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INTRODUCTION

Sorghum (Sorghum bicolor L. Moench) is the most 
produced crop in the world after wheat, rice, maize, 
and barley (Dahir et al., 2015). Sorghum has a wide 
adaptation and low input to grow on marginal lands 
(Mathur et al., 2017; Sriagtula et al., 2019). Sorghum has 
higher lignin content, which limits its consumption 
by ruminant animals due to conventional varieties of 
sorghum used is as a food and industrial crop (Sriagtula 
et al., 2017). Brown-midrib sorghum-mutant line was a 
result of a genetic mutation that has lower lignin con-
tent. Some BMR sorghum-mutant lines are produced 
in Indonesia, both Patir 3.2 and Patir 3.7, and have the 
highest biomass productivity (Sriagtula et al., 2016). 
Decreasing lignin content in BMR increases digestibility, 
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ABSTRACT

The mutant line of Brown-midrib sorghum has lower lignin content than conventional sorghum. 
The objectives of this research were to investigate the effects of plant maturity stages at harvest 
times on nutrient, fiber fraction, tannin content, volatile fatty acids (VFA) production, and in vitro 
fiber digestibility of mutant lines of Brown Midrib (BMR) sorghum. This research was arranged 
into a complete block design with a factorial arrangement in three replications. The first factor was 
a line of BMR sorghum consisted of 3 levels, i.e., Patir 3.1 (non-BMR line/control), Patir 3.2 (BMR 
line), and Patir 3.7 (BMR line). The second factor was the generative stages of sorghum consisted of 
3 levels, i.e., flowering stage, soft-dough stage, and hard-dough stage. The observed variables were 
nutrient, fiber fraction, tannin content, in vitro rumen fluid characteristics, VFA proportion, acetate: 
propionate (A:P) ratio, and in vitro fiber-fraction digestibility (IVFFD). Data were analyzed by 
Analysis of Variance (ANOVA) and Duncan’s Multiple Range Test (DMRT). No interaction between 
sorghum-mutant lines and harvest time on nutrient contents, except on total digestible nutrients 
(TDN), tannin, and VFA. The factor of sorghum-mutant line affected (p<0.01) crude protein (CP), 
crude fiber (CF), acid detergent fiber (ADF), lignin, neutral detergent fiber digestibility (NDFD), 
NH3, butyrate, isovalerate, and valerate. Maturity stages affected dry matter (DM), CF, ash, crude 
fat, fiber, and fraction, except hemicellulose, acid detergent fiber digestibility (ADFD), and NDFD, 
NH3, isovalerate, and valerate. Patir 3.7 at the hard-dough stage produced the highest TDN, but the 
highest VFA was produced by Patir 3.1 at flowering stages. BMR sorghum-mutant lines produced 
higher ADF digestibility than non-BMR sorghum-mutant lines. The increasing NDF digestibility was 
significantly influenced by both sorghum-mutant lines and maturity stages (p<0.01). It is concluded 
that BMR sorghum-mutant lines at the hard-dough stage produce better nutrient and in vitro 
digestibility, but the butyric acid is higher in non-BMR sorghum-mutant lines.

Keywords: ADF digestibility; BMR sorghum; NDF digestibility; propionate ratio; sorghum mutant line

the efficiency of energy conversion, and nutrient content 
(Christensen & Rasmussen, 2019). 

The nutrition content and cell wall proportion 
of forage are directly related to the maturity stage. 
Advance maturity causes the increasing lignin content 
but with the decreased digestibility, quality of forages, 
and livestock productivity (Beck et al., 2013). In forages, 
the concentration of ADF refers to the proportion of cell 
walls consisting of cellulose and lignin. The NDF value 
refers to the total cell wall composed of the ADF and 
hemicellulose fractions. Lignin binds to the fiber compo-
nents such as cellulose and hemicellulose and physically 
acts as a barrier to the process of breaking down the 
plant cell walls by microbial enzymes (Salama & Nawar, 
2016). The higher the forage lignin content, the more 
difficult the feed nutrients are to be digested. Whereas 
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in the rumen, fiber produces VFA as the main energy 
source for ruminants. Fiber fermentation increases the 
acetate proportion and decreases the propionate propor-
tion. Forages with low lignin content are expected to re-
duce the acetate to propionate (A:P) ratio during rumen 
fermentation (Rahman et al., 2013). 

Many studies have reported the increased nutrient 
content and dry-matter digestibility (DMD) as well as 
organic-matter digestibility (OMD) in BMR sorghum (Li 
et al., 2015; Wahyono et al., 2019). However, information 
about ADFD and NDFD are relatively limited despite 
this information is more relevant to cell-wall utilization 
by ruminants. The observation of sorghum-mutant 
lines and BMR-sorghum variety in tropical countries, 
like Indonesia, are limited. Patir 3.2 and Patir 3.7 lines 
are the new generations of BMR sorghum-mutant lines 
in Indonesia, and their nutrient contents, fiber fraction 
proportions, as well as fiber digestibility as forages are 
needed to be evaluated. Based on those ideas, the opti-
mum harvest times of BMR sorghum-mutant lines, Patir 
3.2 and Patir 3.7 should be investigated because harvest-
ing age has relevance to production as well as nutrition-
al value and digestibility. Furthermore, the digestibility 
of ruminal organic acids and in vitro fiber fraction in dif-
ferent maturity stages should also be evaluated.

