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INTRODUCTION

Indonesia, which accounts for about 83.04 million ton rice 
production, coming in the third in rice production after 

China and India (FAO, 2020). To attain self-sufficiency in 
food, Indonesia has endeavored to develop high-yielding 
varieties of paddy rice. Ciherang is commonly rice vari-
ety cultivated by local farmers. National Nuclear Energy 
Agency of Indonesia (BATAN) also developed various rice 
varieties based on mutation radiation breeding. Some of 
them are Atomita 1, Bestari, Inpari Sidenuk (lowland rice) 
and Situ Gintung (upland rice). All four varieties have spe-
cific genetic and agronomic characteristics. Increased pro-
duction of rice results enchanced residue production (Ga-
nai et al., 2017). In many of rice-growing areas in Asia, rice 

straw is used as animal feed (Mcdonald et al., 2010). In In-
donesia, Rice straw is an important roughage resource for 
livestock. Rice straw is generally used as roughage due to 
its low protein content and high fiber fraction. Farmers rely 
on the availability of rice straw as a cheap and easy source 
of feed. High lignin and low nitrogen contents are also the 
biggest constraints of rice straw (Wang et al., 2006). Vari-
ous treatments have been used in rice straw to improve the 
nutrient quality, including ammoniation (Sarnklong et al., 
2010), fermentation (Sasongko et al., 2019) and physical 
treatment with gamma irradiation (Firsoni et al., 2019). 
However, only few concepts have been discussed by scien-
tists in Indonesia, which are related to the selection of rice 
varieties that produce high quality rice straw (genetically). 
Dong et al. (2018) also reported that various treatments on 
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rice straw only changed the physical structure of rice straw, 
but did not increase the nutrient digestibility.

In previous studies, several countries in Asia have screened 
rice varieties that produce nutritious straw, including In-
dia (Ravi et al., 2019; Subudhi et al., 2020), China (Dong 
et al., 2020; Wang et al., 2006), Philippines (Virk et al., 
2019) and Bangladesh (Rahman et al., 2010). The study of 
rice varieties screening as roughage sources is necessary for 
Indonesia. Rice as dual-purpose plants (food-feed) need 
to be improved in quality and popularity. Fodder value of 
the rice crop residue has become an integral part of plant 
breeding (Virk et al., 2019). Wang et al. (2006) reported 
that a gene mutants in crop rice resulted in a beneficial ef-
fect on the nutrient and digestibility of rice straw. Superior 
quality of rice straw could significantly contribute to in-
crease the farmer’s income (Duncan et al., 2020). Subudhi 
et al. (2020) reported that collaboration between agricul-
tural and animal nutrition disciplines is necessary to study 
rice varieties that will be used as roughage. Therefore, this 
study aimed to: 1) assess the influence of variety on the 
nutrient and fiber variation of rice straw; 2) predicting the 
nutrient value of rice straw using fiber content; and 3) eval-
uating the in vitro digestibility of five rice straw cultivars 
in Indonesia.

MATERIALS AND METHODS

Rice Straw Preparation
The 5 rice straw cultivars were obtained from Plant Muta-
tion Breeding Laboratory (research collection), Center for 
Isotopes and Radiation Application (CIRA), National Nu-
clear Energy Agency of Indonesia (BATAN). Five Indica 
rice cultivars were: Atomita 1, Bestari, Inpari Sidenuk, Situ 
Gintung and Ciherang. All cultivars were cultivated under 
similar agronomic conditions on the same field in the ex-
perimental farm of CIRA, BATAN. The whole crop was 
harvested after being 10 cm above the ground, chopped to 
2-3 cm and dried at 60oC for 72 hours. The materials were 
ground with hammer mill to 1 mm (mesh 18).

Nutrient and Fiber Analyses
All samples were analyzed for ash, organic matter (OM), 
crude protein (CP) and ether extract (EE) according to the 
methodology of the AOAC (2016). Neutral detergent fib-
er (NDF), acid detergent fiber (ADL) and acid detergent 
lignin (ADL) were determined by the method of (Van 
Soest et al., 1991). Hemicellulose and cellulose content 
were determined using following equations:

Nutrient Value Prediction
The value of NDF and ADF were used to calculate dry 
matter intake (DMI), dry mater digestibility (DMI) and 
relative feed value (RFV). All prediction (Undersander et 
al., 1993) were calculated by formulas: 

The RFV were based on the Quality Grading Standard as-
signed by The Hay Marketing Task Force of the American 
Forage and Grassland Council, as follows: prime (> 151), 
premium (151 – 125), good (124 – 103), fair (102 – 87), 
poor (86 – 75) and reject (< 75).

