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INTRODUCTION 
 

The fulfillment of feed requirements for ruminants in the 

tropics has always been an obstacle both in quantity and 

quality because it relies on forage sources which mostly 

come from agricultural land and pastures. It is necessary 

to utilize various types of feed ingredients that can meet 

the needs of livestock to produce high production. 

Nitrogen and energy are nutrients in feed ingredients that 

are needed for the needs of ruminants, especially 

microorganisms in the rumen. Urea is a source of Non 

Protein Nitrogen (NPN) which is commonly used in 

rations for ruminants in the tropics, where grass forage as 

basal feed for livestock contains low easily degradable 

protein. Urea is one of the non-protein nitrogenous feeds 

whose optimal utilization in feed can reduce a number of 

costs for protein rations.
[1]

  

The use of urea in ruminant feed is quite widespread and 

is universally expected to be a cheap material to replace 

plant protein sources, can increase carbohydrate 

utilization and increase feed conversion in ruminant 

rations.
[2,3]

 Urea in the ration will be used by rumen 

microbes to increase growth and its activity remodel the 

low quality basal feed. According to Karsli and Russel,
[4]

 

Microbial protein synthesis and its growth are highly 

dependent on the adequacy of energy (ATP) produced 

from the fermentation of organic matter in the rumen and 

nitrogen produced from the degradation of protein and 

non-protein nitrogen sources in the ration. The problem 

with urea utilization is its rapid degradation in the rumen, 

resulting in the supply of ammonia exceeding the 

capacity of rumen bacteria to assimilate it into amino 

acids. The rate of ammonia release results in inefficient 

utilization of N in the rumen.
[5]
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ABSTRACT 
 

Utilization of slow-release urea products can increase nitrogen and energy utilization and rumen fermentation. The 

purpose of this study was to evaluate the nutritional value of the slow-release urea product (combined product) as a 

result of in vitro cooking of the combination of urea and stem content (umbut) starch of the gewang stem. The 

fermentation products evaluated were pH, concentration of N-NH3, total VFA and microbial protein synthesis. The 

treatments applied were 2 factors, namely cooking factor (P) in a rotating autoclave with 3 times namely 

respectively 0 hours (P0), 1 hour (P1) and 2 hours (P2) and urea level factor with 3 levels namely respectively 0% 

(U0), 2% (U2) and 4% (U4), as well as control treatment without cooking (p0) at 3 levels of urea. The experimental 

design used was a completely randomized design with a 4 x 3 factorial pattern with 3 replications. Statistical 

analysis using analysis of variance (Anova) and Duncan's Multiple Range Test. The relationship between the two 

treatment factors with each variable used orthogonal polynomial regression analysis. The research results showed 

that there was an interaction between cooking time and urea level on the variables of pH value, N-NH3 

concentration and microbial protein synthesis, while total VFA was not the result of treatment interaction. The 

highest in vitro nutritional value was achieved by the combined product of urea-stem content (umbut) starch of 

gewang stem which was cooked for 2 hours with the urea level of 4% (P2U4) namely, the value of pH 6.77; N-NH3 

9.49 mg/100 mL, total concentration of VFA 141.79 mMol and microbial protein synthesis 8.29 mg/g/4 hours. It 

was concluded that the combined product of cooking result of urea and stem content (umbut) starch of gewang 

stem produced fermentation products according to the needs of in vitro rumen microorganisms with the best 

cooking time of 2 hours and urea level of 4%. This combined product can be categorized as a slow release urea 

product. 

