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ABSTRAK 

Tarigan A, Ginting SP, Arief II, Astuti DA, Abdullah L. 2017. Identifikasi kualitas fisik dan pelet konsentrat hijau berbasis 

Indigofera zollingeriana secara in vitro. JITV 22(3): 114-123. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1651 

Penelitian ini bertujuan untuk mengetahui kualitas fisik dan kecernaan pelet konsentrat hijau berbasis I.zollingeriana secara 

in vitro. Komposisi pakan berupa pelet konsentrat hijau  mengandung  I. zollingeriana dan C. calothyrsus pada berbagai 

kombinasi sebagai berikut : 1) I. zollingeriana/C. calothyrsus (90/0; R0), 2) I. zollingeriana/C. calothyrsus (75/15; R1), 3) I. 

zollingeriana/C. calothyrsus (60/30; R2) dan 4) I. zollingeriana/C. calothyrsus (45/45; R3). Penelitian kualitas fisik pelet 

konsentrat hijau dilakukan dengan menggunakan rancangan acak lengkap dengan empat perlakuan pelet konsentrat hijau 

masing-masing tiga ulangan. Penelitian kecernaan pelet konsentrat hijau dilakukan secara in vitro fermentasi rumen dilakukan 

menggunakan rancangan acak kelompok dengan empat perlakuan pelet konsentrat hijau dengan tiga kelompok cairan rumen 

berbeda. Hasil penelitian memperlihatkan bahwa kualitas fisik pakan konsentrat hijau pelet yang mengandung komposisi  

I. zollingeriana/C. calothyrsus (60/30; R2)  memiliki karakter fisik terbaik (aktivitas air = 0.58; ukuran partikel = 12.69 mm; 

sudut tumpukan = 21.01o; ketahanan benturan = 99.78%; ketahanan gesekan = 90.42%; kerapatan tumpukan  = 590 kg/m3) 

dibandingkan dengan pelet mengandung komposisi  lainnya. Kualitas pakan berdasarkan kecernaan secara in vitro, bahan kering 

dan bahan organik  memperlihatkan pola yang sama yaitu R0 lebih tinggi (P<0.05) dibandingkan dengan perlakuan yang lain, 

sedangkan kecernaan  In Vitro protein kasar memperlihatkan R0, R1 dan R2 (P>0.05), namun (P<0.05) lebih tinggi dari 

perlakuan R3. Tidak terdapat perbedaan pH dan total bakteri pada keempat jenis pakan konsentrat hijau pelet. Perlakuan R3 

memiliki konsentrasi NH3, VFA dan produksi gas total paling rendah (P<0.5) dibandingkan dengan perlakuan R2, R1 dan R0. 

Dapat disimpulkan bahwa masuknya Calliandra calothyrsus tidak mengubah kualitas fisik green pellet. Namun, peningkatan 

kadar C. calothyrsus meningkatkan RUP dan mengurangi kecernaan, N-NH3 dan total VFA. 

Kata Kunci: Indigofera zollingeriana, Calliandra calothyrsus, Pelet, Pakan 

ABSTRACT 

Tarigan A, Ginting SP, Arief II, Astuti DA, Abdullah L. 2017. Physical quality and digestibility in vitro determination of green 

pellet concentrate based on Indigofera zollingeriana. JITV 22(3): 114-123. DOI: http://dx.doi.org/10.14334/jitv.v22i3.1651 

This study aims to determine the physical quality and digestibility of green pellet concentrate based on I. zollingeriana. The 

composition of green pellet concentrate feed contains I. zollingeriana and C. calothyrsus in the following combinations: 1) I. 

zollingeriana /C. calothyrsus (90/0; R0), 2) I. zollingeriana/C. calothyrsus (75/15; R1), 3) I. zollingeriana/C. calothyrsus (60/30; 

R2) and 4) I. zollingeriana / C. calothyrsus (45/45; R3). The physical quality study of green pellet concentrate was performed 

using a completely randomized design with four types of green concentrate as treatments of three replications. Green pellet 

concentrate studies conducted in vitro rumen fermentation were performed using in a  randomized block design with four 

treatments and three sources of liquid rumen as a block. The results of the experiments conducted with pellet criteria containing 

