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ABSTRACT - The objective of this study was to evaluate accuracy, precision and robustness of two methods to obtain
silage samples, in comparison with extraction of liquor by manual screw-press. Wet brewery residue alone or combined with
soybean hulls and citrus pulp were ensiled in laboratory silos. Liquor was extracted by a manual screw-press and a 2-mL aliquot
was fixed with 0.4 mL formic acid. Two 10-g silage samples from each silo were diluted in 20 mL deionized water or 17%
formic acid solution (alternative methods). Aliquots obtained by the three methods were used to determine the silage
contents of fermentation end-products. The accuracy of the alternative methods was evaluated by comparing mean bias
of estimates obtained by manual screw-press and by alternative methods, whereas precision was assessed by the root mean
square prediction error and the residual error. Robustness was determined by studying the interaction between bias and
chemical components, pH, in vitro dry matter digestibility (IVDMD) and buffer capacity. The 17% formic acid method was
more accurate for estimating acetic, butyric and lactic acids, although it resulted in low overestimates of propionic acid
and underestimates of ethanol. The deionized water method overestimated acetic and propionic acids and slightly
underestimated ethanol. The 17% formic acid method was more precise than deionized water for estimating all organic acids
and ethanol. The robustness of each method with respect to variation in the silage chemical composition, IVDMD and pH
is dependent on the fermentation end-product at evaluation. The robustness of the alternative methods seems to be critical
at the determination of lactic acid and ethanol contents.
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Introduction

The extraction of liquor from silages is crucial for
evaluating fermentation profiles because it allows to know
the mass pH and the concentrations of fermentation end-
products, such as organic acids, ethanol and ammonia
nitrogen (N-NH3).

However, in some cases, obtaining silage liquor by
using the traditional method of manual screw may not be
possible. The addition of high doses of adsorbent additives
(eg. citrus pulp) to high moisture silages has been observed
to compromise the extraction of liquor by manual screw
(Rodrigues, unpublished data) and make the evaluation
of fermentation parameters of silages unfeasible. Batista
et al. (2006) tested silages composed of 100% elephant-
grass and replaced by 33%, 67% and 100% mesquite pod
and reported that they could not extract liquor from the
silage that contained 100% mesquite pod by using the
manual screw due to the high dry matter content of that

plant. Consequently, in that silage, the authors could not
measure pH or N-NH3.

Other methods to obtain samples for determining
fermentation end-products are found in the literature.
Among them, there is the dilution of fresh silage with saline
Ringer solution (Kizilsimsek et al., 2007; Schmidt et al.,
2009), the dilution with distilled cold water (Nishino et al.,
2003), the dilution in 17% formic acid and homogenization
using a blender (Cherney et al., 2004), and others. In
Brazil, fixing the manual screw silage liquor in 17% formic
acid seems to be the most usual method. However, if
differences between the techniques exist in relation to the
determination of silage fermentation end-products, they
are still unknown.

Therefore, the objective of this study was to evaluate
accuracy, precision and robustness of two alternative
methods for determining the content of organic acids and
ethanol in brewers wet grain silages, in comparison with
using a manual screw to extract the liquor.
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Material and Methods

The study was carried out at the Laboratory of Animal
Nutrition of the College of Veterinary Medicine and Animal
Science of Universidade de Sao Paulo, Pirassununga, SP,
Brazil. Wet brewery residue was ensiled in laboratory silos
without additives and with 15% soybean hulls, 30%
soybean hulls and 15% citrus pulp (as is basis), with four
replicates for each additive + wet brewery residue mixture
(Table 1). Sixteen 6-liter polypropylen tubes were used as
laboratory silos. Wet brewery residue and the additives
were weighed, homogenized and each mixture was sampled
to determine the chemical composition. The mixtures were
put in tubes and compacted tightly, then tubes were
sealed and weighed. Compaction was carried out to exceed
a density of 600 kg of fresh wet brewery residue/m3. Silos
were kept upright in a sheltered barn and were open after
60 to 120 days of storage.

After silos were opened, the ensiled mass was
homogenized by hand and sampled for chemical analyses.
In the remaining silage, three different methodologies were
employed to obtain material for the silage characterization:
one method traditionally used and two other methods
herein referred to as alternative methods.

For the first method (manual screw-press), a 400 g
sample (fresh weight) was pressed in a manual screw
(MA-098 model, Marconi Equipamentos para Laboratório
Ltda., Piracicaba, SP) and the resulting liquor was
collected. After homogenization, a 2 mL aliquot was fixed
in 0.4 mL formic acid in glass flasks, which were frozen
(-18 °C) until analyses. During the analyses, the liquor was
thawed in room temperature and centrifuged at 1,500 xg
for 10 minutes. Supernatant was aliquoted for analyses
of organic acids and ethanol. This method was considered
as the reference method for the evaluation of the two other
alternative methods.

