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ABSTRACT 
Sorghum is a forage that has low protein content and used as source of energy, whereas calopo is a protein 
source feed. If sorghum and calopo are fermented, it makes it difficult to lower the pH so that the nutrient 
content is easily damaged. The aim of this study was to evaluate the physical and chemical quality of 
fermented silage in combination between sorghum (Sorghum bicolor) and calopo (Calopogonium mucunoides) 
which were added with different levels of lactic acid. The ratio of the combination of sorghum and calopo 
as ingredients for silage was 40: 60%. Silage was made in 1 liter silo which was fermented for 21 days. This 
study used a completely randomized design (CRD) with 5 treatments (control and 4 levels of lactic acid 
addition, namely 1, 2, 3 and 4%) and 4 replications. Parameters observed included color, aroma, texture, 
pH, dry matter (DM), and fleigh value (FV). The results showed that the increase in the percentage of lactic 
acid use showed good physical quality (brown yellow color, citrus aroma and crumb texture) of silage. 
Chemically, the higher the level of addition of lactic acid to the sorghum-calopo silage, the DM content 
increased from 17.84% to 20.53%, decreased pH from 4.93 to 4.0 and increased FV from 43.33 to 86.0. The 
conclusion in this study was the use of lactic acid up to 4% in the silage of the combination of sorghum and 
calopo still showed good quality as indicated by FV 86 and pH 4.00.  
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INTRODUCTION 
Sorghum is a forage that can be an 

alternative source of animal feed. Sorghum 
is drought tolerant compared to other 
forages and can grow in almost all types of 
soil. Sorghum can be developed to support 
animal feed needs because it has a fairly 
high biomass. Biomass from primary 
sorghum plants reached 43.0 ton ha-1 and in 
the first ratoon it was 22.6 ton ha-1 (Efendi et 
al, 2013).  However, sorghum has a low 
crude protein (CP) content of 7-8% 
(Kurniawan et al, 2019a) and a high starch 
content as an energy source (Hidayat, 2021; 
Sukria et al, 2022), so if it is preserved in 
silage it must be combined with other 
forages so that the nutritional quality is 
better. 

Forage preservation in the form of 
silage can be combined with using forages 
with low and high CP content so that the 
resulting silage has high nutritional value. 
Forages that have a high CP content and can 
be used as silage material are legumes. One 
of the legumes that has the potential to 
improve the quality of silage is calopo. 
However, the high CP (nitrogen) content in 
calopo can be alkaline and affect the 
carrying capacity (silage pH is difficult to 
lower due to the alkaline nature of nitrogen) 
(Kurniawan et al, 2019b). 

Tropical forages generally contain 
high dry matter, easily degradable protein 
content, low sugar content, and high 
buffering capacity (Yahaya et al, 1999). One 
of the ways to reduce (low) the pH and 
nitrogen (N) content in silage is by adding 
organic lactic acid in making silage 
(Kurniawan et al, 2019a). Making silage 
using lactic acid has been carried out to 
improve the nutritional quality of feed, 
including the provision of 3% lactic acid in 
elephant grass fermentation (Antaribaba et 
al, 2014), administration of 3% lactic acid on 
elephant grass and Bengal silage (Santoso et 
al, 2009a), superior tropical grass resulting 
from silage with lactic acid bacteria from 
fermented grass extract (Santoso et al, 2009b), 
silage of sugarcane shoots (Saccharum 

officinarum, Linn) with the addition of 0.3% 
Lactobacillus plantarum (Lamid et al, 2012), 
silage combination of elephant grass 
(Pennisetum purpurium) - Indigofera 
zollingeriana (Arianto et al, 2021), a 
combination of kume grass and gamal 
leaves (Ndun et al, 2015), odot and lamtoro 
grass (Astati et al, 2022), a combination of 
elephant grass and lamtoro (Rasuli et al, 
2022). The purpose of making silage were to 
preserve feed ingredients and maximize the 
nutrients in feed ingredients (Anwar et al, 
2020). In this regard, it is necessary to 
conduct research on the chemical quality 
and nutrient production of the combined 
silage of sorghum (Sorghum bicolor) and 
calopo (Calopogonium mucunoides) with the 
addition of organic lactic acid at different 
levels so that it can improve the quality and 
quality of the silage and can be an 
alternative feed source of livestock 
especially during the dry season 
 

MATERIAL AND METHOD 
 

This research was conducted in two 
stages. The first stage of making silage was 
carried out at the Feed Technology Unit 
Laboratory and the second stage of silage 
quality evaluation was carried out at the 
Feed Nutrition and Technology Laboratory, 
Faculty of Animal Husbandry, Halu Oleo 
University. The research materials consisted 
of: whole sorghum plants (Sorghum bicolor) 
aged 71 days in the first year; leaves and 
steam of Calopo (Calopogonium mucunoides), 
both young and old as well as organic lactic 
acid which has been diluted from a 
concentration of 90% to 20%. The equipment 
used includes: a 1 liter capacity jar as a silo, 
plastic plaster, and a chopper. 

