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Introduction

Bioactive compounds have been extensively 
studied as a strategy to manipulate rumen fermenta-
tion in pursuit of an improvement of domestic ru-
minant productivity. Among them, a lot of attention 
was given to tannins, which are a complex group of 
polyphenolic compounds occurring in a wide range 
of plant species commonly consumed by ruminants 
(Mueller-Harvey, 2006). They are classified as con-
densed and hydrolysable tannins and both groups 
are extremely widespread having both beneficial 

and detrimental effects. The most commonly used 
representatives of condensed tannins are quebra-
cho tannins, while those of hydrolysable tannins are 
chestnut tannins (Frutos et al., 2000). Recent studies 
on tannins point out the importance of considering 
their dosage-dependent effect on nutrient fermen-
tation and digestibility; while moderate concentra-
tions can exert beneficial effects on protein metabo-
lism in ruminants, higher dietary concentrations can 
depress digestive efficiency and thus also animal 
productivity (Hervás et al., 2003; Lavrenčič and  
Levart, 2021).

ABSTRACT. An in vitro study was conducted to investigate the effects of 
soybean meal (SBM) treated with two commercially available quebracho 
(QUE) and chestnut wood (CWE) extracts, at three different concentrations  
(15, 30 and 60 g/kg SBM) on the extent and rate of gas and short-chain 
fatty acid (SCFA) production. During the incubation, the gas production was 
measured at regular intervals from 0 to 48 h and the data were fitted with the 
Gompertz model to model gas production dynamics. After 24 h volumes of two 
syringes per substrate were analysed for individual SCFA contents. Treatment 
of SBM with CWE and QUE at the lowest concentration significantly increased  
(P < 0.05) gas production at 24 h of incubation (Gas24) and total SCFA 
production, but did not affect the proportions of individual SCFA. At higher 
concentrations (30 and 60 g/kg SBM), only the CWE significantly decreased 
(P < 0.05) Gas24, while both tannins significantly decreased (P < 0.05) the 
maximum fermentation rate. Both higher concentrations of CWE and QUE also 
did not affect total SCFA production, yet CWE significantly increased (P < 0.05) 
the proportion of acetic acid, while QUE tannins did not affect the proportions of 
individual SCFA. Obtained results suggest that the low doses of QUE and CWE 
have a stimulating effect on rumen microorganisms, enhancing the extent and 
rate of fermentation, while higher doses of CWE and QUE decrease the rate 
of fermentation; however, only CWE affects the fermentation pattern of rumen 
microorganisms by changing the proportions of individual SCFA.
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One of the key goals in ruminant nutrition is to 
optimize the efficiency of protein utilization, reduc-
ing the rate and the extent of rumen degradation 
of protein-rich feeds. The general idea of the effect 
of the tannin on rumen degradation, being more 
evident for protein than for other components, has 
been attributed to the greater hydrogen bond affin-
ity of the tannin molecule with the carbonyl oxygen 
of the peptide group (Mueller-Harvey, 2006). The 
effect of tannins on reducing fibre digestion has 
been regarded as a secondary anti-nutritional effect 
in comparison with protein digestion. According to 
McSweeney et al. (2001), tannins could reduce fi-
bre digestion by complexing with carbohydrates and 
preventing microbial attachment and degradation, or 
by directly inhibiting fibrolytic microorganisms and 
their enzymes. During the digestion of nutrients in 
the rumen, the majority of gas and short-chain fatty 
acids derived from the fermentation of fermentable 
dietary carbohydrates as the fermentation of protein 
(casein) produced only 32% of gas in comparison 
with carbohydrates (Cone and van Gelder, 1999).

Khazaal et al. (1994) concluded that the in vitro 
gas production technique appeared to be better suited 
to the assessment of phenolic-related anti-nutritive ef-
fects of feeds than in situ (nylon bag) methods. The 
in vitro gas production technique, although it is rec-
ognised not to be truly representative of biological 
systems, allows determining the effects of physical 
binding of tannins to the substrate (e.g., protein and/or 
carbohydrates) along with other effects such as toxic-
ity to microbes or binding to their enzymes. So the 
results obtained from this in vitro technique, permit 
some conclusions to be drawn on the effect of the sup-
plements, such as tannins, on the rumen fermentation.

