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ABSTRACT

Supplementary roughage during the dry season in forage-based systems mitigates the adverse
effects of lower pasture availability and nutritional quality in forage-based milk production.
This study evaluated the effects of soybean hulls as supplementary roughage on milk
production, composition, and nitrogen utilization in lactating dairy cows in tropical forage-
based systems during the dry season and verify the possibility of fully replacing silage with
soybean hulls. Twelve multiparous Holstein-Zebu crossbred cows (453 + 4.97 kg) in mid-
lactation were used in a 4 x 4 Latin Square design. The cows grazed Urochloa brizantha cv.
Marandu pasture with a continuous stocking rate and were subjected to four supplementation
strategies: supplementation only with concentrate (Control); concentrate plus soybean hulls
replacing 35% of forage intake (Soybean Hulls); concentrate plus corn silage replacing 50% of
forage intake (Corn Silage); and concentrate plus sorghum silage replacing 50% of forage
intake (Sorghum Silage). Soybean hulls and corn silage were the most consumed supplementary
roughages (P = 0.012). Soybean hulls enhanced daily intakes of ether extract (EE) and neutral
detergent fiber (NDF) (P < 0.05). Milk production increased with soybean hull supplementation
(P <0.001), however, did not differ to corn silage when corrected for 3.5% fat content. Milk
fat and protein did not differ among treatments (P > 0.05), but lactose and total solids were
higher in the soybean hull and control groups (P < 0.05). Soybean hull supplementation reduced
milk urea nitrogen (MUN) compared to corn silage (P = 0.022). Overall, soybean hulls
improved feed intake, milk production, and nitrogen utilization in dairy cows, supporting their

use as a viable alternative to silage in forage-based tropical systems.
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Introduction

Forage-based milk production systems face limitations throughout the year due to the
seasonality of forage production in tropical areas. Because there are periods of higher and lower
forage production, which are usually related to factors that limit growth, such as precipitation,
temperature, photoperiod and solar radiation (Sbrissia et al., 2018). In addition, throughout the
growth cycle of forage plants, quality usually decreases due to a reduction in the participation
of leaves and an increase in the proportion of stalks (Guzatti et al., 2017).

Thus, during the dry season, dairy cows raised in tropical pastures cannot meet their
requirements for milk production only with the forage available in pastures. Therefore, the use
of supplementary roughage can prevent fluctuations in milk production by correction on
nutrient intake. Among the various options of roughage source, preserved forages such as corn
and sorghum silage (Veriato et al., 2018), and non-forage fiber sources such as soybean hulls
(Adin et al., 2009, Guo et al., 2021), are the most commonly used sources.

According to the NRC (2001), soybean hulls are defined as roughage source due to its
fibrous characteristics act on physiological function, such as stimulation of chewing and saliva
production. Soybean hulls have a high content of cellulose (app. 43% of DM), hemicellulose
(app. 18% of DM), pectin (app. 30% of DM), and a low amount of lignin (app. 2% of DM)
(Ipharraguerre and Clark, 2003; Snyder and Kwon, 1987) which can result in a high digestible
feed and can replace high-quality roughage sources such as corn and sorghum silages.

Soybean hulls can replace corn grain to supply about 30% of the dry matter in high-
grain diets without negatively affecting either the fermentation or digestion of nutrients in the
gastrointestinal tract or the performance of dairy cows (Ipharraguerre and Clark,
2003). However, research is still needed to determine whether soybean hulls can be used as a
roughage source to supplement dairy cows in tropical forage-based systems during the dry

season when grass availability is reduced.
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Therefore, the objective of this study was to determine whether the addition of soybean
hulls as a supplementary roughage to the diet affect the milk production and composition, intake
and apparent digestibility of nutrients, and nitrogen balance in tropical forage-based lactating
dairy cows system during the dry season and to verify the possibility of fully replacing silage

by soybean hulls.