The Net energy of lactation (NEL), estimated net energy 
(ENE) and total digestible nutrients (TDN) were calculat-
ed according to Undersander et al. (1993), as follows:
Prediction equation from Pennsylvania State:

Prediction equation from New York State:

Mcal/lb was converted to Mcal/kg

In vitro Ruminal Fermentation Assay
In vitro digestibility was measured using in vitro gas pro-
duction technique as described by Menke and Steingass 
(1988). Rumen liquor was obtained from 3 cattle freshly 
slaughtered (approximate live weight 250 kg) at a local ab-
attoir (Pamulang, South Tangerang, Indonesia). 
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Table 1: Nutrient profile and fiber characteristics of five rice straw cultivars in Indonesia
Cultivars % Dry matter

Ash OM CP EE NDF ADF Hemicellulose Cellulose ADL
Atomita 1* 23.99b 76.01c 4.89 2.75a 71.92bc 48.11b 23.81c 36.14ab 11.97
Bestari* 27.85c 72.15b 5.45 3.21ab 69.84a 49.68bc 20.16ab 34.39a 15.28
Inpari Sidenuk* 31.24d 70.31a 4.92 2.65a 68.76a 50.51c 18.25a 37.58b 12.93
Situ Gintung** 27.52c 72.48b 4.28 2.19a 73.35c 52.40d 20.95b 36.95b 15.45
Ciherang* 20.39a 79.61d 4.31 4.45b 71.41ab 46.25a 25.16d 34.27a 11.98
SEM 0.771 0.771 0.218 0.243 0.328 0.479 0.456 0.415 0.555

* lowland rice type
** upland rice type
Organic matter (OM), crude protein (CP), ether extract (EE), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid 
detergent lignin (ADL).
Values in a column followed by a similar superscripts are statistically similar after the DMRT test at a level of confidence 95%.
Standard error of mean (SEM).

Table 2: Nutrient value predictions from five rice straw cultivars in Indonesia 
Cultivars DMI 

(% LW)
DMD
(%)

RFV Pennsylvania state equation* New York state equation*
NEL
(Mcal/
kg)

ENE 
(Mcal/
100 kg)

TDN
(%)

NEL
(Mcal/
kg)

ENE 
(Mcal/
100 kg)

TDN
(%)

Atomita 1 1.67ab 51.42c 66.55 1.05c 86.71c 47.69c 0.80c 66.10c 54.19c

Bestari 1.72d 50.20bc 66.89 1.01bc 83.09bc 45.91bc 0.75bc 61.84bc 52.95bc

Inpari Sidenuk 1.71cd 49.55b 65.58 0.98b 81.17b 44.96b 0.72b 59.56b 52.28b

Situ Gintung 1.64a 48.08a 60.99 0.93a 76.79a 42.80a 0.66a 54.39a 50.78a

Ciherang 1.68bc 52.87d 68.89 1.10d 91.01d 49.82d 0.86d 71.18d 55.67d

SEM 0.008 0.373 0.662 0.013 1.108 0.547 0.016 1.308 0.382
*Prediction equation from Undersander et al. (1993).
Dry matter intake (DMI), dry matter digestibility (DMD), relative feed value (RFV), net energy of lactation (NEL), Estimated net 
energy (ENE), total digestible nutrients (TDN).
Values in a column followed by a similar superscripts are statistically similar after the DMRT test at a level of confidence 95%.
Standard error of mean (SEM).

