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ABSTRACT. Rehydrating maize (Zea mays L.) grain silage can mitigate stor-
age issues in maize production. Moreover, the use of agricultural byproducts for
rehydration may reduce environmental impact and prevent aerobic deterioration
of maize grain silage. This study investigated the effects of increasing levels
of wet tomato byproduct (WTB) on the fermentation characteristics, nutritional
value, and aerobic stability of maize grain silage. A completely randomised de-
sign with five treatments and seven replicates was applied. Treatments con-
sisted of ground maize grains (1-2 mm) replaced with increasing WTB levels
(25%, 30%, 35%, 40%, and 45%) in the ensiled mass, added based on a fresh
mass basis. A linear decrease (P < 0.01) in dry matter (DM) content from 77.6%
to 53.4% was observed. Crude protein, neutral detergent fibre, and lignin con-
centrations increased linearly (P < 0.01), with respective increments of 4.13%,
4.72%, and 1.14% between 25% and 45% WTB additions. A negative quadratic
effect was found in the in vitro digestible DM content (P < 0.01), with the highest
value at 30% WTB (75.6%). Lactic acid concentrations also rose, from 1.01%
to 7.35%, with increasing WTB concentrations. No aerobic deterioration was
observed after 264 h of air exposure in the silages supplemented with 35%,
40%, and 45% WTB. However, excessively high WTB proportions reduced DM
content and increased the concentration of indigestible fibre. Rehydrating maize
grain silage with 35-40% WTB improved fermentation and aerobic stability
without compromising digestibility.
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Introduction The country was unable to store 122 mln t of maize
(Zea mays L.) harvested in the 2022/2023 season
Global coarse grain production reached (CONAB, 2022), leading to significant price fluc-

1451.74 miIn metric t in the 2023/24 season, tuations between harvest and off-season periods.

with projections for 2024/25 season rising to
1512.38 mln metric t (USDA, 2024). However,
several countries, including Brazil, continue to
face challenges in grain storage (Drechsler, 2021).

To address this instability and reduce losses caused
by pests like weevils and rodents, one viable solu-
tion is to store maize grains as rehydrated silage
(Guimaraes et al., 2022).
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In addition to preventing losses, this method has
been utilised to improve starch digestibility in mature
grains, particularly in vitreous endosperm varieties,
known as hard or flint maize. Increased starch digest-
ibility allows for more efficient grain utilisation by
livestock and lowers storage costs compared to con-
ventional metal silos (Silva et al., 2016; Cruz et al.,
2021). Rehydration involves increasing the moisture
content of grains to a range of 30-35%. While wa-
ter is typically used for rehydration, byproducts with
high moisture content can also be employed (Cruz
et al., 2021).

Tomatoes are among the most widely cultivated
vegetable crops globally, second only to potatoes. In
2021, global tomato production reached 189 min t,
with China accounting for 35% of this production
(FAO, 2022). A significant portion of these tomatoes
is processed into tomato paste and sauce, generating
significant amounts of waste. These agricultural
tomato byproducts, have a high moisture and valuable
nutrient contents that increase silage quality, making
them a suitable option for grain rehydration ifadequate
strategies are adopted (Secondi et al., 2019). Wet
tomato byproduct (WTB) has an adequate nutrient
composition for ruminant feeding, though some
characteristics, such as high moisture content and
elevated acetic acid levels in the organic acid profile
can reduce fermentation efficiency (Jamehshooran
et al., 2021). Lu et al. (2022) surveyed the chemical
composition data of wet tomato pomace from
different locations, reporting average concentrations
of 31.6, 20.6, and 37.7% dry matter (DM), crude
protein (CP), and total dietary fibre, respectively.
These authors highlighted WTB as a nutrient-rich
feed source, particularly in protein, fatty acids, and
amino acids, but also noted its high moisture and fibre
content. Therefore, it is important to carefully balance
the WTB levels used for rehydrating the maize grain
silage to mitigate potential problems caused by WTB
characteristics.

On the other hand, using byproducts such as
WTB is an environmentally sustainable practice that
prevents improper disposal in natural environments,
thereby preventing potential environmental damage
(Coelho et al., 2023). From an economic perspective,
these byproducts are often either donated by process-
ing companies or acquired at low costs. Nevertheless,
the application of WTB for rehydrating ground maize
grain silage remains under-researched, with several
areas still requiring investigation. Tuoxunjiang et al.
(2020) evaluated the partial replacement of maize
silage with wet tomato pomace and observed a 10%
increase in DM digestibility. Despite this, crucial

aspects of silage quality such as aerobic stability and
indigestible fibre content, have yet to be thoroughly
examined when blending WTB into the silage.
Considering the aforementioned data, we hypoth-
esised that WTB could efficiently rehydrate ground
maize silage, while improving the nutritional value
and preventing aerobic deterioration. The trial was
conducted to determine the most optimal substitu-
tion level for achieving these benefits. Consequently,
the aim of this study was to assess the fermentation
characteristics and nutritional value of ground maize
silages rehydrated with increasing levels of WTB.

Material and methods

Compliance with ethical standards

The care and handling of animals in this ex-
periment were conducted in accordance with the
guidelines of the National Council for the Control
of Animal Experimentation (CONCEA — Conselho
Nacional de Controle de Experimentagdo Animal)
and received approval from the Ethics Committee
on Animal Use of the State University of Montes
Claros (protocol CEUA # 011/2023).

Location of the experiment and climatic
conditions

The study was conducted at the State Uni-
versity of Montes Claros in Janatba-MG, Brazil
(15° 48°09” S; 43° 18’32” W and 533 m of alti-
tude). The location has an annual average rainfall of
800 mm, with minimum air temperatures averaging
16 °C and maximum temperatures reaching 33 °C.
According to the Koppen classification, the cli-
mate in this region is classified as Aw (tropical with
dry winter), with rainy summers and dry winters
(Alvares et al., 2013).The municipality of Janauba is
situated in the Brazilian Semiarid region.

