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ABSTRACT. The aim of the study was to evaluate the effects of calcium
carbonate (CCA) on the fermentation quality, aerobic stability and microbial
counts during the aerobic deterioration of two high moisture total mixed ration (TMR) silages. The alfalfa hay, sweet potato residue, maize flour, soybean
meal, molasses and vitamin-mineral supplement were mixed on a dry matter (DM) basis in the rations of 40:30:18:9:2:1, respectively, to prepare TMR.
The moisture level of TMR silage was adjusted to 600 (medium) and
750 g/kg (high) before ensiling with 0, 5, 15 and 25 g/kg CCA (on a fresh weight
(FW) basis). The fermentation quality, chemical composition, microbial counts
and aerobic stability of TMR were assessed after 150 days of ensiling. It was
observed that pH, lactic acid, acetic acid, ammonia nitrogen and the population of lactic acid bacteria (LAB) were influenced (P < 0.05) by moisture level,
CCA application and their interaction. Likewise, adding increasing amounts
of CCA increased aerobic stability (P < 0.05) of the TMR silage from 18.4 to
23.7 days and from 3.7 to 11.5 days at medium and high moisture level, respectively. Moreover, it was observed that the growth of yeasts and aerobic bacteria
were inhibited by the CCA application during the aerobic deterioration. The application of CCA additive is an appropriate strategy for improving fermentation
quality and aerobic stability of both relatively high moisture TMR silages.

Introduction
Total mixed ration (TMR) silage has been commonly used in Asian countries because of its balanced nutrients, good aerobic stability and easy
transportation (Xu et al., 2007; Weinberg et al., 2011;
Miyaji et al., 2017). In the previous study we have
indicated that TMR silage increases the digestibility
of crude protein (CP), ether extract and acid detergent fibre (ADF) and decreases ruminal methane
emissions and energy loss of sheep in comparison
to unfermented TMR (Cao et al., 2010). Moreover,
TMR silage reduces urinary N loss without adverse
effects on feed intake, milk production and ruminal
fermentation of lactating cows (Miyaji et al., 2013).

However, high moisture content and prolonged ensiling caused excessive acidification of TMR silage
especially during the summer season (Hao et al.,
2015). The over-acidification leads to a decline in
silage palatability which often reduces feed intake
and growth performance of livestock (Gao and Oba,
2014; Oladosu et al., 2016). Furthermore, high moisture content of TMR promotes undesirable microbes
including aerobic bacteria and moulds which may
lead to lower aerobic deterioration after unsealing
(Hao et al., 2015; Wang et al., 2016). The additives
for TMR silages under high moisture and prolonged
ensiling condition may improve TMR fermentation
and safer salts have been proposed as alternative silage additives (Oladosu et al., 2016).
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In previous studies it was observed that the
addition of 1 or 1.5% calcium carbonate (CCA)
prior to ensiling increased the organic acid content
and aerobic stability of silage (Klosterman et al.,
1960; Li et al., 1992; Niu et al., 2018). However,
the information on optimum amounts of CCA to be
added and the effect of CCA on improving aerobic
stability of high moisture TMR silage is lacking.
We hypothesized that CCA may improve the
fermentation quality by increasing the organic acid
content and improving the aerobic stability of TMR
silage by its buffering ability characteristics.
So, the objective of this study was to investigate
the effect of various concentrations of CCA on
fermentation quality, chemical composition, aerobic
stability and microbial characteristics of TMR silage
at two relatively high moisture levels.

Material and methods
Total mixed ration (TMR) silage
preparation
The ingredients and chemical composition
of medium and high moisture levels of TMR
are presented in Table 1. TMR was formulated
Table 1. Ingredient proportions, chemical composition and microbial
counts of total mixed rations at different moisture levels
Total mixed rations (TMR)
Indices
M-TMR
H-TMR
Ingredient, g/kg DM
alfalfa hay
400
400
sweet potato residue
300
300
maize meal
180
180
soybean meal
90
90
vitamin-mineral supplement1 10
10
molasses
20
20
Chemical composition, g/kg DM
DM, g/kg FW
375
234
CP
168
162
WSC
135
138
NDF
288
285
ADF
222
216
Microbial counts, log10 cfu/g FW
LAB
8.86
8.78
aerobic bacteria
4.79
4.65
yeasts
4.29
4.32
moulds
3.35
3.31
M-TMR – TMR with medium moisture content, H-TMR – TMR with
high moisture content, DM – dry matter, FW – fresh weight, CP – crude
protein, WSC – water-soluble carbohydrates, NDF – neutral detergent
fibre, ADF – acid detergent fibre, LAB – lactic acid bacteria, AB – aerobic bacteria, cfu – colony forming units; 1 contained per kg, g: Zn 12,
Mn 10, Fe 5, Cu 2; IU: vit. A/g min. 5000, vit. D/g 600

