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ABSTRACT
The effects of glycerol and chestnut tannin addition on non-ensiled and ensiled cassava leaves which were
then incubated in an in vitro rumen system were investigated to evaluate the ensiling characteristics and
fermentation profiles, respectively. Both non-ensiled and ensiled cassava leaves were prepared using
laboratory-scale minisilos with 4 different treatment types of additives. The treatments were Control
(cassava leaves without additive [S0]), Cassava leaves + 3% dry matter (DM) of glycerol (SG), Cassava
leaves + 3% DM chestnut tannin (ST), and Cassava leaves + 3% DM glycerol + 3% DM chestnut tannin
(SGT). The cassava leaves silage recorded with high concentration of lactic acid, negligible amount of
butyric acid, and low concentration of ammonia-N, demonstrates a well-preserved silage quality after 4
weeks fermentation. The in vitro total gas production and volatile fatty acid (VFA) concentration did
not differ between the treatment groups, but the in vitro dry matter digestibility (IVDMD) and the in
vitro organic matter digestibility (IVOMD) increased after the ensiling process. The addition of glycerol
alone or in combination with chestnut tannin showed propiogenic property in the non-ensiled cassava
leaves. Chestnut tannin, when added singly or in combination with glycerol, reduced the ammonia-N
and iso-VFA concentration in the ensiled cassava leaves. Furthermore, the addition of glycerol and/or
chestnut tannin improved some of the silage quality and showed no detrimental effects on the in vitro
rumen fermentation profiles.
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1. Introduction

Cassava leaves (Manihot esculenta Crantz) are a valuable protein
supplement for ruminants and have been used in a number of
countries, particularly in the tropics including Indonesia
(Marjuki et al. 2008) and Malaysia (Sharif et al. 2015). Generally,
cassava is harvested for its roots while the leaves can be used as
ruminant feed, and therefore it can be implied that the increase
of cassava crop production also increases the cassava leaves
production (Widodo et al. 2015). However, due to the abundant
availability during production, cassava leaves require the use of
storage technology to maintain their nutritional characteristics
and to avoid deterioration. Ensiling has been widely applied
in many countries and proved to be able to conserve the nutri-
ent quality and prevent too much decline from harvesting
quality. The principle of the ensilage mechanism is to ferment
materials in an anaerobic condition so that lactic acid bacteria
(LAB) proliferate and produce an acidic environment at a pH
of 4 or lower to suppress and even stop the activity of proteo-
lytic enzymes and harmful microorganisms (McDonald et al.
1991; Napasirth et al. 2015). The ensiling process of cassava
leaves is challenging due to low water soluble carbohydrate
(WSC) and high protein contents; such characteristics may
lower the ensiling quality of cassava leaves; thus, they need

to be addressed with proper additives. The additives used in
this present study were glycerol and chestnut tannin.

The use of glycerol is associatedwith a tremendous increase of
glycerol production in the biodiesel industry in order to meet the
increasing global demand for renewable and sustainable energy.
Generally, this industry produces crude glycerol which makes up
as much as 10%–20% of the total volume of biodiesel produced
(Quispe et al. 2013). Glycerol has been safely used for animal
feed (FDA 2006), and many countries in the European Union,
USA, Australia and even Thailand have begun to adapt glycerol
as a feed substitution for energy source. Some published studies
revealed that glycerol supplementation in ruminants did not
cause any adverse effect on rumen fermentation characteristics
(Lee et al. 2011), cattle performance and carcass characteristics
(Ramos and Kerley 2012) as well as the production and compo-
sitionofmilk (Donkinet al. 2009).Glycerol supplementation isgen-
erally used by mixing it with the ration, and to our knowledge,
glycerol has never been used as a silage additive. Therefore, to
expand the utilization of glycerol, which is not only used as a
feed supplement but also as a substitute of energy sources in
the ration, this current study attempted to utilize glycerol as a
silage additive. Chestnut tannin is a type of hydrolyzable tannin
(Jayanegara et al. 2015) and has been used either as an additive
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in ration or in silage. Tannins are able to form complexes with
protein and are resistant to proteolytic activity of microbes
either in silos (Salawu et al. 1999) or in the rumen (Messman
et al. 1996). Tabacco et al. (2006) used chestnut tannin as an addi-
tive in alfalfa silage and proved its ability to reduce protein degra-
dationduring storage. Theobjective of this study is to evaluate the
non-ensiled and ensiled characteristics of cassava leaves with
additions of glycerol and/or chestnut tannin and their fermenta-
tion profiles when incubated in an in vitro rumen system. The
use of both types of additives, i.e. glycerol and/or chestnut
tannin, on cassava leaves is hypothesized to improve the silage
quality as well as maintain its nutrient value during storage. In
addition, it is expected that the influence of the additives on the
non-ensiled and ensiled cassava leaves will not cause adverse
effects on ruminal fermentation done by in vitro incubation.

