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INTRODUCTION

Ruminants are essential to humans in converting 
forages to valuable products such as meat, milk, wool, 

and traction. Plant fiber is digested by rumen microbials to 
produce products that the animal can absorb and converts 
to useful products for human consumption (Ungerfeld, 
2018). Forages are the main feed ingredient for ruminant. 
It can be described as the edible part of plants (root are 
excluded) and are suited to utilization by herbivores with 

their substantial capability for microbial digestion of cell-
wall constituents. The structure and nutrient content of 
forages fluctuate, both overall and within forage types. This 
indicates that different forages can make very different 
contributions to the production system. Forage crops can 
provide nutrients to ruminants at low cost because of its 
high yields to dry matter and energy and its possibility for in 
situ utilization by grazing (Wilkins, 2000). Carbohydrates, 
proteins, and lipids are plant constituents that supply the 
majority of energy for animals. Carbohydrates supply up to 

Research Article

Abstract | Forage encompasses a diverse range of plants, each possessing its own characteristic physical and biological 
traits that contribute to its individual ability to adapt, grow, and produce. While some generalizations can be made, it 
is vital to recognize the quality differences between various plant species and even different cultivated varieties. This   
study was conducted to evaluate the relationship between nutrient content, digestibility, and gas production of several 
forages in Indonesia that could help to develop prediction equations about feed digestibility and gas production to 
these forages. Parameters measured in this study were crude protein (CP), neutral detergent fiber (NDF), acid detergent 
fiber (ADF), lignin, fat, minerals, dry matter digestibility with pepsine (DMdPeps), organic matter digestibility with 
pepsine (OMdPeps), nitrogen digestibility with pepsin (NdPepsin), gas production.   The results showed that CP, NDF, 
and ADF   had the highest variability among the nutrients. A total of 27 significant (p<0.05) among nutrient content, 
digestibility, and gas production were determined in this study. The most significant correlations were between OMdPeps 
and NdPepsin, CP and NdPepsin, OMdPeps and CP, CP and Fat, CP and Ca, OMdPeps and Fat, DMdPeps-Fat 
with the highest R (0.853 to 0.985) and R2 (0.728 to 0.970). In conclusion, there were significant correlations among 
different components in forage that could provide essential information to research scientists and farmers. 

Keywords �| Correlation, Digestibility, Forage, Gas production, Nutrient content

Slamet Widodo1*, Mohammad Ikhsan Shiddieqy1, Teguh Wahyono2, Yeni Widiawati1, 
Zultinur Muttaqin1

Analysis of Correlation between Nutrient Content, Digestibility, and 
Gas Production of Forages in Indonesia

Received | April 18, 2023; Accepted | August 24, 2023; Published | November 06, 23	 	
*Correspondence | Slamet Widodo, Research Center for Animal Husbandry, National Research and Innovation Agency, Bogor 16915, Indonesia; Email: slamet.
widodo.1@brin.go.id
Citation | Widodo S, Shiddieqy MI, Wahyono T, Widiawati Y, Muttaqin Z (2023). Analysis of correlation between nutrient content, digestibility, and gas 
production of forages in Indonesia. Adv. Anim. Vet. Sci., 11(11):1770-1778. 
DOI | https://dx.doi.org/10.17582/journal.aavs/2023/11.11.1770.1778
ISSN (Online) | 2307-8316

Copyright:   2023 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

1Research Center for Animal Husbandry, National Research and Innovation Agency, Bogor 16915, Indonesia; 
2Research Center for Food Technology and Processing, National Research and Innovation Agency, Gunung Kidul 
55861, Indonesia.

https://dx.doi.org/10.17582/journal.aavs/2023/11.11.1770.1778
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2023/11.11.1770.1778&domain=pdf&date_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

November 2023 | Volume 11 | Issue 11 | Page 1771

80% of ruminant energy whereas fat contribute less than 
5% (Buxton et al., 1995). Energy substrates, primarily fiber, 
account for a bigger part of common forages, fodders, and 
agricultural wastes (Coleman and Moore, 2003).

Forages include a wide variety of plants. Each plant has its 
distinct morphology and physiology that contribute to its 
unique capacity for adaptability, growth, and production. 
Although certain generalizations may be established, it is 
crucial to understand the variations in quality that occur 
among different plant species and even different cultivars. 
Additionally, the environment and growth stage interact 
with these distinctions (Nelson and Moser, 1994). Forage 
quality is positively correlated with crude protein and total 
digestible nutrients (TDN) content, which are indicative 
of energy and forage digestibility. On the other hand, 
forage quality is negatively correlated with acid detergent 
fiber (ADF) and neutral detergent fiber (NDF) content, 
which are indicators of fiber content and digestibility, that 
can affect forage intake potential (Ball et al., 2001). 