In the second method (17% formic acid), a 10 g sample
of silage was diluted in 20 mL 17% formic acid and frozen
subsequently with no pressing. The solution was kept in
50 mL capped glass flasks that were frozen (-18 °C) until
analyses. In the analyses, the material was thawed at room
temperature and centrifuged at 1,500 x g for 10 minutes.
Supernatant was aliquoted for analyses of organic acids
and ethanol.

In the last method (deionized water), a 10 g silage
sample was diluted in water, without pressing and without
the addition of 17% formic acid. The dilution was carried out
in 20 mL deionized water and the solution was also kept
frozen in glass flasks at -18 °C, until analyses. As  in the two
other methods, the material was thawed at room temperature
and centrifuged as previously described for the determination
of organic acids and ethanol.

In the material that was obtained using the three different
methods, the concentrations of ethanol, acetic, propionic
and butyric acids were determined by gas chromatography
(Erwin et al.,1961), in a Thermo Scientific® chromatograph
(Focus GC, Thermo Fusher Scientific Inc., Waltham, MA,
USA) with automatic sample injection (Thermo Electron
Corporation®, model AS-3000). The lactic acid concentration
was analyzed according to Wilson (1971), by high performance
liquid chromatography (HPLC), using a LC-10ADVP
Shimadzu HPLC system (Shimadzu Inc., Kyoto, Japan). The
content of these organic acids were presented in percentage
of dry matter.

The dry matter (DM) content of samples was determined
after drying in forced-ventilation oven (55 °C, 72 hours) and
sterilization oven (105 ºC, 24 h). The crude protein (CP)
content was determined according to the AOAC (1980);
neutral (NDF) and acid detergent fiber (ADF) according to
Van Soest et al. (1991); soluble carbohydrates (SC) according
to Johnson et al. (1966); in vitro dry matter digestibility
(IVDMD) as recommended by Tilley & Terry (1963); and
the buffer capacity (BC) according to Tosi (1973).

The concentrations of fermentation end-products of
the material that was obtained using the two alternative
methods were compared with those that were found using
the reference method manual screw-press in order to evaluate
the accuracy, precision and robustness of estimates.
Accuracy was evaluated through the mean bias that was
calculated as the difference between the values obtained
using the alternative method and the values obtained using
manual screw-press. Therefore, the most accurate alternative
method is the one whose mean bias was closest to zero
(Kohn et al., 1998).

Precision is a measure of the dispersion of the residuals,
i.e., the mean variability of the distance between the predicted

I tem Wet brewery residue Soybean hulls Citrus pulp

DM, % 16.72 92.12 90.91
CP, % 19.45 9.88 5.53
NDF, % 65.37 67.77 29.28
ADF, % 28.02 45.47 21.06
SC, % 1.50 5.88 17.68
IVDMD, % 48.18 70.31 92.47
BC (Meq. 10.10 13.97 11 .73
HCl/100 g DM)
DM - dry matter; CP - crude protein; NDF - neutral detergent fiber; ADF - acid
detergent fiber; SC - soluble carbohydrates; IVDMD - in vitro dry matter
digestibility; BC - buffer capacity.

Table 1 - Chemical composition, in vitro dry matter digestibility
and buffer capacity of wet brewery residue, soybean
hulls and citrus pulp, used in the present study
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value (alternative method) and the observed value (reference
method). Precision is also considered the bias variability
and can be evaluated as the root mean square prediction
error (RMSPE), as follows:

RMSPE = 
� �

nsobservatioofnumber

2

� � observedpredicted

However, whenever the mean bias is high (lack of
accuracy), there will be an overestimation of the lack of
precision, i.e., an overestimation of RMSPE, since the mean
distance between the predicted and the observed values
lead to an increase of the variability between predicted and
observed values. Thus, precision can be better evaluated
when RMSPE is adjusted for the lack of accuracy by using
the residual error. According to Kohn et al. (1998), the residual
error is the remaining error in model prediction after
accounting for the mean bias or the prediction error excluding
mean bias. Residual error can be calculated as follows:

Residual error = � � 22
biasmean�RMSPE

The software SAS (Statistical Analysis System, version 9.1)
was used for data analyses. The data was tested for normality
of residues using the Shapiro-Wilk test (Proc Univariate)
and homogeneity of variance (Hartley test). In order to
compare the mean concentrations of silage fermentation
end-products across the three methodologies as well as the
mean biases of the two alternative methods, a restricted
maximum likelihood analysis of variance was carried out for
a completely randomized block design to fit a model that
contained the method as fixed effect and the silos (block)
as random, in Proc Mixed of SAS. Mean concentrations of
fermentation end-products were compared by the Tukey-
Kramer adjusted test. Treatment difference of P≤0.05 was
considered significant and 0.05<P≤0.10 was considered
a tendency. The t-test for means equal zero (Proc Univariate
of SAS) was used to evaluate the significance of mean
biases.