2. Materials and methods

2.1. The making of non-ensiled and ensiled cassava
leaves

The cassava leaves (Manihot esculenta Crantz) used in this study
were obtained from the Selangor Wholesale Market, Malaysia.
They were grown locally and collected from various farms in
the Selangor state. The non-ensiled and ensiled cassava leaves
were prepared by separating the leaves from the stems, and
then the leaves were chopped manually into the length of 4–
5 cm. Subsequently, the chopped cassava leaves were mixed
thoroughly and divided into four parts, with each part consisting
two kg of fresh cassava leaves. Each part of the cassava leaves
was sprayed with or without silage additives using a mini
hand-sprayer according to the following treatments: control
(cassava leaves without additives [S0]), cassava leaves + 3% DM
glycerol (Glycerol C0347-91552409, GmbH Chemicals [SG]),
cassava leaves + 3% DM chestnut tannin (MAMA989 Sintotan,
Sintofarm, Italy [ST]), and cassava leaves + 3% DM glycerol +
3% DM chestnut tannin (SGT). The additives were dissolved
first in distilled water and the solutions were added at a level
of 20 ml/kg fresh leaves. These procedures were repeated
three times on different days and served as repetitions. The
cassava leaves were ensiled for 28 days in mini polyethylene
silos with a capacity of 450 ml and stored in a room at a tempera-
ture of 28–31°C. After 28 days of incubation, the silos were
opened and a fraction of the silos’ content was oven-dried at
60°C for 48 hours or until constant weight had been achieved
to reduce the moisture content. Later, it was pass through a
1 mm screen mini-grinder (Hung Chuan Machinery Enterprise
Co. Ltd., China) to be ground and used for the in vitro gas pro-
duction assays and analysis of the nutrient composition. Super-
natant produced from the ensiled samples was used to
measure the silage quality. The non-ensiled cassava leaves
were prepared as above sprayed with or without silage additives
according to the 4 treatments as previously described except
that the samples were not incubated in mini polyethylene silos.

2.2. In vitro gas production

As much as 200 mg DM of non-ensiled and ensiled ground
cassava leaves was used for in vitro gas production assay

based on the Hohenheim gas test method (Menke et al.
1979). The inoculum for the in vitro incubation was obtained
from a ruminally fistulated bull fed with rice straw and palm
kernel cake pellets (60:40 w/w). Rumen fluid was collected
before the morning feeding, filtered through two layers of chee-
secloth and immediately kept in an airtight thermos flask,
before being transported transported to the laboratory. The in
vitro assay was conducted in three runs (repetitions) at
different retrieval times of rumen fluid. Each replicate consisted
of four syringes per treatment in which two syringes were used
for measurement of fermentation characteristics and the two
other syringes were used for determination of gas production
kinetics.