In a recently published paper by Lavrenčič and 
Levart (2021), the chestnut wood extract contain-
ing mainly hydrolysable tannins reduced the in vitro 
dry matter (DM) and crude protein (CP) degrada-
bility more effectively than quebracho wood extract 
(condensed tannins). The present experiment aims 
to determine if the effects of decreased in vitro DM 
and CP degradability of soybean meal treated with 
tannins are reflected also in alteration of rumen mi-
crobial activity measured by in vitro gas production 
and short-chain fatty acid production. 

Material and methods

Soybean meal, tannin sources and 
preparation of soybean meal-tannin mixtures

Soybean meal (SBM) and dry commercial water 
extracts of sweet chestnut (CWE; Castanea sativa L.) 

and quebracho wood (QUE; Shinopsis spp.) were used. 
Both extracts were provided by the company Tanin 
Sevnica (Sevnica, Slovenia). The treatments of SBM 
with tannin extracts were described by Lavrenčič and 
Levart (2021). In brief, SBM (500 g) was weighed in 
3-l plastic containers and 7.5, 15 and 30 g (15, 30 and 
60 g of tannin extract per kg of SBM) of one of the 
tannin sources (e.g., CWE or QUE) were added. The 
SBM and tannin extracts were homogenized until 
an even colour was obtained. Tap water was added 
progressively to completely cover the mixture and the 
mass was stirred until a homogenous brownish paste 
was obtained. The stirring was continued for another 
5 to 10 min until all water was incorporated. The 
mixtures were then left to stand for 12 h (overnight) 
at ambient temperature to allow tannins and protein to 
react. The mixtures were then dried and ground. The 
temperature during the drying was set to 70 °C for 
the first 24 h and lowered to 50 °C for the remaining 
time (approx. 2 days) until the constant weight of the 
mixture was obtained. To remove the lumps, the dried 
mass was ground into fine particles (approx. 1-mm) 
and stored in dark at ambient temperature until 
analysed. The same procedure was also performed 
for SBM without added tannins (control; CON). All 
substrate preparations for each tannin treatment and 
the control were made in duplicate. The composition 
of substrates is given in Table 1.

Animals and diets
Sheep rumen fluid was derived from two mature 

castrated Jezersko Solčavska × Romanovska rams 
(Ovis aries) weighing on average 70 kg and fitted 
with permanent rumen cannula. They received 
a daily ration containing average quality hay 
ad libitum (they consumed approx. 1.5 kg) and 
0.25 kg of pelleted commercial compound feed 

Table 1. Chemical composition of soybean meal treated with chestnut 
(CWE) and quebracho (QUE) wood extracts, g/kg DM

Indices
Treatment1

CON CWE QUE
 15  30  60  15  30  60

DM, g/kg 923 911 867 851 912 933 920
CP 567 524 525 501 522 533 524
EE  11  14  14  14  11  12  13
Ash  78  76  74  72  75  74  76
NDF 111 102 112 104 104 133 121
NFC 233 284 275 309 288 248 266
1 treatments: CON – control, CWE and QUE – both extracts were 
added at a dose of 15, 30 and 60 g/kg of substrate; DM – dry matter, 
CP – crude protein, EE – ether extract, ash – crude ash, NDF – neutral 
detergent fibre, NFC – non-fibre carbohydrates (1000 − (CP + EE + 
Ash + NDF))
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daily (160 g CP/kg), supplemented with mineral 
and vitamin mix (0.025 kg) once a day. The diet 
composition was calculated according to the German 
metabolizable energy (ME) and utilizable protein 
requirements (nXP; DLG, 1997) to cover the energy 
and protein requirements for maintenance and to 
balance the energy-to-protein ratio in the rumen. 

In vitro gas production
In vitro gas production was determined according 

to the procedure described by Menke and Steingass 
(1988). In each of two runs (batches), each duplicate 
of SBM-tannin extract mixture and control (207 ± 
0.5 mg/syringe) was anaerobically incubated in four 
100-ml glass syringes containing 30 ml of buffered 
rumen fluid. The production of gas resulting from 
microbial fermentation was measured manually after 
0, 2, 4, 6, 8, 10, 12, 24, 36 and 48 h. The syringes 
were emptied only if the volume of gas produced 
in the first 36 h exceeded 80 ml of the total syringe 
volume. After 24 h, two of the four syringes of each  
SBM-tannin extract mixture duplicate were 
withdrawn, their contents were poured into 50-ml 
plastic tubes and kept in a freezer at −20 °C until 
short-chain fatty acids (SCFA) analysis. In each 
run, four syringes with blank samples (two for gas 
production and two for SCFA determination) and two 
syringes with standard hay were also incubated. At 
the end of the trial, the means and standard deviation 
of standard hay gas yields within and between runs 
were calculated. The coefficient of variation within 
and between runs was always lower than 4%; 
therefore, no corrections of gas production of feed 
samples were made. 

