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ABSTRACT

This research evaluated the effects of papaya leaf and turmeric extract supplementation on the total apparent
digestibility of nutrients and methane gas production in Bali cattle. The livestock used were 18 Bali cattle that
were distributed into treatment without papaya leaf and turmeric extract supplementation (P0), Supplementation
of 0075% turmeric extract g/kg live weight/day (P1), and supplementation of 0.00375% turmeric extract per kg
live weight per day + 0.00375% papaya leaf extract per kg live weight per day (P2). The basal diets were 60%
elephant grass cv. Taiwan (Pennisetum purpureum cv. Taiwan) and 40% concentrate. The ration provision was
three per cent dry matter of body weight. The observed parameters included feed consumption, feces production,
dry matter digestibility, organic matter digestibility, crude protein digestibility, crude fat digestibility, crude fibre
digestibility, nitrogen-free extract digestibility, and methane gas production. The research results indicated that
the treatment did not significantly affect feed consumption (P>0.05) but did affect crude protein digestibility, crude
fibre digestibility, nitrogen-free extract digestibility, and methane gas production. This study concludes that the
feeding of elephant grass cv. Taiwan (Pennisetum purpureum cv. Taiwan), with the addition of papaya leaf extract
and turmeric extract, does not positively affect feed consumption and feed digestibility; thus, it cannot suppress
methane gas production in livestock.
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INTRODUCTION (Lovett et al., 2005), lipid (Ungerfeld et al., 2005),
forage supplementation containing tannins
(Jayanegara et al., 2009), use of natural additives
(Jayanegara, 2011). Studies on using natural
compounds, such as tannins, saponins, and

Greenhouse gas emissions are one of the
triggers for global warming, which impacts rising
temperatures on Earth and climate change. Global

warming occurs due to the greenhouse effect in the L . . . . .
essential oils, are increasingly being carried out in

form of carbon dioxide (COy), methane (CH.), ;0 iy the banning of antibiotics (Yuliana et al.,
dinitrogen oxide (N20), and chlorofluorocarbons 2019)

(CFCs) in the Earth's atmosphere. The livestock
sector produces methane and nitrogen oxide
emissions. Methane gas emissions come from
livestock enteric fermentation and manure
management, while nitrous oxide emissions come
from livestock manure management (Ratnia,
2018).

Apart from contributing to global
warming, methane gas can also be detrimental to
farmers because around 6-10% of the gross energy
of feed consumed, which should be used to
support productivity by livestock, will be lost as
methane gas (Jayanegara et al., 2009). Reducing
methane gas production means reducing the
greenhouse effect and increasing feed efficiency.

Previous researchers have done several
experiments to reduce methane gas production,
namely through concentrate supplementation

Papaya leaves are antibacterial and
antioxidant, containing vitamins C and E, papain
enzymes, and B-carotene. Apart from that, papaya
leaves contain alkaloid compounds, calpain,
saponins, flavonoids, and tannins. The content of
saponins functions as a defaunation agent to
reduce the protozoa population by breaking down
the protozoa membrane so that protozoa cells lyse
and cause protozoa death (Wahyuni et al., 2014).
By decreasing the protozoa population, bacterial
cells will increase, especially cellulolytic bacteria,
allowing the feed to be decomposed effectively
(Ichwani et al., 2013).

Turmeric is a plant material often used as
a raw material for traditional medicine. It contains
5% essential oil, 60% curcumin, 25% essential oil,
28% glucose, 12% fructose, and 8% protein and
vitamins. The content of compounds contained in
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turmeric is expected to increase the digestibility of
feed; thus, the absorption of nutrients increases.

These two herbal ingredients can
potentially increase feed fermentability due to the
presence of active compounds as defaunation
agents. Increasing feed fermentability is expected
to reduce methane gas production in ruminants.
This study aims to evaluate the effect of papaya
leaf extract and turmeric extract on digestibility
and methane gas production in Bali cattle.