Material and methods

The study was conducted in a rural property located in Rondonopolis, Brazil
(16°23'05.1” S, 54° 35'32.7” W, 314 m altitude) from July to September, which is characterized
as the dry season of the year. The temperatures and precipitation data are described in Figure
1.
2.1. Experimental design and treatments

Twelve multiparous 1/2 Holstein-Zebu crossbred cows weighing 453 +4.97 kg in the
middle third of lactation were randomly allotted to a 4 x 4 Latin Square design. The
experimental periods were conducted in 20 d, in which the first 14 d was used for diet adaptation
and the last 6 d for data collection. The cows were managed in a grazing system with continuous
stocking rate on a single Urochloa brizantha (Hochst. ex A. Rich.) R.D. Webster cv. Marandu
paddock. The paddock contained 7.5 hectares resulting in a stocking rate of 0.37 animal unit
(AU)/ha. All cows had access to water fountains and available shade. The treatments consisted
of four feed supplementation strategies with a high protein concentrate and different types of
roughage for dairy cows in grazing systems: supplementation only with concentrate (Control);
concentrate plus soybean hulls to replace 35% of forage intake (Soybean Hulls); concentrate
plus corn silage to replace 50% of forage intake (Corn Silage); and concentrate plus sorghum
silage to replace 50% of forage intake (Sorghum Silage). The above substitutions were chosen

to ensure that the diets had similar concentration of protein and carbohydrates.
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The quantity of roughage to be offered in replace to the estimated forage intake was
calculated from the intake prediction equation from the 7" edition of the Nutrient Requirements
of Dairy Cattle (NRC, 2001), using an estimated average milk production of 15 kg milk/day.
The predicted dry matter intake was 12 kg DM/cow/day. The diets were formulated to be iso-
protein (136 g/kg CP) where the CP concentration was adjusted using two different high protein
concentrates containing 220 and 240 g/kg of CP (Table 1). The concentrate supplement
containing 220 g/kg of CP was used to adjust the protein content for the Soybean Hulls
treatment, while the 240 g/kg of CP concentrate was used to adjust the treatments Control, Corn
Silage, and Sorghum Silage. The ingredient composition of each concentrate supplement is
presented in Table 2. The quantity of high protein concentrate supplement fed (5 kg/d) was the
same for all treatments. The supplementary concentrates and roughages were fed twice a day at
06:00 and 16:00 h, immediately after milking, in individual feed bunk. The orts were weighed
and recorded daily.

2.2. Forage, feed sampling and analysis

On the 15th day of each experimental period, the sward height was measured with a 1.0
m ruler graduated in centimeters in 100 random spots in the paddock. After the height
measurement, four spots that most represented the average grass height in the paddock were
selected to collect the grass. Using an iron square (0.5 x 0.5 m) the grass was harvested inside
the iron square, and samples were placed in plastic bags and weighed in the laboratory. Two
sub-aliquots were prepared from these samples: one was placed in a paper bag, placed in a
forced-air oven at 55°C for 72 hours and then weighed to determine the forage mass; the other
sub-aliquot was manually separated into leaf lamina, stem + sheath and dead material and dried
following the same procedure. Subsequently, the samples were weighed, and the values were

converted into kg/ha of dry mass (Figure 2; Table 3).
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Sampling for qualitative evaluation of the pasture was obtained by the hand-plucked
technique (Johnson, 1978) on the 15th day of each experimental period. The samples were dried
in a forced-air oven at 55°C for 72 hours, ground in a knife mill using sieves with 1 mm and 2
mm sieves and placed in previously identified containers for further analysis.

The amounts of roughage, concentrate, and orts were weighed daily to evaluate the dry
matter intake. Samples of forage, concentrate and orts were collected on days 16, 17 and 18,
individually identified and dried in an oven with forced air circulation at 55°C for 72 hours.
Roughage, concentrate, feces, and orts were processed in a knife mill to pass through 1-mm
sieve for nutrient composition analysis and 2-mm sieve for indigestible neutral detergent fiber
(iNDF) analysis, and the samples from the three collection days were composited per period.

