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Nutrient Profile and In Vitro Digestibility of Thirty Indonesian Soybean
Genotypes Grown at Two Different Soil pH for Selection as Ruminant
Feed

TauriQ BAcHTIAR!, MUFTIA HANANI?, ANISIYAH?, WINDA PUSPITASARI?, WAHIDIN TEGUH SASONGKO?,
TeEcun WaHYONO**

"Research Center for Environmental and Clean Technology, National Research and Innovation Agency (BRIN), West
Java, 40135, Indonesia; °Research Center for Radiation Process Technology, BRIN, South Jakarta 12440, Indonesia;
3Research Center for Animal Husbandry, BRIN, Bogor 16915, Indonesia; “Research Center for Food Technology and
Processing, BRIN, Gunungkidul 55861, Indonesia.

Abstract | This work investigates the effects of different soil pH and different genotypes on the nutrient profiles and
in vitro digestibility of soybeans. Thirty soybean genotypes were evaluated for nutrient composition, fiber content, and
in vitro digestibility after cultivation in pH 4.0 and 5.4 soils. The experiment was arranged factorially in a completely
randomized block design. The experimental factors were soybean genotype and soil pH. Results showed significant (p
< 0.001) differences in fiber content, non-fiber carbohydrate content, and in vitro dry matter digestibility (IVDMD)
parameters among studied genotypes. There were significant differences (p < 0.05) between the two soil pH
conditions for ash, organic matter, ether extract, neutral detergent fiber, acid detergent fiber, hemicellulose, and non-
fiber carbohydrate. Organic matter, crude protein, ether extract, and non-fiber carbohydrate content in soil with pH 5.4
ranged between 91.94-94.67, 27.78-38.20, 13.99-22.78, and 16.31-33.82% DM, respectively. Meanwhile, in soil pH
of 4.0, ranges were 92.24-94.80, 23.07-39.99, 14.88-22.82, and 12.69-38.20% DM, respectively. The Deja 2 genotype
had the highest (p < 0.01) IVDMD value (84.07 %) in pH 5.4 soil. However, in pH 4.0 soil, the highest (p < 0.01)
IVDMD was found in the Burangrang genotype (83.32%). Our results showed that IVDMD in soil with pH 4.0 was
weakly correlated (p > 0.05) to NDF and ADF (R? = -0.126 and R? = -0.144, respectively). Despite the differences in
soil pH affecting nutrient and fiber composition in soybeans, IVDMD value was not found to be significantly difterent.
Due to its high and stable crude protein and IVDMD production, Gamasugen 2 was identified as having potential for
development in the two different soil pH conditions.
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INTRODUCTION high-nutrient foodstuffs for many people, particularly in
developed countries (Moorby and Fraser, 2021). High-

lelminants are the main suppliers of animal protein quality feed ingredients are necessary to improve livestock
or humans, in the form of dairy and meat products. productivity. A more appropriate way of converting energy
Livestock production plays a primary role in providing from feedstuffs to livestock is to take into account the
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proportion of feed drawn from potential human food
sources (Broderick, 2018). One source that has high
development potential as a feed ingredient is the soybean
(Glycine max L.). Besides being a source of high-quality
vegetable oil for humans, soybeans are also a high-quality
vegetable protein source for animals around the world
(Dei, 2011). In recent years, soybean meal has been a part
of rations used for high-producing beef and dairy cattle
in developed countries (Jeong et al., 2015). Soybeans
are an excellent source of protein, fat, and vitamin E for
ruminants (Chouinard et al., 1997; Lee et al., 2007). As
protein sources, soybeans are well degraded in the rumen,
producing ammonia, amino acids, and peptides for
microbial protein synthesis (Jeong et al., 2015). Soybean
meal (SBM), as a main by-product of soybeans, has been
widely used as protein supplement due to its rich content
of essential amino acids such as threonine, tryptophan, and
lysine (Jayanegara et al., 2017). Primary soybean products
for animal feeding are full-fat soybeans, SBM, soybean
oil, and soybean protein concentrate (Dei, 2011). Full-fat
soybeans are widely used as part of ruminant diets because
of their high energy and protein content.