Table 3: Cumulative and kinetics gas production of five rice straw cultivars in Indonesia (ml/200 mg DM)
Cultivars Incubation time (h) Kinetics gas

3 6 9 12 24 48 72 a+b c
Atomita 1 3.14 5.44 6.91 8.48 12.98 23.65b 29.83bc 52.49b 0.011b

Bestari 3.17 5.38 7.07 8.33 13.61 23.42b 30.06bc 51.96b 0.012b

Inpari Sidenuk 3.75 4.70 6.14 7.36 11.79 21.85b 27.39b 49.04b 0.012b

Situ Gintung 3.28 5.84 7.59 8.92 12.32 18.99a 24.42a 36.42a 0.015c

Ciherang 3.06 5.27 6.74 8.11 12.22 23.38b 30.44c 77.22c 0.007a

SEM 0.771 0.771 0.218 0.243 0.328 0.479 0.456 0.415 0.555
Optimum gas production (a+b); gas production rate (c).
Values in a column followed by a similar superscripts are statistically similar after the DMRT test at a level of confidence 95%.
Standard error of mean (SEM).

Rumen liquor were mixed, strained through four layers 
of cheesecloth and mixed into buffer solution (1:2, v/v). 
Rumen-buffer solution was maintained in 39oC waterbath 
and infused with CO2. The rumen-buffer (30 ml) was 
filled into 100 ml glass syringes (Fortuna, Labortechnik, 
Germany) containing 200 mg of samples and immediately 

incubated into waterbath at 39oC. Gas production was 
recorded after 3, 6, 9, 12, 24, 48 and 72h of incubation. 
The kinetics gas were fitted to the exponential equation:  
(Ørskov and Mcdonald, 1979), where P represents gas 
production at t time, a is the gas production from soluble 
fraction (ml/200 mg DM), b is the gas production from 
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Table 4: In vitro digestibility and rumen fermentation characteristics of five rice straw cultivars in Indonesia 
Cultivars Parameters

IVOMD (%) Metabolisable
energy 
(kcal/kg DM)

Microbial protein 
(g/kg IVOMD)

pH NH3 (mM) TVFA (mM)

Atomita 1 35.16b 1560.58bc 4240.89b 6.74a 2.69a 47.86a
Bestari 35.87b 1575.72c 4326.40b 6.76a 3.15ab 50.60ab
Inpari Sidenuk 33.48b 1481.88b 4038.24b 6.81ab 2.72a 49.24ab
Situ Gintung 30.30a 1376.55a 3655.29a 6.76a 3.45ab 42.39a
Ciherang 35.21b 1572.59c 4246.85b 6.86b 3.65b 65.24b
SEM 0.525 19.67 63.268 0.014 0.129 2.720

In vitro organic matter digestibility (IVOMD), ammonia (NH3), total volatile fatty acids (TVFA).
Values in a column followed by a similar superscripts are statistically similar after the DMRT test at a level of confidence 95%.
Standard error of mean (SEM).

Table 5: The Correlation coefficient between nutrient composition and digestibility of five rice straw cultivars in 
Indonesia (n = 25)
Cultivars Parameters

Cumulative gas 
production at 72 h 
(ml/200 mg DM)

Optimum gas 
production 
(ml/200 mg DM)

IVOMD 
(%)

NH3 
(mM)

TVFA 
(mM)

Ash -0.399* -0.703** -0.270 -0.330 -0.478*
Ether extract 0.453* 0.548** 0.408* 0.029 0.317
NDF -0.415* -0.224 -0.486* 0.246 -0.191
ADF -0.639** -0.792** -0.572** -0.159 -0.454*
ADL -0.308 -0.406* -0.271 -0.032 -0.162

Neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL); in vitro organic matter digestibility 
(IVOMD), ammonia (NH3), total volatile fatty acids (TVFA).
* P<0.05
** P<0.01

insoluble fraction (ml/200 mg DM) and (c) gas production 
rate (ml/h). 

Gas production (GP), crude protein (CP), ash and ether 
extract (EE) content were used to calculate IVOMD and 
metabolizable energy (ME) according to Menke et al. 
(1979), as follows:

MJ/kg DM was converted to kcal/kg DM
The value of IVOMD was used to calculate microbial pro-
tein (MP) according to Czerkawski (1986), as follows:

MP (g/kg IVOMD) = IVOMD x 19.3 x 6.25

An amount of 10 ml in vitro fermentation medium 
was collected after 72 h incubation to determine pH, 

total volatile fatty acids (TVFA) and ammonia (NH3) 
concentration.

