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Abstract. This study aims to determine the effect of the combination of protected (PSO) and non-protected
(SO) soybean oil supplementation on nutrient digestibility in vitro. Fatty acid protection using rejected milk
and formaldehyde. Feed substrate consists of 60% elephant grass and 40% bran pollard, then supplemented
with PSO and SO with various levels of balance, namely T1 (0%:5%), T2 (1.25%:3.75%), T3 (2.5%:2.5%),
T4 (3.75%:1, 25%), and T5 (5%:0%) based on dry matter (DM). This study consisted of three replications.
In vitro, the digestibility of dry matter (IVDMD), organic matter (IVOMD), crude protein (IVCPD), and
crude fiber (IVCFD) was determined using a two-stage in vitro technique (Tilley and Terry 1963, modified
by Utomo 2012). Data were analyzed using one-way ANOVA, followed by Duncan's test. Results revealed
that supplementation with PSO and SO at T4 and TS significantly increased total and rumen IVDMD and
total IVOMD (P<0.05), decreased rumen I[IVCPD, and had no effect on rumen IVOMD, total [IVCPD, and
both rumen and total IVCFD. In conclusion, 5% PSO supplementation did not negatively affect IVDMD,

IVOMD, and IVCFD but reduced IVCPD in ruminants.

1 Introduction

Oil is one of the feed ingredients as an energy source
needed by livestock with high production levels,
maintaining a balance between structural and non-
structural carbohydrates and optimizing the utilization
of digestible energy [1]. Oil supplementation rich in
polyunsaturated fatty acids has a positive impact, which
can be used as a methane gas production reducing agent
that captures hydrogen (hydrogen sink) in the
biohydrogenation process used in methane gas
formation [2]. In addition, oil can suppress toxicity
effects on protozoa and methanogens, and some rumen
microbes that digest fiber [3].

In addition to the positive impact, oil
supplementation rich in unsaturated fatty acids in
ruminant feed has a negative effect, which can be a
barrier to digestibility in the rumen. This is because the
oil will envelop the feed particles so that the work of
enzymes in the rumen is not maximized [4]. Oil
supplementation of more than 5% of the dry matter of
the ration has a negative impact by coating the feed and
physically blocking access for digestion or binding to
the surface of microbial cell membranes, which can
inhibit enzyme function and microbial enzyme
production. Therefore, excess oil supplementation in
feed can inhibit microbial activity in the rumen [5].
During the digestive process in the rumen, unsaturated
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fatty acids will undergo a biohydrogenation process by
rumen microbes into saturated fatty acids [6].

One way to reduce the negative impact of oil
supplementation for ruminants is to protect feed sources
of fatty acids, especially unsaturated fatty acids with
formaldehyde. Oil protection with formaldehyde in oil
supplementation in ruminant feed is one way to reduce
the negative effects of fat for ruminants so that feed
sources of fatty acids are not degraded in the rumen [7].
The principle of using formaldehyde in protecting fatty
acids is that formaldehyde will form chemical bonds
with proteins that are stable at neutral pH, which is the
pH in the rumen, and will be labile at acidic pH, which
is the pH of the abomasum [8§].

Soybean is a high-protein feed ingredient [9,10] and
an oil producer rich in unsaturated fatty acids. Soybean
oil contains 85% unsaturated fatty acids, the majority of
which is 53.86% linoleic acid [11]. Unsaturated fatty
acids contained in soybean oil supplemented in
ruminant feed can improve the chemical quality of meat
and milk [12, 13]. However, previous studies have
neither focused on nor verified the evaluation of the
effects of combining protected and non-protected
soybean oil supplementation on the efficiency of
nutrient digestibility in ruminants under in vitro
conditions. Therefore, this study was conducted to
determine the effect of the combination of protected and
non-protected soybean oil (Glycine max L.) on nutrient
digestibility in vitro.

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/).
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2 Materials and methods

2.1 Materials

Materials used in this study include soybean oil, skim
milk powder, 37% technical formaldehyde, rumen fluid
of fistulous Balinese cattle, and feed substrates
including elephant grass (Pennisetum purpureum) and
bran pollard (60:40), thoroughly homogenized and
ground to pass 1 mm screen.

