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Fractionation of carbohydrates and nitrogenous constituents of late-

crop corn silages ensiled with different specific masses

Fracionamento dos carboidratos e dos constituintes nitrogenados
de silagens de milho safrinha ensiladas com diferentes massas
especificas

Fernanda Hentz'; Jodo Pedro Velho®*; José Laerte Nornberg?;
Tone Maria Pereira Haygert-Velho; Ederson Luis Henz*;
Jodo Dionisio Henn?®; Vanessa Peripolli®; Pagiel Bernardi Zardin’

Abstract

The present study aimed to evaluate the chemical composition of carbohydrates and nitrogenous
fractions of late-crop corn silages with different specific masses (SM; 90, 134, 172, and 214 kg dry
matter m~). The silage was held in 20-L mini-silos, and the experimental design was completely
randomized, with four replications (mini-silos) per treatment. Fractionation was performed according
to The Cornell Net Carbohydrate and Protein System (CNCPSv5.0). The SM of the silage significantly
affected the contents of ether extract (3? = 1.718 + 0.0041-SM; P = 0.009; R*>= 39.2), soluble sugars
(Y =0.9502 — 0.003445-SM; P < 0.001; R?= 59.9), and soluble fiber (¥ =—-0.4731 + 0.01158-SM; P =
0.025; R2=31.2). In addition, SM also affected carbohydrate fraction B1 in a linear manner (Y = 14.88
+ 0.2566-SM; P = 0.043; R*>= 38.4), whereas the remaining fractions were unaffected. Furthermore,
no change was observed in total N (Y =2.003 — 0.01065-SM + 0.000036:SM?; P = 0.041; R>= 38.8),
non-protein N (¥ = 1.436 — 0.01103-SM + 0.000036-SM?; P = 0.060; R2= 35.1), soluble N (¥ = 1.715
—0.01450-SM + 0.00005-SM?; P = 0.024; R? = 43.8), or neutral detergent insoluble N (Y =0.4979 —
0.001057-SM; P < 0.001; R?=70.6). The results also contributed to the differences in fractions A (\A{ =
66.47- 0.5291-SM + 0.00174-SM2; P = 0.095; R2 = 30.4), B2 (Y = 6.78 + 0.05857-SM; P = 0.076; R?
=20.8), and B3 (¥ = 19.03 — 0.05565-SM; P = 0.018, R2= 34,1) of the Cornell model. In the present
study, differences in the compression (i.e., SM) of corn silages caused changes in the contents of soluble
sugar and nitrogenous constituents; however, SM alone did not explain the entire preservation of the
ensiled material.
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Resumo

Objetivou-se avaliar alteracdes bromatologicas sobre as fracdes glicidicas e nitrogenadas de silagens
de milho “safrinha” com diferentes massas especificas (ME) no momento da ensilagem (90, 134, 172 ¢
214 Kg de MS.m?*). A ensilagem foi realizada em minissilos com capacidade de 20 L. O delineamento
experimental foi inteiramente casualizado com quatro repeti¢des (minissilos) por tratamento. O
fracionamento foi realizado segundo The Cornell Net Carbohydrate and Protein System (CNCPSv5.0).
A ME afetou linearmente os teores de extrato etéreo Y = 1,718 + 0,0041*ME (P =0,009; R?2= 39.2),
agtcares soluveis Y = 0,9502 — 0,003445*ME (P < 0,001; R2= 59,9) e fibra soluvel Y = —0,4731 +
0,01158*ME (P = 0,025; R?= 31,2). Nos carboidratos, a fracdo Bl apresentou comportamento linear
ascendente Y = 14,88 + 0,2566*ME (P = 0,043; R?= 38,4) com o aumento da ME, enquanto as demais
fragdes ndo foram influenciadas. Nos constituintes nitrogenados houve variagdo no nitrogénio total ¥ =
2,003 — 0,01065*ME + 0,000036*ME? (P = 0,041; R>= 38,8), no nitrogénio nio proteico Y = 1,436 —
0,01103*ME + 0,000036*ME? (P = 0,060; R2= 35,1), no nitrogénio soluvel Y = 1,715 — 0,01450*ME
+ 0,00005*ME? (P = 0,024; R?= 43,8) e no nitrogénio insoluvel em detergente neutro Y = 0,4979 —
0,001057*ME (P < 0,001; R?>= 70,6), cujos resultados também contribuiram para as diferengas nas
fragdes A Y = 66,47 — 0,5291*ME + 0,00174*ME? (P = 0,095; R?=30,4), B2 ¥ = 6,78 + 0,05857*ME
(P = 0,076; R*=20,8) e B3 Y = 19,03 — 0,05565*ME (P = 0,018; R2= 34,1) do modelo de Cornell. A
ME de compactagdo, de forma isolada, ndo serve para explicar, na totalidade, a preservacao do material
ensilado. Diferentes ME causam alteragdes no teor de aguicares soliveis das silagens de milho e nos