Samples of forage, roughage, concentrate, orts and feces grounded in a 1-mm sieve were
analyzed for dry matter (DM), organic matter (OM), crude protein (CP) and ether extract (EE)
contents according to AOAC (2000). The neutral detergent fiber (NDFap) levels were measured
according to Mertens (2002), with the use of thermostable a-amylase and omitted the use of
sodium sulfite; corrections for protein and ash in the NDFap followed the procedures described
by Licitra et al. (1996) and Mertens (2002), respectively (Table 1). Samples of forage,
roughage, concentrate, orts and feces grounded in a 2-mm sieve were used for determination of
iNDF according to Detmann et al. (2001). Briefly, samples were weighed in triplicated filter
bags and incubated in the rumen for 288 hours in two cannulated steers grazing tropical forage
and supplement with 2 kg/day of a commercial supplement, and the residual content of NDF
was analyzed.

The nonfibrous carbohydrate (NFC) contents were obtained according to the equation
proposed by Detmann and Valadares Filho (2010):

NFC =100 [Ash + EE + NDFap + (CP — CPu+ U)]
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where NFC = nonfibrous carbohydrate content; EE = ether extract content; NDFap =
neutral detergent fiber content corrected for ash and protein; CP = crude protein content; CPu
= content of crude protein derived from urea; and U = urea content. All terms are expressed as
% of DM.
The potentially digestible DM (DMpd) in forage samples was estimated according to
Porto et al. (2009):
DMpd = 0.98 (100 — NDF) + (NDF — iNDF)

where NDF = neutral detergent fiber and iNDF = indigestible neutral detergent fiber.

2.3. Fecal sampling, forage intake and digestibility

Starting on d 10 of each experimental period, the animals were subjected to a nine-day
digestibility evaluation, in which the first six days were used for adaptation to the external
marker and the last three days for feces collection at different sampling times. The marker used
was a powder form of titanium dioxide (TiO2, Sigma Aldrich). A total of 20 grams of TiO; was
supplied per animal per day, which was infused into the rumen with the aid of an applicator via
the esophagus at 1300 h. Feces were collected at 1530, 1330 and 0430 h directly from the
rectum or immediately after the defecation in approximate amounts of 200 g and individually
identified.

Fecal samples were evaluated for TiO; content according to the colorimetric technique
described by Titgemeyer et al. (2001). Fecal excretion (FE) was estimated as the relationship
between the dose and the fecal concentration of TiO», in which: FE = (daily dose of TiO, / feces
TiO» concentration). To estimate forage intake, the fecal contribution from concentrate (FEc)
and silage (FEs) was determined as the amount offered multiplied by its iNDF concentration,

and the value obtained was discounted from the fecal excretion to estimate forage intake:

FE X iNDF — FEc (kg) — FEs (kg)

Forage intake (kg DM/d) = Forage iNDF
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In which, FE = fecal excretion, FEc = fecal contribution from concentrate, FEs = fecal
contribution from silage.

Apparent digestibility of nutrients was calculated as follow:

% INDF in feed % nutrient in feces>
% INDF in feces % nutrient in feed

Apparent digestibility (%) = 100 — 100 X (
2.4. Milking sampling and analysis
Milk yield was recorded individually on d 18 and 19 of each experimental period. Cows
were milked at 05:30 and 15:30, the milk was weighed to quantify milk yield, and a sample was
collected from each milking time, preserved using 4% 2-bromonitropropan-1,3 diol and
composed by cow using the morning and afternoon samples. The samples were stored in freezer
for 24 h and sent to laboratory for analysis of fat, protein, lactose, and total solids (Bentley 2000
analyzer; Bentley Instruments®) and milk urea nitrogen (ChemSpec 150; Bentley Instruments®)
at the Laboratory of the Milk Clinic, Department of Animal Science, ESALQ/USP. Milk yield

was corrected for 3.5% fat according to Sklan et al. (1992) using the equation:

Milk yield 3.5% fat = (0.432 + 0.1625 X % milk fat) X milk production (kg/d).

