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INTRODUCTION

Corn is recognized as a strategic food crop within 
the national agricultural landscape of Indonesia. 

To bolster corn production, the Indonesian government 
has been actively expanding corn plantation acreage 
annually. An inevitable by-product of this increased corn 
production is corncobs, which hold significant potential 

Research Article

Abstract | The study aimed to evaluate the digestibility of ration-containing corncobs soaked in rice hull ash filtrate. The 
research was conducted experimentally using a descriptive method and complete randomized design (RAL) followed 
by the Duncan test. Analysis of mineral rice hull comes from three locations in three different regencies in West Java. 
Corncobs were soaked with rice hull ash filtrate with a ratio of 1: 1 for three hours with four different concentrations, 
ie RHAF 1 = 0.05 w/v, RHAF 2 = 0.1 w/v, RHAF 3 = 0.15 w/v, and RHAF 4 = 0.2 w/v. In vitro, evaluation was used 
to measure the fermentability and digestibility of ration-containing corncobs soaked by ash hull ash filtrate (0.2 w/v) 
at CSRHAC 1 = 10%, CSRHAC 2 = 20%, CSRHAC 3 = 30%, and CSRHAC 4 = 40%. The results show that rice 
hull ash contains alkaline minerals of calcium (Ca), potassium (K), magnesium (Mg), and sodium (Na) with potassium 
having the highest value with an average of 0.522%. Dissolving rice husk ash with distilled water produces an alkaline 
filtrate and forms a linear regression equation, namely Y = 3.3X + 8.45, R2 = 0.7806. The highest pH value achieved 
in RHAF 4 of 9.15±0.13. The levels of NDF, ADF, cellulose, hemicellulose, and crude fiber decreased significantly (P 
<0.05) while rice hull ash filtrate concentrations increased. The highest decrease in ADF and NDF was achieved at 
concentrations of 0.2 w/v. The use of corncobs with rice hull ash filtrate soaked by 0.2 w/v (RHAF 4) in rations resulted 
in differences between treatments (P <0.05). CSRHAC 2 gave the highest (P <0.05)   of DMD, OMD, N-NH3, and 
VFA among the treatments, namely 52.65±0.73%, 44.76±1.38 %, 2.68±0.10 mM, and 115.80 mM. Thus, it concluded 
that processing of corncobs with rice hull ash filtrate at concentrations of 0.20 w/v resulted in maximum decreased 
ADF and NDF and its use of 20% in rations yielded the best in vitro digestibility and fermentability.
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as fibrous feed material for ruminants due to their higher 
hemicellulose content compared to other plant materials 
(Liu et al., 2011). However, the utilization of corncobs as 
feed has been suboptimal, primarily due to their high fiber 
content with neutral detergent fiber (NDF) exceeding 80% 
(Eniolorunda et al., 2015), and a low in vitro digestibility 
(Yulistiani et al., 2012). As such, exploring technologies 
to enhance corncobs’ nutritional value and digestibility is 
warranted.

One promising approach to enhance the nutritional value 
of corncobs is through alkaline pretreatment. Alkaline 
pretreatment is among the most established techniques for 
removing or redistributing lignin and mercerizing biomass 
(Grimaldi et al., 2015). Alkaline pretreatments are relatively 
affordable compared to other methods because they 
generally use mild reaction conditions, alkaline chemicals 
can be recovered, reused and have a high selectivity for 
lignin separation (Kim et al., 2016). These technologies 
can be divided into (1) sodium hydroxide pretreatment, 
(2) ammonia pretreatment, (3) aqueous ammonia 
pretreatment, (4) anhydrous ammonia pretreatment, and 
(5) lime (Ca (OH)2) pretreatment (Kim et al., 2016).

Alkaline pretreatments can also be conducted using organic 
ash filtrate (Eniolorunda et al., 2015). Organic ash, a residue 
from the combustion of organic compounds commonly 
found in rural areas or around corn plantations such as rice 
hull ash, is rich in alkaline minerals. According to Kumar et 
al. (2013), rice hull ash contains alkaline oxides including 
potassium oxide (K2O), sodium oxide (Na2O), calcium 
oxide (CaO), magnesium oxide (MgO), alumunium oxide 
(Al2O3), iron (III) oxide (Fe2O3) are available in less than 1 
% on a dry matter basis. These minerals position rice hull ash 
as a potential local alkaline source for processing corncobs. 
Utilizing local alkaline sources like rice hull ash reduces 
costs and hazards associated with chemical treatments 
(Eniolorunda et al., 2015) and promotes environmental 
sustainability (Hernaman et al., 2022).