RESEARCH METHODS

The materials used were 18 Bali cattle
with an average body weight of 190-197 kg. The
cattle were housed individually ina 1.5 x 3 m pen.
The forage given is elephant grass cv. Taiwan

Table 1. The Nutritional content of feed ingredients

(Pennisetum purpureum cv. Taiwan). The herbal
ingredients used are papaya leaf extract and
turmeric extract. Concentrate feed consisting of
rice bran, cassava flour, ground corn, coffee husk,
mineral premix, salt, and drinking water is
provided. The solvent used was 96% ethanol. The
ration was given twice daily at 7 a.m. and 15 a.m.
based on 3% body weight dry matter, and the
refusals were recorded daily.

Feed adaptation was carried out for ten
days. The feed formulation used and the
nutritional content of the feed are presented in
Table 1. The feed formulation and the nutritional
composition of each treatment are presented in
Table 2. The results of the phytochemical tests of
papaya leaf extract and turmeric extract are
presented in Table 3.

. . Dry matter Crude Crude Total digestible

Rations Material (%) protein (%)  Fibre (%)  nutrient (%) AP0 P(0)

Rice bran 86 8.50 17 57.4 0.09 1.09

Cassava flour 85.20 3.30 2.8 73.49 0.84 1.25

Corn flour 90 22 8 75 0.05 0.50

Coffee husk 30 3 2.14 17.16 0.68 0.20

Mineral premix 0 0 0 32 10

Salt 0 0 0 0 0 0

Elephant grass 20.29 10.00 32.60 46.00 0.12 0.18

Table 2. The feed formulation and the nutritional composition for each treatment
. Feed nutritional composition

Feed Ingredients 0 Pl P
Rice bran (%) 8 8 8
Cassava flour (%) 8 8 8
Corn flour (%) 20 20 20
Coffee husk (%) 3 3 3
Mineral premix (%) 0.5 0.5 0.5
Salt (%) 0.5 0.5 0.5
Elephant grass (%) 60 60 60
Turmeric extract (% of body weight) - 0.0075 0.00375
Papaya leaf extract (% of body weight) - - 0.00375
Total 100 100.0075 100.0075
Concentrate nutritional content
Dry matter (%) 33.54 33.54 33.54
Crude protein (%) 543 5.43 5.43
Crude fibre (%) 3.25 3.25 3.25
Total digestible nutrient (%) 26.39 26.39 26.39
Ash (%) 0.21 0.21 0.21
P (%) 0.38 0.38 0.38
Elephant grass's nutritional content
Dry matter (%) 12.17 12.17 12.17
Crude protein (%) 6.12 6.12 6.12
Crude fibre (%) 19.56 19.56 19.56
Total digestible nutrient (%) 27.60 27.60 27.60
Ash (%) 0.30 0.30 0.30
P (%) 0.12 0.12 0.12
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Research design

The papaya and turmeric leaf extract
added to the ration was 0.0075% of the animal's
body weight. The percentage of forage,
concentrate feed, and herbal additives used is as
follows:

PO = 60% forage + 40% concentrate (without
adding herbal extracts)

P1 = 60% forage + 40% concentrate containing
0.0075% of the body weight of cattle
turmeric extract

P2 = 60% forage + 40% concentrate containing
0.00375% body weight of papaya leaf
extract + 0.00375% body weight of
turmeric extract.

Table 3. Phytochemical test results of papaya leaf
extract and turmeric extract

Active compound Turmeric Papaya leaf
%
Saponin* 3.73 342
Alkaloid* 0.24 0.56
Steroid* 1.55 2.48
Flavonoid* 1.92 4.69
Tannin* 41.33 53.98
Phenol* 1.71 3.62
Essential oil** 1.81 0
Curcumin*** 10.92 0
*Liizza (2018)

** Sundari (2016)
*** Research Center for Medicinal and
Aromatic Plants

Parameters

The parameters observed in this study
were feed consumption and digestibility of dry
matter, organic matter, crude protein, crude fat,
crude fibre and nitrogen-free extract and methane
gas production.

