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Abstract

In the context of dairy cow feeding, it is increasingly important to know the quality of the maize
silage used in the ration and therefore, it appears to be crucial optimizing the techniques necessary to
assess it. The aim of this study was to evaluate whether the Flieg-Zimmer’s score (FZS), could
properly estimate the quality of fermentations of maize silage made in a lab-scale ensiling system,
and to calculate and validate new quality indexes suitable for lab-scale fermentations. The
experimental dataset was obtained by analysing through near-infrared spectroscopy 522 samples of
whole maize crop ensiled immediately after the harvest, using the vacuum-packing technique. The
five (I1 —I5) new indexes were calculated on the basis of seven parameters chosen among pH, lactic,
acetic, propionic and butyric acids, ethanol, mannitol and ammonia. All the indexes were tested for
normality with the Shapiro—Wilk test. In order to define the accuracy with which the new indexes
ranked the maize silage on the basis of its fermentation quality, a ROC analysis was performed, using

the FZS as gold standard test and dichotomizing the FZS in two levels according to a cut-off (FZS <
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80, non-excellent vs. FZS > 80, excellent). Accuracy was determined through the value of the area
under the curve (AUC). Finally, a one-way ANOV A model was used to compare the quality of maize
silage with low (< 320 g/kg), medium (320 - 360 g/kg) and high (> 360 g/kg) dry matter (DM). In the
lab-scale silages the new indexes were normally distributed, whereas the FZS was not. The new
indexes showed values of AUC ranging between 0.78 and 0.89, with the IS5 index showing the best
combination of sensitivity (0.87) and specificity (0.77) in discriminating between good and poor
quality silage. The cut-off of the new indexes ranged between 45.5 and 57.4 points. The lab-scale
silages were all excellent, no matter the category of DM. However, while the FZS did not differ
among the 3 categories (mean FZS = 98.7), all the other indexes were significantly higher in silages
with low DM (P < 0.001). Silages with low DM had the highest concentrations of lactic acid (56.4
g/kg DM, P <0.001), ammonia (61.4 g/kg DM, P <0.001) and butyric acid (0.62 g/lkg DM, P <0.001)
as well. Data confirmed that the new proposed indexes are promising in describing the fermentation

quality of maize silage in both field and lab-scale conditions.

Keyword: maize silage, fermentative quality index, Flieg-Zimmer’s score, roc analysis, lab-scale

silages.

Abbreviations: ADF - ADF expressed inclusive of residual ash; aNDF - NDF assayed with a heat
stable amylase and expressed inclusive of residual ash; AUC — area under the curve; CP - crude
protein; DM - dry matter; EE — ether extract; FZS — Flieg-Zimmer’s score; 11 — I5- new quality
indexes to evaluate maize silage; R? - coefficient of determination; SD - standard deviation; SEC-
standard error of calibration; SECV- standard error of cross-validation; SEM — standard error of

means; 1-VR - Coefficient of determination in cross-validation.
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Introduction

Maize (Zea mays, L.) silage is one of the most widely used feed in cattle rations in great part of the
world (Erdman et al., 2011; Marchesini et al., 2017), especially in temperate areas, since it is a very
productive crop, characterized by an excellent nutritional profile and it is suitable to be preserved
through ensiling (Khan et al., 2015). Although the nutritional composition of silage, expressed in
terms of content in dry matter (DM), crude protein (CP), starch, fibre and nutrients digestibility is of
primary importance to optimize animal performance (Kuehn et al., 1999; Addah et al., 2011; Krdmer-
Schmid et al., 2016), several authors stated that the quality of the fermentation during the ensiling
process and its aerobic stability are important as well (Woolford, 1984; McDonald et al., 1991; Oude
Elferink et al., 2000). In fact, a silage that has undergone an abnormal fermentation has a lower
nutritional value, and is often rejected by animals, leading to reduced dry matter intake and lower
performance (Ward, 2011). The quality of fermentations occurring during the ensiling process can be
determined through the measure of pH and the analysis of the concentration of a wide range of
fermentation products such as: lactate, acetate, propionate, butyrate, isobutyrate, ethanol, mannitol
and ammonia (Cherney et al., 2004; Nishino et al., 2004; Johnson et al., 2005). The pH, which in a
maize silage should range from 3.7 to 4.2 (Kung and Shaver, 2001), is the result of the concentration
of acids, urea and ammonia produced by microorganisms and the buffer capacity of the substrate.
Among organic acids, lactate should be the most present acid, as it contributes most to the decline in
pH and is associated with a lower DM and energy loss during storage (Kung and Shaver, 2001),
whereas the high concentration of acetate (> 30 g/kg DM) or the presence of propionate, butyrate and
isobutyrate are associated with a higher loss of DM (Ward., 2011). In addition, acetic acid, typically
produced during heterolactic fermentations, although having antimycotic properties seems to
interfere with cattle dry matter intake (Mc Donald et al., 1991; Nishino et al., 2004) over a certain
concentration (> 60 g/kg DM). Furthermore, butyrate suggests the presence of clostridia (Kung and

