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Does humate supplementation affect ciliate population
and fermentation parameters in the sheep rumen?
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ABSTRACT. The objective of the study was to examine the effect of supplement-
ing sheep diets with humic substances (HS) on the number of protozoa and short
chain fatty acid and methane concentrations in the rumen. The experiment was
carried out in three rumen-fistulated sheep. The control (CON) ration was com-
posed of 59.70% hay and 40.30% concentrate. Two experimental diets consisting
of the same components were supplemented with two doses of humic substrates,
10 (HS10) or 20 (HS20) g/day/animal. The population of total protozoa and the
genera Entodinium and Isotricha in the rumen was the most abundant before
feeding (0 h) and decreased 2 and 4 h after receiving the diets. The populations
of total protozoa and the genus Entodinum in the rumen were more abundant
2 h after administration of HS10 and HS20 compared to CON. The counts of
these groups of protozoa increased 8 h after feeding HS10 compared to CON
and HS20. An interaction trend (sampling time x treatment) was detected in terms
of the number of Isotricha spp. in the rumen. The postprandial (2 and 4 h) pH of
the rumen was lower than 0 h and 8 h after feeding CON and HS. Short chain
fatty acid concentration was higher 2 and 4 h after feeding compared to 0 h and
8 h postprandial. An interaction trend was as assessed based on acetic acid
levels; the highest was observed 4 h after feeding HS20 and the lowest 8 h after
feeding HS10. Butyrate concentration was lower 8 h after feeding compared to
2 and 4 h postprandial levels for sheep fed the CON and HS10 diets. Branched
chain acid production was the lowest 8 h after feeding compared to 0 h and 2 h
after HS10 administration. An interaction trend was observed for methane levels;
the highest was showed 4 h after feeding HS20 and the lowest 8 h after feeding
HS10 diets. HS supplemented to sheep diets increased the abundance of total
protozoa and the genera Entodinium and Isotricha in the rumen. It seemed that
humates could modify the production of acetate and methane in the rumen, as
slight increases in these parameters were observed. This suggests that humic
substances can intensify methanogenesis in the rumen.

Recently, there has been a growing interest in
the application of humic substances (HS) in the di-

Feed additives, e.g. humic substances, fats or
herb extracts can modify fermentation, activity and
population of microorganisms in the rumen, as well
as reduce greenhouse gas emissions and positively
affect productivity and health of animals (Majewska
et al., 2017a; b; Majewska and Kowalik, 2020).

ets of livestock (Trziszka et al., 2011; Marcin et al.,
2020; Wang et al., 2020). These substances are safe
natural feed supplements with beneficial effects on
animal welfare, as well as on the quality of animal
products. HS are organic compounds found in soil
and formed from natural decomposition of animal
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and plant matter (McMurphy et al., 2009). Humic and
fulvic acids are the main extractable ingredients of
soil humates and most commonly used to improve
soil fertility. In soil, HS have been shown to promote
microbial growth, as well as absorptive and detoxify-
ing properties (Huck et al., 1991; Islam et al., 2005).
Brown coal is a rich source of hummic and fulvic
acids. Therefore, HS have been proposed to exert
similar effects in the digestive tract, including rumen
metabolism, i.e. increasing microbial activity and fer-
mentation in the rumen. Experiments on the applica-
tion of HS in animal rations have mainly focused on
monogastric animals. The positive effects of humates
on the growth of broiler chickens, productivity and
health of laying poultry, as well as the chemical com-
position of eggs have been demonstrated in several
studies (Trziszka et al., 2011; Mirnawati and Marlida,
2013; Sopoliga et al., 2016 ). The results of Wang
et al. (2020) indicated that humic acids in the rations
improved growth performance and health of piglets.
Reports regarding the use of humic compounds in ru-
minant diets are limited and inconsistent. Teter et al.
(2021) did not observe any changes in milk yield when
dairy cows were fed a diet with HS; however, the co-
agulation properties were improved, as well as calci-
um and iron contents. Milk, fat and protein yield was
shown to increase after administration of humic sub-
stances to goat diets in comparison to control animals
(El-Zaiat et al., 2018). The latter authors reported
that the total number of protozoa was reduced, while
acetate and propionate levels were increased in the
goat rumen as a result of HS addition to the diets.
On the other hand, Marcin et al. (2020) observed in-
creased counts of protozoa Entodinium spp., Diplod-
inium spp. and Ophryoscolex spp. and unaltered short
chain fatty acid (SCFA) levels in the rumen after HS
supplementation to the sheep diet. Farm animals are
known to largely contribute to global greenhouse gas
emissions, especially methane and carbon dioxide.
Sheng et al. (2019) showed that humic substances
reduced methane production in an in vifro study. In
contrast, Terry et al. (2018b) did not observe the ef-
fect of humic substances on total gas, methane, and
carbon dioxide production in the rumen simulation
technique (RUSITEC) study. The results of previ-
ous studies were inconclusive in terms of evaluat-
ing the effect of humic substances in ruminant feed
(Majewska et al., 2017a; El-Zaiat et al., 2018; Terry
et al., 2018a; Sheng et al., 2019). This variability may
be attributed to variation in the chemical composi-
tion and structure of HS, extraction methods, doses
and concentration of other compounds, e.g. minerals,
vitamins, phenolic acids or bioactive organic groups
(Islam et al., 2005).