As a developing country, Indonesia needs a large supply
of soybeans to meet demand in the livestock sector, but
remains dependent on other countries to supply most of
its soybean needs. The USA and Canada were the largest
soybean exporters to Indonesiain 2020, providing 2,238,480
and 229,644 tons, respectively (Statistics Indonesia, 2022).
Indonesia has many genotypes that need to be optimized
in moving away from reliance on imported soybean
supplies. The challenge of soybean cultivation in Indonesia
is the variation in agroecosystems, especially in some
marginal areas. Marginal land in Indonesia consists of acid,
saline, dry, and peat areas that have physical and chemical
properties unfavorable for plant growth (Puspitasari et al.,
2021). Opportunities for soybean development in areas
of acid soil are extensive both because of soybean’s ability
to grow in acid conditions and because of the large area
of acid land available (Kuswantoro, 2016). In Indonesia,
wet conditions and intensive precipitation cause alkaline
washing, leading to approximately 70% of the country’s
land being acidic (Sumiahadi and Acar, 2019). The use of
land for growing feedstuffs must however be effectively
considered to avoid conflicts with land use for bioenergy
production and human food crops (Moorby and Fraser,

2021).

The chemical composition and nutrient value of soybean
products depend on seed genotype, environmental
conditions, harvesting age, and storage of beans (Ibifiez et
al., 2020). For soybean development, soil pH, temperature
and NO,-N concentration under minimum tillage are
favorable for nodulation supporting higher microbial

activities (Farhangi-Abriz et al., 2021). Problems affecting

crops growing on acid soils include proton rhizotoxicity (low
pH), nutrient deficiency (P, K, and Ca), and metal toxicity
(Aland Mg) (Liang et al.,2013).In light of these problems,
an initial screening of Indonesian soybean genotypes
is needed to identify varieties that deliver good nutrient
composition when cultivated in acid soils. Puspitasari et al.
(2021) reported that soybean genetic diversity adaptive to
acid soils remains limited. The Indonesian Legumes and
Tuber Crops Research Institute (ILETRI) has developed
soybean genotypes that are tolerant of acid soils, namely
Tanggamus and Demas 1. Furthermore, there are several
genotypes obtained from radiation mutation breeding that
need to be tested for nutrient quality. To our knowledge,
no study so far has attempted to investigate the influence
of different soil pH on soybean nutrient characteristics,
especially from the point of view of feed. Therefore, the
objectives of this research are to measure the effects of
different soil pH and genotypes on the nutrient profiles
and in vitro digestibility of soybeans.

MATERIALS AND METHODS

EXPERIMENTAL SITE AND SOYBEAN GENOTYPES

The research was conducted from February to June 2021
in the glasshouse laboratory of the National Research
and Innovation Agency of Indonesia, Pasar Jumat Area,
Jakarta. The site is located at 6°17° S and 106°46’ E and
at 38 m above sea level. The genetic materials used in the
experiments were viable seeds of thirty soybean genotypes.
The varieties were provided by the ILETRI Ministry
of Agriculture, Indonesian Center for Agricultural
Biotechnology and Genetic Resource Research and
Development (ICABIOGRAD) Ministry of Agriculture,
and the Center for Isotope and Radiation Application
(CIRA) National Research and Innovation Agency of
Indonesia (Table 1).

EXPERIMENTAL SOIL PREPARATION, CULTIVATION, AND
SAMPLE COLLECTION

Soil samples at depths of 0-20 cm of the surface layer were
collected from Pasar Jumat Area, Jakarta, and Jasinga Bogor,
West Java. The physicochemical characteristics of the soil
are described in Table 2. The soil was air dried and milled to
pass through a 10-mesh filter. Pot experiments consisting
of 5 kg of soil in 30 x 30 cm polybags were carried out in
a greenhouse from October 2020 to April 2021. The pots
were arranged factorially in a completely randomized block
design. The factors were soybean genotypes and soil pH.
‘Two soybean seeds were sown in each polybag at 3 cm depth.
Plants were allowed to grow under normal environmental
conditions (dark at night and sunlit during the day) and
irrigated twice daily. Nitrogen fertilizer was applied using
urea (46.72% N) on days 7 and 35 after planting at about 10
ppm per polybag. Potassium and phosphorus fertilizers of
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50 ppm SP-36 (33.59% P,0,) and 37.5 ppm KCl (55.06%
K, O) were applied at time of sowing. During plant growth,
seedlings were thinned so only one plant remained in each
polybag. Soybean seeds were harvested according to the
ideal harvesting time for each genotype, approximately 68—
92 days after planting (Table 1). The seeds were sorted and
cleaned manually to remove foreign materials, placed into
individual paper bags, and dried at 60°C for 72 h until a
constant weight was achieved. Dry seeds were then ground
and passed through a 1 mm sieve and kept in a refrigerator
maintained at 4°C for proximate, fiber, carbohydrate, and in
vitro digestibility analysis.

