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ABSTRACT - This study aimed to determine the effects of relocation time (RT;
Experiment 1) and storage time after relocation (ST; Experiment 2) on microbial
population, fermentative characteristics, and chemical composition of corn silage. In
experiment 1, corn silage was stored for 30 d, subjected to different RT (0-60 h), and
stored again for 30 d. Thirty experimental silos were used in a completely randomized
design, with three replicates per treatment. In experiment 2, after 150 d of ensiling,
silage was removed from a bunker silo, exposed to air for 9 h, relocated to experimental
silos, and stored for periods ranging from 0 to 128 d. Twenty-eight experimental silos
were used in a completely randomized design, with four replicates per treatment.
Relocation time had no effect on fungi counts and concentrations of lactic and propionic
acids in corn silage but resulted in a significant increase in dry matter content. In
experiment 2, dry matter recovery and concentration of non-fiber carbohydrates
decreased in corn silage stored for more than 32 d after relocation. Exposure of
corn silage to air during relocation for up to 60 h followed by 30 d of storage did not
compromise the fermentation profile or nutritive value of the silage. Increased storage
time of relocated corn silage (up to 128 d) consistently decreases its nutritional value.
The storage period seems to have an increased impact on nutrient loss in relocated
silage than the relocation period.

Keywords: aerobic exposure, fermentation, organic acids, silage transportation

1. Introduction

Silage relocation is a common practice among farms across the world. It involves moving the silage
to a new silo for different purposes. In tropical regions, farmers often face low forage availability
because of incorrect feed planning or field crop losses caused by climatic occurrences, pests, diseases,
and other factors, forcing them to buy silage from other farms (Michel et al,, 2017). Selling silage is a
common practice in some regions of Brazil because of the climatic variation, low availability of area,
and adequate machinery and labor for the ensiling process (dos Anjos et al., 2018).
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Silage relocation involves unloading from the original silo, transportation, re-compaction, and sealing
in the new silo (Chen and Weinberg, 2014; Queiroz et al., 2021). These steps can take hours or days to
complete, which exposes the silage to air during the process (Chen and Weinberg, 2014). This delay
can result in a reduction in the nutritional value of the silage due to the oxidation of residual soluble
sugars and degradation of lactic acid produced during fermentation, increasing the proportion of
cellular content. Corn is the most common crop used for silage production in dairy farms in Brazil
(Bernardes and do Régo, 2014) and is more prone to aerobic deterioration than other types of silage,
especially in tropical conditions (Bernardes et al.,, 2009; Kung Jr. et al., 2018). However, research has
shown that relocation lasting up to 48 h has no effect on fermentation, chemical composition, and dry
matter recovery (DMR) of corn silage (Lima et al., 2016).

More studies are required to understand the changes in silage caused by prolonged exposure to air
that can occur in different field situations, such as long-distance transportation, excessive rain, broken
machinery, and labor unavailability. In addition, changes in the relocated silage over time can strongly
affect silage quality, but this topic has not yet been studied.

We hypothesized that relocation and storage times could increase nutrient loss and modify the
chemical composition of relocated corn silage. Therefore, we aimed to evaluate the effects of relocation
time (RT; Experiment 1) and storage time after relocation (ST; Experiment 2) on the fermentation and
nutritive value of the relocated corn silage.

2. Material and Methods

2.1. Experimental design and procedures (experiment 1)

Corn used as silage in this experiment was cultivated in a region located at 3°2'2" S latitude and
47°20'18" W longitude in the city of Paragominas, PA, Brazil. The climate of this region, according to
Koppen classification, is tropical dry winter (Aw), characterized by a rainy tropical climate with an
extensive dry season. This region has an annual average maximum and minimum temperature of 33
and 22 °C, respectively, and average relative humidity of 81%. The average total annual rainfall is less
than 1.743 mm, with the rainy season recorded from January to May (Bastos et al., 2006).

The corn hybrid (PIONEER 30F90H®) was planted in January 2016 with a spacing of 60 cm between
rows and harvested at 324 g/kg of dry matter (DM) using a self-propelled harvester (FX40, New
Holland Agriculture, Italy).