Silage was made by chopping whole 
sorghum and calopo (all young and old 
leaves and stems) with a size of 2 - 3 cm, 
then withering for 24 hours to reduce the 
water content to 50%. Then sorghum and 
calopo were mixed with lactic acid solution 
according to the treatment. The lactic acid 
solution used previously was diluted from a 
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concentration of 90% and then diluted again 
to 20% by transferring 22.2 ml of 90% lactic 
acid into a test tube and then adding 77.8 ml 
of distilled water. A total of 100 ml of the 
solution was taken and put into a bottle then 
stirred until homogeneous. Next, the silage 
process was carried out by putting all the 
mixed ingredients into the silo, then 
compress it by hand and using a wooden 
tool for ± 30 minutes to reduce the air in the 
silo. Silage was stored in a storage room 
protected from direct sunlight for 21 days. 
The silage was opened and then tested for 
physical quality (color, smell and texture). 
Chemical quality tests carried out at the 
Animal Feed Analyst Unit Laboratory 
include pH, dry matter, crude fiber and 
crude protein (AOAC 2005). 

The design used was a completely 
randomized design (CRD) with 5 treatments 
and 4 replications. The treatment consisted 
of P1 = 0% organic lactic acid, P2 = 1% 
organic lactic acid, P3 = 2% organic lactic 
acid, P4 = 3% organic lactic acid, P5 = 4% 
organic lactic acid. Data were analyzed 
using analysis of variance (ANOVA). If the 
data shows a significant difference, then it 
will be tested further using the Duncan 
Multiple Range Test (DMRT) (Gaspersz 
1991). 

 
RESULT AND DISCUSSION 

Color 
The results of the color test of the 

combination of sorghum and calopo silage 

with the addition of organic lactic acid at 
different levels can be seen in Figure 1. The 
silage color score scale showed P5 which 
was 2.5 and P4 which was 2.75 (dark 
brown), P1, P2 and P3 namely 3 (fawn). The 
color of the silage in the treatments (P1, P2, 
P3) in this study was better than the results 
of the research by Chalisty et al. (2021) 
namely 2.28 - 2.62 (brownish yellow to 
yellowish green). The yellowish brown color 
at P1, P2, and P3 indicates very good silage 
quality, while the blackish brown color at P4 
and P5 indicates quite good silage quality. 
The good quality of silage in this study was 
caused by a decrease in the water content of 
the material and also the formation of 
microorganisms in the form of lactic acid 
bacteria. This study is in accordance with 
the results of research by 2.28 - 2.62 
(brownish yellow to yellowish green). The 
yellowish brown color at P1, P2, and P3 
indicates very good silage quality, while the 
blackish brown color at P4 and P5 indicates 
quite good silage quality. The good quality 
of silage in this study was caused by a 
decrease in the water content of the material 
and also the formation of microorganisms in 
the form of lactic acid bacteria. This research 
is in accordance with the results of research 
by Kaiser and Piltz (2004), which states that 
bright green to brownish green is the normal 
color for grass, grain, and corn silages, while 
pale green or brownish yellow is the normal 
color for silages with wilted grass 

 
 
 
 
 
 
 
 
 
 
 
Figure 1.  The organoleptic test score scale for the combination of sorghum (Sorghum bicolor) and 

calopo (Calopogonium mucunoides) silage color. Note: P1: 0% Organic Lactic Acid; P2: 
1% Organic Lactic Acid; P3: 2% Organic Lactic Acid; P4: 3% Organic Lactic Acid; P5: 
4% Organic Lactic Acid 
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The blackish brown color in the P4 
and P5 treatments indicated a decrease in 
the quality of the silage. the higher the 
percentage of organic lactic acid used, the 
lower the color test score. Using high 
percentages of lactic acid can cause 
discoloration due to humidity in the silo. 
Reksohadiprodjo (1998) stated that the plant 
will experience a color changes during the 
ensilase process and oxygen levels are still 
available for the aerobic respiration process 
until the sugar content in the plant is not 
left. According to Keiser and Piltz (2004), the 
normal color in grass, grain and corn silage 
is bright green to brownish green while the 
normal color in withered silage is pale green 
or brownish yellow. Light brown or 
yellowish color in good silage has a sour 
aroma (Hidayat, 2014). 
Aroma 