Table 1: Information of thirty Indonesian soybean
genotypes with regards growth duration, production, and
release year.

Genotype Growth Re- Pro- Source
duration lease duction
(days) year (ton/ha)

Anjasmoro 82-92 2001 2,25 ILETRI
Argo mulyo 80-82 1998 2.0 ILETRI
Biosoy 1 83 2018 2.71 ICABIOGRAD
Biosoy 2 84 2018 2.63 ICABIOGRAD
Burangrang 80-82 1999 2.5 ILETRI
Dega 1 71 2016 2.78 ILETRI
Deja 1 79 2017 2.87 ILETRI
Deja 2 80 2017 2.75 ILETRI
Demas 1 84 2014 2.5 ILETRI
Dena 1 78 2014 2.9 ILETRI
Dena 2 81 2014 2.8 ILETRI
Derap 1 76 2018 2.82 ILETRI
Dering 1 81 2012 2.8 ILETRI
Detam 3 75 2013 2.9 ILETRI
Detam 4 76 2013 2.5 ILETRI
Detap 1 78 2017 2.7 ILETRI
Devon 1 83 2015 2.75 ILETRI
Devon 2 77 2017 2.67 ILETRI
Gepak Kuning 73 2008 2.22 ILETRI
Gamasugen 2 68 2013 2.4 CIRA
Grobogan 76 2008 2.77 ILETRI
Kemuning1 79-80 2019 3.5 CIRA
Meratus 73-77 1998 1.4 CIRA
Mitani 82-90 2008 3.2 CIRA
Muria 83-88 1987 1.8 CIRA
Mutiara 2 87 2014 2.4 CIRA
Mutiara 3 84 2014 2.4 CIRA
Panderman 85 2003 2.11 ILETRI
Rajabasa - 2004 2.05 CIRA
Tengger 73-79 1991 14 CIRA

Indonesian Legumes and Tuber Crops Research Institute
(ILETRI). Indonesian Center for Agricultural Biotechnology
and  Genetic  Resource  Research and  Development
(ICABIOGRAD). Center for Isotope and Radiation
Application (CIRA). Source: Mastur (2018); CIRA (2020);
ILETRI (2022a); ILETRI (2022b).

Table 2: Physicochemical profile of soil for soybean

cultivation.

Soil Jasinga Criteria  Pasar Jumat Criteria
properties
Type Ultisol = Latosol =
pH 4.0 Very acidic 5.4 Acidic
N total  0.02% Very low  0.19% Low
P total 111.1 ppm  Veryhigh 78.1ppm  Very high
C-organic 1.73% Low 1.51% Low
Al 11.52 cmol/ Very high 1.22 cmol/kg High
kg

Puspitasari et al. (2021).

ANALYSIS OF PROXIMATE, FIBER, AND CARBOHYDRATE
COMPOSITIONS

The proximate components of ash, organic matter
(OM), crude protein (CP) and ether extract (EE) were
determined following the official methods of analysis of
AOAC (2005). Neutral detergent fiber (NDF) and acid
detergent fiber (ADF) content were measured using Van
Soest et al. (1991) methods. Hemicellulose and non-fiber
carbohydrate (NFC) were calculated as follows:

Hemicellulose (%) = NDF (%) - ADF (%)
NFC(%) = OM (%) - CP (%) - NDF (%) - EE (%)

(Kondo ez al. 2015; Wahyono ez al. 2019).