constituintes nitrogenados.

Palavras-chave: Actcares. Amido. Fibra. Lignina. Nitrogénio. Zea mays.

Introduction

Corn silage is one of the main forages fed to
dairy cows in the United States (AKINS; SHAVER,
2014) and Canada (BRUNETTE et al., 2014),
owing to its high dry matter production per hectare,
ease of harvest, fermentation-facilitating dry matter
contents, digestible neutral detergent fiber, and
high concentration of net energy. Some of the milk
producers in southern Brazil have also used corn
silage for the same reasons, as well as because
corn can be cultivated for silage production during
both traditional (sowing in August-September) and
late (“off-season”; sowing in December-January)
growing seasons, which can improve land use
efficiency by allowing the production of a second
crop. Because the development of corn plants mainly
depends on thermal conditions (BERGAMASCHLI;
MATZENAUER, 2014) and because the crop is
harvested before grain maturation, corn silage can
be grown in southern Brazil in extemporaneous
time. However, harvest timing has been reported to
influence the carbohydrate composition (VELHO et
al., 2006) and N constituents (VELHO et al., 2008)
of corn produced during the “off-season”.

Furthermore, because the production of corn
silage is essential for milk production, as well as
the investments made during cultivation and the
ensiling process, it is essential to store silage as best
as possible. In particular, the correct compression of
the silage is important, in order to exclude oxygen
and to maintain anaerobic conditions that preserve
the silage’s nutritional quality (JOHNSON et al.,
2002). The availability of oxygen in silos, as a
result of inadequate compaction, promotes plant
respiration (BORREANI et al., 2013), which is
undesirable because excessive levels can reduce the
energy content of the silage, lower the availability
of soluble carbohydrates for fermentation, and
produces excessive heat, especially in the upper layer
(BORREANI; TABACCO, 2014). The availability
of oxygen also promotes the activity of aerobic
spoilage microorganisms, such as Clostridiuns,
which form butyric acid and mediate the degradation
of proteins into ammonia (DANNER et al., 2003),
thus reducing the nutritional value of the silage and
its voluntary intake by animals.

Higher (SM) yields better
preservation of soluble carbohydrates, smaller

specific mass
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proportional increases in structural carbohydrates,
and lower levels of proteolysis, all of which improve
the quality of the silage (VELHO et al., 2007) and
reduce the amount of concentrate required to meet
the nutritional requirements of animals. Therefore,
the present study aimed to evaluate the chemical
composition of the carbohydrates and nitrogenous
fractions of late crop corn silages with different
specific masses at the time of ensiling.

Material and Methods

Fieldwork was conducted in a private property
in Pinhalzinho, Santa Catarina, whose county seat
is 515 m above sea level. The soil is classified as
a haplic Cambisol (EMBRAPA, 1999), and the
climate is humid mesothermal, with hot summers
and mean annual rainfall of 1500-2000 mm.

