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Abstract. Huda AN, Sabarudin A, Jayanegara A, Soetanto H. 2023. Fermentation parameters in the rumen of goats supplemented with
polyphenol oxidase derived from Gliricidia sepium leaves under in vitro conditions. Biodiversitas 24: 3282-3290. The growing demand
for healthy foods derived from ruminant products is restricted by the high content of saturated fatty acids in meat or milk due to the
process of rumen biohydrogenation. Recent reports from intensive studies using polyphenol oxidase (PPO), an enzyme in plants’
secondary metabolism, as the inhibitor of rumen biohydrogenation cost doubt of ruminant products. PPO is assumed to increase the
supply of UFA by reducing the rate of biohydrogenation due to rumen microbes’ activity. Microbes of the rumen, including species of
bacteria and protozoa are responsible for rumen biohydrogenation. The present study investigated the effect of adding PPO derived from
Gliricidia sepium leaves on fermentation parameters in the rumen, including protozoa density and diversity, fatty acid profile, volatile
fatty acid profile, and the efficiency of microbial protein synthesis under in vitro conditions. The experiment was carried out through an
in vitro rumen fermentation method, consisting of five treatments, i.e., negative control, positive control, the addition of 0.1 ml, 0.3 ml,
and 0.5 ml PPO emulsion. The most dominant type of protozoa among all treatments was Entodinium spp. PPO emulsion increases the
efficiency of microbial protein synthesis and volatile fatty acid concentration. 0.5 mL PPO emulsion increases linoleic acid. In
conclusion, this finding poses a question on the role of rumen protozoa in lipid biohydrogenation in the rumen. A further experiment on

the benefits of adding PPO regarding rumen biohydrogenation under in vivo conditions is warranted.
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INTRODUCTION

Lipid metabolism in the rumen is a complex system
consisting of two main processes, namely lipolysis and
biohydrogenation, in which rumen microbes play a
significant role. The changes in ingested dietary unsaturated
to saturated fatty acids remain unclear and are subject to
much controversy in the literature (Zhao et al. 2016;
Vargas et al. 2017; Li et al. 2023). Lipolysis is the process
where lipids are converted into free fatty acids by
microorganisms in the rumen. These microorganisms use
the enzyme lipase to break down dietary lipids (Enjalbert et
al. 2017; Ferlay et al. 2017). The lipolysis products in the
form of polyunsaturated fatty acids (PUFA) stimulate the
initiation of biohydrogenation, which results in the
formation of saturated fatty acids (SFA) that are manifested
in ruminant products such meat and milk (Ferlay et al.
2017; Morales and Ungerfeld 2015; Lanier et al. 2015).
Under this condition, ruminant products may become less
desirable or even undesirable by consumers, particularly
those who are susceptible to or suffer from cholesterol-
related diseases.

There is a growing demand for healthy food originating
from animal products and therefore, it is unsurprising that
massive and intensive studies have been conducted to

manipulate rumen biohydrogenation in the past two decades
(Kallas et al. 2014; de Neve et al. 2018; Gebreyowhans et al.
2019; Kholif et al. 2022). Lanier and Corl (2015) reviewed
the positive effect of PUFA protection by coating the
PUFA with formaldehyde-casein to increase the amount of
PUFA transitioned to the small intestine for absorption.
Therefore, the increased absorption of PUFA in the small
intestine will likely enrich the amount of PUFA contained
in the milk or meat. A similar benefit has been achieved
through the use of fatty acyl amides or calcium salts (Kliem
et al. 2013; Zymon et al. 2014; Freitas et al. 2018). Other
studies have shown that phenolic compounds such as
tannins also have the capability to modify the rumen
(Daning et al. 2022a; Daning et al. 2022b).

Recently polyphenol oxidase (PPO) extracted from
various plants has been demonstrated to influence the
rumen fatty acid digestion process. (Gadeyne et al. 2015;
Gadeyne et al. 2017; de Neve et al. 2018). PPO is the only
copper metalloenzyme oxidoreductase that can oxidize
phenol, causing a brown color change (Boeckx et al. 2015;
Jukanti 2017). A similar report focused on PPO extracted
from tropical lands, especially from Indonesia, which is
considered the second-biggest country in the world in terms
of biodiversity. The potential of PPO sourced from local
biodiversity ~will innovate the PPO effect on
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biohydrogenation even further.