Acquisition and chemical composition of
raw materials

Maize grains used for silage production were
sourced from local stores and had been pre-ground
to pass through a 2-mm sieve. WTB was obtained
from a tomato processing company located in Janat-
ba, Minas Gerais, Brazil. Maize grain rehydration
was performed by incorporating increasing levels of
WTB, with the objective of recommending appro-
priate inclusion rates of the byproduct to balance the
nutritional value and fermentation characteristics of
the silage. The chemical composition of the fresh
ingredients is detailed in Table 1.
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Table 1. Chemical composition of wet tomato byproduct (WTB) and
ground maize grain before ensiling

Ingredient
Variable, % WTB g:gil;nd maize
pH 4.80 -
Dry matter (DM), % 15.7 87.6
Ash, % DM 4.32 1.99
Crude protein, % DM 19.9 8.38
Neutral detergent fibre, % DM 51.6 14.0
Acid detergent fibre, % DM 454 5.16
Lignin, % DM 6.98 1.30
Ether extract, % DM 5.85 3.00
Non-fibre carbohydrates, % DM  18.3 72.6
Total digestible nutrients, % DM 53.5 84.9

Treatments and experimental design

Treatments included five levels of WTB (25%,
30%, 35%, 40%, and 45%) replacing ground maize
grains in the ensiled mass, added on a fresh mass
basis. The WTB levels were limited to a maxi-
mum of 45% to avoid altering the characteristics
of maize grain silage and converting it into a WTB
silage. The trial was conducted in a completely
randomised design, with five treatments and seven
replicates.

Ensiling processes

Experimental silos made of polyvinyl chloride
(PVC), measuring 0.5 m in length and 0.1 m in di-
ameter, were utilised for the study. The ingredients
were mixed thoroughly according to the specific
treatments, and the mixture was placed in the silos
and compacted using a wooden tamper. Silage was
compacted to a density of 950 kg/m? (fresh matter),
as described by Jobim et al. (2007). Once filled, the
silos were sealed with PVC lids fitted with Bunsen
valves and stored at room temperature (average
25 °C) in the forage farming laboratory. The silos
were opened after 60 days of storage.

Aerobic stability

Approximately 2-kg samples were collect-
ed and stored in a temperature-controlled room
(24.5-25.5 °C) to assess the aerobic stability of the
silages. Silage temperature was monitored using
an AK 172 mini, ASKO™ data logger, positioned
in the centre of the ensiled mass. Aerobic stability
was defined as the time during which the silage tem-
perature remained stable before rising 2 °C above
ambient temperature, following the methodology
outlined by Moran et al. (1996).

Assessment of pH, ammonia nitrogen,
and organic acids

Silage samples taken from the experimental
silos were used to analyse pH, ammonia nitrogen
(N-NH,), and organic acids. These samples were
mechanically pressed to extract the juice required
for the analyses. The pH was measured using
a potentiometer (Hanna™ Instruments, Barueri,
SP, Brazil), while N-NH, was quantified follow-
ing the method described by Noel and Hamble-
ton (1976). Organic acids were analysed using
a liquid chromatograph (Shimadzu™ Prominence
System model 20A, Kyoto, Japan) equipped with
a UV-V detector set to 210 nm, an automatic in-
jector calibrated to a sample volume of 5 pl, and
a Rezex™ ROA-Organic Acid + 7.8 mm column
(Phenomenex), maintained at 60 °C in an oven.
The analytes were diluted with 2.5 mM H,SO, at
a flow rate of 0.6 ml per min, and quantitative cali-
bration was performed using external standards, as
described by Pryce (1969).

Chemical composition and ruminal kinetics

After the silos were opened, silage samples
were collected and dried in a forced-air air oven
at 55 °C for 72 h. Subsequently, the samples were
ground using a knife mill with a 1-mm mesh
sieve for laboratory analysis and a 2-mm sieve for
in vitro digestibility, indigestible neutral detergent
fibre (iNDF), and in situ rumen degradability
analyses. The chemical composition of the
silages was determined at the Food Analysis and
Animal Nutrition Laboratory of the Department of
Agricultural Sciences at Universidade Estadual de
Montes Claros.

Silages were analysed for the contents of DM
(934.01), CP (954.01), ether extract (EE; 920.39),
ash (942.05) and lignin (954.01), following the
AOAC recommendations (Horwitz, 2005). The
contents of neutral detergent fibre (NDF), acid
detergent fibre (ADF), iNDF, indigestible acid de-
tergent fibre (1IADF), and non-fibre carbohydrates
(NFC) were determined using methods proposed
by Van Soest et al. (1991). The contents of total
digestible nutrients (TDN) were calculated follow-
ing the National Research Council guidelines of
2001 (NRC, 2001). The contents of in vitro digest-
ible dry matter (IVDDM), neutral detergent fibre
(IVDNDF), acid detergent fibre (IVDADF), and
crude protein (IVDCP) were assayed following the
method of Holden (1999), using a TE-150 artificial
incubator (Tecnal, Brazil). The samples were trans-
ferred to non-woven textile bags (NWT,100 g/m)
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and incubated for 72 h at 39 °C. After 48 h of incu-
bation, the samples were chemically digested with
a solution containing HCI 50% and pepsin. Rumi-
nant fluid was collected from a rumen-fistulated
cow in the early morning.

