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Abstract. The objective of this study was to evaluate the effect of Hibiscus tiliaceus flower extracts
supplementation in concentrate on performance, nutrient digestibility and blood metabolites of Bali cattle. Sixty
of male Bali cattle averaging 225 ± 09.15 kg initial body weight were used in this study. They were divided into
two groups. The first group (as control) was cattle fed ammoniated rice straw and concentrate (R1) and the
second group was fed as the same as the control group, but concentrate was supplemented with H. tiliaceus
flower extract at 200 ppm/kg of dry matter (R2). Variables measured were dry matter digestibility (DMD),
organic matter digestibility (OMD), neutral detergent fiber digestibility (NDFD), and acid detergent fiber (ADFD)
using total collection method. Other variables were blood glucose and urea, average daily gain (ADG), feed
conversion (FC) dan feed efficiency (FE). T-test showed that DMD, OMD, ADFD, and NDFD in the second group
(R2) were higher (P<0.05) than control (R1). However, there was no significant difference (P>0.05) between
performance (ADG, FC, FE) and blood parameters of urea and glucose between the groups fed diets
supplemented with H. tiliaceus flower extracts and control group. There was an increase in ADG and FE on R2
(0.63 ± 0.23 kg and FE 5.54 ± 1.89) compared to R1 (0.54 ± 0.32 kg and 0.54 ± 0.32). The study concluded that
supplementation of Hibiscus tiliaceus flower extracts as feed additive in the concentrate diet can increase
nutrient digestibility and tend to improve the performance of Bali cattle.
Keywords: digestibility, saponins, Hibiscus tiliaceus, performance, Bali cattle
Abstrak. Penelitian bertujuan mengkaji pengaruh suplementasi ekstrak bunga Waru (Hisbiscus tiliaceus) dalam
konsentrat terhadap performa, kecernaan pakan dan metabolit darah sapi Bali. Sejumlah 60 ekor sapi Bali jantan
dengan rerata bobot badan sekitar 225 ± 09.15 kg dikelompokan menjadi dua grup, grup pertama (kontrol) sapi
yang diberi pakan basal berupa jerami padi amoniasi dan konsentrat dengan rasio 40:60% (R1) sedangkan grup
ke dua (R2) adalah kelompok sapi yang diberi pakan basal namun pakan konsentrat disuplementasi dengan 200
ppm (per kg bahan kering) ekstrak bunga Waru. Peubah yang diamati dan diukur adalah kecernaan bahan kering,
bahan organik, NDF (neutral detergent fiber) dan ADF (acids detergent fiber) menggunakan metode koleksi total.
Peubah yang lain adalah glukosa dan urea darah, pertambahan bobot badan harian (PBBH), efisiensi dan
konversi pakan. Uji T menginformasikan bahwa kecernaan bahan kering, bahan organik, NDF dan ADF pada grup
R2 nyata lebih tinggi (P<0.05) dibandingkan kontrol (R1). Namun demikian tidak ditemukan perbedaan
nyata(P>0.05) antara performa (PBBH, efisiensi dan konversi pakan) serta parameter darah (urea dan glukosa
darah) diantara kedua grup. Meski secara statistic suplementasi ekstrak bunga Waru tidak nyata, namun
terdapat kecenderungan peningkatan PBBH dan efisiensi pakan pada R2 (0.63 ± 0.23 kg dan FE 5.54 ± 1.89) vs
R1 (0.54 ± 0.32 kg dan 0.54 ± 0.32). Supplementasi ekstrak bunga Waru (H. tiliaceus) sebagai aditif pakan dalam
konsentrat sapi Bali mampu meningkatkan kecernaan nutrient pakan dan cenderung memperbaiki performa
sapi Bali.
Kata kunci: kecernaan, saponin, waru, performa, Sapi-Bali

that have the potential to be improved because
it has a high fertility rate of 83-86% and desirable
adaptability to extreme environments (Wiswata
et al., 2016). These benefits make Bali cattle
considered the prime cattle in Indonesia
(Gunawan et al., 2011). However, Bali cattle
have a disadvantage of a slow rate of body