Solid and supernatant samples were taken at 24 hours after
incubation to measure fermentation characteristics and digest-
ibility, i.e. in vitro dry matter digestibility (IVDMD) and in vitro
organic matter digestibility (IVOMD). Solid samples were col-
lected by filtration using a sintered glass crucible and then
oven-dried overnight to constant weight for IVDMD calculation.
After that, the samples were burned in the furnace at 520°C for
3 hours. The IVOMD was calculated using the following formula:

IVOMD = ((OM incubated [g]− OM residue [g])/

OM incubated [g])× 100%. (1)

Meanwhile, the pH for the supernatant samples were immedi-
ately checked by using a digital portable pH meter. The
samples were then added with 2–3 drops of 10% sulphuric
acid and kept frozen at −20°C to preserve the remaining super-
natant samples. The gas production kinetics were observed at 0,
1, 2, 4, 8, 12, 18, 24, 48, 72 and 96 hours of incubation and then
calculated based on Gompertz equation (Beuvink and Kogut
1993) in which μ0/D was replaced by the simplified factor B
using the non-linear regression procedure of SPSS software
version 16.0. Gompertz equation was:

Y = Ae−Be−Ct
(2)

where: Y is the cumulative total gas production (ml) at time t; A
is the total gas production (asymptotic value, ml/g), B is the
latency period before gas production starts (lag phase, h) and
C is the specific gas production rate (slope, ml/h).

2.3. Chemical analysis and calculation

The supernatants of non-ensiled and ensiled cassava leaves
samples were measured for pH, volatile fatty acid (VFA) compo-
sition, lactic acid and ammonia-N concentration. The super-
natants were extracted according to the Ridla and Uchida
(1998) method. Firstly, wet silage (25 g) was blended with
100 ml distilled water then filtered manually using the
Whatman filter paper No. 1. Then the pH value of the super-
natant was measured immediately with a glass electrode pH
meter (Mettler Toledo). The remaining supernantant was pre-
served with 2 - 3 drops of 10% sulphuric acid and kept frozen
at −20°C for VFA, lactic acid and ammonia-N analyses. The
VFA and lactic acid concentrations were measured using gas
chromatography (GC, Agilent 69890N Series Gas Chromato-
graphy System from Agilent Technologies, USA) equipped
with a flame ionization detector as described by Cottyn and
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Boucque (1968). The ammonia-N analysis was conducted
according to the modified phenate method from Parsons
et al. (1984) using a spectrophotometer (Genesys 20 Monochro-
mator Init, Thermo Spectronic) at the wave length of 640 nm,
and the ammonia-N concentration was calculated by regression
equation of the standard.

Next, the oven-dried samples of non-ensiled and ensiled
cassava leaves were analyzed for nutrient composition accord-
ing to AOAC (2005). Dry matter (DM) content was obtained by
oven-drying at 105°C for 24 hours to constant weight. The
organic matter (OM) was calculated as the weight loss upon
ashing, and the crude ash was obtained by burning at 600°C
for 4 hours. The ether extract (EE) was measured by petroleum
ether extraction which uses a Soxhlet apparatus (2050 Soxtec,
FOSS Tecator, Denmark). Also, the crude protein (CP) was ana-
lyzed using a Dumatherm nitrogen-determination system run
under the combustion method (Gerhardt Malaysia, Kuala
Lumpur, Malaysia). The neutral detergent fiber (NDF) and acid
detergent fiber (ADF) were analyzed using the the method by
Van Soest et al. (1991).

The determination of VFA and ammonia-N concentrations in
fermentation fluid of the in vitro assay was achieved with a pro-
cedure similar to that of silage supernatant. Methane concen-
tration was estimated using the VFA stoichiometry model
according to Moss et al. (2000) as follows:

CH4 = 0.45 C2 − 0.275 C3 + 0.40 C4 (3)

where: CH4 is methane, C2 is acetate, C3 is propionate, and C4 is
butyrate.

Methane concentration in mmol/l was converted as a pro-
portion of total VFA.

2.4. Parameters and statistical analysis

The parameters of this current study were divided into silage
fermentation characteristics and in vitro assays of non-ensiled
and ensiled cassava leaves with the addition of glycerol and
chestnut tannin. The silage fermentation characteristics, which
consisted of lactic acid, acetic acid, propionic acid, butyric
acid, pH value, ammonia-N and also nutrient compositions
(DM, OM, CP, EE, NDF, and ADF), were evaluated to measure
the non-ensilage and ensilage quality. Meanwhile, the

parameters on the in vitro assays consisted of the in vitro gas
production kinetics, the digestibility (IVDMD and IVOMD), and
the in vitro rumen fermentation profiles (pH value, total VFA,
acetate, propionate, iso-butyrate, butyrate, iso-valerate, vale-
rate, acetate-propionate ratio, methane and ammonia-N).
They were studied to evaluate the effects of the additives and
the ensiling treatments on the in vitro ruminal fermentation.