A completely randomized design with ten treatments and three replicates, totaling 30 experimental
units, was used. The treatments were: non-relocated (NR), and relocation times (RT) of 0 (silage was
removed from the silo, homogenized, and immediately placed back in the silo), 6, 12, 18, 24, 30, 36,
48, and 60 h. After relocation, silos were stored in a covered barn with an ambient temperature of
28.1£0.167 °C for another 30 d. The total storage time (ST; ST after ensiling + ST after relocation)
was 60 d.

Thirty-five experimental silos (plastic buckets with a capacity of 15 L each) were filled with
9.11+0.0681 kg of fresh forage to reach a density of 600 kg/m? on a fresh weight basis. After filling,
the silos were weighed and stored in a covered barn at ambient temperature. After 30 d of storage,
the silage destined for relocation was removed from the experimental silos, mixed, and exposed as
piles. After exposure, each pile was mixed again and returned to the original silo. Five extra buckets
of silage were exposed to air to top up the buckets after the relocation process in case of excessive
shrinkage or losses due to dehydration. During aerobic exposure of silages, the temperature of the
piles was measured at two equidistant points with a thermometer inserted into the silage mass during
relocation. The initial temperature (IT) was recorded at the beginning of the relocation process, and
final temperature (FT) was recorded before silage was returned to silos.
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2.2. Experimental design and procedures (experiment 2)

The corn used in this experiment was cultivated in the city of Igarapé Acu, PA, Brazil, located
at 1°7'44"S latitude and 47°37'12" W longitude. The climate of this region, according to Képpen
classification, is also tropical dry winter (Aw), characterized by a rainy tropical climate with an
extensive dry season. The annual average temperature and total rainfall are 27.3 °C and 2.270 mm,
respectively. The corn variety (AL Bandeirante) was planted at a spacing of 60 cm between rows, with
a total plant density of 55 plants/ha. Corn was harvested at 350 g/kg DM using a tractor (3500, New
Holland, Curitiba, Brazil) and an automatic harvester (JF C120, JF Maquinas, Sdo Paulo, Brazil).

A completely randomized design with seven treatments and four replicates, totaling 28 experimental
units, was used. Treatments were: NR silage, collected from the silo panel before relocation, and
different ST after the relocation of 4, 8, 16, 32, 64, and 128 d. Silos were stored in a covered barn at
ambient temperature, and total ST (ST after ensiling + ST after relocation) was 154, 158, 166, 182, 214,
and 278 d for each respective ST.

Corn silage was prepared in a bunker silo that was opened after 150 d. At the time of first opening, any
visibly spoiled silage at the top of the bunker was discarded, and a 20 cm layer was removed from the
silo panel. Subsequently, the silo panel and top were exposed for 9 h to simulate a typical relocation
process. Subsequently, the exposed silage was relocated to 24 experimental silos, and plastic buckets
with a capacity of 15 L each were filled with 8.87+0.0542 kg of fresh forage to reach a density of
600 kg/m? on a fresh weight basis.

2.3. Experimental analysis

In both experiments, fresh silage (1.5 kg) was collected from each silo in the second opening of the
experimental silos and transferred to a 9 L cleaned plastic bucket. In experiment 1, silages were
exposed to air for 12 d in a room with a controlled temperature of 22.1+0.0281 °C; silage temperature
was recorded every 30 min with a thermometer (TESTO, Campinas, Brazil) inserted into the geometric
center of the silage mass. In experiment 2, silages were exposed to air for 7 d in a room with a controlled
temperature of 25.8+0.0780 °C; silage temperature was recorded every 30 min using a data logger
thermometer (Klimalogg, Incoterm, Sdo Paulo, Brazil). In both experiments, the ambient temperature
was recorded. Aerobic stability (AS) was defined as the time (hours) the silage temperature remained
stable before increasing by more than 2 °C above the ambient temperature (O’Kiely, 1993). The
following variables were determined: time to reach maximum temperature (HMaxT) in h, maximum
(MaxT) and minimum (MinT) temperature in °C, and amplitude in °C, which was the difference
between maximum and minimum temperatures.

2.4. Microbial populations and fermentation profiles

After the final opening of silos and relocation, samples from both experiments were collected to
analyze microbial counts (molds and yeasts) and fermentation profile. The aqueous extract (1:10) of
the sample was prepared by adding peptone water (1 g per L of water) and a Stomacher homogenizer
(MA 440/CF; Marconi, Piracicaba, Sdo Paulo, Brazil) for 4 min in a sterile bag. The counts of molds and
yeasts were determined by pour-plating 10-fold serial dilutions of the extract on potato dextrose agar
(Sigma-Aldrich Brasil LTDA). After incubation at 26 °C for 5 d, the colonies that grew were counted
separately for yeasts and molds, based on their morphological characteristics.

