The determination of nutrient pools and flow was estimated 
based on the concentration of the internal indicator indi-
gestible neutral detergent fiber (iNDF). To achieve this, pre-
dried samples of feed, leftovers, ruminal content, reticular 
content, and feces were collected and dried in an oven with 
forced ventilation (55 °C/72 h). The samples were pro-
cessed in a knife mill with 1 mm porosity sieves, and these 
were placed in non-woven fabric bags (TNT 100 g  m−2) 

Table 1  Proportion and chemical composition of experimental diets

1 Guarantee levels (kg  product−1): Calcium 147.00  g, Phos-
phorus 35.00  g, Sodium 100.00  g, Sulfur 50.00  g, Magnesium 
40.00  g, Buffer 100.00  g, Cobalt 90.00  mg, Copper 700.00  mg, 
Iodine 90.00  mg, Manganese 1,800.00  mg, Selenium 15.00  mg, 
Zinc 3,000.00  mg, Iron 1,800.00  mg, Fluorine 350.00  mg, Mon-
ensin 1,250.00  mg, Bacillus subtilis 3.00 ×  1010  CFU   kg−1, 
Bifidobacterium bifidum 1.00 ×  1010  CFU   kg−1, Enterococ-
cus faecium 1.00 ×  1010  CFU   kg−1, Lactobacillus acidophilus 
1.00 ×  1010 CFU  kg−1, Lactobacillus buchneri 2.00 ×  1010 CFU  kg−1, 
Lactobacillus casei 1.00 ×  1010  CFU   kg−1, Lactobacillus lactis 
1.00 ×  1010 CFU  kg−1, Saccharomyces cerevisiae 2.00 ×  109 CFU  kg−1

Item (%) Inclusion of heat-treated soybean (% 
DM)

0 7 14 21 28

Oat hay 15.0 15.0 15.0 15.0 15.0
Ground corn 65.2 64.9 63.9 60.9 54.5
Soybean meal 16.2 9.50 3.50 0.00 0.00
Heat-treated soybean 0.00 7.00 14.0 21.0 28.0
Urea 1.00 1.00 1.30 1.40 1.30
Premix  mineral1 2.50 2.50 2.50 2.50 2.50

Chemical composition (g  kg−1 DM)
Dry matter 889 890 892 893 895
Crude protein 150 150 150 150 150
Ether Extract 34.5 46.3 59.2 69.6 79.9
Neutral detergent fiber 193 198 206 213 223
Total digestible nutrients 768 780 814 812 822
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measuring 4 × 5 cm, following a ratio of 20 mg  cm2 of dry 
matter (Nocek, 1988).

The samples were incubated for 288 h in the rumen of 
two Jersey steers, previously adapted to a concentrate diet 
consisting of heat-treated soybean, ground corn, and oat 
hay, following the methodology described by Casali et al. 
(2008). The iNDF passage rate (kp) in the ruminal digesta 
was calculated by dividing the iNDF intake per hour by the 
ruminal compartment size, based on the two-compartment 
model for cellulose digestion proposed by Waldo et  al. 
(1972). The ruminal NDF digestion rate (kd) was calculated 
as the difference between the total NDF removal rate from 
the rumen and its passage rate (Allen and Mertens, 1988), 
where: Kd = (Intake per hour of digestible NDF – kp) / Size 
of digestible NDF ruminal compartment.

The apparent rumen digestibility of NDF as a percent-
age of NDF was calculated as follows: NDF digestibility 
(%) = kd / (kd + kp). Ruminal renovation rates, passage 
through, and ruminal digestion rate of each component were 
calculated according to Oba & Allen (2003). During the total 
removal of the ruminal content, 10% aliquots of the digesta 
were separated to allow for more accurate and representa-
tive sampling.

The aliquots were filtered through a desorating cloth sieve 
with 1.0 mm porosity to separate the solid content from the 
liquid for determining the average particle size. Fractions 
of ruminal and abomasal content samples in the solid and 
liquid phases were pre-dried and corrected for the original 
dry matter, and conditioned in a freezer at -20 °C until the 
analyses were carried out (Harvatine and Allen, 2006).