Many studies have shown that the biohydrogenation
process is initiated through lipolysis by the rumen
microbes, especially rumen bacteria from the genus
Butirivibrio fibrisolvent and Anaerovibrio lipolytica (Conte
et al. 2017; Dewanckele et al. 2018). The role of other
rumen microbes, such as protozoa and fungi are less clear
due to the conflicting results dealing with the contribution
of rumen protozoa and fungi in either lipolysis or
subsequence  biochemical reaction of fatty acid
biohydrogenation. Newbold et al. (2015) reported an
increased amount of SFA when protozoa were absent from
the rumen which suggests that the most significant role in
the biohydrogenation of fatty acids is attributable to rumen
microbes. Fransisco et al. (2019) reported negative
relationships between the concentration of ciliates and the
proportion of PUFA in the rumen. Additionally, William et
al. (2020) reported a study that confirmed that protozoa
have no direct role in fat metabolism in the rumen. This
study also conducted an analysis of the fatty acid profile.

However, a study using in vitro digestibility trials should
be conducted to determine the amount and diversity of
rumen protozoa with the addition of PPO. This is little
information regarding the role of the rumen microbe type
in biohydrogenation and its abundance after the addition of
PPO compounds. Huda et al. (2022) used a simplicial of
potato peels as a PPO source through in vitro research and
stated that the treatment had an anti-protozoa effect in the
rumen fluid.

The objective of this research was to investigate the
effect of added dietary PPO derived from Gliricidia sepium
leaves (GL) on the protozoa population and diversity in the
rumen under in vitro conditions.

MATERIALS AND METHODS

Study area

This study lasted from April to August 2022 and was
conducted almost exclusively in the Animal Feed and
Nutrition Laboratory, Faculty of Animal Science,
Universitas Brawijaya, Malang, Indonesia.

Materials
Source of inoculum

Rumen digesta was collected from three goats that were
slaughtered at a small abattoir belonging to Malang
municipality immediately after the animals were
slaughtered. Approximately 2 L of rumen digesta was
transferred into a pre-warmed Thermo-flask and
transported to the laboratory. The flask content was filtered
through four layers of muslin cloth, and the liquid was
squeezed out to obtain a sufficient volume of rumen fluid
(RF). The RF was mixed with McDougall buffer solution at
aratio 1:4 (v/v), flushed with CO,, and the temperature was
maintained at 39-40°C to simulate the rumen environment.
The RF was kept fresh until it was utilized for subsequent
experiments.
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Procedures
PPO extraction and purification

This study used PPO compound as an in vitro
fermentation  simulation  procedure obtained from
extraction and purification processes. The extraction and
purification method used the Aqueous Two-Phase System
(ATPS) method as described by Panadare and Rathod
(2018) with samples of GL as a source of PPO. GL
weighing 100 g was frozen with liquid nitrogen at a ratio of
1:2 and then crushed using a mortar until it crumbled. After
that, it was soaked in 10 mM phosphate buffer saline (PBS)
overnight at 4°C and filtered using a muslin cloth. The
resulting filtrate was combined with 25% (NH,), SO4 and
centrifuged at 10,000 rpm for 20 min. The supernatant was
removed, and the pellet was diluted with 50 mM PBS and
dialyzed using the same buffer and dialysis tube. Upon
completion, crude PPO enzymes were obtained. The
production of the ATPS was performed by mixing 1 g of
crude enzyme, 5% (w/b) polyethylene glycol (PEG) 8000,
28.5% (w/b) PBS. and 10 g of distilled water were added;
this was then centrifuged at 10,000 rpm for 20 min. The
resulting supernatant from the centrifugation process is a
pure PPO compound. The enzyme was assayed using a
spectrophotometer based on the method described by
Falguera et al. (2012) and Wu et al. (2013). Briefly, 2.8 mL
of the pure PPO is mixed with 0.2 mL catechol as the
substrate inside a cuvette. Immediately the cuvette was
placed into a spectrophotometer and measured at a
wavelength of 420 nm. The reaction between the catechol
and PPO creates quinone, which changes the absorbance at
a rate of 0.001 M/min.

PUFA protection with PPO emulsification

To elucidate the role of PPO derived from GL as a
PUFA protector against biohydrogenation, the method
described by Gadeyne et al. (2017) was applied with the
modification of using a micro vibrator instead of a high-
speed Ultra Turrax. The emulsion consists of pure PPO
extract, whey protein isolate (WPI) as a stabilizer, and
catechol as a substrate at the ratio of 1:1:98 (v/v/v),
respectively. The PUFA source in this study was obtained
from linseed oil (Linum usitatissimum). Linseed oil consists
of 47% PUFA, 11% monounsaturated fatty acids (MUFA),
and 7% SFA (Wang et al. 2022). The ratio of linseed oil to
the emulsion mixture (PPO, WPI and catechol) was 3:10
(v/v), respectively.

