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ABSTRACT: Whole-plant corn silage (WPCS) is a commonly used forage for feeding dairy cattle 
in Brazil. The aim of this study was to evaluate on-farm ensilaging practices and the nutritional 
value, microbiology and fermentation profiles of WPCS from dairy farms in the south of the state 
of Minas Gerais, Brazil. Silages from 54 dairy farms located in nine cities were sampled and a 
questionnaire was distributed for completion to describe the herd profile and ensilage practices. 
Herd size ranged from 8 to 1,000 lactating cows, and 52 % of the farms had fewer than 50 cows 
in lactation. The majority of the farms cultivated hard endosperm texture hybrids (52 %) and used 
pull-type forage harvesters (87 %). Double-sided plastic was the most used form of silo sealing 
(56 %) and 28 % used inoculants. Lactic acid bacteria count was greater than 6.01 log CFU g–1 
in 60 % of the samples, and the mean populations of enterobacteria and Bacillus spp. were 4.23 
and 4.09 log CFU g–1, respectively. Silo size ranged from 100 to 250 m3 in 44 % of the farms, 
and the silage removal rate was below 15 cm of the face/d in 41 % of cases. Silage dry matter 
(DM) concentration was 33 ± 3 % of fresh matter, NDF concentration was 57 ± 7 % of the DM, 
and in vitro NDF digestibility was 35 ± 11 % of the NDF. Silages with high DM concentrations had 
large particle size, affecting the nutritional value and the fermentative pattern. Improvements in 
ensiling practices can potentially inhibit the growth of spoilage microorganisms and raise the 
nutritional value of silages.
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Introduction

Whole-plant corn silage (WPCS) is an important 
forage source for large- and small-scale dairy farms in 
the southern region of Minas Gerais. The region’s high 
altitude (more than 700 m above sea level) makes it 
suitable for corn production as the result of its rela-
tively cool summer nights. Forage corn offers high dry 
matter yield per unit of land, allowing for a high ani-
mal stocking rate and a high concentration of energy 
per unit of dry matter, thereby reducing the need for 
concentrated feedstuffs per unit of milk produced. 

However, ensiling practices can vary and may 
affect the nutritional value of WPCS, such as plant 
maturity at harvest and silage dry matter concentra-
tion (Shinners et al., 2000), hybrid endosperm texture 
(Correa et al., 2002; Ferraretto and Shaver, 2015), fiber 
particle size (Johnson et al., 2002), and degree of ker-
nel processing (Bal et al., 2000). Additionally, the use 
of a microbial inoculum (Arriola et al., 2011), storage 
duration (Der Bedrosian et al., 2012), and other ensil-
ing practices (Weinberg and Ashbell, 2003) can affect 
the silage fermentation profile, animal intake and per-
formance (Santos et al., 2017). 

The ensiling process involves agronomic, physi-
cal, chemical, and microbiological aspects that are 
integrated and thereby determine the quality of the 
silage produced. Few studies have been conducted cor-
relating the chemical and microbiological aspects of 
WPCS with ensiling practices. Thus, the aim of this 
study was to gather information on silage practices ca-
pable of determining the silage fermentation profiles 

and nutritive values of silage on Minas Gerais dairy 
farms with variation in herd sizes and degree of adop-
tion of technology. 

Materials and Methods

Profile of farms and ensiling practices 
Corn silage samples were collected in 2014, from 

54 dairy farms in the cities of Lavras (21°14’ S, 44°59’ 
W, 919 m) (6), Elói Mendes (21°36’ S, 45°33’ W, 907 m) 
(6), Silvianópolis (22°01’ S, 45°50’ W, 897 m) (6), São Se-
bastião do Paraíso (20°55’ S, 46°59’ W, 991 m) (6), Pas-
sos (20°43’ S, 46°36’ W, 745 m) (6), Muzambinho (21°22’ 
S, 46°31’ W, 1048 m) (6), Piranguinho (22°24’ S, 45°31’ 
W, 837 m) (6), Itumirim (21°19’ S, 44°52’ W, 871 m) (6), 
and Nepomuceno (21°14’ S, 45°14’ W, 840 m) (6). The 
selection of farms for the study was made in conjunc-
tion with the federal Brazilian Agricultural Extension 
Service (EMATER-MG, Empresa de Assistência Técnica e 
Extensão Rural, MG, Brazil). Technicians from each city 
involved in the study proposed a list of six farms to repre-
sent small and large scale dairy farms. Next, the research 
team randomly selected a sub-sample of farms. The same 
researcher visited every farm to collect the survey data 
and WPCS samples for laboratory analysis.

Physical and chemical analyses
The temperature of the silage was taken at nine 

equidistant points to represent the face of the bunker si-
los using a thermometer inserted to a depth of 20 cm. The 
first three points were 0.30 m from the top, with two of 
these points 0.30 m from the walls and one at mid-width. 
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Three other points were 0.30 m from the bottom of the 
silo, with two of these points 0.30 m from the walls and 
one at mid-width. Finally, three more points were at mid-
height with two of these points 0.30 m from the walls. 
Silage samples were taken from across the complete face 
of the silo at a depth of 0.20 m and homogenized. The 
samples were collected and placed in sterile plastic bags, 
stored in ice boxes, and immediately transported to the 
microbiology laboratory. A fraction of each sample was 
dried in a forced-air oven at 55 °C for 72 h and ground 
through a 1-mm mesh screen with a Wiley mill. The sam-
ples were analyzed for their DM concentration by drying 
them at 100 °C for 24 h (AOAC, 1990), for water-soluble 
carbohydrates (WSC) using the phenol-sulfuric method 
(Dubois et al., 1956), and for their starch (Hall et al., 2001) 
and crude protein (CP) using the Kjeldahl method (AOAC, 
1990). Their neutral detergent fiber (NDF) was analyzed 
with porous crucibles according to van Soest et al. (1991) 
with α-amylase and sodium sulfite, and non-fiber carbohy-
drates (NFC) were calculated by the arithmetic difference 
of conventional chemical variables (NRC, 2001). The in vi-
tro digestibility of DM and NDF was determined using 24 
h incubations following the first step of Tilley and Terry’s 
(1963) procedure. The geometrical mean particle size of 
the fresh WPCS was measured using screens 19 mm and 
8 mm in diameter and the pan of the Penn State Particle 
Size Separator, according to Kononoff (2003) and Baker 
and Herrman’s (2002) methodology. The kernel process-
ing score (KPS) was determined according to Ferreira and 
Mertens (2005) using dried WPCS samples. The estimate 
of milk production per ton of DM was calculated using the 
MILK 2006 spreadsheet developed by Shaver and Lauer 
(2006). Another sample was used to determine pH value, 
microbial population, and fermentation end-products.