MATERIALS AND METHODS 

The research was conducted at SEAMEO BIOTROP 
Bogor, Indonesia used a Completely Block Design with 
a factorial arrangement in three replications. The first 
factor was the sorghum-mutant line consisted of 3 lev-
els, i.e., Patir 3.1 (non-BMR line/control), Patir 3.2 (BMR 
line), and Patir 3.7 (BMR line). The second factor was a 
generative stage at harvesting consisted of 3 levels, i.e., 
flowering stage (74 days after sown/DAS), soft-dough 
stage (90 DAS), and hard-dough stage (110 DAS). 

The Culture Technique and Sample Preparation

The technique of culturing of sorghum plant 
referred to Sriagtula et al. (2016). The rainfall data dur-
ing the study are presented in Figure 1, which were 
categorized as low at <100 mm to a high at 300-500 mm 
(ICCSR, 2020).

In Vitro Fiber Fraction Digestibility (IVFFD) Test

The in vitro digestibility test was conducted by fol-
lowing Tilley & Terry (1963) method. Each sample was 
weighed at 0.5 g and incubated for 48 h with 40 mL of 
McDougall buffer solution + 10 mL of rumen fluid. 
The anaerobic condition was achieved by CO2 flows 
for several minutes. The addition of 2-3 drops of HgCl2 
was conducted to stop microbial activity at the end of 
the first fermentation, and then the inoculation period 
was continued for 48 h with the addition of 50 g pepsin 
HCl. The rumen fluid used in this study was obtained 
from three rumen-fistulated adult Bali cattle fed rough-
age and concentrate with a ratio of 60:40. The IVFFD for 
each ingredient was measured in duplicate.

Variables

The observed variables were nutrient and fiber-
fraction content, IVFFD, in vitro rumen characteristics, 
VFA proportion, and A:P ratio of the whole plant of 
sorghum-mutant lines. The tannin content was observed 
in the panicle part.

Chemical Analysis and Calculation

The quality of the whole plant sorghum-mutant 
line was measured by proximate analysis referred to 
as the AOAC method (2005). Ca and P determinations 
were conducted by using atomic absorption spectrom-
etry (AAS) and spectrophotometer, respectively, by using 
the AOAC method (2005). The analysis of fiber fraction 
was conducted by following the method of Van Soest 
(1994). TDN content was calculated by following the 
method of Hartadi et al. (2005). Tannin content analysis 
was conducted by referring to the AOAC method (2005). 
NH3 production was measured by Microdiffusion 
Conway Method (GLP, 1969), and VFA proportion was 
measured using gas chromatography (GC) (Supelco, 
2015). 

Statistical Analysis

Data were analyzed by using ANOVA by the SPSS 
16 software program. DMRT was conducted if a signifi-
cant difference was observed (Steel & Torrie, 1997). 

RESULTS 

Nutrient Contents of Whole Plant Sorghum-Mutant 
Lines

There was no interaction between sorghum-mutant 
lines and generative stage at harvest time on nutrient 
content except on TDN. Patir 3.7 sorghum harvested 
at the hard-dough stage produced the highest TDN 
(59.98%) (Table 1). 

The sorghum-mutant line did not significantly af-
fect DM, ash, and crude fat contents of whole plant sor-
ghum. However, the sorghum-mutant line significantly 
affected (p<0.05) CP and crude-fiber contents of whole 
plant sorghum. Non BMR sorghum line (Patir 3.1) had 

Figure 1. Climate condition during field experiment
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the lowest crude protein contents (8.54%) compared to 
Patir 3.2 (9.28%) and Patir 3.7 (9.06%).

The generative stage at harvest time significantly 
affected the DM, CF, ash, and crude fat contents of 
whole plant sorghum (p<0.01). DM contents were sig-
nificantly higher in whole plant sorghum harvested at 
the hard-dough stage compared to those harvested at 
the flowering stage and soft-dough stage (p<0.01).  The 
CF content of the whole plant sorghum harvested at 
the flowering stage was the highest (27.47%) (p<0.01) 
and decreased (p<0.01) in those harvested at the soft 
dough stage (18.16%) and further decreased (p<0.01) in 
those harvested at hard-dough stage (14.72%). The ash 
content decreased in whole plant sorghum harvested at 
the hard-dough stage. The crude fat content of whole 
plant sorghum harvested at the advanced maturity stage 
and whole plant sorghum harvested at the hard-dough 
stage produced the highest crude fat content (2.02%). 
The sorghum-mutant lines affected CP and CF contents 
of whole plant sorghum. BMR sorghum-mutant line 
produced a higher CP than the non-BMR line, but the 
decreased CF trend is not found in the BMR line. 

Fiber Fraction Content of Whole Plant Sorghum 
Mutant Lines

The contents of fiber fractions are presented in 
Table 2. There was no interaction between sorghum-

mutant lines and generative stage at harvest time on fi-
ber fraction content in this study. The ADF, NDF, lignin, 
and cellulose contents increased significantly (p<0.01) 
with the increased generative stage at harvest time.  
On the other hand, ADF and lignin contents were also 
affected by sorghum-mutant lines (p<0.05). However, 
NDF and cellulose contents were not affected by the 
sorghum-mutant line. In addition, the hemicellulose 
content was not affected by both sorghum-mutant lines 
and harvest time.