 

KEYWORDS: In vitro, combination, nutritional value, cooking, stem content starch of gewang, slow release urea. 
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Efforts to slow down the release and increase the 

utilization of urea nitrogen in livestock rations are by 

controlling the rate of its release so that it is more 

consistent with carbohydrate digestion. One source of 

carbohydrates (starch) that can be combined with urea is 

the stems content (umbut) of the gewang plant (Corypha 

utan Lamk.). According to Witono et al.
[6]

 The 

carbohydrate content of the stem of the gewang plant is 

86.59%, amylose 32.73%, amylopectin 51.11% and 

protein 0.69%. This stem content (umbut) starch of 

gewang stem has the potential to be combined with urea 

to produce products that are suitable for fermentation in 

the rumen. Acceleration of the starch degradation along 

with urea requires pretreatment and one of the 

pretreatments that can be applied is cooking. The 

cooking process causes the molecular structure of starch 

could be changed, so that it becomes easier to be 

attacked by microbial enzymes and when cooked with 

urea, the problem of time mismatch in the supply of 

energy and ammonia can be overcome. According to 

Bloomfield et al.
[7]

 the process of formation of urea-

carbohydrate complex at a temperature of 170
o
 C causes 

the release of nitrogen is more suitable for bacterial 

growth. The purpose of this study was to study the in 

vitro nutritional value of the cooking product from the 

combination of urea with the stem content (umbut) starch 

of gewang stem using a "rotating autoclave" as a slow-

release urea product. 

 

MATERIAL AND METHOD 
 

The cooking process of the mixture of gewang stem 

content (umbut) with urea is carried out using a "rotating 

autoclave". The gewang stem content was obtained from 

the community in Kupang regency, Timor island, East 

Nusa Tenggara Province, Indonesia. Urea is obtained 

from a farm supply store. Rotating autoclave used to 

cook a mixture of gewang stem content and urea 

belonging to Center for Pulp and Paper / Balai Besar 

Pulp dan Kertas (BBPK) in Dayeuh kolot, Bandung, 

West Java. The combined product of urea-stem content 

(umbut) starch of gewang stem is obtained by cooking at 

170
o
C in a rotating autoclave, according to the procedure 

of Chicco et al.
[8]

. The treatment applied consisted of two 

factors, namely the length of cooking time (P) and the 

dose of urea (U). The cooking time factors were 0 hours 

(P0), 1 hour (P1) and 2 hours (P2), respectively. The 

factor doses of urea were 0% (U0), 2% (U2) and 4% 

(U4), respectively. The combination of treatments 

formed is as shown below: 

 

P0U0  =  cooking time 0 hours with 0% urea level 

P0U2  =  cooking time 0 hours with 2% urea level 

P0U4  =  cooking time 0 hours with 4% urea level 

P1U0  = cooking time 1 hours with 0% urea level 

P1U2  = cooking time 1 hours with 2% urea level 

P1U4  = cooking time 1 hours with 4% urea level 

P2U0  =  cooking time 2 hours with 0% urea level 

P2U2  =  cooking time 2 hours with 2% urea level 

P2U4  =  cooking time 2 hours with 4% urea level 

 

The procedure for cooking a mixture of urea with stem 

content (umbut) starch of gewang stem was according to 

the procedure of Chicco et al.
[8]

 as follows 

1. As much as 300 grams of stem content (umbut) 

starch of gewang stem (in dry ingredients) are mixed 

evenly with urea according to the level of treatment 

and put into an autoclave container. 

2. Water is added until it reaches 75% of the water 

content of the ingredients. The water content is 

determined from the dry ingredients of the stem 

content (umbut) starch of gewang. The container is 

tightly closed and put into the autoclave room. 

3. The rotating autoclave room is heated to 170
o
C. The 

cooking time is calculated from the moment the 

temperature of the autoclave container reaches 

170
o
C. 

4. After reaching the unit of treatment time of the 

cooking time duration, the autoclave room 

temperature was lowered, the container was 

removed and cooled in a cooling water bath for 30 

minutes. The container is then opened and the 

cooking product is dried in an oven at 50
o
C for 48 

hours. The product of this cooking is called the 

combined product.  

 

The control treatment used was a mixture of urea with 

stem content (umbut) starch of gewang stem without 

cooking treatment (p0), namely 

p0U0 = 0% urea in dry ingredients of the stem content 

(umbut) starch of gewang stem without cooking 

treatment 

p0U2 = 2% urea in dry ingredients of the stem content 

(umbut) starch of gewang stem without cooking 

treatment 

p0U4 = 4% urea in dry ingredients of the stem content 

(umbut) starch of gewang stem without cooking 

treatment 

 

To study the rumen microbial biofermentation on the 

combined product of urea-stem content (umbut) starch of 

gewang stem and controls, samples were incubated in a 

fermenter for 4 hours according to the procedure of 

Owens and Goetsch.
[9]

 The research procedure is as 

follows 

1. Weigh 1.0 g of dry material sample and add 10 mL 

of McDougall's buffer solution with pH 6,9 and 

sheep rumen fluid inoculum 10 mL. 

