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Abstract
COSKUNTUNA, L., F. KOC, M. LEVENT OZDUVEN and A. COSKUNTUNA, 2010. Effects of organic acid on silage fermentation and aerobic stability of wet brewer’s grain at different temperatures.
Bulg. J. Agric. Sci., 16: 651-658
The purpose of this research was to study the effect of organic acid on silage microbiology and aerobic
stability of wet brewer’s grain silages at different temperatures.
The silage samples ensiled in 1.0 l anaerobic jars, with and without an organic acid, at room (20oC) or elevated
temperatures (30-37°C). After 45 days of ensiling, the silages were subjected to an aerobic stability test and room
and elevated (30-37°C) temperatures.. Samples incubated at 20-30°C had the highest yeast and mould count,
most profilic CO2 production. The duration of exposure had a significant effect on aerobic stability, especially at
30°C.
As a result, organic acid showed a high antibacterial activity in wet brewer’s grain silages. During the 45 days
anaerobic period, organic acid decreased yeast and moulds populations, moreover improved aerobic stability at
37°C
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Introduction
Brewers’ grains are by-products of the brewing
industry. These products are derived mainly from barley
fermented to produce beer. They contain 230 to 290
g/kg CP of DM basis and are high in digestible fiber
(Pereira et al., 1998 and Dhiman et al., 2003). Due
to their fibrous nature and low energy content, brewers’ grains are suitable for ruminants, particularly in
dairy cows, to balance intake of large amounts of high
e-mail: lcoskuntuna@nku.edu.tr

starch diets (Chiou et al., 1998; Dhiman et al., 2003;
Xu et al., 2007).
Many by-products from the food and beverage
industries have been used as animal feeds, and ensiling
is sometimes used to preserve moist by-products for
subsequent feeding. However, acceptable fermentation is often difficult to achieve when by-products are
ensiled alone due to high-moisture contents and lack
of sugar substrates. Moreover, acetic and butyric acid
production may increase especially after prolonged
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storage (Imai, 2001), and spoilage might occur when
by-products are exposed to air after silo opening
(Schneider et al., 1995; Niwa, 2001; Nishino et al.,
2003).
Organic acids are one of the most efficient feed
additives for mould prevention. For example, propionic acid, a biostatic agent used successfully for preservation of high moisture grain (Filya et al., 2004; Samli
et al., 2008) has potential in suppressing microbial
activity during this short storage interval. Formic acid,
as silage additive, has anti-bacterial effect on many
bacteria species, including lactic acid bacteria; thus,
addition of formic acid into silage results in limited
fermantation and reduction in organic acid content of
silage (Rooke et al., 1988; Polan et al., 1988, Filya et
al., 2004).
The purpose of this study was to investigate the
effects addition of organic acid on silage fermantation
and aerobic stability of wet brewer’s grain at different
temperatures.

Materials and Methods
Ensiling of wet brewer’s grain
Wet brewer’s grains were obtained from a private
brewing factory. The composition of the utilized organic acid mixture (SÝLOFARM ® LIQUID,
Farmavet KOCAELI) was : formic acid 60%, sodium formate 20 % and water 20%. Silage materials
were divided in two trial groups for the control and
organic acid treatments. After organic acid was applied, silage materials ensiled 108 1.0 l glass jars
(Weck, Wher-Oftlingen, Germany) equipped with lid
that enabled gas release only. Each jar was filled with
about 550 g (wet weight).
The jars were stored under the following temperature regimes: (i) constant room temperature (20±1°C);
(ii) constant moderate temperature (30±1°C) (iii) constant high temperature (37±1°C).
Three jars per treatment from every temperature
were sampled on days 45 for pH, dry matter (DM),
water soluble carbohdrate (WSC), lactic acid (LA)
content measurement and lactic acid bacteria (LAB),
mould, yeast and enterobacteria enumeration. At the