DETERMINATION OF IN VITRO DIGESTIBILITY

To determine in vitro dry matter digestibility IVDMD),
this experiment was carried out in accordance with Animal
Ethics Committee of Research CIRA Technology (001/
KEPPHP-BATAN/X/2021). IVDMD was determined
using the iz vitro Ankom Daisy technique (Ankom
Technology Corp, Fairport, New York, USA) (Ayasan et
al., 2020). Rumen fluids were collected from three local
cattle (approximate live weight 280 kg) slaughtered at a
local abattoir in South Tangerang, Banten, Indonesia.
Buffer solutions were prepared according to Ankom Daisy
procedure. Approximately 450 g samples (DM basis) were
inserted into filter bags (F57 Ankom, Ankom Technology
Corp,NY, USA) and placed into digestion jars (24 samples
per jar). One blank filter bag was also placed in each jar
for correction factor calculation. Buffer solutions (1200
ml) and rumen liquor (400 ml) were mixed into each jar
and incubated for 48 h at 39°C. After incubation, the bags
were rinsed with tap water and dried at 105°C for 12 h.
IVDMD was determined by the following equation:

100 — (W3 — (W1 x C))
(W2 X % DM)

IVDMD (% DM) = x 100

Where; IVDMD-= in vitro dry matter digestibility; W1=
filter bag weight; W2= sample weight; W3= sample weight
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after Daisy incubation; C1= correction factor of blank filter

bag.

STATISTICAL ANALYSIS

The experiment was arranged factorially in a completely
randomized block design. The factors were thirty soybean
genotypes and two soil pH conditions (4.0 and 5.4). All
statistical analyses were conducted using IBM SPSS
Statistics 25.0 (IBM, Armonk, NY, USA). Means were
compared using one-way analysis of variance (ANOVA).
Duncan’s multiple range test (DMRT) was also used to
identify significant differences among means, at p < 0.05.
A simple linear correlation analysis was performed to
determine the relationship between parameters.

RESULTS AND DISCUSSION

CHARACTERIZATION OF THIRTY INDONESIAN SOYBEAN
GENOTYPES

Table 1 presents information for the thirty soybean
genotypes studied. In the study, thirty well-known
soybean genotypes from three research institutions were
investigated. Nineteen genotypes were released from
ILETRI, nine from CIRA, and two from ICABIOGRAD.
'The nine genotypes obtained from CIRA were soybeans
that had been bred with radiation mutations. Average
harvesting age ranged from 68 to 92 days. Muria is a
mutant soybean genotype that was originally developed
by CIRA in 1987. Furthermore, Kemuning is the newest
genotype, released in 2019. Gamasugen 2 is the earliest
ripening type (68 days harvesting age).

SOIL PROPERTIES

Table 2 shows the physicochemical profiles of the different
soil samples used for the cultivation of soybeans in this
study. Samples from Jasinga had lower pH and N total
than Pasar Jumat soil. In contrast, Jasinga soil had higher
Al concentration, P total, and C-organic than Pasar Jumat
soil. The soil types of Pasar Jumat and Jasinga are latosol
and ultisol, respectively.

NUTRIENT PROFILE

The nutrient, fiber, and NFC compositions in soybeans
grown on soils with different pHs are summarized in
Table 3. Ash, OM, EE, NDF, ADF, hemicellulose, and
NFC content showed significant (p < 0.001) differences
among the genotypes. However, CP content did not
significantly differ (p > 0.05). Except for CP, soil pH gave
significant (p < 0.05) differences in all nutrient and fiber
contents. There was a significant (p < 0.001) interaction
between soil pH and genotypes for ash, OM, EE, NDF,
ADTF, hemicellulose, and NFC content. The OM, CP, EE,
and NFC content in soil with pH 5.4 were in the ranges
91.94-94.67, 27.78-38.20, 13.99-22.78, and 16.31-

33.82%, respectively. Meanwhile, in soil with pH 4, the
ranges were 92.24-94.80, 23.07-39.99, 14.88-22.82, and
12.69-38.20 %, respectively. Soil at pH 5.4 showed higher
average values for ash, NDF, ADF, and NFC compared
with pH 4.0. Conversely, soil at pH 4.0 showed higher
average values for OM, EE, and hemicellulose. The CP
content in Gamasugen 2 tended to be higher than other
genotypes, both at pH 5.4 and 4.0.The highest EE content
in pH 5.4 and 4.0 was produced by Biosoy 2 and Detap
1 genotypes. Mitani had higher NFC content than other
genotypes, both at pH 5.4 and 4.0.