Statistical analyzes

The data obtained were analyzed using SAS (Version 9.1.3, 
SAS Institute, Cary, NC, 2004), with checks for the normal-
ity of residuals, and homogeneity of variances. The data 
were analyzed through PROC MIXED according to the fol-
lowing model:

where:
Yijl is the dependent variable, µ is the overall mean, ai is 

the random effect of the animal (i = 1 to 5), pj is the random 
effect of the period (j = 1 to 5), Dl = is the fixed effect of 
diet (l = 1 to 5), and eijl is the residual error, normally and 
independently distributed, with mean zero and variance σ2.

The degrees of freedom were adjusted using DDFM = kr, 
and Akaike’s information criterion was used to select the 
best covariance structure. The data obtained underwent an 
analysis of variance, with a significance level of 5%, and 
were evaluated using linear and quadratic polynomial regres-
sion models.

Yijl = � + ai + pj + Dl + eijl

Results

Intake and digestibility of nutrients

The inclusion of thermally treated soybean grain to replace 
soybean meal in the diet of finishing-phase cattle did not 
result in significant changes in the intake of dry mat-
ter (P = 0.65), organic matter (P = 0.83), crude protein 
(P = 0.55), neutral detergent fiber (P = 0.65), and starch 
(P = 0.12). The average intakes were 6.57, 6.23, 0.995, 
1.35, and 2.18 kg per day, respectively (Table 2). How-
ever, the intake of ether extract showed a linear increase 
(P < 0.01). With each 1% inclusion of soybean, there was 
a corresponding increase of 0.00734 kg per day in the 
intake of ether extract. The dry matter intake (P = 0.23) 
and NDF intake (P = 0.23), expressed as a percentage of 
body weight, did not change with the inclusion of soybean 
grain in the diet.

The digestibility of dry matter (P < 0.01), organic matter 
(P < 0.01), crude protein (P < 0.01), and neutral detergent 
fiber (P < 0.01) was affected by the inclusion of soybean 
grain in the animal's diet. The means followed a quad-
ratic regression model. The inclusion of soybean grain 
that minimized the digestibility of dry matter (12.12%), 
organic matter (12.12%), crude protein (14.64), and neu-
tral detergent fiber (10.97%). On the other hand, the inclu-
sion of soybean grain that maximized the digestibility of 
ether extract was 20.0%.

Ruminal parameters

The inclusion of heat-treated soybean in the diet of cross-
bred cattle in the finishing phase led to changes in the 
pH values (P < 0.01) and ruminal ammoniacal nitrogen 
(P < 0.01). The pH values increased by 0.00754 units for 
every 1% inclusion of heat-treated soybean in the diet 
(Table 3). Ruminal ammoniacal nitrogen and acetate con-
centration showed a linear decrease of 0.75839 mg  dL−1 
and 0.31122 mmol  L−1, respectively, for each 1% inclusion 
of heat-treated soybean in the diet.

There were no significant differences between diets 
in terms of propionic acid (P = 0.23), butyric acid 
(P = 0.10), isobutyrate (P = 0.10), valerate (P = 0.09), and 
acetate:propionate ratio (P = 0.67). The average concen-
trations were 14.33, 7.23, 0.37, 0.73 mmol  L−1, and 2.95, 
respectively.

The concentrations of isovalerate (P < 0.01), branched-
chain fatty acids (P < 0.01), and total fatty acids (P < 0.01) 
linearly decreased as the inclusion of heat-treated soybean 
in the diet increased.
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Table 2  Intake and digestibility 
of nutrients in cattle fed 
different levels of heat-treated 
soybean

SEM Standard error of the mean. Quadr Quadratic Effect
A Y = 0.1691 + 0.00734X;  r2 = 0.76
B Y = 803.361 – 4.7370X + 0.19514X2;  r2 = 0.78
C Y = 867.6301 – 5.1159X + 0.2107X2;  r2 = 0.85
D Y = 801.3825 – 13.1543X + 0.4491X2;  r2 = 0.84
E Y = -0.1883x2 + 7.2027x + 835.16,  R2 = 0.96
F Y = 594.1849 – 15.6808X + 0.7141X2,  r2 = 0.92