with alfalfa hay, sweet potato residue, maize flour,
soybean meal, molasses and vitamin-mineral
supplement on a dry matter (DM) basis in the ratio of
40:30:18:9:2:1, respectively. Then, moisture levels of
TMR were adjusted to 600 (medium, M-TMR) and
750 g/kg (high, H-TMR) by adding different content
of sterile water. TMR for each moisture level was
ensiled with 0, 5, 15 and 25 g/kg of fresh weight (FW)
CCA (purity ≥99%; Shanghai Mclean Biochemical
Science and Technology Co., Ltd., Shanghai, China).
Treatments were defined as M0, M5, M15 and M25
for medium, and H0, H5, H15 and H25 for high
moisture TMR ensiled with 0, 5, 15 and 25 g/kg of
CCA, respectively. After uniform mixing about 2 kg
TMR were put into a laboratory polyethylene plastic
bags. All bags were degassed, sealed with a vacuum
packing machine (BH950, Matsushita, Osaka,
Japan) and then stored at an ambient temperature
(27 to 35 °C). After 150 days of ensiling, triplicate
bags for each treatment were unsealed and sampled
for fermentation quality analyses. The remaining
TMR silage samples were used for aerobic stability
determination.

Chemical analyses
At sampling, each TMR silage was put into
an ethanol-disinfected plastic container and mixed
uniformly. For the determination of DM, the collected
samples were immediately put in a forced draft oven
for 48 h at 65 °C (AOAC, 2000). Dried samples were
then ground to pass a 1-mm screen with a laboratory
knife mill (FW100, Taisite Instrument Co., Ltd.,
Tianjin, China) and then used for chemical analysis.
The CP and contents of water-soluble carbohydrates
(WSC) were determined following the methods
described by AOAC (2000) and Thomas (1977),
respectively. The method described by Van Soest
et al. (1991) was adopted for the determination of
neutral detergent fibre (NDF) and ADF.
Silage extract was prepared by mixing a 10-g
silage sample with 90 ml autoclaved sterilized water
and then it was homogenized for 30 s by a vortex
shaker (QL-866, Kylin-Bell, Haimen, China).
Silage extract was used for the determination of
fermentation quality. The pH of the extract was
measured using a glass electrode pH meter (S20K,
Mettler Toledo, Greifensee, Switzerland). The
concentrations of lactic acid, acetic acid, propionic
acid and butyric acid were determined using
a high-performance liquid chromatography (Showa
Denko K.K., Kawasaki, Japan, with Shodex RS Pak
KC-811 column, detector: DAD 210 nm, eluent:
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3 mmol/l HClO4, 1.0 ml/min; column temperature:
50 °C) while the concentration of ammonia nitrogen
was determined according to the method described
by Broderick and Kang (1980).

Microbial population
Silage extract prepared for determination of fermentation quality was serially diluted from 10–2 to
10–7 for the estimation of microbial counts. For the
enumeration of lactic acid bacteria (LAB), de Man,
Rogosa and Sharpe agar (Difco Laboratories, Detroit,
MI, USA) media were employed. The agar plates
were incubated in an anaerobic incubator (YQX-II
CIMO Medical Instrument Manufacturing Co., Ltd,
Shanghai, China) at 37 °C for 2 days. Mould and
yeast were counted on a potato dextrose agar (Nissui,
Tokyo, Japan) media incubated for 2 days at 30 °C
under aerobic conditions. The count of aerobic bacteria was determined on a nutrient agar (Nissui-Seiyaku Ltd., Tokyo, Japan) media for 2 days at 30 °C
under aerobic conditions. All microbial data were
transformed to log10 and are presented on a FW basis.

