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ABSTRACT

The objective of this study was to determine the chemical compounds of Iranian propolis (IP) extracts and
to show flavonoids and phenol effects on methane production, fermentation characteristics and rumen mi-
crobial population (in vitro). In this study two diets with different concentrate: forage ratios as (HC: high
concentrate) and (MC: middle concentrate), respectively as non-supplemented or supplemented with differ-
ent Iranian propolis (IP) extracts were used. The treatments were HC (control), HC + IP 25%, HC + IP
50%, HC + IP 75%, MC (control), MC + IP 25%, MC + IP 50% and MC + IP 75%, which means 25, 50
and 75 g of propolis in 100 mL ethanol 70%, respectively. The results showed that IP significantly in-
creased gas production in IP 75% with different concentrate: forage ratios. Adding IP caused a decrease in
pH, however this decrease was not significant in all treatments. There was a significant difference between
the effect of HC + IP 50% on NH3-N compared to the HC + IP 25% and HC. Adding IP 75% significantly
decreased CH, production compared to the other treatments. In HC diet, there was no significant difference
in total populations of protozoa and Ruminococcus albus between the individual IP 25%, 50%, 75% treat-
ments, however when they were considered as the group, a significant difference was observed between
them and the control group. The highest decrease and the highest increase in total populations of Prevotella
bryantii was observed in IP 75% and in IP25%, respectively. In MC diet, methanogens were significantly
reduced in IP 25%, 50% and 75%, compared to control treatment. The propolis extract caused improvement
in fermentation and decreased methane and nitrogen ammonia. This may help the nitrogen retain longer in
ruminants.

WA [e]:{p gas production, Iranian propolis extracts, methane production, microbial, rumen fer-
mentation.

INTRODUCTION

Nutritional strategies to improve the production of rumi-
nants have attracted the attention of nutritionists for several

years. Making use of some additives such as antibiotics and
probiotics in the diet leads to a remarkable reduction of
methane production in ruminants (McGuffey et al. 2001).

The risk of residue transmission into milk and meat and
the prohibition of utilizing antibiotics by the European Un-
ion in 2006 made the researchers exploit natural products to
manipulate rumen fermentation (Nisbet et al. 2009). The
plants have secondary compounds that affect ruminant’s
production positively (Wallace, 2004). These compounds,
including phenolic, change the fermentation conditions
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(pH, propionate proportion, and protein degradation) and
therefore affect rumen microbial metabolism (Balcells et al.
2012). Propolis is a bee product of plant origin. Bee work-
ers, over three weeks of age collect the resinous material
from leaves, buds and other plant parts and mixed it with
wax and beta-glucosidase enzyme secreted by them
(Castaldo and Capasso, 2002; El-Bassuony, 2009; Zia et al.
2009). Bees use propolis to disinfect combs, to fill up the
narrow openings of the hive, to strengthen the border of the
combs, and embalm dead intruders to protect the hive from
diseases (Marcucci, 1995; Bankova et al. 2000). The
chemical composition of propolis is not thoroughly known
as it differs according to locality. It mainly depends on the
characteristic feature of the flora (Bankova et al. 1992).
Meanwhile, raw propolis can hardly be used (Sforcin and
Bankova, 2011), it must be extracted with solvents to re-
move the unwanted substances and to keep phenolic com-
pounds (Cottica et al. 2011).

The propolis extract has numerous pharmacological
properties. It has antibacterial (Velikova et al. 2000), anti-
fungal (Murad et al. 2002), antiviral (Amoros et al. 1994),
local-anaesthetic (Paint and Metzner, 1979), anti-
inflammatory (Miyataka et al. 1997), antioxidant (Isla et al.
2001), and immunostimulating (Dimov et al. 1991) benefi-
cial activities. The existence of phenolic compounds in pro-
polis extract is known to cause the improvement of rumen
fermentation, reduction of NH;-N (Ozturk et al. 2010) and
methane (Oskoueian et al. 2013). Up to now, few investiga-
tions have been made of the effect of propolis extract on
rumen microbial population. The objective of this study
was to determine the chemical compounds of Iranian pro-
polis (IP) extracts and to examine phenolic effects on meth-
ane production, fermentation characteristics and in vitro
rumen microbial population.

MATERIALS AND METHODS

Origin of propolis

The Iranian propolis (IP) was collected from northeast Iran
(37° 37" 31.07" N,58° 43' 49.74" E), a mountainous region
with relatively cold weather (3 °C and 27% humidity) in
Khorasan Razavi, from Ehtesham Apiary in October 2014
from 5 hives. For this study approximately1700 g of propo-
lis was collected. The collected samples were weighed and
preserved in the refrigerator at 4 °C for extraction.