Item Heat-treated soybean levels (% DM)1 SEM2 P-value3

0 7 14 21 28 Diet Linear Quadr

Intake (kg  day−1)
  Dry matter 6.85 7.06 6.52 6.32 6.13 0.203 0.651 0.332 0.744
  Organic matter 6.49 6.70 6.18 5.99 5.81 0.191 0.832 0.402 0.341
  Crude protein 1.15 0.95 0.939 1.01 0.929 0.046 0.557 0.214 0.258
  Ether  extractA 0.132 0.264 0.284 0.31 0.366 0.019 0.003  < 0.001 0.135
  Neutral detergent fiber 1.32 1.40 1.34 1.35 1.37 0.089 0.654 0.223 0.358
  Starch 2.27 2.32 2.16 2.10 2.06 0.068 0.125 0.541 0.235

Intake (% BW)
  Dry matter 2.36 2.18 2.07 2.00 2.19 0.098 0.235 0.385 0.239
  Neutral detergent fiber 0.46 0.43 0.43 0.43 0.49 2.02 0.235 0.456 0.523

Digestibility (g  kg−1)
  Dry  matterB 789.23 836.94 772.57 764.39 808.93 10.20 0.025 0.125 0.002
  Organic  matterC 852.37 903.89 834.38 873.65 825.54 11.016 0.045 0.225 0.011
  Crude  proteinD 788.42 759.64 698.02 704.51 795.72 17.415 0.008 0.517 0.001
  Ether  extractE 831.44 881.63 905.63 889.42 895.14 8.58 0.028 0.234 0.038
  Neutral detergent  fiberF 548.76 599.29 547.54 456.03 771.37 11.991 0.002 0.145 0.003
  Starch 880.08 928.35 925.26 916.4 939.4 10.177 0.420 0.458 0.235

Table 3  Ruminal fermentation of confined cattle fed with heat-treated soybean

SEM Standard error of the mean. Quadr Quadratic Effect
A Y = 6.152 + 0.00754X;  r2 = 0.74
B Y = 44.342 – 0.75839X;  r2 = 0.82
C Y = 43.810- 0.31122X;  r2 = 0.89
D Y = 2.0881- 0.0568X + 0.0014X2;  r2 = 0.82
E Y = 3.2680- 0.0845X + 0.0025X2;  r2 = 0.78
F Y = 73.4490 – 0.4854 X;  r2 = 0.88

Item Heat-treated soybean levels (% DM) 1 SEM2 P-value3

0 7 14 21 28 Diet Linear Quad

pH A 6.03 6.33 6.38 6.11 6.40 0.034  < 0.001 0.003 0.102
Ammoniacal nitrogen (mg  dL−1) B 48.6 35.2 31.4 27.2 26.1 1.67  < 0.001  < 0.001 0.125
Short-chain fatty acids (mmol  L−1)

  Acetate C 44.19 42.46 36.85 38.42 35.35 0.841 0.005  < 0.001 0.458
  Propionate 15.80 15.82 13.42 13.13 13.5 0.437 0.233 0.454 0.358
  Butyrate 8.13 6.88 7.52 7.11 6.53 0.223 0.104 0.235 0.855
  Isoburirate 0.301 0.366 0.416 0.333 0.462 0.02 0.101 0.047 0.974
  Valerate 0.863 0.694 0.617 0.69 0.826 0.028 0.099 0.646 0.003
  Isovalerate D 2.16 1.55 1.70 1.53 1.57 0.055 0.001 0.004 0.015
  Branched-chain fatty acid E 3.33 2.61 2.73 2.56 2.85 0.079 0.005 0.043 0.003
  Total short-chain fatty acids F 74.77 70.38 63.25 63.77 61.08 1.235 0.005  < 0.001 0.296
  Acetate: Propionate ratio 3.01 2.87 2.85 3.13 2.93 0.073 0.672 0.846 0.732
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Nitrogen balance and microbial protein synthesis

The inclusion of heat-treated soybean in the diet of crossbred 
cattle during the finishing phase did not have a significant 
effect on nitrogen intake (P = 0.53), nitrogen excretion in 
feces (P = 0.23), absorbed nitrogen (P = 0.29), and retained 
nitrogen (P = 0.22). The respective means were 159.7, 40.24, 
119.5, and 96.99 g per day (Table 4).