Fermentation profile and microbiological analyses
Water extracts were generated to determine the pH 

and microbial and fermentation profiles. To prepare the 
water extracts, 25 g of fresh corn silage was blended in 
225 mL of 0.1 % sterile peptone water and homogenized 
in an orbital mixer for 20 min at 20 g. Then, the pH of 
each sample was determined (Digimed Analítica, model 
DM 20®). Water extracts (2 mL) were acidified with 10 
μL of 50 % (vol/vol) H

2SO4 and frozen at -5 °C until the 
analysis of the fermentation end-products (Canale et al., 
1984). The acidified water extracts were analyzed for lac-
tic acid, acetic acid, propionic acid, butyric acid, ethanol, 
and 1,2-propanediol by high-performance liquid chroma-
tography (Shimadzu model LC-10Ai; Shimadzu Corp., To-
kyo, Japan) (Carvalho et al., 2012).

Sequential ten-fold dilutions were prepared to 
quantify the microbial groups. For the enumeration of 
LAB, pour plating onto de Man, Rogosa, and Sharpe agar 
(M641I, Hi Media, Mumbai, India) plus nystatin (4 mL 
L–1) were used. The plates were incubated at 37 °C for 48 
h. Microorganisms of the Enterobacteriaceae family were 
enumerated by plating in the medium eosin methylene 
blue agar (EMB, Difco, Sparks, USA) after 24 h of incuba-

tion at 37 °C. Samples for the mesophilic aerobic spore 
count (Bacillus spp.) had been previously submitted to 
80 °C for 10 min to induce sporulation, and the nutri-
ent agar medium (M001, HiMedia, Mumbai, India) was 
used to count these microorganisms. The plates were in-
cubated at 37 °C for 24 h under aerobic conditions. Yeasts 
and molds were enumerated using dichloran rose bengal 
chloramphenicol medium (DRBC, Difco; Becton Dickin-
son, Sparks, MD, USA). The plates were incubated at 28 
°C for 72 h.

Statistical analysis
Data on the farms’ characteristics and the results of 

the physicochemical and microbiological analyses were 
grouped into classes and descriptive statistics were re-
ported (Mean, standard deviation, minimum, maximum). 
Pearson correlation coefficients between continuous vari-
ables were generated by the XLSTAT 7.5.2 software pro-
gram (Addinsoft’s, New York, NY, USA).

Results and Discussion

Farm profiles
Table 1 shows herd size and milk yield per farm 

and per cow. The number of lactating cows in the herd 
ranged from 8 to 1,000; 52 % of the farms had fewer than 
50 cows, and only 4 % had more than 500 cows. Daily 
milk production per farm ranged from 90 to 15,000 L and 
farms with less than 500 L of milk per day were pre-
dominant (43 % of total). Small producers represented 
the majority of the farms sampled, but large dairy op-
erations supplied the majority of total milk yield, in ac-
cordance with the production profile of Brazilian dairy 
farms (IBGE, 2014). Milk yield per cow ranged from 3 to 
28 L d–1 and had similar distribution among farms with 
production per cow lower than 10 L d–1 (30 %), from 10 
to 20 L d–1 (37 %), and greater than 20 L d–1 (33 %). Farms 
sampled in this survey had greater milk production per 

Table 1 – Herd size, daily milk production, and yield per cow on 54 
dairy farms in Minas Gerais. Data provided by the producer.

Variable % answers Mean SD Minimum Maximum
Lactating cows
< 50 51.9

99 163.1 8 1,000
50 - 100 25.9
101 - 500 18.5
> 500 3.7

Milk production (L d–1)
< 500 42.6

1,401 2,376.8 90 15,000
500 - 1000 25.9
1001 - 5000 24.1
> 5000 7.4

Milk per cow (L d–1)
< 10 29.6

16 7.4 3 2810 - 20 37.0
> 20 33.3

SD = Standard deviation. 
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cow and per farm than the average Brazilian and Minas 
Gerais dairy farm (IBGE, 2014), suggesting that farms us-
ing corn silage may have greater cow productivity and 
daily milk production than the average dairy farm. 

Silage practices 
Silage management practices are reported in Table 

2. The majority of farms (39 %) cultivated medium-hard 
hybrids, 22 % did not know the hardness of the hybrid, 
and 26 % of the farms reported the use of floury endo-
sperm hybrids. Hardness is a physical characteristic that 
influences the quality and processing of corn, and vitre-
ousness is an indirect measure of hardness, the latter be-
ing a variable that adversely affects the digestibility of 
starch present in corn grain (Correa et al., 2002). Among 
the 477 corn hybrids available in the 2015/2016 crop on 
the Brazilian seed market, 9 % were mealy, 67 % semi-
hard, and 24 % had endosperm characterized as hard 
(Cruz et al., 2015). Apparently, the choice for floury en-
dosperm hybrids was proportionally higher in the farms 
of this study than the proportion of available soft endo-
sperm hybrids in the Brazilian market, suggesting that 
this characteristic was of some value to dairy producers, 
although kernel vitreousness was not directly evaluated 
in this survey. Flint (hard) endosperm corn hybrids have 
been shown to adversely affect starch digestibility (Cor-
rea et al., 2002), especially during the late maturity stages 
of the plant (Pereira et al., 2004), depending on the degree 
of kernel damage during harvesting.