Short-chain fatty acids
The extracts for the SCFA were prepared ac-

cording to the modified method of Holdeman et al. 
(1977). Short-chain fatty acids were analysed us-
ing a gas chromatograph (Hewlett Packard 5890 A; 
Hewlett Packard, Bellefonte, PA, USA) equipped 
with a split/splitless injector and flame ionization 
detector (FID). For the SCFA separation, a 30-m 
NukolTM, fused silica capillary column (Supelco, 
Bellefonte, PA, USA) was used.

Calculations and statistical analyses
The calculation of gas production kinetic pa-

rameters was performed according to Lavrenčič 
et al. (1997). In brief, the net volume of gas pro-
duced at each incubation time was calculated as the 
difference between the total volume of gas produced 
and the volume of gas produced from the blank sam-

ple at each time of incubation. Net volumes at each 
time of incubation were adjusted afterwards to 1 g 
of substrate DM. The obtained in vitro gas produc-
tion data were then fitted with the Gompertz model 
(Lavrenčič et al., 1997):

where: Yt – gas produced (ml/g DM) at the time 
‘t’; ‘B’ – asymptotic amount of produced gas (total 
potential gas production (ml/g DM)); ‘C’ – specific 
gas production rate as affected by ‘t’, governed by 
a constant ‘A’, describing the decay in specific gas 
production rate (caused by the diminishing growth 
rate of microorganisms and increasing substrate 
limitation as reflected in gas production); and  
‘t’ – time (h). 

Parameter values and curve fitting were esti-
mated by the Marquardt compromise for a non-line-
ar regression method (PROC NLIN; SAS Software 
ver. 9.4; SAS Institute, Cary, NC, USA). Amounts 
of gas produced in 24 h were calculated by insert-
ing this fixed time (24 h) in the Gompertz model. 
The variation of gas production rates was obtained 
from the first derivative of the Gompertz model con-
cerning the time of incubation. Times of maximum 
fermentation rates (TMFR) were calculated by set-
ting the second derivative of the Gompertz model 
to zero (0) and solving for ‘t’. Maximum fermen-
tation rates (MFR) were then calculated using the 
appropriate value of TMFR in the first derivative of 
the Gompertz equation. The net amount of total and 
individual SCFA produced after 24 h of incubation 
was calculated by subtraction of the average amount 
of total and individual SCFA produced from blank 
samples after 24 h of incubation and by adjusting 
the total and individual SCFA production to 1 g of 
substrate DM. 

Data were analysed with the mixed model 
procedure (SAS Software ver. 9.4; SAS Institute, 
Cary, NC, USA). The average values within each 
tannin mixture duplicated within each run were 
considered as statistical replicates. Tannin treatment 
means for each level were compared against the 
CON using the least square mean linear hypothesis 
(LSMEANS/DIFF) with the Dunnett adjustment. 
Orthogonal polynomial contrasts were used to 
determine linear and quadratic responses to the level 
of tannin (0, 15, 30 and 60 g of tannin/kg of SBM) 
within each tannin source and matrix coefficients 
were generated by using the PROC IML of SAS 
Software ver. 9.4 (SAS Institute, Cary, NC, USA) for 
unequally spaced contrasts. Statistical significance 
was declared at P < 0.05. 

𝑌𝑌𝑌𝑌𝑡𝑡𝑡𝑡 = 𝐵𝐵𝐵𝐵 × 𝑒𝑒𝑒𝑒−𝐶𝐶𝐶𝐶×𝑒𝑒𝑒𝑒−𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴,1
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Results 

The estimated parameters of gas production are 
presented in Table 2. All estimated gas production 
parameters were affected by experimental treat-
ments (P < 0.001), showing linear and quadratic re-
sponses for both tannin extracts (P < 0.001), except 
for the parameter ‘A’ for which the QUE showed 
only a linear response. The lowest dosages of CWE 
and QUE (15 g/kg SBM) increased (P < 0.05) total 
potential gas production (parameter ‘B’) by about 
11 and 9%, respectively, while only the highest 
dosage of CWE (60 g/kg SBM) decreased the ‘B’  
(P < 0.05) by about 9%. On contrary, in comparison 
with CON, all dosages of both tannin extract de-
creased the specific gas production rate (parameter 

‘C’). The greatest decreases in parameter ‘C’ were 
determined for the middle and highest dosages of 
CWE by about 20%. The middle and the highest 
dosages of CWE decreased (P < 0.05) the param-
eter ‘A’ by about 27 and 17%, respectively, while 
only the highest dosage of QUE affected (P < 0.05) 
the parameter ‘A’ by about 16%. 

