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Abstract
This study aimed to evaluate energetic feedstuffs regarding
chemical composition, in situ ruminal degradability of dry
matter (DMD), ruminal kinetics and ruminal disappearance rate
of dry matter. Seven feedstuffs (treatments) were evaluated:
ground corn, ground oat, ground barley, wheat bran, soybean
hull, malt root and corn germ, in a completely randomized
design of four repetitions each. Two bovines ruminally
cannulated were used for incubation, wherein each treatment
was subjected to seven periods of exposure to the rumen (0, 3,
Received 6, 9, 12, 18 and 24 hours). Among the evaluated feedstuffs,
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content (68.91%) and the lowest DMD at 24 h (64.91%). Ground
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ground barley had the highest DMD at 24 h (90.48%) and
therefore showed the highest rumen disappearance rate
(2.50%.h"") by combining both parameters, while the ground oat
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Resumo

Objetivou-se neste trabalho avaliar alimentos energéticos
quanto a composi¢ao quimica, degradabilidade ruminal in situ
da matéria seca (DMS), cinética ruminal e taxa de
desaparecimento ruminal da matéria seca. Foram avaliados
sete alimentos (tratamentos): grdo de milho moido, grdao de
aveia moido, grdo de cevada moido, farelo de trigo, casca de
soja, radicula de malte e gérmen de milho, num delineamento
inteiramente casualizado com quatro repeticbes cada. Para a
incubacdo dos materiais foram utilizados dois bovinos com
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canula ruminal, e cada tratamento foi submetido a sete
periodos de exposicdo ao rumen (0, 3, 6, 9, 12, 18 e 24 horas).
Dentre os alimentos avaliados, a casca de soja teve o maior teor
de fibra em detergente neutro (68,91%) e apresentou a menor
DMS em 24 h (64,91%). O grao de cevada moido e o grao de
milho moido tiveram os menores niveis de fracdo soluvel (FS)
(26,34% e 28,7%, respectivamente), porém o grao de cevada
moido apresentou a maior DMS em 24 h (90,48%), que por
conciliar estes parametros teve a maior taxa de
desaparecimento ruminal (2,50%.h-1), enquanto o grao de aveia
moido teve a maior FS (47,75%) e a menor taxa de
desaparecimento ruminal (1,09%.h-1).

Palavras-chave: composi¢cdao quimica; graos e derivados
industriais; taxa de desaparecimento ruminal

Introduction

In ruminant nutrition, the mixture of feedstuffs that favor the synchronicity of
carbohydrate and protein degradation in the rumen maximizes microbial efficiency,
decreases nitrogen losses as ammonia and carbohydrate energy losses, and this
represents the maximization of the use of nutrients and animal performance®. Thus, it
is necessary to know the proportions of feedstuff fractions and the nutrient
degradation rates®.

For ruminants, availability and degradability of nutrients can be determined using in
situ, in vitro and in vivo techniques®. The nylon bag ruminal incubation technique (in
situ)® is the most frequently used to determine the ruminal degradability of
components such as dry matter and crude protein, and is used as a reference method
for evaluating ruminal degradation of feedstuffs®.

Starch is the main energy source of most cereal grains such as corn, sorghum, barley,
wheat and oats. For ruminants, starch is an important energy source for microbial
growth, but in some situations it is desirable to control the inclusion and ruminal
digestibility of starch®.

In this context, industrial derivatives represent an alternative to replace starchy
ingredients, as they have fast fermenting carbohydrates, with high quality fiber (highly
degradable). These feedstuffs are low in starch and high in neutral detergent fiber
(NDF), and often contain other components such as soluble carbohydrates and/or
pectin(7). An example is soybean hull and malt root, both with high fiber and low starch
content, being an option for inclusion in ruminant diets, when the diet has high grain
and starch content®. It is a fiber that degrades rapidly in the rumen and is a good
source of energy® and modulator of rumen health.