The age, breed, and health status of the animal being fed 
can also affect forage suitability. For example, older animals 
may have a more limited ability to digest forages, while 
certain breeds may be more efficient at digesting certain 
types of forages. The rumen digestibility of forages is 
essential in assessing their nutritional value. Digestibility 
can be determined using three methods; in vivo, semi-in 
vivo, and in vitro. The in vivo method is a direct method 
to evaluate the degradation of forage in the rumen. Due 
to high accuracy, this method becomes a standard method 
for other methods to correct. The semi-in vivo method 
(also known as in SACCO technique) accurately reflects 
the physiological condition of rumen digestion. The in 
vitro method mainly simulates rumen condition using the 
artificial solution and rumen fluid as microbial sources. 
Based on this method, it is possible to determine the 
digestibility of dry matter, organic matter, and protein and 
measure gas production. The advantages of in vitro method 

are that it is simple to operate, has good repeatability, and 
is relatively inexpensive (Wang et al., 2022). The total gas 
produced by in vitro method can reflect the nutritional 
value of forages (Datt et al., 2009).

Despite considerable data reporting the nutrient content of 
several forages in Indonesia, to the best of our knowledge, 
no data are available regarding evaluating correlations 
between nutrient content, digestibility, and gas production. 
Therefore, the current study aimed to screen all possible 
correlations among nutrient content, digestibility, and gas 
production of several forages in Indonesia to predict feed 
digestibility and gas production to these forages.

MATERIALS AND METHODS

Data collection
The data used in this study were taken from data provided 
by Feedipedia (www.feedipedia.org) (Afz-Nzagrc, 2022), 
specifically for Indonesian feedstuffs. Feedstuffs are selected 
from the following categories: Fresh roughages from 
grasses, Fresh roughages from legumes, Fresh roughages 
from other plants, and Forage trees (n = 76). The type and 
number of feed samples collected are presented in Table 1.

Parameter measured
Parameters measured in this study include; CP (% DM) = 
Crude protein, NDF (% DM) = Neutral Detergent Fiber, 
ADF (%DM) = Acid Detergent Fiber, Lignin (%DM), Fat 
(% DM), Ca (%DM) = Calcium, P (% DM) = Phosphor, Mg 
(% DM) = Magnesium, Mn (mg/kg DM) = Manganese, Zn 
(mg/kg DM) = Zinc, Cu (mg/kg DM) = Copper, Fe (mg/
kg DM) = Iron, Se (mg/kg DM) = Selenium, Co (mg/kg 
DM) = Cobalt, S (mg/kg DM) = Sulfur, Mo (mg/kg DM) 
= Molybdenum, DMdPeps (%) = Dry matter digestibility 
with pepsine, OMdPeps (%) = Organic matter digestibility 
with pepsine, NdPepsin (% N)= Nitrogen digestibility with 
pepsin, and GasProd (ml/200g) = Gas production.

Table 1: Type and number of samples used in the study.
Feed class Feed name Number of 

samples
Fresh roughages from grasses Blanket grass (Axonopus compressus), aerial part, fresh 8
Fresh roughages from grasses Elephant grass (Pennisetum purpureum), aerial part, fresh 11
Fresh roughages from grasses Gamba grass (Andropogon gayanus), aerial part, fresh 5
Fresh roughages from grasses Guinea grass (Megathyrsus maximus), aerial part, fresh 12
Fresh roughages from grasses King grass (Pennisetum purpureum x Pennisetum glaucum), aerial part, fresh 8
Fresh roughages from grasses Signal grass (Brachiaria decumbens), aerial part, fresh 7
Fresh roughages from legumes Centro (Centrosema molle), aerial part, fresh 5
Fresh roughages from other plants Calopo (Calopogonium mucunoides), aerial part, fresh 8
Fresh roughages from other plants Giant star grass (Cynodon plectostachyus), aerial part, fresh 5
Forage trees Leucaena (Leucaena leucocephala), aerial part, fresh 7

http://www.feedipedia.org
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Table 2: Descriptive statistics for the nutrient composition, digestibility, and gas production of several forages in 
Indonesia (cont.).
Variable Blanket grass Elephant grass Gamba grass Guinea grass King grass