The effects of SBM treated with increasing 
amounts of tannin extracts on calculated param-
eters of gas production are presented in Table 3. 

All calculated gas production parameters were 
affected by experimental treatments (P < 0.001). 
Treatment of SBM with CWE extract showed lin-
ear and quadratic responses (P < 0.05) for Gas24, 
while for MFR there was only a linear response 
(P < 0.001) and a tendency for a quadratic response 
(P = 0.057). CWE treatment did not show either 
linear or quadratic responses for TMFR. Similarly, 
when SBM was treated with QUE the linear and 
quadratic responses (P < 0.01) were shown for 
MFR and Gas24, while for TMFR only quadratic 
response was stated (P < 0.001). 

The lowest concentrations of CWE and QUE 
(15 g/kg SBM) did not affect the MFR, while higher 
concentrations (30 and 60 g/kg SBM) decreased 
it by 37 and 32% for CWE and by 6 and 23% for 
QUE, respectively. On contrary, only the concentra-
tions of CWE and QUE of 15 g/kg SBM shortened 
the TMFR by about 17 and 21% for 60 and 72 min, 
respectively.

Similarly to parameter ‘B’, the Gas24 increased 
(P < 0.05) from 197 ml/g DM to 219 (by 11%) and 
222 ml/g DM (by 13%) when the concentrations 
of CWE and QUE were 15 g/kg SBM, respective-
ly. With concentrations of CWE of 30 and 60 g/kg 
SBM, the Gas24 decreased by about 9 and 14%,  
respectively. 

Table 2. Effects of soybean meal (SBM) treatment with chestnut 
(CWE) and quebracho (QUE) wood extracts on estimated parameters 
of in vitro gas production

Indices Tannin extract,  
g/kg SBM

B,  
ml/g DM C A

Treatment1

CON  0 217  2.67  0.139
CWE 15 240*  2.26*  0.135

30 219  2.13*  0.101*
60 198*  2.14*  0.116*

QUE 15 237*  2.39*  0.150
30 226  2.32*  0.126
60 210  2.27*  0.117*

RMSE   6.8  0.072  0.0080
P-value

Trt  <0.001 <0.001 <0.001
CWE L  <0.001 <0.001 <0.001

Q  <0.001 <0.001 <0.001
QUE L   0.007 <0.001 <0.001

Q  <0.001 <0.001  0.288
1 treatments: CON – control, CWE and QUE – both extracts were 
added at a dose of 15, 30 and 60 g/kg of substrate; B – total potential 
gas production, DM – dry matter; C – specific gas production rate, 
governand ed by parameter A – constant factor of microbial (in)
efficiency; RMSE – residual mean square error; P-values for  
Trt – treatments and orthogonal contrasts for L – linear and  
Q – quadratic effects; * – means within a column are significantly 
different from the CON at P < 0.05

Table 3. Effects of soybean meal (SBM) treatment with chestnut 
(CWE) and quebracho (QUE) wood extracts on calculated parameters 
of gas production 

Indices Tannin extract,  
g/kg SBM

MFR,  
ml/h

TMFR,  
h

Gas24,  
ml/g DM

Treatment1

Control  0 11.1  7.0 197
CWE 15 11.9  6.0* 219*

30  8.1*  7.5 181*
60  8.4*  6.7 172*

QUE 15 13.1  5.8* 222*
30 10.5*  6.7 202
60  9.0*  7.0 183

RMSE  0.64  0.35   7.5
P-value

Trt <0.001 <0.001  <0.001
CWE L <0.001  0.883  <0.001

Q  0.057  0.463   0.047
QUE L <0.001  0.117  <0.001

Q  0.001 <0.001  <0.001
1 treatments: CON – control, CWE and QUE – both extracts were added 
at a dose of 15, 30 and 60 g/kg of substrate; MFR – maximum fermen-
tation rate, TMFR – time of maximum fermentation rate, Gas24 – gas 
produced in 24 h of incubation, DM – dry matter, RMSE – residual mean 
square error; P-values for Trt – treatments and orthogonal contrasts for  
L – linear and Q – quadratic effects; * – means within a column are 
significantly different from the CON at P < 0.05
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The effects of SBM treated with increasing 
amounts of tannin extracts on SCFA, proportions of 
individual SCFA and ratios between acetic acid (Ac) 
and propionic acid (Pr) are presented in Table 4. 