The pH was measured after each RT and 30 d after relocation when the silos were opened
(Experiment 1), and after each ST (Experiment 2). The pH was also measured after 12 d (pH-12d,
Experiment 1) or after 7 d (pH-7d, Experiment 2) of aerobic exposure. Approximately 25 g of fresh
silage was mixed with 100 mL of distilled water (Bolsen et al., 1992), and the pH was measured with
an electrode after 30 min (Tekna model T-1000). Dry matter recovery was estimated according to the
equation described by Zanine et al. (2010).

R. Bras. Zootec., 52:€20220059, 2023
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To determine the concentration of organic acids (lactic, acetic, propionic, and butyric acids), we
prepared an aqueous extract with 25 g of silage and 225 mL of deionized water and homogenized
it in a Stomacher for 4 min (MA 440/CF; Marconi, Piracicaba, Sdo Paulo, Brazil). The extract was then
filtered, and only the liquid fraction was obtained, from which 2 mL of the sample was removed. Lactic
acid was quantified by the colorimetric method according to Pryce (1969), and acetic, propionic, and
butyric acids were determined using a gas chromatograph coupled to a mass spectrometer (GCMS
QP 2010 plus; Shimadzu, Kyoto, Japan) and separated using a capillary column (Stabilwax; Restek,
Bellefonte, PA, USA; 60 m, 0.25 mm, internal diameter 0.25 m).

2.5. Chemical composition

In both experiments, the chemical composition of silages was analyzed before and after relocation.
To determine the chemical composition, we collected 200 g of silage from openings 1 and 2 of the silos
and froze them at -20 °C for further analysis. Samples were dried in a forced-air oven at 55 °C for 72 h
and subsequently processed in a mill with a 1 mm sieve (Thomas Wiley Mill Model 4; Thomas Scientific,
Swedesboro, NJ, USA).

Concentrations of DM (at 105 °C, method 934.01), organic matter (OM; at 600 °C/4 h, method 923.03),
crude protein (CP; method 978.04), and neutral detergent fiber (NDF; method 2002.04) were
determined according to AOAC (1990). Ether extract (EE) content was determined using a fat extractor
(model XT10, Ankom®). Values of NDF content were corrected for ash (Mertens, 2002) and protein
content (Licitra et al., 1996). The NFC concentration was calculated according to the method described
by Detmann and Valadares Filho (2010). The in vitro dry matter digestibility (IVDMD) was determined
using the two-stage fermentation technique described by Tilley and Terry (1963). Rumen fluid was
obtained from two ruminally fistulated dry Nellore cows fed whole-crop corn silage. The ammonia
nitrogen (NH,-N) content was analyzed according to the AOAC (1990), method 920.03. The concentration
of water-soluble carbohydrates (WSC) was determined as described by DuBois et al. (1956).

2.6. Statistical analyses

The pH and temperature data during relocation were subjected to descriptive analysis. Microbial
count data were log, -transformed for analysis. Data from the two experiments were analyzed
separately as completely randomized designs using the PROC GLM procedure in SAS (Statistical
Analysis System, version 9.2). Data were subjected to analysis of variance (ANOVA) according to the
following statistical model:

y;=u+T+e, (1)
in whichyl.j is the observed value j of a dependent variable after an RT of i, u is the overall mean of the

dependent variable, T; is the fixed effect of treatment (RT for Experiment 1 and ST for Experiment 2),
and e,is the random error associated with each observation.

Differences between control and treatments were evaluated using Dunnett’s test (P<0.05). Orthogonal
contrast analysis was used to determine whether RT and ST had linear or quadratic effects on the
measured parameters. Differences were considered statistically significant at P<0.05.