IN yITRO DIGESTIBILITY

The IVDMD of soybeans is shown in Figure 1. The
IVDMD differed significantly (p < 0.001) among the
studied genotypes. The differences in soil pH did not
affect the IVDMD value (p > 0.05). The interaction of
soybean genotypes with soil pH was not significant (p >
0.05). The IVDMD value ranged from 70.85 to 84.07 and
68.83 to 83.32 for all studied genotypes in pHs 5.4 and
4.0, respectively. The Deja 2 genotype had the highest (p <
0.01) IVDMD value (84.07 %) in soil pH 5.4. However, in
soil pH 4.0, the highest (p < 0.01) IVDMD was found in
the Burangrang genotype (83.32 %).
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Figure 1: In vitro dry matter digestibility IVDMD) of
thirty soybean genotypes on difterent pH soil conditions.

CORRELATION

Figure 2 shows the correlations in nutrient composition,
fiber content, and IVDMD, revealing differences in the
relationships between parameters in the two different soil
pH conditions. At soil pH 5.4, correlation between CP
content and ADF was significantly negative (p < 0.05; R?=
-0.440). CP and NFC content also had strong negative
correlation (p < 0.01; R?= -0.737). There was medium
correlation between EE and ADF (p < 0.01; R?= -0.505),
as well as EE and NFC (p < 0.01; R?= -0.590). A very
strong correlation was reported in this study between NDF
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Table 3: Nutrient, fiber, non-fiber carbohydrate composition of thirty soybean genotypes on different pH soil conditions.