Aerobic stability
The same bags after sampled for fermentation
quality were used to determine aerobic stability. After thorough mixing, TMR silage from each bag was
placed into new sterile polyethylene barrels of 5 l capacity separately without compaction, kept uncovered and stored at ambient temperature (29–33 °C).
After every two days, 10-g samples were taken for
the determination of pH and microbial population
until aerobic deterioration. During aerobic stability
test, the temperature was automatically monitored at
1-h intervals by a thermocouple wire connected to

a data logger (DT85 series2, Data Taker, Melbourne,
Australia). The test was replicated thrice for getting
statistically reliable results. Aerobic stability is defined as the number of h that the silage remained
stable before increasing temperature around 2 °C
above the ambient temperature. We converted h into
days to express the aerobic stability in the present
study.

Statistical analyses
Data on fermentation quality and chemical composition of TMR silage were subjected to a two-way
analysis of variance (ANOVA) with a fixed effect of
CCA dosages and moisture levels while a one-way
ANOVA was used for the analysis of the significant
difference between the aerobic stability of TMR silage. Data were compared by Tukey’s multiple test
and significance differences were noted at P < 0.05.
All statistical analyses were conducted using a SPSS
20.0 (IBM Corp., Armonk, NY, USA).

Results
Fermentation quality of TMR silage
The effects of CCA and moisture levels on
fermentation quality of TMR are presented in
Table 2. Dose-dependent effects were observed on
pH values – increasing doses of CCA increased pH
levels of TMR silage (P < 0.001). The interaction
between CCA and moisture levels was significant for
the pH levels (P < 0.001). Greater moisture content
of TMR silage (H-TMR) improved pH levels with
0 and 5 g/kg CCA; however, pH levels were greater
with 15 and 25 g/kg CCA addition to the M-TMR

Table 2. Fermentation quality of total mixed ratios (TMR) ensiled with different levels of calcium carbonate (CCA) after 150 days of ensiling
Indices
pH
Lactic acid, g/kg DM
Acetic acid, g/kg DM
Propionic acid, g/kg DM
Butyric acid, g/kg DM
Ammonia nitrogen,% TN
Lactic acid bacteria, log10 cfu/g FW
Yeasts, log10 cfu/g FW
Aerobic bacteria, log10 cfu/g FW

M-TMR silage1
Level of CCA
0
5
15
25
3.79H 4.02G 4.44B 4.67A
42.4B 65.5A 70.4A 72.4A
7.0E
0.4F
ND
2.48
7.83D
E

ND
3.26

H-TMR silage2
Level of CCA
0
5
15
25
4.10F 4.22E 4.25D 4.30C
25.0C 42.8B 73.9A 74.7A

22.3D 32.5BCD 38.4BC
0.8EF 1.9DE 2.6CD

23.9CD 37.3BC 40.9B 54.8A
5.5A 4.4AB 3.5BC 3.3BC

ND

ND

ND

3.06
8.34B

DE

ND
3.19

ND

5.09
8.31B

BC

ND
3.25

5.98
8.70A
B

ND
3.12

ND

ND

6.06 4.08
8.08C 8.40B
B

ND
3.28

CD

ND
2.86

ND

5.65
7.58E
B

ND
2.96

7.52
7.68DE
2.80

P-value

CCA ML
ML×CCA
0.052 <0.001 0.044 <0.001
3.833 <0.001 0.003 0.002
3.11
0.35
−

A

ND

SEM

<0.001 <0.001 0.777
0.775 <0.001 <0.001
−

−

−

0.348 <0.001 <0.001 0.008
0.079 <0.001 <0.001 <0.001
−
0.061

−
0.296

−
0.062

−
0.673

– see Table 1, DM – dry matter, TN – total nitrogen, FW – fresh weight, cfu – colony forming units, CCA – calcium carbonate,
ML – moisture level, ML× CCA – interaction between moisture level and calcium carbonate, ND – not detected, SEM – standard error of the mean;
A–H
– means in the same row with different superscripts are significantly different at P < 0.05
1,2
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Chemical composition of TMR silages
The chemical composition of TMR silages after
150 days of ensiling is presented in Table 3. The
DM levels were greater with 0, 5, 15 and 25 g/kg
CCA for M-TMR silage (P = 0.01). No interaction
was observed on the CP concentration; however,
CCA addition elevated CP levels for the TMR silage
(P = 0.022). WSC concentration were greater for
H-TMR silage with 0 and 5 g/kg CCA (P < 0.001).
Similarly, an interaction was observed between CCA
application and moisture level of the TMR silage for
NDF and ADF concentrations (P < 0.001).