The method described by Detmann et al. (2021)
was employed to conduct the rumen kinetics assay.
Two crossbreed steers with ruminal cannulas,
weighing an average of 550 &+ 30 kg and an average
age of eight years, were selected. The animals’
diet was based on maize-soybean concentrates and
whole-plant maize silage, maintaining a roughage-
to-concentrate ratio of 50:50. Non-woven textile
bags measuring 7.5 x 15 c¢cm, with 60-um porosity,
and containing 20 mg of DM per cm? of bag
surface area, were used for the in situ degradability
assessment. These bags were placed in the ventral
sac of the rumen for 24 and 48 h, with a nylon thread
attached to the cannula. The bags at time zero were
not incubated in the rumen but were washed under
running water along with the incubated bags. The
samples in bags were then analysed at intervals of
2,3,6,12, 24,48, 72, 96, 120, 144, and 288 h after
incubation, for a total of 14 times when including the
time zero samples. The ruminal DM degradability
represents assessments after 144 and 288 h post-
incubation.

Statistical analysis

Data on the chemical composition and digest-
ibility of the silages were subjected to the Shapiro-
Wilk test for normality (P > 0.05) and analysed
using analysis of variance (ANOVA) through the
PROC GLM procedure of SAS® OnDemand for Ac-
ademics. The means of WTB levels were compared
using regression analyses decomposed into linear
and quadratic effects, also using PROC GLM. The
statistical model was as follows:

Yij =pt Ti + i
where: Yij — dependent variable, p — overall mean,
T, — WTB level effect, e, — residual error of each
observation, assuming normal distribution of
residuals.

Rumen DM degradability was analysed using
a mixed linear model with PROC MIXED proce-
dure in SAS® OnDemand for Academics, consid-
ering the incubation time as a source of variation.
WTB level and incubation time were fixed effects,
while variation in animal weight was a random
effect. The incubation times (24 and 48 h) were
repeated measurements (repeated effect). Mean
rumen degradation times were compared using
the probability of difference (“pdiff”’) adjusted by

the Tukey test. The statistical model was as fol-
lows:
Yijk = IJ' + Ti + PJ + (TP)U + Bk + eijk’

where: Y — observation referring to the incuba-
tion time (Pj) of a given WTB level (T), consider-
ing the covariance of animal weight variation (B,),
p — overall mean, T. — fixed effect of WIB level
(i=1,2,3,4, and)), Pj — fixed effect of incubation
time (j = 1 and 2), TP, — interaction effect between
WTRB level (i) and incubation time (j), B, — random
effect of animal weight variation, €y~ residual error
of each observation.

Results

Chemical composition

Silages showed a linear decrease in DM
content as WTB was proportionally increased in
the ensiled mass (Table 2). The reduction in DM
content ranged from 76.6 to 53.4% comparing the
lowest and maximum WTB levels. The average
ash content was 2.48%, with no significant
differences observed between treatments. There
was a linear increment in the silage CP content
(4.13% gain) with the gradual addition of WTB
from 25 to 45%. For NDF content, a linear
increase was also recorded as the WTB percentage
increased in the ensiled mass, ranging from 10.5%
to 15.2%. A similar pattern was observed for ADF
values. Haemicellulose content, however, showed
no significant differences between treatments,
with an average value of 5.86%. In contrast,
lignin content increased linearly with the WTB
addition, from 2.75% at 25% WTB to 3.89% at
45% WTB. Both total carbohydrates and NFC
decreased linearly with respective reductions of
8.95 and 13.7%, when comparing the 25% and
45% WTB inclusion levels. EE contents displayed
linear increase of 4.56% along with rising WTB
supplementation. TDN showed a linear decrease
from 85.1% to 82.7% between the minimum
and maximum WTB levels. Ammonia nitrogen
(N-NH,) increased linearly, which corresponded to
a 5.15% rise in total N (Table 2).

Digestibility and DM degradability

Adding WTB to maize silage had a signifi-
cant effect on the content of IVDDM, IVDADF,
and IVDCP (Table 3). A negative quadratic ef-
fect was observed for the IVDDM content, with
the highest digestibility projected at a hypo-
thetical WTB level of 31.14%, yielding 76.9%
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Table 2. Chemical composition of maize grain silages rehydrated with increasing levels of wet tomato byproduct, % dry matter (DM)

WTB levels, % fresh matter

P-value

1 2
Variable 25 30 35 20 15 SEM ] Q R
DM! 76.6 69.8 66.4 58.5 53.4 0.87 <0.01 0.74 0.99
Ash? 2.37 247 248 245 2.64 0.15 0.32 0.83 0.74
Crude protein® 1.3 11.9 1.7 14.1 15.5 1.03 <0.01 0.28 0.84
Neutral detergent fibre* 10.5 11.0 12.3 13.1 15.2 0.84 <0.01 0.41 0.95
Acid detergent fibre® 4.89 5.35 6.50 7.55 8.39 0.23 <0.01 0.47 0.98
Haemicellulose® 5.59 5.61 5.83 5.51 6.80 0.84 0.39 0.53 0.72
Lignin’ 2.75 2.83 3.25 3.29 3.89 0.15 <0.01 0.26 0.91
NFC® 73.5 721 69.4 64.9 59.9 1.51 <0.01 0.13 0.95
Ether extract™ 2.26 2.61 4,08 5.44 6.82 0.31 <0.01 0.10 0.97
TDN" 85.1 84.5 83.6 83.0 82.7 0.23 <0.01 0.34 0.96
N-NH,, g/kg N2 1.22 3.76 4.34 7.09 6.37 0.39 <0.01 0.06 0.86

NFC - non-fibre carbohydrates, TDN - total digestible nutrients, N-NH, — ammonia nitrogen, L - linear effect, Q — quadratic effect,

R? — determination coefficient, SEM — standard error of the mean; ' — Y = 105.29 - 1.15X, ?