3. Results

3.1. Experiment 1

The DM concentration of fresh corn before ensiling was 325 g/kg. Corn contained 75.5 g/kg of CP,
18.6 g/kg of EE, 523 g/kg of NDF, and 343 g/kg of NFC (Table 1). The DM concentrations ranged
between 295 and 320 g/kg. The pH after RT treatments ranged from 3.44 to 3.75. Silages with
higher RT showed higher FT and MaxT values. Values of MinT showed no significant variation among
silage piles.
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An overall significant effect of RT (P>0.05) was not observed on the counts of molds or yeasts, the
concentration of lactic and propionic acids, and the aerobic stability, amplitude, HmaxT, MaxT, and
pH-12d values of the silage (Table 2). Concentration of acetic acid in silage with an RT of 12 h was
lower than that in control. Silage pH after 60 h of RT was also higher than that of the control. The
pH increased linearly as a function of RT. Aerobic stability had a quadratic relationship with RT. In
contrast, increased RT resulted in a linear reduction in HMaxT. The DMR at RT of 12, 48, and 60 h was
higher than that in the NR silage (P<0.01).

Table 1 - Chemical composition (g/kg of dry matter) of corn silage before relocation and temperature (°C) and pH
of the silage piles after relocation time (RT; Experiment 1)

Chemical composition (g/kg of DM)

RT (h)

Item

FC 0 6 12 18 24 30 36 48 60 SEM
DM 325 310 305 315 320 315 314 295 307 310 2.22
oM 960 964 960 965 961 961 962 961 961 959 0.846
EE 18.6 215 29.4 25.3 29.4 25.9 31.3 28.8 32.3 34.1 1.58
CP 75.5 68.8 71.4 711 68.2 73.0 70.1 71.1 70.6 69.7 0.506
NDF 523 485 495 488 473 438 417 499 473 499 9.91
NFC 343 494 463 480 391 424 445 362 385 356 10.7
wsC ND 30.8 30.0 26.5 18.0 20.7 15.7 18.4 11.6 15.1 1.40

Temperature and pH after air exposure after RT

ftem 0 6 12 18 24 30 36 48 60 SEM
pH ND 3.75 3.69 3.74 3.74 3.44 3.48 3.55 3.62 3.69 0.0392
IT ND 26.1 27.1 27.0 27.0 27.2 27.0 27.0 27.2 27.5 0.126
FT ND 26.1 27.3 28.0 28.0 29.5 28.7 324 36.4 35.0 1.46
MaxT ND 26.1 27.3 28.1 28.5 311 31.4 34.0 415 39.6 2.06
MinT ND 26.1 27.0 26.7 26.7 27.0 27.0 26.9 27.0 27.1 0.102

FC - fresh-chopped corn plant; ND - not determined; DM - dry matter; OM - organic matter; EE - ether extract; CP - crude protein; NDF - neutral
detergent insoluble fiber; WSC - water-soluble carbohydrates; IT - initial temperature (moment when silages were exposed to air); FT - final
temperature (moment when silages were recompacted - after their respective times of exposure to air); MaxT - maximum temperature; MinT -
minimum temperature; SEM - standard error of the mean.

Table 2 - Microbial populations (log,, cfu/g of fresh weight), fermentation products (g/kg of dry matter), aerobic
stability (h), and dry matter recovery (DMR; %) of corn silage ensiled for 30 days, subjected to relocation
times (RT), and stored again for 30 days (Experiment 1)

RT (h) Contrast
Item SEM  P-valuez ———
NR! 0 6 12 18 24 30 36 48 60 L Q
Molds 0.00 0.00 0.167 0.500 0933 1.00 1.50 3.00 3.00 3.00 476 0.81 0.15 0.38
Yeasts <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 - - - -
Lactic acid 563 47.7 37,5 53.7 443 415 627 592 319 524 313 0.08 0.72 0.43
Acetic acid 16.7 175 233 7.19% 116 985 33.6 14.6 224 135 251 0.03 0.84 0.83
Propionic acid 784 9.21 13.0 239 572 794 160 863 141 895 1.28 0.47 047 0.94
pH 368 3.69 367 365 369 372 380 385 389 395% 0.0342 0.01 <0.01 0.77
Aerobic stability 823 113 115 132 133 233 224 257 112 111 239 0.13 0.69 0.01
Amplitude 850 950 8.00 900 733 383 4.00 150 750 7.67 0.668 0.20 0.11 0.06
HmaxT 135 163 150 152 173 216 237 241 136 143 156 0.17 0.02 0.42
MaxT 30.2 303 287 29.7 275 235 235 207 272 270 103 0.20 0.11 0.06
pH-12d 6.29 483 539 556 543 557 460 445 614 6.53 0.181 0.10 0.08 0.12
DMR 939 102 100 106+ 103 104 103 100 107+ 112+ 3.94 <0.01 0.01 0.38

HmaxT - time to reach the maximum temperature; MaxT - maximum temperature; pH-12d - pH measured after 12 days of aerobic exposure;
DMR - dry matter recovery; SEM - standard error of the mean; L - linear effect; Q - quadratic effect.