Thus, knowledge of feedstuff fractions and nutrient degradation rates is used to
balance ruminant diets®. In this context, this study aimed to evaluate the rates of
ruminal degradation of energy feedstuffs and tested the hypothesis that cereal grains
have greater ruminal degradability at 24 hours when compared to industrial
derivatives. For this, we evaluated the chemical composition, dry matter ruminal
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disappearance rate and ruminal disappearance rate of dry matter from cereal grains
(ground corn, ground oat and ground barley) and industrial derivatives (wheat bran,
soybean hull, malt root and corn germ) used in ruminant nutrition.

Material and methods

The experiment was conducted by Nucleo de Produ¢dao Animal (NUPRAN) at
Universidade Estadual do Centro-Oeste (UNICENTRO), located in Guarapuava, state of
Parana. The experimental procedures were approved by Comissdo de Etica no Uso de
Animais (CEUA/UNICENTRO) under document 011/2019.

Seven energetic feedstuffs were evaluated, regarding chemical composition, ruminal
kinetics, ruminal disappearance rate of dry matter and in situ ruminal degradability of
dry matter (DMD). The analyzed feedstuffs were cereal grains (ground corn, ground oat,
ground barley) and industrial derivatives (wheat bran, soybean hull, malt root and corn
germ).

Feedstuffs were weighed and pre-dried in a forced air oven at 55°C for 72 hours. Then
they were ground in a Wiley mill, with a 1 mm mesh sieve(10). Subsequently, total dry
matter (DM) was determined in an oven at 105°C (AOAC, 1995, method 930:15), crude
protein (CP) by the micro Kjeldahl method (AOAC, 1995, method 984:13), ashes by
incineration at 550°C (4 hours) (AOAC, 1995, method 942:05) and fat (AOAC, 1995,
method 920:39). Neutral detergent fiber (NDF) content was determined using thermo-
stable a-amylase". The content of non-fiber carbohydrates (NFC) was obtained by the
equation [NFC, % = 100 - (ash + CP + fat + NDF)]. Table 1 lists data on the chemical
composition of the evaluated energy feedstuffs before incubation.

Table 1. Chemical composition of feedstuffs

Items DM Ash Fat CP NDF NFC

g/kg NM % DM
Ground corn 910 1.14 3.57 8.22 12.86 74.21
Ground oat 913 1.99 3.18 11.11 27.15 56.58
Ground barley 912 1.97 1.25 11.15 16.04 69.59
Wheat bran 935 4.26 3.41 15.45 42.47 34.41
Soybean hull 934 3.97 2.59 11.76 68.91 12.77
Malt root 943 4.53 1.12 15.39 43.97 34.99
Corn germ 929 3.90 11.81 10.15 34.46 39.68

CP = crude protein; DM = dry matter; NDF = neutral detergent fiber; NFC = non-fiber carbohydrates; NM
= natural matter.

To determine the in situ ruminal degradability of feedstuffs, two Jersey castrated male
cattle, with an average weight of 750 kg and fistulated in the rumen were used. Animals
were adapted to a diet of 50% corn silage and 50% concentrate, and housed in a pen
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with access to an exclusive paddock. Food was provided twice a day, and water was
available in a trough regulated by an automatic buoy.

For rumen incubation, the pre-dried and ground ingredients, in the amount of 5 g, were
packed in nylon bags of known weight (10 cm x 12 cm, with a 50 pm porosity). The bags
were sealed and attached to a nylon thread with a lead weight (100 g) at the end®.

Ruminal incubation was performed by introducing the bags in both animals
simultaneously, following the decreasing order of the pre-established times. The first
incubated samples were those that remained for 24 hours in the rumen, following the
order of 18, 12, 9, 6, 3 and 0.08 hours. The samples at time 0.08 hours remained
incubated for 5 minutes before removing all bags. Immediately after removal, samples
were immersed in iced water for 20 minutes, to disrupt rumen microbial activity. Then,
bags were washed, dried in a forced air oven at 55°C for 72 hours and weighed. Thus,
the results regarding in situ ruminal degradability were obtained!"?. The evaluations of
the treatments in the seven incubation times, with four repetitions were made in
duplicates.