Introduction
Bali cattle are native Indonesian cattle that
have distinctive characteristics and high
economic value. The total population of Bali
cattle in 2014 was 49,658, and it increased to
52,811 in 2015 (Biro Pusat Statistik, 2016). Bali
cattle is one of the Indonesian national assets
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weight gain, its 0.3 kg/day approximately
(Ngadiyono, 2012).
Researchers need to put concerted effort to
increase the productivity of Bali cattle through
improving feed quality to manipulate rumen
conditions using saponin as an additive. Several
studies reported the use of plant substances as
natural additives for rumen manipulation (Kim et
al., 2012; Yildiz et al., 2015). Natural additives
such as fumaric acid and malate acid in plant
extracts used as methane inhibitors, it was
demonstrated in vitro (Baraka and AbdlRahman, 2012; Jayanegara et al., 2012) and in
vivo (Geraci et al., 2012; Jayanegara et al., 2012;
Cruz et al., 2014). Organic acids from plant
extracts are used as precursors to propionate
formation via the succinate-propionate pathway
and propionate formation as an alternative to H2
sinks. This process potentially reduces the
methane production in rumen (Belanche et al.,
2014). Plant saponin extracts supplemented in
dairy cattle ration were reported to inhibit the
population of protozoa cilliata (Faniyi et al.,
2016; Wang et al., 2012). Defaunation agents
(protozoa inhibitors) have the ability to suppress
methane gas (Faniyi et al, 2016) because 25% of
methanogenic bacteria have a symbiotic
mutualism relationship with protozoa (Kim et al.,
2012).
Hibiscus tiliaceus is a tropical plant
traditionally used to treat cough, gastroenteritis,
skin disease, and diarrhea. Bioactive agents in
Waru leaves are amides, vanillic acid, scotoletin,
saponins and fumaric acid (Kumar et al., 2008);
whereas in Waru flowers, there are phenols,
flavonoids
and
saponins,
and
their
concentrations are higher in flower than leaves
(Bata and Rahayu, 2017). The positive effect of
plant extracts flavonoids on methane emissions
and methanogenic populations both in vitro and
in vivo has been studied (Oskoueian et al., 2013;
Bodas et al., 2012; Becker et al., 2014; Kim et al.,
2015). Balcells et al. (2012) reported that
flavonoid supplementation improved rumen
fermentation of dairy cows, increased milk

production, prevented ruminal acidosis through
reduction of Streptococcus bovis and
Selenomonas ruminantium and also increased
the number of lactate user bacteria such as
Megasphaera elsdenii, which ultimately led to
improved performance of the beef cattle.
Flower extracts of H. tiliaceus contain
saponin and fumaric acid at 10.5% and 8.4 ppm
(Bata and Rahayu, 2017). Saponins increased
rumen microbial protein synthesis and reduced
the rumen cilliata protozoa (Kumar et al., 2017;
Wang et al., 2012). Whereas fumaric acids and
vanillic acids as precursors of propionate
synthesis suppressed methane gas production
by use of hydrogen gas for propionate synthesis
(Benchaar et al., 2007). Propionic acid is a
glucogenic compound that plays a vital role in fat
metabolism and fat deposition in beef cattle.
Based on the description above, Waru flower
extracts have a high potential to increase cattle
productivity. However, information on Waru
flower extracts as a feed additive for fattening
Bali cattle has not been studied.