This research evaluates the fermentability and digestibility 
of rations containing corncobs treated with rice hull ash 
filtrate.

MATERIALS AND METHODS

preparatIon of rIce Hull asH fIltrate
The rice hull was obtained from the rice dehulling process 
from three different regencies in West Java Provinces, 
Indonesia (Sumedang, Indramayu, and Bogor regency). 
Then the rice hulls are burned until they become ashes 
by using a heating stove, as in ash burning carried out 
by farmers. Rice hull ash was measured for its mineral 
content. The minerals - Potassium (K), Sodium (Na), 

Calcium (Ca), and Magnesium (Mg) were quantified using 
the wet ash method (Reitz et al., 1960) and the atomic 
absorption spectroscopy (AAS) utilizing Shimadzu AA-
7000 instrument. 

The rice hull ash from the three regencies in the same 
proportions was mixed with distilled water (aqua dest) at 
varying ratios of 0.05, 0.10, 0.15, and 0.20 w/v. The mixture 
was stirred until homogeneous, allowed to precipitate for 
24 hours, and subsequently filtered through a calico cloth 
to obtain rice hull ash filtrate (RHAF). The pH of the 
filtrate was measured using a digital pH meter (Hanna-
instrument, Romania) conducted in four replications for 
each treatment ratio. The pH meter was pre-calibrated 
using the standard solution at pH 4 and 7. 

preparatIon of corncoB suBstrate
Dry corncobs were milled with a screen size diameter of 
8-10 mm. The milled corncobs were soaked in the prepared 
RHAF at a 1: 1 (w/v) ratio, placed in airtight plastic 
containers, and allowed to cure for three hours. The treated 
substrate was then dried using sunlight and an oven, before 
being analyzed for crude fiber and fiber fractions following 
the AOAC (2002) guidelines.

In vItro dIgestIBIlIty assessment
The research was conducted at the Laboratory of Ruminant 
Animal Nutrition and Animal Food Chemistry, Faculty of 
Animal Husbandry, Padjadjaran University. The in vitro 
digestibility of the treatment rations was assessed following 
the method of Tilley and Terry (1963). The optimal corncob 
substrate treated with RHAF, designated as CSRHAC, 
replaced field grass in sheep rations at proportions of 10%, 
20%, 30%, and 40% as a fiber source. All raw materials 
for treatment rations were ground and screened using a 1 
mm Shiever. The sample was weighed at ± 0.5 g, then fed 
into a fermenter tube, mixed with McDougall’s solution 
(McDaugall’s, 1948) as an artificial saliva and rumen fluid 
of sheep at a ratio of 40 mL:10 mL and flowed with CO2 
for 30 seconds (Tilley and Terry 1963), and incubated in a 
water bath at a maintained temperature of ± 39oC. 

The sample was divided into 2 parts. The first sample 
was used to measure fermentability. Three hours post-
incubation, rumen fluid samples were analyzed for 
ammonia (N-NH3) content using the micro-diffusion 
Conway method (Conway and O’Malley, 1942), total 
volatile fatty acid (VFA) content by the steam distillation 
method (AOAC, 2002), and the pH was measured using 
the same procedure as measuring the pH of the rice hull 
ash filtrate. 

A Conway plate and its cap were given by vaseline on the 
edges of the cups, and then about 1 mL of the supernatant 
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was put on one side of the bulkhead plate, and on the other 
position was put 1 mL. solution of saturated Na2CO3. The 
plates were placed at an angle towards the bulkhead so that 
they were not mixed before the plate was sealed. At the 
center of the plate was put 1 ml of boric acid indicator 
solution, and then the plate was sealed. The plates were 
shaken until Na2CO3 and supernatant were mixed. After 24 
hours, boric acid was titrated by 0.0059 N H2SO4 solution 
until the color changes returned to the original color. The 
concentration of N-NH3 is measured by following this 
formula:

N-NH3 mM = mM H2SO4 × N H2SO4 × 1000 mL 

A supernatant of as much as 5 mL was put into a steam 
distillation tube and then heated with water vapor. The 
tube is filled with 1 mL of 15% H2SO4 and closed tightly. 
Volatile fatty acids carried by water vapor will pass through 
the cooling tube and experience a condensation process, 
then be collected in a tube Erlenmeyer containing 5 mL 
NaOH solution 0.5 N. Then leave it until it reaches the 
tube Erlenmeyer volume is ± 300 mL. Into the tube, 
Erlenmeyer added 2 drops of phenolphthalein solution, 
and then titration was carried out with 0.5 N HCl solution 
until the color changed from red to clear. For blanks, 
titration is carried out on 5 mL NaOH 0.5 N solution. 
Total calculation of volatile fatty acids using the formula.