When asked about the ideal corn maturity for silage 
harvesting, all of the producers reported using the kernel 
milk line and the dry matter content of the plant to indi-
cate the ideal harvest time, which takes place when the 
milk line is displayed in half of the grain and the dry mat-
ter content reaches approximately 33 %. This is in agree-
ment with Heguy et al. (2016), who conducted a survey 
of silage management in California’s dairies and found 
that 75 % of producers harvested at this same stage in 
corn maturity. 

The majority of farms (67 %) harvested corn with 
their own equipment and most (87 %) use a harvester 
tensioned by a tractor (Table 2). The use of harvesters 
tensioned by a tractor is still common in Brazil (Bernardes 
and Rêgo, 2014) due to the low cost of such equipment, 
the small size of cultivated areas, and the hilly topogra-
phy of many farms. However, tensioned harvesters can 
provide low-income crop silages with a lower processed 
grain fraction and low particle size uniformity. This find-
ing highlights an issue that demands further attention 
in future investigations of silage management practices 
(Bernardes and Rêgo, 2014). Harvesting equipment with 
some sort of grain processing device was used on only 20 
% of the farms. Harvester blades were sharpened daily 
or more than once daily on 82 % of the farms, in order to 
achieve adequate kernel damage.

The capacity of the silos ranged from 72 to 1,375 
m3, with approximately 44 % of the evaluated properties’ 
silos capable of holding volumes ranging from between 

Table 2 – Type of hybrid, harvesting and ensiling procedures, silage 
temperature, and particle size of corn silages from 54 dairy farms 
in Minas Gerais.

Variable % answers Mean SD Minimum Maximum
Hybrid texture 
floury 25.9

-- -- -- --
flint 13.0
medium-hard 38.9
unknown 22.2

Equipment origin
own equipment 66.6

-- -- -- --rented 24.1
cooperative 9.3

Characteristic of the harvesters
tensioned by tractor 87.0

-- -- -- --
self-propelled 13.0

Harvesters with grain crackers
Yes 20.4

-- -- -- --
No 79.6

Sharpening of blades
beginning of ensiling 18.5

-- -- -- --daily 48.2
more than once a day 33.3

Capacity of silos (m³)
< 100 13.0

299.0 250.6 72.0 1,375.0
100 - 250 44.4
251 - 500 25.9
501 - 750 9.3
> 750 7.4

Use of microbial inoculum
Yes 27.8

-- -- -- --
No 72.2

Coverage
black plastic film 29.5

-- -- -- --

double-sided plastic films 55.6
white plastic 3.7
double-sided plastic + 
additional coverage 9.3

film with oxygen barrier 1.9
Duration of storage (days)
< 30 14.8

116 87.3 20 380
30 - 90 40.7
91 - 150 20.4
> 150 24.1

Feed-out rate (cm d–1)

21 12.7 3 60
< 15 40.7
15 - 30 48.2
> 30 11.1

Silage temperature 27 3.76 19 37
< ambient temperature 27.8

27 3.76 19 37
2 °C above ambient 
temperature 18.5

> 2 °C above ambient 
temperature 53.7

Ambient temperature   25 2.42 20 29
Geometrical mean particle size (mm)1

< 7.5 24.1
8.6 1.3 6.4 11.97.5 - 9.5 53.7

> 9.5 22.2
Particle size distribution (% fresh silage)2

> 19 mm 8 2.72 2.61 20.8
8 - 19 mm 56.24 9.42 36.5 75.38
< 8 mm 35.76 10.64 16.94 58.82

1Kansas State University: MF-2051. Baker and Herrman (2002); 2Diameter of 
screens of the Penn State Particle Separator; SD = Standard deviation.
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100 and 250 m3 (Table 2). Small size silos were used in 
most farms, reflecting the largest proportion of small 
herds (Table 1). Small silos allow for faster filling rates, 
adequate packing, and reduced aerobic dry matter loss 
during ensiling. Silage feed-out rate was greater than 15 
cm d–1 on 59 % of the farms, ranging from 3 to 60 cm d–1. 
A considerable proportion of farms (41 %) unloaded less 
than 15 cm of silage panel per day, suggesting that silos 
were oversized relative to herd size in many farms. Ac-
cording to Martin et al. (2004), the removal of layers with 
at least 15 cm of panel silage minimizes losses due to aero-
bic spoilage. However, for most unstable silages, as in the 
case of corn silage, or in conditions of high humidity and/
or high temperatures, a layer of at least 30 cm d–1 should 
be removed (Muck et al., 2003). The major determinant 
of the daily layer removal was the number of animals to 
be fed. Although most of the silos with greater storage 
capacity were found on the properties with the highest 
number of animals, lower feed rates were observed in 
these silos, demonstrating that the design of the silos of-
fers immense potential for improvement in the quality of 
the silage.

Adequacy of silo design is a potential variable in the 
improvement in silage quality. This is consistent with the 
silage temperature data. Only 27 % of the silos had tem-
peratures below the ambient temperature, while 54 % of 
the silos had temperatures at least 2 °C above ambient 
temperature, which is indicative of the beginning of the 
decay process due to the metabolism of undesirable aero-
bic microorganisms (Kung and Shaver, 2001).

Microbial silage additives were used in 28 % of the 
farms (Table 2). According to the producers, the applica-
tion of inoculants was carried out with the aim of improv-
ing the fermentation and/or reducing silage storage time; 
however, most of the producers were unable to state what 
type of inoculum (microorganism) was used and why 
they had chosen that particular additive.