In vitro digestibility procedure

In vitro digestion trials were conducted in accordance
with the Tilley and Terry method (Tilley and Terry 1963;
Alende et al. 2018). A complete diet consisting of 60%
Pennisetum purpureum and 40% concentrate used by Huda
et al. (2022) with dry matter (DM) content of 92.93%,
organic matter (OM) 86.54%, crude protein (CP) 10.91%,
complete feed (CF) 28.16%, and ether extract (EE) 2.29%
of DM. The CF weighing 0.5 g, was placed into the
fermenter tube, and then into the incubator at 39°C.
Meanwhile, the buffer solution was prepared by mixing
10.2 g Na;HPO,4.12H,0, 21.6 g NaHCOs, 1.3 g NaCl, and
1.25 g KCl and dissolved in distilled water to 440 mL. The
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buffer solution was mixed with 550 mL of RF, 44 ¢
MGClI,, 4.4 g CaCly, and 1751 mL of distilled water until
homogeneous while flushing with CO, to maintain
anaerobic conditions. The solution, which was a mixture of
buffer solution and RF, was put into the fermenter tube (50
mL) and PPO emulsion was added, according to the
following treatments: (i) Negative control: CF; (ii) Positive
control: CF + linseed oil; (iii) Treatment 1: CF + 0.1 mL
emulsion; (iv) Treatment 2: CF + 0.3 mL of emulsion; (V)
Treatment 3: CF + 0.5 mL emulsion. Each treatment
consisted of 10 fermenter tubes with two repetitions
analyzed at the same sampling time performed every 4, 8,
16, 24, and 48 h. Standard production uses the same
method, but the sample used is elephant grass (P.
purpureum) without the addition of linseed oil or emulsion,
while blanks are made without the addition of samples,
each of which has two replications. Every 4, 8, 16, 24, and
48 h an RF sample was taken from the fermenter tube to
stop the fermentation process. The solution was centrifuged
at 2,500 rpm for 15 min and preserved using formal saline
at a ratio of 1:6. Formal saline can be made by mixing 10%
formalin with 9 g NaCl and dissolving it in distilled water
uptolL.

Population density and diversity of protozoa

Density and diversity calculations use Sedgewick
Rafter chamber S52 with a volume of 1 mL3 The
observation of the protozoa was conducted without staining
and a total of 20 fields were observed using a Nikon
Upright Eclipse Ci-L Fluorescence Microscope. The
criteria used to identify the protozoa was based on
morphological characteristics described in Dehority (2018)
which include the presence of cilia on the body surface
area, number and location of cilia, shape and dimensions,
number and location of vacuoles, and presence of terminal
spines.

Fatty acid profile analysis

The concentration of long-chain fatty acids was
analyzed using the Gas Chromatography GC-FID type
Clarus 690 as described by Weatherly (2016). Gas
chromatography analyzed the fatty acid methyl ester
compound, which is formed from the sample extraction
process using organic solvents, and undergoes hydrolysis
and derivatization (Ostermann et al. 2014). While the short-
chain fatty acids were analyzed using the Gas
Chromatography Shimadzu GC-2010 Plus according to the
method described by Ribeiro et al. (2018).

Efficiency of microbial protein synthesis

The method to calculate the efficiency of microbial
protein synthesis is in accordance with that described by
Blimmel et al. (1997). After the termination of the 48 h
digestibility study, all fermenters were immersed in the
iced water for an hour to ensure that the fermentation
process had stopped. The fermenter content was then
transferred to a centrifuge tube and centrifuged at 12,000
rpm for 10 min. The true degradability value is obtained by
adding Neutral Detergent Solution (NDS) was added to the
residue. The residue was heated in an oven at 105°C and
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put in the furnace at 550°C. The values that must be known
to estimate the microbial biomass are apparent and true
degradability. The apparent degradability values are
obtained by following the same steps above but without
adding NDS. Furthermore, the calculation of the efficiency
of microbial protein synthesis was performed by
multiplying the microbial biomass with the microbial N
and 1000/DOMR (digestible organic matter rumen).

Data analysis

Observational data of protozoa diversity were analyzed
through morphological comparison between screenshots
from the microscope with references from Dehority (2018).
Meanwhile, the calculation data obtained were tabulated
using Microsoft Excel and an analysis of variance
(ANOVA) was performed with a factorial completely
randomized design (Sudarwati et al. 2019).