Mean SD CV Mean SD CV Mean SD CV Mean SD CV Mean SD CV
Ash (% DM) 12.43 0.84 6.75 10.67 2.58 24.20 11.30 1.68 14.89 11.17 1.67 14.92 12.79 1.42 11.10
DMdPeps (%) 54.97 1.25 2.27 61.92 6.13 9.90 50.60 0.89 1.76 58.83 6.27 10.65 55.98 6.02 10.76
OMdPeps (%) 56.37 3.11 5.52 62.30 0.40 0.64 52.87 0.85 1.61 56.33 2.87 5.10 54.57 2.70 4.95
CP (% DM) 12.70 2.10 16.54 11.52 1.79 15.58 8.73 2.26 25.87 13.09 2.28 17.41 11.13 3.49 31.37
NDF (% DM) 63.10 5.73 9.08 67.90 5.36 7.90 66.60 6.35 9.53 63.19 2.71 4.29 63.99 4.42 6.91
ADF (% DM) 32.70 5.04 15.42 39.92 6.75 16.91 36.53 5.16 14.12 43.08 4.72 10.95 34.45 4.04 11.73
Lignin (% DM) 6.07 1.12 18.38 6.02 2.28 37.88 5.70 1.71 29.98 5.50 1.45 26.40 5.71 1.01 17.60
Fat (% DM) 2.70 1.15 42.71 2.73 0.36 13.25 2.47 0.59 23.75 2.49 0.92 36.87 2.42 0.42 17.15
Ca (% DM) 0.73 0.02 2.39 0.51 0.13 26.11 0.78 0.13 17.13 0.82 0.22 26.09 0.57 0.08 14.22
P (% DM) 0.31 0.06 18.62 0.39 0.14 35.71 0.33 0.10 30.20 0.32 0.08 25.93 0.50 0.19 37.38
Mg (% DM) 0.42 0.02 5.50 0.28 0.05 16.56 0.31 0.03 9.46 0.31 0.08 24.74 0.28 0.08 27.51
Mn (mg/kg DM) 165.25 97.81 59.19 75.30 42.71 56.72 84.65 24.40 28.82 115.25 22.50 19.53 66.90 17.45 26.08
Zn (mg/kg DM) 38.63 7.55 19.54 40.30 2.55 6.32 71.65 55.79 77.87 69.17 52.83 76.39 33.90 4.88 14.40
Cu (mg/kg DM) 9.53 1.41 14.76 8.40 1.41 16.84 6.70 0.28 4.22 9.75 3.08 31.62 9.53 1.11 11.64
Fe (mg/kg DM) 459.43 52.67 11.46 627.40 542.63 86.49 175.35 55.23 31.49 255.25 144.73 56.70 199.98 94.93 47.47
Se (mg/kg DM) 0.34 0.30 86.79 0.40 0.14 35.36 0.43 0.18 42.76 0.57 0.48 84.24 0.42 0.40 94.89
Co (mg/kg DM) 0.50 0.48 96.17 0.28 0.15 54.00 0.08 0.06 70.71 0.34 0.23 68.95 0.15 0.18 122.57
S (mg/kg DM) 6900.00 848.53 12.30 2750.00 1202.08 43.71 2500.00 1555.63 62.23 3775.00 1357.39 35.96 1700.00 141.42 8.32
Mo (mg/kg DM) 0.99 0.29 29.43 1.53 0.33 21.26 0.34 0.23 66.55 0.69 0.53 77.51 0.38 0.42 111.25
NdPepsin (% N) 56.20 4.10 7.29 61.50 2.59 4.22 54.17 3.20 5.91 58.07 3.28 5.65 56.63 3.39 5.98
GasProd (ml/200g) 21.10 - - 36.10 - - 24.90 - - 31.50 - - 34.50 - -

SD= standard deviation; CV= coefficient of variation.

Statistical analysis  
Descriptive statistics calculations were initially conducted 
for each forage to determine the best result and continued 
to calculating Pearson’s matrix correlations. The correlations 
were visualized using the R Program (R Core Team, 
2022) along with the corrplot package (Wei and Simko, 
2021). Following this, variables that exhibited significant 
differences (p<0.05) were further analyzed through single 
linear regression. The regression equations were generated 
using the R Program (R Core Team, 2022) in conjunction 
with the Hmisc package (Harrell, 2022). 

RESULTS AND DISCUSSION

Nutrient content
Nutrient content, digestibility, and gas production from 
several feedstuffs in this study are presented as descriptive 
in Table 2. The results of descriptive analysis showed that 
the grass with the highest CP content is C. dactylon with 
CP 14.23% DM, while the legume with the highest CP 
content is L. leucocephala with CP content reaches 28.04% 
DM. While the lowest CP content is B. decumbens with 
CP 8.34% DM. Most legume has higher CP content than 
grass. In contrast to Minson (1990), that reported CP 
content from tropical forage to be lower than 7%, resulting 

in low activity in the rumen microbe. Generally, the CP 
content of several forages in Indonesia is relatively high and 
adequate to meet protein requirements from ruminants. 
Capstaff and Miller (2018) stated that protein availability 
in ruminants is mainly supplied by forage. 

The grass and legume species that have the highest NDF 
content are P. purpureum and C. mucunoides at 67.90 and 
51.25% DM, respectively. The results obtained in this study 
were in agreement than those reported by Sampaio et al. 
(2009), who reported that the NDF content from tropical 
forage is about 60% DM. The NDF content in the feed 
directly affect the quality and digestibility of the feed. 
The high NDF affects the rumen microbes, endogenous 
enzymes, total gas production, kinetic gas production, 
and ruminal pH (Miranda-Romero et al., 2020).   These 
findings indicate a potentially negative effect of high NDF 
content on the mentioned aspects. The level of effect may 
vary depending on the specific values and measurements 
obtained in the research.