Shaver, 2001) which are undesirable microorganisms, as they degrade proteins and produce ammonia,
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amines and other substances that compromise the palatability of silage (Ward, 2011). Other
compounds, such as ethanol and mannitol, are mainly produced in secondary fermentations by yeasts
or heterofermentative bacteria (Pahlow et al., 2003; Nishino et al., 2004). Each of these parameters
give information only on a certain aspect of fermentation, indicating for example in the case of
butyrate, the presence or absence of fermentations by clostridia, but in order to be able to say whether

a fermentation was qualitatively better than another, we need an index that takes into account and

weighs each of these parameters. In this regard, there are scores, such as the Flieg-Zimmer's score

(FZS) described by Woolford (1984), that are calculated on the basis of the concentration of lactic,

acetic and butyric acids, whereas others take into account the concentration of lactate, volatile fatty

acids and ammonia, such as the Vanbelle's score (Vanbelle and Bertin, 1985). These scores are still

used in assessing the quality of silage in field trials, but they sometime show poor capability in
discriminating between well- or poorly-preserved silages (Gallo et al., 2016a), especially in
conditions of limited variability, as those found in laboratory-scale ensiling systems, where the
ensiling conditions are strictly controlled (Cherney et al., 2004; Hoedtke and Zeyner, 2011). These
lab-scale ensiling systems are often used, because they are suitable for experimental designs which
involve numerous variables, allow a more complete control of the ensiling conditions (Johnson et al.,
2005; Romero et al., 2017) and are less costly and labour intensive than farm-scale silos, while still
achieving a fermentation reasonably similar to that taking place in field-scale silos (Cherney and

Cherney, 2003).

The aims of this study were to evaluate the ability of FZS to estimate the quality of fermentations of
maize silage made in a lab-scale ensiling system and to calculate and validate new indexes of maize

silage fermentation quality, suitable for lab-scale fermentations.

Materials and Methods

Sample collection, preparation and analysis
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Samples of whole maize crop (n = 522) belonging to early (variety E, FAO class 200, n = 14) and
late (variety L, FAO class 600-700, n = 15) ripening cultivars were harvested and ensiled during the
summer season 2016. In order to have samples representative of the wide variability in maize silage,
plants belonging to 29 cultivars were grown in areas with different pedoclimatic conditions (from
ideal to very stressful) and cropped at different ripening phases (from 5 days before, to 5 days after
the 33% milk line stage). Two samples (500 += 50 g) for each freshly harvested whole maize crop
(n=1044) were chopped immediately after the harvest and ensiled in vacuum-packed bags (Orved
2633040, Orved SpA, Musile di Piave, VE, Italy). Samples were treated according to the procedures
recommended by Johnson and colleagues (2005), especially to avoid bloating (Hoedtke and Zeyner,
2011) and they were stored at 23°C for 60 days, before being opened for analysis. Bags (300x400
mm) were 90 pm thick, were made of polyamide and polyethylene (PA/PE) and had a gas
permeability at 23°C + 2 of 65, 15 and 200 cm® m™ day "' atm ! to oxygen, nitrogen and CO,,
respectively. Vacuum-packing was performed using a vacuum-packing machine (Cuisson 41, Orved
SpA, Musile di Piave, VE, Italy) drawing 25 m?> of air per hour for 12 s. Bags were then automatically
sealed after air extraction. After 60 days of ensiling, the content of each bag was analysed in duplicate
using a FOSS NIRSysistem 5000 scanning monocromator (FOSS NIRSystem, Silver Spring, MD,
USA) and a very robust calibration curve, whose specifications are reported in Table 1, based on the
historical dataset of MAPS department’s laboratory. The calibration curve was created on the basis
of the results of chemical analyses obtained using the following procedures: #934.01(AOAC, 2003)
for dry matter (DM), 2001.11 (AOAC, 2005) for crude protein (CP), #942.05 (AOAC, 2003) for ash;
#996.11 (AOAC, 2000) for starch, 2003.05 (AOAC, 2006) for ether extract (EE); ANKOM
Technology (2015a) for aNDF and ANKOM Technology (2015b) for ADF. Lactate, volatile fatty
acids (VFA), ethanol and mannitol were extracted in acid solution (sulphuric acid 0.6N) and analysed
according to the method by Martillotti and Puppo (1985), blending the samples for 4 minutes. The
mixture was then centrifuged at 4000 x g for 10 minutes and filtered through a 0.45 pm filter. An