RESULTS AND DISCUSSION

Protozoal density and diversity under in vitro
conditions

Table 1 describes the dynamic of the protozoal rumen
density at the different incubation times and the effect of
adding linseed oil or PPO emulsion. There was a consistent
declining trend in the protozoal density with the increased
incubation time in PPO treated RF, resulting in a
statistically significant difference (P < 0.01). Treatment 1
has the lowest protozoa density in the initial 4 hours.
Treatment 2 has the lowest protozoa density in 48 hours.
The positive control shows a higher protozoal density
compared to the treatments and is higher than the negative
control. The higher values demonstrate the positive effect
of linseed oil on protozoa density. The present study shows
that the addition of PPO reduces the protozoal density.

The relative abundance of protozoal genera in the RF
was affected by the different treatments and are presented
in Table 2-6. There were nine identified genera across 40
samples of RF, namely Entodinium, Buetschlia,
Dasytricha, Isotricha, Charonina, Polypastron,
Oligoisotricha, Diplodinium, and Ostracodinium. There
was a tendency of the predominant genus of Entodinium
found across the sampled rumen fluid regardless of PPO
treatment and incubation time, except in the RF samples
with the addition of 0.1, 0.3, and 0.5 mL PPO emulsion at
24 h and 48 h incubation and was replaced by Buetschlia
and Dasytricha (see Table 4.C, 5.C, 5.D, 6.D).

Table 3 shows that the predominant genus at all
observation times was Entodinium. The genera that were
always present at all sampling times were Entodinium,
Buetschlia, and Charonina, which indicates the genus that is
most frequently identified in the rumen fluid.

Based on Table 4, it is known that there is a change in
the percentage of the present genus between Entodinium
and Buetschlia, between 4 h and 16 h incubation, the rate
of Entodinium genus was higher than that of Buetschlia. In
contrast, at the 24 h incubation, Entodinium was lower than
Buetschlia. At the 48 h incubation, Buestchlia experienced
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a decrease in percentage compared to Entodinium, which
experienced an increase.

Table 5 shows that the predominant genus percentage at
4 and 16 h was Entodinium, while at 24 h and 48 h,
Buetschlia was highest. The genus Oligoisotricha was
found at the 4, 24, and 48 h of observation.

Table 6 shows that the genus Entodinium had the
dominant percentage at 4, 16, and 24 h, while at 48 h, the
genus with the dominant percentage was Dasytricha. The
genera Oligoisotricha and Buetschlia were found at all
observation times. Among all the treatments, the genus
with the most dominant percentage was the protozoa type
which was easiest to observe under a microscope. The
percentage difference was also due to the protozoa's
locomotion apparatus, which allowed it to move.
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Entodinium was the dominant genus at all observation
times in the negative and positive control treatments,
whereas in the PPO treatments, the dominant genus varied.

The results of the morphological observations and
identification of protozoa under a microscope are presented
in Figure 1. The total protozoa portraits shown in Figure 1
are nine genera of the Genus Entodinium, Dasytricha,
Buetschila, Charonina, Oligoisotricha, Diplodinium,
Ostracodinium, Eudiplodinium, and Epidinium. The
protozoa with the most significant size were Eudiplodinium
maggi and Epidinium cattanei, which have the same size
range, length 115-112 um and width 73-143 um, while the
protozoa with the smallest size was Oligoisotricha bubali
which has a length of 12-22 ym and width 8-20 pm.

Table 1. Protozoal density in the rumen fluid at different incubation times (x 10° cells/mL rumen fluid)

Incubation time

Polyphenol oxidase treatments

(hours) Negative control Positive control Treatment 1 Treatment 2 Treatment 3 P-value
4 2.0889+0.066 1.779°+0.032 1.0092+0.018 1.073%+0.005 1.443°+0.016 0.01
8 1.190°+0.033 1.593%+0.074 0.869°+0.010 0.9372+0.025 1.044°+0.097 0.01
16 1.090°+0.008 1.371%+0.057 0.729°+0.007 0.583°+0.004 0.694°+0.008 0.01
24 0.933%+0.016 1.090°+0.041 0.625°+0.008 0.496°+0.009 0.566°+0.041 0.01
48 0.677°+0.033 0.933+0.016 0.485%+0.009 0.414°+0.058 0.501°+0.033 0.01

