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Abstract. The research aimed to examine the effect of red dragon fruit skin and guava leaves supplemented
into beef cattle feed on the concentration of partial VFA and methane gas production. The in vitro study was
conducted in a completely randomized design (CRD) with 3 treatments, namely PO: 50 % concentrate + 50 %
ammoniated straw (Control), P1: 50 % concentrate + 50 % ammoniated straw + 5 % red dragon fruit skin flour,
and P2: 50 % concentrate + 50 % ammonia straw + 5 % red dragon fruit skin flour + 2.5 % guava leaf flour. The
concentrate consisted of 2 parts of rice bran and 1 part of coconut meal. The ratio of concentrat and
ammoniated rice straw was 50:50. Each treatment was repeated 6 times. The results showed that the
concentration of acetic acid, butyrate and methane gas decreased while the concentration of propionate
increased with the addition of red dragon fruit and guava leaves. The research concluded that the addition of 5
% red dragon fruit skin flour combined with 2.5 % guava leaves flour in beef cattle feed could further reduce
the concentration of acetic acid, butyric acid and the production of methane gas, but increase the
concentration of propionic acid. It is suggested that defaunated agents of red dragon fruit skin and guava
leaves could reduce the production of methane gas in the rumen of beef cattle.
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Abstrak. Penelitian ini bertujuan untuk mengetahui pengaruh pemberian kulit buah naga merah dan daun
jambu biji ke dalam pakan sapi potong terhadap konsentrasi VFA parsial dan produksi gas metan. Penelitian in
vitro dilakukan dalam Rancangan Acak Lengkap (RAL) dengan 3 perlakuan yaitu PO: konsentrat 50% + jerami
amoniasi 50% (Kontrol), P1: konsentrat 50% + jerami amoniasi 50% + tepung kulit buah naga merah 5% , dan
P2: konsentrat 50% + jerami amonia 50% + tepung kulit buah naga merah 5% + 2,5% tepung daun jambu biji.
Konsentrat terdiri dari 2 bagian dedak padi dan 1 bagian bungkil kelapa. Rasio Konsentrat dan jerami padi
amoniasi adalah 50:50. Setiap perlakuan diulang sebanyak 6 kali. Hasil penelitian menunjukkan bahwa
konsentrasi asam asetat, butirat dan gas metan mengalami penurunan, sedangkan konsentrasi propionat
meningkat dengan penambahan tepung kulit buah naga merah dan tepung daun jambu biji. Hasil penelitian
menyimpulkan bahwa penambahan 5% tepung kulit buah naga merah yang dikombinasikan dengan 2,5%
tepung daun jambu biji pada pakan sapi potong dapat menurunkan konsentrasi asam asetat, asam butirat dan
produksi gas metan, tetapi meningkatkan konsentrasi asam propionat. Agen defaunasi kulit buah naga merah
dan daun jambu biji dapat menurunkan produksi gas metan dalam rumen sapi potong.

Kata kunci: kulit buah naga merah, daun jambu biji, konsentrasi VFA parsial, produksi gas metan

Introduction this include the provision of low-quality feed

Beef cattle is one of the meat suppliers with ~ (SUPrapto, 2013). Low-quality feed will cause

potential development in Indonesia. Optimizing digestive disturbances in the rumen because

meat production in beef cattle is made possible ~ Protozoa will prey on bacteria (Kurniawati

by improving various aspects, namely genetics, 2009). It is detrimental because rumen bacteria

animal health. environment. and feed. The are the primary source of microbial protein for

productivity level of beef cattle in Indonesia, ~ NOst animals. Meanwhile, protozoa, being the

especially those bred by traditional breeders is predatory microorganisms, will remain in the

still relatively low. The contributing factors to rumen and experience lysis without undergoing
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digestive processes in the subsequent digestive
tract.

The number of protozoa must be pressed so
that the number of bacteria does not go down,
to produce microbial proteins that can be
utilized by host animals. In addition, protozoa
are symbiotic with methanogenic bacteria that
produce methane gas, rendering livestock lose
a lot of energy and affects global warming. The
efforts to reduce total protozoa include using
dragon fruit skin and guava leaves as a
defaunation agent.
phytochemical