30
25

aerobic stability, d

silage. The lactic acid concentration was increased
with CCA (P < 0.001) and with high moisture
level of TMR (P = 0.003). The interaction effect
between CCA and moisture level was significant
(P = 0.002) as lactic acid concentration was greater
with 0 and 5 g/kg CCA for M-TMR in comparison
to H-TMR. Lactic acid concentrations with 15 and
25 g/kg CCA was similar regardless of moisture
content of TMR silage. No interaction effect was
observed for the acetic acid concentration; however,
dose-dependent increase was observed with CCA
addition to the TMR silage (P < 0.001). Similarly,
greater acetic acid concentration was observed
for H-TMR in comparison to M-TMR silage
(P < 0.001). The efficacy of CCA at improving
propionic acid concentration was greater with
H-TMR in comparison to M-TMR silage at all
dose levels of CCA (P < 0.001). Similar response
was observed with ammonia nitrogen (as % of
total N) as the efficacy of CCA was greater at 0 and
25 g/kg levels with H-TMR silage in comparison
to M-TMR silage (P < 0.001). Butyric acid and
yeast were not detected in the TMR silage. The
abundance of aerobic bacteria was not affected by
CCA addition (P = 0.296); however, tendency for
lower aerobic bacteria was observed with H-TMR
silage (P = 0.062). LAB counts were greater with
0 g/kg CCA while lower with 15 and 25 g/kg CCA
for H-TMR silage (P < 0.001).
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Figure 1. Aerobic stability of total mixed ration (TMR) silages treated
with 0, 5, 15 and 25 g/kg FW of calcium carbonate ensiled for 150 days.
Bars with different superscripts differ at P < 0.05; M-TMR – TMR with
medium moisture content, H-TMR – TMR with high moisture content,
FW – fresh weight; M-TMR silage (□); H-TMR silage ( ■)

Aerobic stability of TMR silages
The aerobic stability of TMR silages prepared at
both moisture levels increased (P < 0.05) (from
18.4 to 23.7 days and from 3.7 to 11.5 days for
M-TMR and H-TMR, respectively) with an increase
in CCA concentration (Figure 1). The aerobic stability of M-TMR silages was greater than of H-TMR
silages. Moreover, during aerobic exposure, the pH
values of M-TMR and H-TMR silages were ranged
from 3.5–5.0 and 4.0–4.5, respectively (Figure 2).
Slightly higher pH values were observed in M0 and
H0 while other treatments remained at a stable level
before deterioration. Besides, it was observed that
the increase in CCA dosage caused an increase in
pH for both M-TMR and H-TMR silages.

Dynamics of microbial population during
aerobic exposure
The variations in the counts of viable microorganisms were observed in both M-TMR and H-TMR
silages during aerobic exposure (Figure 3 and 4).

Table 3. Chemical composition of total mixed ratios (TMR) ensiled with different levels of calcium carbonate (CCA) after 150 days of ensiling
Indices
DM, g/kg FW
CP, g/kg DM
WSC, g/kg DM
NDF, g/kg DM
ADF, g/kg DM

M-TMR silage1
Level of CCA, g/kg DM
0
5
15
356A
353AB 355A
167
166
173
99.8C 69.8D 55.5E
297A
276CD 278CD
A
230
206C
206C

25
351B
172
55.2E
279CD
210BC

H-TMR silage2
Level of CCA , g/kg DM
0
5
15
216C
209D
217C
166
167
172
114.7A 104.0B
48.8F
295AB 283BC 277CD
237A
224AB 210BC