The means related to the excretion of nitrogen in urine 
were fitted to a quadratic regression model. It was found 
that including heat-treated soybean at a rate of 15.62% in 
the cattle's diet resulted in greater urinary nitrogen excre-
tion. There was no difference between the diets on microbial 
protein synthesis (MPS) in animals (P = 0.62) and efficiency 
of MPS (P = 0.611). The averages were 788.20 g  day−1 and 
150.42 g MPS kg of  TDN−1, respectively.

Digesta passage rate and ruminal dynamics

The inclusion of heat-treated soybean in the diet of cross-
bred cattle did not alter the post-ruminal flow of dry matter 
(P = 0.84), organic matter (P = 0.83), and NDF (P = 0.63; 
Table 5). Additionally, the passage rate (% per hour) of dry 
matter (P = 0.25) and organic matter (P = 0.24) also remained 
unchanged. However, the passage rate of NDF and the rate 
of disappearance of dry matter and organic matter were 
affected by the inclusion of heat-treated soybean grain in 
the diet. The means followed a quadratic regression model.

The digestion rate of dry matter, organic matter, and NDF 
was not affected by the different bovine diets. The inclu-
sion of heat-treated soybean in the cattle's diet resulted in 
a linear reduction in the ruminal apparent digestibility of 

dry matter and organic matter. The average NDF ruminal 
digestibility followed a quadratic regression model, with the 
maximum point occurring at an 18.41% inclusion of heat-
treated soybean.

Discussion

Heat-treated soybean is a potential ingredient for use in 
ruminant feed because it serves as a source of crude protein, 
energy, and lipids. However, its high fat content is one of the 
factors limiting its inclusion in larger proportions in animal 
diets. In this research, it was observed that replacing soybean 
meal with thermally treated soybean increased the intake of 
ether extract. This increase can be attributed to the chemical 
composition of the ingredient, namely, the thermally treated 
soybean. Nevertheless, there was no observed effect on the 
intake of dry matter and crude protein. According to Bulcão 
et al. (2021), this lack of effect may be because the popula-
tion of fibrolytic bacteria in the rumen was not adversely 
affected by the fats present in soybean.

The lowest digestibility of dry matter and neutral deter-
gent fiber occurred when 12.12% and 10.97% of soybean 
were included in the diet, respectively. Digestibility values 
increased when soybean inclusion exceeded the aforemen-
tioned percentages. Ibrahim et al. (2021) discovered that 
heat-treated soybean and other sources of vegetable oils 
rich in unsaturated fatty acids are known to have a negative 
impact on bacteria that might inhibit fiber digestion. This 
is because when fat becomes available in the rumen, it 
forms a coating on bacterial cells and feed particles, limit-
ing bacterial access to the feed particles and thus affecting 

Table 4  Nitrogen balance in 
confined cattle fed different 
levels of heat-treated soybean

SEM Standard error of the mean. Quadr Quadratic Effect
A Y = 31.334 – 1.9098X + 0.0608X2;  r2 = 0.82

Item Heat-treated soybean levels (% DM) 1 SEM2 P-value3

0 7 14 21 28 Diet Linear Quad

Intake (g  day−1)
  Nitrogen 185.41 152.11 150.35 162.12 148.69 7.509 0.536 0.254 0.413

Excretion (g  day−1)
  Feces 40.26 37.75 45.06 47.76 30.37 3.503 0.235 0.112 0.203
  Urine A 30.49 22.44 17.08 15.8 26.59 3.154 0.017 0.232 0.007

Nitrogen balance (g  day−1)
  Absorbed 145.14 114.35 105.28 114.36 118.31 5.996 0.291 0.209 0.089
  Retained 114.65 91.9 88.19 98.54 91.71 6.84 0.221 0.351 0.541