Calcium (Ca) and Phosphorus (P) Contents of Whole 
Plant Sorghum Mutant Lines

The contents of Ca and P in the whole plant 
sorghum-mutant lines were not affected by both of the 
sorghum-mutant lines and harvest time, and there was 
no interaction between them. The ranges of Ca and P 
contents were 0.24%-0.32% and 0.15%-0.20%, respec-
tively (Table 3).

Tannin Content in Panicle

The tannin content was analyzed in panicles (Table 
4). The sorghum-mutant line did not affect the tannin 
content in the panicle.  However, the generative stage at 
harvest time significantly affected the tannin content in 
the panicle (p<0.05). In addition, there was a highly sig-

Table 1. Nutrient content of whole plant sorghum-mutant lines (% dry matter basis)

Nutrients Sorghum-mutant 
lines

Harvest times
Mean

Flowering Soft dough Hard dough 
Dry matter Patir 3.1 27.42±1.16 28.20±0.41 56.82±1.51 37.48±14.54

Patir 3.2 26.77±0.46 28.70±0.91 56.31±4.05 37.26±14.46
Patir 3.7 28.69±3.10 29.06±4.78 55.50±3.72 37.75±13.74

Mean 27.63±1.88B 28.65±2.47B 56.21±2.91A

Crude protein Patir 3.1   9.20±0.37   8.54±0.58   7.89±0.26   8.54±0.41ᵇ
Patir 3.2   9.38±0.81   9.34±0.21   9.12±0.40   9.28±0.47ᵃ
Patir 3.7   8.79±0.31   9.04±0.56   9.36±0.46   9.06±0.45ᵃ

Mean   9.12±0.50   8.97±0.45   8.79±0.37
Crude fiber Patir 3.1 26.01±1.15 18.00±0.46 14.56±0.41 19.52±0.67ᵇ

Patir 3.2 28.51±1.57 19.66±0.93 15.52±1.50 21.23±1.33ᵃ
Patir 3.7 27.88±2.43 16.80±2.00 14.08±0.73 19.59±1.72ᵇ

Mean 27.47±1.72A 18.16±1.13B 14.72±0.88C

Ash Patir 3.1   7.05±0.50   6.62±0.51   6.66±0.13   6.78±0.38
Patir 3.2   6.96±0.56   6.37±0.32   6.02±0.48   6.66±0.45
Patir 3.7   6.70±0.21   6.89±0.22   5.93±0.36   6.50±0.26

Mean   6.90±0.42A   6.63±0.35A   6.20±0.32B

Ether extract Patir 3.1   1.39±0.36   1.36±0.19   1.95±0.03   1.57±0.19
Patir 3.2   1.16±0.27   1.86±0.34   1.83±0.34   1.61±0.32
Patir 3.7   1.20±0.26   1.80±0.32   2.27±0.09   1.75±0.23

Mean   1.25±0.30C   1.67±0.28B   2.02±0.15A

Total digestible nu-
trients (TDN)

Patir 3.1 50.55±0.11ᵉ 54.73±0.15ᵈ 57.73±0.50ᵇ 54.34±0.25B

Patir 3.2 49.71±0.64ᵉ 54.87±0.59ᵈ 57.81±1.20ᵇ 54.13±0.81B

Patir 3.7 49.83±0.84ᵉ 56.18±1.00c 59.98±0.82ᵃ 55.33±0.89A

Mean 50.03±0.53 55.26±0.58 58.51±0.84
Note: 	Means in the same line and column in the same variable with different upper case superscripts differ highly significantly (p<0.01). Means in the 

same line column in the same variable with different lower case superscripts differ significantly (p<0.05). ns= nonsignificant; Patir 3.1= non BMR 
sorghum-mutant line; Patir 3.2-Patir 3.7= BMR sorghum-mutant lines.
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nificant interaction effect (p<0.01) between the sorghum 
lines and the generative stage at harvest time for panicle 
tannins. The highest tannin content was produced in the 
combination treatment of the Patir 3.1 at the soft-dough 
stage (1.04%), while the lowest was the combination of 
Patir 3.1 at the flowering stage (0.12%). The advanced 
maturity of the plant affected the tannin content of 
panicle in this study. The BMR line produced a lower 
tannin content than non-BMR line. 

In Vitro Fiber Fraction Digestibility

Based on Table 5, sorghum-mutant lines signifi-
cantly affected ADFD in vitro (p<0.01), but harvest time 
had no effect on ADFD (p>0.05), and there was no 
interaction between the two factors. The ADF digest-
ibility of Patir 3.1 (48.68%) was lower than Patir 3.2 

(55.08%) and Patir 3.7 (55.01%). Meanwhile, the NDFD 
was significantly affected by both sorghum-mutant lines 
and generative stage at harvest time (p<0.01). However, 
there was no interaction effect between sorghum mutant 
line and generative stage at harvest time on NDFD. It 
was found that NDFDs were similar in Patir 3.1 (51.44%) 
and in Patir 3.7 (53.60%) but significantly lower than 
that in Patir 3.2 (57.24%). In this study, the hard-dough 
phase produces the highest NDF digestibility (57.74%) 
compared to the soft-dough phase (53.17%) and flower-
ing phase (51.37%). 