Total volatile fatty acid (mM)= (b−s) × NHCl × 1000/5 mM 

Where; b= vol. blank titrant; N= normality of HCl solution; 
s= vol. the sample titrant.

The second sample was subjected to digestibility analysis. 
The method for measuring the dry and organic matter 
digestibility used were Tilley and Terry (1963). After 
48 hours, HgCl2 solution was added as much as 0.2 mL 
which functions to kill microbes. The tube is centrifuged 
at a speed of 10,000 rpm for 10 minutes. The supernatant 
liquid was discarded and the sediment was removed add 
50 mL of 0.2% pepsin solution acidic atmosphere which 
was then incubated again in an aerobic atmosphere for 
48 hours. The precipitate was filtered out of Whatman 
paper 41 and analyzed dry matter digestibility (DMD) 
and organic matter digestibility (OMD). Fluid untreated 
rumen is used as blank.

statIstIcal analysIs
The data collected were subjected to analysis using the 
Duncan test to identify significant differences between 

treatments. Descriptive analysis was employed to elucidate 
the mineral content of rice hull ash. All statistical analyses 
are processed using the SPSS 21 software and Excell.

RESULTS AND DISCUSSION

mIneral composItIon of rIce Hull asH
The mineral composition of rice hull ash from various 
regencies in West Java is presented in Table 1. It was 
found to contain significant amounts of Calcium (Ca), 
Magnesium (Mg), Sodium (Na), and Potassium (K), 
underscoring its potential as a local alkaline source for 
processing fibrous feed. Among the regencies, Bogor 
exhibited a higher content of alkaline minerals, except for 
Potassium, which was higher in Indramayu. Variations 
in mineral composition can be attributed to factors such 
as plant species, age, soil type, local agronomic practices, 
climatic conditions, and other environmental factors 
(Olafisoye et al., 2016; Gebremariam and Belay, 2021). 

Figure 1: Linear regression of rice hull ash filtrate pH 
value at various concentrations.

When rice hull ash is dissolved in distilled water to become 
rice hull ash filtrate, it produces a condition where the 
greater the rice hull ash dissolved, the higher the pH value 
in rice hull ash filtrate and forms a linear regression equation 
(Figure 1). The highest value is RHAF 4 (9.15±0.13) and 
the lowest value is RHAF 1 (8.65±0.06), meanwhile, the 
RHAF 2 and RHAF 3 values   are 8.75±0.13 and 8.9±0.08, 
respectively. In essence, organic ash is alkaline (Naumoska 
et al., 2023). There is providing the temperature is high 
enough on rice hull, and the calcined ash contains oxides of 
calcium and carbonates of alkaline metals. As such, contact 
with water will give an alkaline reaction (Naumoska et al., 
2023).

Impact of rIce Hull asH fIltrate on fIBer 
composItIon
As depicted in Table 2, treatment with rice hull ash filtrate 
significantly reduced the neutral detergent fiber (NDF) 
and acid detergent fiber (ADF) content of corncobs, in 
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Table 1: Mineral in rice hull ash (%) of three regencies in West Java.  
Regency Ca Mg Na K
Sumedang 0.059±0.002 0.069±0.001 0.048±0.0003 0.503±0.001
Indramayu 0.254±0.001 0.156±0.0004 0.080±0.0003 0.621±0.004
Bogor 0.281±0.001 0.156±0.002 0.109±0.0002 0.442±0.017
Means 0.198±0.105 0.127±0.044 0.079±0.026 0.522±0.079

Table 2: Crude fiber fraction and crude fiber of corncob which has been soaked with a rice hull ash filtrate.
Treatments Crude fiber (%) NDF % ADF % Cellulose Hemicellulose
RHAF 1 38.29±0.30d 77.85±0.36d 53.19±0.66d 43.57±0.44d 24.66±0.93c

RHAF 2 37.07±0.12c 72.62±0.43c 49.94±0.55c 41.57±0.65c 22.68±0.86b

RHAF 3 35.24±0.25b 69.96±0.96b 48.09±0.74b 40.30±0.68b 21.87±1.58b

RHAF 4 34.63±0.35a 66.25±0.71a 46.22±0.16a 39.10±0.24a 20.02±0.62a

Significant ** ** ** ** **
a,b,c,d different superscripts in the same columns showed significant differences (P<0.01). 