I. zollingeriana/C. calothyrsus composition (60/30; R2) have the best physical character (water activity = 0.58; particles size = 

12.69 mm; degree value angles = 21.01°; collision endurance = 99.78%; endurance friction = 90.42 %; bulk density = 590 

kg/m3) compared to the other treatments. The quality of diet based on digestibility in vitro, dry matter and organic material 

having a pattern equal to R0 is higher (P<0.05) compared with other treatments, while the rough digestibility of In Vitro protein 

is seen R0, R1, and R2 (P>0.05), but (P<0.05) was higher than the treatment of R3. There was no difference of pH and total 

bacteria on green pellet concentrate type. The treatment of R3 has the lowest NH3, VFA and total gas concentration (P<0.5) 

compared with R2, R1 and R0. It can be concluded that inclusion of Calliandra calothyrsus did not change physical 

quality of green pellets. However, increasing level of C. calothyrsus increased RUP and reduced digestibility, N-

NH3, and total VFA. 

Key Words: I. zollingeriana, Calliandra calothyrsus, Pellets, Feed 
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INTRODUCTION 

One of the important inhibiting factors in ruminant 

production is the scarcity of feed due to its high price 

and its fluctuation in quantity and nutritional qualities. 

(Van et al. 2005; Olafadehan & Adewumi 2009). 

During the last twenty years, it was reported  that  there 

was an increase in cost of feeding of ruminant 

production from 60% of total production cost (1990’
s
) 

to 64-66% (the 2000'
s
) and 65-75% (the 2010'

s
) because 

of a tendency to use feed concentrates at any stage of 

production (Kholif et al. 2015). Leguminous forages 

have been known widely to have a concentrate feed 

characteristic due to its high nutrient contents (crude 

protein, vitamin, and some mineral) and its highly DM 

digestibility. Indigofera zollingeriana is a leguminous 

tree that contains high crude protein (25-31%) and high 

(71-86.3%) DM digestibility (Tarigan et al. 2010; 

Abdullah et al. 2012a). The use of I. zollingeriana as a 

feed supplement (Tarigan & Ginting 2011) or as a sole 

forage gave a good growth rate of goats (Ginting et al. 

2010). In dairy goats, the use of I. zollingeriana leaves 

pellets improved milk production and efficiency of feed 

and nutrient utilization (Abdullah et al. 2012b). On the 

other hands, the potential use of Calliandra calothyrsus 

as feed-in ruminant production have been widely 

reported (Norton 1994; Hess et al. 2008; Jayanegara et 

al. 2011a). This forage is known for its high tannin 

content. While the protein-tannin complexes may 

decrease ruminal protein degradation and may lead to 

increase the flux of dietary protein for absorption in the 

intestine (Patra & Saxena 2011; Theodoridou et al. 

2010), the high tannin level may also result in reduced 

feed intake and digestibility. However, the combination 

of such high-tannin content with highly fermentable and 

low tannin content will improve microbial protein 

synthesis and protect the dietary protein without 

adversely affecting microbial growth efficiency and 

overall animal productivity (Soltan et al. 2012). 

Feed processing such as pelleting may improve the 

physical (Svihu 2011; Svihu & Zimonja 2011), and 

nutritional characteristics of the feed ingredient through 

the increased starch availability by gelatinization 

(Solanas et al. 2005; Svihu & Zimonja 2011), thus 

increasing its fermentation rate (Solanas 2008; 

Bertipaglia et al. 2010). This study aimed to evaluate 

the physical and in vitro nutritional qualities of green 

concentrate pellet composed of low tannin forages (I. 

zollingeriana) and high tannin forage (C. calothyrsus) 

of various composition.  

MATERIALS AND METHODS 

The study was conducted at the Research Institute 

for Goat Production, Sungai Putih, North Sumatera 

from July to November 2016. Indigofera zollingeriana 

and Calliandra calothyrsus were harvested at 60 day-

intervals and were cut 1.0 meter above ground level.  