Double-sided plastic film was the sealant most fre-
quently used for sealing the silo (56 %), followed by black 
plastic (30 %). Additional coverage (usually ground) to the 
double-sided film was reported by 9 % of producers. Of 
the properties evaluated, 8 % used white plastic and only 
2 % used film with an oxygen barrier (Table 2). These 
results corroborate those obtained by Bernardes and Rêgo 
(2014) who found that double-sided plastic film was most 
often used (85 %) by the producers, followed by black 
plastic (10 %). Double sided plastic was used by 71 % of 
dairy producers in California, USA to cover silage piles; 
however, oxygen barrier plastic was also popular among 
dairies, with 88 % using this technology (Heguy et al., 
2016).

Processing and nutrient composition
Silage processing and nutrient composition are re-

ported in Table 3. The mean dry matter (DM) content and 
crude protein (CP), neutral detergent fiber (NDF), non-
fibrous carbohydrates (NFC), starch, digestibility in vitro 
dry matter (DigINVITRO DM), and the estimate of milk 

production (EMP) showed values compatible with those 
found in the literature (Ali et al., 2014; Filya and Sucu, 
2010; Li and Nishino, 2011) (Table 3).

The DM content of the silages evaluated ranged 
from 284.0 g kg–1 to 405.0 g kg–1, with a mean value of 
332.4 g kg–1. This considerable variation in silage DM 
concentration may be related to the low output of the har-
vesters used, the phenotypic differences of the hybrids 
planted, as well as imprecision in the correct definition 
of the mid-point of the milk line. Despite wide variation, 
56 % of the samples had concentrations ranging from 
300.0 to 350.0 g kg–1, which is recommended as this range 
allows for adequate starch accumulation in the kernel 
fraction of the plant without incurring significant losses 
in the total digestibility of the nutrients (Bal et al., 2000).

The mean crude protein concentration in silage dry 
matter was 70.7 g kg–1 and 57 % of the samples had more 
than 70 g kg–1 crude protein. The mean concentration of 
NDF was high for corn silage (568.7 g kg–1 of dry matter), 
and ranged from 444.0 to 703.0 g kg–1. The concentra-
tions of starch (170.0 to 428.0 g kg–1) and NFC (115.0 to 
410.0 g kg–1) also had high variability. Dry matter (35 to 
76 %) and NDF (15 to 67 %) in vitro digestibilities were 
also highly variable from one farm to the next. Variations 
in plant maturity at harvesting, use of fertilizer, silage 
storage and unloading procedures, and hybrid type may 
explain the high variability in silage composition and are 
potential factors for improving forage nutritive value. The 
prevalence of high concentrations of protein and NDF is 
in agreement with the trend to increased proportions in 
dry matter concentration between 300 and 350 g kg–1, 
suggesting that harvesting of immature plants had taken 
place on many farms.

The geometric mean particle size (GMPS) of the 
samples varied considerably, from 6.4 to 11.9 mm, with 
54 % between 7.5 and 9.6 mm (Table 2). This change 
in the pattern of mean particle size can be partially ex-
plained by variation in plant dry matter content and the 
different forms of regulation (blades and counter blades) 
of the machines. Despite the particle distribution of fresh 
silage, the values presented are the mean of all the sam-
ples: 56 % (37 to 75 %) of particles were between 8 and 
19 mm and 36 % (17 to 59 %) of particles were less than 
8 mm in diameter (Table 2).

Many producers reduce the GMPS to improve 
grain breakage during the harvesting of the plant. Larger 
particle sizes can reduce consumption. Kononoff et al. 
(2003) worked with four corn silage particle sizes in the 
diets of lactating cows and a linear decrease was observed 
in dry matter intake as particle size increased. The large 
particle size reduces the rate of passage of solids through 
the rumen, reducing the voluntary intake of dry matter 
(Heinrichs, 1996). However, the smaller particles may 
predispose animals to the occurrence of certain metabolic 
disorders, such as bloat and acidosis. Large particles af-
fect feed sorting behavior. The effect of diet particle size 
on feed sorting is related to ease of sorting and preference 
for the forage component. Separation of forage particles 
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from grain components occurs more easily when particle 
size is distinct in the diet (Miller-Cushon and DeVries, 
2017). In addition to factors related to the animals, mean 
particle size can affect the porosity, density, effluent pro-
duction, fermentation, and, indirectly, the aerobic dete-
rioration of silage (Muck et al., 2003).

Silages had on average 36 % of particles below the 
8 mm diameter screen of the Penn State Particle Separator 
(Table 2). The 8 mm mesh screen has been proposed as 
the threshold of physically effective NDF in lactating cow 
diets (Zebeli et al., 2012). Increased proportions of fine 
particles in corn silage require the introduction of a source 
of long forage particles in lactating cow diets (usually hay 
or haycrop silages) to obtain adequate ruminal function 
(acidosis control). Regulating the harvesting equipment so 
as to obtain small particle size was apparently the strategy 
used to secure an adequate degree of kernel processing. 
The association of small particle size regulation of the 
equipment and plants which were not excessively mature 

apparently favored the occurrence of a low proportion of 
silages (22 %) with inadequate kernel processing (KPS < 
50 %) compared to the proportion of silages (30 %) with 
adequate kernel processing (KPS > 70 %) (Table 3). In this 
sample set of corn silage, the undesirable presence of fine 
fiber particles was a more important issue in obtaining 
adequate processing than inadequate kernel processing. 
Increasing silage DM concentration at harvest (more ad-
vanced maturity of the plant), to achieve increased DM 
production per unit of land, without a simultaneous im-
provement in farm machinery for harvesting and process-
ing may result in inadequate KPS of hard endosperm hy-
brids, resulting in reduced ruminal and total tract starch 
digestibility. The decision of harvesting at low maturity 
was adequate for the type of hybrid (flint) and machinery 
available (no kernel processor).

Estimated milk production per ton of dry matter si-
lage among the evaluated farms averaged 997.7 kg t–1 of 
DM, ranging from 556.6 to 1,510.2 t–1 kg of DM (Table 3). 