The data for the silage fermentation characteristics, in vitro
assays and nutrient composition of non-ensiled and ensiled
cassava leaves were analyzed using the analysis of variance
(ANOVA) according to a factorial randomized complete block
design with the following statistical model:

Yijk = m + ai + bj + ab(ij) + tk + 1ijk (4)

where: Yijk is the dependent variable, µ is the grand mean, αi is
the glycerol and/or tannin effect (n = 4), βj is the ensiling effect
(n = 2), αβ(ij) is the treatment interaction effect, τk is the block
effect (n = 3), and εijk is the random error.

Outliers were removed by using the standardized residual
method; data were considered as outliers when their standar-
dized residuals were lower than −2.0 or more than 2.0. When
a parameter showed significantly different at P < 0.05, the treat-
ments were separated by Duncan’s multiple range tests. All the
statistical analyses were performed by using SPSS software
version 16.0.

3. Result

3.1. Chemical composition and silage fermentation
characteristics of non-ensiled and ensiled cassava
leaves

The chemical composition and silage fermentation character-
istics of the non-ensiled and the ensiled cassava leaves are pre-
sented in Table 1 and Table 2, respectively. The DM contents of
cassava leaves were affected by the additive and the ensiling
(both at P < 0.001) but showed no interaction (Table 1); they
were in the standard range of good quality silage. The result
revealed that the ensiling reduced the OM contents by a rela-
tively small percentage, i.e. around 0.2% (P < 0.001). However,
neither the additive nor the ensiling affected the CP contents
of cassava leaves. Other than that, the ether extract contents
were found to have increase due to the ensiling (P < 0.001).

Table 1. Chemical composition (g/kg dry matter) of non-ensiled and ensiled cassava leaves.

Parameter Ensiling

Additive

SEM

P-value

S0 SG ST SGT Additive Ensiling A*E

Dry matter No 291a 303b 313c 310c 1.03 <0.001 <0.001 0.491
Yes 303b 322de 327e 317cd

Organic matter No 926cd 927d 926bcd 925bcd 0.24 0.026 <0.001 0.114
Yes 925bcd 924bc 922a 924ab

Crude protein No 334 335 335 331 1.11 0.206 0.209 0.805
Yes 334 333 329 326

Ether extract No 5.02a 4.75a 4.68a 4.93a 0.57 0.599 <0.001 0.533
Yes 5.76b 5.64b 5.78b 5.55b

NDF No 451b 427b 432b 433b 2.85 0.327 <0.001 0.404
Yes 389a 384a 397a 389a

ADF No 237c 226bc 226bc 222abc 1.74 0.125 <0.001 0.431
Yes 217ab 221ab 210a 210a

a–eMeans values with different superscripts within the same parameter are different at P < 0.05.
A*E means interaction between additive and ensiling level. S0 = control (without additive); SG = S0 + 30 g/kg DM glycerol; ST = 30 g/kg DM chestnut tannin; SGT = S0 +
30 g/kg DM glycerol + 30 g/kg DM chestnut tannin; ADF = acid detergent fiber; NDF = neutral detergent fiber; SEM = standard error of the mean.
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Furthermore, the ensiling (P < 0.001) caused both NDF and ADF
contents to decrease, but no changes were observed among
different the additive treatments.

The ensiled cassava leaves generally showed a well-pre-
served quality after four weeks of fermentation. The main
characteristics were shown by the high proportion of lactic
acid, negligible amount of butyric acid and low concentration
of ammonia-N (Table 2). Lactic and propionic acids were not
detected in the non-ensiled cassava leaves while their concen-
trations became prominent after four weeks fermentation; the
concentrations did not differ among additive treatments
which were around 37 and 0.35 g/kg DM, respectively. As
expected, the pH value of each batch of cassava leaves
decreased after the ensiling (P < 0.001). The result also revealed
that the addition of glycerol decreased the pH of both non-
ensiled and ensiled cassava leaves more than that of the
control group (P < 0.05) while the addition of chestnut tannin
did not. The Ammonia-N concentration was not influenced by
different additives, but its concentration increased considerably
after the ensiling (P < 0.001).