The highest ADF content of grass is found in    M. maximus 
while in legumes found in C. mole with values of 43.08 
and 40.23% DM, respectively. This ADF is considered 
relatively high compared to typical values for forage 
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Tambara et al. (2017), mentioned that the ADF content of 
mixed grass and legumes in the tropics is around 20.31% 
DM. This difference may be due to an increase in ADF 
content influenced by the vegetative mass of grasses and 
legumes. Higher ADF levels indicate a greater amount 
of fibrous material in the forage, which can negatively 
impact digestibility and nutrient availability for animals. 
ADF includes cellulose, lignin, cutin, silica, and lignified 
nitrogen, that indicates forage digestibility, and limits 
structural carbohydrate degradation in the rumen (Van 
Soest, 1994). 

A. compressus has the highest lignin content of grass species 
with a value of 6.07% DM, while C. molle has the highest 
lignin content of legume species with a value of 8.04% 
DM. The results of this study are almost the same as those 
reported by (Gomes et al., 2011) that the lignin content of 
tropical is about 6.3% while in legumes is about 9.2% DM. 
Lignin is not classified as a carbohydrate and has a dramatic 
impact on the digestibility of cellulose and hemicellulose. 
Ruckle et al. (2017) stated that lignin is associated with 
structural carbohydrates and cell wall proteins and reduces 
nutrient availability. High lignin cont  ent in forage reduces 
nutrient digestibility. 

Minerals
Calcium (Ca) was the predominant macromineral in the 
forages, followed by phosphor (P) and Magnesium (Mg). 
The type of grass that have the highest content of Ca, P, 
and Mg was C. plectostachyus, P. purpureum x P. glaucum, 
and A. compressus with value 0.84, 0.50, and 0.42 % DM, 
respectively. While legumes that have high Ca, P, and Mg 
content are L. leucocephala and C. mucunoides with values 
of 1.70, 0.41, and 0.50% DM, respectively. In general, the 
macrominel content found in legumes is higher. 

Calcium (Ca) was the predominant macromineral in the 
forages, followed by phosphor (P) and Magnesium (Mg). 
The type of grass that have the highest content of Ca, P, 
and Mg was C. plectostachyus, P. purpureum x P. glaucum, 
and A. compressus with value 0.84, 0.50, and 0.42 % DM, 
respectively. While legumes that have high Ca, P, and Mg 
content are L. leucocephala and C. mucunoides with values 
of 1.70, 0.41, and 0.50% DM, respectively. In general, the 
macromineral content found in legumes is higher. Mineral 
content from forage is beneficial for ruminant to maintain 
their health (Capstaff and Miller, 2018). Extracellular 
calcium (Ca) is required for skeletal tissue formation, 
nerve impulse transmission, stimulation of skeletal 
and cardiac muscle contraction, blood clotting, and as a 
component of milk. Intracellular Ca, while only 1/10.000 
the concentration of extracellular Ca, is involved in the 
action of a wide range of enzymes and acts as an essential 
second messenger transporting information from the cell’s 
exterior to its inside (National Academies of Sciences 

Engineering and Medicine, 2021).

The most abundant trace minerals found in forage are Sulfur 
(S) and Iron (Fe). Two grass types, C. plectostachyus and P. 
purpureum, have high S and Fe content, measuring 6,900 
and 627.40 mg/kg DM, respectively. Among legumes, L. 
leucocephala and C. mucunoides are rich in S and Fe, with 
values of 3850 and 522.40 mg/kg DM, respectively. On the 
other hand, Selenium (Se) and Cobalt (Co) are the least 
prevalent trace minerals. The grass species C. plectostachyus 
contains the highest amounts of Se and Co, with values of 
0.73 and 1.19 mg/kg DM, respectively. Among legumes, 
C. mole has the highest Se and Co content, with values of 
0.51 and 0.36 mg/kg DM, respectively. Crooks et al. (2018) 
explained that Iron and Sulfur form clusters (Fe-S), in 
which they are essential elements needed as cofactors of 
several types of proteins. Selenium is useful for all livestock 
within a small dose range (Shi et al., 2017). Forages 
cultivated in Se-deprived soils can result in oxidative 
stress and pose a severe threat to the immune function of 
livestock (Huo et al., 2020). In general, the content of Se in 
forage in Indonesia has been able to meet the daily needs 
of livestock following the recommendations given by NRC 
(2001), that Se allowance for many livestock species should 
be in range 0.1–0.3 mg/kg DM   depending upon their 
growth performance. Rumen microorganisms require Co 
to synthesize vitamin B12 (Cyanocobalamin) (NRC, 2007). 