In Vitro Rumen Fluid Characteristics and Ruminal 
Organic Acids Production

Rumen characteristics, proportions of VFA, and 
A:P ratio in rumen liquid is presented in Table 6 and 

Table 2. Fiber fraction content of whole plant sorghum-mutant lines (%)

Fiber fraction Sorghum-mutant 
lines

Harvest times
Mean

Flowering Soft dough Hard dough 
ADF Patir 3.1 48.00±3.26 36.08±1.43 29.08±1.60 37.72±2.10ᵃ

Patir 3.2 47.51±3.68 32.46±1.21 27.04±0.55 35.67±1.81ᵇ
Patir 3.7 46.10±3.04 30.86±0.99 27.17±0.45 34.71±1.49ᵇ

Mean 47.20±3.33A 33.13±1.21B 27.77±0.87C

NDF Patir 3.1 69.69±1.30 56.24±4.79 53.67±1.95 59.87±2.68
Patir 3.2 69.25±3.65 56.34±1.85 50.75±1.78 58.78±2.43
Patir 3.7 69.03±2.63 52.34±0.94 48.07±4.74 56.48±2.77

Mean 69.32±2.53A 54.97±2.52B 50.83±2.82C

Lignin Patir 3.1   9.65±1.92   8.11±0.20   7.19±1.24   8.32±1.12a
Patir 3.2   8.38±2.01   5.75±0.90   6.33±0.43   6.82±1.11b
Patir 3.7   7.88±1.57   5.75±0.83   6.72±0.86   6.78±1.08b

Mean   8.63±1.83A   6.54±0.64B   6.75±0.84B

Cellulose Patir 3.1 36.55±1.69 26.13±1.26 19.89±1.54 27.53±1.50
Patir 3.2 37.38±1.07 24.68±0.39 17.36±0.50 26.47±0.65
Patir 3.7 36.49±1.91 23.88±1.07 17.86±0.82 26.07±1.27

Mean 36.81±1.56A 24.89±0.91B 18.37±0.95C

Hemicellulose Patir 3.1 21.68±3.90 20.16±3.71 24.58±1.99 22.14±3.47
Patir 3.2 21.74±3.50 22.88±2.42 23.71±1.23 23.11±2.44
Patir 3.7 22.93±1.43 21.48±0.05 20.89±4.55 21.76±2.55

Mean 22.12±2.78 21.84±2.75 23.06±3.05
Note: 	Means in the same line and column in the same parameter with different upper case superscripts differ highly significantly (p<0.01). Means in the 

same line and column with different lower case superscripts differ significantly (p<0.05). ns= nonsignificant; Patir 3.1= non BMR sorghum-mutant 
line; Patir 3.2-Patir 3.7= BMR sorghum-mutant lines; ADF= acid detergent fiber; NDF= neutral detergent fiber.

Table 3. Calcium and phosphorus content of whole plant sorghum-mutant lines (%)

Mineral Sorghum-mutant 
lines

Harvest times
Mean

Flowering Soft dough Hard dough 
Ca Patir 3.1 0.26±0.09 0.23±0.09 0.21±0.09 0.23±0.09

Patir 3.2 0.23±0.05 0.25±0.08 0.21±0.02 0.23±0.05
Patir 3.7 0.14±0.01 0.24±0.03 0.32±0.16 0.24±0.07

Mean 0.21±0.05 0.24±0.07 0.25±0.09
P Patir 3.1 0.17±0.01 0.17±0.03 0.15±0.01 0.16±0.02

Patir 3.2 0.19±0.02 0.19±0.00 0.17±0.01 0.18±0.01
Patir 3.7 0.17±0.02 0.17±0.03 0.20±0.04 0.18±0.03

Mean 0.17±0.02 0.18±0.02 0.17±0.02
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Table 7. The pH ranges were neutral in all treatments 
in this study, and there was no effect of sorghum-
mutant line and generative stage on the pH of rumen 
fluid. The sorghum-mutant line and generative stage 
at harvest significantly affected the NH₃ concentration 
in the rumen fluid.  However, there was no interaction 
between the sorghum mutant line and the generative 
stage on the NH₃ concentration in the rumen fluid.  The 
sorghum-mutant line had a lower NH₃ concentration 
in the rumen fluid compared to the non-mutant line 
(p<0.05). Sorghum harvest at the flowering stage had the 

highest NH₃ concentrations in the rumen fluid (p<0.05) 
compared to those harvested at soft- and hard-doughs 
stages. There was an interaction effect of sorghum-
mutant lines and maturity stage at harvest on the in vitro 
rumen fluid VFA production. Patir 3.1 harvested at the 
flowering stage produced a high VFA production of 
132.60 mM. 

The concentrations of acetate, propionate, and 
isobutyrate in rumen fluid were not affected by either 
sorghum-mutant lines or the maturity stage (p>0.05). 
Even though there was a decrease in NDF content in the 

Table 4. Panicle tannin content of sorghum-mutant lines (%)

Sorghum-mutant lines
Harvest times

Mean
Flowering Soft dough Hard dough 

Patir 3.1 0.12±0.08B 1.04±0.07A 0.42±0.03B 0.53±0.03
Patir 3.2 0.77±0.12A 0.59±0.15AB 0.38±0.02B 0.58±0.07
Patir 3.7 0.61±0.12A 0.51±0.04AB 0.37±0.06B 0.50±0.04

Mean 0.50±0.10AB 0.71±0.09A 0.39±0.04B

Note: 	Means in the same row with different upper case superscripts differ highly significantly (p<0.01). Patir 3.1= non BMR sorghum-mutant line; Patir 
3.2-Patir 3.7= BMR sorghum-mutant lines.