Equally to estimated and calculated parameters of 
gas production, the SCFA production and propor-
tions of individual SCFA were also affected by ex-
perimental treatments (P < 0.001). The treatment of 
SBM with QUE showed only a quadratic response  
(P < 0.001) for SCFA produced in 24 h of incubation, 
while there was no response from CWE treatment on 
SCFA production. CWE and QUE treatments showed 
only linear responses on proportion of Ac, Pr and bu-
tyric acid (Bu) and on the ratio between Ac and Pr 
(P < 0.05), while QUE treatment showed a tendency 
of quadratic response (P = 0.094) for the proportion of 
Pr. Only the lowest concentrations of CWE and QUE  
(15 g/kg SBM) affected (P < 0.05) the SCFA pro-
duction which increased by about 19 and 41%, re-
spectively. The Ac proportions increased (P < 0.05) 
by 8 and 10% when SBM was treated with 30 and 
60 g of CWE, while QUE treatment did not affect 
the proportion of Ac. The proportions of Pr and Bu 
decreased (P < 0.05) by 19 and 32% and by 32 and 
27% when the SBM was treated with 30 and 60 g of 
CWE, respectively, but remained unchanged when 

treated with QUE. The changes in the content of Ac 
and Pr affected (P < 0.05) also the ratios between Ac 
and Pr from 3.26 in CON to 4.17 and 4.63 when SBM 
was treated with 30 and 60 g of CWE, respectively; 
but there was no difference when SBM was treated 
with QUE.

Discussion
The results of the in vitro gas production ob-

tained in this study followed a slightly different 
pattern than those on in vitro DM rumen degrada-
tion (ivDMDeg) of QUE- and CWE-treated SBM 
(Lavrenčič and Levart, 2021). The lowest concen-
tration of CWE (15 g/kg SBM) increased the cu-
mulative gas production (parameter ‘B’) and Gas24 
but did not affect ivDMDeg (Lavrenčič and Levart, 
2021). On contrary, the lowest concentration of 
QUE increased not only cumulative gas produc-
tion and Gas24 but also ivDMDeg (Lavrenčič and 
Levart, 2021). Hassanat and Benchaar (2013) and 
Castro-Montoya et al. (2018) found that concentra-
tions of QUE greater than 20 and up to 30 g/kg of 
diet DM, respectively, decreased linearly the cumu-
lative gas production, while in our experiment equal 
or greater concentrations of QUE did not affect the 
cumulative gas production and Gas24 from SBM. 
Our results are also in agreement with observa-
tions of El-Waziry et al. (2007), who treated SBM 
with 1, 2 and 3% QUE. In our study, only the con-
centrations of CWE equal or greater than 30 g of  
CWE/kg SBM significantly decreased Gas24 but 
only the highest concentration decreased the cu-
mulative gas production. In contrast, Hassanat and 
Benchaar (2013) determined that the concentration 
as low as 20 g CWE/kg DM already decreased gas 
production, while El-Waziry et al. (2005) found 
that the potential gas production was reduced with 
30 g of tannic acid (hydrolysable tannin)/kg SBM 
but not with lower concentrations. Castro-Montoya 
et al. (2018) assumed that the decrease in cumula-
tive gas production (and most probably also Gas24) 
could be the consequence of the declined availabil-
ity of fermentable nutrients due to the nonferment-
able tannin extract addition. In our experiment, only 
the CWE affected the cumulative gas production 
and Gas24; however, the concentrations of CWE 
were always lower than the decline in gas produc-
tion, suggesting that the decrease in gas production 
is also the result of the tannin actions. The increase 
in gas production by the lowest doses of CWE and 
QUE suggests that the activity of rumen microor-
ganisms is stimulated by the presence of tannins.  
The inefficiency of higher CWE and QUE concen-

Table 4. Effects of soybean meal (SBM) treated with chestnut 
(CWE) and quebracho (QUE) wood extracts on short-chain fatty 
acid (SCFA) production (mmol/g DM) and proportions of individual  
SCFA (mmol/mmol SCFA)