Digestibility 
P. purpureum is a type of grass known for its exceptional 
digestibility, with dry matter and organic matter values 
reaching 61.92% and 62.30%, respectively. In contrast, the 
average digestibility values for dry matter and organic matter 
of grass in the overall study were found to be 56.52% and 
56.70%. Among legumes, L. leucocephala stands out with 
the highest digestibility values for dry matter and organic 
matter, measuring 75.76% and 70.50%, respectively. On 
average, legumes show a digestibility rate of 66.32% for 
dry matter and 68.10% for organic matter. Data reported 
from this study is almost the same as that from Jayasinghe 
et al. (2022), who reported that the average dry matter 
digestibility of the tropical forage is about 57.9%. Capstaff 
and Miller (2018) stated that forage consists of 50–80% of 
carbohydrates (on dry matter basis). The primary groups 
of carbohydrates are the insoluble structural saccharides 
cellulose and hemicellulose. This group is also known 
as the storage forms, such as starch and water-soluble 
polymers. Those carbohydrates are degraded into sugar via 
glycosidic bonds, either by livestock or microbial digestion 
(on ruminants). The result of this study was higher than of 
Al-Arif et al. (2017), who reported that in the dry season, 
organic matter digestibility of forage is about 28.5-37.2%, 
in the intermediate season is about 38.9-45.5% and in the 
wet season, about 23.3-36.3%. This difference may occur 
because the types used in this study are more varied. 
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Table 3: Descriptive statistics for the nutrient composition, digestibility, and gas production of several forages in Indonesia.
Variable Signal grass Centro Calopo Giant star grass Leucaena 

Mean SD CV Mean SD CV Mean SD CV Mean SD CV Mean SD CV
Ash (% DM) 8.47 1.89 22.26 8.68 2.01 23.10 8.98 1.26 14.02 12.07 1.53 12.69 9.15 2.20 24.05
DMdPeps (%) 55.78 8.01 14.36 60.35 0.64 1.07 62.85 5.30 8.44 57.53 4.75 8.26 75.76 5.59 7.38
OMdPeps (%) 53.97 2.80 5.19 68.60 24.30 35.42 65.20 - - 60.50 5.59 9.23 70.50 21.28 30.18
CP (% DM) 8.34 2.59 31.03 20.08 17.25 85.93 17.02 1.28 7.49 14.23 1.79 12.57 28.04 3.53 12.58
NDF (% DM) 63.77 5.81 9.11 50.64 7.56 14.94 51.25 5.55 10.83 57.50 0.44 0.76 30.02 6.44 21.45
ADF (% DM) 32.23 4.11 12.74 40.23 4.72 11.74 35.19 1.82 5.16 36.23 0.55 1.52 20.20 2.11 10.44
Lignin (% DM) 6.00 1.58 26.38 8.04 3.46 43.05 7.64 1.29 16.83 4.93 1.57 31.81 5.93 1.38 23.25
Fat (% DM) 2.16 0.52 24.05 3.09 0.80 25.91 3.99 0.88 22.03 2.87 0.49 17.21 4.42 0.36 8.19
Ca (% DM) 0.64 0.15 24.14 1.25 0.51 41.04 1.60 0.12 7.55 0.84 0.08 8.99 1.70 0.78 45.91
P (% DM) 0.27 0.12 42.98 0.40 0.27 68.01 0.41 0.35 84.81 0.46 0.02 3.81 0.33 0.13 38.28
Mg (% DM) 0.34 0.04 11.91 0.33 0.19 57.87 0.50 0.14 28.21 0.28 0.09 31.49 0.37 0.11 28.14
Mn (mg/kg DM) 119.65 0.07 0.06 63.95 19.95 31.20 44.30 5.62 12.68 44.95 5.73 12.74 35.53 13.13 36.96
Zn (mg/kg DM) 35.20 1.27 3.62 36.90 3.96 10.73 29.70 4.50 15.14 42.30 11.03 26.08 31.28 3.60 11.51
Cu (mg/kg DM) 5.65 0.92 16.27 12.50 2.83 22.63 7.48 2.08 27.77 8.65 0.64 7.36 10.18 1.23 12.07
Fe (mg/kg DM) 226.80 21.07 9.29 193.30 126.57 65.48 522.40 82.28 15.75 245.25 31.18 12.71 166.78 49.96 29.95
Se (mg/kg DM) 0.43 0.22 51.58 0.51 0.34 66.55 0.42 0.40 95.10 0.73 0.44 60.06 0.22 0.16 74.83
Co (mg/kg DM) 0.51 0.32 63.01 0.36 0.21 58.93 0.24 0.11 47.14 1.19 0.50 42.37 0.27 0.20 73.33
S (mg/kg DM) 1800.00 141.42 7.86 2650.00 494.97 18.68 2700.00 424.26 15.71 3750.00 1767.77 47.14 3850.00 777.82 20.20
Mo (mg/kg DM) 1.30 0.63 48.60 0.78 0.59 76.15 0.91 0.30 32.64 1.61 0.51 31.62 0.31 0.18 57.96
NdPepsin (% N) 56.33 1.70 3.02 68.50 - - 67.20 - - 60.53 0.59 0.97 71.60 - -
GasProd (ml/200g) 24.00 - - 25.40 - - 26.20 - - 46.10 - - 30.60 - -

SD = standard deviation; CV = coefficient of variation.