Note: Negative control: Complete feed, Positive control: Complete feed + 0.02 mL linseed oil, Treatment 1: Complete feed + 0.1 mL
emulsion, Treatment 2: Complete feed + 0.3 mL of emulsion, Treatment 3: Complete feed + 0.5 mL emulsion

Table 2. Relative abundance of rumen protozoal genera in the
negative control (no emulsion or linseed oil)

Table 4. Percentage of protozoa genera from treatment 1 (0.1 mL
of emulsion). A. 4 h, B. 16 h, C. 24 h, D. 48 h incubation

Incubation time (hours)

Incubation time (hours)

Genus 4 16 24 48 Genus 4 16 24 48

Percentage of abundance (%) Percentage of abundance (%)
Buetschlia 1.64 16.67  3.85 6.67 Buetschlia 6.90 2400 38.89 2857
Diplodinium - 13.33 - 6.67 Charonina 3.45 4.00 - -
Charonina 8.20 - 3.85 - Dasytricha 6.90 8.00 - 7.14
Dasytricha 3.28 - 3.85 - Elytroplastron - - 5.56 -
Entodinium 85.25 66.67 57.69 60.00 Entodinium 65.52 60.00 27.78 42.86
Isotricha 1.64 - - - Epidinium 6.90 4.00 27.78 -
Oligoisotricha - 3.33 30.77  20.00  Oligoisotricha 10.34 - - 21.43
Polypplastron - - - 6.67

Table 3. Percentage of genera from the positive control (linseed
oil only)

Table 5. Percentage of protozoa genera from treatment 2 (0.3 mL
of emulsion)

Incubation time (hours)

Incubation time (hours)

Genus 4 16 24 48
Percentage of abundance (%)
Buetschila 14.00 8.51 9.38 22.22
Charonina 6.00 8.51 3.13 3.70
Dasytricha 2.00 4.26 15.63 -
Diplodinum 12.00 2.13 - -
Entonidium 60.00 61.70 6250 70.37
Epidinium - 2.13 - -
Metadinium - - - 3.70
Oligoisotricha 2.00 10.64 6.25 -
Ostracodinium 2.00 - 3.13 -
Polyplastron 2.00 2.13 - -

Genus 4 16 24 48
Percentage of abundance (%)
Buetschlia 7.41 - 50.00 50.00
Charonina 3.70 - - -
Dasytricha - 11.76 - 7.14
Diplodinium 14.81 - - -
Enoploplastron 3.70 - - -
Entodinium 48.15 64.71 3125 2857
Eudiplodinium 3.70 17.65 - -
Metadinium 7.41 - - -
Oligoisotricha 3.70 - 1250 14.29
Ostracodinium 11.11 - - -
Polyplastron - 5.88 6.25 -
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Table 6. Percentage of protozoa genera from treatment 3 (0.5 mL  biohydrogenation process and stearic acid is a SFA which

of emulsion) is the final form of the biohydrogenation process
N (McSweeney and Fox 2020). Goat milk and meat mainly
Incubation time (hours) consist of trans fatty acids (C18:1) which is the intermediate

Genus 4 16 24 48

process of PUFA converting into SFA. The fatty acid

Percentage of abundance (%) oy ofjje of RF in RF treated with PPO derived from GL after

Buetschlia 463 667 1071 20.00 48 h of incubation is presented in Table 7. The data shows
Charonina 4.88 7.14 . . .

Dasytricha 2 44 10.71 30.00 an increase in the unsaturated fatty acid content, namely
Entodinium 53.66 53.33 4643 2500 linoleic acid, compared to the SFAs. Linoleic acid had the
Epidinium 3.57 highest concentration in the rumen in the 0.5 mL PPO
Eudiplodinium 488  26.67 emulsion treatment compared to the other treatments. In
Metadinium 6.67 contrast, the most elevated stearic acid was present in the
Oligoisotricha 17.07 667 25.00  positive control compared to the other treatments.
Ostracodinium 3.57 The addition of PPO significantly increased the PUFA
Polyplastron 2.44 17.86

concentration in the RF (linoleic acid, C 18:2), even though
SFA (stearic acid, C:18:0) was also increased compared to
the negative control. The addition of linseed oil increased
the PUFA significantly but doubled the stearic acid
percentage compared to the other treatments. The PPO
shows optimal results by increasing the PUFA and SFA which
result from interfering with the biohydrogenation process.