Indices Tannin extract,  
g/kg SBM SCFA Ac Pr Bu Ac/Pr 

ratio
Treatment1

CON  0  6.46  0.688  0.219  0.094  3.26
CWE 15  7.69*  0.673  0.230  0.097  2.94

30  6.22  0.745*  0.184*  0.071*  4.17*
60  6.28  0.760*  0.166*  0.073*  4.63*

QUE 15  9.09*  0.707  0.203  0.090  3.58
30  7.51  0.681  0.220  0.099  3.13
60  6.66  0.657  0.240  0.103  2.75

RMSE  0.608  0.0190 0.0153 0.0062  0.351
P-value

Trt <0.001 <0.001 <0.001 <0.001 <0.001
CWE L  0.105 <0.001 <0.001 <0.001 <0.001

Q  0.270  0.767  0.757  0.103  0.648
QUE L  0.136  0.003  0.009  0.004  0.006

Q <0.001  0.116  0.094  0.502  0.177
1 treatments: CON – control, CWE and QUE –  both extracts were 
added at a dose of 15, 30 and 60 g/kg of substrate; DM – dry matter; 
Ac – acetic acid, Pr – propionic acid, Bu – butyric acid; RMSE – residual 
mean square error; P-values for Trt – treatments and orthogonal 
contrasts for L – linear and Q – quadratic effects; * – means within 
a column are significantly different from the CON at P < 0.05
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trations suggests that the tannins may form linkag-
es mainly to proteins non affecting fermentation of 
prevalent fermentative substrates such as carbohy-
drates or, as suggested by Jones et al. (1994), that 
some of the rumen microbes can tolerate relatively 
high concentrations of both hydrolysable and con-
densed tannins. Adaptive strategies of microorgan-
isms could involve the creation of thick glycocalyx 
or glycoprotein that has a high binding affinity for 
tannins as well as the tendency to form glycoca-
lyx-enclosed microcolonies (McSweeney et al., 
2001). Higher concentrations of tannin extracts de-
creased the gas production (cumulative and Gas24) 
and rates of fermentation (MFR). These findings 
are in agreement with those of Hassanat and Ben-
chaar (2013), who reported that negative effects 
of CWE and QUE on fermentation started to ap-
pear at a concentration of 50 g/kg DM and those of  
Pellikaan et al. (2011) who found that 100 g of 
QUE/kg of lucerne hay reduced cumulative gas 
production, while CWE added in the same concen-
tration did not have any effect. It is possible that the 
chemical composition of the tannin extracts used in 
our experiment differs considerably from those re-
ported in other papers and that in other papers the 
tannin extracts were simply added to the substrate, 
while in our experiment the substrate was treated 
by soaking the substrate-tannin extract mix with 
water. Furthermore, Hervás et al. (2003) reported 
a decrease in gas production and rates of fermenta-
tion only when lucerne hay was incubated but not 
when barley straw was incubated in the presence of 
QUE. They suggested that the suppressive effect of 
QUE could be a result of a reduction in the attach-
ment of microbes to feed particles and/or a specific 
inhibition of rumen degradation through inhibition 
of microorganism growth and their enzymes. How-
ever, the substrates used by Hervás et al. (2003) 
differed also in the protein contents. It was already 
noted that tannins preferentially binds to proteins 
suggesting that this could be a cause of a reduced 
extent and rate of substrate fermentation. 

The parameter ‘A’ (constant factor of micro-
bial (in)efficiency) was decreased when CWE was 
used at concentrations higher than 30 g/kg SBM 
or when QUE was added at a dose of 60 g/kg 
SBM. On the other hand, parameter ‘C’ (specific 
rate of fermentation) decreased for both examined 
tannin extracts regadless of dose. The decreasing 
values of parameters ‘C’ and ‘A’ with higher con-
centrations of tannin extracts change the pattern of 
fermentation and thus also the parameters MFR and 
TMFR, which generally decreased and prolonged, 

respectively. Increased MFR and shorter TMFR at 
the lowest concentrations of both tannin extracts  
(15 g/kg SBM) support the hypothesis that stressed 
rumen microorganisms increase their activity to al-
leviate the negative effects of tannins. Another pos-
sible explanation was given by Frutos et al. (2000), 
who claimed that microbes adapt to the action of 
tannins and other plant secondary metabolites by in-
creasing their tolerance to those compounds through 
changes in the microbial population. However,  
Frutos et al. (2000) and Mueller-Harvey (2006) not-
ed that condensed tannins are not degraded in the 
rumen and a long-term feeding of QUE should not 
lead to adaptation of rumen microbial populations to 
it. In contrast, hydrolysable tannins are degraded in 
the rumen, releasing the sugar and phenolic compo-
nents, which could lead to adaptive actions of rumen 
microorganisms. 