3.2. In vitro gas production kinetics, digestibility and
fermentation characteristics of non-ensiled and ensiled
cassava leaves

The total gas production (A) and gas production rate (C) were
not affected by the ensiling, the additives and their interaction

(Table 3). The results revealed that the latency period (B) of
cassava leaves increased after the ensiling (P < 0.001). More-
over, the in vitro digestibility of cassava leaves, both IVDMD
and IVOMD, showed no difference among different additives,
but the values increased after ensiling (P < 0.001).

The addition of glycerol or chestnut tannin to the cassava
leaves showed a decrease in the pH of the in vitro rumen fer-
mentation compared to that of the control (P < 0.05; Table 4).
However, the response became insignificant for the ensiled
cassava leaves. The difference of pH value between the addi-
tives showed a relatively small variation ranging from 0.05 to
–0.08. The concentration of the total VFA showed no difference
between the additives or the ensiling, but the proportion of
individual VFA has changed. The addition of glycerol alone or
in combination with chestnut tannin decreased the acetate
compared to control (P < 0.05), but the effect was insignificant
in the ensiled cassava leaves. An interaction between the
additives and the ensiling occurred for a propionate proportion
(P < 0.05) as shown by its increase due to the glycerol addition
to the non-ensiled cassava leaves, but there was no difference
found for the ensiled leaves. Such acetate and propionate
changes were reflected in the acetate to propionate ratio. In
addition, butyrate showed the highest value (P < 0.05) in both
the non-ensiled and ensiled cassava leaves compared to the
others. Furthermore, valerate was insignificant among the addi-
tives, but its value increased in the ensiled cassava leaves (P <
0.05). The proportion of iso-VFA (isobutyrate and isovalerate)

Table 3. In vitro gas production kinetics and digestibility of non-ensiled and ensiled cassava leaves.

Parameter Ensiling

Additive

SEM

P-value

S0 SG ST SGT Additive Ensiling A*E

A (ml) No 140 152 147 153 16.20 0.315 0.502 0.343
Yes 162 162 163 151

B (h) No 4.12ab 3.90a 3.83a 3.89a 0.055 0.398 <0.001 0.145
Yes 4.23ab 4.57b 4.19ab 4.60b

C (ml/h) No 0.108 0.100 0.106 0.103 0.001 0.687 0.172 0.064
Yes 0.096 0.103 0.096 0.108

IVDMD (g/kg) No 348a 461bc 359a 421ab 11.10 0.552 <0.001 0.080
Yes 551cd 528cd 600d 558cd

IVOMD (g/kg) No 423a 502bcd 446ab 475abc 8.53 0.443 <0.001 0.145
Yes 558de 544cde 609e 565de

a–eMeans values with different superscripts within the same parameter are different at P < 0.05.
A*E means interaction between additive and ensiling level. S0 = control (without additive); SG means S0 + 30 g/kg DM glycerol; ST = 30 g/kg DM chestnut tannin; SGT =
S0 + 30 g/kg DM glycerol + 30 g/kg DM chestnut tannin. A = total gas production; B = latency period; C = gas production rate. IVDMD = in vitro dry matter digestibility.
IVOMD = in vitro organic matter digestibility. SEM = standard error of the mean.

Table 2. Silage fermentation characteristics of non-ensiled and ensiled cassava leaves.