Statistical Analyses
Data of nutrient composition, nutrient value prediction 
and in vitro rumen fermentation were analyzed using 
completely randomized design. Data were analyzed using 
a one-way analysis of variance (ANOVA) and tested by 
Duncan multiple range test (DMRT). Moreover, data of
nutrient content and in vitro digestibility were analyzed by 
pairwise correlation of variables using SPSS 25.0 (IBM, 
Armonk, New York, USA).

RESULTS

Nutrient and Fiber Contents of Rice Straw
Mean values (of five replicates) of nutrient composition 
and fiber characteristics are reported in Table 1. Except for 
ADL (P= 0.09), significant difference (P<0.05) was ob-
served for all contents. The ash content in rice straw of 
Inpari Sidenuk was the highest of all (31.24%) and the 
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lowest of all was that of Ciherang (20.39%).  The OM 
and hemicellulose contents in mutant rice straw varieties 
were significantly lower than Ciherang variety, but ADF 
and cellulose content in mutant varieties were significant-
ly higher than Ciherang. The cellulose content of Bestari 
and Ciherang were the lowest of all, 34.39 and 34.27%, 
respectively. The range in NDF and ADF values varied by 
68.76 – 71.92 and 46.25 – 52.40 %, respectively. Ciherang 
had highest EE content (4.45 %), but not significantly dif-
ferent compared with Bestari (3.21 %).

Nutrient Value Predictions
The estimation of DMI, DMD, RFV, NEL, ENE and 
TDN were presented in Table 2. High Significant differ-
ence (P<0.01) was observed for all parameters. Bestari and 
Ciherang had the highest value on DMI and DMD pre-
dictions, respectively. The range in RFV values varied by 
60.99 – 68.89. However, All varieties are included in the 
reject class of forage. The NEL and ENE value predictions 
of Situ Gintung were lowest, while Ciherang tended to 
have a more superior nutrient value. The TDN value of 
Situ Gintung, which had the lowest value, was 7.02 and 
5,11 % lesser than Ciherang variety, respectively in Penn-
sylvania and New York State equation.

In vitro Gas Production and Digestibility of 
Rice Straw
Data for in vitro gas production, digestibility and rumen 
fermentation characteristics of rice straws are given in Ta-
ble 3 and 4. In vitro gas pattern also showed in Figure 1. 
There was no significant difference between all varieties on 
in vitro gas production at 3 – 24 h incubation times. How-
ever, there were significant differences between 48 and 72 
h (P<0.05). Highly significant differences (P<0.001) were 
observed for optimum (a+b) and rate gas production (c) 
traits. The optimum gas production (a+b) of Situ Gintung 
varieties, which had the lowest value, was 40.80% lesser 
than Ciherang as national variety. High rate value (c = 
0.007) in Ciherang variety related to the pattern of in-
creased gas production illustrated in Figure 1.

Figure 1: Cumulative gas production characteristics of 
five rice straw cultivars in Indonesia (ml/200 mg DM)

Except for TVFA (P=0.76), significant differences 
(P<0.05) among varieties were observed for all in vitro di-
gestibility and rumen fermentation traits. The IVOMD of 
rice straw for the five varieties varied from 30.30 – 35.87%. 
Atomita 1 had the lowest NH3 concentration, whereas Ci-
herang produced superior NH3 value (2.69 vs 3.65 mM). 
The TVFA varied from 42.39 – 65.24 mM, which Ci-
herang also produced the highest value.

Relationship Between Nutrient Composition 
and Digestibility of Rice Straw
The Correlation coefficient between nutrient content and 
in vitro digestibility parameters are presented in Table 5. 
The EE value was medium and significantly positively as-
sociated with cumulative  gas production (r = 0.453), opti-
mum gas production (r = 0.548) and IVOMD (r = 0.408). 
Neutral detergent fiber value was medium significantly 
negatively associated with cumulative gas production (r = 
-0.415) and IVOMD (r = -0.486). Acid detergent fiber 
was highly significantly negative correlated with cumula-
tive (r = -0.639) and optimum (a+b) gas production (r = 
0.792). Acid detergent fiber and ADL also had medium 
significantly negatively correlation with TVFA (r = -0.454 
and r = -0.406, respectively). The correlation between fiber 
fractions of rice straw and NH3 concentration were statis-
tically non-significant.