! Non-relocated silage stored for 60 days after ensiling.

2 Compared with a significance level of 5%.

# Differs from the control (NR) by Dunnett’s test.
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We did not observe a significant effect of RT (P>0.05) on concentrations of OM, NFC, IVDMD, and WSC
in silage (Table 3). The RT of 60 h resulted in a significant increase in DM (P = 0.05) and CP (P = 0.04)
concentrations compared with that in the control silage. The concentration of EE in silage with an RT
of 36 h also differed significantly from that of the control (P = 0.01). Silage exposed for 60 h during
relocation showed a higher CP value than that of the control. The concentration of NDF in the silages
with RT of 30 and 48 h was higher than that in the control (P<0.01). The RT of 6-60 h resulted in higher
levels of NH,-Nin the silage than that in the control (P<0.01). The EE concentration decreased linearly
as a function of increasing RT.

Table 3 - Chemical composition (g/kg of dry matter) and in vitro dry matter digestibility (IVDMD) of corn silage
stored for 30 days, subjected to relocation times (RT), and stored again for 30 days (Experiment 1)

RT (h) Contrast
Item SEM  P-value?
NR! 0 6 12 18 24 30 36 48 60 L Q
DM 312 323 316 333 338 332 341 324 331 353f 3.85 0.05 0.01 0.86
oM 960 961 962 960 961 914 965 964 962 957 4.78 0.11 0.98 0.49
EE 374 352 36.7 341 433 419 311 29.0+ 262 282 181 0.01 0.01 0.27
CP 863 850 816 839 859 847 800 862 821 87.7f 0.768 0.04 0.24 0.17
NDF 413 442 426 438 426 413 487+ 442 449+ 436 6.74 <0.01 0.14 0.24
NFC 424 399 418 404 407 375 367 406 405 404 5.53 0.61 0.86 0.29
IVDMD 714 728 725 724 704 695 726 716 707 696 3.94 0.75 0.18 0.56
NH,-N/TN 52.6 603 65.5% 63.6f 61.2 673% 729f 711+ 71.4% 742% 214 <0.01 <0.01 0.45
WSC 13.1 134 161 245 323 6.66 19.7 13.0 143 192 1.99 0.21 0.96 0.81

DM - dry matter; OM - organic matter; EE - ether extract; CP - crude protein; NDF - neutral detergent insoluble fiber; NFC - Non-fibrous
carbohydrates; NH,-N - ammonia nitrogen; TN - total nitrogen; WSC - water-soluble carbohydrates; SEM - standard error of the mean; L - linear
effect; Q - quadratic effect.

! Non-relocated silage stored for 60 days after ensiling.

2 Compared with a significance level of 5%.

# Differs from the control (NR) by Dunnett’s test.

3.2. Experiment 2

Our results showed no significant effect of ST on yeast count or lactic acid (P>0.05) (Table 4). Counts
of molds in silages with ST of 4, 8, 16, 32, and 64 d were lower than those in the control (P<0.01).
Concentrations of propionic and butyric acids in silages with ST 0-128 d were less than 1 g/kg of DM
(not shown in Table 4). The acetic acid concentration in silages with ST of 8, 32, 64, and 128 d was
greater than that in the control (P<0.01). The pH measured at the opening of silos was higher in the
control silage than that in silages with ST of 4, 8, and 128 d. Only the silage with 32 d of ST showed a
higher pH value than that of the control silage. Aerobic stability in silages with ST of 8, 16, 32, 64, and
128 d was significantly greater than that in the control (P<0.01). In contrast, the amplitude in silages
with ST of 64 and 128 d was lower than that in the control (P<0.01). The HmaxT of the silage with
ST for 4 d was higher than that of the control (P<0.01), whereas the MaxT was lower than that of the
control only in the silage with 128 d of ST (P<0.01). pH-7d differed from that of the control in silages
with 4 and 128 d of ST (P<0.01). An increase in ST resulted in a linear reduction in amplitude, MaxT,
pH-7d, and DMR of the silage, whereas mold counts, concentration of acetic acid, and values of aerobic
stability and HmaxT increased linearly with ST.