Methane Gas Production
Methane gas produced by livestock is
measured using the formula according to Jentsch
et al. (2007) as follows:
Methane (kj/d) = 1.62 x dcp — 0.38 x degac + 3.78 x
der + 149 x drun + 1142 (g/d)

Table 4. Feed consumption

Information :

dcp = digestibility of crude protein

dcr= digestibility of crude fat

dcr = digestibility of crude fibre

drun = Nitrogen-free extract digestibility

Data Analysis

The research data were analyzed using
test analysis of variance (ANOVA). The
significance level in this study was 5%. If the
results show a significant effect, proceed with the
Duncan Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

Feed Consumption

Data on the effect of herbal extracts on
feed consumption during the study is presented in
Table 4. Feed consumption showed no difference
among treatment groups (P>0.05). Even though
the turmeric extract has a distinctive aroma and a
bitter taste (Duraisankar and Ravindran, 2015).
The supplementation did not negatively affect
feed intake in this research. Choubey et al. (2016)
explained that phytogenic feed additives enhance
feed utilization without harming dry matter
consumption. Table 5 presents the effect of
treatment on dry matter consumption, organic
matter consumption, crude fibre consumption,
crude fat consumption, and nitrogen-free extract
consumption.

Adding only turmeric extract to the
concentrate and turmeric plus papaya leaf extract
did not affect (P>0.05) dry matter consumption,
organic matter consumption, crude fibre
consumption, crude fat consumption, and
nitrogen-free extract consumption. A higher
dosage of turmeric addition of 0.1 and 0.2
curcumin to the concentrate showed similar results
on feed intake (Vorlaphim et al., 2011). However,
a higher dose of turmeric supplementation may
effectively support a healthy rumen and feed
efficiency (Budiari et al., 2020). It is worth noting
that the effects can vary depending on the species,
formulation and dosage.

Consumption (kg/head/day)

Parameters 0 Pl P P
2nd-week average consumption 13.82+1.35 14.45 + 3.84 1532+ 5.51 0.807
4th-week average consumption 1426 £ 1.61 1435+ 3.97 1525+5.42 0.893
Average total consumption for one 14.04 £ 1.47 14.40 £ 3.90 15.29 + 5.46 0.856

month
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Table 5. Average daily feed consumption for Bali cattle during the study (dry matter basis)

Nutrient consumption (kg/head/day)

Parameter 0 Pl D P
Dry matter
2"_week average consumption 5.18£0.46 529+ 1.37 5.58+1.89 0.874
4h_week average consumption 529+0.53 527+ 1.41 5.56+1.86 0.920
Average total consumption 1month 5.23+£0.49 5.28+1.39 5.57+1.87 0.901
Organic matter
2"d_week average consumption 4.73+0.42 4.85+1.26 5.11+1.74 0.870
4"_week average consumption 4.84 +0.48 4.82+1.29 5.09+1.71 0.918
Average total consumption 1month 4,79 +£0.45 4.83+1.27 5.10+£1.73 0.899
Crude Protein
2"_week average consumption 0.29 +£0.02 0.29 + 0.08 0.31+0.11 0.865
4h_week average consumption 0.29+£0.03 0.29 £0.08 0.31+£0.10 0.920
Average total consumption 1month 0.29+£0.03 0.29 £0.07 0.31+£0.10 0.881
Crude Fat
2"d_week average consumption 0.09 £0.01 0.09 £0.02 0.09 £0.03 0.967
4%h_week average consumption 0.09 £0.01 0.09 £0.02 0.09 £0.03 1.000
Average total consumption 1month 0.09 £0.01 0.09 £0.02 0.09 £0.03 1.000
Crude Fibre
2"d_week average consumption 1.36 £0.12 1.40£0.37 1.48 £0.52 0.852
4%h_week average consumption 1.39+£0.15 1.39+£0.38 1.48 £0.51 0.904
Average total consumption 1month 1.37+0.14 1.40 +0.37 1.48 £ 0.51 0.883
Nitrogen-free Extract
2"d_week average consumption 3.01+0.26 3.07+0.79 3.23+1.08 0.880
4"_week average consumption 3.07+£0.30 3.05+£0.81 3.22+1.07 0.923
Average total consumption 1month 3.04+£0.28 3.06 +£0.80 323+1.08 0.906

Feed Digestibility
The average nutrient digestibility of feed
can be seen in Table 6.