2.2 Capsulation of soybean oil

The procedure for capsulation of unsaturated fatty acids
from soybean oil follows the method described by Tiven
et al. [7]. The preparation of protected fatty acids using
soybean oil begins with soybean oil and discarded milk
powder as a source of aldehyde-binding protein weighed
in a ratio of 1:2 based on DM sample rations and then
mixed until evenly distributed. The mixture was then
added with 37% technical formaldehyde at a dose of 2%
of the total weight of the mixture. The mixture was then
stirred again until homogeneous to form protected
soybean oil. There were five treatments of the
combination of PSO:SO, which was evaluated using in
vitro nutrient digestibility: T1 (0%:5%), T2
(1.25%:3.75%), T3 (2.5%:2.5%), T4 (3.75%:1, 25%),
and T5 (5%:0%).

2.3 Incubation and analytic methods

Fistulous Balinese cattle were fed an adapted diet for
one week, and then rumen fluid was collected before
feeding them in the morning. The rumen fluid was then
filtered using six-layer gauze and put into an insulated
bottle with a temperature of 39°C. Determination of
nutrient digestibility values using in vitro method [14]
modified by Utomo [15]. In vitro nutrient digestibility
was analyzed in two stages, namely stage one (48 h) and
stage two (96 h). The ratio of rumen fluid and buffer
medium was 1:4 (v/v). Twenty-five milliliters of rumen
buffer liquid were put into 50 ml glass tubes to
determine IVDMD and IVOMD, and 50 ml of rumen
buffer liquid was put into 100 ml glass tubes to
determine IVCPD and IVCFD. Fermenters were duplo
for each treatment and incubated at 39°C for 48 hours
and 96 hours. Chemical content analysis included
IVDMD, IVOMD, IVCPD, and IVCFD using [16]
method.

2.4 Statistical analysis

One-way analysis of variance (ANOVA) design was
used to analyze the data. The differences found among
means were tested by Duncan’s Multiple Range Test
(DMRT) using SPSS version 25.0.

3 Result and Discussion

The results showed that the TS combination treatment
significantly (P<0.05) increased DMD in the rumen and
total when compared to T1, T2, T3, and T4
combinations (Table 1). The results further showed that
there was no significant difference (P>0.05) with the
supplementation of a combination of protected and non-
protected soybean oil at all levels of the combination of
IVOMD in the rumen (Table 1). In contrast to [IVOMD
in the rumen, TS5 significantly (P<0.05) increased total
IVOMD when compared to T3 and T4 (Table 2).

The highest IVDMD and IVOMD results were oil
supplementation in TS5 given full protection treatment.
This shows that the negative impact of soybean oil
supplementation can be minimized such as toxic effects
on rumen microbes. This is in accordance with the
opinion of Wina and Susana[l17], which states that
unprotected oil can reduce feed digestibility higher
when compared to protected oil. Oil protection is a
solution to prevent the negative effects of oil through
direct toxic effects on rumen microbes. Research
conducted by Widianingrum et al. [18] showed that
adding 250 pL plus 2% formalin increased [IVDMD and
IVOMD both in the rumen and post-rumen. This is in
line with the opinion of Anam et al. [19], who stated that
a greater level of corn oil protection gave higher
IVDMD and IVOMD values. The positive impact of
supplementation of protected soybean oil can be seen in
Hanim's research (202 1-unpublished) which shows that
supplementation of protected soybean oil with an
increasing ratio in feed has a positive effect on the fatty
acid profile, namely higher unsaturated fatty acid levels
when compared to saturated fatty acids which are 58%-
67% and 28%-38% respectively.

Table 1. IVDMD in the rumen (48 h) and total (96 h) of feed
supplementation of protected (PSO) and non-protected (SO)
soybean oil in several ration.

I IVDMD(%)*
Treatments Ash %h
T1 37,722+1,88 50,922+0,82
T2 40,28°+0,70 49,52°+1,69
T3 40,94°+4,00 50,14°+£5,14
T4 40,95+4,14 51,84°+2,27
T5 48,122+2 35 57,41°+0,37

IT1: PSO 0% and SO 5%; T2: PSO 1,25% and SO 3,75%;
T3: PSO 2,5% and SO 2,5%; T4: PSO 3,75% and SO
1,25%; T5: PSO 5% and 0%.