We observed no significant effect of ST on EE, NH,-N, or WSC concentrations in silage (P>0.05; Table 5).
The DM concentration in silages with ST of 4, 16, 32, 64, and 128 d was lower than that in the control
(P<0.01). The OM concentration in the silages with ST of 32, 64, and 128 d was lower than that in the
control (P<0.01), whereas for the same ST, the CP concentration was higher than that in the control
(P<0.01). The NDF concentration in silages with ST of 64 and 128 d was higher than that in the control
(P<0.01), whereas for the same ST, the NFC was lower than that in the control. The IVDMD was
reduced when the relocated silage was stored for 64 d compared with that of the control. Increased
ST resulted in linear reductions in the DM, OM, and NFC concentrations of the silage, whereas the CP
and NDF values increased linearly as a function of ST.

R. Bras. Zootec., 52:€20220059, 2023
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Table 4 - Microbial composition (log, ufc/g), fermentation products (g/kg of dry matter), aerobic stability, and
dry matter recovery (DMR; %) of corn silage stored for 150 days and subjected to storage times (ST)
after relocation (Experiment 2)

ST (days) Contrast
Item SEM P-value? —————
NR! 4 8 16 32 64 128 L Q
Molds 2.18 0.540%f 0.566F% 0929+ 143+ 1.73+ 0.00 0.168 <0.01 <0.01 0.01
Yeasts 2.01 149 0575 0425 1.55 1.55 0.00  0.140 0.09 0.09 0.82
Lactic acid 26.0 31.6 58.2 32.0 22.4 36.3 26.4 4.06 0.06 0.06 0.32
Acetic acid 30.0 13.2 23.9% 32.1 744+ 757+ 77.9% 5.43 <0.01 <0.01 0.10
pH 4.02 3.80+ 3.64f 386 436% 4.02 3.67+ 0.0474 <0.01 0.20 <0.01
Aerobic stability 1.90 9.00 31.3% 504+ 148+ 214+  252% 19.8 <0.01 <0.01 <0.01
Amplitude 14.7 17.3 15.4 11.8 10.3 5.20% 2.20% 1.09 <0.01 <0.01 0.02
HmaxT 24.5 45.04 59.3% 923% 229  258%  281% 20.0 <0.01 <0.01 <0.01
MaxT 40.7 43.3 41.4 37.8 36.3 31.2 28.2% 1.09 <0.01 <0.01 <0.01
pH-7d 7.18 7.88% 7.15 7.59 7.35 7.54 513%f 0.173 <0.01 <0.01 <0.01
DMR - 90.4 97.1 91.0 85.2+ 84.9f 828F 216 <0.01 <0.01 <0.01

HmaxT - time to reach the maximum temperature; MaxT - maximum temperature; pH-7d - pH measured after seven days of aerobic exposure;
DMR - dry matter recovery; SEM - standard error of the mean; L - linear effect; Q - quadratic effect.

! Non-relocated silage.

2 Compared with a significance level of 5%.

} Differs from the control (NR) by the Dunnett’s test.

Table 5 - Chemical composition (g/kg of dry matter) and in vitro dry matter digestibility (IVDMD) of corn silage
stored for 150 days and subjected to different storage times (ST) after relocation (Experiment 2)

ST (days) Contrast
[tem SEM P-value? —————
NR! 4 8 16 32 64 128 L Q
DM 337 304+ 327 306 286+  285%  278% 4.10 <0.01 <0.01 <0.01
oM 977 976 977 972 971% 973% 970  0.655 <0.01 <0.01 0.11
EE 22.7 22.4 24.5 21.9 27.0 28.4 239 0.839 0.22 0.16  0.11
CP 54.5 56.1 53.9 56.1 588+ 61.7+ 624% 0875 <0.01 <0.01 0.01
NDF 381 397 371 409 400 426  423% 5.20 <0.01 0.01 0.22
NFC 519 500 528 485 485 457  458% 6.20 <0.01 0.01 0.06
IVDMD 666 651 615 604 589 531%F 604 6.60 0.02 0.80 0.55
NH,-N/TN 74.0 64.2 64.5 62.6 70.6 68.0 67.2 1.40 0.26 045 033
wscC 20.0 14.3 25.6 20.5 19.6 19.3 18.8 1.25 0.77 0.80 091