aliquot of 20 pl of the remaining solution was analysed using a high-performance liquid
5
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chromatography system (Shimadzu 10AVP HPLC System, Shimadzu, Tokyo, Japan) equipped with

a SIL 10 auto-sampler and a RID 10A detector. A Aminex HPX-87H HPLC column, 300 mmx 7.8

mm (Bio-Rad, Hercules, CA, USA) was used at 40°C, with H2SO4 0.0025 N as mobile phase, at 0.6

mL min~'. Ammonia was measured using the Megazyme’s ammonia assay kit (Megazyme
International, Bray, Wicklow, Ireland), according to the Megazyme’s assay procedure (Megazyme,
2014).

Definition and calculation of maize silage fermentation quality indexes

In this study three datasets were used: the historical dataset of MAPS department’s laboratory (A, n
= 2098), on which we calculated the statistics and the variability of the parameters related to
composition and fermentation quality of maize silage, a sub-sample of the historical dataset (B, n =

191), made by the samples on which it was possible to calculate the FZS, and the experimental dataset

(C, n=522) on which the FZS and five new quality indexes were calculated and compared (Table 2).

The FZS was calculated according to the method described by Woolford (1984). In order to verify
whether the FZS was suitable to assess the quality of the fermentations of maize silage both produced
in field (Dataset B) and laboratory conditions (dataset C), the trend of data distribution was verified
and statistics (average, standard deviation and coefficient of variation) were calculated. Furthermore,
five new indices (I1, 12, I3, 14 and I5), with a range of values from 1 to 100, were proposed for the
evaluation of maize silage fermentation quality and were compared to the FZS. These indexes were
set taking into consideration various parameters of fermentation quality and giving them a different
weight within the index, as reported in Table 3. It was also necessary to establish a range of values
for each parameter, to which attribute a minimum and a maximum score. To define this range it was
decided to use the dataset A, calculating the range as the mean + standard deviation. The reliability
of the new indexes were tested against a gold standard (FZS), using a dedicated statistical approach.
Finally, to verify whether the new indexes can find differences in the quality of fermentation, the

samples of the dataset C were divided into 3 categories based on the DM value (DM <320 g/kg; M,
6
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320 < DM < 360 g/kg; H, > 360 g/kg) and compared their values of FZS and of the new quality

indexes.

Statistical analysis

Statistical analyses were conducted using SAS release 9.4 (SAS Institute Inc., Cary, NC, 2012). All
data belonging to the three datasets (A, B and C) and pertaining to fermentation quality (i.e. pH,
lactic, acetic, propionic, butyric acids, ethanol, mannitol and ammonia), the FZS and the new quality
indexes (I1 - I5) were tested for normality with the Shapiro—Wilk test (for values > 0.9 data were
considered normally distributed).