In the present study, we hypothesized that dif-
ferent amounts of humic substances added to the
sheep diets could affect protozoan populations and
fermentation parameters in the rumen.

Considering the above, the aim of the study was
to evaluate the effect of two doses of humic substanc-
es added to the sheep diets on the count of total pro-
tozoa and the genera ciliates, concentration of short
chain fatty acids and methane in the rumen of sheep.

Material and methods

All procedures on animals were accepted by the
2" Local Animal Care Ethics Committee for Ani-
mal Experiments in Warsaw, Poland, permission no.
50/2016.

Animals and feeding

The experiment was carried out using three fe-
male Polish Lowland sheep (3 years old; 55.5 kg +
0.5 average body weight) equipped with a rumen
cannula (~8 cm ID; self-made cannulas). The ani-
mals were divided into three sub-groups, one sheep
each. The sheep were fed a control diet (CON)
consisting of (g/day/animal): 600 meadow hay,
300 concentrate, and 20 vitamin-mineral mix-
ture (Polfamix O-K, Trow Nutrition, Grodzisk
Mazowiecki, Poland) or two experimental diets based
on the CON diet supplemented with humic substanc-
es (Kosice, Slovakia), which were supplied in dose
of 10 (HS10) or 20 (HS20) g/day/animal. The humic
substances used in this study contained the following
organic acids (%): 65.0 humic and 5.0 fulvic acids and
minerals (mg/kg DM): calcium 42.28, magnesium
5.10, iron 19.05, copper 15.00, zinc 37.00, manga-
nese 142.00, cobalt 1.42, selenium 1.67, vanadium
42.10, molybdenum 2.70. The maximum moisture
of the preparation was 15% and the particle size
was up to 100 pm. The preparation was added and
mixed with a concentrate before each feeding. Diets
were formulated according to the ruminant nutrition
recommendations of IZ PIB-INRA (2009) to cover
nutrient requirements of sheep. Dietary composition
are given in Table 1. Treatments were administered
successively to each group in 3 different sequences
(CON-HS10-HS20, HS10-CON-HS20 and HS20-
HS10-CON) that formed 3 study periods. Each
experimental period lasted 32 days and included
10 days of gradual diet transition, 21 days of adap-
tation to the new ration and 1 day of sampling. All
sheep during the study were housed in individual
pens on rubber mats with separate facilities for for-
age and concentrate with ad libitum access to water
and salt licks. The sheep were fed twice a day, at
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Table 1. Composition of diet

Ingredients Contents, Chemical Contents,
g/kg DM composition  glkg DM

Meadow hay 597.03 Dry matter, ~ 899.94
glkg

Crushed barley 283.91 Crude protein  152.12

Soybean oilmeal 98.36 Crude fat 24.81

Vitamin-mineral premix' ~ 20.70 Starch 246.81
Crude ash 58.01
NDF 511.35
ADF 259.50
UFV, kg 0.80

DM - dry matter, NDF — neutral detergent fibre, ADF — acid detergent
fibre, UFV - feed unit of maintenance and meat production;' Polfa-
mix O-K (Trouw Nutrition, Poland) consisted of: g: Ca 240, Na 60, P
120, Mg 65, Zn 2.5, Mn 3.0, Se 0.003, Co 0.015, vit. E 1.5; IU: vit. A
300000, vit. D, 30 000

7:00 and 15:00. Feed intake was checked daily be-
fore the morning feeding.