Preparation of propolis extracts

According to previous studies (Aguiar et al. 2014;
Mirzoeva et al. 1997) three extracts of IP [25%, 50% and
75%, which means 25, 50 and 75 g of propolis in 100 mL
ethanol 70%, were provided. Propolis extraction was per-
formed according to Sforcin et al. (2000) with some modi-
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fication. The IP was cut into small pieces (about 4-5 mm)
and extracted with ethanol 70% in a shaker (GFL model
3005, Germany) with 300 rpm at room temperature for 72
h. The ethanol extract solution was then filtered through a
Whatman No.41 filter paper. The ethanol was removed in a
rotary evaporator (Heidolph laborota 4000, Germany) at 42
°C for 30 min.

Phenolic compounds measurement
Total phenolic compounds of Iranian propolis were meas-
ured by Swain and Hillis (1959); (Table 1).

L) Total Phenolic compounds of Iranian propolis

ltems Total phenolic compounds
Control 0.00°

IP 25% (v/w) 2.23°

IP 50% (v/w) 6.34°

IP 75% (v/w) 7.79¢

SEM 0.007

P-value <0.001

IP: Iranian propolis.
The means within the same row with at least one common letter, do not have
significant difference (P>0.05).

SEM: standard error of the means.

Experimental diets and treatments

Two diets with different concentrate: forage ratios as 80:20
(HC: high concentrate) and 60:40 (MC: middle concentrate
as non-supplemented or supplemented), respectively, with
different IP extracts were used. The treatments were HC
(control), HC + IP 25%, HC + IP 50%, HC + IP 75%, MC
(control), MC + IP 25%, MC + IP 50% and MC + IP 75%.
Ingredients and chemical composition of the experimental
diets are shown in Table 2.

Chemical analysis

Dry matter content of feed samples was determined by dry-
ing the oven-dried samples at 65 °C to a constant weight
(AOAC, 2005). Ether extract (EE) (AOAC, 2005), and ash
content were determined after 3 h of incineration at 550 °C
in a muffle furnace (AOAC, 2005). Crude protein (CP)
(Kjeldahl N x 6.25) was measured by the block digestion
method using copper catalyst and steam distillation into
boric acid solution (AOAC, 2005) on a 2100 Kjeltec distil-
lation unit. Neutral detergent fiber (NDF) and acid deter-
gent fiber (ADF) were analyzed by the fibertec system
(1010 Heat Extractor, Tecator, Sweden) according to Van
Soest et al. (1991) and were corrected for ash. Sodium sul-
fite and heat-stable o-amylase (Sigma A3306; Sigma-
Aldrich, Steinheim, Germany) were used during NDF anal-
ysis.

In vitro gas production

Rumen fluid was collected from two ruminally fistulated
dairy cows (580+4.5 kg, body weight) prior to offering the
morning feed.
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1057 Ingredients and chemical composition of the experimental diets

Ingredients (% DM) MC diet HC diet
Alfalfa 5 5
Corn silage 15 15
Wheat straw 20 0
Barley 20.4 27.2
Corn 18 24
Soybean meal 4.8 6.4
Sugar pulp meal 3 4
Cotton seed 7.2 9.6
Wheat bran 6.3 8.4
Calcium carbonate 0.18 0.24
Salt 0.12 0.16
Chemical composition (%)

Dry matter 82 88
Crude protein 13.12 15.28
Ether extract 13.32 14.80
Neutral detergent fiber 48.30 35.10
Acid detergent fiber 22.80 16.42
Organic matter 93.04 92.24
Ash 6.96 7.76

HC: high concentrate; MC: middle concentrate and DM: dry matter.

Animals were fed 10.4 kg DM, a diet containing 50% al-
falfa hay, 20% wheat straw, 15% barley grain, 14% soy-
bean meal, and 1% mineral-vitamin premix (Ca: 195000
mg/kg; P: 90000 mg/kg; Na: 55000 mg/kg; Mg: 20000
mg/kg; vitamin A: 500000 IU; vitamin D;: 100000 U and
vitamin E: 100 IU).

Effect of IP on gas production was assessed by incubat-
ing approximately 200 mg experimental sample (2 mg IP
25%, 50% and 75%) with 30 mL of rumen buffer mixture
in 125 mL glass syringes based on Menke and Steingass
(1988) procedure.