fruit  skin

(Hylocereus costaricensis) contains alkaloids,

Red dragon

steroids, triterpenoids, and flavonoids (Saneto,
2008). According to Kurniawati (2006), the
chemical composition in guava leavesis 9 - 12 %
tannins, saponins, essential oils, malic acid,
ursolic acid, psydiolic acid, kratogolic acid,
oleanolic acid, guajavarin acid, and vitamins.
Red dragon fruit skin and guava leaves are
agricultural wastes containing saponins and
tannins that can be a defaunation agent. The
abundant availability of guava plants (Psidium
guajava L) in Indonesia includes the 10,800-ha
harvested area of guava plants with a total
production value of 212,260 tons. Java Island is
the largest center for guava cultivation in
Indonesia (BPS, 2016), whereas red dragon fruit
skin weighs 30-35 % of fruit weight. Research
using red dragon fruit skin has been carried out
with a level of 4%, but only able to reduce the
number of live protozoa by 4 % and methane
gas by 9 % (Susiani, 2018). At the same time,
research on guava leaves as a defaunation

agent has not been done much. Therefore, the
combination of red dragon fruit skin and guava
leaves could reduce the total living protozoa
and methane gas production. Based on this
description, it is necessary to research to
determine the effect of giving red dragon fruit
skin and guava leaves on ammoniated rice
rumen fermentation

straw-based feed to

products.

Materials and Methods

The research was an in vitro experimental
method (Tilley and Terry, 1963 modified by
Sutardi, 1979). The experiment used rumen
fluid from 3 male beef cattle aged > two years,
taken from Bantarwuni abattoir, Kembaran sub-
district,
slaughtered. Other materials were guava leaf
fruit
ammoniated rice straw, and concentrates
(66.67% rice brand and 33.33% coconut meal).
The ratio of concentrate to ammonia rice straw

immediately after the cows were

flour, red dragon skin flour, and

was 50:50. Table 1 shows the nutrient content
of feed ingredients, and Table 2 illustrates the
ration composition.

The research design used was Completely
Randomized Design (CRD), 3 types of treatment
50 % concentrate + 50 %
straw (Control); P1: 50 %
concentrate + 50 % ammoniated straw + 5 %

namely PO:
ammoniated

red dragon fruit skin flour; P2: 50 % concentrate
+ 50 % ammoniated straw + 5 % red dragon
fruit skin flour + 2.5 % guava leaf flour. Each
treatment was repeated six times, so there
were 18 treatment units.

Table 1. The nutrient content of the feed ingredients for the treatment ration

Dry Matter  Ash Crude Crude Fat Crude Nitrogen
Bahan Pakan (%) (%) Protein (%) Fiber Free Extract
(%) (%) (%)
Concentrate 89.63 6.38 14.10 11.11 19.98 48.43
Rice bran 89.66 6.85 12.62 11.25 19.54 49.72
Coconut meal 89.58 5.45 17.05 10.82 20.86 45.83
Ammoniated rice straw  93.16 20.65 5.23 2.03 43.06 29.03
Red dragon fruit skin 88.61 14.77 9.68 0.46 25.61 49.48
Guava leaf 90.37 4.76 13.26 1.19 34.27 46.52

174



Aziz Nur Rahmat et al./Animal Production. 22(3):173-180, 2020
Accredited by Kemenristek Dikti No 32a/E/KPT/2017. ISSN 1411-2027

Table 2. The arrangement of ration treatment

Feed | di P1 P2 P3
eed Ingredients %) ) )
Ammoniated rice straw 50 50 50
Concentrate 50 50 50
Red dragon fruit skin flour - 5 5
Guava leaf flour - - 2.5
Total 100 105 107.5
Dry Matter (%) 94.40 95.83 98.09
Ash (%BK) 13.52 14.26 14.37
Crude Protein (%BK) 9.66 10.15 10.48
Crude Fat (%BK) 6.57 6.59 6.62
Crude Fiber (%BK) 31.52 32.80 33.66
Nitrogen Free Extract (%BK) 38.73 41.21 42.37

Description: PO: 50% Concentrate + 50% Ammonia Straw (Control) P1: 50% Concentrate + 50% Ammonia straw + 5% Red
dragon fruit skin flour P2: 50% Concentrate + 50% Ammonia straw + 5% Red dragon fruit skin flour + 2.5% Guava leaf flour

The measured variables are 1). The partial
VFA concentrations followed the Georing and
van Soest methods (1970), 2). Methane gas
production (CH4) was calculated using the
formula Orskov and Ryle (1990). The research
was conducted at the Laboratory of Animal
Nutrition and Feed Sciences (INMT), Faculty of
Animal  Husbandry, Jenderal Soedirman
University, Purwokerto. The analysis of partial
VFA concentrations was accomplished at the
TPHP Faculty of Gadjah Mada University,

Yogyakarta.