2IVDMD: in vitro dry matter digestibility

abedgyperscripts within the same row indicate significant
difference (P<0.05)

The results of rumen IVOMD, which showed no
significant difference (P>0.05), were caused by the high
portion of forage feed in the ration used (Table 2). In
accordance with the opinion of Faizah et al. [20], the
absence of a significant difference is due to the high
ratio of the accompanying feed contained in the feed
ration used. A high proportion of fiber in feed can create
a stable rumen atmosphere for microbes in digesting
feed. Previous research [21-23] stated that the
proportion of feed fiber as much as the portion of fiber
in the ration of 60% can create ideal environmental
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conditions for rumen microbial activity. Agree with
Adeyemi et al. [24] who stated that Corotino oil
supplementation in rations with a balance of forage and
concentrates 50:50 also did not have a significant effect
on feed digestibility.

Table 2. IVOMD in the rumen (48 h) and total (96 h) of feed
supplementation of protected (PSO) and non-protected (SO)
soybean oil in several ration.

| IVOMD(%)*
Treatments A3 %h
T1 39,60+0,46 51,97%+0,52
T2 39,51+0,38 50,58%+1,51
T3 38,40+4,01 48,59°+4,93
T4 38,99+4,04 47,32°+1,60
T5 44,95+0,34 55,01°+0,33

IT1: PSO 0% and SO 5%; T2: PSO 1,25% and SO 3,75%;
T3: PSO 2,5% and SO 2,5%; T4: PSO 3,75% and SO
1,25%; T5: PSO 5% and 0%.

2IVOMD: in vitro organic matter digestibility
abedgyperscripts within the same row indicate significant
difference (P<0.05)

"not significant

The results showed that T3, T4, and TS significantly
(P<0.05) decreased IVCPD in the rumen when
compared to T1(Table 3). However, T2 did not show
any decrease in IVCPD in the rumen. In contrast to
IVCPD in the rumen, the results showed no significant
difference with the supplementation of a combination of
protected and unprotected soybean oil at all combination
balances on total [IVCPD (Table 3).

The highest IVCPD results were seen in T1. This is
thought to be due to the absence of formaldehyde
addition in the feed used in protecting soybean oil. The
use of formaldehyde is thought to exceed the needs in
protecting the oil of skimmed milk powder, so that free
formaldehyde does not bind to skimmed milk powder.
The use of aldehyde as a protection agent may have a
negative impact, namely being one of the defaunation
agents for the presence of protozoa in the rumen, so that
it can reduce the population of protozoa that are
responsible for degrading proteins in the rumen.
McDonald et al. [25] stated that protein in feed will be
hydrolyzed into peptides and amino acids by rumen
microbes, one of which is protozoa. Protozoa in the
rumen are one of the main proteolytic organisms that
play a role in protein degradation. Gebeyehu and
Mekasha [26] stated that defaunation is the removal of
protozoan microfauna from the rumen in various ways.
One of the methods used for defaunation is using
chemicals. Wandra et al. [27] stated that formaldehyde
is a chemical that can kill protozoa cells. The use of
formaldehyde in ruminant feed is sufficient with 1%
formaldehyde only. Increasing the level of
formaldehyde is not necessary, considering that
formaldehyde is a hazardous chemical that in large
quantities can reduce microbial activity [28], especially
the protozoa population [29]. This is in accordance with
the results of research on T3, T4, and T5 which show
that the higher the level of formaldehyde protection in
soybean oil, the IVCPD value will decrease as well. In

line with research conducted by Yusuf et al. [30] which
showed that sheabutter fat supplementation at the 5%
level resulted in the highest IVCPD then decreased at
the 10% and 0% levels. Wulandari et al. [31] showed
that supplementation of 0.4% protected CPO caused a
decrease in crude protein digestibility in the rumen.

Table 3. IVCPD in the rumen (48 h) and total (96 h) of feed
supplementation of protected (PSO) and non-protected (SO)
soybean oil in several ration.

1 IVCPD(%)>
Treatments Yy 96 1™
T1 52,84°£7,25 67,71+14,82
T2 45,32%+6,68 56,49£15,46
T3 42,90°+3,40 50,71+18,79
T4 33,61°+0,41 61,39+3,01
T5 37,58%+1,99 54,50+16,48

IT1: PSO 0% and SO 5%; T2: PSO 1,25% and SO 3,75%;
T3: PSO 2,5% and SO 2,5%; T4: PSO 3,75% and SO
1,25%; T5: PSO 5% and 0%.