Table 5. Fiber fraction digestibility of sorghum-mutant lines (%)

Variables Maturity stages
Sorghum-mutant lines

Mean
Patir 3.1 Patir 3.2 Patir 3.7

ADFD Flowering 46.70±2.23 54.03±2.16 53.73±3.82 51.48±2.74
Soft dough 49.21±3.61 55.11±3.01 55.83±2.99 53.38±3.20

Hard dough 50.14±3.39 56.09±3.12 55.47±0.29 53.90±2.27
Mean 48.68±3.08B 55.08±2.76A 55.01±2.37A

NDFD Flowering 49.93±2.73 51.62±2.26 52.57±3.91 51.37±2.97B

Soft dough 48.79±3.71 58.22±3.79 52.49±4.40 53.17±3.97B

Hard dough 55.59±3.49 61.89±2.42 55.75±1.16 57.74±2.36A

Mean 51.44±3.31B 57.24±2.82A 53.60±3.16B

Note: 	Means in the same line and column in the same parameter with different upper case superscripts differ highly significantly (p<0.01). Means in the 
same line and column in the same parameter with different lower case superscripts differ significantly (p<0.05). Patir 3.1= non BMR sorghum-mu-
tant line; Patir 3.2-Patir 3.7= BMR sorghum-mutant lines; ADFD= acid detergent fiber digestibility; NDFD= neutral detergent fiber digestibility.

Table 6. Rumen characteristics (pH, NH₃, and VFA) of brown-midrib sorghum mutant lines at different maturity stages in vitro

Variables Harvest times
Sorghum-mutant lines

Mean
Patir 3.1 Patir 3.2 Patir 3.7

pH Flowering   6.70±0.10   6.70±0.10   6.70±0.00   6.70±0.07
Soft dough   6.70±0.00   6.63±0.00   6.67±0.06   6.67±0.04

Hard dough   6.70±0.10   6.70±0.00   6.73±0.06   6.71±0.05
Mean   6.70±0.07   6.68±0.05   6.70±0.04  

NH₃ (mM) Flowering 10.67±0.14 10.12±2.10 10.20±2.77 10.33±1.67A

Soft dough   7.89±1.63   5.81±0.77   5.11±0.37   6.27±0.92C

Hard dough   9.94±1.21   9.04±1.19   7.33±0.75   8.77±1.05B

Mean   9.50±0.99A   8.32±0.99AB   7.55±1.30B  
VFA (mM) Flowering 132.60±11.94A 116.78±11.00B 117.51±17.80B 122.30±13.58

Soft dough   90.34±9.56C   75.48±14.79D   73.45±3.04D   79.76±9.13
Hard dough 127.52±11.10AB 101.12±11.55C   73.34±7.14D 100.66±9.93

Mean 116.82±10.87   97.79±10.87   88.10±9.33  

Note: 	Means in the same line and column in the same parameter with different upper case superscripts differ highly significantly (p<0.01). Means in the 
same line and column in the same parameter with different lower case superscripts differ significantly (p<0.05). Patir 3.1= non BMR sorghum-mu-
tant line; Patir 3.2-Patir 3.7= BMR sorghum-mutant lines; ADFD= acid detergent fiber digestibility; NDFD= neutral detergent fiber digestibility.
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BMR sorghum-mutant lines (Patir 3.2 and Patir 3.7), it 
did not cause a significant decrease in acetic acid in the 
rumen fluid. The proportion of butyrate, isovalerate, 
and valerate were influenced by sorghum-mutant lines 
(p<0.05), but the harvest times affected the proportion 
of both isovalerate (p<0.05) and valerate (p<0.01).  The 
generative stage at harvest did not affect the proportion 
of butyrate. There were no significant interaction effects 
of sorghum-mutant line and generative stage at harvest 
on the proportions of butyrate, isovalerate, and valerate. 
The proportions of butyrate, isovalerate, and valerate 
were the lowest in the sorghum-mutant line Patir 3.7. In 
addition, valerate and isovalerate proportions decreased 
with the increased generative stage of sorghum at 
harvest. 

DISCUSSION 

The increase of DM content was affected by the 
maturity stage and plant age. We found that the harvest 
time at the hard-dough stage produced a high DM 
content. This high DM content was related to the longer 

photosynthesize that was the seed-filling stage period of 
the plant.  At the hard-dough stage, the plant age was 
110 DAS, so that photosynthesis activity was longer 
than both at the flowering (74 DAS) and soft-dough 
stages (90 DAS). This result was in line with Koca & 
Erekul (2016) report, stating that DM accumulation 
would increase from emergence to maturity and at the 
fruiting stage. 

The CP content was higher on BMR sorghum-mu-
tant lines compared to non-BMR sorghum, and genetic 
factors influenced this difference. This result is in line 
with the result reported by Nohong & Islamiyati (2018) 
that the CP of BMR sorghum is higher than that of 
Samurai-2 variety (non-BMR sorghum mutant). Aguilar 
et al. (2014) state that the BMR has a higher protein con-
tent compared to the normal non-mutant sorghum.