Microbial protein synthesis (MPS; g  day−1)
  Nitrogen 121.49 120.81 122.30 146.00 119.95 1.93 0.622 0.574 0.594
  Crude protein 759.34 755.05 764.38 912.52 749.71 12.04 0.622 0.574 0.594
  Efficiency of MPS, 

g MPS  kg−1 of 
TDN

144.34 137.11 144.02 177.81 148.79 3.18 0.501 0.493 0.611
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feed degradation (Ibrahim et al., 2021). However, this 
behavior was not observed in this research, likely because 
fat levels in the diets did not exceed 80 g  kg−1 DM.

Bulcão et al. (2021) observed that the inclusion of 16% 
whole raw soybean in the buffalo diet (on a dry matter 
basis) did not lead to changes in dry matter intake. How-
ever, the same authors reported an increase in the digest-
ibility of ether extract. In this study, a higher digestibil-
ity of ether extract was observed with the inclusion of 
20% thermally treated soybean in the diet of beef cattle. 
According to Palmquist (1991), there are situations in 
which an increase in ether extract intake tends to dilute 
the effect of endogenous losses of ether extract in feces, 
resulting in higher apparent digestibility. This phenom-
enon was confirmed in our research.

Ruminal pH values in crossbred cattle were affected by 
diets containing different proportions of heat-treated soy-
bean grain compared to the control diet (without soybean 
grain). However, all values remained close to the mean, fall-
ing within the normal range of 6.0 to 7.0, which optimizes 
the rate of ruminal fermentation and fiber degradation.

Animals fed diets containing up to 28% soybean inclu-
sion exhibited higher ruminal pH values. This outcome can 
be attributed to the higher inclusion of cornmeal and soy-
bean meal in the control diet. These ingredients undergo 
faster fermentation compared to the carbohydrates contained 
within soybeans, providing a substrate for the ruminal fer-
mentation process and, consequently, affecting the avail-
ability of hydrogen (Macedo et al., 2016). Furthermore, the 
adaptation of ruminal microorganisms to varying levels of 
fat in the diet may explain the higher pH in the diet with 
28% soybean grain inclusion. This adaptation can favor the 
process of biohydrogenation of unsaturated fats, in which 
microorganisms use free hydrogen to saturate fatty acids, 
thus increasing pH values in the rumen.

The concentrations of N-NH3 decreased linearly with 
increasing proportions of soybean grain in the cattle diet. This 
reduction can be explained by the toasting process applied to 
the soybean grain during processing, which reduces the rumi-
nal degradability of protein. Additionally, the deleterious effect 
of lipids present in soybeans on microorganisms responsible 
for amino acid degradation can contribute to the decrease in 

Table 5  Ruminal dynamics of 
feedlot cattle fed with different 
levels of heat-treated soybean

SEM: Standard error of the mean. Quadr: Quadratic Effect
A Y = 4.8497 – 0.2282X + 0.00741X2;  r2 = 0.83
B Y = 9.446 5- 0.3183X + 0.0108X2;  r2 = 0.71
C Y = 9.9725 – 0.3473X + 0.0118X2;  r2 = 0.80
D Y 550.9815 – 5.13358 X;  r2 = 0.88
E Y = 557.1477 – 5.2256X;  r2 = 0.76
F Y = 226.1871 + 22.4393X – 0.6091X2;  r2 = 0.93

Item Heat-treated soybean levels (% DM) 1 SEM2 P-value3

0 7 14 21 28 Diet Linear Quad

Post-ruminal flux (kg DM  day−1)
  Dry matter 3.09 3.24 3.63 3.55 3.62 0.222 0.842 0.318 0.7
  Organic matter 2.87 3.06 3.40 3.35 3.41 0.21 0.83 0.302 0.673
  Neutral detergent fiber 1.11 0.91 0.91 0.983 0.957 0.06 0.655 0.523 0.915

Passage rate (%  h−1)
  Dry matter 4.25 3.47 4.47 3.47 5.6 0.484 0.254 0.125 0.203
  Organic matter 4.37 3.76 4.52 3.54 5.91 0.523 0.241 0.185 0.221
  Neutral detergent fiber A 4.88 3.26 3.97 2.51 4.52 0.382 0.041 0.444 0.037