Materials and Methods
Materials
A total of sixty male Bali cattle aged 2.5 - 3.5
years, averaging 225 ± 09.15 kg initial body
weight, were used in this study. The cattle were
imported from Timor Island and were given
worm drugs at the beginning of this experiment.
The animals were housed in individual stalls of 2
m length, 0.75 m width and 2.5 m heights. The
stall had separate feed and drinking troughs.
Ammoniation of rice straw used urea of 5%
and added 2,5% of cassava byproducts as
additive to reduce ammonia that resulted from
ammoniation processing. The concentrate was
composed of 47.6% waste cassava, 24.0%
pollard, 10% rice bran, 5.7% coconut meal, 7.0%
soybean meal, 10.5% palm kernel meal, 0.6%
urea, 1.6% dolomite, 0.3% mineral, 1.0% salt and
4.0% molasses. The nutrient content of
ammoniated rice straw, concentrates, and ration
is shown in Table 1.
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Waru flowers (H. tiliaceus) were obtained
from the coastal area of Cilacap-Central Java.
They were dried in the oven of 500 C for two days
and ground into powder. Waru flowers powder
was extracted in ethanol according to Bata and
Rahayu (2016) as follows: One hundred grams of
Waru flower powder was dissolved in 1L of 70%
ethanol at room temperature for 24 hours. The
filtrate was evaporated at 70oC until volume
retained ± 10 ml approximately, then it was
added 10 g of tofu byproduct powder. The
mixture was dried at 50oC in the oven for two
days and ground in a laboratory mill to obtain
extracted powder.

harnesses to ensure the separation of urine and
feces.
Feces, feeding and leftover feed were
weighed and recorded daily for 5 days. During
feces collection, every 4 hours was sprayed with
10% formalin. Repsentatif sample of feces, feed
offered and refused were collected of 2, 2 and
5% of the total, respectively. The samples were
dried in the oven at 600 C for three days.
Ammoniation rice straw was cor-sampled and
concentrates and feces were grab-sampled and
composed for each treatment for analysis of
chemical composition.
Blood sample collection for glucose and urea
blood analysis were conducted at the end of the
digestion trial. The blood samples were taken
two hours after cattle were fed concentrate
through the jugular vein using venoject with
anticoagulant. After centrifuging at 2000 g for 5
minutes, all samples were stored in the freezer
in aliquots awaiting analysis for glucose and urea
analysis.

Feeding and Management
The animals were divided into two groups,
randomly. The first group (n=30) as control was
cattle fed ammoniated rice straw and
concentrate (R1), and the second group received
diets as the same as the control group, but
concentrate was supplemented with Waru (H.
tiliaceus) flower extract at 200 ppm/kg of dry
matter (R2). The number of concentrates were
fed at 2% of body weight, while ammonia rice
straw was prepared adlibitum. Concentrates
were offered to the animals two times a day at
07.00 and 14.00.
Feeding trial was conducted for 3 months and
started by a preliminary period for 14 days. At
the end of the preliminary period, all of cattle
were weighed to obtain early body weight and
repeated each month for three months.
Digestion trial was carried out after the feeding
trial using the total collection method. During
the collection, the animals were fitted with

Chemical Analysis
Ammoniation rice straw, concentrate and
feces samples were ground to pass a 1mmscreen to determine dry matter, organic matter,
NDF, and ADF (AOAC, 2012). Blood urea
measurements using urease (Chaney and
Marbach, 1962) and blood glucose using
Trinder’s reaction (Barham and Trinder, 1972).
Measurement of plasma glucose refered to as
enzymatic method was applied using
colorimetric techniques according to the
manufacturer’s instructions.

Table 1. Nutrient Composition of concentrate, ammoniated rice straw and ration
% DM
DM
GE
Feed
(%)
(MJ)
CP
CF
Ash
NFE
ADF
NDF
Concentrate (60%)
83.39 15.13 26.63 72.6 56.01 26.31 55.69 3.3054
Ammoniated Rice straw
40.72 6.17 37.94 15.73 66.65 51.00 59.51 3.5964
(40%)
Ration
66.32 11.55 31.154 49.85 60.266 36.19 57.22 3.4218
DM, dry matter; CP, crude protein; EE, ether extract; CF, crude fiber; NFE, nitrogen free extract;ADF, acids detergent fiber;
NDF, nitrogen detergent fiber; GE, gross energy
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In this method, glucose was oxidized by glucose
oxidase to gluconate and hydrogen peroxidase.
Blood urea determination, urea in the serum
samples was hydrolysed enzymatically into
ammonium and carbon dioxide. The ammonium
ions formed react with salicylate and
hypochlorite in the presence of the catalyst
nitroprusside to form a green indophenol.