Table 3: Ingredients and nutrient composition of complete ration.
Feed ingredients Treatments

CSRHAC 1 CSRHAC 2 CSRHAC 3 CSRHAC 4
Native grass 50 40 30 20
Corncob Soaked by RHAF (0.20 w/v) 10 20 30 40
Concentrate 40 40 40 40
Nutrients
Ash (%) 9.63 8.83 8.04 7.24
Crude protein/CP (%) 11.43 10.76 10.08 9.40
Extract ether/EE (%) 4.65 4.57 4.50 4.42
Crude fiber/CF (%) 23.60 24.33 25.05 25.78
Nitrogen-free extract/ NFE (%) 50.69 51.51 52.33 53.16
Total digestible nutrient/TDN (%)1 63.50 62.78 62.05 61.33

1TDN was calculated using the Sutardi equation as described in Hernaman et al. (2022): (70.6+ 0.259% CP + 1.01% EE-0.76%CF 
+ 0.0991 % NFE).

comparison to the values found for untreated corncobs 
(87.7% and 47.7%, respectively; Wachirapakorn et al., 
2016). The reduction in crude fiber and fiber fractions 
(ADF, NDF, cellulose, and hemicellulose) was observed 
to be more pronounced at a concentration of 0.20 w/v of 
the filtrate. This is congruent with the findings of Vadivel 
et al. (2017), who noted enhanced solubility of phenolic 
compounds and other cell wall components upon alkaline 
pretreatment. Furthermore, this reduction aligns with the 
findings of Martelli-Tosi et al. (2017) who reported similar 
decreases in fiber content with alkaline pretreatments. The 
technical significance of this concentration of rice hull ash 
filtrate, compared to other alkali treatment concentrations 
reported in the literature, suggests a potential optimum 
concentration for achieving desirable fiber reduction in 
corncobs.

High NDF and ADF reduction at 0.20 w/v treatment 
became the basis for using the ration. ADF and NDF 

caused low digestibility because this part is difficult to 
digest in the rumen (Stergiadis et al., 2015). NDF and ADF 
analyses are required for the evaluation of fiber quality for 
ruminant feed (Nurdianti et al., 2023). The implications 
of these findings are multifold. The 20% inclusion rate 
of treated corncobs could significantly impact animal 
nutrition by improving digestibility, potentially leading to 
better animal growth performance and health. Moreover, 
the utilization of rice hull ash filtrate as a local alkaline 
source could present a cost-effective and environmentally 
sustainable solution to enhancing the nutritional value 
of corncob-based sheep rations, addressing some of the 
current challenges in feed technology. The statistical 
analysis further revealed a significant difference (P<0.01) 
in fiber content across different treatments, consistent 
with the statistical methods and results reported in similar 
studies (Sahare et al., 2012). Table 2 represents the changes 
in fiber composition and digestibility across different 
treatments, providing a clearer understanding of the data.
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Table 4: In vitro digestibility and fermentability of complete rations.
Treatments DMD (%) OMD (%) N-NH3 (mM) VFA (mM) pH
CSRHAC 1 50.15±0.29c 42.22±0.54b 1.77±0.08b 78.30±5.26a 7.04±0.05a

CSRHAC 2 52.65±0.73d 44.76±1.38c 2.68±0.10c 115.80±5.03c 7.14±0.05b

CSRHAC 3 49.18±0.61b 41.26±0.88b 1.34±0.10a 111.10±4.71c 7.10±0.00ab

CSRHAC 4 43.59±0.90a 36.48±1.73a 1.20±0.19a 101.30±1.68b 7.16±0.05b

Significant ** ** ** ** **
a,b,c,d different superscripts in the same columns showed significant differences (P<0.01).