We used an early-maturing corn hybrid, with
semi-hard, orange grain, and sowing in the first half
of January, with row spacing of 0.75 m. No base
fertilization was used, as previously tract of land was
occupied by tobacco (Nicotiana tabacum L.), the
culture was established with NPK fertilization, on
the order of 1000 kg ha''. However, we recommend
the use of fertilizer for silage production, regardless
of the growing season or historic use of the land, in
order to avoid the depletion of soil nutrients.

The corn plants were harvested at the end of
April and ensiled at 90, 134, 172, and 214 kg dry
matter (DM) m~. Immediately after cutting, the
plants were chopped into particles with a mean size
of 2 cm, using a stationary shredder, and transferred
to mini-silos (n = 4), which were each constructed
from three nested 9-micron plastic bags. To achieve
the different levels of compaction (i.e., specific
masses), trampling the bags were armed buckets
of 20 L. Then, after closing, the mini-silos were
removed from the buckets and stored at room
temperature, sheltered from sunlight. During the
compaction process, the pre-determined levels of
compaction were ensured by weighing the mini-
silos. After 78 d of ensiling, the mini-silos were

opened, the upper layer of each was discarded, and
the remaining silage was homogenized.

The pH of silages was measured, using a digital
potentiometer, from juice that was obtained by
pressing; and dry matter, mineral matter, ether
extract, and ammonia, were determined following
the recommendations of the AOAC (1995). Neutral
detergent fiber corrected for ash and protein
(corrected NDF; without the addition of sodium
sulfite), acid detergent fiber corrected for ash and
protein (corrected ADF), hemicelluloses, cellulose,
and acid detergent lignin, were measured following
Mertens (2002); and total N, soluble N, non-protein
N, neutral detergent insoluble N, and acid detergent
insoluble N, were measured following Licitra et al.
(1996).

Furthermore, the amounts of organic acids,
ethanol-insoluble residue crude protein, ethanol-
insoluble residue organic matter, and soluble sugars
were measured as described by Hall (2000), and
starch was quantified by measuring soluble fiber,
according to AOAC (1995), and using an adjusted
version of the formula proposed by Hall (2000):

Starch = (EIROM — EIRCP) — (NDROM —
NDRCP) — Soluble fiber,

where EIRCP = ethanol-insoluble residue crude
protein, EIROM = ethanol-insoluble residue organic
matter, NDROM = neutral detergent residue organic
matter, and NDRCP = neutral detergent residue
crude protein.

The fractionation of carbohydrates and
nitrogenous constituents was performed as
described by Sniffen et al. (1992), in which the
carbohydrate fractions A, B, and C include soluble
compounds with high degradation rates, compounds
of moderate degradation, and non-degradable and
indigestible compounds, respectively, and the
nitrogenous fractions A, B, and C include non-
protein N, which is high speed in the rumen, true
proteins with different ruminal degradation rates,
and acid detergent insoluble proteins, which are

indigestible, respectively.
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The design was completely randomized with
four replications (mini-silos) per treatment, and the
data were submitted to regression analysis (PROC
REG), using the SAS statistical software version
8.2 (SAS, 2001).

Results and Discussion

Despite the wide gap between the lowest (90
kg DM m?) and the highest (216 kg DM m?) SM
treatments, there was no difference in DM content

between the treatments (P=0.54; Table 1). Generally,
lower SM increases the duration of plant respiration
and aerobic microbial degradation, the greater
length of oxygen in the silo, which could decrease
the DM for losses in silage. Perhaps, the similarity
in DM values can be explained by the construction
of the mini-silos, which prevented airflow during
the storage period, a condition that does not occur
in field conditions. Thus, the data from the present
study suggest that the DM of low-SM silages could
be preserved by maintaining anaerobic conditions.

Table 1. Effect of specific mass on the various parameters of silage produced from second-season corn in southern

Brazil.