Rumen fluid sampling

The samples of rumen fluid were collected just
before the morning feeding (0 h) and 2, 4 and 8 h af-
ter the feeding from the middle and ventral sacs. The
samples were aspirated by suction using a copper tube
connected to a syringe via a rubber tube as described
by Majewska et al. (2017b). Rumen fluid samples
were precisely mixed and passed through two layers
of gauze in order to remove large food particles.

Chemical analysis of animal diets

Meadow hay, barley and soybean oil meal sam-
ples were collected during each sampling period.
These samples were oven-dried at 55 °C to a con-
stant weight, ground and passed through a 1-mm
sieve. Afterwards, feed samples were stored in
sealed plastic bags at room temperature until chemi-
cal analysis. Dry matter (DM) (934.01), crude fat
(930.09), crude ash (942.05), total nitrogen (978.04)
and starch (996.11) contents in the feedstuff were
assayed according to AOAC International (2005).
Natural detergent fibre (NDF) in each feed was
analysed using a heat stable amylase according to
Mertens (2002) and expressed excluding residual
ash. Acid detergent fibre (ADF) in feedstuff samples
was expressed excluding residual ash and analysed
according to AOAC International (2005).

Protozoa, short chain fatty acid (SCFA)
and pH

Ruminal fluid samples for counting protozoa
were fixed in 4% formaldehyde (Avantor Perfor-
mance Materials S. A., Gliwice, Poland) solution and
stored in tightly sealed containers at 4 °C. Protozoa in

formalin solution were identified and classified based
on morphological criteria, according to Dehority
(1993), and counted under a light microscope.

Rumen fluid samples for SCFA analysis were
preserved in formic acid (Avantor Performance
Materials S. A., Gliwice, Poland) and centrifuged;
the resulting supernatant was stored in glass vials
at 4 °C until SCFA determination. SCFA levels
were analysed by gas chromatography (GC-2010,
Shimadzu, Japan) using a capillary column (30 m X
0.25 mm i.d. x 0.25 pm film thickness), flame
ionization detector and helium as the carrier gas
(Miltko et al., 2016a). The pH was measured imme-
diately after sample collection with a pH meter (type
7011; ChemLand, Stargard, Poland).

Methane concentration was calculated using
molar proportions of SCFA (acetate, propionate, and
butyrate), as described by Moss et al. (2000).

Statistical analysis

The results are presented as mean and standard
error of the mean (SEM). The data were subjected
to repeated measure analysis of variance (ANOVA),
followed by Tukey’s HSD post-hoc test. The model
included the effects of treatment type, i.e. dietary
supplementation with humic substances (CON,
HS10, HS20), sampling time (0, 2, 4, 8 h), and their
interaction. Furthermore, the effect of periods (I,
I, III), as well as animals (three sheep) were also
analysed to verify the correctness of the planned ex-
periments. Sampling time was treated as a repeated
measure factor in the same unit (within subject).
Data normality was tested using the Shapiro-Wilk
test, and homogeneity of variance was tested with
Levene’s test. The results with abnormal distribu-
tion were transformed to natural logarithms. The
repeated measure ANOVA sphericity assumption
(Muchly’s test) was also verified. The level of sig-
nificance was assumed at P < 0.05 and trends at
P <0.1. The obtained results are shown in Tables 2
and 3 in the form of raw values, before logarithmic
transformation. All statistical analyses were per-
formed using the Statistica 10.0 software package
(StatSoft, Krakow, Poland).