Table 3 – Nutrient composition, kernel processing, and digestibility of corn silages from 54 dairy farms in Minas Gerais.
Variable % answers Mean SD Minimum Maximum
Dry matter (g kg–1 of fresh)
< 300 16.7

332.4 28.6 284.0 405.0300 - 350 55.6
> 350 27.8

Dry matter digestibility (%)
< 55 35.2

60.7 10.7 34.7 76.255 - 65 20.4
> 65 44.4
Kernel processing score (% of starch < 4.75 mm)
< 50 22.2

62.4 12.1 39.1 84.950 - 70 48.1
> 70 29.6

Neutral detergent fiber digestibility (%)
< 30 27.8

35.1 10.5 14.9 66.730 - 40 48.1
> 40 24.1

Composition (g kg–1 of dry matter):
Crude protein
< 60 13

70.7 8.8 55.0 98.060 - 70 29.6
> 70 57.4

Neutral detergent fiber
< 500 14.8

568.7 65.8 444.0 703.0500 - 600 55.6
> 600 29.6

Non-fiber carbohydrates 
< 250 35.2

283.1 72.2 115.0 410.0 250 - 350 48.1
> 350 16.7

Starch
< 250 31.5

294.9 65.2 170.0 428.0250 - 350 40.7
> 350 27.8

Estimated milk production (kg of milk t DM–1)1 997.7 220.1 556.6 1,510.2
1Estimate milk production (Shaver and Lauer, 2006); SD = Standard deviation.
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This index considers nutrient concentration as a whole. 
The results showed that variation in the nutritional value 
of the silages was relatively high, which may consequent-
ly affect milk production capacity. Oliveira et al. (2011), 
evaluating the productivity and nutritional value of corn 
silage produced from different hybrids in southern Brazil, 
found no significant differences in milk production esti-
mates based on the nutritional value of silages, and the 
authors reported an estimated mean of 1,313 kg t–1 of DM.

Fermentative characteristics
The pH of the silage evaluated ranged from 3.6 to 

6.1 (Table 4). Of the total samples, 56 % had pH values 
below 4.0. These values are within the recommended lev-
els, between 3.8 and 4.2 (Kung and Shaver, 2001). There 
was wide variation in concentration of the main fermen-
tation products. The mean lactic, acetic, and propionic 
acid contents were 51.1 g kg–1 DM (ranging from 11.0 to 
87); 12g kg–1 DM (ranging from 0.0 to 24.9), and 15.2 g 
kg–1 DM (ranging from 1.5 to 40.4), respectively, (Table 4).

A lactic acid content above 60.0 g kg–1 DM was ob-
served in 37 % of the samples, and these values are con-
sidered ideal for well-preserved silage (Kung and Shaver, 
2001). The concentration of lactic acid is higher in the ini-
tial days of fermentation when the water-soluble carbohy-
drate content is higher (McDonald et al., 1991). However, 
the concentration of this metabolite can be reduced by 
the metabolism of certain microorganisms, which can use 

it as a substrate. Some Lactobacillus species, such as L. 
hilgardii and L. buchneri, can convert lactic acid into acetic 
acid and 1,2-propanediol (Elferink et al., 2001). Bacteria 
of the species L. diolivorans can convert 1,2-propanedi-
ol into propanol and propionic acid (Krooneman et al., 
2002), contributing to increases in the content of these 
metabolites during fermentation. 

The production of acetic acid occurs due to the het-
erolactic metabolism of LAB present in the silage. This 
metabolite can also be produced early in the fermentation 
process by enterobacteria that compete with LAB for the 
available substrates, thereby reducing the production of 
lactic acid (McDonald et al., 1991). A number of micro-
organisms, such as Propionibacterium sp. and Clostridium 
propionicum, are responsible for the production of propi-
onic acid in silage (McDonald et al., 1991).

The butyric acid content ranged from 0.0 to 3.8 g 
kg–1 DM, with a mean of 0.7 g kg–1 DM, similar to that re-
ported by Santos et al. (2015) and Wang et al. (2014). Most 
samples (78 %) had a butyric acid content of less than 
1.0 g kg DM–1, which corresponds to the optimum values 
recommended by Kung and Shaver (2001) (Table 4). Ac-
cording to Nkosi et al. (2009), butyric acid concentrations 
above 0.1 g kg–1 DM reflect the microbial activity of the 
genus Clostridium spp. on the ensiled material and are re-
lated to lower decline rates and higher final pH values in 
silages. The concentration of ethanol observed in the si-
lages evaluated ranged from 3.5 to 36.1 g kg–1 DM, and 22 
% of the samples and demonstrated an ethanol content of 
above 20.0 g kg–1 DM. The presence of ethanol in silage is 
undesirable since it indicates the growth and metabolism 
of yeast, along with lost DM (Kristensen et al., 2007). 

Population of microorganisms
Of the silages evaluated, 61 % had an LAB popula-

tion exceeding 6.0 CFU g–1 log (Table 5). After sealing the 
silo, there was an exponential increase in the population of 
LAB that normally stabilized and may have decreased with 
fermentation. Data in the literature shows that in experi-
mental silos of corn silage, the LAB population was initially 
8.54 log CFU g–1 which increased to values close to 9.08 log 
CFU g–1 after 10 days of fermentation. In extended fermen-
tation periods, these values may decrease, as was noted by 
Santos et al. (2015), who observed a mean LAB population 
of 7.73 log CFU g–1 after 90 days of fermentation. In a farm-
scale silo, under controlled conditions, a population of over 
6 log CFU g–1 may be considered appropriate.

Undesirable microorganisms were found in consid-
erably high numbers in silages. The mean population of 
enterobacteria was 4.23 log CFU g–1, and 69 % of silages 
presented counts above 4.0 log CFU g–1. While the mean 
population of aerobic spore-forming bacteria (mainly of 
the genus Bacillus) was 4.09 log CFU g–1, 65 % of the sam-
ples had a population above 4.0 log CFU g–1.

The yeast population averaged 3.82 log CFU g–1, 
with a maximum of 7.12 log CFU g–1. The maximum mold 
population was 5.73 log CFU g–1; however, approximately 
60 % of the samples showed a population above the mean. 