For this procedure, ruminal content was immediately
blended and strained through four layers of cheesecloth to
eliminate large feed particles, and transferred to the labora-
tory in a pre-warmed thermos. A sample of 200 mg was
weighed into 125-mL serum bottles, in 3 runs and 12 repli-
cates. The filtrate was then mixed with carbonate buffer
(containing ammonium bicarbonate at 4 g/L), then sodium
bicarbonate (35 g/L in N-rich incubation medium and so-
dium bicarbonate at 39.25 g/L in N-low medium), macro-
mineral solution (5.7 g anhydrous Na,HPO,, 6.2 g anhy-
drous KH,PO, and 0.6 g MgSO, 7H,O per liter), and de-
ionized water in a ratio of 1:1:0.5:1.5 and 0.1 mL micro-
mineral solution (13.2 g CaCl,-2H,0, 10.0 g MnCl,-4H,0,
1 g CoCl,-6H,0 and 8.0 g FeCl;-6H,0 per 100 mL) were
included. The medium was reduced by the addition of 41.7
mL reducing agent (40 mL deionized water, 1 mL 1IN
NaOH and 1 gNa,S-9H,0) per liter. Twenty milliliters of
medium was dispensed into a 125-mL glass serum bottle,
the top of each was stopped with rubber and aluminum caps
and placed in a 39 degree centigrade water bath for 96 h.
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Blank samples, without substrate, were placed through-
out the water bath and used to measure gas production from
the medium alone. Rumen liquor was handled under a con-
stant stream of CO,, all containers used were pre-warmed at
39 degree centigrade and filled with CO,. Gas production
(mL) was recorded at 2, 4, 6, 8, 12, 16, 24, 36, 48, 72 and
96 h. Total gas values were corrected for blank with a
known gas production. After subtraction of gas production
from blank bottles, data were fitted to the exponential mod-
el of @rskov and McDonald (1979).

For methane measurement, at the 24 h of the incubation
period using the device of multiple gas detector (SR2-BIO
System, Sewerin, Germany). Methane production was de-
termined in four bottles of each treatment in each run.

In vitro rumen fermentation characteristics

Ammonia nitrogen (NH3-N) concentration was measured in
the supernatant wusing phenol-hypochlorite reaction
(Weatherburn, 1967). The pH was determined with pH me-
ter in 24™ h incubation.

Determination of ruminal flora

After 24 h incubation, for each treatment 4 ruminal fluid
samples were transferred to 1.5 mL microtubes containing
incubation on ice between shakings for disruption of mi-
crobial cell wall and detached microbes from feed particles.
Microtubes were centrifuged at 2000 x g for 5 min at 4 °C
for the sedimentation of feed particles, and supernatants
(200 pL) were transferred to fresh 1.5 mL microtubes. Ex-
traction of DNA was performed using a genomic DNA ex-
traction kit (AccuPrepTM, Bioneer Corporation, Daejeon,
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South Korea) equipped with spin columns according to the
manufacturer’s instructions.

The relative abundance of protozoa, methanogens, R. al-
bus, Prevotella bryantii, fibrolytic and amylolytic was
measured by real-time PCR and the Maxima® SYBR
Green/ROX qPCR Master Mix (2X) (K0221, Fermentas)
according to Valizadeh et al. (2010). Species-specific PCR
primers used in the present study to amplify partial 16S
rDNA regions are shown in Table 6. The reaction was as-
sayed in a 25 pL reaction mixture containing 12.5 pL of
SYBR Green PCR Master Mix Kit, 0.5 pL of primer mix-
ture containing 10 pmol of each primer, 1 uL of DNA tem-
plate and 11 pL of deionized water. SYBR Green qPCR
Master Mix contained Taq DNA polymerase, reaction buff-
er (KCI and (NH4)2S0O,), dNTPs, MgCl, and SYBR Green.
The DNA samples were not adjusted for differences in
DNA concentrations, but all relative comparisons were
made on basis of a constant volume of DNA-extract to ob-
tain optimal relative expression results in real-time PCR.
Amplification and detection were performed using an ABI
7300 Sequence Detection System (Applied Biosystems)
under the following conditions: initial denaturation at 95 °C
for 10 min was followed by 40 cycles of denaturation at 95
°C for 15 s, annealing at 60 °C for 30 s, and extension at 72
°C for 30 s. Amplicon specificity was performed via disso-
ciation curve analysis of PCR end products by enhancing
the temperature from 65 to 95 °C at a rate of 1 °C every 30
s. The relative abundances of protozoa, methanogens, R.
albus, Prevotella bryantii, fibrolytic and amylolytic were
determined using total bacteria as reference according to
the 24 method.