Genotypeas Ash OM Cp EE NDF ADF  Hemicellulose NFC
pH

54 4 54 4 5.4 4 54 4 54 4 54 4 5.4 4 54 4
Anjasmoro  6.62 6.01 93.38 93.99 31.12 37.45 16.59 14.88 23.04 24.31 15.61 12.97 7.43 11.34 23.21 17.11
Argomulyo  5.80 5.56 94.20 94.44 33.90 36.23 18.22 18.75 19.64 23.51 11.83 11.27 7.81 12.24 21.43 14.72
Biosoy 1 6.97 7.16 93.03 92.84 36.59 36.70 22.78 20.28 17.90 20.73 10.41 12.17 7.48 856 16.31 16.56
Biosoy 2 6.12 6.60 93.88 93.40 35.17 35.09 22.55 22.00 18.30 18.11 10.41 10.61 7.89 7.50 17.92 18.92
Burangrang  7.76 6.59 92.24 93.41 34.72 37.54 18.69 18.50 21.15 18.94 13.02 12.17 8.14 6.77 19.43 18.89
Dega 1 5.33 6.79 94.67 93.21 30.37 33.84 19.35 20.11 17.48 20.54 11.73 10.84 5.75 9.70 27.88 19.46
Deja 1 6.38 6.19 93.62 93.81 31.95 33.18 17.80 20.13 21.76 19.27 13.81 11.15 7.94 8.13 21.84 21.15
Deja 2 6.09 6.60 93.91 93.40 33.40 32.62 20.07 20.40 19.60 18.42 12.30 11.80 7.30 6.61 19.61 21.35
Demas 1 6.61 7.10 93.39 9290 35.53 32.64 17.13 19.07 22.48 22.15 14.39 13.71 8.09 8.44 18.33 19.94
Dena 1 6.20 5.77 93.80 94.23 28.34 36.98 18.76 19.56 20.68 24.58 13.61 13.13 7.07 11.44 26.18 12.69
Dena 2 752 7.76 92.48 92.24 37.26 33.48 19.97 21.78 18.97 18.01 11.88 11.86 7.09 6.15 17.56 19.65
Derap 1 6.78 5.20 93.22 94.80 30.91 36.53 21.44 19.45 22.29 18.31 12.19 9.57 10.10 8.74 19.12 18.80
Dering 1 7.61 7.57 92.39 92.43 32.71 32.77 19.56 17.66 20.15 21.93 12.46 14.04 7.70 7.89 21.67 21.79
Detam 3 6.93 6.34 93.07 93.66 30.84 36.86 15.38 18.50 20.90 19.86 13.79 11.17 7.12 8.69 27.43 19.64
Detam 4 6.77 6.63 93.23 93.37 30.88 37.00 17.22 17.64 24.25 20.75 16.04 13.73 8.21 7.02 22.00 18.06
Detap 1 6.70 6.01 93.30 93.99 34.08 33.12 19.31 22.82 15.71 19.02 10.88 11.47 4.83 7.55 24.86 19.00
Devon 1 6.64 6.31 93.36 93.69 36.23 31.84 1798 18.64 19.95 16.58 11.31 11.19 8.64 538 19.06 26.88
Devon 2 6.97 6.34 93.03 93.66 30.86 36.09 20.50 22.71 21.86 19.55 14.47 9.97 739 9.58 21.07 15.17
G.Kuning 711 6.19 92.89 93.81 32.32 36.33 15.53 19.92 21.96 18.91 15.18 11.57 6.77 7.34  23.77 18.08
Gamasugen 2 6.30 5.59 93.70 94.41 38.20 39.99 16.74 16.85 18.83 19.58 12.42 11.08 6.41 8.49 19.97 17.58
Grobogan 5.86 7.33 94.14 92.67 35.81 33.08 19.53 18.40 19.15 18.57 11.58 13.07 7.57 5.49 19.58 24.20
Kemuning1 7.01 6.21 92.99 93.79 34.71 35.45 21.27 21.81 18.80 17.60 11.99 10.86 6.80 6.75 18.59 19.21
Meratus 6.17 6.01 93.83 93.99 32.67 33.23 19.84 18.51 19.48 19.73 13.62 12.18 5.86 7.54 21.87 22.14
Mitani 8.06 7.27 91.94 92.73 27.78 23.07 13.99 15.56 18.50 17.33 12.81 11.22 5.69 6.11 33.82 38.20
Muria 721 7.74 92.79 92.26 30.62 31.55 19.58 18.00 20.69 20.16 13.15 12.03 7.54 8.12 23.51 24.95
Mutiara 2 728 7.08 92.72 9292 36.16 34.87 17.04 17.57 17.31 19.58 10.40 11.91 6.92 7.67 23.54 21.90
Mutiara 3 6.82 6.45 93.18 93.55 35.68 39.77 18.53 20.31 21.11 19.38 12.66 10.86 8.44 8.52 18.40 14.69
Panderman  7.19 6.04 92.81 93.96 33.10 36.07 21.58 21.45 20.06 20.37 11.38 9.98 8.68 10.40 18.78 15.51
Rajabasa 7.53 7.15 92.47 92.85 28.46 35.94 20.20 20.07 19.04 18.89 11.63 10.80 7.40 8.09 25.68 17.81
Tengger 742 7.04 92.58 9296 31.33 34.14 20.30 18.95 19.20 23.02 13.35 14.26 5.85 8.76 22.01 17.41
SEM 0.116 0.121 0.116 0.121 0.504 0.568 0.385 0.351 0.342 0.366 0.274 0.222 0.195 0.306 0.686 0.856
AVERAGE 6.79 6.55 93.21 93.45 33.06 34.78 18.91 19.34 20.01 19.92 12.68 11.75 7.33 8.17 21.81 19.72
MIN 5.33 520 91.94 92.24 27.78 23.07 13.99 14.88 15.71 16.58 10.40 9.57 4.83 538 16.31 12.69
MAX 8.06 7.76 94.67 94.80 38.20 39.99 22.78 22.82 24.25 24.58 16.04 14.26 10.10 12.24 33.82 38.20
Genotype < 0.001 < 0.001 ns p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Soil < 0.001 < 0.001 ns p = 0.006 p=0.038  <0.001 < 0.001 < 0.001
Genotypex < 0.001 < 0.001 ns < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
soil

Om, Organic matter; CP, crude protein; EE, ether extract; NDE, neutral detergent fiber; ADF; acid detergent fiber; NFC, non-fiber
carbohydrate.

and ADF content (p < 0.01; R*= 0.821). Although not soybeans (R*= -0.263 and R?= -0.257, respectively).
significant (p > 0.05), we found a weak correlation of Furthermore, at soil pH 4.0, the correlation between CP
IVDMD with the NDF and hemicellulose content of and NFC content was very strong (p < 0.01; R?= -0.874).
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We found a medium correlation (p < 0.01) of EE with
the ADF and NFC content (R? = -0.442 and R? = -0.423,
respectively). In similar results at pH 5.4, a positive
correlation was reported in this study between NDF and
ADF content (p < 0.01; R? = 0.551). Our results showed
that IVDMD in soil with pH 4.0 was weakly correlated (p
> 0.05) to NDF and ADF (R? = -0.126 and R? = -0.144,

respectively).