Comparison of precision across the alternative methods
used the Hartley test to perform pairwise comparisons of
the residual errors, in Proc Ttest of SAS. Residuals were
regressed on the values that were observed using the
reference method to calculate the linear bias (slope), the
model coefficient of determination (R2) and the bias
significance for each method, using Proc Reg of SAS. This
procedure was carried out to evaluate the behavior of
residuals in relation to the variation of the concentrations
of fermentation end-products.

The evaluation of robustness of each alternative method
was accomplished by regressing the residuals on observed
contents of NDF, ADF, SC, N-NH3, CP and DM, IVDMD, pH
and BC of silage in each silo, using Proc Reg of SAS. The
slopes were compared across methods by testing the
interaction between the selected independent variable and
the alternative method (class variable), using Proc GLM of
SAS (Meyer, 2003).

Results and Discussion

In the present study, wet brewery residue presented
higher humidity and NDF (16.7% DM and 65.4% NDF) but
similar CP content to that found in others studies (Table 1).
In the Brazilian literature, wet brewery residue dry matter
content varied from 20.7 to 27.5%; the CP varied from 20.3
to 29.9% and NDF content varied from 58 to 62% (Geron
et al., 2008; Silva et al., 2010; Gilavert et al., 2011). These
values demonstrated that there may be significant variability
of the chemical composition of wet brewery residue according
to its origin.

The addition of different levels of soybean hulls and
citrus pulp to the ensiling of wet brewery residue allowed
the chemical composition of silages to vary (Table 2). The
greatest coefficient of variation occurred for SC (67.5%),
N-NH3 (43.8%), IVDMD (25.5%), ADF (25.4%), CP (23.8%)
and DM (23.5%). This variability was favorable in this

I tem n min max mean SD CV

DM, % 16 19.2 40.4 30.9 7 .3 23.5
CP, % 16 11.6 23.9 16.6 4 .0 23.8
NDF, % 16 40.1 66.6 55.3 9 .9 17.9
ADF, % 16 21.3 40.2 28.5 7 .2 25.4
SC, % 16 1 .2 7 .9 3 .6 2.4 67.5
IVDMD, % 16 38.6 89.2 57.0 14.6 25.5
BC (Meq. HCl/100 g DM) 16 20.8 32.6 26.1 3 .4 13.1
N-NH3 (% total N) 16 0.46 2.12 1.26 0.022 43.8
DM - dry matter; CP - crude protein; NDF - neutral detergent fiber; ADF - acid detergent fiber; SC - soluble carbohydrates; IVDMD - in vitro dry matter digestibility;
BC - buffer capacity.

Table 2 - Number of observations (n), minimum (min), maximum (max) and mean values, standard deviation (SD) and coefficient of
variation (CV) for chemical composition, in vitro dry matter digestibility, buffer capacity and pH of wet brewery residue silages
without additives and with citrus pulp and soybean hulls
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study because it allowed evaluating the robustness of the
alternative methods in variable conditions of fermentation.

Although a great variability in the fermentation profile
was observed, the overall ensiling process can be considered
adequate regardless of the inclusion or lack of adsorbent
additives, because the pH varied within a normal range
(3.79 to 4.35). Furthermore, low levels of butyric acid were
observed and the most abundant organic acid found was
the lactic acid (Table 3), indicating the presence of
Lactobacillus and low growth of Clostridium. The
fermentation profile of wet brewery residue silage was
similar to that reported by Wang & Nishino (2008) and
Nishino et al. (2003) with respect to the pH, SC, ethanol and
organic acids contents.