2 IVCPD: in vitro crude protein digestibility
abedgyperscripts within the same row indicate significant
difference (P<0.05)

"not significant

*superscripts within the same row indicate highly
significant difference (P<0.01)

IVCPD total results that show no significant
differences are due to the strength of the protection in
the rations used, and presumably the composition of
nutrients, especially protein, which is not much different
between treatments. Anam et al. [19] stated that
formaldehyde has the ability to bind to proteins found in
skim milk which in turn will protect corn oil in feed
rations. Another factor that causes no difference in crude
protein digestibility is the low proportion of protein
from skim milk added to the ration. Another factor that
causes no significant difference in total IVCPD is the
rate of protein digestibility that occurs in the abomasum,
which is fairly short so that the protein in the feed,
especially the protected protein (skim milk), is not
completely released and causes incomplete protein
degradation. In line with the opinion of Riyanto et al.
[32], protein degradation can be influenced by the rate
of digestibility and the length of feed in the digestive
tract. The highly digestible crude protein will produce
more crude protein that the livestock's body can utilize.
Anam et al. [19] showed that supplementation of
protected corn oil with a balance of 1.25%, 2.5%,
3.75%, and 5% was not significantly different in total
crude protein digestibility. In line with the research of
[33] showed that supplementation of 2.99% soybean oil
and 2.99% protected unsaturated fatty acids did not give
a significant difference to total [VCPD.

Table 4. IVCFD in the rumen (48 h) and total (96 h) of feed
supplementation of protected (PSO) and non-protected (SO)
soybean oil in several ration.

1 IVCFD(%)>
Treatments A8 0 96 1™
T1 36,54+2,24 40,81+5,73
T2 33,15+6,84 42,01+7,95
T3 40,17+1,81 35,59+18,79
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T4 38,25+11,82 40,41+£2,86 but it does negatively affect crude protein digestibility
T5 35,71£1,22 38,04+5,03 in ruminants.

IT1: PSO 0% and SO 5%; T2: PSO 1,25% and SO 3,75%;
T3: PSO 2,5% and SO 2,5%; T4: PSO 3,75% and SO
1,25%; T5: PSO 5% and 0%.

2 IVCFD: in vitro crude fibre digestibility

"not significant

IVCEFD results showed that there was no significant
difference with the supplementation of a PSO and SO at
all combination balances on IVCFD in the rumen and
total (Table 4). This is thought to be the impact of
supplementing non-protected soybean oil in the ration at
a level of <5%. Oil supplementation with a level of <5%
of the ration DM is still within normal limits, so it does
not have a negative effect on the digestibility of feed
crude fiber in the rumen. In line with the opinion of [28]
stated that the use of fat in ruminant rations is very
limited, namely a maximum of 5% of the ration BK
because it can inhibit the activity of rumen microbes in
degrading crude fiber. This statement is supported by
the opinion of Anam et al. [19] stated that the addition
of 0il >5% of the ration DM can suppress the ability and
inhibit the metabolism of rumen microbes because oil
can wrap feed and close the surface access of microbial
cell membranes in contact with feed which in turn can
interfere with enzyme production to degrade feed.

The main reason for this is the protection of the oil,
which does not or suppresses the negative impact on
rumen microbes. In line with Tanuwiria et al. [34] who
stated that protection is a form of feed manipulation in
the rumen that aims to maximize the supply of nutrients
for livestock. Protection treatment of oil causes rumen
microbial activity to be normal because the protected oil
will go directly to the abomasum. Normal microbial
activity indicates the amount of feed consumed, and the
rate of feed in the rumen is no different. The faster flow
rate of feed particles leaving the rumen causes the
potential for feed ingredients to be degraded by rumen
microbes to be shorter so that it does not interfere with
fiber digestibility.

In line with the research of [1], which showed that
soybean oil supplementation of as much as 2.6% had no
significant difference (P>0.05) in crude fiber
digestibility both in the rumen and total. In line with Jalc
et al. [35], the supplementation of different unsaturated
fatty acids, namely oleic, linoleic, and linolenic acids, of
3.5% in the ratio, did not reduce NDF degradation. This
indicates that oil supplementation <5% of ration BK
does not have a negative impact on crude fiber
digestibility. The opposite results in the research of
Alexander et al. [36] which showed that
supplementation of 10% sunflower oil significantly
decreased crude fiber digestibility.

In conclusion, supplementing protected soybean oil
and soybean oil at a certain ratio on feed can affect the
nutrient digestibility of the rumen and post-rumen
fermentation. The supplementation of a combination of
protected and non-protected soybean oil 5%:0% doesn’t
have a negative effect on dry matter digestibility,
organic matter digestibility, and crude fiber digestibility,
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