-Y=248% -Y =556+ 0.20X,

4 - Y =433 +023X,°-Y=0093+018X,° -Y=586" - Y=120+005X 8 - Y = 96.43 - 045X, ¢ - Y = 92.09 - 0.68X;
0 -Y=412+023X,"-Y=88.14-0.12X, 2= Y = 4.96 + 0.27X; P < 0.05 indicates significant difference

Table 3. Digestibility of maize grain silages rehydrated with increasing levels of wet tomato byproduct, %

Variable WTB levels, % fresh matter SEM P-value R
25 30 35 40 45 L Q

In vitro digestibility
IVDDM 755 754 74.6 74.8 66.4 0.72 <0.01 <0.01 0.71
IVDNDF  72.3 73.6 75.4 75.6 721 1.48 0.71 0.06 0.85
IVDADF  9.87 8.51 7.34 6.41 5.27 0.42 <0.01 0.66 0.99
IVDCP 743 67.4 70.6 64.4 53.9 348 <0.01 0.21 0.79

Indigestible fibre fractions, %
iNDF 34.9 441 454 50.4 62.8 43 <0.01 0.54 0.92
iADF 243 314 36.9 421 54.6 38 <0.01 0.47 0.96

IVDDM - in vitro digestible dry matter, Y = 3429 + 2.74X - 0.044X% IVDNDF - in vitro digestible neutral detergent fibre, Y = 73.80;
IVDADF - in vitro digestible acid detergent fibre, Y = 15.38 - 0.22X; IVDCP - in vitro digestible crude protein, Y = 96.65 - 0.87X;
iNDF — indigestible neutral detergent fibre, Y =0.40 + 0.12X; iADF — indigestible acid detergent fibre, ¥ =-1.20 + 0.14X; SEM - standard error
of the mean, L - linear effect, Q — quadratic effect, R? - determination coefficient; P < 0.05 indicates significant difference

IVDDM. Linear decreases were observed in
IVDADF and IVDCP, with reductions of 4.60%,
and 20.3%, respectively, when comparing the 25%
and 45% WTB levels. There was no significant
effect on IVDNDF, with average value calculated
at 73.8%. Linear increments were recorded for in-
digestible fibre fractions (iINDF and iADF) with
increasing WTB levels. The iNDF proportion in-
creased from 3.49% at 25% to 6.28% at 45% WTB,
while iADF rose from 2.43% to 5.46% in response
to increasing WTB proportion.

The percentages of rumen-degraded DM were
higher after 48 h compared to 24 h of incubation
in all silages (Table 4). A negative quadratic
effect was found with increasing WTB levels,
and the highest degraded fraction was observed

in the silage containing 30% WTB, regardless of
incubation time. No interaction effect was observed
between rumen degradation times and WTB levels
(Table 4).

Organic acids

Increased WTB levels altered the production
of organic acids in the silages (Table 5). Positive
quadratic effects were observed for the concentrations
of lactic and acetic acids, as well as ethanol and the
lactic-to-acetic acid ratio (L/A ratio). Lactic acid
content increased from 0.88 to 7.35% with gradual
WTB addition, with the lowest predicted value (only
0.39%) at a hypothetical WTB level of 30.65%. The
proportion of acetic acid increased from 0.62% to
1.3%, while the L/A ratio increased from 1.44 to
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Table 4. Ruminal dry matter degradability (%) in maize grain silages rehydrated with increasing levels of wet tomato byproduct, %

) WTB levels, % fresh matter P-value
Time, h Mean SEM R?
25 30 35 40 45 T TxW L Q
144 68.9 69.0 65.5 65.1 55.2 64.78 <0.01 <0.01 0.74
1.18 <0.01 0.27
288 79.2 80.7 784 779 73.2 7794 0.01 0.03 0.71
Mean 74.1 74.8 719 715 64.2

SEM - standard error of the mean, T — degradability time effect, T x W — interaction effe:ct between degradability time and WTB level, L - linear
effect, Q — quadratic effect, R? — determination coefficient; DM degradability (144 h): Y = 29.48 + 2.77X - 0.048X? and (288 h): Y = 52.94 +

1.81X - 0.030X2%; P < 0.05 indicates significant difference

Table 5. Production of organic acids in maize grain silages rehydrated with increasing levels of wet tomato byproduct (WTB)

Organic acid, % WTB levels, % fresh matter \ P-value )
CV, % R

DM 25 30 35 40 45 L Q

Lactic acid 1.01 0.88 1.49 1.60 7.35 36.3 <0.01 <0.01 0.88

Acetic acid 0.62 0.68 0.81 0.95 1.30 18.6 0.08 0.01 0.71

Butyric acid 0.09 0.11 0.10 0.06 0.06 229 0.03 0.01 047

Lactic-to-acetic

acid ratio 0.14 0.16 0.19 0.17 0.60 441 0.01 <0.01 0.69

Ethanol 0.06 0.04 0.04 0.08 1.32 64.7 <0.01 <0.01 0.86

DM - dry matter, CV - coefficient of variation, L - linear effect, Q - quadratic effect, R? — determination coefficient; lactic acid: Y =29.51-1.90X +
0.031X2, acetic acid: Y = 1.69 - 0.084X + 0.002X?, butyric acid: Y = -0.077 + 0.012X — 0.0002X?, lactic-to-acetic acid ratio: Y = 2.24 - 0.138X +

0.002X2, ethanol: Y = 7.10 - 0.46X + 0.007X?, P < 0.05 indicates significant difference

5.99. Ethanol concentration increased from 0.06%
to 1.32%. In contrast, butyric acid content decreased
quadratically from 0.92% to 0.06% as WTB level
was increased from 25% to 45%. Maximum butyric
acid production was observed at 30% WTB.

Aerobic stability

The aerobic stability of the silages was affected
by increasing WTB levels. Silages with 30% WTB
inclusion exceeded the threshold of 2 °C above

room temperature after 48 h, indicating a loss of
stability due to excessive heating. Conversely, silages
containing 25% WTB remained stable for up to 168 h.
Moreover, no aerobic deterioration was detected until
264 h in the other treatments (Figure 1).