SEM
25
207D
172
48.6F
270D
203C

14.7
0.9
5.34
2.2
2.8

P-value
CCA
<0.001
0.022
<0.001
0.017
0.016

ML
<0.001
0.788
<0.001
0.682
0.104

ML×CCA
0.010
0.995
<0.001
0.001
<0.001

– see Table 1; DM – dry matter, FW – fresh weight, CP – crude protein, WSC – water-soluble carbohydrates, NDF – neutral detergent fibre,
ADF – acid detergent fibre, ML – moisture level, ML× CCA – interaction between moisture level and calcium carbonate, SEM – standard error of
the mean; A–D – means in the same row with different superscripts are significantly different at P < 0.05
1,2
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Figure 2. Changes in pH during aerobic deterioration of M-TMR and H-TMR silages ensiled with calcium carbonate (0, 5, 15 and 25 g/kg FW);
M-TMR – TMR with medium moisture content, H-TMR – TMR with high moisture content, FW – fresh weight; M0 (■), M5 (●), M15 (▲), M25 (♦);
H0 (□), H5 (○), H15 (∆), H25 (◊)
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Figure 3. Changes in lactic acid bacteria (♦), yeast (■) and aerobic bacteria (▲) counts during aerobic deterioration of M-TMR silages ensiled
with calcium carbonate of 0 (M0), 5 (M5), 15 (M15) and 25 g/kg (M25); M-TMR – TMR with medium moisture content, AS – aerobic stability,
cfu – colony forming units, FW – fresh weight; *– 2.40, i.e., log10 250 cfu/g, a microbial count below the detection limit was assigned a value corresponding to half of the detection level; the reported values represent the averages from triplicate analyses

No trend of change was observed for the count
of LAB in both M-TMR and H-TMR during air
exposure and their count remained at approximately
108 cfu/g FW. However, the count of aerobic bacteria
and yeasts both showed obvious growth trends
before aerobic deterioration. The count of aerobic
bacteria increased from 103 to 105 cfu/g FW in both
M15 and M25, but aerobic bacteria in M0 and M5
increased to 106 and 107 cfu/g FW, respectively.
Yeasts counts in M-TMR silages began to grow

at day 16 (except M25 where it begun at day 18)
and reached about 105 cfu/g FW when aerobic
deterioration occurred. Likewise, the counts of
both aerobic bacteria and yeasts increased before
the aerobic deterioration in H5, H15 and H25,
whereas only aerobic bacteria count increased
in H0. Furthermore, it was observed that after
yeast counts reached about 105 cfu/g FW,
aerobic deterioration occurred in each treatment
except H0.
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Figure 4. Changes in lactic acid bacteria (♦), yeast (■) and aerobic bacteria (▲) counts during aerobic deterioration of H-TMR silages ensiled
with calcium carbonate of 0 (H0), 5 (H5), 15 (H15) and 25 g/kg (H25); H-TMR – TMR with high moisture content, AS – aerobic stability,
cfu – colony forming units, FW – fresh weight; * – 2.40, i.e., log10 250 cfu/g, a microbial count below the detection limit was assigned a value
corresponding to half of the detection level; the reported values represent the averages from triplicate analyses

Discussion
Fermentation quality and chemical composition. TMR usually have sufficient WSC for LAB
to ferment it into organic acids under anaerobic
condition. The production of large amounts of organic acids leads to an excessive reduction in pH
especially under high moisture and prolonged ensiling conditions, and a resulting decrease in animal
feed intake. To assess the effects of CCA on high
moisture and prolonged ensiling TMR silage, the
pre-ensiling moisture level of TMR was adjusted
to 600 and 750 g/kg for M-TMR and H-TMR, respectively in the present study. However, the actual values of TMR mixtures before ensiling were
625 and 766 g/kg, close to the set value but higher
than the optimum value (500 g/kg DM) for making
TMR silage. The fermentation quality of M-TMR
silages was better than H-TMR silages and the results are in agreement with Hao et al. (2015) observing lower fermentation quality and aerobic stability
with high moisture levels of TMR silage. The effects of CCA addition on increasing silage pH and
organic acids concentration regardless of the preensiling moisture levels of TMR is likely attributed
to the high buffering capacity of CCA. The findings
of the present study are in agreement with Wilkin-