DISCUSSIONS

Nutrient Content Variations in Rice Straws 
and Quality Value Predictions
Five varieties of rice were grown under similar soil and 
climate conditions, thus the difference in nutrient and 
fiber content between them may be related to varietal 
characteristics. In this research, the variation in nutrient 
content was consistent with the previous reports by Ansah 
et al. (2017); Ravi et al. (2019); Subudhi et al. (2020) and 
Virk et al. (2019). These findings also agree with an in-
vestigation in maize (Ravi et al., 2013; Zaidi et al., 2013), 
Field Pea (Wamatu et al., 2017), Groundnut (Nigam and 
Blümmel, 2010), Wheat (Bezabih et al., 2018; Joshi et al., 
2019) and Sorghum (Sriagtula et al., 2017; Wahyono et 
al., 2019). Genetic changes through mutation breeding 
programs could increase grain productivity, however this 
will affect the nutrient content of straw. The gene mutant 
caused altered biosynthesis of fiber fractions (hemicellu-
lose, cellulose and lignin) (Wang et al., 2006). 

Mutants gene had developed increased plant height, in-
creased vegetative tissues and changed other morpholog-
ical traits (Huang et al., 2019). Except for Situ Gintung, 
all varieties are included in lowland rice. In present study, 
Situ Gintung as upland variety had higher NDF and ADF 
content than lowland variety. This phenomenon reflects 
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that the mechanism of fiber fractions assembling in up-
land rice is higher than lowland rice. However, these alle-
gations need to be observed further. Situ Gintung Variety 
has a relatively long harvesting age (140 d) compared to 
the other four varieties (103 – 127 d). This difference will 
affect the variation of fiber fractions, ash and silica of rice 
straw. The later the date of harvesting, the lower net energy 
and nutrient value (Mcdonald et al., 2010).

In previous studies, the fiber fraction represented in the 
NDF value was in the range of 72-86 (Doyle et al., 1986), 
62.28 – 74.68% (Ansah et al., 2017), 72.16 – 77.57% 
(Rahman et al., 2010), 62.10 – 67.10% (Ravi et al., 2019), 
64.30 – 66.30% (Virk et al., 2019) and 66.00 – 76.60% 
(Wang et al., 2006). These differences can be caused by 
several factors: 1) environmental conditions; 2) nutrient 
management in the soil; 3) grain handled after harvested 
and 4) genetically effect ( Joshi et al., 2019). In the present 
study, all varieties recorded higher ADL content (11.97 
– 15.45%). These findings are extremely higher than pre-
vious results by Subudhi et al. (2020) (3.30 – 5.30%) and 
Ravi et al. (2019) (2.80 – 3.30%). The differences in grain 
processing in each country and the composition of plant 
parts can cause differences in lignin levels. 

The NDF, ADF and ADL contents are three main fiber 
characteristics that are negatively associated with digest-
ibility and nutrient value in roughage (Ravi et al., 2019). 
The lack of easily available energy and high structural car-
bohydrate are the major constraint of rice straw (Sarnk-
long et al., 2010). The total digestion of fiber fraction is the 
major determinant of energy value from diets (Khan et 
al., 2015). The roughage proportion in diet have a signifi-
cant impact on rumen microbiome and microbial diversity 
(Nathani et al., 2015). High ash content was observed in 
present study (20.39 – 31.24%). The higher ash concentra-
tion could be due to the high silica content (Ansah et al., 
2017). Silica cotent in detergent fiber fractions related to 
low fermentability and digestibility (Santos et al., 2010). 
Wang et al. (2006) reported that silica was found in many 
parts of blade and sheath during growth. In addition to 
fiber and silica, CP is a key component and quality traits to 
determine the quality of forage. This could be improved by 
breeding and selection (Ravi et al., 2013; Ravi et al., 2019).
Based on practically in the field, it is necessary to predict 
the nutrient quality of rice straw based on the prediction by 
calculating the nutrient value (Undersander et al., 1993). 
The RFV of rice straw (Table 2) is quite low due to the 
high value of NDF and ADF content (Table 1). The RFV 
prediction for rice straw is approximately between 70.78 – 
75.94 (Firsoni et al., 2019). While the RFV predictions of 
roughage obtained from other crop by-products approxi-
mately in value of 61 – 69 (Fekadu et al., 2017). Relative 
feed value prediction is obtained from the Alfalfa standard 
value, thus rice straw will be included in the reject group 