Results and Discussion
Partial concentration of Volatile Fatty Acids
(VFA)

VFA components in rumen fluid are acetic
acid, propionic acid, and butyric acid. Table 3
shows the result of the in vitro study of the
supplementation of red dragon fruit skin and
guava leaves in beef cattle feed on Volatile
Fatty Acids (VFA) concentration.

The average partial VFA concentrations of
this study were higher than the report by
(2014)
supplementation, tannin, and tannin saponin

Wahyuni using saponin
combination, namely 72.53-78.83 mM acetic
acid, 13.30-17.19 mM propionic acid, and 4.82-

11.49 butyric acid. According to Suwandyastuti
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VFA
in ration

(2007), the difference in

concentration

partial
is due to variation
composition. The main components of VFA are
acetic acid and propionic acid as well as a small
VFA
components, such as formic acid, isobutyrate,

amount of butyric acid and other
valerate, isovalerate, and isocaproate
(Czerkawski, 1986; Syamsi et al., 2019). The
statement agreed with the average results of
partial VFA studies showing that the highest
average is acetic acid and propionic acid, and
the lowest is butyric acid. Suhartanto et al.
(2014) stated that acetic acid content in rumen
fluid is affected by feed contents and fiber feed.
The average acetic acid ranged from 61.36 *
5.27 t0 90.31 + 4.36 mM (Table 1). These results
were higher than those of Gonzdlez et al.
(2014), that dairy cows feeding on green forage
produced at least 32 mM acetate of rumen fluid
or reached 65% of the total VFA to meet their
body needs.

The results of the variance analysis showed
that red dragon fruit skin and guava leaf
supplements were highly significant (P <0.01)
on the concentration of ruminal acetic acid of
beef cattle. The contrast test showed that the
concentration of rumen liquid acetic acid that
received control feed (90.31 + 4.36 mM) was
higher than that receiving additional red dragon
fruit skin and guava leaves (63.63 + 7.78 mM).
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Table 3. Average volatile fatty acids (VFA) concentrations of partial rumen fluid of beef cattle
supplemented with red dragon fruit skin and guava leaves

VFA concentration

VFA PO P1 P2
—e-MM---
Acetate 90.31°+4.36 65.90° + 10.29 61.36°+ 5.27
Propionat 28.11°+4.09 29.55°+ 5.58 37.63°£9.47
Butyric 13.56° £ 2.32 12.76" + 3.33 12.02° £ 2.66
Methane Gas 44.13+2.46 31.93°+ 5.03 28.04° + 3.89

Description: PO: 50% Concentrate + 50% Ammonia Straw (Control) P1: 50% Concentrate + 50% Ammonia straw + 5% Red
dragon fruit skin flour P2: 50% Concentrate + 50% Ammonia straw + 5% Red dragon fruit skin flour + 2.5% Guava leaf flour.

The concentration of acetic acid in rumen fluid
treated with 5% red dragon fruit skin (65.90 +
10.29 mM) was higher than that with 5 % red
dragon fruit skin and 2.5 % guava leaves (61.36
n

5.27 mM). Therefore, 2.5 % guava leaves
incorporated to feed containing 5 % red dragon

fruit skin could reduce the acetic acid
concentration.
The acetic acid reduction (C2) in the

treatment ration is due to the addition of
defaunation agents that are red dragon fruit
leaves on (P1) and (P2)
treatments. The defaunation agent is saponin

skin and guava

that can form bonds with sterols contained in
the walls of protozoa cells. It increased cell wall
permeability, and, eventually, fluid from outside
of the cell will enter the protozoa cells. The
entry of fluid from outside of the cell ruptures
the cell wall, so the protozoa perish or lysis.
However, the decrease in the number of
protozoa in the rumen can decrease ruminal
pH. It confirms Vieira et al. (1984) that protozoa
are essential for maintaining pH. Rumen pH
decreases due to the absence of protozoa that
swallow starch, so the starch is converted by
bacteria to lactic acid that diminishes rumen pH
(Suhartanto et al., 2014). In the presence of
protozoa, some bacteria are consumed, and the
pH does not drop dramatically. A low pH will
reduce the bacteria-degrading crude fiber
(cellulolytic) in the rumen, so acetic acid(a
this
the concentration of acetic acid

fermentation product) decreases. In

research,
decreased in each treatment. Widiawati (2007)
stated that the

soluble feed fraction is
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fermented quickly so that the rumen pH drops
to below 6. This condition would inhibit the
growth of acetic acid-producing bacteria.
Glucogenic is a propionic acid produced
the
carbohydrates (NFE) in the rumen as glucose or

from degradation of easily-digestible
glucose precursor for meat formation (Personal,
2015). On the other hand, acetic and butyric
acids are lipogenic and can increase dairy cow
milk fat (Thalib and Widiawati, 2008). The
average yield of propionic acid at 28.11-37.63
mM (Table 1) saw an increase from each
treatment, and it was higher than 3.56-6.76
mM by Dioksa et al. (2015) using fermented
rations.