Parameter Ensiling

Additive

SEM

P-value

S0 SG ST SGT Additive Ensiling A*E

Lactic acid
(g/kg DM)

No nd nd nd nd 6.12 0.960 na na
Yes 41.0 37.2 31.6 38.4

Acetic acid
(g/kg DM)

No 1.30a 2.96ab 1.32a 1.44a 0.99 0.711 0.006 0.712
Yes 10.36b 6.42ab 5.36ab 6.45ab

Propionic acid
(g/kg DM)

No nd nd nd nd 0.04 0.178 na na
Yes 0.32 0.24 0.54 0.29

Butyric acid
(g/kg DM)

No nd nd nd nd na na na na
Yes nd nd nd nd

pH value No 6.07d 5.88c 5.96c 5.97cd 0.07 <0.001 <0.001 0.396
Yes 4.86b 4.70a 4.82ab 4.79ab

Ammonia-N
(g/kg TN)

No 0.97a 1.46a 1.47a 1.49a 1.14 0.992 <0.001 0.984
Yes 15.0b 14.7b 14.4b 14.0b

a–dMeans values with different superscripts within the same parameter are different at P < 0.05.
A*E means interaction between additive and ensiling level. na = not applicable; nd = not detected.S0 = control (without additive); SG = S0 + 30 g/kg DM glycerol; ST
means 30 g/kg DM chestnut tannin; SGT = S0 + 30 g/kg DM glycerol + 30 g/kg DM chestnut tannin; DM = dry matter; TN = total nitrogen; SEM = standard error of
the mean.
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in the cassava leaves decreased in comparison to the control (P
< 0.05) due to the chestnut tannin addition. Also, the estimated
methane concentration decreased due to glycerol addition in
both the non-ensiled and ensiled cassava leaves (P < 0.05).
However, the addition of the chestnut tannin did not change
the concentration of methane. Ammonia-N concentration was
reduced due to the chestnut tannin addition, both when
added singly or in combination with glycerol, especially in the
ensiled cassava leaves compared to that of the control (P <
0.05).

4. Discussion

The protein content of cassava leaf silages was in standard
range of 29.3%–38.6% DM according to Yeoh and Chew
(1976). The decrease of the NDF in the cassava leaves after ensil-
ing is similar to the study of Man andWiktorsson (2002) in which
the NDF content was reduced to about 8% DM from fresh
matter. Such NDF reduction is associated with hydrolysis of
fiber components, particularly hemicelluloses by acid formed
during fermentation (Jatkauskas and Vrotniakiene 2006) so
that the carbon chain could be used as an energy source for
LAB growth. It was shown that hemicelluloses were solubilized
during a 150–day ensiling period (Morrison 1979). More than
half of hemicelluloses contained in the feed materials can be
degraded either by hemicellulase from plant origin, hemicellu-
lase from bacteria or through hydrolysis by organic acids pro-
duced during fermentation (McDonald et al. 1991).

The ensiled cassava leaves with or without the addition of
glycerol and/or chestnut tannin exhibited a well-preserved
quality as shown by high concentration of lactic acid, negligible
amount of butyric acid and low concentration of ammonia-N.
Generally, the silage quality is determined by the fermentation
characteristics at the end of the ensiling period in which the
main indicators are pH value, organic acids and ammonia-N

concentration. The quality of the ensiled cassava leaves in the
present study is aligned with the standards of well-preserved
quality of high protein silage, i.e. pH 4.3–4.5, lactic acid pro-
portion 65%–70% of total acids (Kung 2010; Ward and de
Ondarza 2008), lactic acid concentration 30–60 g/kg DM
(Seglar 2003), acetic acid <30 g/kg DM, propionic acid <5 g/kg
DM, butyric <1 g/kg DM (Ward and de Ondarza 2008) and
ammonia-N concentration <8 g/kg TN (McDonald et al. 1991).

The lactic acid concentration reached an average of 37 g/kg
DM or 80%–85% of total acids in the ensiled cassava leaves,
which was higher than the lactic acid concentration in the
cassava leaf silage with or without molasses as reported by
Man and Wiktorsson (2002) which was about 9.5–9.9 g/kg
DM. The difference may be attributed to the different varieties
of cassava leaves and the different processes in making silage.
The high concentration of lactic acid shows a rapid LAB
growth, which is able to suppress and dominate undesirable
microorganisms (McDonald et al. 1991) during fermentation.
Such good fermentation characteristics are confirmed by the
negligible butyric acid concentration and low concentrations
of acetic and propionic acids. Butyric acid indicates nutritional
damage due to secondary fermentation of clostridial activity
(McDonald et al. 1991). Acetic and propionic acid indicate the
fermentation did not achieve the standard quality when they
are produced beyond 3% since generally their function is to
maintain aerobic phase stability (Seglar 2003).