Results

Protozoan counts

Generally, the number of total protozoa and
the genera Entodinium and Isotricha in the ru-
men of sheep was the highest before feeding (0 h)
and decreased 2 and 4 h after applying the rations.
However, the protozoan count 8 h after feeding
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increased and was similar to that before feeding
(Table 2). Sampling time and treatment affected the
size of populations of total protozoa and Entodinium
spp. in the rumen (P = 0.000 and P = 0.004, and
P =0.007 and P = 0.000, respectively) (Table 2).
Moreover, aninteractiontrend (T x Tre, P=0.061,and
P=0.071, respectively) was also observed. The pop-
ulation of total protozoa and the genus Entodinum in
the rumen was higher 2 h after the administration of
HS10 and HS20 diets compared to the CON ration.
Moreover, the abundance of these protozoan groups
was increased 8 h after feeding HS10 compared to
CON and HS20 diets.

There was no effect of treatment on the density
of the genera Diplodinium, Ophryoscolex, Isotricha
and Dasytricha in the rumen (P = 0.657, P = 0.538,
P =0.501 and P = 0.923, respectively) (Table 2).
Irrespective of treatments, the number of ciliate
genera, except for Ophryoscolex spp., was the high-
est before feeding or 8 h after feeding, while it was
the lowest at 2 and 4 h after feeding (P < 0.004)
(Table 2). Additionally, an interaction trend
(T x Tre, P =0.083) was detected with respect to the
number of Isotricha spp. in the rumen; the highest
was observed before feeding HS10 and the lowest
was 2 h after feeding CON diets.

Table 2. Concentration of protozoa (x10%/ml rumen fluid) in the sheep rumen

P-value
Specification  Tre 0h 2ht 4 ht 8 he Mean =~ SEM,, Main effect
T Tre T x Tre interaction
Total protozoa CON 60.42 26.65°  34.23% 50.972x 4307 4.286 0.000 0.004 0.061
HS10 74.58" 38.50° 47177 67.08°~ 56.83  4.626
HS20 73.28 4553 41.48 51.88%Y 53.06  3.892
Mean, 69.43 36.89 40.96 56.64
SEM, 3.248 2.953 2.099 3.159
Entodinium ~ CON 4852 20.702Y 28.31% 42352 3497  3.664 0.007 0.000 0.071
HS10 62.31 32.56°Y 42177 57.18>= 4855  3.904
HS20 61.29 39.05°Y 36.71Y 40.812Y 4447 3270
Mean, 57.37 30.77Y 35.7% 46.78
SEM, 3.537 2.965 2.250 3.023
Diplodinium ~ CON 1.67 0.88 0.92 0.71 1.04 0121 0.004 0.657 0.399
HS10 1.35¢ 0.65 0.77 1.30 1.02  0.119
HS20 1.38 0.80 0.83 0.63 091 0.162
Mean. 147 0.76Y 0.84v 0.88
SEM, 0.151 0.111 0.101 0.135
Ophryoscolex CON 1.70 0.76 1.16 1.08 117 0.140 0.599 0.538 0.882
HS10 1.76 0.57 0.65 0.62 090 0.179
HS20 1.46 1.00 0.61 1.42 112 0.206
Mean, 1.64 0.77 0.80 1.04
SEM, 0.194 0.166 0.162 0.167
Isotricha CON 257 0.97Y 1.09 1.81 1.61  0.203 0.000 0.501 0.083
HS10 3.0 141 0.96 2,78 204  0.340
HS20 1.97 114 1.07 2.44y 166  0.201
Mean. 2.5 147 1.04v 2.34
SEM, 0.290 0.131 0.132 0.200
Dasytricha CON 5.96 3.35 2.76 5.02 427 0489 0.000 0.923 0.974
HS10 6.14 3.32 2.62 5.20 432 0.621
HS20 7.18 3.54 2.26 6.59¢ 489 0.887
Mean, 6.43 3.40¥ 2.54y 5.60
SEM 0.925 0.297 0.403 0.524

N
Tre — treatment, T - time, SEM — standard error of the mean; CON - control, HS10 — humic substances in dose of 10 g/day/animal, HS20 — humic
substances in dose of 20 g/day/animal; ® samples were collected before morning feeding (at 0 h), and at 2, 4 h, 8 h after morning feeding; the
samples were collected at 1 following day, n = 3 for each group; different letters in a row (%2 — P < 0.05) show difference between sampling time
(0,2, 4, 8 h); different letters in a column (** — P < 0.05) show differences between treatments (CON, HS10 and HS20)
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Fermentation patterns

No effect of treatment was determined for
pH and SCFA concentration (P > 0.05) (Table 3).
Rumen pH ranged from 6.52 to 7.07. Postprandial
(2 and 4 h) pH of rumen fluid was lower than before
and 8 h after feeding in the control and experimental
groups (P =0.010).