2. The fermenter is put into a "water bath" at 40
o
C and 

CO2 gas flowed into the fermenter, then covered 

with a ventilated rubber prop. 

3. After 4 hours of incubation, the fermentation process 

was stopped by adding 0,2 mL of saturated HgCl2 to 

kill microbes. The fermentation product was 

centrifuged at a speed of 16,400 rpm for 20 minutes 

to separate the precipitate and supernatant. 

 

The variables measured were rumen pH, total 

concentration of VFA (total volatile fatty acids), N-NH3 

(ammonia) and microbial protein synthesis. 
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1. pH was measured using a pH meter of “Chemtrix 

type 40” immediately after the fermentation was 

stopped with HgCl2.  

2. Total-VFA concentration was measured using the 

distillation method.
[10]

. 10 mL of rumen fluid was 

acidified with 1 mL of 1 N H2SO4 then centrifuged 

at 3000 rpm for 15 minutes. The conical tube is 

placed in the cooler of the distiller. 5 mL of the 

supernatant from the rumen fluid was taken with a 

pipette and then put into the chimney at the top of 

the distiller, and 2 mL of H2SO4/MgSO4 solution 

was added, washed with distilled water and 

immediately carried out distillation. Distillation was 

carried out for 20 minutes to obtain 250 mL of 

distillate and added 5 mL of phenolphthalein 

indicator solution and titrated with 0.02 N NaOH to 

get a pink color as the endpoint (pH = 8.3). Total 

VFA is known by the formula : 

 

Normalization (NaOH) N = Vol. HCl x Normality (HCl) (N atomic weight) 

                                        Titer (NaOH) (mL) 

Mmol VFA/liter = Total titer (mL) x NaOH normality x 1000 

                            Rumen fluid volume (5 mL) 

 

1. Concentration of N-NH3. The analysis of the 

concentration of N-NH3 was carried out using the 

Conway microdiffusion technique,
[10]

 Conway's cup and 

lid are smeared on the edges with Vaseline. In the middle 

of the cup, put in 1 ml of boric acid and 1 drop of the 

indicator mixture of red methyl and green bromcreso. 

The left side of the cup is put in 1 ml of the supernatant 

and 1 ml of saturated sodium carbonate (NaCO3) 

solution is put in the right side. The cup was closed and 

shaken slowly so that the supernatant and sodium 

carbonate were mixed homogeneously, then allowed to 

stand for 24 hours at room temperature. After 24 hours 

the cup was opened and then titrated using 0.0055 N 

H2SO4 until the purple color changed to pink.  

Ammonia concentration calculation: N-NH3 = (ml of 

H2SO4 titration x N H2SO4 x 1000) mM  

Information: N-NH3= The obtained N-NH3 

concentration 

N H2SO4 = Normality of H2SO4 solution 

 

2. Measurement of microbial protein synthesis. 

Measurements used the "tungstic acid" method, namely 

the centrifuged precipitate was washed successively with 

5 mL H2SO4 1.07 N and 5 mL NaWO4 2H2O in a ratio 

of 2:1:1, by centrifuging at a speed of 16.400 rpm for 20 

minutes; then the supernatant was removed and the 

precipitate was dried in an oven and then analyzed for its 

protein content by the "mikroKjeldahl" method.
[11]

. The 

calculation is as follows: 

 

PM (mg/g/hour) = mL titran x N HCl x fp x 14 x 6.25 

                         ------------------------------------------ x 100 

                                      Gram sample 

Information: fp = factor pengencer / diluent factor. 