The leaves were wilted by air-dried for 3-4 hours under 

the sun and ground using grinder with 1.0 mm 

screening size. Green concentrate pellets were 

formulated as follows: 90% I. zollingeriana + 0% C. 

calothyrsus (R0), 75% I. zollingeriana + 15% C. 

calothyrsus (R1), 60% I. zollingeriana + 30% C. 

calothyrsus (R2) and 45% I.zollingeriana + 45% C. 

calothyrsus (R3). The complete composition of the 

green concentrate is shown in Table 1. Pellet was 

produced using pelleting machine to yield green 

concentrate pellet of 5 mm diameter. 

Chemical analysis 

Dry matter, Kjeldahl N, crude fiber, and ash was 

analyzed according to AOAC (2005). The content NDF 

and ADF) were analyzed according to the method Van 

Soest (1991) and total tannin was analysed according to 

the folin-ciocateu method (Makkar 2003). 

Physical qualities  

Activity water (Aw) was measured using Aw meter 

that has been calibrated. Particles size was determined 

using vibrator ball mill with mesh/sieve of 4, 8, 16, 30,

Table 1. The composition of green concentrate pellets  

Ingredients 
Ratio (%) 

R0 R1 R2 R3 

I. zollingeriana meal 90 75 60 45 

C. calothyrsus meal   0 15 30 45 

Cassava meal   5   5   5   5 

Molasses   3   3   3   3 

Premix   1   1   1   1 

Salt   1   1   1   1 
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50, 100, 400 according to the method of Syarief & 

Halid (1993). The determination of angles of heap was 

performed according to Khalil (1999b). The endurance 

of green concentrate pellets was tested using shatter test 

by throwing pellets of known weights over a plates iron 

according the method of Balagopolan et al. (1988). The 

endurance pellets to friction (durability) were 

determined using the tumbling method as described by 

Fairfield (1994). The density was measured by pouring 

out samples of known weights into measuring glasses, 

and density was calculated as the ratio sample weight to 

the volume it occupies in the glass meter (kg/m
3
) 

according to Khalil (1999a).   

In vitro ruminal fermentation  

In vitro fermentation was done according to the 

method Tilley & Terry (1963). Rumen fluid was 

obtained from goats in the slaughterhouse. Rumen 

liquid was put into a flask surrounding hot water to 

maintain a temperature in flask between 39-40°C. 

Samples (0.5 g) of each feed treatment was put into 

fermentor tube into which 18.0 ml artificial saliva 

solution (McDougall) was added (temperature 39-40°C 

and pH 6.5-6.9), and then inoculated with 12 ml of 

rumen liquid. CO2 added to the flask for ±30 seconds in 

order to maintain the anaerobic condition and the tube 

was  covered with rubber with one direction out of 

ventilation. Tube fermentor then inserted into a shaker 

water bath at a temperature of 39°C and incubated for 

four hours. NH3 concentration was determined 

according to the Conway micro diffusion method 

(Department of Dairy Science 1966), the VFA total was 

determined by a steam distillation method (Department 

of Dairy Science 1966), and pH was measured using a 

pH meter.  

After 48 hours of incubation, the rubber cover was 

opened and 0.2 ml saturated HgCl2 was dropped (3-2 

drops). The tubes were centrifuged at 5000 rpm for 20 

minutes. The solution was taken and filtered with paper 

Whatman N.41 with the help of vacuum pump, and the 

residue was then transferred to the cup and dried. The 

residues were analysed for N by the KJELDAHL 

method, and considered as the rumen undegradable 

protein (Licitra et al. 1995).  

After the supernatant was disposed of, the residues 

were centrifuged in a tube fermentor then dissolved in 

30 ml solution a pepsin-HCl (0.2%) and incubated for 

48 hours in the aerobic condition at 39-40°C. Then 

solution was filtered with Whatman N.41 paper with the 

help of vacuum pump. The residues was then dried in 

an oven at 105°C for 24 hours and weighed to calculate 

the dry matter degradable (IVDMD). The sample then 

dried in the electric furnace at a 600°C for 24 hours to 

determine the degradable organic matter (IVDOM). The 

residue was used to analyzed the N content for the 

calculating of degradable crude protein (IVCPD). 