2.5. Blood and urine sampling and analysis

Blood and urine samples were collected on d 20 of each experimental period 4 hours after
the morning supplementation. Blood collection was performed by puncturing the coccygeal
vein using the direct needle method (with a large-volume syringe), and the blood was
immediately collected in tubes with a clot accelerator and separator gel. The samples were
centrifuged at 3,000 x g for 20 minutes to obtain the plasma, placed in 2 mL micro tubes and
frozen at -20°C for later determination of plasma urea nitrogen (PUN) concentration. The PUN
concentration was determined by the enzymatic colorimetric method using a commercial kit

(Ref. 427; Analise®).
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Urine was collected during spontaneous urination via the preparation of a spot urine
sample (10 mL), which was subsequently acidified in 40 mL of 0.036 N H2SO4 (Valadares et
al., 1999). After collection, the samples were stored at -20°C for subsequent quantification of
creatinine and urea concentration. Urine creatinine was analyzed using the enzymatic
colorimetric method by end-point reaction (Modified Jaffé), and urea was analyzed by the
urease/GLDH enzymatic colorimetric method using commercial kit (Ref 335 and 427,
Andlise®). The urea was converted to urea nitrogen by multiplying the urea concentration by a
factor of 0.4667. Total urine volume was estimated as the ratio between daily creatinine
excretion as a function of body weight and urine creatinine concentration. The creatinine
excretion per unit of body weight was obtained according to the following equation (Chizzotti
et al., 2006):

EC = 32.27 — 0.01093 x BW

where EC = daily creatinine excretion (mg/kg BW) and BW = body weight (kg).

The daily urinary excretion of urea was estimated by the product of its concentration in
the urine samples and the estimated value of urine volume.

2.6. Statistical analysis

Data were analyzed as a replicated 4 x 4 Latin square design, using the MIXED procedure
of SAS program (version 9.4, Instituto SAS, Cary, NC). The following model was fitted to all
animal-related variables:

Yijk=pn + Ai + Pj + Tk + eijk

where Yij is the dependent variable; p is the overall mean; Ai is the random effect of the ith
animal, Pj is the fixed effect of the jth period, Tk is the fixed effect of the kth experimental
diets; €ijk is the error associated with the ith animal, jth period and kth experimental diets. The

treatments were compared using Tukey's test, with a 5% probability of error.
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Results

The highest DM intake (DMI) (P < 0.05) was obtained for animals supplemented with
soybean hulls (Table 4), with an increase of 48.2% compared to the control treatment. However,
there was no difference in DMI among cows supplemented with corn silage, sorghum silage
and control. Soybean hulls and corn silage were the most consumed supplementary roughage.
No differences (P > 0.05) were observed for pasture DM intake among treatments.

Soybean hulls had the highest intake (P < 0.05) of CP, EE and NDF, with increases of
28.5%, 50.0%, and 61.9%, respectively, compared to those cows in the control treatment (Table
4). Corn silage improved the intake of CP and EE by 21.4% and 25%, respectively, compared
to control, however, no difference was observed on NDF intake. Supplementation with sorghum
silage did not differ from the control treatment on intake of nutrients. There were no differences
(P> 0.05) in the apparent total tract digestibility of CP, EE or NDF among the treatments (Table
4), in which the mean digestibility coefficients of 74.75%, 49.3% and 46.62%, respectively.

A greater milk yield was observed (P < 0.05) for animals supplemented with soybean
hulls. However, there was no difference (P > 0.05) for fat-corrected milk between soybean hulls
and corn silage (Table 5). There was no difference between sorghum silage and control on milk
yield and fat-corrected milk. No differences were found for the milk fat and protein contents
among the treatments (P > 0.05). There was a difference on milk fat production (P < 0.05) in
which soybean hulls, corn silage and control did not differ, however, sorghum silage produced
less fat compared to soybean hulls. The milk production of protein, lactose and solids were
higher (P < 0.05) for cows supplemented with soybean hulls. There was no difference (P >
0.05) in lactose and milk solids contents for the cows fed soybean hulls, corn silage and control
cows, however, the supplementation of sorghum silage decreased the lactose and milk solids

content compared to control. Soybean hulls provided the lowest milk urea nitrogen (NUL)

10
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content among the treatments, however, did not differ from sorghum silage and control (Table
5).

There were no effects of supplementary roughages (P > 0.05) in urinary nitrogen or
blood urea nitrogen (Table 6). The mean values of 2333 mg/dL for urea in urine, 181 g/day of
nitrogen excreted in the urine and 18.17 mg/dL for urea nitrogen in the blood were observed.