if converted to these calculations. In present study, the ap-
propriate TDN calculation was based on the Pennsylva-
nia State Equation. Based on these calculations, the TDN 
value matches the actual value of 43.20% (Tanuwiria et al., 
2006). The work observed here explores the use of some 
chemical (ash, CP, NDF, ADF and ADL) and nutrient 
value prediction (RFV and TDN) roughage quality traits 
for the assessment of rice straws.

Differences in In vitro Gas Production and 
Digestibility of Rice Straws
Improving the quality of straw is the right solution to in-
crease the utilization of agriculture by-product as a fodder 
(Suhubdy et al., 2020). In vitro cumulative gas production 
represents the quality and level of digestibility, observed at 
3 – 72 h of incubation time. However, it should be noted 
that in vitro gas test can only evaluate for one aspect of rice 
straw as fodder. Also besides, the effect of straw used as 
fodder was affected by many other factors, such as particle 
size, stem proportion and feed intake (Wang et al., 2006). 
In the digestive pathway, components of starch and water 
soluble carbohydrate are digested earlier, then structural 
carbohydrates. In this case, hemicellulose and cellulose as 
structural carbohydrates are broken down into simple sug-
ar components (McDonald et al., 2010). The differences in 
in vitro cumulative gas production began to occur during 
48 and 72 h incubation times. It can be explained that the 
variation in gas production was influenced by the differ-
ences in structural carbohydrate contents (Table 1). The 
lowest cumulative and optimum gas production were pro-
duced by Situ Gintung variety (P<0.05) due to the high 
structural carbohydrate contents (NDF and ADF). The 
high rate of degradation (c) also causes high optimum gas 
production in Ciherang variety. The high content of NDF, 
ADF, ADL and silica had negatively associated with straw 
digestibility (Ravi et al., 2019; Virk et al., 2019). Increas-
ing lignin and cellulose tended to decrease degradation 
(Wang et al., 2006). The high content of lignocellulose and 
NDF proportion can affect the lower rate of fiber diges-
tion (Rahman et al., 2010).

The upland rice (Situ Gintung) had the lowest IVOMD, 
ME and MP values. This due to the low digestibility was 
negatively associated with high fiber content (Table 1). 
Differences in genetic-agronomic characteristics influ-
ence IVOMD variations. Situ Gintung as upland varie-
ty, had a fairly high proportion of stems. The dominant 
stem proportion would reduce fodder digestibility. Wam-
atu et al. (2017) reported that stem has low IVOMD due 
to the rich of NDF, ADF and ADL contents. The up-
land varieties in India also tended to have poor IVOMD 
(Subudhi et al., 2020). Furthermore, IVOMD variations 
are influenced by interactions between genetic and eco-
logical factors. Differences in maize stover varieties can 
produce IVOMD variations by 2.3 – 2.7% (Zaidi et al., 
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2013). In present study, the IVOMD of rice straws varied 
from 30.30 – 35.87%. This value was lower than previous 
study by Ravi et al. (2019) and Doyle et al. (1986) with a 
value of 40 – 48% and 38 – 40%, respectively. These dif-
ferences due to several factors, such as: 1) environmental 
conditions; 2) nutrient management in the soil; 3) grain 
handled after harvested and 4) genetically effect ( Joshi et 
al., 2019). Straw fodder quality related to the available en-
ergy in the straw represented by IVOMD and ME values 
(Virk et al., 2019). The high nutrient value will minimize 
the cost of rice straw pretreatment to improve the fodder 
quality (Wamatu et al., 2017). 