On late maturity, CF was affected by grain filling. 
The stage from the soft-dough stage to the hard-dough 
stage is the grain filling stage to produce kernel. 
Sorghum grain consists of non-structural carbohydrates 
such as starch, and on the other hand, sugar accumula-
tion in the stem increases with the increasing time 

Table 7. VFA proportions and ratios of acetate to propionate in sorghum-mutant lines at different maturity stages

Ruminal organic 
acids (mM) Maturity stages

Sorghum-mutant lines
Mean

Patir 3.1 Patir 3.2 Patir 3.7
Acetate Flowering 32.92±2.45 30.45±4.46 29.21±2.11 30.86±3.01

Soft dough 30.20±5.80 30.12±5.01 29.05±2.23 29.79±4.35
Hard dough 29.94±3.60 28.93±3.42 28.79±0.66 29.22±2.56

Mean 31.02±3.95 29.84±4.30 29.02±1.67
Propionate Flowering 9.56±0.92 10.44±2.71 9.92±3.26 9.97±2.30

Soft dough 9.39±0.72 11.94±1.64 10.92±3.03 10.75±1.79
Hard dough 10.37±2.27 11.36±3.29 11.07±1.26 10.93±2.27

Mean 9.77±1.30 11.25±2.55 10.64±2.51
Isobutyrate Flowering 1.84±0.43 1.49±0.39 1.11±0.39 1.48±0.40

Soft dough 1.26±0.41 1.23±0.41 0.97±0.40 1.15±0.41
Hard dough 1.20±0.69 1.15±0.08 0.88±0.36 1.08±0.38

Mean 1.43±0.51 1.29±0.29 0.99±0.38
Butyrate Flowering 4.37±0.57 3.37±0.13 2.67±1.28 3.47±0.66

Soft dough 3.73±1.03 2.75±0.55 1.58±0.69 2.69±0.76
Hard dough 2.34±1.40 2.58±0.75 2.44±1.13 2.45±1.09

Mean 3.48±1.00ᵃ 2.90±0.48ab 2.23±1.04ᵇ
Isovalerate Flowering 1.55±0.28 1.43±0.03 0.83±0.40 1.27±0.24ᵃ

Soft dough 1.02±0.45 0.88±0.71 0.85±0.41 0.91±0.52ᵇ
Hard dough 1.17±0.60 1.01±0.16 0.73±0.33 0.97±0.36ᵇ

Mean 1.25±0.44ᵃ 1.10±0.30ᵃ 0.80±0.38ᵇ
Valerate Flowering 1.35±0.18 1.30±0.16 0.57±0.36 1.07±0.23A

Soft dough 0.66±0.40 0.71±0.36 0.70±0.66 0.69±0.47B

Hard dough 0.69±0.38 0.75±0.29 0.51±0.35 0.65±0.34B

Mean 0.90±0.32ab 0.92±0.27ᵃ 0.59±0.46ᵇ
A:P Flowering 3.59±0.13 3.02±0.65 3.10±0.70 3.24±0.49

Soft dough 3.20±0.37 2.59±0.75 2.82±0.92 2.87±0.68
Hard dough 3.02±0.93 2.70±0.80 2.63±0.36 2.78±0.70

Mean 3.27±0.48 2.77±0.73 2.85±0.66
Note: 	Means in the same line and column in the same parameter with different upper case superscripts differ highly significantly (p<0.01). Means in 

the same line and column in the same parameter with different lowercase superscripts differ significantly (p<0.05). ns= nonsignificant; Patir 3.1= 
non BMR sorghum-mutant line; Patir 3.2-Patir 3.7= BMR sorghum-mutant lines.
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until harvesting. Sriagtula et al. (2017) mention that the 
decreased CF content in stems is caused by the lower 
proportion of structural carbohydrate as sugar accumu-
lated in the stems and carbohydrate is translocated for 
grain development. 

The ash content in the whole sorghum plant 
decreases with the increasing maturity stage at har-
vest time. At the hard-dough stage, the ash content 
decreased significantly (p<0.01), and this result is in line 
with the result reported by Xie et al. (2012). Sriagtula et 
al. (2017) and Rosser (2013) state that at the hard-dough 
phase, the proportion of panicles are dominant in the 
total plants, and panicles are rich in starch which will 
affect the percentage of ash.

The crude-fat content increased with the increas-
ing maturity stage of sorghum at harvest due to the 
increased starch content during the grain-filling process. 
Consistent with our earlier studies, at the hard-dough 
stage, the proportion of panicles (grain) reach 60% 
(Sriagtula et al., 2016), so that the starch content is the 
highest in this phase, as well as the crude-fat content. 
Refers to Wang et al. (2018), lipids are part of the starch 
in the form of free fatty acids (FFA).