end of the experiment the silages were also subjected
to an aerobic stability test, lasting 5 days, in a system
developed by Ashbell et al. (1991). The system is
constructed from two parts of recycled soft drink
bottles (polyethylene terephtahlate). The upper part
(1 litre) is filled with about 250 g (wet weight) looselypacked silage and the lower part, with 100 ml 20%
KOH gas is exchanged through 1 cm holes in the upper part carbon dioxide produced during aerobic exposure is absorbed in the base and determined by
titration with 1 N HCl. In addition, change in pH, yeast
and mould counts, visual appraisal, also serve as indicators for aerobic spoilage. Visual appraisal of that
samples exposed to air was performed by a panel of
3 according to the extent of mould cover, texture and
their odour. The panel evaluation was converted into
numeric scale from 1 to 5, with 1 being good quality
silage with no apparent moulding and 5 being completely moulded samples (Filya et al., 2000).
Analytical procedure
Chemical analyses were performed on triplicate
samples. Dry matter was determined by oven drying
for 48 h at 60oC. pH in fresh material and silage
samples was measured according to the British standard method (Anonymous, 1986). The ammonia nitrogen (NH3-N) content of silages was determined,
according to Anonymus (1986). The water soluble
carbohdrate content of silages was determined by
spectrophotometer (Shimadzu UV-1201, Kyoto, Japan) after reaction with an antron reagent (Anonymus,
1986)..LA and acetic acid (AA) were determined by
the spectro-photometric method (Koc & Coskuntuna,
2003).
Crude protein (CP), and crude fiber (CF) were
determined following the procedure of Association of
Official Analytical Chemists (AOAC, 1990). Neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
were analyzed according to the method of Goering
and Van soest (1982).
Microbiological evaluation included enumeration
of lactobacilli on pour-plate Rogosa agar (Oxoid
CM627, Oxoid, Basingstoke, UK), and yeast and
moulds on spread-plate malt extract agar (Difco,
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Detroit, MI, USA) adjusted to pH 3.5 by addition of
50 ml of percent lactic acid per litre incubated at 25oC
for 72 h (Meeske et al., 1999). Colonies were counted
directly on the agar plates.
Statistical Analysis
Statistical analysis of the silage chemical analysis
results included a one-way analysis of variance and
Duncan’s multiple range test, performed with the Statistical Analysis System Software (SAS, Cary, NC).

Results
The WBG contained 218.6. 32.0 and 279.5
g kg-1 DM, WSC and crude protein respectively, and
the pH were 4.68. The log numbers of cfu g-1 FM of
LAB, yeasts, and enterobacteria in the fresh material
were 4.72. 3.92 and 3.53 respectively.
The pH changes of the various treatments are given
in Figure 1. The pH values of the organic acid silages
were different to those of the control silages at the
same temperature 45 days. Table 1 gives the chemical and mcrobiological analyses of the final wet
brewer’s grain silages. In the silages stored at the 30oC
temperature, higher acetic acid was produced, which
is consistent with their final higher pH values; in these
silages, higher losses were observed (Figure 1). Residual WSC were found in all of the silages. Within a
temperature regime there were significantly differences
between the control and organic acid silages on the
pH, WSC, NH3-N, NDF, ADF, ADL and LA contents (P<0.001). Statistical analysis revealed significant (P<0.001) organic acid effects on final pH, WSC,
NH3-N, CP, NDF, ADF, ADL and CF at 30oC 37oC temperatures, lower pH, less AA contents and
higher WSC were obtained. Significant temperature
X organic acid interactions were obtained for pH,
CP,NH3-N, NDF, ADF, ADL and CF contents.
The numbers of microbiological composition of the
wet brewer’s grain silages are given in Table 1. By
day 45, the number of LAB had decreased in control
and organic acid silages, and more so at 30°C. Yeasts
and enterobacteria were found in substantial numbers
20oC of the control and organic acid silages. Mould
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were found only of the at 30oC silages. Significant
temperature X organic acid interactions were obtained
for all of the microbiological parameters (P<0.01).
Treatment Effects on Fungal Growth
and Aerobic Stability
The results of the aerobic stability test are given in
Table 2. Samples which were exposed to air at 20°C30°C temperature tended to deteriorate more than
those which were exposed to air at high temperature
(37°C). This was indicated by the CO2 production
and large numbers of yeasts and moulds. In this experiment, aerobic deterioration was accompanied by
change in pH, and the pH values after exposure to air
effect the pH values of the silages before exposure to
air. This was probably due to the high levels of residual WSC that the yeasts could use instead of LA,
which did not result in a change in pH. The statistical
analyses of the aerobic stability test revealed highly
significant effects on CO2 production of both the
ensiling (P<0.01) and aerobic exposure (P<0.01) temperatures; organic acid did not have a statistical significant effect on CO2 production, but more samples
of the organic acid silages deteriorated upon exposure to air than of the control silages.
Table 3 shows the morphological characteristics
of moulds isolates. Isolates A was suspected to be
Penicillium spp. While, isolates B was Aspergillus
spp.
Discussion
Ensiling is based on fermentation, which involves
microbiological and enzymatic activity. Therefore, it
is expected to be strongly infuenced by temperature.
In most of the literature describing ensiling experiments, there is a few reference to the temperature at
which the ensiling was carried out. In farm-scale
ensiling in a warm climate, however, the temperature
within the silage often increases to around 30°C-40°C,
due to plant respiration and microbiological activity,
and it remains high for many months (Jiang et al., 1988;
Ashbell and Weinberg, 1992; Weinberg and Ashbell,
1994; Filya et al., 2004; Kim and Adesogon, 2006).
Air may penetrate the silage during storage and when