No difference was observed (P > 0.05) on digested and retained nitrogen (Table 7). A
greater N excretion in feces was observed (P < 0.05) for cows supplemented with soybean hulls,
however, no differences were observed among corn silage, sorghum silage, and control. No
difference in urinary N excretion was observed. Milk N excretion was similar between soybean
hulls and corn silage; however, excretion was higher for cows supplemented with soybean hulls

than control. No effects (P > 0.05) of supplemental roughage were observed on NUE.

Discussion

The average forage mass of the pasture observed during the study was 3.3 t DM/ha. The
observed forage availability is higher than 2 t DM/ha, the minimum recommended to avoid
limitation of DM intake by animals (Minson, 1990). The forage CP content from samples
obtained by the hand-plucked technique remained above 7%, which is the minimum value
necessary to ensure adequate digestion of fiber (Lazzarini et al., 2009). As demonstrated by
Zanette et al. (2020) in intensive grazing system, which is observed increasing in forage
production and protein content compared to the traditional system (without irrigation and
fertilization), cows increase intake, milk production and nutrient digestibility.

The leaf blades reached a critical level of 4% during period 2 and remained unchanged
until the end of the study. The leaf blades are a fraction with the highest CP content and

digestibility of the grass structure and are preferably consumed by the animals (Batistoti et al.,

11
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2012), which has a negative impact on cows performance if in lower availability (Curran et al.,
2010).

In addition, there was a high proportion of dead material, which is a characteristic of
non-irrigated pastures in the dry season. Under lower water availability and lower temperature
conditions, many tillers begin to senesce which increases the amount of dead material.
Therefore, the highest availability of pdDM was observed at the beginning of the grazing period
due to the greater percentage of green leaf blades and stem + sheath considering that the pasture
was not utilized in the period before the start of the study.

The total DM and NDF intake for the silage treatments and the control treatment were
similar. This is contrary to reports in the literature, which indicate that the use of different
roughages in the diet of lactating cows may affect nutrient intake (Teixeira Junior et al., 2016;
Alessio et al., 2020). However, the 91.7% greater intake of supplemental roughage for corn
silage compared to sorghum silage can be explained by a lower acceptability of sorghum silage
by the animals observed during the study. This lower acceptability can be attributed to
inadequate fermentation, and the presence of non-palatable and indigestible compounds.

The content of structural carbohydrates in soybean hulls results in a higher extent, time
and rate of digestion compared to the forage sources used in the silages (Ipharraguerre and
Clark, 2003). This faster digestion kinetics results in a higher outflow of ruminal content from
rumen to the further gastrointestinal compartments, which increases the ruminal turnover time
stimulating the appetite (Colucci et al., 1982). Although the pasture intake did not differ among
treatments, the higher DMI observed in the soybean hulls supplemented cows was led mainly
by the numerically greater pasture intake possibly stimulated by a higher passage rate. In a
review performed by Ipharraguerre and Clark (2003), an increase of 0.3 kg/d of DMI was
observed for cows fed diets replacing forage by soybean hulls. Furthermore, when compared to

control the supplementation of soybean hulls had an additive effect on pasture intake which

12
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increased the total DMI which is not observed for the treatments. Unlikely, the supplementation
of corn silage showed a substitutive effect on pasture intake

Due to the intake of soybean hulls being greater compared to other treatments, higher
digestibility would be expected, however, this effect was not observed. The higher DM intake
is known to be associated with the higher passage rate of feed throughout the gastrointestinal
tract (Colucci et al., 1982). The relatively faster passage rate observed for soybean hulls can be
explained by their small particle size and high specific gravity when hydrated (Titgemeyer,
2000). However, the supplementation of soybean hulls, corn silage and sorghum silage did not
affect the apparent total tract digestibility. Unlike the results found in the present study, Adin
et al. (2009) observed an increase in NDF digestibility using soybean hulls as a partial
replacement for grass in dairy cows in mid-lactation. However, when Graft et al. (2005)
partially replaced grazing of a mix of temperate grass species by supplementation of corn silage
also did not observe differences in digestibility of nutrients.