Although adding citrus pulp in the ensiling may increase
ethanol contents (Rodrigues et al., 2005), in the present
study the ethanol contents were lower than that found in
sugarcane (Freitas et al., 2006; Castro Neto et al., 2008),
alfalfa (Rodrigues et al., 2004) and sorghum silages
(Rodrigues et al., 2002) and similar to that observed in the
elephant-grass silage (Rodrigues et al., 2005). However,
although the pH values were adequate, the acetic acid
content was greater than the recommended values (0.8%),
as it reached mean value of 2.23%. The lactic acid levels
were satisfactory (5.5% on average) because they were
above 3.0%, which characterizes good quality silages. The
ammonia nitrogen (in percentage of the total N) was
adequately below the recommended limits (8% to 12%),
with minimum, maximum and mean values of 0.46%, 2.12%
and 1.26%. On the other hand, the butyric acid was above
the acceptable level on average (0.41%)

There were no differences for the butyric and lactic acid
contents across the three different methods. However, 17%

formic acid presented acetic acid values that were similar to
that found by manual screw-press, whereas deionized water
provided the highest concentrations among the three
methods (Table 3). The highest concentration of propionic
acid was observed for deionized water, whereas manual
screw-press resulted in the lowest estimate. Manual screw-
press and deionized water provided similar concentrations
of ethanol but higher than that obtained by 17% formic acid.
Although the results suggested the alternative methods
may differ from the reference method, it is important to
investigate the accuracy of the methods through the
evaluation of the mean biases.

The accuracy of the alternative methods varied
according to the type of fermentation end-product analyzed
(Table 4). For the acetic acid, deionized water presented
the greatest mean bias when compared with 17% formic
acid (P<0.05). The mean bias for 17% formic acid was not
different from zero (P>0.05), which means that acetic acid
concentration of silage samples obtained by the method
is similar to that found in the sample obtained using the
manual screw. Conversely, diluting the silage sample in
deionized water had a mean bias of 0.62 percentage units on
average, resulting in an overestimation of 44%. In turn, the
estimates of butyric and lactic acid by the alternative
methods were very accurate, since the mean biases were
small and not different from zero (P>0.05).

The estimates of propionic acid were biased for both
alternative methods (P<0.05); however, deionized water
had the greatest mean bias (P<0.05) and consequently 17%
formic acid was the most accurate among the alternative
methods. In turn, ethanol estimates were more accurate for
deionized water (P<0.05) although this method tended to
underestimate ethanol concentrations. Dilution in 17%

Item Method n min max mean1 SD CV

Acetic PRESS 16 0.675 2.227 1.395b 0.447 32.0
DWATER 16 1.125 3.605 2.013a 0.659 32.7
DFORM 16 0.73 2.07 1.403b 0.40 28.4

Butyric PRESS 16 0.0050 2.025 0.411a 0.648 157.8
DWATER 16 0.0001 2.327 0.422a 0.753 178.6
DFORM 16 0.0050 1.437 0.341a 0.552 161.8

Lactic PRESS 16 1.206 9.820 5.459a 3.031 55.5
DWATER 16 1.976 10.073 6.176a 2.570 41.6
DFORM 16 0.979 12.442 5.774a 3.124 54.1

Propionic PRESS 16 0.076 0.403 0.245c 0.119 48.5
DWATER 16 0.101 0.558 0.347a 0.169 48.6
DFORM 16 0.094 0.484 0.281b 0.127 45.2

Ethanol PRESS 16 0.164 0.796 0.413a 0.214 51.8
DWATER 16 0.099 0.770 0.384a 0.188 49.0
DFORM 16 0.141 0.621 0.340b 0.161 47.2

1 Means in the same column within each end-product followed by different letters differ by Tukey-Kramer adjusted test, at 5% significance level.

Table 3 - Number of observations (n), minimum (min), maximum (max) and mean values, standard deviation (SD), coefficient of variation
(CV) for fermentation end-products concentrations (% of DM) in brewers wet grain silage extracts obtained by pressing in
manual screw (PRESS) and by diluting in deionized water (DWATER) or in formic acid (DFORM)
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formic acid underestimated ethanol concentrations by 0.07
percentage units.

Regarding the precision of the alternative methods as
investigated by the residual error (Table 4), 17% formic acid
resulted in more precise estimates of concentrations of all
organic acids when compared with deionized water (P<0.05).
However, the alternative methods did not differ with respect
to the precision of ethanol estimates (P>0.05).

The linear biases of the alternative methods (Table 4)
did not differ for determining the concentration of acetic
acid (P>0.05). There was a trend (P<0.10) for 17% formic acid
linear bias to differ from zero, which may indicate a weak
relation between the resulting bias and the variation in
acetic acid concentrations. This weak relation was also
confirmed by a small coefficient of determination for the
fitted linear regression (R2 = 0.20). For the butyric acid,
there was an important relationship between the prediction
error of 17% formic acid and the acid concentration that
was determined when using the reference method (P<0.01,
R2 = 0.44). The error of 17% formic acid for estimating
butyric concentration was negative and the error magnitude
increased as butyric acid concentration increased.