Silage pH values varied after the opening of the
silos, depending on the exposure time. Treatments
with lower WTB levels (25% and 30%) displayed the
highest average pH values after opening and during
the aerobic stability evaluation (Figure 2).
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Figure 1. Temperatures (°C) in maize grain silages rehydrated with increasing levels of wet tomato byproduct (WTB) (25%, 30%, 35%, 40% and

45%) during the aerobic stability test



A.F. Silva et al.

8_
e
% ‘ . . 959
e 30%
6 - il -, . =
) 35%
S e G e G . e 40%
e 45%
4_
2 T T T T

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336

time, h

Figure 2. pH values in maize grain silages rehydrated with increasing levels of wet tomato byproduct (WTB) (25%, 30%, 35%, 40% and 45%)

during the aerobic stability test

Discussion

Tomato processing waste can exhibit varying
moisture levels as it is an industrial residue sub-
jected to different processing methods, thus gener-
ating byproducts with varying nutrient composition
(Silva et al., 2009). A DM contents between 65.0%
and 70.0% must be achieved to rehydrate maize
grain silage and minimize fermentation losses (Cruz
et al., 2021), and incorporating 30-35% WTB suc-
cessfully met this target. On the other hand, WTB
did not change the silage ash content as horticulture
byproducts generally contain low mineral matter
(Moreno et al., 2021), insufficient to alter the min-
eral composition of the silage.

The higher CP content in WTB compared to
maize led to its increased proportion in the silages.
Despite this increase, the CP levels in all silages
remained sufficient to meet the nutritional require-
ments of finishing beef cattle, whose diets typically
contain between 10.0% and 14.0% of CP (Menezes
et al., 2022).

WTB’s NDF content exceeded 25.0% (51.6%),
classifying it as a roughage source (Silva et al., 2024).
Increasing dietary NDF stimulates chewing and sali-
vation without negatively affecting dry matter in-
take due to ruminal distention (Pereira et al., 2023),
and the inclusion of tomato byproduct contributed
to this effect. Conversely, increasing lignin content
with higher WTB levels in the ensiled mass nega-
tively affected DM digestibility. Lignin is an antinu-
tritional factor that forms a physical barrier that pre-
vents microorganisms and enzymes from breaking
down the plant cell wall, rendering it indigestible
(Halpin, 2019).

The reductions in NFC and TDN could be attrib-
uted to the higher fibre content in WTB compared
to maize grain. Maize is a primary energy source
in animal diets, with starch being its main compo-
nent. However, this reduction in TDN with the ris-
ing WTB level was partially offset by the high EE
content of WTB (5.85%). Maize grain silages typi-
cally have high NFC and EE contents, resulting in
elevated TDN and digestibility, since NFC and EE
are significant sources of energy. The recommended
upper limit for EE concentration in ruminant diets
is 7%, as exceeding this limit may reduce ruminal
fermentation and fibre digestibility, while increas-
ing passage rates (Valadares Filho et al., 2018). It
should be noted that the inclusion of 45% WTB led
to 6.82% EE content, which suggests that intermedi-
ate WTB levels such as 30% and 35% are safer for
rehydrating maize grain silage without compromis-
ing fibre digestibility.

During fermentation processes, materials un-
dergo hydrolysis of proteins, starch and other
components (Tres et al., 2020). Ammonia nitrogen
(N-NH,) content is indicative of fermentation qual-
ity due to proteolysis during fermentation, and
poorly preserved silages tend to contain more than
10.0% total N (Anjos et al., 2022). Although there
was a linear increase in ammonia N content in si-
lages with higher WTB levels, all silages remained
below 10.0%, indicating good preservation.

Reductions in digestible DM and ADF concen-
trations were attributed to the high lignin content in
WTB, which resulted in higher indigestible fractions
(iINDF and iADF). Moreover, the decline in IVDCP
could be due to elevated temperatures during the pulp
extraction process, causing protein denaturation, and
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high lignin levels. Heat treatment likely resulted in
protein degradability losses due to the formation of
Maillard products from reactions between reducing
sugars and amino acids, as well as crosslinking be-
tween and within proteins (Iomelli et al., 2022).

The lignified fractions of WTB also reduced DM
ruminal degradability. In contrast, the protein matrix
surrounding starch granules was probably almost en-
tirely degraded (Gomez et al., 2016), which explains
the higher DM degradability found in silages con-
taining higher proportion of maize grain and lower
of WTB. The 45% WTB inclusion level significantly
impaired ruminal degradation compared to the other
WTB levels, due to the elevated undigestible fibre
content observed in silages rehydrated with such
a high amount of WTB (Ribeiro et al., 2020).

The consistent increments in lactic acid
concentration and reductions in butyric acid
contents with rising WTB levels were interesting
to observe as ensiling wet roughage often
reduces osmotic pressure, providing a conducive
environment for the development of clostridia and
enterobacteria, and reducing the activity of lactic
acid bacteria; however, this trend was not observed
in the present study (Muck et al., 2018). In addition
to the favourable characteristics of maize grains
for lactic acid fermentation, such as high DM
content and adequate osmotic pressure, the tomato
byproduct likely contained proper substrates for
heterolactic bacteria, as evidenced by the increased
lactic and acetic acid concentrations at higher
WTB levels (Kung Jr. et al., 2018). In this study,
the 35% and 40% WTB levels contributed to better
organic acid profiles compared to other replacement
proportions, demonstrating higher lactic acid
production and lower generation of butyric acid
and ethanol. Conversely, the 45% WTB level
increased the lactic acid content, but it also raised
ethanol concentrations. Silages with high ethanol
concentrations could indicate the presence of yeasts
responsible for initiating aerobic deterioration
following the opening of the silos (Muck et al.,
2020).