In order to find a correspondence between the FZS and the five new indexes, the dataset B was
analysed by performing a ROC Analysis (Hajian-Tilaki, 2013), using the FZS as golden standard test
and dichotomizing the FZS in two levels (FZS < 80, not excellent quality vs. FZS > 80, excellent
quality, as reported by Woolford (1984). Applying the Youden index to each index proposed (I1 -
I5), a cut-off value between excellent and not excellent maize silage was found. The Youden index
is a method that maximise the sensitivity and specificity of a test and gives the best cut-off point
(Hajian-Tilaki, 2013). This analysis is often used to compare the results of diagnostic tests with a
gold standard, in order to calculate the accuracy. The ROC curve is the plot of sensitivity and 1-
specifity, and the area under that curve (AUC) represents the accuracy of the test. The AUC shows
the effectiveness of a test (or index) in discriminating between two categories (in our case, excellent
or not excellent maize silage), finding the best cut-off values, and comparing the different indexes (I1

- I5), when applied on the same samples (Hajian-Tilaki, 2013).

Finally, in order to verify the reliability of the proposed indexes, chemical composition data and the
indexes (I1 - I5) calculated on dataset C were submitted to a one-way ANOVA model with the DM,
classified in 3 levels (low, medium and high), as fixed effect. Post-hoc pairwise comparisons were
run between factor levels using Bonferroni correction. Assumptions of the linear model on the

residuals were graphically tested.
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Results

Data in Table 2 show the different chemical characteristics of the datasets used, highlighting the best
fermentative quality of the silages obtained with the lab-scale method compared to those obtained
directly from the field operating practice. The dataset C had a higher FZS, higher concentrations of
lactic acid, ethanol and mannitol and lower concentrations of acetic and propionic acids, compared
to datasets A and B. Dataset C was also characterised by a lower variation in almost all composition
and fermentation parameters and in the FZS which showed a lower coefficient of variation (CV)

compared to datasets A and B (1.6 vs. 21 vs. 21%), respectively.

In Table 3, the parameters used to calculate each of the new quality indexes (I1 — I5), and their
percentage weight within each index were reported. Four parameters were used by all the indexes
and in order of importance they are: lactic acid (41%), ammonia (18%), ethanol (18%) and acetic acid
(9%). The pH was considered in all indexes as well, except for 15, even though it had different weights
(from 4 to 8%) in the different indexes. Butyric acid was also used in all indexes, with the exception
of I1, and had a weight ranging from 2 to 14%. Finally, the mannitol was considered in 3 indexes out

of 5 and its weight ranged from 3 to 6%.

Table 4 shows the average, standard deviation (SD), coefficient of variation (CV) and the value of
the Shapiro-Wilk’s test calculated for FZS and the new fermentation quality indexes on both datasets
C (lab-scale silage) and B (in field made silage). Whereas Skapiro Wilk's values of the new indexes
were always higher than 0.96, indicating their normal distribution in both datasets C and A, the FZS
data resulted normally distributed only in dataset B. All the indexes showed higher values, indicating

higher fermentation quality, and lower CV in dataset C compared to dataset B.

The ROC analysis performed on dataset B (Table 5) shows that the AUC average values of the new
indexes are all between 0.78 and 0.89, indicating a moderate accuracy between the indexes I1 - 15

and FZS. Among the new indexes, the one with the highest AUC is IS5, followed by 12 and I3, whereas
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I1 shows the lowest value. 15 showed the best combination of sensitivity (0.87) and specificity (0.77)
in discriminating between good and poor quality silages. The cut-off, that is the equivalent of 80

points in the Flieg score, has a range between 45.5 and 57.4 points among the five new indexes.

The FZS and the other indexes were applied to the C dataset to find differences in the quality of
fermentation between three different levels of DM. As can be seen in Table 6, silages with different
levels of DM differed significantly for the concentration of lactic acid, butyric acid, ammonia, ethanol
and for pH, but did not differ for propionic acid and mannitol. For all the indexes, FZS included, the
silage of all 3 categories were considered excellent, that is they had an index value higher than the
cut-off. An exception is the I1 index for which the silages with high DM were not classified as
excellent because their average value was lower than the cut-off (57.4). However, while the FZS did
not differ among the 3 categories and had an average value of 98.7, all the other indexes were
significantly higher in silages with low DM, followed by that with medium and high DM,
respectively. Compared to other categories, silages with low DM had the highest concentrations of

lactic acid (56.4 g/lkg DM), ammonia (61.4 g/lkg DM) and butyric acid (0.62 g/kg DM).