son and Davies (2013), Haag et al. (2015) and Niu et
al. (2018) reports in which improvements in organic
acids concentration and buffering capacity of silages
were observed. The content of ammonia nitrogen
was increased with greater levels of CCA addition.
Niu et al. (2018) reported inhibition of proteolysis by
rapid decline in pH during the early days of ensiling
in smooth bromegrass silage treated with a mixture
of 9% maize meal and 1.5% limestone. However,
the deamination of peptides and amino acids to ammonia by acid-tolerant microbial activity was kept
at a high level. Therefore, the higher contents of ammonia nitrogen in CCA-treated TMR silages may be
attributed to higher proteolytic activity primarily of
acid-tolerant microorganisms (such as LAB) during
ensiling (Saarisalo et al., 2010). Moreover, CCA increased the growth of LAB and inhibited the yeast’s
growth in this study. This is similar to the findings
of Cavali et al. (2010) who reported that the addition
of alkaline agents (e.g., lime) could reduce the fungal population and increase the growth of the LAB
population. Furthermore, alkaline additives have
been used to reduce the fibre fraction and increase
the fibre digestibility, or both because of their effects
on fibre expansion (hydrolysis), breaking the ester
linkages between lignin and hemicellulose, and the
hydrogen linkages between cellulose and hemicel-
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lulose (Klopfenstein, 1980; Santos et al., 2009).
This may explain the reduction in the NDF and ADF
concentrations by the addition of CCA in this study.
Aerobic stability. Exposure of silage to air lead
to growth of aerobic bacteria, yeasts and moulds,
resulting in temperature rise and decline in nutrient
content of silage, and even produce some toxic
metabolites harmful to animal health (Schmidt
and Kung, 2010; Nkosi et al., 2016). Therefore,
improving the aerobic stability is as important as
fermentation quality for high moisture TMR silages,
since the high moisture content of TMR silage may
result in lower aerobic stability, and microbiological
dynamics are essential to evaluate TMR silage
aerobic stability. Based on our results, the aerobic
stability of both M-TMR and H-TMR silages were
increased by the application of CCA. This may
be attributed to the increasing buffering capacity
caused by CCA, since Wilkinson and Davies (2013)
reported that a relatively high buffering capacity
was contributed to the greater aerobic stability of
the ensiled crop. It is known that acetic acid is one
of the most effective substances for the inhibition of
undesirable microorganisms under aerobic exposure
(Danner et al., 2003). The increased acetic acid
content lead by the CCA application might be one
of the reasons for improving the aerobic stability
of TMR silage in the present study. Besides, it is
reported that better aerobic stability of TMR silage
is also attributed to inhibition of yeast by the rapidly
reduced pH and increased concentrations of organic
acids. The higher buffering capacity with CCA made
silage pH more stable, delaying the growth of both
aerobic bacteria and yeasts. Therefore, the addition
of CCA promoted the conversion of WSC to organic
acids and made the acidic environment more stable
and unfavourable for aerobic microorganisms.
Yeasts brought about the spoilage of TMR silage
when their counts are more than 105 cfu/g FW
(Wang et al., 2016). Likewise, in this study, yeasts
count of most TMR silages reached to 105 cfu/g FW
when aerobic deterioration occurred, indicating that
yeasts may be one of the main microorganisms of
aerobic deterioration. However, yeasts count of M0
and M15 treatments were under 105 cfu/g FW when
aerobic deterioration occurred. This is consistent
with the findings of Henderson et al. (1979) who
reported silages with smaller yeast counts could also
be deteriorated when exposed to air. This shows that
the count of yeast is not the decisive factor of aerobic
deterioration. The hysteresis of aerobic deterioration
further indicated that the addition of CCA slowed
the growth of yeasts by producing organic acids
salt through the reaction between CCA and organic

acids. Compared with yeasts and moulds, aerobic
bacteria are more sensitive to pH and undissociated
organic acids (Beales, 2010). Moreover, lower pH
is the main factor inhibiting the growth of aerobic
bacteria in silages. Similarly, the aerobic bacteria
counts were more stable in a higher pH environment
than in lower pH with the increasing application
of CCA in this study. This may be attributed to the
high content of organic salts such as lactate having
a specific inhibitory effect on bacteria (Houtsma et
al., 1993).

Conclusions
In the current study the influence of calcium carbonate (CCA) on the fermentation quality and aerobic
stability of high moisture total mixed rations (TMR)
silages was investigated. The application of CCA improved the fermentation quality by the increased pH
and organic acids. Furthermore, it was observed that
CCA application inhibits the reproduction of aerobic
bacteria and yeasts thereby improving the aerobic
stability of the TMR silage. Therefore, ensiling with
CCA may be an appropriate strategy to improve the
fermentation quality and aerobic stability of relatively high moisture TMR silages.
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