The linear bias for the dilution with water was significant
and tended to be greater than the linear bias of the dilution
with 17% formic acid when the concentrations of lactic acid
were evaluated. The biases were positive and their
magnitudes were greater when the acid concentration was
close to 2%. In acid concentration of 7%, the biases
decreased to zero and at greater concentrations the biases
became negative and their magnitude increased. For the
propionic acid, the biases were positive and their magnitude
increased as the acid concentration became greater.

There were no differences between the linear biases
when the ethanol concentration was evaluated. In both

alternative methods, the linear biases were significant and
negative. The prediction error of the alternative methods
was close to zero when ethanol concentrations were 0.2%;
however, their magnitude rose as the ethanol concentration
increased. A strong relation (R2 = 0.94) was observed
between the residuals of 17% formic acid and the silage
ethanol concentration, whereas this relation was not as
strong for the deionized water residuals (R2 = 0.24).

With respect the robustness of the methods in relation
to variation of silage DM content (Table 5), no differences
were observed between the slopes of the alternative methods
obtained by the bias × DM content linear regression for
butyric, lactic and propionic acids and ethanol. There was
a trend of the slope of deionized water to be greater than the
slope of 17% formic acid for the acetic acid. Both slopes
were negative; however, only the slope for deionized water
was significant.

The bias × CP content interaction was more pronounced
for the acetic acid concentrations. There was a trend of
deionized water to present a greater slope when compared
with 17% formic acid. Only the slope of deionized water was
significant, whereas the slope of 17% formic acid tended to
be different from zero. Likewise, the CP content of the silage
explained a greater portion of the error in deionized water
(R2 = 0.35) when compared with 17% formic acid (R2 = 0.21).
These results indicate that, unlike deionized water, the error
in acetic acid concentration estimated by 17% formic acid
was little, in comparison with the variation in the silage CP
content. When the butyric acid was investigated, deionized
water presented a positive slope, whereas 17% formic acid
was negative. The slopes were different from each other;
however, neither of them was significant. Slopes of both
methods did not differ and were not significant when the
lactic and propionic acids and ethanol were investigated.

I tem Method Concentration (%DM) Mean bias1,2 RMSPE Residual error Linear regression1,4

PRESS Alternative Linear bias R2 Pr>| t |

Acetic DWATER 1.395 2.013 0.618a** 0.842 0.573a -0.2892a 0.0477 0.4166
DFORM 1.395 1.403 0.007bns 0.194 0.194b -0.2026a 0.2040 0.0790

Butyric DWATER 0.411 0.422 0.011ans 0.175 0.275a 0.0802a‡ 0.0335 0.4975
DFORM 0.411 0.341 -0.070ans 0.275 0.160b -0.1701b‡ 0.4415 0.0050

Latic DWATER 5.459 6.380 0.717ans 2.526 2.422a -0.4811a‡ 0.3400 0.0177
DFORM 5.459 5.774 0.316ans 1.450 1.415b -0.0852b‡ 0.0313 0.5124

Propionic DWATER 0.246 0.347 0.101a** 0.052 0.068a 0.3277a‡ 0.3049 0.0266
DFORM 0.246 0.281 0.035b* 0.122 0.038b 0.0135b‡ 0.0017 0.8805

Ethanol DWATER 0.413 0.384 -0.029a‡† 0.078 0.073a -0.1734a 0.2432 0.0522
DFORM 0.413 0.340 -0.073b‡** 0.091 0.054a -0.2514a 0.9408 <0.0001

1 Means in the same column, within each item, followed by different letters, differ at 5% or 10% (‡) significance.
2 Probability of t test for mean = 0.
3 Values in the same column, within each item, followed by different letters differ by the Hartley test at 5% significance.
4 Slope, coefficient of determination and probability of acceptance of null hypothesis (linear bias = 0) of the linear regression between residuals and observed values

(PRESS). DM - dry matter; RMSPE - root mean square prediction error; PRESS - manual screw press; DWATER - dilution in deionized water; DFORM - diluted in formic
acid; ns - non significant. † P<0.10; * P<0.05; ** P<0.0001.

Table 4 - Parameters of accuracy and precision of estimates of organic acids and ethanol concentrations in silages
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The slope of 17% formic acid tended to be significant in all
end-products, except for the lactic acid. When evaluating
the robustness with respect to the variation in silage IVDMD,
there were no differences between the slopes of the
alternative methods regardless of the type of end-product.
Slopes were not significant for either methods when
investigating the acetic, butyric and propionic acids and for
deionized water in ethanol. In these cases, low coefficients
of determination were observed for the linear regression
between bias and IVDMD, indicating a weak relationship
between the two variables. When evaluating the lactic acid,
slopes of both methods were negative and significant.