4.5% compared to diets without adding of waru
flower extract (Table 2). This was because H.
tileaceus flower extract contains saponins which
can suppress protozoa in the rumen. Bata and
Rahayu (2016) reported that there was a
tendency for the addition of 100 ppm H.
tileaceus flower extract to reduce the population
of protozoa, increase the total VFA product and
the activity of rumen hydrolytic enzymes invitro. The reduction of protozoa resulted in an
increase in the bacteria population, which digest
nutrients in the diets. Some researchers
reported that feed supplemented with saponins
are capable of displaying a better digestibility
profile because saponins have a defaunation
effect that will suppress the protozoan
population and alter microbial patterns in the
rumen (Wang et al., 2012; Kumar et al., 2017;
Aazami et al., 2013).
NDFD and ADFD diets containing H. tileaceus
flower extract were significantly higher (P <0.05)
compared to the control cattle group. Guyader
et al (2015) reported an increase in NDFD and
ADFD in dairy cow fed tea saponin
supplementation. Tea supplementation also
enhances the apparent digestibility of OM, ADF
and NDF in Ewe fed (Liu et al., 2019). These
results are in contrast to the results obtained
using saponin from yucca schidigera extract
(Wang et al., 2009), which reportedly reduce
crude fiber digestibility in vitro. The difference in
the response of the effectiveness of saponins to
the rumen microbial population is influenced by
several factors, namely saponin structure, feed
composition, microbiota adaptation, rumen
biochemistry,
saponin
dose,
microbial
community in the rumen (Goel et al., 2012).

Statistics Analysis
The collected data was analyzed using T Test
analysis to determine the effect of treatment.
The level of statistical significance was set at
P<0.05. The study used statistical software
package SPSS 15.0 (SPSS inc., Chicago, USA) for
analysis.

Results and Discussion
Nutrients Digetibility
Supplementation of H. tileaceus flower
extract of 200 ppm/kg dry matter to concentrate
diets of Bali cattle significantly affected on
digestibility of dry matter, organic matter, NDF
and ADF. The average digestibility coefficient of
cattle group fed diet supplemented with H.
tileaceus flower extract of (R2) was higher
(P<0.05) than cattle of control group fed diet
without H. tileaceus flower extract. Adding of H.
tileaceus flower extract caused increasing of
6.7%, 4.7%, 4.5% dan 6.9% for DMD, OMD, NDFD
and ADFD, respectively (Table 2).
Digestibility coefficient of dry matter (DMD),
organic matter (OMD), neutral detergent fiber
(NDFD) and acid detergent fiber (ADFD)diets
containing Hibiscus tileaceus flower extracts
were significantly higher (P <0.05) at 6.7% and

Table 2. Gross Eenergy (GE) Bali cattle fed ammoniated rice straw and concentrate supplemented by
Waru flower extracts
Treatments
DMD (%)
OMD (%)
NDFD (%)
ADFD (%)
R1
69.02a ± 5.67
72.14 a ± 5.40
68.63a ± 5.57
65,52a ± 5.98
R2
75.69b ± 3.47
76.84 b ± 3.16
73.17b ± 3.82
72.44b ± 3.92
Means in the same column/row with different superscript differ significantly (P<0.05) or highly significant
(P<0.01)
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Besides containing saponins, H. tileaceus
flower
extract
also
contains
higher
concentrations of flavonoids (Bata and Rahayu,
2017). Flavonoids have a role in maintaining the
rumen ecosystem, especially in ruminants that
fed high amounts of concentrate, as in this study.
The effects of flavonoids on beef cattle were
reported by (Balcells et al., 2012) that flavonoids
prevent rumen acidosis by decreasing
Streptococcus
bovis
and
Selenomonas
ruminantiumbacteria and increasing the number
of lactate-using bacteria such as Megasphaera
elsdenii to improve beef cattle performance. Kim
et al., (2015) reported that supplementation of
feed with various types of plants rich in
flavonoids was able to maintain pH level. It
seems that the presence of flavonoids in waru
flower extract is one of the reasons for the
increase in DMD, OMD, ADFD and NDFD of Bali
cattle fed diets supplemented with H.
tileaceusflower extract.