IVCPD was calculated as the difference between the 

crude protein content of the samples before being 

incubated and after being incubated. 

In Vitro gas production  

Total gas production was measured according to the 

procedures of Close & Menke (1986). Syringes (50 ml) 

were filled with 0.2 g sample and then added 30 ml of 

rumen liquid that has been mixed with a buffer solution 

(1 : 2). The syringes are then inserted into a shaker 

water bath at 39°C. Gas production was measured at 2, 

4, 6, 8, 12, 24, and 48 hours of fermentation by noting 

the volume of gas formed during the process of 

fermentation. 

Statistical analysis 

The physical characteristic evaluation was arranged 

in a completely randomized design of four treatment 

(composition of green concentrate pellet) with three 

replicates. The in vitro study was arranged in a 

randomized block design with rumen liquid sampling 

time the block consisting of four treatments with three 

replicates. Data were analysed using the method of e 

Analysis of Variance (ANOVA). Uses software SAS 

version 9.1 (2002). The means were compared using the 

Duncan test (Steel & Torrie 1995).  

RESULTS AND DISCUSSION 

Chemical compositions  

The nutrient compositions of the green concentrates 

were shown Table 2. The dry matter (DM) and organic 

matter (OM) content were relatively comparable among 

all treatments. The DM and OM contents ranged from 

93.87 to 95.62% and from 89.65-91.11%, respectively. 

The crude protein (CP) contents were numerically 

higher when the inclusion level of I. zollingeriana 

increased which is due to the higher crude protein 

content of I. zollingeriana compared to C. calothyrsus 

(Tarigan et al. 2010). The crude protein content of the 

green concentrates pellets ranged from 18.82 to 

21.44%. The high crude protein content of green 

concentrates pellet based on the mixtures 

I.zollingeriana  and  C. calothyrsus, is expected to 

increase productivity of ruminants through increasing of 

the flux of dietary protein for absorption in the 

intestines, and improving the amount of amino acid 

absorbed from intestinal digestion (Bach et al. 2005; 

Patra & Saxena 2011). The content of crude fibers is 

relatively low and ranged from 8.95 to 12.04 %.  
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Table 2. Chemical compositions of green concentrate pellets (% DM) 

Parameter 
Experimental forage Experimental diets 

I. zollingeriana C. calothyrsus R0 R1 R2 R3 

Dry matter (DM) 20.40 33.30 95.62 95.15 93.87 94.05 

Organic matter (OM) 90.85 93.40 89.79 89.65 90.77 91.11 

Crude protein (CP) 25.78 18.83 21.44 20.49 19.17 18.82 

Crude fiber (CF) 14.25 11.70 12.04 10.25 8.95 9.35 

NDF  35.64 47.70 42.18 40.20 38.30 33.13 

ADF  24.64 33.90 27.70 21.10 17.29 18.02 

Total tannin 0.85 12.76 0.85 2.75 3.79 5.56 

       

The NDF and ADF content range from 33.13 to 

42.18%, and from 17.29 to 27.70%, respectively. These 

level of NDF and ADF contents seem not cause restrict 

feed consumption when fed to ruminant animals. (Van 

Soest et al.1991; De Boever et al. 2005). 

The content of the total tannin in  R0 (8.50 g/kg 

DM) is classified as very low, far below the threshold 

level (50 g/kg DM)  that could express its role as anti of 

nutrient (Min et al. 2003; Al-Dobaib 2009; Piluzza et al. 

2013). In line with the increasing inclusion level of C. 

calothyrsus the total tannin content increased in  R1, 

R2, and R3 (2.75, 3.79, 5,56%, respectively). Tannin 

was related to the protection of dietary protein against 

increasing the flux of dietary protein for absorption in 

the intestines and may result improving the amount of 

amino acid absorbed from intestinal digestion 

(Jayanegara et al. 2009; Szumacher-Strabel & Cieslak 

2010; Goel & Makkar 2012). The use of tannin in 

rations feed on certain concentration can improve 

efficiency nutrients, increase the productivity of 

ruminants. To increase the use of protein feed, 

especially feed with level degradation rumen high 

required protection. Protection protein intended to 

reduce the level of degradation protein in the rumen but 

digested by an enzyme post-ruminally so that directly 

can use through a process absorption post-ruminally in 

the small intestines. One way protection protein with a 

coating is to the tannin (Smith et al. 2005; Patra & 

Saxena 2011). 