Furthermore, corncobs became part of the ration to replace 
the native grass as a source of fiber (Table 3). Table 3 shows 
that the higher the use of corncobs followed the lower the 
percentage of crude protein and ash, but the more crude 
fiber and nitrogen-free extract, while the same crude fat.

In vItro dIgestIBIlIty and fermentaBIlIty 
assessment
Table 4 presents the in vitro digestibility and fermentability 
data of the treatment rations. A notable effect on rumen 
fluid pH was observed within the corncob treatment (P 
<0.05), but the difference is very slight and albeit within 
the normal physiological range of 6-7 (Grünberg and 
Constable, 2009). McDougall’s solution added to the 
rumen fluid in this experiment which functions as a buffer 
solution will maintain the pH value within the normal 
range (Camacho et al., 2019). The highest fermentability 
and digestibility (P <0.05) were achieved with a 20% 
inclusion rate of treated corncobs.

The use of processed corncobs can improve digestibility 
and fermentability to replace grass fields. The mechanistic 
insights underlying the observed improvements in 
digestibility and fermentability involve the breakdown or 
stretching of cell wall structures, facilitating easier access 
for rumen microbes to ferment and digest corncobs. 
These mechanisms align with the proposed microbial and 
biochemical processes reported in the literature. Feeding 
values of low-quality forages can be improved via alkaline 
treatment by increasing the rate and extent of cellulose and 
hemicellulose digestion (Canale et al., 1990). Improved 
feeding value may be attributed to swelling of the forage, 
thereby allowing microbial attachment, which results in 
increased digestibility compared with untreated residues 
(Shreck, 2011; Shreck et al., 2015). However, the use of 
processed corncobs should not be more than 20%. High 
use of corncobs decreases the protein content in the 
ration (Table 3). This limitation is crucial for balancing 
the nutritional composition of the sheep ration, ensuring 
adequate protein intake while benefiting from improved 
fiber digestibility. As a result, N-NH3 content decreased on 
the treatment of 30% (CSRHAC 3) and 40% (CSRHAC 
4) corncobs. Ammonia is used as the N source for optimal 
microbial growth (Shen et al., 2023). Therefore, the growth 
of rumen microbial is suspected to be inhibited due to 

lower N supply. Rumen microbes have a role in degrading 
feed fibers, so the inhibition of rumen microbial growth 
results in reduced degradation of dietary fiber seen with 
lower VFA content in CSRHAC 3 and CSRHAC 4 
treatments. Further impact is decreased DMD and OMD. 
Future research should explore other locally sourced alkali 
treatments, investigate long-term effects on animal health, 
and assess the scalability of this treatment process for 
commercial applications

The present study has demonstrated the potential of using 
rice hull ash filtrate as an effective alkaline pretreatment 
to enhance the digestibility and fermentability of 
corncob-based sheep rations. The findings hold promising 
implications for improving animal nutrition and advancing 
sustainable feed technology, warranting further exploration 
and validation in broader contexts.

CONCLUSIONS AND 
RECOMMENDATIONS

The study demonstrated that the treatment of corncobs with 
rice hull ash filtrate significantly enhances their nutritional 
quality, thereby offering a viable strategy to utilize corncobs, 
an agricultural by-product, more effectively in sheep 
rations. The optimal concentration of rice hull ash filtrate 
was identified as 0.20 w/v, which achieved a maximum 
reduction in Acid Detergent Fiber (ADF) and Neutral 
Detergent Fiber (NDF), key indicators of digestibility. The 
incorporation of these treated corncobs at a level of 20% in 
the rations yielded the highest digestibility, showcasing the 
potential to improve the nutritional value of sheep rations 
substantially.

This finding not only advances the understanding in the 
realm of animal nutrition and feed technology but also 
presents a sustainable, cost-effective, and locally sourced 
solution to enhancing feed digestibility. The use of rice 
hull ash filtrate as an alkaline pretreatment further aligns 
with the broader goals of environmental sustainability by 
promoting the recycling of agricultural by-products and 
reducing the dependency on chemical treatments.

Future research is encouraged to explore the scalability 
of this treatment method, its long-term effects on animal 
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health and performance, and the potential applicability to 
other types of livestock rations or other agricultural by-
products. Additionally, investigating the economic and 
environmental implications of this treatment method on a 
larger scale could provide valuable insights for stakeholders 
in the agricultural and animal feed industries.
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