The prediction error of estimates of acetic, butyric and
propionic acid concentrations for both alternative methods
was independent of the variation on the NDF content of
silage, as indicated by the non-significant and similar slopes
(Table 6). Furthermore, the coefficients of determination of
the linear regressions showed weak relation between the
bias and NDF content. For lactic acid, the slopes of both
methods were significant (P<0.01), but that related to
deionized water presented a greater magnitude (P<0.05). In

addition, according to the coefficients of determination, the
variation in NDF content corresponded to 76% of the error
of deionized water and 39% of the error related to 17% formic
acid. For ethanol, slopes were significant in this case and
similar across methods. Notable difference was observed
between the coefficients of determination of the linear
regression, so the NDF content of the silage explained a
greater portion of the prediction error in 17% formic acid.

The slopes of bias × ADF content regression did not
differ across alternative methods for none of the fermentation
end-products. The slopes were not significant for butyric
and acetic acid and tended to differ from zero for ethanol.
For lactic acid, the slopes were significant in both methods
and tended to differ from zero for propionic acid in deionized
water. Slopes were positive for lactic acid and negative for
propionic acid. Moderate relations between bias and ADF
content were found when lactic and propionic acids were
evaluated.

When evaluating the error as a function of the variation
in SC, the linear regression slopes were different across
methods for the lactic acid. The slopes were significant for

I tem Method NDF ADF SC

β R2 Pr>| t | β R2 Pr>| t | β R2 Pr>| t |

Acetic DWATER 0.0060a 0.0053 0.7894 -0.0237a 0.0828 0.2799 -0.1037a 0.0607 0.3578
DFORM -0.0017a 0.0038 0.8201 -0.0076a 0.0748 0.3055 -0.0115a 0.0065 0.7661

Butyric DWATER 0.0000a 0.0000 0.9987 -0.0084a 0.0451 0.4298 -0.0219a 0.0118 0.6887
DFORM -0.0044a 0.0369 0.4759 0.0047a 0.0423 0.4447 0.0386a 0.1069 0.2165

Lactic DWATER 0.3017a 0.7564 <0.0001 0.2207a 0.4035 0.0082 -1.4643a 0.6772 <0.0001
DFORM 0.1264b 0.3893 0.0098 0.1164a 0.3285 0.0203 -0.5612b 0.2914 0.0309

Propionic DWATER -0.0020a 0.0418 0.4474 -0.0048a 0.2354 0.0568 0.0027a 0.0028 0.8462
DFORM -0.0015a 0.0733 0.3105 -0.0027a 0.2478 0.0498 0.0023a 0.0069 0.7603

Ethanol DWATER 0.0054a 0.2683 0.0398 0.0050a 0.2272 0.0620 -0.0256a 0.2293 0.0606
DFORM 0.0065a 0.7716 <0.0001 0.0032a 0.1748 0.1071 -0.0365a 0.8540 <0.0001

β - slope estimate of linear regression of residuals and the independent variable of interest. Values in the same row followed by different letters differ at 5% or 10% (‡)
significance level; R2 - coefficient of determination of the linear regression model of residuals and the independent variable of interest; Pr>|t| - probability of acceptance
of the null hypothesis: slope = 0; PRESS - manual screw press; DWATER - dilution in deionized water; DFORM - diluted in formic acid.

Table 6 - Robustness of alternative methods with respect to variation in neutral detergent fiber (NDF), acid detergent fiber (ADF) and
soluble carbohydrates (SC) contents of wet brewery residue silage

I tem Method DM CP IVDMD

β R2 Pr>| t | β R2 Pr>| t | β R2 Pr>| t |

Acetic DWATER -0.0517a‡ 0.3520 0.0154 0.0993a‡ 0.3501 0.0158 -0.0122a 0.0610 0.3563
DFORM -0.0120b‡ 0.1657 0.1177 0.0262b‡ 0.2123 0.0725 -0.0003a 0.0003 0.9458

Butyric DWATER -0.0096a 0.0533 0.3833 0.0258a 0.1029 0.2258 -0.0008a 0.0012 0.8989
DFORM 0.0097a 0.1592 0.1258 -0.0220b 0.2189 0.0676 0.0047a 0.1178 0.1931

Lactic DWATER -0.0060a 0.0003 0.9522 0.0561a 0.0063 0.7709 -0.1564a‡ 0.5638 0.0008
DFORM 0.0402a 0.0348 0.4890 -0.0104a 0.0006 0.9266 -0.0708b‡ 0.3384 0.0181

Propionic DWATER -0.0062a 0.3515 0.0155 0.0084a 0.1757 0.1060 -0.0004a 0.0052 0.7903
DFORM -0.0029a 0.2511 0.0480 0.0054a 0.2316 0.0591 0.0002a 0.0032 0.8362