Physical qualities  

The value of water activity (Aw) on green pellet feed 

concentrates based I. zollingeriana combined with C. 

calothyrsus (treatment) shown in Table 3. It is shown 

that the value of the water activity (Aw) green 

concentrate pellets with composition of R3 (45% I. 

zollingeriana and 45% C. calothyrsus) were lower 

(P<0.05) compared to those with composition of 90% 

or 60 % I. zollingeriana, but similar to those with 

composition of 75% I.zollingeriana and 15% C. 

calothyrsus. The value of water activity obtained in this 

study are low ranging from 0.49 to 0.60. It has been 

known that microbes can only grow in materials with 

specific water activity and materials having water 

activity of 0.7 is considered to be sufficient for lasting 

storage (Winarno 1991). The relatively low water 

activity values of green concentrate pellets found in this 

study is indicative of its potential for long lasting 

storage. The pelleting process could be defined as the 

agglomeration of small particles using a mechanical 

process in combination with moisture, heat, and 

pressure (Abdollahi et al. 2013). The particles size of 

green concentrate pellets is shown in Table 3. The 

particle size of the green concentrate pellets was lowest 

in that with composition of 45% I. zollingeriana and 

45% C. calothyrsus and there were no differences 

(P>0.05) among other treatments. The particle size of 

green concentrate pellets in all treatments ranged from 

12.12 to 13.24 mm. It was reported that the particle size 

of pellets was influenced by the particle size of its 

ingredients, and the smaller the particle size of its 

ingredients was the smaller the particle size of the 

pellets (Saenab et al. 2010). Amerah et al. (2007) 

reported that pelleting reduced the relative proportion of 

materials with particle size of > 1.0 mm and increased 

the proportion of those with particle size < 0.075 mm in 

coarse diets.  

The degree of angles of repose of green concentrate 

pellets was not different (P>0.05) among the treatments 

and ranged from 18.06 to 21.01. Angulo (1995) confirm 

that materials that can easily flow will have degree of 

angles of repose ranging from 20 to 30°. When 

compared to these values the green concentrate pellets 

of various composition of I. zollingeriana and C. 

calothyrsus would easily flow across the compartments 

within the whole feed processing system. This trait is 

important in improving the efficiency of feed 

processing.  
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Table 3. Physical qualities green concentrates pellets based I. zollingeriana in combination with C. calothyrsus 

Parameter 
Treatment 

R0 R1 R2 R3 

Water activity (Aw) 0.60±0.08a 0.54±0.01ba 0.58±0.01a 0.49±0.02b 

Particles size (mm) 13.16±0.14ba 13.24±0.13a 12.69±0.71ba 12.12±0.81b 

Degree value angles (°) 18.84±1.11 18.06±0.45 21.01±1.40 19.04±3.59 

Collision endurance (%)  99.84±0.06ba 99.90±0.01a 99.78±0.05b 99.65±0.06c 

Friction endurance (%) 92.53±0.70a 92.92±1.46a 90.42±0.41a 87.19±2.50b 

Bulk density (kg/m3) 590±0.03 640±0.02 590±0.02 570±0.00 

a,b,c means within a row without a common superscript letter differ significantly 

Collision endurance is variable that is used to test 

endurance of pellets to collision. The collision 

endurance of green concentrate pellets R3 composed of 

45% I. zollingeriana and 45% C. calothyrsus was 

lowest (P<0.05), but it was not different among other 

treatments (Table 3). The range of collision endurance 

values of the green concentrate pellets was 99.65 to 

99.90% which are slightly higher compared to the study 

of Saenab et al. (2010) in complete pellet feed 

containing hydrolysates of shrimp by-products having 

collision endurance ranging from 92.25 to 99.34 %. The 

gelatinizing process may help to form a string ties 

among the particles that resulted in improving a 

compact pellet feed (Cheeke 1999). 