Specific masses (kg DM m™)

Parameter Statistics N 134 172 216
Specific masses Mean + SE 296 +2.39 430+ 1.05 562 +£5.95 701 £9.44
(kg NM m™) Regression Not analyzed
Dry matter Mean + SE 30.4 +0.27 31.1+0.28 30.5+0.20 30.8+0.27
(% NM) Regression Y =30.42 (P=0.542; R2=2.7)
Specific masses Mean = SE 90 +0.65 134+ 1.41 172 £2.80 216 +£1.50
(kg DM m™) Regression Not analyzed
Organic matter Mean = SE 95.9+0.03 96.0+0.18 96.0 +0.24 95.9+0.22
(% DM) Regression Y =95.94 (P = 0.948; R2=0.00)
Ether extract Mean + SE 2.0+0.10 2.4+0.07 25+0.14 2.5+0.15
(% DM) Regression Y =1.718 + 0.0041-SM (P = 0.009; R?=39.2)
H Mean = SE 3.7+£0.02 3.8+£0.04 3.8+0.06 3.7+0.00
P Regression ¥ =3.803 (P=0.513; R2=3.1)
Total carbohydrate Mean + SE 85.6 £0.51 85.7+0.15 86.0 +0.48 84.6 +0.53
(% DM) Regression Y =86.54 (P=0.189; R2= 12.0)
Nonfiber carbohydrates Mean + SE 41.7+0.62 46.0+0.52 44.8 £0.68 43.6£0.54
(% DM) Regression Y =42.28 (P=0.300; R2=7.7)

NM = Natural matter; DM = Dry matter.

However, in practice, interactions occur between
compacted silage material and the porosity of the
materials lining the silo (e.g., concrete, plastic
film). Problems occurred on the physical parameters
(particle size and compression) will not be solved
after the ready silage (JOBIM et al., 2007). For
example, Neumann et al. (2007) evaluated the
effect of particle size (0.2-0.6 and 1.0-2.0 cm),
cutting height (15 and 39 cm), and silo type (trench
and laboratory PVC) on silage compaction and

found that both particle size and silo type had
significant effects (P < 0.05), with higher SM
recorded in the laboratory silos. These authors
observed that laboratory silos failed to allow
measuring the parameters in the same magnitude as
in conventional silos (trench or surface), but allow
for the comparison of treatments. In the present
study, the methodology of mini-silos has shown
that the maintenance of anaerobiosis is an essential
factor for the preservation of stored material and
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that the maintenance of anaerobic conditions is not
exclusively associated with SM.

The pH values observed in the present study
were appropriate, since preserving forage for silage
occurs in acidic medium. Decreases in pH from
the fermentation of the ensiled forage reduced
the proteolytic activity of plant enzymes and
terminates the growth of undesirable anaerobic
microorganisms, especially enterobacteria and
clostridia (MUCK; BOLSEN, 1991).

There was no difference (P = 0.19) in the total
carbohydrates (TC) of silage from the different
treatments, whose average grades are close to most
of the values reported by Rabelo et al. (2014), Tres
et al. (2014), Gongalves et al. (2015), and Moro et

al. (2015), whereas in corn silage, the proportions of
mineral matter, CP, and ether extract are relatively
constant. There was also no difference (P = 0.30) in
the non-fiber carbohydrates (NFC) of the treatments.

There was no difference (P = 0.75) in the
estimated organic acid content of silage from the
different treatments, either (Table 2). Silage suitable
fermentation process has 6 to 8% of the DM lactic
acid, less than 2% of the DM acetic acid, from 0
to 1% of the DM propionic acid and <0.1% of the
DM for butyric acid (FERREIRA, 2001). There is
variation in the levels of organic acids in silages.
For example, Hall (2000) cites mean values of 8%,
but most of the literature in this fraction is not more
than 12% of the DM.

Table 2. Effect of specific mass on the various parameters of silage produced from second-season corn in southern

Brazil, as recommended by Hall (2000).