saponin containing diet did not affect blood
parameters (Nasri et al., 2011), indicating that it
is safe for feeding ruminants. This is presumably
because the gross energy content (GE) between
the treated feed and control feed is relatively the
same (Table 2). According to McDonald et al.,
(2010) feed factors, especially energy
consumption, greatly determine the high and
low blood glucose levels. Church (1993) added
that blood glucose levels are influenced by feed
carbohydrates, both crude fiber and BETN.
Crude fiber and BETN are fermented by rumen
microbes to produce volatile fatty acids (VFA)
such as acetate, propionate and butyrate.
Propionate is converted to glucose in the liver
(Wanapat et al., 2013). Propionic acid supplies
30% of the body's glucose needs (McDonald et
al., 2010).
There was a tendency of an increase in blood
glucose in treated cattle compared to control
cattle. This was because saponins can reduce
protozoa and indirectly have an impact on the
reduction of methanogenic bacteria because
approximately 25 to 30% of methanogenic is
symbiotic with protozoa (Wang et al., 2012);
thus, the process of methane production is
hampered. Thus H2, as one of the elements of
methane formation, is diverted to propionate
formation, which results in increased production
of propionate (Belanche et al., 2014). Greening
et al. (2019) found that the increase in
propionate was caused by competition for
hydrogen between propionate and methane and
the low acetate and butyrate, which are the
main fermentation products of protozoa.
Defaunation will change the VFA pattern, which
results in high propionate production.

Blood Glucose and Urea Levels
Blood glucose and urea levels of Bali cattle
were not significantly affected (P>0.05) by
adding of H. tileaceus flower extract in the diets.
There was no significant difference (P>0.05)
between the control (R1) group and the
treatment (R2). The blood glucose level of the
treated cattle group tended to increase by 4.1%
higher than the control (Table 3).
In the present study, there was no significant
effect of H. tileaceus flower extract
supplementation on glucose and urea blood;
seemingly, the blood parameters were within
the normal ranges (Kumar et al., 2017). Similar
to our findings, a previous study reported that

Table 3. Glucose and urea blood levels on Bali cattle fed ammoniated rice straw and concentrate
supplemented by Waru flower extracts
Treatments
Glucose (mg/dl)
Urea (mg/dl)
R1
33,40±14.23
24,40 ± 4.42
R2
37.50±14.14
24.00 ± 5.52
Means in the same column/row with different superscript differ significantly (P<0.05) or highly significant
(P<0.01)
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Propionate is the main ingredient for glucose
formation
through
the
process
of
gluconeogenesis. Prayitno et al., (2014) reported
that blood glucose levels were influenced by the
administration of saponins which were able to
reduce methane gas production and increase
propionate production.
Increasing of propionate is also caused by the
flavonoids contained in Hibiscus tiliaceus flower
extract. Balcell et al. (2012) reported that the
addition of flavonoids in cattle diets fed high
concentrations could increase propionate and
reduce acetate. In addition, flavonoids can
prevent rumen acidosis by decreasing
Streptococcus
bovis
and
Selenomonas
ruminantium and an increase in the number of
lactate user bacteria such as Megasphaera
elsdenii so as to improve the performance of
beef cattle.Kim et al., (2015) reported that
supplementation of feed with various types of
plants rich in flavonoids was able to maintain pH.
An increase in the population of lactate-user
bacteria such as Megasphaera elsdenii will
increase propionate because these bacteria can
convert lactate to propionate, which is the main
compound for glucose formation through the
gluconeogenesis process. Therefore, blood
glucose in cattle fed diet containing H. tileaceus
flower extract is higher than the control. Excess
glucose is used to accumulate body fat, so cattle
in this group have ADGs that tend to be better.
Blood urea levels (Table 3) in cattle fed with
H. tileaceus extract did not differ (P>0.05) from
the control cattle group. This caused the protein
content of the diet fed in the two groups of cows
to be relatively the same, and the addition of 200
ppm of H. tileaceus flower extract does not
cause an increase in the treated feed protein.
Nozad et al. (2012) reported that there is a
positive relationship between blood urea and
feed proteins consumed by the ruminants.
Ruminants fed