Dry Matter Digestibility (DMD)

Dry matter digestibility indicates the
amount of digestible nutrients in the rumen.
(Suardin et al., 2014). Adding herbal extracts did
not increase the value of dry matter digestibility.
The average DMD value in this study was lower
than the in vitro study’s result. Liizza's study
(2018) stated that an in vitro study on the DMD
value in dairy cattle was significantly higher in
papaya leaf extract and turmeric supplementation.
According to Wahyuni et al. (2014), 1% tannin
and 0.6% saponin administration inhibited the
protozoa population, resulting in increased
bacterial growth and feed digestibility. It shows
that adding herbal extracts containing tannins and
saponins does not interfere with feed digestibility
or increase digestibility.

The higher the DMD value, the higher the
nutritional opportunities livestock can use for
growth and development (Aka and Sandiah,

2014). Factors that affect DMD are the activity of
microorganisms found in the rumen, especially
cellulolytic bacteria, which play a role in feed
fermentation. In contrast, the activity of rumen
microorganisms is influenced by the content of
substances contained in feed ingredients (Suardin
et al., 2014).

Organic Matter Digestibility (OMD)

The digestibility of organic matter
indicates the availability of nutrients in the feed.
The digestibility of organic matter is closely
related to the digestibility of dry matter because
some of the dry matter is organic matter consisting
of crude protein, crude fat, crude fibre and
nitrogen-free extract. The digestibility of organic
matter describes the amount of fat, carbohydrate
and protein nutrients in the feed ingredients
(Riswandi et al., 2015). The digestibility value of
organic matter in this study had no significant
effect (P>0.05) on the treatment. The digestibility
value of the organic matter in Liizza's study
(2018), which used the addition of the same herbal
ingredients, showed a lower value, namely 52.63-
60.26%.
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Table 6. The average nutrient digestibility of Bali cattle feed during the study

Digestibility (%) P

Parameter 0 Pl B
Dry matter digestibility (DMD)
2"_week average 46.96 +£10.01 60.17=7.61 50.97 £ 11.27 0.087
4™_week average 51.71£5.16 59.13£9.96 50.72£11.26 0.254
Average total 1month 49.37+7.38 59.66 + 8.55 50.84 +£10.87 0.138
Organic matter digestibility
(OMD)
2"d_week average 55.60 + 8.05 66.72 £ 6.62 58.00£9.28 0.071
4™_week average 59.57+3.95 65.88 + 8.43 57.71 £9.58 0.192
Average total 1month 57.62 +£5.82 66.31 +7.31 57.85+£9.08 0.107
Crude protein digestibility (CPD)
2"_week average 59.09 +£7.38%  72.54 +8.30° 50.06 £ 16.67* 0.014
4™_week average 62.81+3.61° 72.24 + 7.82° 50.20 + 14.84* 0.006
Average total 1month 60.98 £530% 7240+ 7.79° 50.13 £ 15.53¢% 0.008
Crude fat digestibility (CFD)
2"d_week average 58.16+£23.06 72.14+5.58 61.41+11.23 0.278
4™_week average 61.88+18.97 71.82+498 60.32 £ 15.02 0.344
Average total 1month 60.04 £20.94  71.99+4.97 60.86 + 13.00 0.310
Crude fibre digestibility (CFrD)
2"d_week average 67.16 + 6.79° 67.03 £19.93° 40.33 £17.69* 0.015
4h-week average 70.28 £3.46°  65.46 +24.66° 39.90 + 19.67° 0.025
Average total 1month 68.75+5.02°  66.27 +22.12° 40.10 £ 18.29* 0.018
Nitrogen-free extract digestibility
(NFEtD)
2m.week average 49.99 £8.99*  65.84+10.45° 66.70 + 10.59° 0.018
4" week average 54.35+6.76 65.22 +10.80 66.48 £ 10.75 0.072
Average total Imonth 5220+ 6.63*  65.54+10.53° 66.59 +£10.50°  0.032