Variance analysis results showed that the
treatment of red dragon fruit skin flour and
had
significant effect (P <0.05) on the propionic acid
beef fluid. The
orthogonal contrast test results indicated that

guava leaf flour supplementation a

concentration in rumen
the concentration of rumen liquid propionic
acid that received control feed (28.11 + 4.09
mM) was lower than that which received an
additional red dragon fruit skin and guava
leaves (33.59 + 7.52 mM). The concentration of
propionic acid in rumen fluid that was treated
with the addition of 5 % red dragon fruit skin
flour (P1) (29.55 + 5.58 mM) was lower than
%
dragon fruit skin flour, and 2.5 % guava leaves
flour (37.63 9.47 mM). Furthermore, the
orthogonal contrast test results denoted that

that which received an additional 5 red

+

2.5% of guava leaves flour incorporated to feed
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containing 5% red dragon fruit skin flour could
increase the concentration of propionic acid.
The
because of red dragon fruit skin and guava
As
saponins could make

increase in propionic acid occurs

leaves flour as a defaunation agent.
previously described,
protozoa perish or lysis by forming complex
bonds with sterols on the surface of the
protozoa membrane. Therefore, it disrupts the
the
membrane, and makes the cells lysis and

development of protozoa, ruptures
protozoa perish. Protozoa are more susceptible
than the

walls contain

bacteria because
of
cholesterol whereas bacteria are peptide bonds
with glycerol (peptidoglycan). Bacteria do not

have sterols that can bind to saponins. Besides,

to saponins

membrane protozoa

bacteria can metabolize the anti protozoa
factor by removing carbohydrate chains from
saponins (Cheeke, 2000). It could increase the
number of bacteria in the rumen so that the
propionic acid-producing bacteria increases.
Wina (2005) stated that the main effect of
giving saponin to feed on rumen fermentation
is a change in the pattern of short-chain fatty
acids that can increase the proportion of
propionic acid. According to Widiawati (2007),
the soluble feed fraction will be fermented
rapidly so that the rumen pH drops below 6.
This condition will stimulate the growth of
propionic acid-producing bacteria.

Butyric acid is a ketogenic fatty acid that
always has a lower value than acetic acid and
propionic acid (Syamsi et al., 2018). The average
results of butyric acid researches were in the
range of 12.02 + 2.66 to 13.56 + 2.32 mM
rumen fluid (Table 1). This result was lower
than that of Susiani (2018) on 4% dragon fruit
skin as a treatment. The different results are
due to the variation of feeds and conditions
since different ruminal microbes' composition
produces different results of butyric acid (Leek,
1993).

The variance analysis results indicated that
the treatment of red dragon fruit skin and
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guava leaves flour significantly affected (P
<0.05) the concentration of butyric acid in beef
rumen fluid. The orthogonal contrast test
results revealed that the rumen fluid butyric
acid concentrations that received control feed
(13.56 £ 2.32 mM) were higher than those
which received the addition of red dragon fruit
skin and guava leaves (12,391 + 2.99 mM).
Butyric acid concentrations fed with treatment
with the addition of red dragon fruit skin 5 %
(P1) (12.76 + 3.33 mM) were higher than those
receiving 5 % red dragon fruit skin and guava
leaves 2.5 % (12.02 + 2.66 mM). Moreover, the
orthogonal contrast test showed that the
addition of 2.5 % guava leaf to feed containing 5
% red dragon fruit skin could reduce the butyric
acid concentration.

The formation of butyric acid in the rumen is
relevant to the formation of acetic acid, so the
concentration of acetic acid increases with the
butyric acid (Uhi, 2006). According to Mitsumori
and Sun (2008), the acetic and butyric acids are
both derived from acetyl coenzyme A (AC-CoA),
but the acetic formation is faster than butyric.
Leek (1993) explains that the formation of
butyrate starts from AC-CoA conversion to
acetone acetate, to B hydroxybutyrate, and
finally to butyric; meanwhile, acetic is directly
produced from AC-CoA. Therefore, butyric
concentrations in this research are much lower
than those of acetic.