Temperature
DM
21.86
23.96a
22.38e
22.86c
23.59b
22.64d
23.58b
0.173

pH

4.68
4.29f
3.92d
4.11b
3.78c
4.39a
3.73e
0.075

Organic
acid

+
+
+

o

32.00
16.97b
17.43a
14.22d
14.67c
12.38f
13.16e
0.557

WSC
0.25c
0.35b
0.27c
0.44a
0.24c
0.41a
0.023

NH3-N
27.95
27.98b
29.27a
26.41b
28.58b
28.99b
27.62b
0.315

CP
75.84
78.29
70.04
73.61
71.05
69.47
70.04
0.930

NDF
26.13
27.29
31.66
37.40
31.67
28.41
29.54
0.987

ADF

ADL

11079
14366
20 C
25324
43617
45
30o C
18415
26054
37o C
12540
Standard error of mean
0.126
Source of variation
P level
Organic acid
<0.001 >0.05 <0.001 <0.001 >0.05 <0.001 <0.026 0.142
Temperature
<0.004 >0.05 <0.048 <0.001 >0.05 <0.001 <0.001 <0.001
Organic acid X Temperature <0.003 >0.05
0.140 <0.001 <0.05 <0.001 <0.001 <0.001
a-d
Means in the same column with different superscripts differ significantly (P < 0.001); P <0.05 ).

Time
days
0

WBG

3.92
4.14a
3.77c
0.00d
0.00d
0.00d
4.17a
0.608

Yeast

NF
0.00c
0.00c
1.70b
1.88a
0.00c
0.00c
0.254

Mould

Enterobacteria
3.53
3.30b
4.50a
0.00c
0.00c
0.00c
0.00c
0.564
0.219 >0.05 <0.001 <0.001 <0.001 <0.001
<0.001 >0.05 <0.001 <0.001 <0.001 <0.001
0.0557 >0.05 <0.001 <0.001 <0.001 <0.001

4.72
4.13c
4.97a
1.99d
1.96d
0.00e
4.74b
0.540

LAB

<0.048
<0.016
<0.004

0.32
0.34
0.56
0.28
0.39
0.46
0.029

AA

0.59a
0.58a
0.56b
0.49b
0.33c
0.32c
0.035

LA

18.15
15.18
16.66
17.47
16.69
19.36
40284
0.413

CF

Chemical and microbiological composition of the wet brewer’s grain before exposure to air (chemical analysis is given as g kg-1 DM, and microbiological data as
log number of colony forming units g-1 fresh matter)

Table 1
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Table 2
Results of the aerobic stability test of wet brewer’s grain silages after 5 days of exposure.
-1