Specific masses (kg DM m™)

Parameter Statistics 90 134 172 216
Organic acids Mean + SE 9.7+0.78 8.7+1.10 10.2+0.36 9.6 £0.69
(% DM) Regression Y =9.148 (P = 0.749; R?=0.8)
Soluble sugars Mean + SE 0.60 £ 0.08 0.54 +£0.09 0.37£0.01 0.18 £0.07
(% DM) Regression Y =0.9502 — 0.003445-SM (P < 0.001; R?= 59.9)
EIROM Mean + SE 79.0 £ 0.64 80.1 £0.88 79.0 £0.36 78.1£0.92
(% DM) Regression Y =80.43 (P=0.275; R2= 8.4)
Soluble fiber Mean + SE 0.5+0.14 1.4+0.70 1.1+0.39 2.2+0.26
(% DM) Regression Y =-0.4731+0.01158-:SM (P = 0.025; R>=31.2)
EIRCP Mean + SE 3.7+0.55 3.6+0.07 3.6+0.25 33+0.10
(% DM) Regression Y =3.995 (P=0.366; R2=5.9)
Starch Mean + SE 30.9+£0.94 353+£1.26 33.1+1.14 31.6£0.45
(% DM) Regression Y =32.65 (P=0.970; R>= 0.0)

DM = Dry matter; EIROM = Ethanol-insoluble residue organic matter; EIRCP = Ethanol-insoluble residue crude protein.

There was a linear decrease (P < 0.01) in the
levels of soluble sugars, as SM increased. The value
of 0.18% was below the range of 0.3 to 4.7% and
mean of 2% DM, reported by Hall (2000). This
low value indicates that the soluble sugars were
nearly exhausted by the microorganisms present in
the micro-silos, which is desirable for the proper
preservation of forage, contributing to the observed
low values of pH (Table 1). The determination of

ethanol-insoluble residue organic matter includes the
extraction of simple sugars, oligosaccharides, and
other low molecular weight substances (HALL et
al., 1997). In the present study, the ethanol-insoluble
residue organic matter fraction of the silages was
not affected by SM (P = 0.27), which indicated the
absence of degradation of carbohydrates that are
needed as a source of energy for microbial protein
synthesis.
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To measure soluble fiber content, a combination
of enzymes and various buffer solutions is required
to remove starch and a portion of the proteins. This
fraction consists of pectin, beta-glucans, gums,
mucilages, and some hemicelluloses (WALKER,
1993). This fraction increased significantly (P =
0.025) with increases in SM. The ethanol-insoluble
residue crude protein, which consists of peptides,
true proteins, and cell wall-bound proteins and is
insoluble in 80% ethanol (HALL et al., 1997), was
not affected by SM (P =0.37).

Specific mass also failed to influence the starch
content of the silage (P = 0.97); however, this was
expected, since fermentation microbes prefer low
molecular weight carbohydrates, such as soluble
sugars. Di Marco et al. (2002) reported a starch
content of 28% starch in milky/dough-stage corn
silage grain produced in Argentina (SM: 179 kg
DM m?). These authors attributed this result to
the appropriate cultural practices associated with
irrigation; however, despite that the corn plants in
the present study were not irrigated checked starch
values, the starch content of the silages was higher
(Table 2), which can also be attributed to appropriate
cultural management, especially in the decline in
temperature from seeding (January) to harvest the
plants (April).