There was an interaction effect between the 
sorghum-mutant lines and the harvest time on TDN 
content. The results showed that Patir 3.7 harvested at 
the hard-dough phase produced the highest TDN con-
tent (59.98%). The highest TDN content is related to in-
creased nutrient content, especially CP, and the decrease 
of fiber fraction, especially ADF, NDF, and lignin, which 
occurred at the hard-dough stage. At the hard-dough 
stage, the nitrogen-free extract (NFE) content increased, 
and this fact was supported by our earlier study, which 
found that the increasing starch content was related to 
the maturation of seeds and stem sugar contents at the 
hard-dough stage (Sriagtula et al., 2017). This study’s 
results were in line with the report of Nair et al. (2018), 
which stated that at the advanced maturity, ADF, NDF, 
and lignin contents of forage barley decreased, whereas 
starch and TDN contents increased. TDN is calculated 
based on nutrient composition and digestibility. The 
higher starch but lower ADF and NDF contents can 
result in a high digestibility so it will increase the TDN 
content. These results were similar to the result reported 
by Nair et al. (2018) that TDN concentration of barley 
forage increased during the hard-dough stage. 

The low ADF contents in the BMR sorghum-mutant 
lines are due to the low lignin content that is consis-
tent with the literature that lignin is part of the ADF 
(Salama & Nawar, 2016). Low lignin content in BMR 
sorghum-mutant lines is influenced by genetic factors, 
and BMR genes in plants cause a low lignin content and 
increase digestibility. A possible explanation for this 
result might be the lower activities of Cynnamyl Alcohol 
Dehydrogenase (CAD) and Cafeid Acid/5-hydroxyferulic 
acid O-methyltransferase (COMT) enzymes to play a role 
in lignin biosynthesis (Li et al., 2015). 

The contents of ADF, NDF, lignin, and cellulose de-
creased with late harvest time, and these decreases were 
caused by the increased NFE contents at this phase. 
These results match to our observation in an earlier 
study that NFE content in BMR sorghum lines increases 

both in sugar on the stem and starch in the grain (pan-
icle) during this phase (Sriagtula et al., 2017). Sriagtula 
et al. (2016b) state that there is a competition in using 
carbohydrate for the synthesis of sugar in the stem and 
starch in the panicles and for the fiber synthesis in the 
advanced maturity stage that eventually decrease the 
content of fiber fraction. 

The Ca and P contents were not significant in sor-
ghum whole plant in all harvest times, caused by the 
dynamics of mineral nutrition in the part of sorghum 
plants. During the vegetative stage, Ca and P were used 
for stem and leaf growths, and further during the grain 
filling period, Ca and P will be translocated to the gen-
erative parts of the plants (seeds) during the soft-dough 
and hard-dough stages. At the same phase, Ca dan P 
contents in both parts of the plant (stem and leaf) de-
creased, different from the panicle, where Ca dan P con-
tents increased. This fact causes Ca and P contents in the 
whole plant of sorghum-mutant lines were not different. 
Gracia & Grusak (2015) state that micronutrient in cereal 
is remobilized from flag leaves to the developing grain.

Tannin is an antinutrient compound that can inhibit 
the digestion of protein and starch. In sorghum plants, 
the content of tannins is abundant in seeds and in leaves 
(de Alameda et al., 2014; Hayes et al., 2016). The tannin 
content in the panicle increased at the soft-dough stage 
and decreased at the hard-dough stage. This result is in 
line with the result reported by Kaplan et al. (2014) that 
the tannin content of Sanguisorba-minor hay varied 
with maturity and decreased with the increasing ma-
turity. The results showed that the dynamics of tannins 
in the panicle were different between BMR sorghum-
mutant line and non-BMR at harvest time. The tannin 
content was affected by the interaction between the 
sorghum-mutant line and harvest time. The lowest tan-
nin content was found in Patir 3.1 at the flowering stage, 
and the highest tannin content was found in Patir 3.1 at 
the soft-dough stage. Opposite to Patir 3.2 and Patir 3.7, 
the highest tannin content was found at the flowering 
stage and decreased to the soft-dough and hard-dough 
stages. 

The tannin contents in the study ranged from 0.12% 
to 1.04%. Sorghum-mutant lines have no high tannins. 
According to Pan et al. (2016), the whole sorghum plant 
was high in tannins if the content of tannin ranges from 
1.11%-1.51%. In this study, many bird attacks occurred 
on panicles (grain), which indicated that the sorghum-
mutant lines have a low tannin content. This finding is 
consistent with the study of Wu  et al. (2012), reporting 
that the higher tannin level in the panicle produced 
the lower seed damages caused by bird attacks. On the 
other hand, white grain sorghum showed a low tannin 
content. Cheng et al. (2009) and Sedghi et al. (2012) state 
that the high tannin content is the characteristic pigmen-
tation on the seed coat (testa).

Assessment of NDFD and ADFD is important to 
quantify the nutritional value of the forage, and these 
components were strongly negatively correlated with 
both DMD and OMD (Lee, 2018). The BMR sorghum-
mutant lines produced a higher ADF digestibility than 
the non-BMR sorghum because of ADF content in Patir 
3.1 (37%) was higher than those in Patir 3.2 (35%) and 
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Patir 3.7 (34%) (Table 2). ADF content was described 
as a part of the undigestible matter on forage (Dasci & 
Çomakli, 2011). Both sorghum-mutant lines and matu-
rity stages at harvest affected the in vitro NDFD signifi-
cantly (p<0.01) without interaction effect. 