The high production of lactic acid was not able to signifi-
cantly decrease the pH value. The lower pH value on ensiled
SG may be due to glycerol utilization by LAB to produce
organic acids. This is supported by Santos et al. (2015) who
stated that glycerol is a rich source of energy for anaerobic
microorganisms. It may lead to produce more acids as
primary microbes’ metabolites which decrease the pH value
in ensilages. The relatively high (>4.5) pH value of ensiled
cassava leaves is apparently due to the high buffering capacity

Table 4. In vitro rumen fermentation characteristics of non-ensiled and ensiled cassava leaves incubation.

Parameter Ensiling

Additive

SEM

P-value

S0 SG ST SGT Additive Ensiling A*E

pH value No 6.78c 6.70a 6.70a 6.75bc 0.005 0.025 0.572 0.012
Yes 6.75bc 6.73ab 6.73ab 6.73ab

Total VFA (mmol/l) No 52.4 62.2 58.5 58.3 1.920 0.513 0.257 0.789
Yes 55.0 57.3 65.5 66.0

Acetate
(g/100 g VFA)

No 71.2b 69.3a 71.7b 69.6a 0.159 <0.001 0.302 0.817
Yes 70.4ab 68.9a 71.2b 69.5a

Propionate
(g/100 g VFA)

No 18.0a 20.8b 19.0a 20.5b 0.147 0.001 0.035 0.019
Yes 18.9a 19.1a 18.5a 19.1a

Iso-butyrate
(g/100 g VFA)

No 1.00b 0.83a 0.82a 0.84a 0.018 0.001 <0.001 0.005
Yes 1.14b 1.33c 1.00b 0.99b

Butyrate
(g/100 g VFA)

No 7.13ab 7.36bc 6.74a 7.34abc 0.066 0.019 0.845 0.263
Yes 6.90ab 7.88c 6.99ab 7.05ab

Iso-valerate
(g/100 g VFA)

No 1.27b 0.92a 0.92a 0.94a 0.030 0.001 <0.001 0.045
Yes 1.78c 1.92c 1.50b 1.42b

Valerate
(g/100 g VFA)

No 0.97abc 0.88ab 0.84a 0.85ab 0.018 0.271 <0.001 0.429
Yes 1.06cd 1.17d 1.04cd 1.01bcd

Acetate/Propionate No 3.89b 3.34a 3.78b 3.40a 0.034 0.001 0.101 0.081
Yes 3.73b 3.70b 3.86b 3.59ab

Methane
(g/100 g VFA)

No 29.8c 28.4a 29.7c 28.6a 0.086 <0.001 0.517 0.549
Yes 29.5bc 28.7a 29.8c 29.0ab

Ammonia-N
(mg/dl)

No 8.90b 8.23ab 8.80b 7.59a 0.089 <0.001 <0.001 <0.001
Yes 12.5d 13.6e 10.7c 11.3c

a–eMeans values with different superscripts within the same parameter are different at P < 0.05.
A*E means interaction between additive and ensiling level. S0 = control (without additive); SG = S0 + 30 g/kg DM glycerol; ST = 30 g/kg DM chestnut tannin; SGT = S0 +
30 g/kg DM glycerol + 30 g/kg DM chestnut tannin. VFA = volatile fatty acid. SEM = standard error of the mean.
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since the materials contained high protein. The fermentation of
protein leads to the formation of ammonia-N as a result of pro-
teolysis and breakdown of amino acids. Proteolysis is inhibited
by deactivation of proteolytic enzymes due to high organic
acids produced in the silage. The addition of chestnut tannin
(ST and SGT treatments) helps to reduce proteolysis through
its ability to bind protein and to form stable complexes at pH
3.5–7.5 (Barry and McNabb 1999). This result is consistent
with that of a previous study which showed that the addition
of 4% DM chestnut tannin in alfalfa silage reduced proteolysis
activity (Tabacco et al. 2006).