The fold change in protozoa and specific bacteria species
DNA in treatments with different concentrations of IP
compared with the control treatment was calculated by
normalizing protozoa and specific bacteria species DNA to
total bacterial DNA in the experimental groups and relating
that ratio to that of the control. Change in protozoa and cer-
tain bacteria species are reported as fold change in genomic
DNA per I uL of extracted DNA compared with control.

Statistical analysis

The trial was analyzed considering a completely random-
ized design by the general linear model (GLM) procedure of
SAS 9.1 (SAS, 2001). Means among treatment were com-
pared by Tukey test on following model:

yi=pntEi+Bj+ey

Where:

y: depended variable.
u: overall mean.

Ei: effect of IP extracts.
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Bj: effect of diet.
eij: residual error.

The values of a (the gas production from the immediately
soluble fraction), b (the gas production from the insoluble
fraction), a + b (potential extent of gas production), and c
(gas production rate constant for the insoluble fraction b)
were estimated using the nonlinear regression (NLIN) pro-
cedure of SAS.

RESULTS AND DISCUSSION

The total phenolic compounds of propolis are shown in
Table 1. As the results indicate, there were significant dif-
ferences (P>0.05) between control and IP 25%, IP 25% and
IP 50%, IP 50% and IP 75%.

The results of the different concentrations of IP on rumen
fermentation characteristics and in vitro gas production are
shown in Tables 3 to 5 and Figure 1 and 2, respectively.

The results of this study showed that IP led to a signifi-
cant (P<0.05) increase in gas production in IP 75% with
different concentrate: forage ratios however no significant
(P>0.05) difference was seen in other treatments. Adding
different concentrations of IP caused a decrease in pH,
however this decrease was not significant (P>0.05) in all
treatments.

In 60:40 (MC) diet, adding IP 25% and 50% did not sta-
tistically change NH3-N (P>0.05) compared to the control
treatment but there was a significant difference (P<0.05)
between the effect of IP 75% on NH3-N compared to the
others.

In 80:20 (HC) diet, there was neither significant differ-
ence between the effect of IP 25% on ny3 N and the control,
nor was there a significant difference between the effect of
IP 50% and 75%, while a significant difference (P<0.05)
between IP 50% and 75% and the rest was observed.

In 60:40 (MC) ration adding IP 25% reduced (P<0.05)
CH, production in comparison with the control and also IP
50% significantly reduced (P<0.05) it. Furthermore, IP 75%
statistically decreased (P<0.05) CH4 production compared
to the other treatments. It should be noted that the highest
decrease was observed in IP 75%.

In 80:20 (HC) diet, adding IP 25% did not significantly
(P>0.05) affect CH4 production compared to the control
treatment. For the other treatments, the same results as
60:40 (MC) ratio was obtained.

Rumen microbial population
The results of rumen microbial population are shown in
Tables 6, 7 and 8. In HC diet, there was a significant differ-
ence in the population of R. albus between IP 25% treat-
ment and the other treatments.
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Cumulative gas production (96h) in experimental diets

Cumulative gas production (96 h)

Treatments MC diet HC diet

Volume SEM P-value Volume SEM P-value
Control 77.30° 3.02 <0.0001 47.13° 3.38 <0.0001
IP 25% 71.74° - - 51.48° - -
IP 50% 79.63° - - 55.01° - -
P 75% 89.67° - - 67.60° - -

HC: high concentrate; MC: middle concentrate and IP: Iranian propolis.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
SEM: standard error of the means.

EEY Gas production parameters at 96 h incubation and half time of gas production (t1/2) of diets containing different IP extracts
Gas production parameters at 96 h incubation and half time of gas production (t1/2) of diets