According to Suardin et al. (2013),
saponin compounds contained in papaya leaf
extract and turmeric extract are thought to increase
the bacterial population, thereby triggering an
increase in the rumen’s digested organic matter.
An increase in the organic matter digestibility
value was due to the organic matter contained in
the dry matter, so the high digestible dry matter
content also resulted in high digestible organic
matter content. But this is not in line with the
results found in this study, where concentrates
added with herbal extracts or without additional
herbal extracts have relatively the same organic
matter digestibility value, meaning that the
saponin compounds found in papaya leaf extract
and turmeric extract have not been able to increase
the content of digested organic matter in the
rumen.

Crude Protein Digestibility (CPD)

Digestibility of the crude protein showed
significantly different results (P<0.05) between P1
and P2, but PO was not significantly different
(P>0.05) between P1 and P2.

P2 has the lowest CPD value compared to
PO and P1. The level of protein digestibility is
closely related to the nutrient content contained in
the feed ingredients (Prawitasari et al., 2012). It
means that the presence or absence of additional
turmeric extract has the same sound effect on
CPD. The content of natural compounds contained
in turmeric extract, which is believed to have the
potential to increase feed fermentability, can
increase CPD. However, adding papaya leaf
extract and turmeric extract decreases CPD. It is
presumably because the dose of turmeric extract
added to P1 can increase the number of bacteria in
the rumen. Vorlaphim et al. (2011) reported that
including 0.1% and 0.2% curcumin increased the
number of bacteria and reduced the protozoa
population in the rumen. The low CPD in P2 was
due to tannin compounds in this treatment. Tseu et
al. (2020) mentioned that tannins can linearly
reduce the digestibility of crude protein.

Crude Fat Digestibility (CFD)

The crude fat digestibility of the feed
supplemented with turmeric extract (P1) was
higher than that of the feed not supplemented and
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supplemented with a mixture of turmeric extract
and papaya leaf extract. According to Sastrawan
(2009), the digestibility of a feed depends on the
quality of the nutrients contained in the feed and
will affect the growth of microorganisms. The
high digestibility of crude fat is caused by the
chemical structure of the fat, which is easily
digested by microbes in the rumen (Wiseman,
1990).

Crude Fibre Digestibility (CFrD)

Supplementation of turmeric and papaya
leaf extract (P2) decreased crude fibre digestibility
(P<0.05). However, CFrd of a control group and
treatment of merely turmeric extract showed
similar results (P>0.05). Dietary curcumin
significantly and dose-dependently reduced fecal
nitrogen excretion. Thus, curcumin feeding
increased nitrogen absorption, in absolute terms or
as a percentage of consumption. The P2 treatment
had a lower digestibility value for crude fibre,
presumably because the tannin content present in
this treatment was higher, thereby reducing the
digestibility of fibre in the rumen. Besides
functioning as defaunation agents, tannins also
protect feed proteins. In addition to the positive
impact given by tannins, tannins also have a
weakness in their function as defunct agents
because the phenol groups in tannins also have
antibacterial properties (Wahyuni, 2014), so in
this study, it can reduce the digestibility of crude
fibre, namely 40.20%.