Discussion

Given the importance of maize silage in cattle feeding and the impact that its quality can have on
animal health and animal productions, in this study we wanted to test some new indexes for the
evaluation of maize silage quality, comparing them with the Flieg- Zimmer’s Score, an index widely
used for the evaluation of maize silage (Borowiec et al., 2001; Gallo et al., 2016a). We also wanted
to test the reliability of FZS on lab-scale maize silages, as these silages are now widely used in
research, to test for example different cultivars, the use of inocula, nutrient losses, etc. (Cherney et
al., 2004; Romero et al., 2017). Data on which FZS and the other indexes were calculated and applied
were in line with what reported in the literature regarding the composition of maize silage (Gallo et
al., 2016b), pH and fermentation by-products such as lactic acid, volatile fatty acids, ammonia, etc.

(Nishino et al., 2004; Gallo et al., 2017b). Since, on the basis of FZS, maize silage is evaluated as

9
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good when the FZS is between 60 and 79 and excellent when is > 80 (Woolford, 1984), it can be
stated that overall, silages from dataset C, made through vacuum packing, were excellent and that the
ones belonging to dataset B, were both good and excellent. Although the dataset C consisted of maize
silage belonging to 29 cultivars, of different precociousness, cultivated in areas with different
pedoclimatic characteristics and collected at different ripening stages, the variability of its parameters
was much lower than that of the dataset B, as in C the ensiling process always occurred under the
same controlled conditions, and not in field conditions as in B. The ensiling conditions in the field,
the type of silo used, the technique used to consolidate the mass, the speed in filling the silo and the
sampling point, are all factors that strongly impact on the variability of the characteristics of the maize
silage (Gallo et al., 2016b). While FZS was formulated to evaluate homolactic, heterolactic and
clostridia fermentations, through the measure of lactic, acetic and butyric acids, respectively
(Woolford, 1984), the new indexes were thought to take into account proteolytic activity as well, by
measuring ammonia (Ward, 2011) and to deepen the information related to the fermentation by yeasts
and heterofermentant lactic acid bacteria through the measure of ethanol and mannitol (Nishino et al.,
2004).

With the purpose of finding the fermentative quality index most suitable to properly classify poorly-
or well preserved maize silages, on a scale from 0 to 100, we decided to assign, for all the new indexes,
the great part of the points (86) to parameters well known to be indicative of the extent of
homofermentant and heterofermentant lactic acid bacteria fermentations and proteolytic activity. The
remaining 14 points were differently shared, according to the index in question (I1 — I5), between
parameters that give more comprehension on suitability of the environment to undesirable
microorganisms (pH), activity of clostridia (butyric acid), and the use of fructose by heterofermentant
lactic acid bacteria (mannitol), as reported in literature (Kung and Shaver 2001; Nishino et al., 2004).
Among the 4 parameters common to all the indexes, the higher weight was assigned to the high
concentration of lactic acid (41 points), because it is a good index of the extent of homolactic

fermentation and its concentration and the consequent accumulation of hydrogen ions discourages
10



247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

the activity of undesirable microorganisms like clostridia and enterobacteria (Kung and Shaver,
2001). Subsequently, equal importance was given to ammonia and ethanol which, in well preserved
silages, should be both low in concentration. Ammonia tends to accumulate due to the degradation of
amino acids and peptides, in part during homolactic fermentation and in part by proteolytic
enterobacteria and clostridia (McDonald et al., 2011; Ward, 2011), whereas ethanol is produced by
both heterofermentant lactic acid bacteria and by yeasts, in anaerobic conditions (Nishino et al.,
2004). Finally, acetic acid, is mainly produced during heterolactic fermentations (Gallo et al., 2016a)
and by enterobacteria (McDonald et al., 2011). High concentrations of both ethanol and acetic acid
are associated with high loss of DM and energy (Ward, 2011).