Regarding dry matter and organic matter digestibility, P. 
purpureum and L. leucocephala exhibit the highest nitrogen 
digestibility rates, at 61.50% and 71.60%, respectively. 
Comparatively, the average nitrogen digestibility in 
grass stands at 57.63%, whereas in legumes, it reaches 
69.10%.   The average protein digestibility of forage can 
be affected by the presence of tannins. Tannins can bind to 
dietary proteins, forming tannin-protein complexes. These 
complexes can reduce protein digestibility by making 
proteins less accessible to digestive enzymes in the animal’s 
gut. Protein digestibility was affected by the amount 
of protein that can be utilized, degraded pepsin and the 
presence of secondary metabolites in the forage. Secondary 
metabolites such as tannins can bind with proteins, 
resulting in low digestibility. Most forages from tropical 
areas contain high crude protein but also high contents of 
plant secondary compounds, particularly tannins (Mueller-
Harvey, 2006; Makkar et al., 2007). Nutrient digestibility, 
especially protein, was inhibited by increasing tannin levels, 
as confirmed both in vitro and in vivo. This suggests that 
tannin may interact more closely with protein than those 
other organic components ( Jayanegara and Palupi, 2010).

Gas production
C. plectostachyus produces the highest gas production 
compared to other grass species, which is 46.10 ml/200 
g samples. While in the legume category, L. leucocephala 
produced the highest gas production of 30.60 ml/200 g 

samples. The results of this study show that gas production 
in grass is higher than that of legumes. The protein content 
of legumes is rather high, although tannin acts as a 
constraint. Tannin, on the other hand, can bind to protein 
and limit protein availability in addition to lowering 
methane ( Jayanegara and Palupi, 2010). Tannins may 
reduce methanogen growth and development activities 
(Cieslak et al., 2013). The effects of tannin in rumen 
fermentation are represented in total gas generation in the 
in vitro gas production technique (Pashaei et al., 2010).

Correlation between nutrients, digestibility, 
and gas production 
The correlation between variables is presented in Table 3. 
Although there are many significant correlations between 
the variables studied at the level p<0.05, p<0.01, and 
p<0.001, only variables that show significance at the level 
p<0.001 are considered essential and discussed in this study, 
except for gas production the significant level used was 
p<0.05. Correlation at significance level p<0.001, which has 
an R-value of ±0.65 and ±0.84, was classified as “moderate” 
while those showed R-value between ±0.85 and ±1 was 
classified as “high”. The correlation between variables is 
visualized in Figure 1, The cells are color-coded based on 
the magnitude of the correlation coefficient, with positive 
correlations being depicted in red and negative correlations 
being depicted in blue. The prediction equations generated 
from the significant correlations are given in Table 4. 
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Table 4: Pearson’s correlation (R
) between nutrients content, digestibility, and gas production.
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G
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-

-
-
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-
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-

-
-

-
-

-
-

-
-
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M
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0.841***
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

C
P
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-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

N
D

F 
0.503

-0.503
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-0.823***
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-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
A

D
F

0.211
-0.211
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-0.546
0.693*

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

Lignin
-0.641

0.641
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0.552
0.355

-0.302
0.115

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
Fat 

-0.446
0.446

0.853***
0.853***

0.891***
-0.897***

-0.573
0.403

-
-

-
-

-
-

-
-

-
-

-
-

-
-

C
a 

-0.590
0.590

0.731*
0.796***

0.864***
-0.900***

-0.479
0.537

0.930***
-

-
-

-
-

-
-

-
-

-
-

-
-

P 
0.377

-0.377
-0.010

0.174
0.059
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0.206
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-

-
-

-
-

-
-

-
-

-
-

-
M

g 
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0.380
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-0.318
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-
-

-
-

-
-

-
-

-
-

-
M

n 
0.570

-0.570
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-0.711*
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0.576
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-0.258
-0.660
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0.001
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-