Friction endurance value (durability) of green 

concentrate pellets significantly (P<0.05) increased as 

the proportion of I. zollingeriana in the green 

concentrate increased. The friction endurance value 

(durability) of green concentrate pellet ranged from 

87.19 to 92.92%. These values are numerically greater 

than the minimum friction endurance value (durability) 

of 80 % reported by Dozier (2001).  The relatively high 

friction endurance values of green concentrate pellets in 

the present study could be affected by low the moisture 

content and small particle size of materials used to 

produce the green concentrate pellet so that they were 

compact and not easily destroyed by friction. The 

smaller the size of particles of materials the larger are 

the surface area for particles to contact and to form a 

strong bound among the particles which then cause the 

pellets are not easily destroyed (Saenab et al. 2010).  

The bulk density was not affected (P>0.05) by the 

composition of the green concentrate pellet (Table 3). 

The bulk density of the pellet was in the range of 570 to 

640 kg/m3. Numerically, the bulk density was highest 

in green concentrate pellet composed of 75% I. 

zollingeriana (640 kg/m3) and was lowest in that 

composed of 45% I. zollingeriana (570 kg/ m3). Kahlil 

(1999a) stated that feed having low bulk density (<450 

kg/m3) require longer flowing time flows (vertical 

direction) and vice versa with other feed which have the 

bulky density >500 kg/m3). Materials in the form of 

pellets or tube having bulky density of 600-800 kg/m
3
 

are easier to handle, delivery, storage and to use 

(Kaliyan & Morey 2009). The bulky density of green 

concentrates pellets in the present study is considered to 

be relatively high indicating that handling of these 

pellet feed will be easy and less space is needed to 

store. Khalil (1999a) reported that feeds with high bulk 

density need a period of falling and flowing more 

concise than those with lower bulk density. 

In Vitro rumen degradability 

The in vitro rumen degradability of green 

concentrate pellets based on mixtures of I. zollingeriana 

and C. calothyrsus is shown in Table 4. IVDMD and 

IVOMD of pellet composed of 90% I. zollingeriana 

were significantly higher (P<0.05) compared to other 

treatment. The IVDMD and IVOMD increased in line 

with the increasing proportion of I. zollingeriana and 

decreasing proportion of C. calothyrsus. The higher 

content of tannin in C. calothyrsus may contributed to 

this phenomenon as indicated by the highest tannin 

content (55.6 g/kg) of those green concentrate pellet 

with the highest proportion of C. calothyrsus (Table 2). 

This tannin level is beyond the threshold of 50 g/kg DM 

that has a decreasing effect on the rate of protein 

degradation (Min et al. 2003; Al-Dobaib 2009; Piluzza 

et al. 2013). Thus, an increase in the tannin content in 

any green concentrates pellets composition is tending to 

cause decreases in IVDMD and IVOMD. Suharlina et 

al. (2016) reported that feed concentrates composing of 

20% I. zollingeriana has a high in vitro degradability 

due to its high content of crude protein (CP) and low 

content of crude fibers. Increasing nitrogen content in 

forage mixtures by adding legumes have been shown to 

improve ruminal digestion of feed dry matter (Dal 

Pizzol et al. 2017). In the present study, the IVDMD 

and IVOMD of green concentrate pellets may have 

been positively influenced by high CP content of  

I. zollingeriana. 
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IVCPD of green concentrates pellet were no 

significantly different (P>0.05) among treatments, 

except that IVCPD was lowest (P<0.05) in that 

composed of 45% I. zollingeriana and 45% C. 