Gas production parameters HC diet MC diet
b (mL/250 mg DM) c () t(1/2) b (mL/250 mg DM) c () t(1/2)
Control 76.13 0.08 8.66 68.09 0.08 8.66
1P 25% 69.91 0.08 8.66 74.29 0.08 8.66
1P 50% 78.24 0.08 8.66 78.81 0.08 8.66
1P 75% 89.20 0.10 6.93 90.08 0.11 6.3
HC: high concentrate; MC: middle concentrate; IP: Iranian propolis and DM: dry matter.
b: insoluble but fermentable; c: rate constant and t (1/2): time.
Effect of different concentration of IP on rumen in vitro characteristics with different diets
Treatments
Items MC diet HC diet
NH;-N (mmol/L) pH CH4 (mg) NH;-N (mmol/L) pH CH4 (mg)
Control 19.59°+0.44 6.80+0.06 21.26°+0.57 20.78°+0.32 6.60+0.07 19.74°+0.66
1P 25% 19.17°+0.44 6.70+0.06 20.89"+0.57 20.68°+0.32 6.58+0.07 16.78°+0.66
1P 50% 18.58%+0.44 6.60+0.06 18.65°+0.57 19.11°+0.32 6.51+0.07 17.67"+0.66
IP 75% 17.22°+0.44 6.53+0.06 14.99°40.57 18.73+0.32 6.520.07 14.77°+0.66
SEM 1.75 0.01 0.99 0.94 0.02 1.31
P-value <0.0001 0.67 <0.0001 <0.0001 0.10 <0.0001

HC: high concentrate; MC: middle concentrate and IP: Iranian propolis.
NH;-N: nitrogen ammonia and CH,: methane gas.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

In addition, there was no significant difference in total
populations of protozoa between the individual 1P 25%,
50%, 75% treatments, however when they were considered
as a group, a significant difference was observed between
them and the control group. There was no significant dif-
ference in total populations of Prevotella bryantii between
the individual control, IP50%, 75% treatments, but when
they were considered as a group, a significant difference
was observed between them and the IP 25% group. The
highest decrease and the highest increase in total popula-
tions of Prevotella bryantii was seen in IP 75%, and in
1P25%, respectively. There was no significant difference in
total populations of methanogens, fibrolytic and amylolytic
between IP 75% and 50%, however a significant difference
between both of them and IP 25% and control was seen. It
should be noted that there was a significant difference be-
tween IP 25% and control. In MC diet, there was a signifi-
cant (P<0.05) decrease in the population of protozoa in IP
75% compared to the others.
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The population of R. albus was not significantly affected
in IP 50% compared to control, but a significant decrease
was observed in IP 25% compared to control. It should be
noted that the highest decrease in the population of R. albus
was observed in IP 75%. The population of Prevotella bry-
antii was statistically reduced in IP 25%, 50%, and 75%
compared to the control. Fibrolytic microorganisms signifi-
cantly decreased in IP 25%, 50% and 75% compared to
control.

Protozoa and amylolytic populations were not statisti-
cally affected in IP 25%, 50% compared to control, how-
ever they were statistically affected in IP 75% compared to
control. Methanogens were significantly (P<0.05) reduced
in IP 25%, 50%, and 75% compared to control treatment.
The results of the recent experiment indicated that the add-
ing of IP 75% led to the increase of gas production (Figures
1 and 2) which can probably the cause of propionate de-
crease and butyrate increase (Ozturk et al. 2010; Oskoueian
etal. 2013).
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Additionally the increase of gas production and propion- fermentation. The present study signified that adding vari-
ate decrease and butyrate increase means that propolis can ous levels of IP in rumen fluid caused the NH3;-N concen-
improve the rumen fermentation. Finally, it can be con- tration to be statistically reduced (P<0.05) compared with
cluded that the increase in gas production is a sign of better control treatment.
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PCR primer sets for real-time PCR assay

Target species Forward/reverse Primer sequence References
F GTGSTGCAYGGYTGTCGTCA
Total i M l. (2
otal bacteria R ACGTCRTCCMCACCTTCCTC aeda et al. (2003)
F CCCTAAAAGCAGTCTTAGTTCG
R. alb Koike and Kob hi (2001
aibus R CCTCCTTGCGGTTAGAACA oike and Kobayashi (2001)
. F ACCTTACGGTGGCAGTGTCTC
Prevotella bryantii
R ACTGCAGCGCGAACTGTCAGA
F GTTCGGAATTACTGGGCGTAAA
Fibrolyti D M 2
ibrolytic R CGCCTGCCCCTGAACTATC enman and McSweeney (2006)
. F ATGCAAGTCGAACGGTAACAGCAG
Amylolytic
R GCACCCGTTTCCAGGTGTTGTCC
F TTCGGTGGATCDCARAGRGC
Meth D l. (2
cihatiogens R GBARGTCGWAWCCGTAGAATCC enman et al. (2007)
F GCTTTCGWTGGTAGTGTATT
Protozoa Denman et al. (2007)
R CTTGCCCTCYAATCGTWCT