The results of the aroma test for the 
combination of sorghum and calopo silage 
with the addition of organic lactic acid of 
different levels can be seen in Figure 2. The 
aroma score scale showed P1, which was 
2.50 (rotten; slightly sour), and P2, P3, P4, 

P5, namely 3 (sour smell; typical of silage). 
The aroma score obtained in this study is in 
accordance with Chalisty et al. (2021) which 
stated that silage generally smells sour (2.44 
– 2.72). The sour aroma that appears comes 
from several types of acids, especially lactic 
acid which is produced by lactic acid 
bacteria during the silage process. The 
aroma of silage in this study showed that the 
quality of the silage was quite good because 
lactic acid could affect the aroma of silage. 
The higher the use of lactic acid, the more 
fragrant the aroma produced by the silage. 
According to Wati et al. (2018), a slightly 
sour aroma in silage indicates good quality 
silage. The slightly sour smell of silage is 
due to the low pH of the silage. The level of 
acid produced during the ensiling process 
can affect the aroma produced from silage. 
Kurnaningtyas et al. (2012) states that the 
sour aroma in silage comes from organic 
acids produced by anaerobic bacteria during 
the ensiling process and depends on the 
length of the incubation process in the silage 

 
 
 
 
 
 
 
 
 
Figure 2. The scale of the organoleptic test score for the smell of silage combination of sorghum 

(Sorghum bicolor) and calopo (Calopogonium mucunoides). Note:  P1: 0% Organic 
Lactic Acid; P2: 1% Organic Lactic Acid; P3: 2% Organic Lactic Acid; P4: 3% Organic 
Lactic Acid; P5: 4% Organic Lactic Acid. 

 

Texture 
The texture of the silage of a 

combination of sorghum and calopo added 
with different levels of lactic acid can be 
seen in Figure 3. The silage texture score 
scale showed slightly wet or a score of 2.50 
and 2.75 (P1 and P4) and crumbly or a score 
of 3 (P2, P3 and P5). This indicates that the 
silage from this study was good quality, 
because the silage was not sticky, does not 

clump and was not slimy. This is in 
accordance with the opinion Kojo et al. 
(2015) which states that good quality silage 
is indicated by a soft texture, not moldy, not 
runny and not lumpy. According to Wati et 
al. (2018), The water content in forage will 
affect the texture of the silage. The poor 
quality of silage is shown by its soft, slimy 
texture and the presence of mold which is a 
body caused by the high water content of 
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forage and increased oxygen levels in the silos (Chalisty et al, 2017). 
 
 
 
 
 
 
 
 
 
 
Figure 3. The scale of the organoleptic test score for the silage texture of the combination of 

sorghum (Sorghum bicolor) and calopo (Calopogonium mucunoides). Note: P1: 0% 
Organic Lactic Acid; P2: 1% Organic Lactic Acid; P3: 2% Organic Lactic Acid; P4: 3% 
Organic Lactic Acid; P5: 4% Organic Lactic Acid. 

 
pH 

The results showed that the addition 
of lactic acid at different levels had a very 
significant effect (P<0.01) on the pH of the 
silage of a combination of sorghum and 
calopo (Table 1). P5 was significantly 
different from P1 and P2, but not 
significantly different from P3 and P4. This 
is because the higher the percentage of lactic 
acid used, the lower the resulting pH. The 
decrease in silage pH can be caused by the 
biochemical reaction of lactic acid bacteria 
which produce lactic acid, so that the greater 
the lactic acid content, the lower the pH. The 
highest average pH value was shown at P1 
without the addition of organic lactic acid, 
namely 4.93. This value indicates failure of 
fermentation, in accordance with the 

opinion Ranjit and Kung (2000) which states 
that if the pH of silage is more than 4.8 it 
means that the fermentation has failed. This 
showed that the resulting pH is not good, 
due to a lack of lactic acid so that the 
decomposing bacteria are unable to function 
properly. The pH value at the addition of 2-
4% lactic acid has very good quality, while 
at the addition of 1% it has good quality. 
According to Septian et al. (2011), Silage 
quality can be classified into 4 criteria based 
on pH, including: very good quality (pH 3.2 
- 4.2), good quality (pH 4.2 - 4.5), and poor 
quality (pH > 4.8). Lactic acid is very 
influential in accelerating the decrease in 
silage pH so that nutrient damage due to 
unwanted bacteria can be suppressed. 
 