Lactic, acetic and butyric acids, ammonia and pH were already used in one or more indexes as FZS,
the Index 2 formulated by Gallo et al. (2016 a), Vanbelle’s score and DLG score (Gallo et al., 2016a),
whereas ethanol and mannitol were measured individually to characterised the quality of the
fermentation (Nishino et al., 2004), but they were never used to formulate an index before.

When the indexes were applied to the B dataset, which refers to samples of maize silage produced
under field conditions, it can be noticed that the new indexes, with the exception of I1, had a
coefficient of variation on average higher than that of FZS and this means that they better represented
the variability of the different samples of maize, probably guaranteeing greater differentiation
between one sample and another. This difference between the new indexes and FZS was even more
accentuated in the dataset C, where the more limited variability among samples, due to the same
ensiling conditions, led the FZS to have a very low coefficient of variation, equal to about one seventh
of that of the other indexes. The new indexes therefore, if compared to FZS, amplified the distance
between well- and poorly preserved maize silages, even in silages made in standard conditions, a
criterion already used in the formulation of other indexes (Gallo et al 2016a). Besides, in C the
average of FZS was 97.7 and was therefore close to the maximum value of the index. However, it
seems unlikely that the samples were so little differentiated, considering that they belonged to samples

derived from varieties with different precociousness, with different DM levels, cultivated under
11
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stressful or very favourable conditions and collected both before or after the 33% milk line phase. It
seems therefore that FZS was able to sufficiently detect differences in the quality of fermentations
between samples obtained in field conditions, as also noted by other authors (Borowiec et al., 2001),
but it was not suitable in detecting differences between samples obtained under standardized or
slightly differentiated conditions, as also detected by Gallo and colleagues (2016b) for the difference
between samples collected at the centre or at the sides of the silo.

Among the new indexes identified, the one that apparently had a greater accuracy according to the
ROC analysis was the 15, with a value of AUC equal to 0.89, which according to the scale given by
Swets (1989) for which AUC values are respectively non-informative (AUC = 0.5), inaccurate (0.5
< AUC <£0.7), moderately accurate (0.7 < AUC < 0.9) or highly accurate (0.9 < AUC < 1.0), appears
to be at the highest end of the range in which the test is considered moderately accurate. This index
had a good sensitivity and specificity in correctly classifying silage samples either as excellent or not
excellent. Its cut-off was equal to 48 out of 100 points, showing a greater range of points above the
cut-off (51.8) which therefore allowed a better differentiation between samples of maize silage
considered excellent, compared to the 20 points above the cut-off (80) of the FZS. This index,
compared to the others, did not consider the pH and mannitol, but gave greater importance to the
concentration of butyric acid, with values that reached up to 14 points. 12 and I3, which were the
indexes that had the highest value of AUC after 15, assigned to pH up to 4 points and a to butyric
acid, assigned 10 and 7 points, respectively. 11, the index with the lowest AUC value, was the one
that gave the highest value to pH and to mannitol, but did not take into account butyric acid. These
results were predictable, as 12, 13 and I5 were the indices which most closely resemble the FZS,
regarding the parameters taken into consideration and their percentage weight.

When the indexes were applied to the silages produced with the vacuum packing, FZS was not
affected by the different level of DM of the samples and showed values very close to the maximum
score of the index for all the categories of DM. This is in line with what reported by other authors

(Gallo et al., 2016a), who showed that the FZS scores had limits in finding quality differences
12
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between various points of the same silo. The other indexes were all significantly affected by the level
of DM, showing the highest, medium and the worse values for silages with low, medium and high
DM, respectively. This result was mainly linked to the highest concentration of lactic acid in silages
with low DM. In these silages the higher weight of lactic acid in the calculation of the indexes
prevailed on the fact that values of ammonia, acetic acid and butyric acid, were higher and therefore
unfavourable. Although ethanol was higher in low DM silages, it did not affect the difference between
the indexes because in all the categories it exceeded the maximum threshold and therefore the
maximum score (18 points) was assigned to the silages of all the DM categories. In this case, none of
the new indexes proved to be better than the others in distinguishing the different categories of silage
by quality, even though I1 was the only one to attribute a value below the excellence to silages with
high DM. The excellent quality of all the silages from a fermentative perspective is confirmed by the
fact that the concentrations of lactic, acetic, butyric acids, ammonia and the pH value were in line
with the concentrations recommended in the literature (Kung and Shaver, 2001; Ward, 2011). Even
the concentration of ethanol, in spite of the fact that was beyond the maximal value considered for
the calculation of the indexes, were below the threshold of 3% DM recommended by Kung and

Shaver (2001) for good quality silage.