Turnover—disappearance rate (%  h−1)
  Dry matter B 9.37 7.68 7.73 6.79 9.31 0.775 0.012 0.718 0.039
  Organic  matterC 9.77 8.36 7.91 6.98 9.86 0.845 0.046 0.691 0.036
  Neutral detergent fiber 3.98 3.59 4.51 3.25 5.83 0.47 0.106 0.404 0.163

Digestion rate (%  h−1)
  Dry matter 5.12 4.24 3.26 3.31 3.71 0.422 0.218 0.071 0.128
  Organic matter 5.39 4.59 3.39 3.44 3.95 0.454 0.2 0.067 0.13
  Neutral detergent fiber 0.926 1.01 1.94 1.05 1.99 0.215 0.215 0.119 0.938

Ruminal apparent digestibility (g  kg−1)
  Dry  matterD 546.02 533.3 458.65 449.19 408.4 28.823 0.008 0.037 0.962
  Organic matter E 554.29 535.24 464.62 453.53 412.25 28.871 0.005 0.036 0.965
  Neutral detergent  fiberF 262.48 279.61 424.56 497.73 341.81 32.249 0.002 0.255 0.008
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N-NH3 concentrations. Microbial protein synthesis typically 
reduces N-NH3 concentration, assuming there is an adequate 
presence of carbohydrates. However, there was no effect of 
soybean in the cattle diet on microbial protein synthesis, which 
averaged 788.20 g per day. The presence of nitrogenous com-
pounds and ammonia in ruminal fluid is essential for rumen 
microorganisms, particularly cellulolytic bacteria, which use 
ammonia for protein synthesis. Nevertheless, the decrease in 
ammonia levels in the 28% soybean diet did not affect fiber fer-
mentation, indicating that all diets provided sufficient ammo-
nia for microbial fermentation.

The inclusion of soybean grain in the diet of crossbred 
cattle resulted in a reduction in the concentration of acetic 
acid and total short-chain fatty acids. These changes can be 
attributed to the decreased proportion of cornmeal and soy-
bean meal in the cattle's diet and the inclusion of heat-treated 
soybean grain. However, there is no consensus in the literature 
regarding the effects of oilseeds on ruminant diets. According 
to Ibrahim et al. (2021), the reduction in acetic acid and short-
chain fatty acids may be linked to variations in the popula-
tion of cellulolytic bacteria and protozoa in the rumen, which 
can lead to different outcomes with diets rich in oilseeds. The 
unsaturated fatty acids found in soybean and other oilseeds 
can be detrimental to many species of ruminal bacteria, par-
ticularly those involved in fiber digestion. However, no direct 
effect of lipids on bacteria has been established based on the 
results of neutral detergent fiber digestibility.

Regarding nitrogen balance, the excretion of nitrogen 
through urine exhibited a quadratic effect, with a minimum 
point at 15.62% inclusion of heat-treated soybean in the diet. 
The heating of soybean during the heat treatment process 
reduces protein degradation by ruminal microorganisms, 
consequently reducing free ammonia in the rumen available 
for absorption. This process, in turn, decreases the excretion 
of free ammonia through the animal's metabolism, consistent 
with the observed decrease in N-NH3 values in ruminal fluid 
with increasing inclusion of heat-treated soybean in the diet. 
Several factors can affect the amount of nitrogen absorbed 
by the duodenum and the amount of nitrogen retained, such 
as protein content and solubility, sources of endogenous 
nitrogen, the amount of digestible organic matter in the diet, 
pre-feeding treatment of dietary protein, and ruminal absorp-
tion (Yan et al., 2006). Proper diet balancing ensures the 
synchronization of carbohydrates and protein for microbial 
protein synthesis.

Conclusion

The substitution of soybean meal with heat-treated soybean 
in up to 20% of the dry matter in diets for finishing feedlot 
cattle does not alter dry matter intake but enhances ruminal 
parameters and fiber digestibility.
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