Van Gastelen et al. (2015) analyzed the
replacement of corn silage with starchless grass
silage on ruminal volatile fatty acid concentration,
pH, and methane (CH,) mitigation. The authors
reported that increasing proportions of corn silage
resulted in linear decreases in NDF intake (P <
0.001) and CP (P = 0.002) and linearly increases
in starch intake (P < 0.001), whereas CH, emission
decreased in a quadratic manner (P < 0.001) and
decreased linearly (P = 0.010) when expressed as
g CH, kg' DM intake. Thus, replacing starchless
grass silage with corn silage is an effective strategy
for reducing the production of enteric CH, without
adversely affecting the performance of dairy cows,
although the maximum level of starch should
be limited. These results can be explained by the

higher quality of corn plants, with more appropriate
DM contents than other silage grasses. Importantly,
the results obtained by Van Gastelen et al. (2015)
demonstrate the potential of Brazilian corn silage
to simultaneously increase animal efficiency and
reduce greenhouse gasses, the latter being a major
objective of the 2015 Paris Climate Conference
(COP 21). Therefore, it is crucial that Brazil
allocate more financial resources to research on
the production, handling, and use of conserved
forage (silage and hay), as well as on the potential
beneficial and deleterious environmental impacts of
such processes.

Meanwhile, corrected NDEF, corrected ADF,
hemicelluloses, cellulose, and lignin were not
affected by SM (Table 3), and the corrected NDF
values indicated the great quality of the second-
crop corn silage produced in the present study,
compared to 50% reported by Velho et al. (2007).
The levels of starch and corrected NDF observed
in the present study demonstrate the need for more
research in southern Brazil, in order to determine
the effect of temperature on the deposition and
composition of carbohydrates and why it is
occurring currently increasing milk crop-cattle
integration the establishment of new industrial dairy
plants in Rio Grande do Sul and Santa Catarina.
Therefore, second-crop corn silage may be used to
improve land use and to help minimize the amount
of concentrate used the diets of dairy cows and
beef steers. However, owing to the frequency of
frost in southern Brazil, so that the produced silage
sowing should
not be performed beyond the first half of January.

submit appropriate conditions,

Otherwise, the risks of financial loss and metabolic
disorders in animals, owing to poor quality forages,
are higher.

Lignin is one of the main factors limiting the
degradability of cell walls (VAN SOEST, 1994), and
thus the time required for its digestion. The lignin
values observed in the present study were higher
than those of “normal” (2.6% DM, on average) corn
silages (32 to 38% DM) (NRC, 2001).
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Table 3. Effect of specific mass on the cell wall fractions of silage produced from second-season corn in southern

Brazil.
. Specific masses (kg DM m™)
Parameter Statistics ) 134 172 216
NDFap Mean + SE 44.0 +0.49 39.7 +0.39 412+1.16 41.0+1.03
(% DM) Regression Y =41.45(P=0.122; R2=16.2)
ADFap Mean + SE 20.8 +1.71 21.8+0.31 17.2+1.36 19.1+1.28
(% DM) Regression Y =19.71 (P=0.154; R2= 14.0)
Hemicelluloses Mean + SE 242 +1.49 19.0+0.11 248 £1.05 224 +1.76
(% DM) Regression Y =22.59 (P=0.986; R*=0.0)
Cellulose Mean + SE 20.8 +0.76 20.6 +0.82 20.4 + 1.68 18.0+ 1.24
(% DM) Regression Y =19.95(P=0.115; R2= 16.8)
Lignin Mean + SE 7.0+ 1.04 6.2+0.23 5.8+0.15 5.6 +0.88
(% DM) Regression Y =6.15 (P=0.133; R2= 15.3)

DM = Dry matter; NDFap = Neutral detergent fiber content corrected for ash and protein content; ADFap = Acid detergent fiber

content corrected for ash and protein content.

The carbohydrate fraction A was not influenced
by SM (P=0.12; Table 4), although the soluble sugars
content was different (P < 0.01), probably because
soluble sugars were expressed as a percentage
of DM, whereas the carbohydrate fraction A was
expressed as a percentage of total carbohydrates.
Senger et al. (2005) found that silage with an SM of
174 kg DM m™ yielded 4.7 percentage units more
fraction A than silage with an SM of 99 kg DM m?.
Most of the SM treatments, whose original material

possessed 11.2% of this fraction. The contents of
carbohydrate fraction A observed in the silage of
the present study are higher than the those typically
reported in the Brazilian literature, which suggests
that the difference resulted from cooler temperatures
under which the corn in the present study was
grown. However, further studies are needed to fully
assess this hypothesis. The compounds included in
carbohydrate fraction A contribute to the growth of
rumen microorganisms.