Total gas production, and gas production rate were
unchanged by the ensiling and the additives. It is generally
agreed that increasing the level of glycerol supplementation
in the diet (Meale et al. 2013) and the addition of different
purified tannins at low levels (Jayanegara et al. 2009, 2015)
have no effect on the gas production kinetics or cumulative
gas production after 24 hours. Different from the finding of
this study, other authors reported that gas production increased
linearly when glycerol was added to alfalfa hay (Krueger et al.
2010) or, on the contrary, a reduction in gas production occurred
when glycerol was substituted for alfalfa hay or corn grain (Lee
et al. 2011). This study revealed that the different additives had
no detrimental effect on IVDMD and IVOMD of both non-ensiled
and ensiled cassava leaves. These results were in agreement
with both of the previous meta-analysis in vitro study in which
glycerol supplementation was used as an energy source for
ruminants (Syahniar et al. 2016) and the addition of low level
tannin showed a lower adverse effect on digestibility (Jayane-
gara and Palupi 2010). On the contrary, the present study indi-
cated that ensiling significantly increases the percentage of
IVDMD and IVOMD as shown by lower NDF and ADF contents
of the cassava leaves after ensiling. It has been shown that
NDF and ADF have a negative correlation with feed digestibility
(Riaz et al. 2014; Laconi and Jayanegara 2015).

The concentration of total VFA was unchanged by the
different additives or ensiling, but the proportion of individual
VFA, especially for non-ensiled cassava leaves, indicated a pro-
piogenic property due to the addition of glycerol. Propiogenic
property was shown by an increase of propionate and a
decrease of acetate to propionate ratio. Such propiogenic prop-
erty of glycerol was also observed in other studies (Rémond
et al. 1993; Avila-Stagno et al. 2014). Bergner et al. (1995)
demonstrated that most of 14C labelled glycerol was found in
propionate form, and rumen microbes used glycerol selectively
for producing propionate rather than acetate (Ramos and
Kerley 2012). Since propionate serves as a hydrogen sink,
which is a main substrate for methanogenesis, in the rumen,
the addition of glycerol decreased the emission of methane
(Lee et al. 2011). However, the propiogenic property of glycerol
became negligible when cassava leaves were ensiled, probably
because of its utilization by LAB that prevented rumen microbes
from metabolizing the substance.

The proportion of iso-VFA and ammonia-N concentration
was lower than the control, especially in the ensiled cassava
leaves with the addition of chestnut tannin (when added
singly or in combination with glycerol), apparently due to a
lower extent of proteolysis and deamination. Such results
confirm the ability of tannin to bind protein molecules.

Hassanat and Benchaar (2013) also observed that chestnut
tannin at the level of 20–200 g/kg decreased ammonia and
iso-VFA concentration. The low level of proteolysis and deami-
nation in the rumen are expected to increase the protein by-
pass and improve protein utilization of cassava leaf silage in
the small intestine.

5. Conclusion

The study revealed that the addition of glycerol lowered the pH
of cassava leaf silage only marginally and that chestnut tannin
tended to decrease ammonia-N of the silage. Apparently,
such effects are small due to the already good silage quality
of the control group (no additive) as indicated by the high
lactic acid concentration and the negligible amount of butyric
acid. The additives might have resulted in greater effects on fer-
mentation characteristics of silage if the silage quality is low.
Glycerol addition shifted rumen fermentation profiles towards
more propionate production at the expense of acetate and
led to lower methane emission. The addition of chestnut
tannin may strategically be used to increase the amount of
rumen by-pass protein as it lowered the proteolysis and deami-
nation processes in the rumen without causing adverse effects
on extent and rate of gas production, in vitro digestibility and
total VFA production. The combination between glycerol and
chestnut tannin either in silage fermentation or in rumen fer-
mentation system apparently did not reveal any synergistic
nor antagonistic effects. An in vivo experiment to evaluate on
the effects of glycerol and chestnut tannin addition on
cassava leaf silage warrants further investigation.
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