The milk yield of cows supplemented with soybean hulls increased by 20.3% when
compared to cows with no supplemental roughage. This higher production is attributed to the
positive associative effect on intake by cows supplemented with soybean hulls. The higher
ingestion of feed provides more nutrients to be metabolized and used for milk production.
Ipharraguerre and Clark (2003) reported that replacing forage by soybean hulls in lactating
cows increased the milk yield in 0.7 kg/d, and fat corrected milk production in 0.4 kg/d. Similar
behavior was described by Halachmi et al. (2004) and Weidner (1994), which observed
increases of 6 and 9% in milk production, respectively, when alfalfa hay and corn silage were
substituted by soybean hulls.

The molar proportion of propionate in ruminal fluid typically increased when dairy diets
supplemented with soybean hulls instead of forage to supply 5 to 25% of dietary DM; however,

changes in the molar percentages of acetate and butyrate are not frequently observed

13
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(Ipharraguerre and Clark, 2003). Propionate is the primary VFA used for gluconeogenesis in
the liver, where it is converted into glucose. The circulating glucose in the bloodstream is used
in the cow’s mammary epithelial cells to cell growth and lactose synthesis (Lin et al., 2016).
With that, a higher availability of propionate for cows supplemented with soybean hulls led to
the increase in milk production (Miettinen and Huhtanen, 1996). This theory also explains the
higher production of lactose for cows supplemented with soybean hulls. However, the
concentration of lactose in the milk among the treatments soybean hulls, corn silage and control
were not different.

The higher milk yield and lactose production for cows supplemented with corn silage
is also explained by the higher amount of NFC on corn silage (303 g/kg) compared to Marandu
grass (213 g/kg) which is mainly used by propionate-producing bacteria. The absence of fat
production and fat concentration on milk between corn silage and control cows, highlight that
supposedly the main contribution of VFA production from the corn silage was in the synthesis
of propionate, since acetate has key role on milk fat production (Urrutia and Harvatine, 2017)
meaning that the availability of fibrous carbohydrates to cellulolytic bacteria metabolism was
similar between these treatments avoiding milk fat depression.

One method by which the animal's body excretes excess nitrogen is through the MUN.
Because it is a small molecule, excess nitrogen is quickly drained into the bloodstream and
transferred to the mammary gland in the liver. The liver converts excess nitrogen into urea,
which is then carried through the bloodstream to the kidneys where it is excreted in the urine
or recycled via the ruminal wall and saliva (Gustafsson and Palmquist, 1993). Although no
difference was detected on the urea and urea-N levels in the blood and urine, the cows
supplemented with soybean hulls had the lowest excretion of urea on milk, and the cows

supplemented with corn silage had the higher MUN excretion.
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The supplementation of soybean hulls allowed greater nitrogen use, which reduced
nitrogen excretion in milk. The carbohydrate source of high ruminal degradability present in
soybean hulls may have favored the lower MUN content due to the lower loss of NH3-N from
the rumen and the better profile of essential amino acids which improve the synthesis of protein
by ruminal microorganisms (Theurer et al., 1999). The 12 to 17 mg/dL variation in MUN
concentration, according to Hutjens and Barmore (1995), suggests that the proper ratio of rumen
fermented energy and degraded protein has been achieved. In the present study, the average
MUN observed was 16.13 mg/dL.

Nutrition is a very important factor for dairy cows performance, and the
supplementation of good-quality, low-cost roughage is necessary during the dry season in
tropical areas to increase dairy farming profitability. It is important to highlight the positive
effect of soybean hulls and corn silage supplementation on the performance of dairy cows
during the dry season, which in a low-quality pasture were able to increase the milk yield by
13.6%. Although the higher performance observed for these roughage sources, it is crucial for
dairy farms in tropical areas to evaluate how economically the supplementation of roughage
impacts the cost of production and profitability.

Therefore, the nutritional characteristics of soybean hulls to increase performance of
dairy cows observed in this study, associated with the availability of the product on the market,
competitive prices, commercialization as a dry feed in pelletized form, and easier transport,
storage, handling and mixing of the diet, are advantages of the use of this product compared to
silages.

Soybean hulls can be used as supplementary roughage source and substitute the use of
corn and sorghum silage during the dry season in tropical forage-based dairy cows system and

improve milk production and use of nitrogen by cows. The supplementation of soybean hulls
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for tropical forage-based dairy cows showed a positive associative effect on intake increasing

the overall dry matter intake which contributed for the better performance.
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Tables

Table 1. Chemical composition of experimental feeds (g/’kg DM).