Ethanol DWATER 0.0019a 0.0304 0.5183 -0.0007a 0.0010 0.9096 -0.0025a 0.1637 0.1201
DFORM -0.0019a 0.0529 0.3916 0.0073a 0.2169 0.0691 -0.0035a 0.5783 0.0006

β - slope estimate of linear regression of residuals and the independent variable of interest. Values in the same row followed by different letters differ at 5% or 10% (‡)
significance level; R2 - coefficient of determination of the linear regression model of residuals and the independent variable of interest; Pr>|t| - probability of acceptance
of the null hypothesis: slope = 0; PRESS - manual screw press; DWATER - dilution in deionized water; DFORM - diluted in formic acid.

Table 5 - Robustness of alternative methods with respect to variation in dry matter (DM) and crude protein (CP) contents and in
in vitro dry matter digestibility (IVDMD) of wet brewery residue silage
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the lactic acid in both methods, for ethanol in 17% formic
acid and tended to be significant for ethanol in deionized
water. Low coefficients of determination were observed in
both methods for acetic, butyric and propionic acids,
showing a weak relation between bias and silage SC content.

In both alternative methods, the prediction error was
not related to variation in silage buffer capacity for all
fermentation end-products, as seen by non-significant
slopes of the bias × BC regression (Table 7). Likewise,
slopes were not significant for either methods in the study
of acetic, butyric and propionic acids estimates as influenced
by variation in N-NH3 (% total N). For lactic acid, the slope
related to deionized water was significant and tended to be
greater than the slope of 17% formic acid, which was not
different from zero (P>0.05). When studying the ethanol
concentration, slopes were similar across methods and the
slope related to 17% formic acid differed from zero. In
general, the variation in N-NH3 explained a moderate to
small fraction of the prediction error.

The slopes of the bias × silage pH regression were not
significant in either methods for acetic, butyric and propionic
acids, in deionized water for ethanol and in 17% formic acid
for the lactic acid. The slopes differed across methods for
the lactic acid and deionized water presented the greater
slope. The bias × pH relation explained a great portion of the
prediction error for deionized water (R2 = 76%).

The significant linear relations between bias and the
independent variables in the robustness study can be
better detailed. With respect to the silage DM content, the
deionized water method was not robust when determining
acetic acid concentrations and both alternative methods
were not robust when measuring propionic acid contents.
In these cases, positive biases of great magnitudes occurred
at DM contents close to 20% but biases decreased until zero
at DM contents close to 40%. The deionized water method

was not robust to variation in CP when acetic acid
concentrations were determined. The biases were positive
and lower when CP was around 15%; however, biases rose
until 25% CP contents. Dilution with17% formic acid was
not robust to variation in IVDMD when predicting ethanol.
Biases around zero were observed when IVDMD was close
to 40%; however, they had greater magnitude and were
higher and negative in IVDMD between 70% to 80%. In the
study of the lactic acid, the alternative methods were not
robust to variation in IVDMD. When IVDMD was close to
40%, biases were positive and ranged from 1 to 3%. They
remained close to zero at IVDMD within 55% to 60% and
increased negatively at IVDMD from 70% to 80%.

The greatest underestimates of ethanol concentrations
were found when using both methods at NDF lower than
50%. The biases approached zero as silage NDF increased
until around 65%. For the lactic acid, underestimates between
1% to 3% occurred at 45% to 50% NDF, biases close to zero
were found between 55% to 60% NDF and overestimates up
to 4% occurred around 65% NDF.

Lower errors when determining the concentrations of
propionic acid were observed at 35% to 40% ADF. In this
case, biases were positive and greater at 20% to 25% ADF.
For the lactic acid, errors approaching zero were shown in
silages with 25% to 30% ADF; however, biases were positive
and greater at higher ADF contents (40%). The errors in
ethanol estimates approached zero at SC contents around
1%. Nevertheless, the underestimates magnitude increased
as SC increased until 4%. Biases of lactic acid estimates
were close to zero at 3% SC, positive between 1 to 3% SC
and negative between 4 to 6% SC.