Table 4 – Fermentation profile of corn silages from 54 dairy farms 
in Minais Gerais.

Variable % results Mean SD Minimum Maximum
pH
< 4 55.6

4.1 0.4 3.6 6.14 - 4.5 38.9
> 4.5 5.6

Lactic acid (g kg–1 DM)
< 30 16.7

51.1 18 11 8730 - 60 46.3
> 60 37

Acetic acid (g kg–1 DM)
< 10 37

12 6 0 24.910 - 20 57.4
> 20 5.6

Propionic acid (g kg–1 DM)
< 5 14.8

15.2 9 1.5 40.45 - 10 22.2
>10 63

Butyric acid (g kg–1 DM)
< 0.5 64.8

0.7 0.9 0 3.80.5 - 1 13
> 1 22.2

Ethanol (g kg–1 DM)
< 10 40.7

14.3 8.6 3.5 36.110 - 20 37
> 20 22.2

SD = Standard deviation.
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Study of correlations
The linear correlation coefficients between pairs of 

variables are reported in Table 6. Farms with larger vol-
umes of milk per day and larger size of silos produced 
silages with lower NDF concentrations (r = -0.29 and 
-0.34, respectively) and higher starch concentrations (r = 
0.29 and 0.36), which is nutritionally more desirable. This 
suggests that the production of silages with high nutri-
tive value is more challenging in small farming scenarios. 
Daily milk yield per farm was also positively correlated to 
silage pH (r = 0.70) and negatively correlated with acetic 
acid concentration (r = -0.30), suggesting that the chal-
lenge of obtaining adequate silage fermentation increased 
with larger silo sizes. These results may be associated 
with slower filling and inadequate packing of large silos 
as well as inadequate practices during silage unloading.

The correlation between silage NDF concentration 
and DM digestibility was negative (r = -0.55), as had been 
expected for corn silages (Fonseca et al., 2002; Khan et 
al., 2015). NDF digestibility was negatively correlated 
to silage NDF concentration (r = -0.35), which was un-
expected, since immature corn plants have higher NDF 
concentrations and higher NDF digestibility than mature 
plants (Bal et al., 2000). A plausible explanation for this 
finding is that the height at harvesting had increased in 
farms with silage with low NDF concentrations, and the 
more indigestible fiber in stems close to the soil remained 
in the field during harvesting, although this could not be 
elucidated by the questions in our survey.

The degree of kernel processing (KPS) had a posi-
tive correlation with in vitro DM digestibility (r = 0.42), 
but NDF digestibility was not significantly correlated 

with DM digestibility. This data suggests that achieving 
adequate starch digestibility is more important than se-
lecting or harvesting hybrids to achieve increased NDF 
digestibility as a route to obtaining highly digestible si-
lage. The positive correlation between the KPS and in 
vitro digestibility of DM also suggests that kernel process-
ing may have affected starch digestibility in the silo, since 
dried silage samples were ground to similar particle size 
before the in vitro incubations.

The higher the silage DM concentration, the lower 
the KPS (r = -0.66), the NDF digestibility (r = -0.43), the 
CP concentration (r = -0.27) and the concentration of 
lactic acid (r = -0.32) and the higher the particle size of 
the silage (r = 0.48). Advanced plant maturity (high DM 
concentration) had negative effects on kernel processing 
and silage fermentation profile and, as expected, reduced 
NDF digestibility and CP concentration (Bal et al., 2000).

Fermentation profile was not strongly correlated to 
nutritive value. None of the fermentation and microbio-
logical variables were correlated to the digestibilities of 
DM and NDF, except ethanol (r = 0.28 with NDF digest-
ibility). More digestible silages had more ethanol. The 
higher starch concentration in this silage can explain more 
water-soluble carbohydrates for fermentation and ethanol 
production by yeasts. The correlation between particle 
size (GMPS) with acetate concentration was negative (r 
= -0.28) and with yeast concentration was positive (r = 
0.27), suggesting that long silage particles had a negative 
impact on fermentation profile and silage microbiology. 

Significant correlations were observed between the 
silage’s fermentative characteristics and its population of 
microorganisms. Negative correlations were observed be-
tween acetic and propionic acid concentrations and the 
populations of yeast, enterobacteria, and LAB (Table 6). 
According to Moon (1983), propionic acid, in combination 
with acetic acid, has a synergistic effect capable of reduc-
ing the growth of yeasts and molds. A positive correla-
tion was also observed between the population of these 
aerobic deterioration microorganisms and the difference 
between the temperature of the silage and that observed 
in the environment, confirming that these microorgan-
isms act as a major spoiler of silage when the silos are 
opened (Table 6). 

Lactic acid content was positively correlated with 
the concentrations of acetic (r = 0.295) and propionic (r 
= 0.281) acids and ethanol (r = 0.397). This may possibly 
be related to LAB’s heterofermentative metabolism.

It is possible that the inhibition of growth of Entero-
bacteriaceae was due to the metabolism of LAB, which 
promoted acidification of the silage. Negative correla-
tion between the content of lactic acid and the pH value 
(-0.366) was observed between the silages evaluated. In 
addition, lower pH values were associated with lower 
yeast counts (0.285) and aerobic spore-forming micro-
organisms (0.294) as well as with silo capacity (0.550). 
Losses caused by Enterobacteriaceae metabolism and 
sporulating aerobic microorganisms during fermentation 
can be minimized through efficient ensiling practices that 

Table 5 – Microbiology profile of corn silages from 54 dairy farms 
in Minais Gerais.