Ruminal fatty acid profile

The fatty acid profile in the present study was based on
linoleic acid (C18:2) and stearic acid (C18:0) in the rumen.
Linoleic acid is a PUFA that is considered to be harmful to
rumen bacteria and is the starting fatty acid form in

- %

o\
<
D E F
L: 44-110 um L:12-22 um L:24-41 um
W: 22-50 um W: 27-80 um W: 8-20 um W: 12-19 um

J K L
L: 42-60 um L: 30-40 um L: 28-70 um L:19-82 um
W: 25-40 um W: 25-43 um W: 20-25 um W: 25-50 um W: 15-50 pm

M N 0 P Q R
L: 120-190 um L: 75-100 um L: 84-125 um L: 90-133 um L: 115-212 um L: 115-212 um
W: 78-140 um W: 40-60 um W: 37-58 um W: 40-70 um W: 73-143 um W: 73-143 pm

Figure 1. Protozoa genera observed under the microscope. A. Entodinium dubardi, B. Dasytricha ruminantium, C. Buetschlia parva, D.
Entodinium longinucleatum, E. Oligoisotricha bubali, F. Charonina ventriculi, G. Diplodinium dentatum, H. Diplodinium lobatum, I.
Diplodinium monolobosum, J. Diplodinium polygonale, K. Entodinium caudatum, L. Entodinium dubardi, M. Polyplastron
multivesiculatum, N. Ostracodinium trivesiculatum, O. Ostracodinium rugoloricatum, P. Ostracodinium gracile, Q. Eudiplodinium
maggi, R. Epidinium cattanei, L: length, W: width



HUDA et al. — Fermentation parameters in the rumen of goats supplemented with polyphenol oxidase 3287

Ruminal volatile fatty acid profile

The volatile fatty acid profile of the RF after 48 h of
incubation is presented in Table 8. Table 8 shows the
variation in the data of the volatile fatty acid profile. The
acetic acid content increased from negative and positive
controls with the treatments using PPO. The highest acetic
acid content value was observed in the 0.5 mL PPO
emulsion treatment at 17.52 + 0.301 mMol. While the
highest propionate and butyric acid content were present in
the 0.3 mL PPO emulsion treatment, with concentrations of
4.03 £ 0.13 and 3.88 £ 0.01 mMol, respectively.

The efficiency of microbial protein synthesis

The efficiency value of the microbial protein synthesis
is presented in Table 9. Based on these data, the efficiency
value of the microbial protein synthesis increased linearly
with the addition of PPO compounds, especially when
compared to the negative and positive controls. The highest
value was observed in the treatment with the addition of
0.3 mL PPO emulsion, with 42.679 £+ 0.0005 g N/kg
DOMR. The value is in agreement with Table 1, which
shows that treatment 2 had the lowest amount of protozoa
present which can increase the microbial protein supply to
the host (Nguyen et al. 2020). In addition, the efficiency
value of microbial protein synthesis is influenced by the
type of feed consumed by ruminant animals. Anggraeny et
al. (2015) reported that high-fiber feed would produce a
relatively low-efficiency value for microbial protein
synthesis, around 16 g N/kg DOMR. However, the value is
higher the ruminant animals are fed a diet with a balanced
energy and protein content. The lower number of protozoa
results in a decrease in rumen ammonia and an increase in
microbial protein (Soetanto 2019).

Discussion

Tables 2-6 describe the diurnal variation of the relative
abundance of protozoa affected by adding linseed oil and

Table 7. Fatty acid profile

PPO emulsion. There was considerable variation in the
individual genus of rumen protozoa appearing throughout
the different incubation times. The most frequent genera
found throughout the study were Entodinium and Buestclia.
Formato et al. (2022) conducted a literature review study
on the relationship between polyphenol, PPO, and rumen
biohydrogenation. They concluded that it was unlikely to
inhibit biohydrogenation completely in the rumen;
however, the substances may slow down the bacterial
lipases. As a result, the addition of these substances may
increase the concentration of UFA but concomitantly
increases the SFA content. This concept is in agreement
with our findings (see Table 2). Regarding the relative
abundance of the rumen protozoa in the current study, the
addition of PPO significantly decreased the abundance
regardless of the PPO level. Accordingly, PPO emulsion
may pose a detrimental effect on the rumen protozoa, as
previously reported (Moumen et al. 2016; Enjalbert et al.
2017; Hassan et al. 2020; lbrahim et al. 2021). A lack of
protozoa can reduce nitrogen content and increase the
microbial protein supply in the hosts (Nguyen et al. 2020).
However, a reduction in the rumen protozoa abundance
significantly increases the microbial synthesis which may
increase the supply of N to the host animal.