 

Data Analysis 
The experimental design used was a completely 

randomized design with a factorial pattern.
[12]

 Analysis 

of variance is used to see the effect of treatment on the 

measured variables. To study the relationship between 

the two treatment factors and the observed variables, the 

orthogonal polynomial regression test was used and 

Differences between treatments were tested by Duncan's 

multiple-range test.
[12]

 

 

RESULTS AND DISCUSSION 
 

Acidity Degree (pH) 
The pH value is an important and comprehensive 

indication in reflecting the fermentation process in the 

rumen. The pH value was measured 4 hours after 

incubation of the combined product of urea-stem content 

(umbut) of gewang stem in a fermenter. The acidity 

degree or pH of the rumen fluid is a balance between the 

buffer capacity and the alkaline or acidic nature of the 

fermentation product. The average rumen fluid pH 

values of these products are listed in Table 1. 

 

 

 

Table 1: Average pH value of the combined product of Urea-stem content (Umbut) starch of Gewang stem due 

to Treatment of Cooking Time and Urea Level. 
 

Cooking Time, Hours 

P 

Urea Level (U) 

0 % (U0) 2% (U2) 4% (U4) 

 

0 (p0) 

C 

6,90
a
 

B 

6.97
b
 

B 

6.97
b
 

 

0 (P0) 

A 

6.55
a
 

A 

6.73
b
 

A 

6.80
c
 

 

1 (P1) 

A 

6.57
a
 

A 

6.72
b
 

A 

6.78
c
 

 

2 (P2) 

B 

6.62
a
 

A 

6.73
b
 

A 

6.77
b
 

Information: 1) the same lowercase letters in the same line indicate not significantly different (P>0.05) 

2) the same capital letters in the same column indicate not significantly different (P>0.05) 
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The results of the analysis of variance showed that the 

treatment interacted significantly (P<0.05) on the 

changes in pH. The largest pH value with the narrowest 

pH change was indicated by the control treatment 

(without cooking) at all urea levels. The pH value of the 

combined product of urea-stem content (umbut) starch of 

gewang stem in this study ranged from 6.5-6.80. This pH 

value is still in the range of normal pH values, namely 

ranges from 6.4 to 6.8 
[13]

 meanwhile according to 

Alizadeh et al.
[14]

, Rumen pH in the range of 6.22-6.99 is 

very suitable for the activity of cellulolytic bacteria and 

fiber digesters. The highest pH value with a narrow 

change in the treatment without cooking (6.90-7.00) will 

reduce the utilization of urea and the stem content 

(umbut) starch of gewang stem. The narrow changes in 

the control treatment indicated the low utilization of 

carbohydrates in the stem content ((umbut) starch of 

gewang stem due to the high production of ammonia 

(13.90-20.07 mg/100 mL) from urea was not able to be 

utilized properly by microorganisms. Cooking treatment 

with increased urea level resulted in a combined product 

with a wide change in rumen pH. 

 

The research results showed that the treatment with urea 

levels of 0%, 2% and 4% in the treatment without 

cooking (po) from a mixture of urea-stem content 

(umbut) starch of gewang stem, the pH value was 

significantly higher than the treatment of cooking results 

of 0 hours, 1 hour and 2 hours. The use of 0% urea level 

with cooking time of 0 hours and 1 hour was 

significantly different with cooking time of 2 hours. 2% 

and 4% urea levels did not show a significant difference. 

The pH values in this study did not differ much from 

those reported by Shiehzadeh and Harbers
[15]

 of 6.6 and 

6.5 in the combined product of urea-potatoes and 

sorghum starch cooked at high temperature. 

 

The analysis results of orthogonal polynomial regression 

showed the treatment interaction of cooking time and 

urea level, resulting in a combined product of urea-stem 

content (umbut) starch of gewang stem on the pH value 

during the fermentation process according to the 

equation,Y = 6.551 + 0.008P + 0.111U – 0.012U
2
 – 

0.013 PU (R
2
 = 0.95). Changes in the pH value in vitro 

are expected to reach the optimum at the value of 6.76 in 

dry matter of stem content (umbut) starch of gewang 

stem. This result is almost the same as that obtained by 

Males et al.
[16]

 in vivo in sheep treated with gelatinized 

urea-starch, namely equal to 6.78. 