Conclusions

From the results obtained it can be stated that the Flieg-Zimmer’s Score was able to differentiate the
quality of the silage in field conditions, but was not sensitive enough to differentiate silages prepared
in standard conditions such as those on a laboratory scale used for research. The new quality indexes,
calculated taking into account the concentrations of lactic acid, ammonia, ethanol, acetic acid and
other parameters such as pH and mannitol, gave results in line with those of FZS in field conditions,

but proved to be better suited to differentiate the quality of silages, both made in field conditions and
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339
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342

343

344

345

346

through the vacuum packing technique. Although there is still a lot of work to be done to refine the

techniques of silage quality evaluation, these indices promise to be useful tools in this regard.
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Table 1

Specifications of the calibration curve used for maize silage analyses (n = 2098).

Constituents (g’kg DM) Mean SD*® SEC® R2¢ SECV ¢ 1-VR®
DM (g/kg) 333 56.9 15.0 0.93 15.4 0.93
Ash 14.5 2.40 1.60 0.55 1.60 0.52
Crude protein 25.4 4.90 1.70 0.89 1.70 0.88
Ether extract 10.7 3.00 1.80 0.64 1.90 0.61
aNDF 153 22.0 9.80 0.80 10.1 0.79
ADF 84.9 11.5 6.30 0.70 6.40 0.69
Starch 89.8 30.6 14.3 0.78 14.7 0.77
pHf 3.80 0.16 0.09 0.70 0.09 0.68
Lactic acid 13.8 6.20 3.70 0.65 3.80 0.63
Acetic acid 5.70 3.30 1.60 0.77 1.60 0.76
Propionic acid 1.20 1.10 0.70 0.58 0.70 0.55
Butyric acid 0.20 0.10 0.10 0.21 0.10 0.17
Ethanol 1.80 1.10 0.60 0.70 0.60 0.67
Mannitol 2.20 1.90 1.20 0.64 1.20 0.61
Ammonia 19.6 7.70 4.10 0.71 4.20 0.70

aStandard deviation.

b Standard error of calibration.
¢ Coefficient of determination.

dStandard error of cross-validation.

¢ Coefficient of determination in cross-validation.

Tt is expressed as a pure number.

18



426 Table 2

427  Chemical composition and fermentation parameters of maize silage samples belonging to the datasets

428 A, Band C (Mean £+ SD).

429

430

Constituents (g/Kg DM) Dataset A Dataset B Dataset C
n=2098 n=191 n=>522
DM g/kg 333£56.9 339+66.3 346+ 54.1
Ash 439+7.60 38.5+13.7 33.9+3.50
Crude protein 76.1+£9.20 74.0+11.9 72.7+5.50
Ether extract 31.7+£8.30 31.3+£9.10 21.2+3.60
aNDF 464 +£53.9 452+65.4 403 +30.7
ADF 259+38.5 253+41.8 213+£21.3
Starch 261 £57.9 286+44.2 328+42.8
pH? 3.81+0.16 3.79+0.41 3.85+0.06
Lactic acid 413+ 18.7 357+17.0 51.1£9.20
Acetic acid 17.3+£10.1 16.2+10.0 9.20+2.70
Propionic acid 3.80+4.00 3.10+3.30 0.30+0.40
Butyric acid 0.50+0.50 0.60+0.30 0.60+0.10
Ethanol 540+330 4.90+3.20 11.4+5.10
Mannitol 6.80+5.90 6.00+5.30 9.50=+2.80
Ammonia 58.7+233 575+183 58.4+5.50
Flieg-Zimmer’s score* 79.8+16.9 79.8+16.9 98.7+ 1.54

1t is expressed as a pure number.
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431 Table 3

432  Characterization of the new quality indexes I1 — I5: parameters used, range of values used for scoring

433 and score interval of each parameter.