The ADFD was found higher in BMR line than in 
the non-BMR line. One interesting finding is that the 
highest NDFD is found only in Patir 3.2 (57.24%). This 
result is linear with the results of our earlier study that 
DMD and OMD in Patir 3.2 were 65% and 66%, respec-
tively, that were higher than in Patir 3.7 (63% and 63%, 
respectively) and Patir 3.1 (60% and 60%, respectively) 
(Sriagtula  et al., 2017). This result may be explained by 
the result reported by Jančík et al. (2010) that in general, 
NDF is the best variable of DM degradation because 
NDF represents the total matrix of insoluble fiber.

The NDFDs of sorghum-mutant lines are affected 
by maturity stages. Advanced maturity at the hard-
dough stage produced the highest NDFD (57.74%) 
but decreased at flowering and soft-dough stages 
(51.37% and 53.17%, respectively). This result may be 
explained by the fact that NDF contents decrease with 
the increased maturity stages from the flowering stage 
(69.32%) to a soft-dough stage (54.97%) and hard-
dough stage (50.83%) (Table 2). Lignin content at the 
hard-dough stage was 6.75% that was lower than that 
at flowering stages (8.63%) (Table 2), and this decrease 
contributed to the increased NDFD at the hard-dough 
stage. This result agrees with the report of Raffrenato et 
al. (2017) that lignin content was negatively correlated 
with NDFD.

The VFA proportion is an important factor for 
determining feed utilization by ruminants (Saunders, 
2015). There was a significant interaction effect between 
sorghum-mutant line and harvest time on VFA produc-
tion. Total VFA production was higher in the non-BMR 
sorghum compared to the BMR line. This difference 
was due to the higher butyrate production in the non-
BMR line (Table 7). However, acetate and propionate 
were not significantly different between sorghum lines. 
Patir 3.1 at the flowering stage produced the highest 
VFA concentration, although ADF and NDF contents 
were also higher. It was the reason that the ADFD and 
NDFD in Patir 3.1 were the lowest in the same phase at 
the flowering stage (Table 2 and Table 5), compared to 
BMR sorghum-mutant lines. This finding is in line with 
the results of Wahyono et al. (2019) that NH₃ and VFA 
productions in vitro were not significant, even though 
the CP, ADF, and NDF contents were different. This 
result is contradictive with that reported by Chaugool et 
al. (2013) that the characteristics of ruminal fermentation 
of sorghum cultivars were directly associated with the 
rumen degradability.

There is no interaction effect between sorghum-
mutant linen and regenerative stage at harvest time on 
pH and NH₃ production in vitro. In general, the concen-
trations of NH₃ and VFA were not affected by CP and 
CF contents (Table 1).  Due to the method used to evalu-
ate fermentation was in vitro, there was no absorption 
and recycling of the products of fermentation as in the 
in vivo in actual rumen conditions (Firsoni et al., 2010; 
Kisworo et al., 2017). There was no significant interaction 

effect between the sorghum-mutant line and generative 
stage at harvest time on ruminal organic acids. The pro-
portion of acetate, propionate, and iso-butyrate were not 
significantly different despite ADF and lignin contents 
decreased with the advance of maturity (Table 2). This 
result is contradictive with the report of Rahman et al. 
(2013) that high fiber material will produce a higher 
acetate and butyrate than propionate.  The lower fiber 
content of forages produces a higher propionate so that 
the A:P ratio decreases during rumen fermentation.

In this study, the ranges of acetate, propionate, and 
butyrate proportions were 28.79-32.92 mM; 9.39-11.94 
mM; and 1.58-4.37 mM, respectively. These results are 
lower than those reported by Saunders (2015), who 
found that the proportion of VFA in maize ration based 
on corn silage BMR as acetate, propionate, isobutane, 
butyrate, valerate, and isovalerate were 60.5 mM, 21.8 
mM, 1.05 mM, 12.3 mM, 1.44 mM, and 1.44 mM, respec-
tively. The lower proportion of VFA found in the pres-
ent study was caused by the material tested as a single 
feed, not in the form of a mixed ratio.

The A:P ratio in the present study was not affected 
by the sorghum-mutant line and maturity stage. The 
decreasing the A:P ratios in the BMR sorghum-mutant 
lines compared to control non-BMR sorghum (Patir 3.1) 
were not statistically significant. This nonsignificant dif-
ference was related to the proportion of acetate and pro-
pionate in BMR and non-BMR sorghum-mutant lines in 
this study showed no significant difference. The ratio of 
A:P on the Patir 3.2 and Patir 3.7 BMR sorghum-mutant 
lines were 2.77 and 2.85, respectively. This result is in 
line with the report of Saunders (2015) that the ratio A:P 
in corn silage-based BMR ratio was 2.75 mM. 

CONCLUSION

BMR sorghum-mutant lines (Patir 3.2 and Patir 
3.7) produce higher CP, fiber fraction digestibility, and 
lower ADF and lignin than non-BMR sorghum-mutant 
lines (Patir 3.1). The proportion of rumen organic acids 
(acetate and propionate) and A: P ratio was not different 
in both sorghum-mutant lines and regenerative stage 
at harvest times, except butyrate. The best NDFD 
was found in Patir 3.2 BMR sorghum-mutant line. 
Harvesting at the hard-dough stage produced the 
highest in vitro NDFD.  All sorghum-mutant lines and 
harvest time produce the same levels of acetate and 
propionate.
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