Ammonia level in ruminal fluid is importance due to ru-
minal microbes is dependent on it (Khattab et al., 2013). 
Furthermore, there are some ammonia routes that need 
attention, including: 1) ammonia-N incorporated into 
microbial cells; 2) ammonia outfow in the rumen and 3) 
ammonia absorption (Leng and Nolan, 1984). Ammonia 
concentration depends on CP content of the substrate. 
In present study, there was no difference on CP fraction 
between all variety. The ruminal NH3 values from all the 
cultivars were 2.69-3.65 mM and not required the most 
suitable concentration in the rumen (5.17 mM; Hume et 
al., 1970). Apparently, this is related to low CP content 
in all cultivars. High NH3 concentration obtained from 
higher CP content due to proteolysis and deamination by 
proteolytic microbes (Mulianda et al., 2020). The TVFA 
concentration represent carbohydrate fermentation rate 
and ruminal microbes condition (Mcdonald et al., 2010). 
Despite Ciherang variety produce the highest TFVA pro-
duction, the ruminal TVFA values from all the cultivars 
were lower than a rice straw study reported by Wanapat 
et al. (2009). This difference might be due to the variation 
in cultivar and agro-ecological zone. In another perspec-
tive, variations in nutrients and digestibility parameters 
produced by these five varieties could provide a good op-
purtinity for breeding and selection of dual purpose rice 
varieties. The wide range in nutrient and IVOMD in straw 
fodder offers good opportunity for multi-dimensional crop 
improvement (Zaidi et al., 2013; Wamatu et al., 2017).

Relationship Between Nutrient Quality and In 
vitro Digestibility
The relationship between nutrient content and digestibility 
parameters is necessary to determine the variable of rice 
straw quality. The rice straw quality analyzed in the present 
study can be classified into positive traits such as EE and 
negative traits such as NDF, ADF, ADL and ash. These 
results are following previous studies. Ravi et al. (2019) re-
ported that the straw fodder quality traits can be classified 
into positive traits (N, IVOMD and ME) and negative 
traits (NDF, ADF, ADL and silica). In vitro organic matter 
digestibility and N were significantly related to straw fod-

der quality traits (Subudhi et al., 2020). Fiber components 
had negative correlations with IVOMD (Wamatu et al., 
2017). Structural carbohydrates are degraded slowly, thus 
it associated with slow digestion rate (Kondo et al., 2015). 
Neutral detergent fiber, ADF and ADL were negatively 
associated with DMI and DMD, while IVOMD and ME 
were closely correlated with in vivo measurements (Ravi et 
al., 2013). Furthermore, ADF, IVOMD and ME are suita-
ble laboratory traits for fodder quality assessment. 

Based on present works, the principal nutrient contents that 
need to be considered to develop the good rice straw qual-
ity were ligno-cellulose and ligno-hemicellulose. However, 
this needs to be compromised by the function of lignin as 
a natural plant protector against various external invading 
diseases. Wamatu et al. (2017) reported that high-disease 
resistant varieties may tend to have lower nutritive value. 
Also besides, variations in the genotype of straw should not 
be exploited at the expense of grain production (Virk et al., 
2019), especially degraded plant protection systems against 
various diseases. Sharma et al. (2010) and Ravi et al. (2019) 
propose the option to exploit existing variations in food 
and roughage characteristics that come by unintentionally, 
better than genetic improvement activated. Based on an-
other perspective, dual-purpose crops are very important 
to be developed for dryland areas, where there is a presence 
of livestock that needs biomass quality to compensate for 
the low grain yields (Homann-Kee Tui et al., 2013). There-
fore, the selection and breeding of rice cultivars with good 
straw characteristics are needed by farmers. Better quality 
rice straw will benefit the mix crop-livestock farmers who 
use straw for animal roughage (Virk et al., 2019).

CONCLUSION

The results showed that different cultivars affect the var-
iation of nutrients and fiber contents of rice straw. After 
predicting the feed quality value, all of five cultivars are 
included in the reject forage class due to the high fiber 
contents. Situ Gintung (as upland rice) straw had the low-
est digestibility. Ciherang variety had a good prospect for 
ruminant roughage due to the highest optimum gas pro-
duction (77.22 ml/200 mg DM) and TVFA production 
(65.24 mM). The new paradigm on rice straw genetic im-
provement as a fodder source is necessary. However, the 
selection process needs to consider the main function of a 
rice plant as a main crop in Indonesia.
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