Aerobic deterioration begins when the si-
lage temperature exceeds ambient temperature by
2 °C (Kung Jr. et al., 2018). Silages with WTB
levels between 35% and 45% remained stable for
over 240 h, likely due to their elevated lactic and
acetic acid concentrations. Yeasts consuming or-
ganic acids after opening the silos can increase the
silage pH, temperature, and CO, concentrations,
creating an environment conducive to the growth
of bacilli, fungi, and enterobacteria. On the other

hand, acetic acid is desirable for silage preservation
because of its antifungal and anti-yeast properties
(Lambert and Stratford, 1999). However, excessive
heterolactic fermentation can also lead to increased
ethanol production in addition to acetic acid, which
may further stimulate yeast proliferation once the
silos are opened (Borreani et al., 2018).

Based on these premises, maize grain silages
are highly susceptible to aerobic deterioration be-
cause they are rich in soluble carbohydrates and
starch (Dubeux Jr. et al., 2021). In this context, the
inclusion of WTB was advantageous in mitigating
silage aerobic deterioration, as treatments contain-
ing 35% and 45% WTB had the lowest temperature
and pH fluctuations after opening.

Conclusions

Wet tomato byproduct (WTB) is an effective ad-
ditive for rehydrating maize grain silage. Appropri-
ate levels of WTB can be incorporated to produce
silages with good fermentation, nutrient preserva-
tion, and stability after opening the silos. However,
using excessive proportions of WTB for rehydra-
tion can negatively impact dry matter content and
increase the concentration of undigestible fibre.
Incorporating 35-40% WTB into ensiled mass im-
proves fermentation characteristics and aerobic sta-
bility without compromising digestibility.

Funding

This project received partial funding from the
Coordination for the Improvement of Higher Edu-
cation Personnel — Brazil (CAPES) — Financial
Code 001.

Acknowledgments

We express our gratitude to the Minas Gerais
Research Foundation (FAPEMIG), Montes Cla-
ros State University (UNIMONTES), and the
National Council for Scientific and Technological
Development (CNPq) for their financial support,
scholarships, and provision of resources for this re-
search. We also thank Bestpulp™ (http://www.best-
pulp.com.br/) for generously donating wet tomato
byproduct used in this study.

Conflict of interest

The Authors declare that there is no conflict of
interest.


http://www.bestpulp.com.br/
http://www.bestpulp.com.br/

A.F. Silva et al.

References

Alvares C.A., Stape J.L., Sentelhas P.C., de Morales Gongalves J.L.,
Sparovek G., 2013. Kdppen's climate classification map for
Brazil. Meteorol. Z. 22, 711-728, https://doi.org/10.1127/0941-
2948/2013/0507

Anjos AN.A., Aimeida J.C.C., Viegas C.R., da Silva P.H.F., de Morais
L.F., Nepomuceno D.D., de Carvalho C.A.B., Soares FA,,
2022. Protein and carbohydrate profiles of ‘Massai’ grass
silage with pelleted citrus pulp and microbial inoculant. Pesq.
Agropec. Bras. 57, 02732, https://doi.org/10.1590/s1678-
3921.pab2022.v57.02732

Borreani G., Tabacco E., Schmidt R.J., Holmes B.J., Muck R.A., 2018.
Silage review: Factors affecting dry matter and quality losses
in silages. J. Dairy Sci. 101, https://doi.org/10.3168/jds.2017-
13837

Coelho M.C., Rodrigues A.S., Teixeira J.A., Pintado M.E., 2023.
Integral valorisation of tomato byproducts towards
bioactive compounds recovery: Human health benefits.
Food Chem. 410, 135319, https://doi.org/10.1016/.
foodchem.2022.135319

CONAB (Companhia Nacional de Abastecimento), 2022. Historical
series of harvests: corn (in Portuguese). https://www.conab.
gov.br/info-agro/safras/serie-historica-das-safras

Cruz F.N.F., Mongéo F.P., Rocha Junior V.R., Alencar A.M.S., Rigueira
J.PS., Silva A.F., Miorin R.L.,, Soares A.C.M., Carvalho
C.C.S., Albuquerque C.J.B., 2021. Fermentative losses
and chemical composition and in vitro digestibility of corn
grain silage rehydrated with water or acid whey combined
with bacterial-enzymatic inoculant (in Portuguese). Semina
Cienc. Agrar. 42, 3497-3514, https://doi.org/10.5433/1679-
0359.2021v42n6p3497

Detmann E., Silva L.F.C., Rocha G.C., Palma M.N.N., Rodrigues
J.P.P, 2021. Methods for feed analyses (in Portuguese). 2nd
Edition. Suprema. Visconde do Rio Branco (Brazil)

Drechsler D., 2021. Grains storage in global food security. FAO. Rome
(Italy), https://doi.org/10.1016/B978-0-12-812758-2.00017-9

Dubeux Jr. J.C.B., Santos M.V.F., Cunha M.V., Santos D.C., Souza
R.T.A.,MelloA.C.L.E., Souza T.C., 2021. Cactus (Opuntia and
Nopalea) nutritive value: A review. Anim. Feed Sci. Technol.
275, 1-11, https://doi.org/10.1016/j.anifeedsci.2021.114890

FAO (Food and Agriculture Organization of the United Nations), 2022.
Agricultural production statistics 2000-2022. FAOSTAT
Analytical Brief-79. Rome (Italy)

Gomez L.M., Posada S.L., Olivera M., 2016. Starch in ruminant diets:
a review. Rev. Colomb. Cienc. Pec. 29, 77-90, https://doi.
org/10.17533/udea.rccp.v29n2a01