The deionized water method was not robust with respect
to variation in N-NH3 when determining lactic acid
concentrations, and 17% formic acid presented lack of
robustness concerning the variation in silage ethanol

I tem Method Buffer capacity N-NH3 pH

β R2 Pr>| t | β R2 Pr>| t | β R2 Pr>| t |

Acetic DWATER -0.0447a 0.0533 0.3892 0.3003a 0.0789 0.2920 0.4862a 0.0212 0.5908
DFORM -0.0129a 0.0388 0.4647 -0.0044a 0.0001 0.9646 -0.1364a 0.0145 0.6565

Butyric DWATER -0.0127a 0.0187 0.6132 0.0613a 0.0143 0.6590 -0.0447a 0.0008 0.9183
DFORM 0.0173a 0.1019 0.2281 -0.1228a 0.1683 0.1146 -0.3183a 0.1157 0.1973

Lactic DWATER 0.2089a 0.0652 0.3399 2.6732a‡ 0.3501 0.0158 12.3220a 0.7617 <0.0001
DFORM 0.1850a 0.1497 0.1388 0.3311b‡ 0.0157 0.6435 2.5043b 0.0922 0.2530

Propionic DWATER -0.0087a 0.1407 0.1523 0.0498a 0.1523 0.1351 0.0660a 0.0274 0.5401
DFORM -0.0039a 0.0922 0.2528 0.0155a 0.0472 0.4191 -0.0018a 0.0001 0.9767

Ethanol DWATER 0.0026a 0.0107 0.7025 0.0302a 0.0493 0.4088 0.1540a 0.1315 0.1674
DFORM 0.0011a 0.0040 0.8166 0.0530a 0.2796 0.0352 0.2431a 0.6033 0.0004

β - slope estimate of linear regression of residuals and the independent variable of interest. Values in the same row followed by different letters differ at 5% or 10% (‡)
significance level; R2 = coefficient of determination of the linear regression model of residuals and the independent variable of interest; Pr>|t| - probability of acceptance
of the null hypothesis: slope = 0; PRESS - manual screw press; DWATER - dilution in deionized water; DFORM - diluted in formic acid.

Table 7 - Robustness of alternative methods with respect to variation in buffer capacity, ammonia nitrogen (N-NH3, % total N) and pH
of wet brewery residue silages
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contents. For the last method, biases were null at 2% N-NH3
and underestimates were observed at lower N-NH3
concentrations. Deionized water resulted in N-NH3
underestimates of about 0.5 percentage units, null biases at
1% N-NH3 and increasing overestimates at concentrations
above this level. Similar pattern was observed with respect
to the robustness to pH variation. In this case, null biases
occurred in a pH range between 4.0 and 4.4 for ethanol
estimates in a pH of 4.0 for lactic acid estimates. Greater
underestimates for ethanol and lactic acid were shown at pH
close to 3.8, whereas lactic acid overestimates occurred at
pH higher than 4.2 when using the deionized water method.

The present study proposed and evaluated alternative
methodologies for extracting silage liquor for measuring
concentrations of organic acids and ethanol in silages. It is
noteworthy that there is a lack of results in the literature, so
the comparison of the present findings was not possible.
Overall, the present study showed that the dilution of silage
samples with 17% formic acid allowed accurate estimates of
acetic, butyric and lactic acid concentrations, but it resulted
in low overestimates of propionic acid and underestimates
of ethanol. In turn, the dilution of silage samples in water
resulted in overestimates of acetic and propionic acids and
small underestimates of ethanol. All estimates of organic
acids and ethanol were more precise when silage samples
were diluted in 17% formic acid than in water. One must bear
in mind that, in studies aiming to compare different treatments
(e.g., different microbial inoculants in silage), more precise
methodologies are desirable.

The robustness of the proposed alternative methods
with respect to variation in the chemical composition,
digestibility and pH of the ensiled mass is dependent on the
fermentation end-product at evaluation. Both methods were
robust to variation in buffer capacity, across the observed
range. However, the robustness of both methods was critical
when evaluating the concentrations of ethanol and lactic
acid for almost all sources of variation that were investigated.

The lack of robustness in these cases means that the
accuracy of the methods is significantly dependent on the
chemical profile of the ensiled mass and, in a broad manner,
probably dependent on the type of material  ensiled (eg.
co-product, roughage or grass), species and degree of
physiological maturity of the forage, presence of microbial
or adsorbent additive, and other factors. Therefore, caution
is needed when interpreting results of ethanol and lactic
acid concentrations in other types of silages, when the
alternative methods proposed here were employed. New
investigations are necessary to evaluate accuracy, precision
and robustness of the two alternative methods in
investigations of other silage types.

Conclusions

In wet brewery residue silages, the dilution of a silage
sample in 17% formic acid results in more precise estimates
of fermentation end-products concentrations when
compared with dilution in water. However, the accuracy of
both alternative methods, when compared with the extraction
of liquor by manual screw as the reference method, is
dependent on variables related to the ensiled material, such
as its chemical composition and in vitro dry matter
digestibility. Furthermore, the robustness of the alternative
methods seems to be critical for the determination of lactic
acid and ethanol contents.
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