Table 9. Efficiency of the microbial protein synthesis

Treatments (g N'kg DOMR)
Negative control 32.3012+0.0010
Positive control 33.772°+0.0007
0.1 mL PPO emulsion 36.606°+0.0008
0.3 mL PPO emulsion 42.679%+0.0005
0.5 mL PPO emulsion 41.945%+0.0006
P-value 0.01

Note: PPO: Polyphenol oxidase, DOMR: digestible organic

matter rumen

Linoleic acid (%)

% Increase

Stearic acid (%)

% Increase

Negative control 0.0150%+ 0.0071
Positive control 0.0650°+ 0.0494
0.1 mL PPO emulsion 0.01672+ 0.0057
0.3 mL PPO emulsion 0.04332+ 0.0208
0.5 mL PPO emulsion 0.0803°+ 0.0005
P-value 0.05

0 0.01502+ 0.0050 0
333.33 0.0275°+ 0.0176 83.33
11.33 0.0166%+ 0.0057 10.67
188.67 0.0175%+ 0.0050 16.67
435.33 0.0225% + 0.0095 50
0.05

Note: PPO: Polyphenol oxidase

Table 8. Volatile fatty acid profile

Acetic acid (mMol)

Propionic acid (mMol) Butyric acid (mMol)

Negative control 11.882+ 0.055
Positive control 13.37°+0.254
0.1 mL PPO emulsion 16.58°+ 0.315
0.3 mL PPO emulsion 17.389+ 0.162
0.5 mL PPO emulsion 17.52¢+ 0.301
P-value 0.01

2.39+0.135 1.13%+0.09
2.59°+0.124 1.627+0.10
4.03+0.357 3.8810.01
2.84910.227 2.81°+0.23
3.85%+0.095 3.03°+0.09
0.01 0.01

Note: PPO: Polyphenol oxidase
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The increase in the amount of linoleic acid as presented
in Table 7 shows the interference of the biohydrogenation
process through the mechanism of UFA protection by PPO
emulsion (Gadeyne et al. 2015; Gadeyne et al. 2017; de
Neve et al. 2018). Protozoa are thought to contribute to the
process of rumen biohydrogenation. As shown in Table 7,
there was an increase in the UFA content, namely linoleic
acid, in the treatment with added PPO emulsion-protected
linseed oil compared to added linseed oil alone. The
amount of stearic acid as SFA also decreased in the PPO
emulsion treatment compared to the positive control.

Feeding frequency affects the diurnal variation of the
rumen protozoa density (Lengowski et al. 2016). The
diversity of the rumen protozoa varies because it is
influenced by feed and feed intake (Leng 2014). The study
of in vitro protozoa density demonstrated different
conditions from in vivo due to the extensive rumen
fermentation conditions and has several sections. However,
the presence of protozoa in the rumen ecology is essential
to maintain stable rumen conditions and avoiding the risk
of acidosis, although it increases proteolysis and ammonia
concentration (Yuste et al. 2019).

Theories regarding the role of protozoa in rumen
biohydrogenation are still speculative (Leng 2014;
Fransisco et al. 2019). Research conducted by Ebrahimi et
al. (2015) reported that increasing palm oil fronds in goat
diets was thought to increase the protozoa abundance but
decrease the rate of biohydrogenation. However, in a study
conducted by Baldin et al. (2022), there was an increase in
the biohydrogenation rate of C18:3 with an increase in
protozoa abundance. In the review by Vasta et al. (2019) it
was stated that protozoa play an active role in the
degradation of organic matter in the rumen, including
lipids. The results of the study by Jafari et al. (2016)
reported that polyphenol treatment from papaya leaves
caused a decrease in the number of rumen protozoa,
followed by a decrease in the rate of biohydrogenation
marked by an increase in C18:1n-9 (oleic acid), C18:2n-6
(linoleic acid), and C18:3n-3 (a-linolenic acid). Francisco
et al. (2019) reported that protozoa had a positive
correlation in hydrogenated fatty acids until the formation
of t11-18:1 and c9, t11-18:2, where the further process to
form stearic acid was performed by other rumen
microorganisms such as bacteria.