-
-

-
-

-
-

-
-

-
Z
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0.329

-0.329
-0.478

-0.514
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0.493

-0.403
-0.460

-0.340
-0.302

-0.381
0.068

-
-

-
-

-
-

-
-

-
C

u 
0.053

-0.053
0.376
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0.614

-0.421
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0.323
0.298

0.305
0.304

-0.101
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-0.155
-

-
-

-
-

-
-

-
Fe 

0.040
-0.040

0.043
0.108

-0.171
0.281

0.250
0.218

0.098
-0.115

0.042
0.377

-0.047
-0.248

-0.175
-

-
-

-
-

-
-

Se 
0.065

-0.065
0.130

0.201
0.234

-0.231
0.146

-0.340
0.079

0.138
0.303

-0.399
-0.465

0.193
0.216

-0.420
-

-
-

-
-

-
C

o 
0.179

-0.179
-0.086

0.024
-0.020

0.000
0.040

-0.361
-0.098

-0.124
0.161

-0.174
-0.220

-0.145
-0.005

-0.044
0.706

-
-

-
-

-
S 

0.364
-0.364

0.064
0.055

0.199
-0.108

-0.170
-0.158

0.150
0.065

-0.308
0.342

0.114
0.033

0.292
0.262

-0.047
0.307

-
-

-
-

M
o 

-0.026
0.026

-0.154
-0.018

-0.315
0.344

0.316
-0.117

-0.247
-0.358

0.055
-0.109

-0.188
-0.233

-0.266
0.531

0.248
0.701*

0.095
-

-
-

N
dPepsin 

-0.624
0.624

0.869***
0.985***
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-0.871***

-0.360
0.572

0.887***
0.861**

0.158
0.364

-0.702*
-0.527

0.510
0.039

0.193
-0.038

-0.030
-0.104

-
-

G
asProd 

0.383
-0.383

0.149
0.104

0.039
0.008

0.132
-0.533

0.000
-0.179

0.642
-0.579

-0.245
-0.018

0.091
-0.017

0.719*
0.556

-0.159
0.389

0.063
-

Significant correlations are expressed using a single asterisk (*) for P < 0.05, double asterisk (**) for P < 0.01, and triple asterisk (***) for P < 0.001, respectively.

Variables that are positively correlated and included in the high category are; 
O

M
dPeps and N

dPepsin (0.985), C
P and N

dPepsin (0.917), O
M

dPeps 
and C

P (0.901), C
P and Fat (0.891), C

P and C
a (0.864), O

M
dPeps and Fat 

(0.853), D
M

dPeps-Fat (0.853). O
M

dPeps and N
dPeps are interconnected and 

positively correlated. Th
is is because nitrogen is one of the m

ain constituents 
of protein, and protein is one of the m

ost easily digestible elem
ents in organic 

m
atter com

position. Jayanegara et al. (2016) explained that C
P content in forage 

positively correlates with protein digestibility and am
m

onia production (N
H

3). 
Th

e correlation between Fat and D
igestibility from

 this study is coherent with 
the result from

 Bain et al. (2016) Th
at feed that have high fat content (fat = 4.01 

and 4.03%
 D

M
) has higher digestibility of dry m

atter and organic m
atter in Bali 

cattle com
pared to control treatm

ent (fat = 2.90%
 D

M
). 

W
hile variables that showed strong negative correlation were; C

P and N
D

F 
(-0.962), N

D
F and C

a (-0.900), N
D

F and Fat (-0.897), N
D

F and N
dPepsin 

(-0.871), D
M

dPeps and N
D

F (-0.868). Th
ese results are in accordance with 

Jayanegara et al. (2016), who stated that fiber fraction from
 forage, especially 