The production of SCFA followed the same pat-
tern as cumulative gas production (and also Gas24 
and MFR) being higher than control when low doses 
(15 g/kg SBM) of tannin extracts were used but not 
different from control when higher doses of tannin 
extracts were added. These results are following the 
suggestion given previously that the lowest doses of 
CWE and QUE stimulated the activity of rumen mi-
croorganisms. Contrary, Castro-Montoya et al. (2018) 
and El-Waziry et al. (2007) noted that the total SCFA 
production was decreased already at concentrations 
of QUE higher and equal to 15 g/kg. However, Has-
sanat and Benchar (2013) reported that the concen-
trations of CWE and QUE have to be higher than  
50 g/kg diet DM to decrease SCFA production, while 
Pellikaan et al. (2011) reported that only QUE but not 
CWE at 100 g/kg decreased total SCFA production.  
El-Waziry et al. (2005) observed lower SCFA produc-
tion from tannic acid-treated SBM already at a con-
centration of 10 g/kg SBM. In the present study, the 
CWE and QUE had different effects on the proportions 
of individual fermentation acids. CWE increased the 
proportion of Ac and decreased the proportions of Pr 
and Bu, widening the ratio between Ac and Pr, as was 
reported also by Jayanegara et al. (2012) as a general 
effect of tannins. QUE did not affect the proportions 
of Ac, Pr and Bu, as was reported also by Pellikaan 
et al. (2011) and Hassanat and Benchaar (2013). On 
contrary to our results these authors did not observe 
the effects of CWE on the proportion of Pr. The pre-
sent results suggest that CWE increased the degrada-
tion of fibre (e.g., cellulose, hemicelluloses and pec-
tins), which ferments mainly to Ac, and decreased the 
fermentation of non-fibre carbohydrates (e.g., sug-
ars and starch), which ferment mainly to Pr and Bu.  
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Similar results were obtained also by Díaz Carrasco 
et al. (2017) who found that the blend of CWE (1/3) 
and QUE (2/3) at 0.2% of diet DM increased the 
cellulolytic bacteria while inhibiting those micro-
bial genera which have important roles in the fer-
mentation of starch, hemicelluloses and pectins. In 
contrast to our results, Kos (2007) found that not 
only CWE but also QUE increased the proportions 
of Ac and Bu when pure cellulose was incubated, 
while CWE decreased the proportions of Ac and Bu 
and QUE did not affect the proportions of individual 
SCFA when pure potato starch was incubated. Vari-
able effects of different tannins on SCFA production 
and proportions of individual SCFA confirm the 
assumptions obtained from the results of Martínez 
et al. (2006) that tannin activity depends not only on 
the type, structure and concentration of tannins used 
but also on the source of the substrate.

Conclusions
The impact of tannins on in vitro fermentation 

varied according to their type and concentration. At 
low concentrations, the gas production increased 
suggesting the stimulating effect of tannins on ru-
men microbe activities. The increasing concentra-
tions of tannins resulted in the decline of gas pro-
duction in 24 h of incubation (Gas24) which was 
more prominent with chestnut wood extract (CWE) 
than with quebracho (QUE) tannins. Not greatly af-
fected total short-chain fatty acid (SCFA) produc-
tion but changed proportions of individual SCFA 
suggest that shift in fermentation pattern towards 
acetate production occurred by treating soybean 
meal (SBM) with CWE but not with QUE. This 
in vitro study showed also that the decreasing ef-
fect of CWE on gas production, especially Gas24, 
starts at relatively low concentrations, while those 
of QUE at concentrations equal or even higher than 
60 g/kg, suggesting that QUE has a lower affinity 
to form linkages with feed constituents and thus 
does not similarly affect rumen fermentation than 
the CWE. Further work is necessary to assess the 
possible relation between tannin abilities to modify 
rumen fermentation and microbial activity regard-
ing different types and concentrations of tannins and 
also different substrates. Furthermore, the obtained 
results need to be confirmed also in in vivo studies. 
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