DM - dry matter; OM - organic matter; EE - ether extract; CP - crude protein; NDF - neutral detergent insoluble fiber; NFC - Non-fibrous
carbohydrates; NH,-N - ammonia nitrogen; TN - total nitrogen; WSC - water-soluble carbohydrates; SEM - standard error of the mean; L - linear
effect; Q - quadratic effect.

! Non-relocated silage.

2 Compared with a significance level of 5%.

 Differs from the control (NR) by Dunnett’s test.

4. Discussion

4.1. Experiment 1

The action of the hydrolytic enzymes produced by plants is effective when the material is ensiled.
Structural and non-structural carbohydrates serve as energy sources for microorganisms during
fermentation (Rooke and Hatfield, 2003). This hydrolysis causes a reduction in the NDF values, which
was reflected in the results of the silages in the first opening of the silos, 30 d after the first ensiling
(Table 1) in the current study.

Aerobic deterioration of silage occurs when it is exposed to atmospheric oxygen, which triggers a series
of reactions such as an increase in the population of yeasts, temperature, and pH (Pahlow et al., 2003).
Changes in temperature are the first response to aerobic deterioration. An increase in RT may result

R. Bras. Zootec., 52:€¢20220059, 2023



How do relocation time and length of storage after relocation affect fermentation and nutritive value...
Santos et al.

in other changes, such as changes in populations of molds and other aerobic bacteria, which intensify
the production of heat and increase the temperature of the silages, as observed in the present study.
However, this change in microbial population was not observed after relocation, even in silages with
longer RT (60 h). Therefore, we discuss whether such changes could influence the characteristics of
the silage after silo opening.

In the present study, modifications that could compromise the fermentation profile and preservation
of the silage did not occur, even though they were exposed to air for up to 60 h, as no differences were
observed in their microbial populations and fermentation profiles relative to those in the control silage.
This demonstrates that aerobic exposure before relocation did not affect the fermentation profile or
silage conservation. The highest pH value (3.9) observed was still within the recommended pH range for
corn silage (3.8-4.2; McDonald et al,, 1991). Other studies have reported few changes in fermentation
profile and microbial populations in maize and sorghum silage relocated for up to 48 h (Chen and
Weinberg, 2014; Lima et al., 2016; dos Anjos et al., 2018). However, reductions in concentrations of
lactic acid and NH_-N in the silage and increases in effluent losses were observed in sorghum silage
relocated for up to 12 h (dos Anjos et al., 2018). The low acetic acid content at RT of 12 h is not
biologically explainable.

Although no changes occurred in fermentation products in the silage, its aerobic stability increased
up to 36 h of RT and decreased for longer RT, 48 and 60 h. This increase in aerobic stability probably
occurred because of oxygen penetration into the silage mass during aerobic exposure at the time of
relocation. Oxygen promotes the proliferation of deterioration-initiating microorganisms, such as
yeasts, which metabolize soluble carbohydrates, starch (McDonald et al., 1991), and organic acids
(Driehuis et al., 1999), producing carbon dioxide, water, and heat (Muck, 2010). With the consumption
of fermentative products, the pH of the silage is raised to values above 4.5, favoring the growth of a wide
variety of other aerobic microorganisms, which accelerates the deterioration process and causes even
greater heating in the silage (Muck, 2010). Thus, the higher stability of the silage with RT longer than
24 h can be explained by the lower availability of substrates for yeasts under these conditions, because
these would have been consumed during the relocation and subsequent storage processes, which
could be observed in the chemical composition of the silage observed after relocation (Table 3). It is
possible that RT longer than 48 h made the silages more prone to aerobic deterioration, considering
that their pH was above 5.0 after 5 d of aerobic exposure, whereas silages with RT lower than 48 h had
a pH below 4.5 on the same day. It suggests that longer RT increases aerobic deterioration because of
the long period that the silage remains exposed to air during the process, which will affect microbial
populations and other silage characteristics that accelerate the deterioration process. However, in the
current study, the result could not be attributed to any parameter evaluated in the silage.