The highest concentrations of total SCFA,
acetate and propionate were recorded 2 or 4 h after
feeding, while the lowest before feeding or 8 h

after sheep received the diets (P <0.001) (Table 3).
However, a suggestive statistical interaction trend
(T x Tre; P = 0.096) was found for acetic acid
concentrations; the highest was recorded 4 h after
feeding the HS20 diet and the lowest 8 h after
feeding the HS10 diet. The molar proportion of
butyrate was lower 8 h after feeding compared to
2 and 4 h postprandial values for CON and HS10.
The molar proportions of the sum of isobutyric,
valeric, and isovaleric acids were the lowest 8 h

Table 3. Ruminal pH, short-chain fatty acids (SCFA) concentration and composition (mM/100ml) and methane concentration (mM/100ml) in the

sheep rumen

P-value
Specification Tre 0hs 2ht 4nd 8h*  Mean,,  SEM Main effect
T Tre T x Tre interaction
pH CON 7.06* 6.56" 6.52Y 6.86* 6.75 0.097 0.010 0965 0.615
HS10 7.02¢ 6.65 6.59 6.95¢ 6.80 0.107
HS20 7.07 6.66 6.61Y 6.92¢ 6.81 0.085
Mean, 7.05* 6.617 6.57Y 6.91%
SEM, 0.079 0.089 0.096 0.094
Total SCFA CON 10.76* 13.30¢ 1410 10.74¢ 12.23 0472 0.000 0.872 0.108
HS10 11.74 13.54* 13.64Y 9.91 12.21 0.546
HS20 1210 12.81% 14.39 10.76* 12.52 0.476
Mean, 11.54x 13.22 14.05 10.47~
SEM., 0.282 0.239 0.407 0.318
Acetate CON 7.57% 9.35¥ 10.03 7.7%  8.67 0.328 0.000 0.929 0.096
HS10 8.29< 9.53¥ 9.90v 721 873 0.368
HS20 8.61* 8.98 10.14Y 7.68 8.85 0.338
Mean, 8.16 9.28 10.02 7.55¢
SEM, 0.203 0.165 0.283 0.216
Propionate CON 1.57* 215 2.2% 167 1.90 0.107 0.001 0611 0.211
HS10 1.66 2.05¢ 1.98 143 178 0.101
HS20 1.722 2.10% 2.31 1642 194 0.091
Mean, 1.65* 210 2.17* 1.58
SEM, 0.061 0.067 0.095 0.072
Butyrate CON 1.14 1.3 1.35¢ 1.000 120 0.050 0.004 0.884 0.137
HS10 1.27* 143 1.33% 095 1.4 0.067
HS20 1.28 1.26 1.40 106 125 0.054
Mean, 1.2 1.34% 1.36 1.00Y
SEM, 0.038 0.046 0.054 0.046
Branched chain* CON 0.48 0.48 0.49 033 044 0.022 0.000 0.505 0.386
HS10 0.51 0.5% 0.44 0.32» 045 0.031
HS20 0.49 0.47 0.54 0.38 047 0.022
Mean, 0.4 0.50% 0.4 0.34
SEM, 0.016 0.018 0.026 0.019
Methane CON 343 414 444 34%  3.86 0.137 0.021 0.897 0.075
HS10 3.79¢ 4.297 4.44y 323 394 0.164
HS20 3.91 3.97 449 34% 395 0.148
Mean, 371 413 4467 3.36v
SEM 0.093 0.073 0.121 0.101

T

Tre — treatment, T — time, SEM — standard error of the mean; CON — Control, HS10 — humic substances in dose of 10 g/day/animal,
HS20 — humic substances in dose of 20 g/day/animal; $ — samples were collected before moming feeding (at 0 h), and at 2, 4, 8 h after morning
feeding; * - isobutyric acid + valeric acid + isovaleric acid; the samples were collected at 1 following day, n = 3 for each group; different letters in
arow (¥ - P < 0.05) show difference between sampling time (0, 2, 4, 8 h)
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after feeding compared to 0 h and 2 h after the
administration of the HS10 ration.