Methane gas production

The average production of methane gas in
rumen fluid of beef cattle supplemented with
red dragon fruit skin and guava leaves flour in
feeds tested in vitro ranged from 28.043-44.133
+ 3.79 mM (Table 3). Similarly, Wahyuni (2014)
on saponins, tannins, and tannin + saponins
reported an average methane gas of 37.11 -
40.02 + 3.55 mM. The production of methane
gas in ruminants derives from the fermentation
of the digestive system (methanogenesis).
Methanogenesis can cause energy losses of up
to 15 % of the total chemical energy that is
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affected. The formation of methane gas in the
rumen is through CO, reduction by H, catalyzed
by enzymes produced by methanogenic
bacteria (Thalib and Widiawati, 2008). Table 1
shows the difference in the production of
The
each

methane gas from each treatment.

production of methane gas from
treatment has decreased.

The results of the variance analysis indicated
that the treatment of red dragon fruit skin and
guava leaves flour supplementation highly
significantly affected (P <0.01) the production
of methane gas in the rumen. Orthogonal
that the
production of rumen fluid methane gas that
received control feed (44.13 + 2.45 mM) was

higher than that which received additional red

contrast test results showed

dragon fruit skin and guava leaves flour (29.99 +
4.45 mM). The production of rumen fluid
methane gas treated with the addition of red
dragon fruit skin flour 5% (P1) (31.94 + 5.02
mM) was higher than that which received an
additional 5 % red dragon fruit skin and guava
leaves flour 2.5 % (P2) ( 28,043 + 3.89 mM).
Orthogonal contrast test results also showed
that the addition of 2.5 % guava leaves flour to
feed containing 5 % red dragon fruit skin flour
could reduce more methane gas production.
The decrease in methane gas production
occurs because the number of rumen protozoa
is reduced due to defaunation using red dragon
fruit skin and guava leaves flour. Tannin
compound is one of the defaunation agents for
protozoa. Tannins in red dragon fruit skin and
guava leaves flour are toxic to methanogenic
bacteria, so decreasing the amount. According
to Patra (2010), defaunation would decrease
the production of methane gas by 30 to 45 %,
and the process of methanogenesis occurs 37%
of the endosymbiosis connection between
protozoa and methanogenic bacteria. Hess et
al. (2003) and Syamsi et al. (2018) explained
that tannin composition from legumes is toxic
to methanogenic bacteria, so the symbiotic
between and

displacement methanogens
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protozoa declines. It leads to little hydrogen to
become methane.

Factors that affect the production of
methane gas include the production of acetic
acid (Martin et al., 2008). This research proved
that the higher the concentration of acetic acid,
the higher the methane gas production (Figure

3).
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Figure 3. Relationship between methane gas and
acetic acid
Based on Figure 3, the higher the

concentration of acetic acid, the higher the
production of methane gas with the equation y
=2.7206 - 0.5161x determinant coefficient 0.91.
These results occurred because of the similarity
in the process of mole formation. According to
Campbell and Reece (2005), the formation of
one acetate mole acetate would produce two
moles of CO, and four moles of H,, while the
formation of one butyric mole would produce
two moles of CO, and two moles of H,. The
process of forming one mole of CH, requires
one mole of CO, and four moles of H,.
Therefore, the formation of acetic acid and high
butyric acid will cause CH, production to be
high (Figure 3). Widiawati et al. (2010) stated
that the high-production and concentration of
CH, indicate the total wasted feed energy that
potentially reduces feed efficiency.

Methane gas could be reduced by increasing
propionic acid. The results showed that the
addition of red dragon fruit skin and guava
leaves flour increased the concentration of
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propionic acid, thus decreasing the production
of methane gas (Figure 4).
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Figure 4. Relation between methane gas and
propionic acid

Based on (Figure 4), it is clear that the higher
the the
production of methane gas decreases with the
equation y = 50.418 - 0.4947x the coefficient of
0.23. These
because the process of forming propionic acid

concentration of propionic acid,

determination results occur
in the rumen requires more H,, whereas acetic
acid and butyrate produce H,. Pribadi (2015)
mentioned that propionic acid is used for the
process of gluconeogenesis or is glucogenic. The
formation of propionic acid in the rumen
requires H,, so the low level of H, may reduce

methane gas production.

Conclusions

The addition of 5% red dragon fruit skin flour
combined with 2.5% guava leaves flour in beef
cattle feed can reduce more methane gas,
acetic acid concentration, and butyric corrosive,
but increase the concentrations of propionic
acid. Treatment 2 is the best treatment to

apply.
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