A
D

F and N
D

F, negatively correlated with dry m
atter and organic m

atter 
digestibility. W

hile the correlation between N
D

F and C
a contrasted with the 

result from
 Leuchner et al. (2017), who reported that N

D
F ferm

entability 
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Table 5: Equations generated from single linear regression between variables that showed significant correlations.
Correlations Units P-value R R2 Equation
DMdPeps-OMdPeps (% DM-% DM) *** 0.841 0.707 DMdPeps (% DM) = (0.900 x OMdPeps) + 5.368 
DMdPeps-CP (% DM-% DM) *** 0.889 0.790 DMdPeps (% DM) = (1.013 x CP) + 44.778
DMdPeps-NDF (% DM-% DM) *** -0.868 0.753 DMdPeps (% DM) = (-0.514 x NDF) + 89.156
DMdPeps-Fat (% DM-% DM) *** 0.853 0.728 DMdPeps (% DM) = (7.976 x Fat) + 36.056
DMdPeps-Ca (% DM-% DM) * 0.731 0.534 DMdPeps (% DM) = (11.724 x Ca) + 48.411
DMdPeps-NdPepsin (% DM-% N) *** 0.869 0.755 DMdPeps (% DM) = (0.976 x NdPepsin) - 0.157
OMdPeps-CP (% DM-% DM) *** 0.901 0.812 OMdPeps (% DM) = (0.959 x CP) + 46.225
OMdPeps-NDF (% DM-% DM) *** -0.823 0.677 OMdPeps (% DM) = (-0.455 x NDF) + 86.440
OMdPeps-Fat (% DM-% DM) *** 0.853 0.728 OMdPeps (% DM) = (7.464 x Fat) + 38.224
OMdPeps-Ca (% DM-% DM) *** 0.796 0.634 OMdPeps (% DM) = (11.894 x Ca) + 48.915
OMdPeps-Mn (% DM-% DM) * -0.711 0.506 OMdPeps (% DM) = (-0.084 x Mn) + 68.055
OMdPeps-NdPepsin (% DM-% N) *** 0.985 0.970 OMdPeps (% DM) = (1.034 x NdPepsin) - 3.018
CP-NDF (% DM-% DM) *** -0.962 0.925 CP (% DM) = (-0.500 x NDF) + 43.385
CP-Fat (% DM-% DM) *** 0.891 0.794 CP (% DM) = (7.310 x Fat) - 6.958
CP-Ca (% DM-% DM) *** 0.864 0.746 CP (% DM) = (12.119 x Ca) + 3.071
CP-NdPepsin (% DM-% N) *** 0.917 0.841 CP (% DM) = (0.904 x NdPepsin) - 40.719
NDF-ADF (% DM-% DM) * 0.693 0.480 NDF (% DM) = (1.265 x ADF) + 13.421
NDF-Fat (% DM-% DM) *** -0.897 0.805 NDF (% DM) = (-14.155 x Fat) + 99.324
NDF-Ca (% DM-% DM) *** -0.900 0.810 NDF (% DM) = (-24.298 x Ca) + 80.686
NDF-NdPepsin (% DM-% N) *** -0.871 0.759 NDF (% DM) = (-1.653 x NdPepsin) + 158.722
Fat-Ca (% DM-% DM) * 0.930 0.865 Fat (% DM) = (1.588 x Ca) + 1.438
Fat-NdPepsin (% DM-% N) ** 0.887 0.787 Fat (% DM) = (0.107 x NdPepsin) - 3.585
Ca-Mn (% DM- mg/kg DM) * -0.658 0.433 Ca (% DM) = (-0.005 x Mn) + 1.434
Ca-NdPepsin (% DM-% N) ** 0.861 0.741 Ca (% DM) = (0.061 x NdPepsin) - 2.757
Mn-NdPepsin (mg/kg DM -% N) * -0.702 0.493 Mn (mg/kg DM) = (-6.226 x NdPepsin) + 474.456
Se-GasProd (mg/kg DM- ml/200g) * 0.719 0.517 Se (mg/kg DM) = (0.011 x GasProd) + 0.153

Single asterisk (*) indicated p < 0.05, double asterisk (**) indicated p < 0.01, and triple asterisk (***) indicated p < 0.001

 
Figure 1: Heatmap matrix of Pearson’s correlation analysis 
shows the correlation coefficients among parameters.

positively correlates with calcium absorption in ruminants. 
The correlation between NDF and Fat is coherent with the 
result from Weld and Armentano (2017), who stated that 
fat could reduce NDF digestion in the rumen. When fat 
is absorbed in the small intestine, the digestible NDF that 
escapes from the rumen is fermented in the large intestine.

Variables that are positively correlated and classified 
as moderate are, DMdPeps and OMdPeps (0.841), 
OMdPeps and Ca (0.796). These results follow the 
statement from Imsya et al. (2013) that forage with high 
dry matter digestibility tends to have high organic matter 
digestibility. This is related to the dry matter fraction in 
the forage, mainly composed of organic matter. Doreau et 
al. (1993) reported that feed containing higher Ca showed 
higher organic matter digestibility in dairy cattle. At the 
same time, the variable that showed a moderate negative 
correlation was OMdPeps and NDF (-0.823). These 
results follow those reported by Cherdthong et al. (2011), 
that organic matter digestibility has a negative correlation 
with NDF content because high NDF content decreases 
the digestibility of feed due to the capability of rumen 
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microbes to digest fiber fraction. 

The variable that showed a significant correlation with 
gas production was Se (p<0.05), with an R-value of 0.719, 
classified as moderate. This finding is coherent with 
the finding from (Zheng et al., 2022) who showed that 
selenium supplementation significantly increases total 
gas production during in vitro studies. Mihaliková et al. 
(2005) added that Selenium could act as an antioxidant in 
the rumen, stimulating microbial growth and increasing 
rumen fermentation.

CONCLUSIONS

The research showed significant correlations among 
different components in forage as positively correlation of 
digestibility with crude protein and negatively with fiber 
fraction (ADF and NDF) that could provide essential 
information to research scientists and farmers. Gas 
production was also positively correlated with Selenium. 
However, it is important to note that the nutrient content 
and digestibility of forages can be influenced by several 
factors, including the species of plant, the stage of growth, 
and the method of harvest and storage. Additionally, 
individual factors such as the age, breed, and health 
status of the animal can also affect nutrient content and 
digestibility.
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