The increase in the DM content of the silage as a function of RT occurred because of dehydration
resulting from the contact with air during the aerobic exposure of silage. Recovery values of DM above
100% demonstrated that prolonged aerobic exposure during relocation probably caused water loss
in the silage and concentrated its DM. Chen and Weinberg (2014) also observed the drying of silage
during aerobic exposure. Changes in EE, CP, and NDF concentrations in the silage were proportional to
the changes in its DM content and were related to decrease in levels of other nutrients, such as soluble
carbohydrates, which are included in the NFC.

Small changes in chemical composition did not affect the nutritive value of the silage, demonstrating
that its final quality was not compromised by relocation, which corroborates the results of previous
studies. Therefore, well-preserved silages, such as corn, are safe to relocate within 60 h without major
changes in fermentation characteristics and chemical composition.

4.2. Experiment 2

The acetic acid concentration increased after 32 d of storage compared with that in the control, which
resulted in a lower pH than that of the control at silo opening and increased aerobic stability (Table 4).
Changes in these components after long periods of storage indicate that some microbial activity
persists in silage, even when the pH is low (Kung Jr, 2013).
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In a study in which corn silage was stored for up to 360 d, Der Bedrosian et al. (2012) reported an
increase in the concentration of acetic acid and 1,2-propanediol in the silage as the storage time
increased. The main explanation for this increase is the metabolism of heterofermentative lactic acid
species, such as Lactobacillus buchneri that can metabolize lactic acid to acetic acid and 1,2-propanediol
under anaerobic conditions (Oude Elferink et al., 2001).

Other studies have reported that some strains of Lactobacillus plantarum, Lactobacillus bifermentans,
and Streptococcus faecium under anaerobic conditions and at low WSC concentrations begin to
produce formic acid and acetic acid using lactic acid as a substrate (Kandler et al., 1983; Lindgren et al.,
1990; London, 1968; Murphy and Condon, 1984).

The antifungal action of acetic acid has been confirmed by the easy penetration of the cell membranes
of yeasts when the pH is lower than the dissociation constant (pKa) of these acids. At that point, they
take on their dissociated form, causing the release of H* ions inside the yeast cells (Walker, 1998). As
a consequence of the entrance of H* ions, the pH of the yeast cells decreases, compromising their
growth due to the energy required for the active transport carried out by the cell in an attempt to
eliminate H* ions from its interior (McDonald et al., 1991).

The increase in aerobic stability and HMaxT of relocated corn silages can be explained by the increase
in acetic acid concentration with storage time. However, the fact that relocated silage is more stable
cannot be considered beneficial because the loss of nutrients and reduction in the concentration of
NFC were higher in silage with longer ST. This indicates that the relocation of silage increased the
degradation of nutrients, even under anaerobic conditions in the silo, as a function of ST. The IVDMD
value was also lower for silage with an ST of 64 d, showing that the observed reduction in the NFC
reduced the IVDMD value of the silage that was relocated and subsequently stored. Thus, it is important
to know the storage period and chemical composition of relocated silage before formulating livestock
diets.

The decreased DM content of the silage with longer storage (Table 5) is related to nutrient losses
in general, which can be observed by the reduction in DMR values with increasing ST. When
evaluating the storage time of corn silage, Saricicek et al. (2016) also observed a decrease in the
DM concentration of silage after long periods of storage. The reduction in DMR after long-term storage
could be explained by slight modifications in the fermentation profile and an increase in acetic acid
concentration. Non-fiber carbohydrate is the main source of fermentable substrates in silage, while
WSC, glucose, fructose, sucrose, and fructan are also important sources of energy for microorganisms
in the rumen (Bernardes et al.,, 2018). A reduction in the availability of these compounds in silage
decreases their nutritive value.

5. Conclusions

The relocation of well-preserved corn silage for up to 60 h has no effect on the fermentative profile
and nutritive value of the silage. However, dry matter content increases as a function of relocation
time owing to aerobic exposure during relocation process. Increased storage time of the relocated
corn silage, up to 128 days, has no effect on silage preservation. However, it decreases the nutritional
value of relocated silage. Storage period after relocation has a greater impact on the nutritional value of
relocated corn silage than time of exposure to air during relocation.
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