 

Concentration of N-NH3 (Ammonia) 
The concentration of ammonia in the rumen is an 

important element to be controlled because it determines 

the optimization of rumen microbial growth.
[17]

 The 

average concentration of ammonia in the combined 

product of urea-stem content (umbut) starch of gewang 

stem due to the treatment of  urea level and cooking time 

is shown in Table 2. 

 

Table 2: Average Concentration of N-NH3 in Combined Products of Urea-Stem Content (Umbut) Starch of  

Gewang Stem Due to Treatment of Cooking Time and Urea Level (mg/100 mL). 
 

Cooking Time, Hours 

P 

Urea Level (U) 

0 % (U0) 2% (U2) 4% (U4) 

 

0 (p0) 

A 

0.38
a
 

C 

14.03
b
 

B 

20.17
c
 

 

0 (P0) 

A 

0.62
a
 

A 

6.92
b
 

A 

8.65
c
 

 

1 (P1) 

A 

0.65
a
 

B 

8.68
b
 

A 

9.54
b
 

9.49
b
 

2 (P2) 

A 

0.65
a
 

B 

8.59
b
 

A 

9.49
b
 

Information: 1) the same lowercase letters in the same line indicate not significantly different (P>0.05) 

2) The same capital letters in the same column indicate not significantly different (P>0.05) 

 

The results of the analysis of variance showed that 

cooking time and urea level interacted very significantly 

(P<0.01) on the ammonia concentration. This interaction 

illustrates that the ammonia concentration of the 

combined product of urea-stem content (umbut) starch of 

gewang stem is influenced by the dependence 

relationship between the factor of cooking time and urea 

level. 

 

The rate of ammonia concentration obtained in the 

combined product of urea-stem content (umbut) starch of 

gewang stem in this study was lower than the control 

treatment. This shows that by cooking at a temperature 

of 170
0
C in a rotating autoclave, the hydrolysis of urea 

can be controlled so that it can be utilized effectively by 

microorganisms. These results illustrate that this product 

is categorized as a slow-release urea product. 

 

The analysis results of orthogonal polynomial regression 

showed the relationship between cooking time (P, hours) 

and urea level (U, %) following the equation: Y = 0.263 

+ 1.164P – 0.471P
2
 + 5.175U – 0.783U

2
 + 0.102PU (R

2
 

= 0.99). This equation illustrates that, the maximum 

concentration of ammonia is 10.02 mg/mL at the 

optimum cooking treatment of 1.605 hours and the 

optimum urea level is 3.410%. This result is still within 

the range of ammonia concentration required by rumen 

microbes to digest feed optimally, namely 6-12 mM,
[18]
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5-20 mg/dL, equivalent to 3.57-14.28 mM,
[19]

 2-13 

mg/dL.
[20]

 The average N ammonia found in tapioca 

flour based slow release urea products was 8.74 mg/100 

mL.
[21]

 

 

The results of Duncan's multiple range test on the 

treatment of the mixture of urea-stem content (umbut) 

starch of gewang stem without cooking (po) at 0% urea 

level was significantly lower than 2% and 4% urea 

levels. Likewise between 2% and 4% urea levels. The 

results obtained in the 1 hour cooking time treatment 

with urea levels of 0%, 2%, and 4% were the same as 

without cooking (po). This result is in accordance with 

that obtained by Shultz et al.
[22]

 where the level of rumen 

ammonia obtained was higher in sheep that consume 

uncooked urea-cassava supplements than cooked urea-

cassava supplements. The cooking of 1 hour and 2 hours 

had the same pattern, where with an urea level of 0%, the 

ammonia concentration was significantly lower than the 

levels of 2% and 4%. The results of this study showed 

that the mixture of urea-stem content (umbut) starch of 

gewang stem without cooking (p0) had a significantly 

higher ammonia concentration than that cooked for 0 

hours, 1 hour and 2 hours.   

 

Total VFA Concentration 
The average concentration of the total VFA of the 

mixture of urea-stem content (umbut) starch of gewang 

stem (control) and the combined product of urea-stem 

content (umbut) starch of gewang stem is shown in Table 

3. 