calothyrsus (Table 4). IVCPD values ranged from 77.65 

to 86.78% in all treatments with the highest values 

obtained in the pellet composed of 90% I. zollingeriana 

(86.78%). The increasing level of  I. zollingeriana in 

the green concentrate pellets linearly increased the 

crude protein content of the pellets  (Table 2).This 

increase of the crude protein in diet may trigger the 

activity of microbial fermentation in the rumen (Kiran 

& Mustsvangwa 2009; Sauve et al. 2009). This 

indicates that the green concentrate may have provided 

sufficient N to favor the growth rumen microbes that 

serves as a source of protein for of ruminants. IVCPD 

obtained in the present study are higher than those 

reported by Suharlina et al. (2016) ranging from 79.1 to 

83.38% on diets composed of 0.20 and 40% I. 

zollingeriana fed to goats. The relatively high 

digestibility of these green concentrate pellets could 

also be affected by the process (grinding, pressuring, 

and heating) that has been put on ingredients in 

producing the pellets. The application of heat and 

pressure during pelleting might promote starch 

gelatinisation which increased the fermentation rate 

(Solanas et al. 2008). 

RDP of green concentrate pellets was affected by 

the composition of the pellet (P<0.05). The greatest 

RDP was observed in pellet with highest level 

proportion of I. zollingeriana and decrease in line with 

increasing proportion of C. calothyrsus. This indicates 

that solubility of the protein in green concentrate tend to 

rise as the proportion of I. zollingeriana is increasing. 

This is in agreement with the fact that I. zollingeriana 

has high protein content with high degradability in the 

rumen and low fiber and tannin contents (Tarigan et al. 

2010; Suharlina et al. 2016). 

The RUP of green concentrates composed of 45% I. 

zollingeriana and 45% C. calothyrsus was higher 

compared to that composed of 60% I. zollingeriana and 

30% C. calothyrsus or 90% I. zollingeriana and 0%  

C. calothyrsus, but was not different to that composed 

of 75% I. zollingeriana and 15% C. calothyrsus. The 

ranking order of the green concentrate pellet in term of 

their RUP values was R3>R2≥R1>R0. RUP value 

increase in line with the increased proportion of C. 

calothyrsus in the mixture with I. zollingeriana. 

Combination of high-tannin forages with other highly 

fermentable forages will improve microbial protein 

synthesis and microbial growth efficiency (Soltan et al. 

2012). Tannin is beneficial to form a complex with 

protein in the rumen for supplying protein to the 

digestive tract after rumen, to increase productivities of 

ruminants (Al-Dobaib 2009; Jayanegara et al. 2011b; 

Piluzza et al. 2013). This indicates the potential of 

green pellets concentrates for supplying protein needs 

of ruminants after rumen. 

Characteristic of fermentation rumen 

The pH values of the media (in vitro) were not 

affected (P>0.05) by the composition of I. zollingeriana 

and C. calothyrsus of the green concentrate pellets 

(Table 5). The lowest pH (P>0.05) was observed in 

media where substrate used was the mixture of I. 

zollingeriana (45%) and C. calothyrsus 45%. 

Nevertheless, there was a trend of decreasing pH of in 

vitro media when the proportion of C. calothyrsus in 

substrates increase. The pH levels obtained in the 

present study ranged from 6.73 to 6.75 and is relatively 

lower compared to those reported by Syahrir et al. 

(2009), i.e., 6.9-7.0 when using flour mulberry as 

substrates. This pH levels are at least in the range of 

6.2-7.2 reported by Van Houtert (1993) and Van Soest 

(1994) to ensure optimal ruminal digestion. 

The ammonia-N (NH3-N) concentration (9.32 mM) 

was highest (P<0.05) when 90% I. zollingeriana was 

used as substrate, but it was not different (P>0.05) to 

that when 75% I. zollingeriana and 15% C. calothyrsus 

was used as substrates (8.21 mM). The concentrations

Table 4. In vitro rumen degradability green pellets concentrates based I. zollingeriana in the combination with C. calothyrsus  

(% DM) 

Parameter 
Treatment 

R0 R1 R2 R3 

IVDMD (%) 73.62±1.30a 66.58±2.65b 60.09±0.91c 53.47±1.63d 

IVOMD (%) 71.84±1.80a 64.29±1.08b 57.58±1.11c 50.43±2.01d 

IVCPD (%) 86.78±0.96a 85.59±5.87a 84.07±2.81ba 77.65±2.41b 

RDP (%) 54.35±0.54a 47.00±0.92b 48.08±2.5b 42.47±3.27c 

RUP (%) 45.65±0.54c 53.00±0.92b 51.92±2.5b 57.54±3.27a 

a,b,c,d Means within a row without a common superscript letter differ significantly 