Guimaraes G.S., Azevedo J.A.G., Cairo F.C., Silva C.S., Souza L.L.,
Santos N.F., Carvalho G.G.P, Araujo G.G.L,, Silva RR.,
2022. Proportions of concentrate and rehydrated ground
grain corn silage at different storage times for better use of
starch by lambs. Trop. Anim. Health Prod. 54, https://doi.
0rg/10.1007/s11250-022-03301-9

Halpin C., 2019. Lignin engineering to improve saccharification and
digestibility in grasses. Curr. Opin. Biotechnol. 56, 223-229,
https://doi.org/10.1016/j.copbio.2019.02.013

Holden L.A., 1999. Comparison of methods of in vitro dry matter di-
gestibility for ten feeds. J. Dairy Sci. 82, 1791-1794, https:/
doi.org/10.3168/jds.S0022-0302(99)75409-3

Horwitz W., 2005. Official methods of analysis of AOAC International.
18th Edition. 973.18 (lignin), 954.01 (crude protein),
934.01 (dry matter), 920.39 (ether extract), 942.05 (ash).
Gaithersburg, MD (USA)

lommelli P., Zicarelli F., Musco N., Sarubbi F., Grossi M., Lotito D.,
Lombardi P., Infascelli F., Tudisco R., 2022. Effect of cere-
als and legumes processing on in situ rumen protein degrad-
ability: A review. Fermentation 8, 363, https://doi.org/10.3390/
fermentation8080363

Jamehshooran E.G., Khorshidi K.J., Kouhsar J.B., 2022. Chemical com-
position, aerobic stability and fermentation pattern of tomato
pomace and pumpkin waste silage using fibrolytic enzymes
and lactic acid bacteria. Int. J. Recycl. Org. Waste Agric. 11,
47-59, https://doi.org/10.30486/IJROWA.2021.1923435.1203

Jobim C.C., Nussio L.G., Reis R.A., Schmidt P., 2007. Methodologi-
cal advances in the quality assessment of preserved forage
(in Portuguese). Rev. Bras. Zootec. 36, 101-119, https://doi.
0rg/10.1590/S1516-35982007001000013

Kung Jr. L., Shaver R.D., Grant R.J., Schmidt R.J., 2018. Silage re-
view: Interpretation of chemical, microbial, and organoleptic
components of silages. J. Dairy Sci. 101, 4020-4033, https:/
doi.org/10.3168/jds.2017-13909

Lambert R.J., Stratford M., 1999. Weak-acid preservatives: model-
ling microbial inhibition and response. J. Appl. Microbiol. 86,
157-164, https://doi.org/10.1046/j.1365-2672.1999.00646.x

Lu S., Chen S., Li H. et al., 2022. Sustainable valorization of to-
mato pomace (Lycopersicon esculentum) in animal nutri-
tion: a review. Animals 12, 3294, https://doi.org/10.3390/
ani12233294

Menezes G.L., Oliveira A.F., Lana A.M.Q. et al., 2022. Effects of differ-
ent moist orange pulp inclusions in the corn grain rehydration
for silage production on chemical composition, fermentation,
aerobic stability, microbiological profile, and losses. Anim.
Sci. J. 93, €13701, https://doi.org/10.1111/as].13701

Moran J.P., Weinberg Z.G., Ashbell G., Hen Y., Owen TR., 1996. A
comparison of two methods for the evaluation of the aerobic
stability of whole crop wheat silage. Inter. Silage Conf. 11,
162-163

Moreno A.D., Duque A., Gonzalez A., Ballesteros I., Negro M.J., 2021.
Valorization of greenhouse horticulture waste from a biore-
finery perspective. Foods 10, 814, https://doi.org/10.3390/
foods10040814

Muck R.E., Kung Jr. L., Collins M., 2020. Silage production. In:
K.J. Moore, M. Collins, C.J. Nelson, D.D. Redfearn (Editors).
Forages: The Science of Grassland Agriculture. John Wiley
& Sons. Hoboken, NJ (USA), pp. 767-787, https://doi.
0rg/10.1002/9781119436669.ch42

Muck R.E., Nadeau E.M.G., McAllister T.A., Contreras-Govea F.E.,
Santos M.C., Kung Jr. L., 2018. Silage review: Recent ad-
vances and future uses of silage additives. J. Dairy Sci. 101,
https://doi.org/10.3168/jds.2017-13839

NRC (National Research Council), 2001. Nutrient Requirements of
Dairy Cattle. 7th Revised Edition. National Academies Press.
Washington, DC (USA)

Noel R.J., Hambleton L.G., 1976. Collaborative study of a semiauto-
mated method for determination of crude protein in animal
feeds. J. AOAC Int. 59, 134-140, https://doi.org/10.1093/
jaoac/59.1.134

Pereira M.C.S., Beauchemin K.A., McAllister T.A., Yang W.Z., Wood
K.M., Penner G.B., 2023. Effect of physically effective neutral
detergent fiber and undigested neutral detergent fiber on eat-
ing behavior, ruminal fermentation and motility, barrier func-
tion, blood metabolites, and total tract digestibility in finishing
cattle. J. Anim. Sci. 101, https://doi.org/10.1093/jas/skad023