Pasture Roughage Concentrate

Parameter! Soybean Corn Sorghum 22% 24%
Marandu Hull silage silage PB PB

DM (g/kg feed) 755 907 254 292 933 932
oM 690 869 204 230 802 809
CP 72 127 94 85 228 254
EE 45 55 55 38 50 55

22



534

535

536

537

538

539

540

541

542

543

544

Ash 66
NDF 688
NDFap 605
iNDF 361
NFC 213

39

656

555

42

225

50

554

498

170

303

62

726

657

226

158

131 123
306 309
154 161
30 30
477 461

! Dry matter (DM); organic matter (OM); crude protein (CP); ether extract (EE); neutral

detergent insoluble fiber (NDF); neutral detergent insoluble fiber corrected for ash and protein

(NDFap); indigestible NDF (iNDF) and nonfibrous carbohydrates (NFC).

Table 2. Ingredient composition of the experimental concentrates (g/kg of natural matter).

Concentrate
Ingredients
22% CP 24% CP

Corn ground 440 432
Dried distillers grain 180 180
Soybean hulls 178 178
Cottonseed meal 118 118
Urea/ammonium sulfate 22 30
Dicalcium phosphate 25 25

23



Calcium carbonate 35 35

Mineral premix 2 2

545
546

547

548

549

550

551

552

553

554

555

556  Table 3. Mean structural characteristics of the grass Urochloa brizantha cv. Marandu under

557 continuous grazing during the four experimental periods.

Item Jul-23 Aug-17 Sep-02 Sep-24
DM! (g/kg of grass) 760 800 750 710
Leaf blades, kg/ha 752 120 95 120
Stem + sheath, kg/ha 3066 330 79 291
Dead material, kg/ha 1589 2346 1986 2415
Leaf blades, g/kg 140 40 40 40
Stem + sheath, g/kg 570 120 40 100

24



Dead material, g/kg 290 840 920 850

Leaf: stem ratio 0.24 0.33 1.0 0.40

558  'Dry matter
559

560

561

562

563

564

565

566

567

568

569

570

571  Table 4. Intake and apparent digestibility of dairy cows in a forage-based system during the dry

572 season supplemented with different roughage sources.

Treatments!
Parameter

Control Soybean hulls Corn silage Sorghum silage SEM P-value

Intake, kg/d

Dry matter 8.7° 12.9° 10.5° 9.8° 0.42 0.002
Roughage? - 2.4% 2.3% 1.2° 0.38 0.012
Pasture? 4.1 5.3 3.0 4.1 0.64 0.203
Concentrate? 4.6 5.1 5.1 4.4 0.22  0.190
Crude protein 1.4° 1.8% 1.7% 1.5% 0.05 0.006

25



Ether extract 0.4° 0.6* 0.5° 0.4% 0.01 0.001
NDF 4.2° 6.8" 5.0° 5.1° 0.29  0.005

Apparent digestibility, %

Crude protein 75.5 70.7 78.6 74.2 1.79  0.099
Ether extract 44.4 37.0 56.1 59.7 8.64 0.315
NDF 41.6 52.8 48.9 43.2 5.09 0.444

573  !Treatments: supplementation only with concentrate (Control); concentrate plus soybean hulls
574  to replace 35% of forage intake (Soybean Hulls); concentrate plus corn silage to replace 50%
575  of forage intake (Corn Silage); and concentrate plus sorghum silage to replace 50% of forage
576  intake (Sorghum Silage).

577  Dry matter basis

578  Means in a row carrying different superscripts are significantly different at P < 0.05

579

580

581  Table 5. Milk production and composition of dairy cows in a forage-based system during the

582  dry season supplemented with different roughage sources.