Table 4. Effect of specific mass on the carbohydrate fractions of silage produced from second-season corn in southern

Brazil.

Parameter Statistics 90 Spelc ;ﬁc masses (kg Dl;/;;n ) 216

Fraction A Mean + SE 17.8 +£0.85 18.4+1.63 19.0£0.36 20.0£0.90
(% TC) Regression Y =18.78 (P=0.119; R?= 16.4)

Fraction B1 Mean + SE 30.9£0.94 35.3+1.26 33.1+£1.14 31.6+£0.45
(% TC) Regression Y =14.88 + 0.2566:SM (P = 0.043; R>=38.4)

Fraction B2 Mean + SE 31.7+2.64 28.9+0.90 31.7+0.97 32.5+3.33
(% TC) Regression Y =31.21 (P=0.612; R*=1.9)

Fraction C Mean £ SE 19.6 £2.96 17.4+£0.65 16.2+0.37 15.9+2.55
(% TC) Regression Y =17.28 (P=0.159; R2=13.7)

DM = Dry matter; TC = Total carbohydrates

Meanwhile, carbohydrate fraction B1, which is
mainly composed of starch in corn silage, increased
linearly with SM. Along with the results observed
for fraction A, this pattern was different than that

observed for starch, probably because starch was
expressed as a percentage of DM, whereas the
fractions A and B1 of carbohydrates are expressed
as a percentage of total carbohydrates. However,

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 1, p. 491-502, jan./fev. 2017

497



498

Hentz, F. et al.

regardless of SM, the starch content was high. The
levels of B2-fraction carbohydrates, which possess
variable degradation rates that are lower than those
of B1 carbohydrates, were not affected by SM (P >
0.05). The values found in the present study were
lower than the average values of 44.7, 50.7, and
52.2% reported by Senger et al. (2005), Cabral et
al. (2000), and Velho et al. (2007), respectively.
However, carbohydrate fraction C, which is the
indigestible portion of carbohydrates, was not
affected by SM and was higher than the average
values 10 and 7.09% reported by Senger et al.
(2005) and Velho et al. (2007), respectively.

The average values of total N, non-protein
N, soluble N, and neutral detergent insoluble N
exhibited quadratic relationships with SM (Table
5). As the corn silage is a bulky low level of total
N and its fractions also suffer few variations, it
is possible precision and accuracy in the results

generated, making it possible to detect small
statistical differences as was the case. However,
these differences do not have biological importance,
since it will be necessary to add other ingredients
to provide ammonia and amino acids to the
rumen microflora and because the determination
coefficients are considered low, in relation to
the effect of treatments on such variables. The
unavailable N fraction (i.e., acid detergent insoluble
N) was not significantly affected by the treatments.
The concentration of ammonia N, in relation to total
N, was considered low, when compared to the values
of 7.4 and 3.84% reported by Senger et al. (2005)
and Velho et al. (2007), respectively, thus indicating
that the fermentation was adequate. The ammonia
N content of silage indicates the magnitude of
clostridia activity, since it is only produced in small
amounts by other microorganisms in silage and
plant enzymes (JOBIM et al., 2005).

Table 5. Effect of specific mass on the nitrogenous constituents of silage produced from second-season corn in

southern Brazil.