Pryce J.D., 1969. A modification of Barker-Summerson method for
the determination of lactic acid. Analyst 94, 1151-1152
https://doi.org/10.1039/an9699401151


https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1590/s1678-3921.pab2022.v57.02732
https://doi.org/10.1590/s1678-3921.pab2022.v57.02732
https://doi.org/10.3168/jds.2017-13837
https://doi.org/10.3168/jds.2017-13837
https://doi.org/10.1016/j.foodchem.2022.135319
https://doi.org/10.1016/j.foodchem.2022.135319
https://www.conab.gov.br/info-agro/safras/serie
https://www.conab.gov.br/info-agro/safras/serie
https://doi.org/10.5433/1679-0359.2021v42n6p3497
https://doi.org/10.5433/1679-0359.2021v42n6p3497
https://doi.org/10.1016/B978-0-12-812758-2.00017-9
https://doi.org/10.1016/j.anifeedsci.2021.114890
https://doi.org/10.17533/udea.rccp.v29n2a01
https://doi.org/10.17533/udea.rccp.v29n2a01
https://doi.org/10.1007/s11250-022-03301-9
https://doi.org/10.1007/s11250-022-03301-9
https://doi.org/10.1016/j.copbio.2019.02.013
https://doi.org/10.3168/jds.S0022-0302(99)75409-3
https://doi.org/10.3168/jds.S0022-0302(99)75409-3
https://doi.org/10.3390/fermentation8080363
https://doi.org/10.3390/fermentation8080363
https://doi.org/10.30486/IJROWA.2021.1923435.1203
https://doi.org/10.1590/S1516-35982007001000013
https://doi.org/10.1590/S1516-35982007001000013
https://doi.org/10.3168/jds.2017-13909
https://doi.org/10.3168/jds.2017-13909
https://doi.org/10.1046/j.1365-2672.1999.00646.x
https://doi.org/10.3390/ani12233294
https://doi.org/10.3390/ani12233294
https://doi.org/10.1111/asj.13701
https://doi.org/10.3390/foods10040814
https://doi.org/10.3390/foods10040814
https://doi.org/10.1002/9781119436669.ch42
https://doi.org/10.1002/9781119436669.ch42
https://doi.org/10.3168/jds.2017-13839
https://doi.org/10.1093/jaoac/59.1.134
https://doi.org/10.1093/jaoac/59.1.134
https://doi.org/10.1093/jas/skad023
https://doi.org/10.1039/an9699401151

10

Rehydrated maize silage with wet tomato byproduct

Ribeiro G.O., Gruninger R.J., Jones D.R., Beauchemin K.A., Yang
W.Z., Wang Y., Abbot W., Tsang A., McAllister T.A., 2020.
Effect of ammonia fiber expansion-treated wheat straw and
a recombinant fibrolytic enzyme on rumen microbiota and
fermentation parameters, total tract digestibility, and per-
formance of lambs. J. Anim. Sci. 98, skaa116, https://doi.
org/10.1093/jas/skaa116

Secondi L., Principato L., Ruini L., Guidi M., 2019. Reusing food
waste in food manufacturing companies: The case of the
tomato-sauce supply Chain. Sustainability 11, 2154, https:/
doi.org/10.3390/su11072154

Silva M.C., Amaral PN.C., Baggio R.A., Tubin J.S.B., Conte R.A., Pivo
J.C.D.,Krahl G., Zampar G., Paiano D., 2016. Stability of high
moisture corn silage and corn rehydrated. Rev. Bras. Saude
Prod. Anim. 17, 331-343, https://doi.org/10.1590/S1519-
99402016000300001

Silva E.P., Silva D.A.T., Rabello C.B.V,, Lima R.B., Lima M.B.,
Ludke J.V., 2009. Physicochemical composition and en-
ergy values of guava and tomato residues for slow-growing
broilers (in Portuguese). Rev. Bras. Zootec. 38, 1051-1058,
https://doi.org/10.1590/S1516-35982009000600012

Silva P.H.F, Neves R.S., Medeiros G.R, Costa J.H.S., Ribeiro N.L.,
Carvalho C.B.M., Santos S.G.C.G., 2024. Increasing levels of
cornmeal improve chemical and fermentation parameters of
manigoba silage. Ciénc. Anim. Bras. 25, 75861E, https://doi.
org/10.1590/1809-6891v25e-75861e

Tres T.T., Jobim C.C., Diaz T.G., Daniel J.L.P., Jacovaci F.A., 2020.
Okara or soybean grain added to rehydrated corn grain silage
for cattle: digestibility, degradability and ruminal parameters
(in Portuguese). Acta Sci. Anim. Sci. 42, e48586, https://doi.
org/10.4025/actascianimsci.v42i1.48586

Tuoxunjiang H., Yimamu A., Li X.Q., Maimaiti R., Wang Y.L., 2020.
Effect of ensiled tomato pomace on performance and antioxi-
dant status in the peripartum dairy cow. J. Anim. Feed Sci. 29,
105-114, https://doi.org/10.22358/jafs/124049/2020

USDA (United States Department of Agriculture), 2024. World Agri-
cultural Supply and Demand Estimates. World Agricultural
Outlook Board. Washington, DC (USA)

Valadares Filho S.C., Lopes S.A. Silva B.C., Chizzotti M.L.,
Bissaro L.Z., 2018. CQBAL 4.0. Brazilian Feed Composition
Tables for Ruminants (in Portuguese). www.cgbal.com.br

Van Soest P.J., Robertson J.B., Lewis B.A., 1991. Methods for dietary
fibre, neutral detergent fibre, and nonstarch polysaccharides
in relation to animal nutrition. J. Dairy Sci. 74, 3583-3597,
https://doi.org/10.3168/jds.S0022-0302(91)78551-2


https://doi.org/10.1093/jas/skaa116
https://doi.org/10.1093/jas/skaa116
https://doi.org/10.3390/su11072154
https://doi.org/10.3390/su11072154
https://doi.org/10.1590/S1519-99402016000300001
https://doi.org/10.1590/S1519-99402016000300001
https://doi.org/10.1590/S1516-35982009000600012
https://doi.org/10.1590/1809-6891v25e-75861e
https://doi.org/10.1590/1809-6891v25e-75861e
https://doi.org/10.4025/actascianimsci.v42i1.48586
https://doi.org/10.4025/actascianimsci.v42i1.48586
https://doi.org/10.22358/jafs/124049/2020
www.cqbal.com.br
https://doi.org/10.3168/jds.S0022-0302(91)78551-2

	_GoBack
	_Hlk173057591