 

Table 3: Average Concentration of the Total VFA of the Mixture of Urea-Stem Content (umbut) Starch of 

Gewang Stem and the Combined Product of Urea-Stem Content (umbut) Starch of Gewang Stem Due to the 

Treatment of Cooking Time and Urea Levels (mMol/l). 
 

Cooking Time, Hours 

P 

Urea Level (U) 

0 % (U0) 2% (U2) 4% (U4) 

 

0 (p0) 

A 

50.20
a
 

A 

51.32
a
 

A 

54.19
b
 

 

0 (P0) 

B 

118.53
a
 

B 

120.23
a
 

B 

121.24
b
 

 

1 (P1) 

C 

139.72
a
 

C 

140.32
a
 

C 

140.70
a
 

9.49
b
 

2 (P2) 

C 

138.40
a
 

C 

139.49
a
 

C 

141.79
a
 

Information: 1) the same lowercase letters in the same line indicate not significantly different (P>0.05) 

2) The same capital letters in the same column indicate not significantly different (P>0.05) 

 

The range of the total VFA concentration in this study 

was 50.20 mMol/l – 141.79mMol/l. The average 

concentration of total VFA in the cooking treatment (0 

hours, 1 hour and 2 hours) increased in line with the 

increase in urea level and this value was considered 

optimal for microbial growth, namely in the range of 70-

150 mMol.
[23]

 

 

The results of the analysis of variance showed that there 

was no significant interaction effect (P>0.05) between 

the length of cooking time and the level of urea on the 

total VFA concentration. This shows that there is no 

dependent relationship between the factor of cooking 

time and urea level, and this is in line with the opinion of 

Shiehzadeh and Harbers
[15]

 that the use of nitrogen 

sources in the carbohydrate cooking process has no 

effect on the VFA concentration. The value of the total 

VFA concentration obtained shows that the cooking time 

treatment has a very significant effect following a linear 

pattern then becomes quadratic, while the effect of urea 

level significantly follows a linear pattern. Cooking time 

of 2 hours (P2) with the urea level of 4% (U4) showed 

the best results on the value of the total VFA 

concentration. The relationship between cooking time 

and urea level on total VFA concentration follows the 

equation: Y = 118.887 + 31.324P – 10.820P
2
 + 0.601U 

(R
2
 = 0.98). These results indicate that the maximum 

value of the total VFA concentration is 138,16 mMol at 

the optimum cooking time of 1.56 hours. 

 

Duncan's test results showed that the total value of the 

total VFA concentration from the mixture of urea-stem 

content (umbut) starch of gewang stem without cooking 

(p0) with urea levels of 0% and 2% was not different, but 

the urea level of 4% was significantly higher than 0% 

and 2%. The same results were shown in the 0 hour 

cooking treatment. On the cooking for 1 hour and 2 

hours, all levels of urea used did not show a difference in 

the value of the total VFA concentration. The value of 

the total VFA concentration from the cooking treatment 

(0, 1 and 2 hours) was significantly higher than the 

mixture of the uncooked urea-stem content (umbut) 

starch of gewang stem. The high total VFA concentration 

produced in the combined product is made possible by 

the presence of a carbon skeleton which is essential for 

the formation of fatty acid branched chains provided by 

non-cellulytic microbes to synthesize proteins from 

nitrogen bonds in the product. The average value of the 

total VFA concentration from 2 and 4 hours of cooking 

at all urea levels did not show a significant difference. 

These results indicate that the combined product of these 

treatments is very easily fermented by bacteria, 
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according to the opinion of Suherman et al.
[24]

 that the 

VFA content in the rumen fluid is an indication of the 

efficiency of the feed fermentation process in the rumen. 

 

Microbial Protein Synthesis 
The average microbial protein content of the combined 

product of urea-stem content (umbut) starch of gewang 

stem and control is shown in Table 4.  

 

 

 

 

 

 

Table 4: Average of Microbial Protein Synthesis of Combined Product of Urea-Stem Content (Umbut) Starch of 

Gewang Stem due to the Treatment of Cooking Time and Urea Level (mg/g/4 hours). 
 