Effects of different concentration of Iranian propolis (IP) on ruminal microorganism population in high concentrate (HC) diet’

Items Control 1P 25% IP 50% IP 75% SEM P-value
R. albus 18 4196.92° -2.96* 0.53 633.55 0.0100
Prevotella bryantii 1* 941.90° -31.80° -41.48° 46.02 <0.0001
Fibrolytic 1% 124.19* -7.25° -116.97° 33.69 0.0100
Amylolytic 1% 569.81° -1.38° 3.67° 144.80 0.1100
Methanogens 1 2118.62* -4.66° -1.59° 513.75 0.0900
Protozoa 18 218.35 -11.79° -11.31° 24.07 0.0015

" Fold change compared to control.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

Effects of different concentration of Iranian propolis (IP) on ruminal microorganism population in middle concentrate (MC) diet”
Items Control IP 25% 1P 50% IP 75% SEM P-value
R. albus 1# 3750 -1.26* -6.61° 0.45 <0.0001
Prevotella bryantii 1* -9.38® -6.69" -15.14° 2.33 0.04
Fibrolytic 18 -74.12° -2612.68° -1523.20° 605.03 0.0600
Amylolytic 1% -1.92%® -10.58% -50.79° 12.85 0.0800
Methanogens 1* 3.57° -16.04° -7.12¢ 2.13 0.0075
Protozoa 18 -5.76" -6.79° -47.04° 6.82 0.0051

" Fold change compared to control.

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

SEM: standard error of the means.

The outcome of the experiment coincided with published
data (Ozturk et al. 2010; Oliveira et al. 2004; Oliveira et al.
2006). The reason for the reduction of NH;-N concentration
by addition of IP can be related to the decrease of deamina-
tion of amino acids and/or reduced growth rate of amino
acid- fermenting bacteria. The research concluded that the
IP in two experimental ratios led to the significant decrease
of CH4 compared with that in control group. The higher
decrease of Gram-positive bacteria in proportion to gram-
negative bacteria (Mirzoeva et al. 1997; Padmavati et al.
1997) can be the possible cause of adding IP to the ratios.
Furthermore, there is a possibility that the antiprotozoal
effect of IP (Rispoli et al. 2009; Kreuzer et al. 1986; Santos
et al. 2016) causes the decrease of protozoa population and
subsequently hinders the production of CH4 by changing
the reducing equivalents of CH,4 to propionate synthesis in
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the rumen. The above mentioned conclusions verified the
findings of by Patra et al. (2006) and Tavendale et al.
(2005). Finally, it should be noted that decreasing the meth-
ane production will be beneficial to the environment and
will also decrease wasting of digestion energy in ruminants
(Makkar and Harinder, 2007). Up to now few studies have
been made on the effect of propolis on the population of
rumen micro-organisms and what has been conducted is
generally obtained in pure culture. The goal of this study
was to find the effect of IP on the rumen characteristics
with various ratios and also the reciprocal effect of rumen

micro-organisms in the presence of propolis. The result of
this study indicated that in HC diet the population of
Prevotella bryantii in IP 75% did not statistically change.
No similarity was observed between the results of this study
on R. albus with the findings of Aguiar et al. (2013).
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A reason for this dissimilarity can probably be the recip-
rocal effect of other bacteria on micro-organisms or the
feed used in the experiment. There is remarkable similarity
between the concluded result of MC diet and that obtained
by Ware et al. (1989) and Krause et al. (1999). Regarding
the difference existing between genotypes and physiologi-
cal properties of R. albus strains the reason for the similar-
ity can be found either in their cellulatic system, fiber di-
gestion capabilities or in their ability to produce H,. The
study concluded that the addition of IP to the rumen fluid
makes the population of methanogens and protozoa in both
experimental diets decrease.

This is quite similar to what attained by Oskoueian et al.
(2013). A reason for the decrease can possibly be the pres-
ence of phenolic compounds (Bodas et al. 2012) in propolis
extract and their antiprotozoal effect (Rispoli et al. 2009;
Kreuzer et al. 1986). Propolis has bacteriostatic activity
against Gram-positive and some Gram-negative bacteria
(Mirzoeva et al. 1997). The function of propolis depends on
the change in bio energetic condition of the bacterial mem-
brane that hinders bacterial motility. Future research can be
done on the effects of propolis on the in vivo rumen micro-
biota.

CONCLUSION

The propolis extract caused improved fermentation and
decreased methane and nitrogen ammonia. This may help
the nitrogen retain longer in ruminants.
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