additional protein in their diet reported high
blood urea concentrations (Hasan and Saeed,
2012).
There was a tendency to decrease blood urea
levels in the group of cattle receiving diet
supplemented with H. tileaceus flower extrct.
The use of H. tileaceus flower extract as a
defaunation agent reduced the number of
rumen protozoa thereby increasing the number
of rumen bacteria. Increasing the number of
rumen bacteria will increase the utilization of
rumen N-NH3 so that N-NH3 levels absorbed
through the rumen wall decreases. The reduced
absorption of NH3 from rumen will significantly
reduce the conversion of N-NH3 to urea in the
liver, so that blood urea levels also decrease.
This is in accordance with the statement of
Hasan and Saeed (2012) that urea levels in the
blood are influenced by ammonia levels in the
rumen.
Performance
Supplementation of 200 ppm/kg dry matter
H. tileaceus flower extract into Balinese cattle
diet did not affect (P>0.05) the final body weight,
average daily gain (ADG), feed efficiency (FE) and
feed conversion (FC). There was a tendency
improving of ADG, FE and FC of group cattle
received diet containing H. tileaceus flower
extract (Table 4).
Average daily gain (ADG), feed efficiency (FE)
and feed convertion (FC) in the group of cows fed
with H. tileaceus flower extract were not
significantly different (P>0.05) with the control
cattle group (Table 4).
This is because the feed given to both groups
of cows contains a high enough concentration
(2% of the live weight or equivalent to 65% of the
total consumption of dry matter). This condition
causes the rumen pH to be acidic. The acidic
rumen condition causes the defaunation effect
of saponin to be less effective.
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Table 4. Finale body weight, avergae daily gain (ADG), feed convertion and feed effisiency Bali cattle
fedammoniated rice straw and concentrate supplemented by Waru flower extracts
Treatments

Body
ADG (kg)
Feed
Feed
weight (kg)
Conversion
efficiency (%)
R1
288.60 ± 15.48
0.54 ± 0.32
18.05 ± 2.17
5.54 ± 1.89
R2
290.60 ± 22.40
0.63 ± 0.23
14.76 ± 3.37
6.77 ± 2.66
Means in the same column/row with different superscript differ significantly (P<0.05) or highly significant
(P<0.01)
Effects of Saponins on Rumen Fermentation,
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different rumen protozoal populations. FEMS
Microbiol Ecol 90: 663–677. DOI: 10.1111/15746941.12423
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reagent for the determination of blood glucose by
the oxidase system. Analyst 97: 142-145.
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Canul-Solis et al. (2014) reported that
administration of saponin from Yucca schidigera
did not affect weight gain and feed efficiency of
sheep fed Pennisetum purpureum grass. Similar
results were reported by Aazami et al. (2013)
that the addition of saponins 0, 100 and 100 mg
/ kg DM in sheep / goat diets did not have an
effect on weight gain.
Although there were no significant
differences statistically, however, the group of
cows that received flower extract tended to have
better ADG, FC and FE than the control group
(Table 4). This is due to DMD, OMD, NDFD and
feed ADFD in the second group was higher (P
<0.05) compared to the control cattle group
(group I). It is suspected that flavonoid levels in
Waru flower extract contributed to differences
in data between cows in groups I and II. It was
postulated that the effect of saponin varied with
type of diet, nature of saponin and dose level,
which may be the reason for the difference in
the effects (Patra and Saxena, 2010).

Conclusions
H.tiliaceus flower extract supplementation of
200 ppm/kg dry matter in the diet of Bali cattle
can increase the digestibility of dry matter
(DMD), organic matter (OMD), neutral detergent
fiber (NDFD), acid detergent fiber (ADFD).
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