Methane concentration increased 2 and 4 h af-
ter feeding the CON and HS10 diets and 4 h after
receiving the HS20 ration (P = 0.021) (Table 3). At
8 h after feeding, the concentration of this gas was
similar to that before feeding the animals. However,
an interaction trend (T x Tre; P = 0.075) was ob-
served, as methane concentration in the rumen was
the lowest 8 h after the administration of HS10 and
the highest 4 h after the HS20 diet.

Discussion

The use of HS as a natural additive for domestic
ruminants is a fairly novel approach. The HS used
in this study contained the following organic acids
(%): 65.0 humic and 5.0 fulvic acids. Other stud-
ies investigating the use of HS as a supplement in
ruminant rations have reported organic acid con-
centrations ranging from 55.1 to 89.8% (Varadyova
et al., 2009; McMurphy et al., 2011; Degirmencio-
glu, 2014; Terry et at., 2018b). The current results
can be difficult to interpret and discuss, as well as to
compare with other studies, because scientists use
various HS sources and doses with different content
of organic acids and other nutrients.

The role of protozoa in ruminal fermentation and
their contribution to the metabolism and nutrition of
the host is still the subject of research and contro-
versy. The concentration of protozoa in the rumen
is influenced by such factors as diet composition or
feeding frequency, and the outflow rate of digestive
content to the forestomaches (Michatowski, 1990;
Majewska et al., 2017b). The results of our study
suggested that HS10 or HS20 added to sheep diet,
as well as time after feeding, significantly increased
the abundance of total protozoa and the genera En-
todinium and Isotricha in the rumen of sheep. The
available data concerning the effect of HS on the
abundance of protozoan populations are inconsist-
ent. Varadyova et al. (2009) showed no effect of HS
(10 g/kg DM) and diet composition (high forage or
concentrate diet) on total protozoa and Entodinium
spp., and increased abundance of the genus Isotri-
cha, but only when HS and a high dose of forage
were added to the fermentation bottle. In contrast
to our study, Galip et al. (2010) found no significant
effect on the number of total ciliates and the genera
Entodinium and Isotricha in the rumen when rams
were fed 5 or 10 g/day HS. The increase in ruminal
protozoa abundance in the current study could be
due to a decrease in rumen fluid volume, lower fluid

phase turnover and relationships between proto-
zoa (Miltko et al., 2016b). Moreover, Michatowski
(1990) suggested that Isotricha spp. could rather
occupy a region near the rumen wall and migrate
to the ventral sac in the first hours after receiving
diets. Our study demonstrated that the population of
genera Isotricha was increased 8 h after receiving
the HS10 and HS20 diets. The identified protozoa
produced different hydrolytic enzymes and decom-
posed various types of carbohydrates. Entodinium
and Isotricha ciliates utilise small starch granules
and soluble sugars (Belanche et al., 2014). In turn,
our previous study showed that HS supplementation
to the sheep diet caused an increased amylolytic
activity in the rumen, before and 8 h after feeding
(Majewska et al., 2017a). It is likely that this food
additive stimulated the activity and growth not only
of amylolytic bacteria, but also protozoa, especially
Entodinium and Isotricha.

Physiological rumen digesta pH ranges from
5.5 to 7.5 and depends on the type and form of diet
and feeding frequency of ruminants. In the present
study, the ruminal pH values decreased 2 and 4 h
after feeding and increased 8 h after supplying the
diets. Thus, in general, HS did not significantly af-
fect rumen digesta pH values, but they were slightly
higher compared to CON. These results were con-
sistent with the findings of Marcin et al. (2020) and
Varadyova et al. (2009). Rumen pH fluctuations
can reflect the ratio of carbohydrate fermentation
to SCFA absorption and the buffering capacity of
rumen fluid (Majewska et al., 2021). On the other
hand, El-Zaiat et al. (2018) showed that supplemen-
tation with 2 g of humic substances per goat sig-
nificantly increased ruminal pH. According to these
authors, HS had a buffering capacity, which in turn
possibly led to ruminal pH stabilization. It cannot
be ruled out that a decrease in rumen pH after feed-
ing could result from an increased concentration of
lactic acid.