Nitrogen Free Extract Digestibility
(NFEtD)

Including herbal extracts in concentrate
increased NFEtD (P<0.05). Although the protein
content and NFEtD for each treatment were the
same, the results showed that the digestibility of
NFEtD-given herbal extracts was higher than that
of the control treatment. It is because the saponins
contained in herbal extracts can form complexes
irreversible with cholesterol (a component in the
cell membrane of microorganisms except

bacteria); as a result, there is death in protozoa and
increased bacterial growth, so that it also increases
the digestibility of NFEtD as well (Khoiriyah,
2017).

Production of Methane (CHj4) based on
Enteric (Digestive)

Increased consumption of crude fibre is
related to increased production of methane gas.
The higher the crude fibre content consumed by
livestock, the higher methane gas production
(Philippe and Nicks, 2015). High methane gas
production indicates low feed digestibility. The
amount of energy wasted from the feed consumed
after being fermented in the rumen causes methane
gas production to increase. The methane gas
production produced during the study is presented
in Table 7.

Control treatment with the addition of
different herbal extracts had a significant effect
(P<0.05) on the production of methane gas in the
second week and during the study (Table 7). The
administration of papaya leaf extract and turmeric
extract significantly increased methane gas
production. The increase in gas production after
adding herbal extracts is thought to be due to some
of the saponins being degraded into aglycone and
glycone (sugar) components. Then, the
components of these sugars are metabolized by
microbes into gas (Patra et al., 2010). Apart from
originating from the active compounds in the
herbal ingredients, the initial protozoa population
also determines the defaunation effect (Mastika,
2014). The protozoa in the rumen contribute to
methane gas production because protozoa will
produce hydrogen when digesting structural
carbohydrates (Nguyen et al., 2020). Methane gas
is produced from the metabolism of carbohydrates
by rumen methanogenic bacteria, which are
symbiotic with protozoa (Adawiyah et al., 2007).
Methane gas production positively affects the
digestibility of organic matter because the two
mutually describe the level of feed degradation in
the rumen.

Table 7. Bali cattle methane production during the study

Methane gas production

P
average (kj/day) PO Pl P2

2nd week of methane g3s ¢ 17 164 1369.87°  11,295.33+1,51991°  11,290.17 £ 1,597.53°  0.021
production

4th week of methane gas g 53 574 72905 11,196.88+1,578.74  11,256.80 + 1,615.09  0.087
production

Methane gas production o 554 764 1 00826+ 11247.12 4+ 1,533.06°  10,591.60 + 1,633.51°  0.037

for one month
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The results of methane gas production
found in this study were higher than Nur et al.
(2015), who reported that the production of
methane gas in dairy cows with different feeds
produced methane gas from 6,014.53 kJ/day to
6,601.90 kJ/day. This difference occurs due to
differences in the type of livestock, age, and feed
treatment given. A decrease in the proportion of
methane gas to total gas during feed fermentation
in the rumen is attributable to tannin and saponin
compounds Widiawati et al. (2010).

Adding turmeric extract and a mixture of
turmeric and papaya leaf extract in this study
could not reduce methane gas production. In
contrast, pure tannin inclusion at 0.5 mg/ml could
reduce methane gas production. Tannins that were
easily hydrolyzed were more capable of reducing
methane gas production than condensed tannins
(Jayanegara et al., 2015). Several possibilities
cause differences in the methane gas production
from the two studies, such as tannin concentration.
Tannins concentration in Jayanegara et al. (2009)
is higher. Secondly, the papaya leaf extract and
turmeric extract, which contain tannins used in
this study, did not undergo a purification process,
so the effect of the tannins in these two herbal
extracts was influenced by other components
contained in the extracts from both of them.

Including more than 5% of tannins is not
recommended because it harms the digestibility
and performance of livestock (Jayanegara et al.,
2009). A 2-5% tannin level in the ration facilitates
an optimal result for reducing methane gas
production.

CONCLUSIONS

Provision of elephant grass forage cv.
Taiwan (Pennisetum purpureum cv. Taiwan) with
papaya leaf extract and turmeric extract did not
positively affect feed consumption and feed
digestibility, so they could not suppress methane
gas production in livestock.
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