Specific masses (kg DM m™)

Parameter Statistics %0 134 7 16
Total nitrogen Mean + SE 1.3+0.07 1.3£0.02 1.2+0.04 1.4£0.05
(% DM) Regression Y =2.003 —0.01065-SM + 0.000036-ME? (P = 0.041; R2= 38.8)
Non-protein nitrogen ~ Mean + SE 0.74 £0.07 0.57£0.02 0.64 £ 0.05 0.72 £0.04
(% DM) Regression Y =1.436—0.01103-SM + 0.000036-ME? (P = 0.060; R2= 35.1)
Soluble nitrogen Mean + SE 0.80 +0.08 0.69 £ 0.04 0.66 +0.05 0.90 +0.06
(% DM) Regression Y =1.715 - 0.01450-SM + 0.00005-ME? (P = 0.024; R>=43.8)
NDIN Mean + SE 0.39+0.01 0.35+0.00 0.36 +0.00 0.24 £0.00
(% DM) Regression Y =0.4979 — 0.001057-SM (P < 0.001; R2= 70.6)
ADIN Mean + SE 0.23+£0.01 0.18 £0.02 0.22 £0.03 0.16 £ 0.00
(% DM) Regression Y =0.20 (P=0.176; R?= 12.6)
Ammoniacal nitrogen =~ Mean = SE 2.60£0.18 2.80+0.11 3.03+£0.24 2.78 £0.22
(% TN) Regression ¥ =2.80 (P=0.402; R?=5.1)

DM = Dry matter; TN = Total nitrogen; NDIN = Neutral detergent insoluble nitrogen; ADIN = Acid detergent insoluble nitrogen.

Fraction A of the nitrogenous constituents,
which consisted of non-protein N, exhibited a
quadratic relationship with SM (Table 6). However,
the B1 fraction, which consists of totally degradable
albumins and globulins and together with non-protein
N provides the available soluble N (SNIFFEN et

al., 1992), was not significantly affected (P = 0.16).
When there is adequate availability of fraction B1 in
the rumen at bacteria biomass using non-structural
carbohydrates can be increased (RUSSELL et al.,
1992). The B2 fraction was significantly affected by
SM treatment (P = 0.08), which indicated that less
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degradation of true protein in most SM silages. The
B3 fraction as also affected (P < 0.02) and decreased
linearly with increasing SM. The mean values found
in the present study for the B3 fraction are described

below by Sniffen et al. (1992) 16.2% for silage with
25 to 40% grains. Fraction C consists of the protein
associated with lignin and Maillard products did not
differ (P = 0.24) between treatments.

Table 6. Effect of specific mass on the nitrogenous constituents fractions of silage produced from second-season corn

in southern Brazil.

Specific masses (kg DM m™)

Parameter Statistics 90 134 172 216
Fraction A Mean + SE 33.6+3.03 24.7+1.93 29.0 +3.29 32.7+1.79
(% TN) Regression Y =66.47 —0.5291-SM + 0.00174-SM2 (P = 0.095; R?= 30.4)
Fraction B1 Mean + SE 26.4 +0.89 29.8+0.97 254 +0.51 31.0+1.73
(% TN) Regression Y =28.16 (P=0.160; R2= 13.6)
Fraction B2 Mean + SE 10.6 +2.49 17.5+2.43 15.8+3.29 19.1 £3.32
(% TN) Regression Y =6.78 + 0.05857-SM (P = 0.076; R*=20.8)
Fraction B3 Mean + SE 122+ 1.76 13.5+1.57 11.1 £2.67 5.3+0.68
(% TN) Regression Y =19.03 —0.05565-SM (P = 0.018; R2=34.1)
Fraction C Mean + SE 17.3+1.59 14.5 +2.05 18.6 +3.33 11.9+0.64
(% TN) Regression Y =15.57 (P=0.244; R?=9.5)
DM = Dry matter; TN = Total nitrogen.
Conclusion BORREANI, G.; TABACCO, E. Improving corn silage
quality in the top layer of farm bunker silos through
In the present study, differences in the the use of a next-generation barrier film with high

compression (i.e., SM) of corn silages caused
changes in the contents of soluble sugar and
nitrogenous constituents; however, SM alone did
not explain the entire preservation of the ensiled
material.
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