SCFAs are the primary end products of rumi-
nal microbial digestion of carbohydrates. The re-
sults of SCFA measurements seemed to indicate
that rumen fermentation was not affected by the ex-
perimental treatments; these results were consistent
with the findings of Terry et al. (2018b). However,
SCFA levels were increased 2 and 4 h after feed-
ing. Overall, our results appear to be in line with the
data reported by Sheng et al. (2019). Ruminal SCFA
concentrations were different between the sampling
times, which was likely due to changes in the rumen
microbial population. According to Newbold et al.
(2015), lower SCFA levels observed in defaunated
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ruminants appeared to emphasize the role of proto-
zoa in SCFA synthesis and feedstuff degradation in
the rumen. The increased abundance of total proto-
zoa before and 2 and 4 h after feeding the HS10 or
HS20 diets compared to CON ration administration
were accompanied by higher acetate concentrations.
Michatowski (1987) showed that protozoa produced
mainly acetate and butyrate and only trace amounts
of propionate (29—41 and 70-80, and 9-12%, re-
spectively). The ability of ruminal ciliates to absorb
exogenous fatty acids may redirect more carbon to-
wards SCFA production in preference to fatty acid
synthesis and ultimately increase SCFA content
(Newbold et al., 2015). It should be noted that other
factors can also affect the concentration of SCFA,
such as the liquid passage rate or acid absorption
rate (Kasperowicz et al., 2014); however, these fac-
tors were not examined in our study.

Methane is produced in the digestive tract of ru-
minants, particularly in the rumen by a specialized
group of microorganisms — methanogenic archaea
(Morgavi et al., 2010). In the rumen, methanogens
utilise mostly hydrogen and carbon dioxide as sub-
strates for methane production. However, other mi-
croorganisms engaged in hydrogen formation also
affect methane production. Protozoa belong to micro-
organisms that produce large quantities of hydrogen.
Recently, feed additives that can reduce methane pro-
duction by ruminants have been of interest. In the pres-
ent study, the dose of the supplemented diet did not
significantly affect methane concentration. However,
since a trend of the T x Tre interaction was observed
(P =0.075), deviations from the overall pattern were
also recorded. Moreover, this interaction was also
shown for total protozoa abundance in the sheep ru-
men (P = 0.061). In general, a moderate increase in
methane concentrations and protozoan counts was
observed in animals fed the HS10 and HS20 diets
compared to the CON diet. This suggested that ru-
minal protozoa could provide hydrogen to metha-
nogens for methane production. Moreover, the in-
creased molar proportion of acetate (observed trend
of T x Tre interaction) in the rumen of sheep fed the
HS diets in the present study could have also been
partially responsible for the increase in methane
levels. According to Moss et al. (2000), the formation
of acetate from pyruvate in the rumen produces hy-
drogen, which is the main substrate for methane pro-
duction. Our results were consistent with the findings
of Varadyova et al. (2009) and Terry et al. (2018a).
On the other hand, Sheng et al. (2019) reported a de-
crease in methane levels by 12.8% after 48 h of HS
incubation in rumen fluid. However, these authors

noted elevated methane concentrations at 6, 9, 12, 24,
and 48 h after 0.9 mg/ml HS addition the incubation
fluid.

Conclusions

According to the results of the present study,
humic substances supplemented to the sheep diets
increased the abundance of total protozoa and the
genera Entodinium and Isotricha in the rumen. It ap-
peared that humates could modify the production of
acetate and methane in the rumen, because modest
increases in these parameters were observed. This
suggests, that humic substances can intensify meth-
anogenesis in the rumen. However, our results are
not unequivocal and future studies on a larger num-
ber of animals, using different doses of humic sub-
stances, are needed to further elucidate their effect.
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