RDP - rumen degradable protein; RUP-rumen undegradable protein 
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Table 5. Characteristic fermentation rumen concentrate green pellet based I. zollingeriana in the the combination with C. 

calothyrsus  

Parameter 
Treatment 

R0 R1 R2 R3 

pH  6.75±0.05 6.75±0.05 6.73±0.06 6.73±0.03 

N-NH3 (mM) 9.32±1.25a 8.21±0.50ba 7.51±0.66b 6.30±0.67c 

Total VFA (mM) 138.12±7.57a 117.45±7.09b 95.50±3.21c  78.31±5.57d 

Total bacteria (LogCFU/ml) 6.69±0.31 6.24±0.06 6.45±0.34 6.51±0.45 
a,b,c,d Means within a row without a common superscript letter differ significantly 

 

 

Figure 1.  Total gas production of feed green concentrate pellets in different combination I. zollingeriana/C. calothyrsus (90/0; R0), 

I. zollingeriana/C. calothyrsus (75/15; R1), I. zollingeriana/C. calothyrsus (60/30; R2) and I. zollingeriana/C. calothyrsus 

(45/45; R3). 

ruminal NH3-N of all treatments ranged from  6.30 to 

9.32 mM. McDonald et al. (2010) stated that the 

concentration NH3-N required to support protein of 

rumen microbes ranged from 85 to 300 mg/l or 6-12 

mM. The increased proportion of I. zollingeriana tends 

to increase the concentrates of NH3-N of the rumen 

liquid which may related to the increased protein level 

of the green concentrate. The NH3-N concentration of 

the rumen liquid observed in this study is higher 

compared to 3.87-5.23 mM reported by Suharlina et al. 

(2016). 

The concentration of total VFA in the rumen liquid 

was highest when 90% I. zollingeriana was used as 

substrate. As the proportion of I. zollingeriana in the 

green concentrate pellet increased the VFA 

concentration tent to increase. The VFA concentration 

ranged from 78.3 to 138.12 mM and in parallel with the 

normal range 78.81 to 138.2 mM reported by Wanapat 

& Pimpa (1999). There was a decrease of 33% in the 

VFA concentration of the rumen liquid when the 

proportion of I. zollingeriana deceased from 90 to 45% 

in the mixtures of I. zollingeriana and C. calothyrsus. 

Total bacteria number was not different (P<0.05) 

among treatments and ranged from 6.24-6.69 log 

CFU/ml. Numerically, total rumen bacteria numbers 

were higher when 90 % I. zollingeriana was used as 

substrate. 

In Vitro gas production 

Total gas production for 48 hour incubation period 

of green concentrate pellets is presented in Figure 1. 

Total gas production obtained at all treatments ranged 

from 38 to 52 ml which are numerically higher 

compared to 20.31-24.83 ml reported by Suherlina et al. 

(2016) worked on feed concentrates based on I. 

zollingeriana in vitro. The gas production was highest 

(P<0.05) when green concentrate pellet composed of 

90% I. zollingeriana was incubated. The gas production 

tent to increase as the proportion of I. zollingeriana in 

the green concentrate pellets increased and which may 

related to the it's higher crude protein and lower fiber 

contents that could trigger increased feed digestion. The 

study of Tschernig et al. (2006) showed that addition of 
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I. zollingeriana increases the rate of the production of 

gas and degradation N more than C. calothyrsus. The 

gas production curve of all treatments showed a linear 

fashion over the 48 hour-incubation periods. This is 

indicative of the presence of substrates that are readily 

fermented provided that incubation period was 

prolonged over 48 hours period.  

CONCLUSION 

It can be concluded that inclusion of Calliandra 

calothyrsus did not change physical quality of green 

pellets. However, increasing level of C. calothyrsus 

increased RUP and reduced digestibility, N-NH3, and 

total VFA. 
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