The DM ruminal disappearance rate was evaluated by the difference in weight of the
pre- and post-incubated material at different times. Estimates of kinetic parameters for
DM were performed as proposed by @rskov and McDonald(4): where PD = a + b (1-e-ct);
in which PD is the potential ruminal degradability of feedstuff; “a” the soluble fraction
(SF) corresponding to 0 hours of incubation; “b” is the potentially degradable fraction in
the rumen (PDFR) corresponding to 24 hours of incubation by subtracting the fraction
“a”; and “c” the non-degradable fraction in the rumen (NDFR) (100 - value degraded in
24 hours)(9),

The experimental design was completely randomized, consisting of seven treatments
and four replications. Data were tested by analysis of variance (ANOVA) and then, when
a difference was detected, the Tukey's test for comparison of multiple means was
applied at a 5% significance level, using the SAS statistical software (1993). Data of dry
matter ruminal disappearance rate were calculated for Proc Reg regression analysis of
the SAS statistical software (1993).

Results and discussion

Among the feedstuffs evaluated, cereal grains have the lowest content of NDF (Table 1)
and the highest content of NFC and, therefore, are used to increase the energy and
starch content of diets. As for the NDF content, among these feedstuffs, the ground oat
had the highest NDF content. Prates et al.'? evaluated two oat varieties, and found
higher values of NDF and acid detergent fiber (ADF) in relation to barley grain. These
differences in fiber content are due to the proportion of hull and grain between the
cereals, with oats having a higher proportion of hulls. The hull is formed by cellulose,
hemicellulose, arabinoxylan, polyphenols and phytonutrients, and a higher proportion
of hull generates a higher NDF content and, among whole grains, the proportion of hull
is variable (20 to 30%)!"2.

Industrial derivatives (soybean hull, corn germ, wheat bran and malt root) showed high
NDF content (68.91, 34.46, 42.47 and 43.97%), with soybean hull being the feedstuff
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with the highest NDF content (68.91%), a value similar to other studies® 1415,

Corn germ contains a higher fat content. And it is obtained from the corn grain
germination, where the endosperm is separated from the germ and pericarp during
grinding, Corn germ constitutes 30% total volume of corn processed, and can be used
as defatted germ (1% of fat) or as whole germ, which was evaluated in the present
study. Whole germ can be obtained by wet or dry milling. In the latter, corn is subjected
to cleaning and grinding in an impact or attrition mill, separating the germ, the pericarp
and the endosperm tip. The germ from dry milling contains lower lipid content

(approximately 13%) compared to wet milling (50%), and is intended for animal feed"®
17)

The evaluated feedstuffs contained low protein content. Among them, wheat bran and
malt root had higher CP content (average of 15.42%), similar CP values were found in
the literature for wheat bran®, which has high degradability protein, and compared to
cereal grains, it has a low starch content (around 31.3%)"9.

The malt root evaluated in this study was obtained from the malt production process
for beer brewing, by forced germination of barley grains, when the shoots and radicles
are removed, including or not hulls and other parts of the grain. Malt root showed one
of the highest contents of CP (15.39%) and NDF (43.97%).

The ground barley showed the highest ruminal degradability (P<0.05) at 12 and 24
hours of incubation, and the highest potentially degradable fraction in the rumen (Table
2). And soybean hull had the lowest ruminal degradability (P<0.05) at 12 and 24 hours,
with values of 37.95 and 64.91%, respectively. The ground oat presented the highest
soluble fraction (47.75%) and the lowest potentially degradable fraction in the rumen
(28.94%).