Variable % results Mean SD Minimum Maximum
LAB (log UFC g–1)
< 5 11.1

6.25 1.08 3.54 7.975 - 6 27.8
> 6 61.1

Enterobacteriaceae (log UFC g–1)
< 2 14.8

4.23 2.08 0 6.922 - 4 16.7
> 4 68.5

Spores of aerobic mesophilic (log UFC g–1)
> 2 13.0

4.09 1.8 0 6.192 - 4 22.2
> 4 64.8

Molds (log UFC g–1)
< 2 38.9

2.13 1.91 0 5.732 - 4 40.7
> 4 20.4

Yeast (log UFC g–1)
< 2 18.5

3.82 2.20 0 7.122 - 4 27.8
> 4 53.7

SD = Standard deviation.



8

Santos et al. Corn silages in dairy farms

Sci. Agric. v.77, n.2, e20180080, 2020

Ta
bl

e 
6 

– 
Pe

ar
so

n 
co

rr
el

at
io

n 
co

ef
fic

ie
nt

s 
be

tw
ee

n 
va

ria
bl

es
 o

f c
or

n 
si

la
ge

s 
fro

m
 5

4 
da

iry
 fa

rm
s 

in
 M

in
ai

s 
G

er
ai

s.
Va

ria
bl

e
M

P
DM

CP
N

DF
N

FC
ST

A
IV

DD
M

G
M

PS
KP

S
DN

DF
M

PT
pH

LA
T

AC
E

PR
O

P
BU

T
ET

A
LA

B
EN

T
AM

E
FF

YE
T

CA
P

FT
DR

R
ST

-A
T

M
P

1

DM
0.

06
4

1

CP
-0

.1
26

-0
.2

72
1

N
DF

-0
.2

92
-0

.0
19

0.
03

8
1

N
FC

0.
26

5
0.

09
3

-0
.2

28
-0

.9
21

1

ST
A

0.
29

2
0.

20
1

-0
.1

60
-0

.8
94

0.
85

0
1

IV
DD

M
0.

24
5

-0
.1

84
0.

03
1

-0
.5

51
0.

45
0

0.
48

5
1

M
PS

0.
26

5
0.

48
3

-0
.2

04
-0

.0
52

0.
18

9
0.

22
0

-0
.0

82
1

KP
S

0.
18

7
-0

.6
60

-0
.0

42
-0

.0
97

0.
08

8
-0

.0
09

0.
42

0
-0

.2
60

1

DN
DF

-0
.0

46
-0

.4
32

0.
18

8
-0

.3
52

0.
25

5
0.

19
1

0.
26

4
-0

.3
18

0.
18

5
1

M
PT

0.
14

2
-0

.3
35

0.
11

0
-0

.7
48

0.
65

6
0.

57
3

0.
45

0
-0

.1
87

0.
24

2
0.

85
8

1

pH
0.

69
7

0.
07

2
-0

.0
75

-0
.1

08
0.

13
4

0.
07

1
0.

10
6

0.
10

1
0.

09
2

-0
.1

60
-0

.0
28

1

LA
T

-0
.2

61
-0

.3
16

0.
24

7
-0

.0
84

0.
03

8
0.

09
2

0.
08

8
-0

.0
93

0.
02

0
0.

14
2

0.
13

8
-0

.3
66

1

AC
E

-0
.3

01
-0

.1
39

-0
.1

45
0.

01
1

0.
00

8
0.

01
6

-0
.1

07
-0

.2
85

-0
.0

14
0.

08
8

0.
02

9
-0

.2
12

0.
29

5
1

PR
O

P
-0

.2
08

-0
.0

27
-0

.0
24

-0
.0

90
0.

09
0

0.
11

8
-0

.1
59

-0
.1

96
-0

.1
08

-0
.0

30
0.

00
1

-0
.1

15
0.

28
1

0.
78

5
1

BU
T

0.
00

9
-0

.0
81

-0
.1

23
-0

.0
42

0.
08

5
0.

01
5

-0
.0

23
0.

07
4

0.
02

6
0.

15
0

0.
14

1
-0

.0
07

0.
10

2
0.

32
3

0.
32

5
1

ET
A

-0
.1

25
-0

.1
83

0.
15

6
-0

.0
32

-0
.0

06
0.

01
8

0.
03

9
-0

.1
05

0.
01

3
0.

27
5

0.
19

8
-0

.2
04

0.
39

7
-0

.0
12

0.
05

2
0.

06
2

1

LA
B

0.
12

8
0.

09
6

0.
06

6
0.

12
5

-0
.0

82
-0

.1
60

0.
01

3
0.

16
7

-0
.0

17
0.

12
1

0.
01

9
0.

14
6

-0
.2

57
-0

.5
56

-0
.6

49
-0

.1
14

0.
00

0
1

EN
T

-0
.0

13
0.

18
6

-0
.0

21
0.

24
8

-0
.2

18
-0

.2
20

-0
.0

70
0.

14
0

-0
.1

09
-0

.1
72

-0
.2

59
-0

.0
74

-0
.3

33
-0

.4
51

-0
.5

22
-0

.1
16

-0
.3

86
0.

51
1

1

AM
E

0.
18

4
0.

08
0

-0
.0

60
0.

13
7

-0
.0

73
-0

.2
33

-0
.1

76
0.

06
1

-0
.0

71
0.

12
9

0.
03

3
0.

29
4

-0
.3

12
-0

.2
26

-0
.2

06
0.

15
4

-0
.0

58
0.

26
1

0.
10

6
1

FF
-0

.0
54

-0
.1

42
-0

.1
26

0.
02

3
0.

05
9

-0
.0

61
-0

.2
28

-0
.1

02
-0

.0
98

0.
20

6
0.

15
2

0.
01

3
0.

10
3

0.
27

7
0.

09
5

0.
32

5
-0

.0
95

0.
05

2
-0

.0
12

0.
38

0
1

YE
T

0.
18

7
0.

11
9

-0
.1

00
0.

13
2

-0
.0

42
-0

.2
25

-0
.1

64
0.

27
4

-0
.2

21
-0

.0
87

-0
.1

33
0.

28
5

-0
.0

49
-0

.3
06

-0
.3

16
0.

05
0

0.
05

8
0.

52
1

0.
29

7
0.