Cooking Time, Hours 

P 

Urea Level (U) 

0 % (U0) 2% (U2) 4% (U4) 

0 (p0) A 

1.15
a
 

A 

3.72
b
 

A 

3.91
b
 

0 (P0) B 

1.78
a
 

B 

5.11
b
 

B 

6.01
c
 

1 (P1) C 

4.46
a
 

C 

6.68
b
 

C 

7.53
c
 

9.49
b
 

2 (P2) 

D 

5.11
a
 

D 

7.10
b
 

D 

8.29
c
 

Information: 1) the same lowercase letters in the same line indicate not significantly different (P>0.05) 

2) the same capital letters in the same column indicate not significantly different (P>0.05) 

 

The results of the analysis of variance showed that there 

was a very significant interaction (P<0.01) on microbial 

protein synthesis due to the treatment combination of 

cooking time and urea level. These results indicate that 

through cooking occurred a synchronization between 

nitrogen from urea and starch from stem content (umbut) 

starch of gewang stem. According to Herera-Saldana et 

al. 
[25]

 and Salami et al.
[26]

, synchronization of energy and 

nitrogen in the ration increases the growth and efficiency 

of microbial protein production, even microbial protein 

synthesis can be maximized
[27; 28]

. The highest average 

microbial protein synthesis was achieved by the 

treatment of 2-hour cooking time with the urea level of 

4% (P2U4), namely equal to 8.29 mg/g/4 hours. If it is 

associated with the variables of ammonia concentration 

and total VFA, then the control treatment (without 

cooking), resulted in the highest ammonia concentration 

(20.17 mg/100 mL) and a total VFA of 54.19 mMol 

(P0U4) but resulted in low microbial protein synthesis 

(1.15-3.91 mg/g/4 hours). The high concentration of 

ammonia because it is not used by microbes. The 

synchronization of carbohydrate degradation and the rate 

of protein degradation in the rumen enables efficient 

microbial protein production
[4]

. If the rate of protein 

degradation exceeds carbohydrates, a large amount of N 

will be lost in the form of ammonia, on the other hand if 

the rate of carbohydrate degradation exceeds protein, 

protein production can be disrupted.
[29]

. In the treatment 

of cooking time of 0 hours, 1 hour, and 2 hours with urea 

levels of 0%, 2%, and 4% there was a significant 

difference, where microbial protein synthesis increased 

with the increase in the urea levels. These results indicate 

that the urea level up to 4% in the combined product will 

provide more N for microorganisms to form body 

proteins. 

The analysis results of orthogonal polynomial regression 

of the treatment relationship between   cooking time (P, 

hours) and urea level (U, %) from the combined product 

of urea-stem content (umbut) starch of gewang stem on 

microbial protein synthesis (Y, mg/g/4 hours) followed 

the equation: Y = 2.039 + 2.837P + 1.772U – 0.192U
2
 – 

0.131PU (R
2
 = 0.98). Microbial protein synthesis in this 

study is expected to reach a maximum at 1.762 hours of 

cooking with the urea level of 4.012%, namely amounted 

to 8.091 mg/g/4 hours. According to Hogan and 

Weston
[30]

 about 15 grams of microbial protein are 

synthesized from every 100 grams of organic matter 

utilized in the rumen. So that by providing organic 

material derived from the combined product of urea-stem 

content (umbut) starch of gewang stem, it is hoped that a 

lot of microbial protein will be formed. Optimal 

microbial protein synthesis requires a supply of nitrogen 

and organic acids. Nitrogen supply comes from the 

production of ammonia, while organic acids are met 

from the production of VFA which is the result of 

carbohydrate fermentation. The combined product in this 

study provides an adequate balance of ammonia and 

VFA for microbial protein synthesis. 

 

CONCLUSION 
 

The combined product from the cooking result of urea-

stem content (umbut) starch of gewang stem produces a 

fermentation product according to the needs of rumen 

microorganisms in vitro with the best cooking time of 2 

hours and the urea level of 4%. This combined product 

can be categorized as a slow release urea product. 
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