Table 2. /n situ ruminal degradability of dry matter (DMD) at 12 and 24 hours of ruminal
incubation, soluble fraction (SF), potentially degradable fraction in the rumen (PDFR),
non-degradable fraction in the rumen (NDFR) of different energetic feedstuffs

DMD 12 h DMD 24 h SF PDFR NDFR
Items
(% dry matter)

Ground corn 57.94¢ 76¢ 28.74 47.3b 24P
Ground oat 72.8° 76.69¢ 47.752 28.94¢ 23.31°
Ground barley ~ 78.972 90.48° 26.344 64.142 9.52¢
Wheat bran  69.23° 74.93¢ 36.87¢ 38.06¢ 25.07°
Soybean hull 37.95¢ 64.914 19.35¢ 45.56P 35.09°
Maltroot  63.46" 73.33¢ 39.38° 33.95¢ 26.67°
Corngerm  66.24° 81.44° 41.85° 39.59¢ 18.56¢

Means followed by different lowercase letters in the same column differ from each other by Tukey’s test
(P<0.05).
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The highest DMD at 24 h was found for ground barley, which also had the highest
disappearance rate (2.49%.h""), with PDFR of 64.14%, while ground corn and ground oat
presented lower values. Characteristically, corn grains have a stronger protein matrix
around starch granules than other cereals, which hinders the action of digestive
enzymes and amylolytic bacteria, which interferes with ruminal degradability®. And
ground oat have a higher proportion of hull compared to ground barley, so the DMD at
24 h and the NDFR were lower, corroborating literature data‘?, which also point to a
lower digestible fraction for grain oat varieties compared to grain barley.

For greater ruminal degradability and nutrient availability of cereal grains, it is
necessary to consider the grinding particle size, and reduce the particle size and
increase the specific surface of the feed. Particularly in corn, the grain contains 65 - 80%
starch in its composition, and has a considerable protein matrix, with the whole grain
showing a pericarp resistant to digestion, in this case, the processing increases the use
of the grain??. Considering corn grinding to 1 mm, in the present experiment, a 24-hour
DMD of 76% was observed.

Other feedstuffs are slowly released into the rumen, such as soybean hull, which after
24 hours of incubation had 45.56% FPDR and 35.09% FNDR. Despite high NDF values in
soybean hull, the fiber fraction is highly digestible> because there is a thin film rich in
pectin, and soybean hull have 30% soluble carbohydrates, providing high digestibility,
as verified by Silva et al.'¥ in the in vitro digestibility of NDF, which was 85.65%, and in
in vitro digestibility of DM, 76.88%.

High values of soluble fraction were obtained for feedstuffs evaluated in this
experiment (ranging from 19.35% to 47.75% for soybean hull and ground oat,
respectively), with an average of 34.32%, higher than verified in other studies analyzing
this same parameter. Some notes can be made regarding the methodology, Goes et
al.@, for example, evaluated sunflower, soybean and crambe grains, and the average of
the soluble fraction was 17.71%, lower than in the present study. However, grinding for
ruminal incubation was done at 5 mm. Thus, the particle size was larger, which explains
the lower soluble fraction, since the finer grinding and formation of smaller particles
facilitate the solubilization of the sample. The difference in the soluble fraction between
feedstuffs may be due to the hydration capacity of the source®. Thus, the particle size
influences degradability or digestibility"®. This because we observed a DMD at 24 h of
64.91% with a 1 mm particle size, while Zambom et al."® obtained a DMD of 54.35%
with a 5 mm particle size.

And considering the ruminal degradability of energy feedstuffs, ground barley was
degraded faster than ground corn. In this sense, in diet formulation, a higher level of
non-fiber carbohydrates can be included when ruminal digestibility of energy
feedstuffs is low (soybean hull, wheat bran, for example), while lower concentrations of
non-fiber carbohydrates should be included when there is participation of wet corn,
oats or finely ground barley in the diet ?". Because these feedstuffs have high ruminal
degradation. Ground barley contains a low soluble fraction, and a high ruminal
disappearance rate of dry matter (Figure 1).