In the absence of protozoa, the number of bacteria
increases substantially (Soetanto 2019). The activity of
rumen bacteria in this study is presented in Table 8 through
the concentration of volatile fatty acids. Acetic acid
showed an increase in the PPO treatment compared to the
negative and positive controls. The 0.5 mL PPO emulsion
treatment showed the highest acetic acid concentration,
while the highest propionate and butyric acids were present
in 0.1 mL PPO emulsion treatment. In line with the
research conducted by Newbold et al. (2015), a decrease in
the number of protozoa was followed by an increase in
acetic acid and a reduction of butyric acid concentration,
but the propionic acid concentration was not affected in the
rumen. Hidayah et al. (2014) reported that linseed oil
encapsulation  treatment  would  optimize  rumen
fermentation in terms of an increase in propionic acid in the
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treatment. The results from this study showed a linear
increase in propionic acid production in the PPO treatment
compared to the control. Concerning the activity of the
rumen bacteria, the efficiency value of the rumen microbial
protein synthesis (Table 9) indicates that the addition of
PPO increased the bacterial cell biomass, especially when
0.3 mL of PPO emulsion was added. The higher bacterial
cell biomass value suggests that the fermentation process in
the rumen was functioning optimally and could meet the
livestock nutrient need. Although the PPO compound
reduced the number of rumen protozoa, it did not
negatively affect bacterial activity.

Based on the research results, Entodinium was the most
common genus observed, especially in the negative and
positive control treatments. In the treatment with added
PPO emulsion (T1-T3), other genera were also dominant,
namely Buetschlia in T1 and T2 and Dasytricha in T3.
Other genera that were identified included Charonina,
Isotricha, Polypastron, and Oligoisotricha in the negative
control, while Diplodinium, Ostracodinium, and
Metadinium were also found in the positive control.
Another protozoa genus found in T1 was Eudiplodinium,
and Enoplopastron in T2. Entodinium was the dominant
protozoa and played a significant role in degrading the
crude fiber feed (Henderson et al. 2015). Eudiplodinium,
Dasytricha, Ostracodinium, Enoplopastron, and
Polypastron also have the ability to digest crude fiber with
different activity variations (Castillo-Gonzalez et al. 2014;
Aprilia et al. 2021). Protozoa in the holotrich category have
a strong preference for dietary starch (Patel and Ambalam
2018). Dasyctricha is another holotricha that utilizes
soluble carbohydrates. These abilities of feed degradation
are considered better than that of bacteria. The high
digestive ability of protozoa is a positive attribute;
however, not all protozoa can nourish the host animal as
not all protozoa can pass from the rumen to the lower
digestive tract (Soetanto 2019). The presence of Dasytricha
and Isotricha does not have a detrimental effect like that of
Entodinium on bacterial protein intake. Therefore,
fermentative becomes less efficient due to the activity of
Entodinium. Entodinium is common in adult ruminants,
while Buetschlia is more common in calves (Duarte et al.
2018). Duarte et al. (2018) reported that Buetschlia was
dominant in calves aged 6-8 months allowed to feed in
low-nutrient pastures of Brachiaria, compared to other
genera. Buetschlia is classified as a holotricha protozoa and
is commonly found in the rumen of domestic and wild
ruminants (Patel and Ambalam 2018; Firkins et al. 2020).
Buetschilia was the most identified genus of ruminal
ciliates in Nellore calves that were raised in tropical
pastures during the dry season without feed
supplementation (Duarte et al. 2018; dos Santos et al.
2021).

Nevertheless, there was no evidence found supporting
this in this study as Isotricha was only observed in very
low density in the negative control treatment and they were
absent in the other treatments. Therefore, it is unlikely that
protozoa play a significant role in fatty acid
biohydrogenation in the rumen.
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In conclusion, the addition of PPO emulsion to RF in
this study revealed that the protozoal abundance decreased
regardless of the PPO level, suggesting that PPO had a
detrimental effect on the rumen protozoa. Concomitantly,
the concentration of both UFA (linoleic acid) and SFA
(stearic acid) increased significantly, but the increased
increment of UFA was greater than that of SFA. This
finding poses the question of the role of the rumen protozoa
in lipid biohydrogenation in the rumen. Additionally, there
was a negative correlation between the relative abundance
of rumen protozoa and the increase of microbial protein
synthesis, indicating that the growth of rumen microbe
increases when the number of rumen protozoa is decreased.

The protozoa density decreased with the increase in
vitro rumen fermentation incubation time. A decrease in
protozoa density also occurred with the addition of PPO.
The results of this study indicate that there is a relationship
between the role of protozoa in rumen biohydrogenation
and the use of PPO compounds as rumen manipulation
biomarkers. This was determined through the observed
increase in the linoleic acid content (C 18:2) and decrease
in stearic acid content (C 18:0) in the RF when using PPO
emulsions. Further experiments on the benefits of adding
PPO regarding rumen biohydrogenation under in vivo
conditions are warranted.
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