 
Table 1. Silage combination of sorghum (Sorghum bicolor) and calopo (Calopogonium mucunoides) 
with the addition of lactic acid at different levels 

Parameter 
Treatment  

P1 P2 P3 P4 P5 

pH 4,93a ± 0,35 4,54a ± 0,05 4,18b ± 0,10 4,15b ± 0,14 4,00b ± 0,05 

Dry matter (%) 17,84a ± 2,19 18,88b ± 0,33 19,53b ± 0,94 19,11b ± 0,97 20,53b ± 0,23 

Fleigh value 43,33a ± 18,30 61,20a ± 1,63 76,75b ± 5,58 77,07 b ± 7,43 86,00b ± 1,74 

Note:  Different superscripts on the same line indicate significant differences; P1: 0% Organic Lactic Acid; 
P2: 1% Organic Lactic Acid; P3: 2% Organic Lactic Acid; P4: 3% Organic Lactic Acid; P5: 4% 
Organic Lactic Acid. 
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Dry Matter (DM) 
The results showed that the addition 

of lactic acid had a significantly different 
effect (P<0.05) on the content of DM silage of 
a combination of sorghum and calopo silage 
(Table 1). P5 was significantly different from 
P1, but not significantly different from P2, 
P3 and P4. The highest content of DM was 
found in P5 which is 20.53%. The DM 
content was lower than Kurniawan et al. 
(2019a) which stated that the DM content of 
a combination of sorghum and gamal silage 
was 26.62%. This was due to differences in 
the percentage of DM in the silage 
composition using gamal (26.76%) and 
sorghum (20.35%), while in this study using 
sorghum (21.56%) and calopo (18.80%). DM 
values in this study ranged from 17-20%, 
this value was lower than Nurfauziah (2020) 
i.e. 20.57 - 24.63% in the combined silage of 
sorghum and Indigofera zollingeriana. P1 
without the use of lactic acid has the lowest 
DM content (17.84%). During the aerobic 
phase, the greatest loss of dry matter occurs. 
Aerobic microbes are still actively breaking 
down substrates into CO2 and H2O and heat 
respiration energy. When the pH becomes 
acidic due to the presence of lactic acid 
produced by lactic acid bacteria, the 
decomposition process stops and the silage 
becomes stable (Sandi et al., 2012). Lactic 
acid can inhibit the growth of pathogenic 
bacteria resulting in silage that has a higher 
DM content than without inoculation 
(Zakariah et al, 2015). 
 
Fleigh Value 

The addition of lactic acid made a 
very significant difference (P<0.01) to the 
value of fleigh silage (Table 1). P5 was very 
significantly different from P1 and P2, but 
not significantly different from P3 and P4. 
The lowest fleigh value was shown at P1 
without the addition of lactic acid, namely 
43.33 (moderate quality) and the highest at 
P5, namely 86.00 (very good) with the 
addition of 4% lactic acid. Lestari et al. (2021) 
stated that the silage produced could be 
categorized as good quality if it had a fleigh 
value of 80. The fleigh value in this study 
ranged from 61.20 – 86.00. This value 

indicates that the silage was still in the good 
category. A good fleigh value can be 
obtained if the pH value is low (Wati et al., 
2018). Silage using organic lactic acid with a 
concentration of 20% as much as 2-4% can 
increase the fleigh value in this study. 
According to Kurniawan et al. (2019a) Silage 
using 2% lactic acid showed the best quality, 
namely having the highest DM content and 
the lowest silage pH. The DM and pH silage 
values affect the fleigh value, the higher the 
DM value and the lower the pH value, the 
higher the fleigh value will be (Wati et al., 
2018). 

CONCLUSION 
The use of 2-4% organic lactic acid 

can lower the pH value and increase the DM 
content and fleigh value. The best silage was 
shown at P5 (4% addition of lactic acid) 
which had a pH of 4.00, a fleigh value of 
86.00 and a DM of 20.53%. 
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