Parameters Range of values Score interval

(g’kg DM) I1 2 I3 14 IS
Lactic acid 22.6 -60.0 0-41 0-41 0-41 0-41 0-41
Ammonia 82.0-35.4 0-18 0-18 0-18 0-18 0-18
Ethanol 8.70 - 2.10 0-18 0-18 0-18 0-18 0-18
Acetic acid 27.4-17.20 0-9 0-9 0-9 0-9 0-9
pH? 3.97-3.65 0-8 0-4 0-4 0-6 -
Butyric acid 1.00 - 0.00 - 0-10 0-7 0-2 0-14
Mannitol 12.7-0.90 0-6 - 0-3 0-6 -
Index maximum score - 100 100 100 100 100

434  ?*ltis expressed as a pure number.

435
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436 Table 4

437  Mean, standard deviation (SD), Shapiro-Wilk test and coefficient of variation (CV) of Flieg-
438  Zimmer’s score (FZS) and the new quality indexes (I1 — I5) in both datasets B (in field made silages)
439  and C (lab-scale silages).

Dataset B Dataset C
Mean + SD Shapiro- -y, Mean + SD Shapiro- -y,
Wilk Wilk

FZS 79.8+£16.9 091 0.21 97.7+1.54 0.75 0.02
I1 573+£12.2 097 0.21 57.24+7.90 098 0.14
12 478 +13.3 099 0.28 56.7 +7.49 097 0.13
I3 47.1+13.0 0.99 0.27 54.6 +7.69 098 0.14
14 477 £12.7 0.99 0.27 54.2 + 8.05 098 0.15
I5 464+ 13.4 0.99 0.29 55.24+7.26 0.97 0.13

440
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441 Table 5

442  Results of the ROC analysis performed on dataset B (n = 191): accuracy of the new quality indexes
443 (I1 —I5) in discriminating between excellent and non-excellent silages on the basis of the results of a

444  reference test that in this case is the Flieg-Zimmer’s score. Accuracy is expressed as AUC.

Index AUC+SE?® 95% CI® Cut-off® Sensitivity Specificity

I 0.78+0.03 0.71-0.84 574 0.80 0.63
12 0.87+0.03 0.81-091 495 0.87 0.73
I3 0.84+0.03 0.78-0.89 463 0.77 0.79
14 0.80+0.03 0.74-0.86 455 0.68 0.78
I5 0.89+0.02 0.83-0.93  48.2 0.87 0.77

445  ? Area under the curve + standard error.
446 Y Confidence interval at 0.95.
447  °The value of the index above which the silage is considered excellent.

448
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449

450
451
452

453
454
455

456

Table 6

Comparison of mean values of fermentation parameters, Flieg-Zimmer’s score (FZS) and quality
indexes (I1 — I5) between silages with different concentration of dry matter (DM) in dataset C (lab-

scale silage)

DM range <320 (g/kg) 320 - 360 (g/kg) > 360 (g/kg) SEM ® P-value

N. 192 132 198

Constituents (g/kg DM)

DM (g/kg) 318? 3449 375x 2.100 <0.001
pH® 3.84 3.85 3.86 0.005 0.041
Lactic acid 56.4* 50.7Y 46.4* 0.600 <0.001
Acetic acid 9.90 9.20 8.40 0.267 0.037
Propionic acid 0.30 0.30 0.30 0.043 0.608
Butyric acid 0.62% 0.58Y 0.54* 0.0004 <0.001
Ethanol 12.6 11.2 10.3 0.043 0.034
Mannitol 9.60 9.60 9.70 0.267 0.590
Ammonia 61.4* 58.6 55.2°7 0.043 <0.001

Quality indexes

FZS 98.9 98.7 98.6 0.190 0.738
11 62.1* 57.4Y 52.6* 0.627 <0.001
12 60.8* 56.7Y 52.67 0.613 <0.001
13 59.2% 54.8Y 50.3% 0.630 <0.001
14 59.2~ 55.3Y 51.4° 0.650 <0.001
15 59.1% 54.3Y 49.5° 0.607 <0.001

1t is expressed as a pure number
®Standard error of means
*¥2 Means within lines not sharing a common superscript are significantly different at the 1% level

of probability
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