Yeasts and moulds are given as log cfu g .
Days of ensiling

Organic
Temperature
acid
+
+
+
SEM

45

°

20 C
°

30 C
°

37 C

-1

pH

DM,
%

CO2 g kg
DM

Mould

Yeasts

6.31b
9.21a
5.25c
3.52d
4.06d
3.51d
0.612
0.423
<0.001
<0.001

23.98a
23.71c
22.96e
23.85b
23.12d
23.85b
0.118
<0.001
<0.001
<0.001

30.57a
29.74b
22.62d
23.20c
15.26e
15.24e
0.330
0.065
<0.001
<0.001

2.70c
NF
3.68a
3.24b
NF
NF
0.490
<0.001
<0.001
<0.001

NF
NF
NF
NF
NF
NF
-

1

Visual
appraisal
2
1
3
3
1
1

Organic acid
Temperature
Organic acid x temperature
1
Not found
2
Visual appraisal is expressed using a scale of 1-5 where 1: good quality silage with no visible moulding,
2: a few small mould spots,
3: scattered mould spots, 4: silage with partially covered moulds, lumpy silages, 5: completely mould covered
samples, unpleasant odour and silage particles sticking together.

Table 3
Morphological characteristics of moulds isolates
Colour of
Colour of Types of
Isolates
Septation
mycelium
spores
spores
A
B

C
DiWh

S
S

G
Db

Con
ConC

Spore
head
CS
TS

Presence of
Appearance of
special
Suspected moulds
spore head
structure
FC

Smooth
Rough

Penicillium spp.
Aspergillus spp

Wh: white; DiWh: Dirty white; C: Colourless; S: Septate, Ns: Non septate; G. Green; Db: Deep brown,
B: Black;
ConC:Conidia chains; Con: Conidia, Spo: Sporangia ; ConsC: Conidia chains; FC: Foot cell,
RS: Rhizoid and stolon

the silage is unloaded for feeding, it is fully exposed to
air and can warm up again because of aerobic microbial activity. This could result in losses and affect the
quality of the silage, and might have implications for
its aerobic stability and the success of silage additive.
Aerobic deterioration of silage is a complex pro-

cess which depends on many factors. Usually it is initiated by aerobic yeasts which can use either residual
WSC or lactic acid for their metabolism. Aerobic
deterioration usually results in production of CO2 and
consequent DM losses. It is assumed that when high
levels of residual WSC are available for the aerobic
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Conclusion

5

pH

4,5

20 (‐)
20 (+ )

4

30 (‐)
30 (+ )

3,5

37 (‐)
3

37 (+ )
0.

2.

5.

14.

21.

45.

Days

Fig. 1. pH change in WBG silages

yeasts, no change in pH will occur during aerobic
deterioration; however, when lactic acid is their only
energy source, the pH will increase. The wet brewer’s
grain silages had high contents of residual WSC and
lactic acid and therefore, tended to spoil more upon
aerobic exposure, as indicated by more intensive CO2
production, moreover change in pH. test. The results
reveal that aerobic deterioration of the wet brewer’s
grain silages were more intensive when the silage had
a high temperature history and the test, too, was performed at high temperatures. Therefore, special care
should be taken during silage making and unloading in
a warm climate in order to minimize temperature increase and consequent losses.
Two moulds were isolated namely; Penicillium
spp., Aspergillus spp. Many studies have shown that
most silage samples have species from Aspergillus
and Penicillium genera as predominant flora (Ono et
al., 1999; Raid and Kucharek, 2005; Samapundo et
al., 2005; Akintokin et al., 2007) whereas Sanli, 2001
found Fusarium and Penicillium species as prevalent in silage. Aspergillus and Fusarium toxins are
the greatest concern for animal health. However, the
high frequency of Penicillum spp. as well as the presence of F. subglutinans, must be considered a potential risk factor.
Previous studies have shown that an organic acid
is one of the most effective silage additives for preventing mould growth (Filya et al., 2004; Samli et al.,
2008; Koc et al., 2009)). The present data are in
agreement with this result, we also noticed that addition of an organic acid may result in a reduced mould
growth, especially for low dry matter silage.

The result of the present study indicated that
supplementation of wet brewer’s grain silages with
the investigated organic acid may prevent mould
growth in particular silage samples. Warmer silages
might also be more suspectible to aerobic deterioration, especially if the ambient temperature is high.
Therefore, in warm climate, special care should be
taken during all stages of silage making. The efficiacy
of organic acids for silage might also be affected by
high ensiling temperatures, and this point should be
considered during their formulation, silage dry matter
content and doses.
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