Treatments'
Control ~ Soybean Corn Sorghum  SEM P-value
Parameter
hulls silage silage

Milk production, kg/d
Milk yield 10.3¢ 12.4% 11.0° 9.9¢ 0.16 <0.001
Fat-corrected milk? 9.5° 11.6% 10.5% 9.4 0.28 <0.001
Fat 0.3322® 0.403% 0.3542 0.309° 0.018 0.012
Protein 0.291%¢ 0.350* 0.319° 0.280°¢ 0.007 <0.001
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583

584

585

586

587

588

589

590

591

592

Lactose 0.448° 0.546% 0.498°
Milk solids 1.16 1.41% 1.27°
Milk composition, %

Fat 3.39 3.35 3.20
Protein 2.98 2.95 291
Lactose 4.57° 4.59° 4.54%
Milk solids 11.93% 11.86% 11.60%
Urea nitrogen (mg/dL) 16.28% 15.35° 17.06*

0.437¢ 0.008 <0.001

1.11¢ 0.33  <0.001
3.16 0.09 0.308
2.89 0.02 0.080

4.48° 0.01  0.003
11.47° 0.09 0.010

15.85% 0.35 0.022

ITreatments: supplementation only with concentrate (Control); concentrate plus soybean hulls

to replace 35% of forage intake (Soybean Hulls); concentrate plus corn silage to replace 50%

of forage intake (Corn Silage); and concentrate plus sorghum silage to replace 50% of forage

intake (Sorghum Silage).

Milk corrected to 3.5% fat.

Means in a row carrying different superscripts are significantly different at P < 0.05

Table 6. Concentrations and excretion of urea and urea nitrogen in urine and blood of dairy

cows in a forage-based system during the dry season supplemented with different

roughage sources.

Treatments
Soybean Corn Sorghum
Item SEM  P-value
Control hulls silage silage
Urine
Urea, mg/dL. 2368 2433 2259 2274 91.92  0.508
Urea, g/day” 420 320 462 352 4523  0.134
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593

594

595

596

597

598

599

600

601

602

Urea, mg/kg BW? 920
N-urea, mg/dL 1105
N-urea, g/day? 196

N-urea, mg/kg BW? 429

Blood
Urea, mg/dL 36.8
N-urea, mg/dL 17.1

688 1001
1135 1054
149 215
321 467
39.1 40.5
18.2 18.9

773

1061

164

360

39.6

18.5

95.94

42.90

21.11

44.78

3.13

1.46

0.113

0.508

0.134

0.113

0.851

0.851

ITreatments: supplementation only with concentrate (Control); concentrate plus soybean hulls

to replace 35% of forage intake (Soybean Hulls); concentrate plus corn silage to replace 50%

of forage intake (Corn Silage); and concentrate plus sorghum silage to replace 50% of forage

intake (Sorghum Silage).

2Excretion

Means in a row carrying different superscripts are significantly different at P < 0.05

Table 7. Nitrogen balance of dairy cows in a forage-based system during the dry season

supplemented with different roughage sources.

Treatments!
Soybean Corn Sorghum
Item SEM  P-value
Control hulls silage silage
Ingested N, g/d 235.09¢ 298.29% 279.81%® 248.92°¢ 8.49 0.006
Digested N, g/d 178.12 211.67 220.07 185.14 10.62  0.083
Retained N, g/d 146.91 185.42 182.09 158.36 1243  0.183

N excreted, g/d

28



603

604

605

606

607

608

609

610

611

612

613

614

Feces 56.97° 86.61% 59.73° 63.78° 4.18

Urine 26.32 19.95 32.05 21.97 7.07
Milk 4.87° 6.292 5.92% 4.79b 0.26
NUEZ, % 62.54 61.88 65.15 63.56 2.81

0.008

0.652

0.017

0.855

ITreatments: supplementation only with concentrate (Control); concentrate plus soybean hulls

to replace 35% of forage intake (Soybean Hulls); concentrate plus corn silage to replace 50%

of forage intake (Corn Silage); and concentrate plus sorghum silage to replace 50% of forage

intake (Sorghum Silage).
2Nitrogen use efficiency: retained N / ingested N.

Means in a row carrying different superscripts are significantly different at P < 0.05

Figures
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616  Figure 1. Monthly average rainfall (mm) and air temperature (°C) for the months of July to
617  September 2021. Source: Padre Ricardo Remetter Agrometeorological Station (9

618  DISME/INMET).
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621  Figure 2. Total forage mass (kg DM/ha) and potentially digestible dry matter (pdDM) (kg

622  DM/ha) during the four experimental periods.
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