42
4

0.
40

8
1

CA
P

0.
64

7
0.

11
1

-0
.1

76
-0

.3
43

0.
37

8
0.

36
4

0.
21

9
0.

20
1

0.
17

0
-0

.1
09

0.
11

6
0.

42
4

-0
.0

74
-0

.0
92

0.
07

3
-0

.0
92

0.
12

3
-0

.1
56

-0
.4

06
0.

19
7

0.
08

2
0.

11
7

1

FT
-0

.1
22

0.
10

1
-0

.0
67

0.
23

1
-0

.2
27

-0
.2

13
-0

.2
16

0.
05

4
-0

.1
44

-0
.1

09
-0

.2
11

-0
.0

07
-0

.0
02

0.
29

1
0.

32
8

0.
31

8
0.

24
3

-0
.0

84
-0

.1
78

-0
.0

04
0.

10
0

0.
17

0
-0

.0
25

1

DR
R

0.
06

6
-0

.0
25

-0
.1

54
0.

00
6

0.
01

2
0.

03
5

0.
11

0
0.

11
3

0.
15

1
-0

.2
15

-0
.1

35
-0

.0
07

0.
00

8
0.

05
6

0.
04

1
-0

.0
03

-0
.0

25
-0

.2
24

-0
.1

89
-0

.0
42

0.
06

3
0.

04
9

0.
18

1
0.

09
7

1

ST
-A

T
-0

.0
15

-0
.0

83
0.

09
5

-0
.0

48
0.

10
9

-0
.0

05
-0

.0
83

-0
.1

13
-0

.0
65

0.
01

2
0.

04
2

0.
11

2
0.

09
2

-0
.0

59
-0

.1
83

-0
.1

93
-0

.0
23

0.
30

5
0.

07
0

0.
17

4
0.

36
60

.2
97

-0
.0

13
-0

.1
99

-0
.0

01
1

Bo
ld

 v
al

ue
s 

ar
e 

di
ffe

re
nt

 f
ro

m
 0

 w
ith

 a
 s

ig
ni

fic
an

ce
 le

ve
l a

lp
ha

 =
 0

.0
5;

 M
P 

=
 m

ilk
 p

ro
du

ct
io

n 
(in

fo
rm

ed
 b

y 
th

e 
pr

od
uc

er
); 

DM
 =

 D
ry

 m
at

te
r;

 C
P 

=
 C

ru
de

 p
ro

te
in

; 
N

DF
 =

 N
eu

tr
al

 d
et

er
ge

nt
 fi

be
r;

 N
FC

 =
 N

on
-fi

br
ou

s 
ca

rb
oh

yd
ra

te
s;

 S
TA

 =
 S

ta
rc

h;
 IV

DD
M

 =
 D

ig
es

tib
ilit

y 
in

 v
itr

o 
of

 D
M

; G
M

PS
 =

 G
eo

m
et

ric
al

 m
ea

n 
pa

rt
ic

le
 s

iz
e;

 K
PS

 =
 K

er
ne

l P
ro

ce
ss

in
g 

Sc
or

e;
 N

DF
D 

%
 N

DF
 =

 N
DF

 d
ig

es
tib

ilit
y 

(D
N

DF
); 

M
PT

 =
 e

st
im

at
ed

 m
ilk

 t–1
 (S

ha
ve

r a
nd

 
La

ue
r, 

20
06

); 
LA

T 
=

 L
ac

tic
 a

ci
d;

 A
CE

T 
=

 A
ce

tic
 a

ci
d;

 P
RO

P 
=

 P
ro

pi
on

ic
 a

ci
d;

 B
UT

 =
 B

ut
yr

ic
 a

ci
d;

 E
TA

 =
 E

th
an

ol
; L

AB
 =

 L
ac

tic
 a

ci
d 

ba
ct

er
ia

; E
N

T 
=

 E
nt

er
ob

ac
te

r;
 A

M
E 

=
 a

er
ob

ic
 m

es
op

hi
lic

 s
po

re
s;

 F
F 

=
M

ol
ds

; Y
ET

 =
 

ye
as

ts
; C

AP
 =

 C
ap

ac
ity

 s
ilo

 (m
3 );

 F
T 

=
 F

er
m

en
ta

tio
n 

tim
e;

 D
RR

 =
 D

ai
ly

 r
at

e 
of

 re
m

ov
al

; S
T-

AT
 =

 d
iff

er
en

ce
 b

et
w

ee
n 

th
e 

te
m

pe
ra

tu
re

 o
f t

he
 s

ila
ge

 a
nd

 th
at

 o
bs

er
ve

d 
in

 th
e 

en
vi

ro
nm

en
t.



9

Santos et al. Corn silages in dairy farms

Sci. Agric. v.77, n.2, e20180080, 2020

reduce the concentration of oxygen in the silo and ensure 
the maintenance of the anaerobic conditions necessary 
for fermentation (Driehuis and Elferink, 2000). 

The lower LAB population observed in the silages 
with higher acetic and propionic acid contents can be ex-
plained by the inherent sensitivity of the LAB’s acidity 
conditions, since during the fermentation process even 
the species that are more resistant lose viability (Lin et 
al., 1992).

There was large variation in silage quality between 
farms sampled in the south of Minas Gerais, suggesting 
that there is opportunity for improvement in silage har-
vesting, storage, and unloading practices. Mean silage 
NDF concentration was high and DM concentration 
tended to be low, suggesting that immature harvesting 
was adopted to obtain adequate kernel processing with 
hard endosperm corn hybrids and pull-type silage har-
vesters. Silage nutritive value was not strongly correlat-
ed to silage fermentation profile, but was positively asso-
ciated to the degree of kernel processing. Long particle 
corn silage had lower concentrations of acetic acid and 
higher yeast concentrations than short particle silage. In 
collaboration with local agencies for rural development, 
additional assistance, such as training and workshops, is 
needed for farmers in this part of the state to improve 
silage quality and increase the efficiency of dairy pro-
duction systems.
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