Ground oat presented the greatest initial ruminal disappearance (55.07%), with a
degradation rate of 1.08%.h" (Figure 1). Wheat bran had the second greatest initial
disappearance, with 45.66%, with a degradation rate of 1.47%.h"". The lowest values of
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initial disappearance were verified for soybean hull (16.90%) and corn grain (27.17%),
while ground barley had the highest ruminal degradation rate (2.49%.h") among the
evaluated feedstuffs. The soybean hull degradation rate was 1.98%.h", considering the
period of 24 h, while Silva et al."¥ found a lower degradation rate for soybean hull
(0.07%. h"), but the incubation period was longer (maximum value of 120 h). Possibly,
the period considered was longer, which generated a lower degradation rate per hour,
while the degradation rate in 24 h was more accentuated for concentrate feed.

95
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55
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40
35
30
25

DM ruminal disappearance rate (%)

0,08 3 6 9 12 15 18 21 24
Hours

=== Malt root = 44.0023 + 1.3687 h (R* 0.8606; CV: 7.50%: P < 0.0001)

—@— Ground oat = 55.0790 + 1.0894 h (R*: 0.6745; CV: 8.98%: P < 0.0001)

-+-&++ Wheat bran = 45.6666 + 1.4714 h (R* 0.7580; CV: 10.82%: P < 0.0001)

s« Ground corn= 27.1743 + 20106 h (R* 0.9737; CV: 5.45%:; P <0.0001)

=== Ground barley = 41,1519 + 2.4968 h (R 0.7585; CV: 16.65%; P < 0.0001)

—@— Corn germ = 43.1472 + 1.6721 h (R* 0.9118; CV: 6.82%: P < 0.0001)

== Soybean hull = 16.9073 + 1.9832 h (R 0.9739; CV: 6.86%:. P < 0.0001)

Figure 1. Dry matter (DM) ruminal disappearance rate (%.h"") of different energy
feedstuffs

Starchy ingredients, which combine a high fraction “a” (soluble) with a high content of
NFC, such as ground oat, or those with a high dry matter ruminal disappearance rate,
such as ground corn and ground barley, combined with high content of NFC, should be
moderately included in ruminant diet. In this case, the use of industrial derivatives with
a lower dry matter ruminal disappearance rate favors the fermentation profile and
rumen health.

When industrial derivatives partially replace grains in ruminant diets, the acetate
content tends to increase and the propionate content to decrease due to the
fermentation profile, but without impairing the productive performance. In the study
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by Bernard and McNeill??, the partial replacement of ground corn with soybean hull
was 25% (in a diet of approximately 16% CP) and did not alter the milk and fat
production of Holstein cows. In the study of Ranathunga et al.?®, the starch content
decreased in the diet by replacing ground corn with dry distillers grains with solubles
and soybean hull did not affect milk yield and components. Xu et al."” also verified that
the replacement of forages with dry distillers grains with solubles and corn germ in
diets with similar NDF and total digestible nutrients did not alter the growth, rumen
development and apparent nutrient digestibility of Holstein calves after weaning.

In addition, NDF from industrial derivatives, such as soybean hull, does not limit dry
matter intake, such as forage NDF“4. And soybean hull contains higher potentially
degradable NDF than most forages, which can contribute to an increase in the rate of
passage

Conclusions

Among the cereal grains evaluated, ground barley was the feedstuff with the highest
degradability at 24 hours, while ground corn and ground oat showed lower ruminal
degradability and slower rates, probably due to their chemical composition; corn, for
example, due to protein matrix around starch granules. Corn germ, malt root and
wheat bran, despite their higher fiber content, showed good ruminal degradation
kinetics, indicating that, despite the low NFC content, they have components that can
be used by ruminants.
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