ash OM Cp EE NDF ADF Hemi
ash PN 038 0126 0064 0062  0.025
oM I 0138 0126 -0.064  -0.062  -0.025

NEC IVDMD
0.132 -0.479
-0.132 0.479

CP 0138 0138 [N o0.189 | 0279 [20.440 o0.129 [EOEEEN 0.093 l 1
EE 0.126 0126  0.189 [ 0274 5055057 0.227 [REGIS90W -0.059
NDF 0.064  -0.064 | -0.279 = -0.274 NN OS2I 0.600  -0.138 | -0.263
ADF 0.062  -0.062 [=0.440 " [150:505" [O:8210 I 0036 0216  -0.145
Hemi 0.025  -0.025  0.129 0227 [ 0.600 | 0.036 NN E0SA4Y 0.257
NFC 0132 -0.132 [EONSTM 05900 0.138 0216 [20.5447 N 0.075
IVDMD [[504797 | 0479 0.093  -0.059 | -0.263 -0.145 | -0257 0.075 [N
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Figure 2: Correlation matrix of proximate, fiber, non-fiber
carbohydrates and in vitro dry matter digestibility on pH
5.4 and 4.0. Om, Organic matter; CP, crude protein; EE,
ether extract; NDEF, neutral detergent fiber; ADF, acid
detergent fiber; NFC, non-fiber carbohydrate; Hemi,
hemicellulose; IVDMD, in vitro dry matter digestibility.

'This study investigated the effects of different soil pHs (5.4
vs 4.0) and different genotypes on the nutrient profile and
in wvitro digestibility of soybeans. Furthermore, we wanted
to identify soybean genotypes that are acid tolerant and
produce good nutritional content. In a preliminary study,
Puspitasari et al. (2021) reported that soil with pH 4.0
would result in shorter plants, and fewer branches and
nodes compared to pH 5.4 (p < 0.05). In contrast, Nadeem
et al. (2019) reported that acidic soils (6.0 and 5.1) could
enhanced forage production (38% and 39%, respectively)
of soybean compared to soil of pH 6.8. This might be
due to differences in the genotypes and soil pH used in
both studies. In our study, nutrient value and digestibility
characteristics are the aspects discussed. The plant genotype,
the soil, the climate, and the rhizobia involved in nitrogen
fixation are known to influence nutrient content, especially
protein and oil in soybean seeds (BFAP, 2021).

We assume that the nutrient content and digestibility
produced in this study are lower than in previous
studies conducted at neutral soil pH. The majority of
crop plants prefer neutral soil pH due to the micro- and
macronutrients more available in soil pH range 6.0-7.5
(Nadeem et al., 2019). Aluminum (Al) toxicity in acid soil
causes a reduction in crop and seed yields due to lower

absorption of water and nutrients (Joris et al., 2013). In the
present study, Al toxicity was very high at pH 4.0 (Table
2). However, there are several soybean genotypes that are
tolerant of Al toxicity and can maintain nutritional quality
(Kang et al.,, 2011). Demas 1 was released as a genotype
tolerant of acid soil and experimental results for soybean
yields strengthen the view of Demas 1 as tolerant genotype
(Puspitasari et al., 2021).

'The average ash content of soybeans grown at pH 5.4 was
higher than those grown at pH 4.0 (6.79 vs 6.55%). The ash
content of the Mitani genotype grown in soil with pH 5.4
was the highest (p < 0.05), while the lowest was obtained
from Derap 1 grown at soil pH of 4.0 (p < 0.05). The ash
content, which tends to be high in soybeans grown at pH
5.4, represents a high mineral uptake in the seeds. Ash
content is used to determine mineral content of samples
(BFAP, 2021). High ash content in a soybean sample is an
indication that it could be an essential source of minerals
(Alamu et al.,, 2019). High Al toxicity in acid soil could
reduce uptake of macronutrients (Kang et al., 2011).
Ash content ranged from 5.20 to 8.06% for all studied
genotypes. The average ash content was 6.67, which is quite
similar to the ash content of soybean genotypes reported
in other studies (4.49—-6.19 %) (Dei, 2011; Golshan et al.,
2019; Venturelli et al., 2015). Higher ash content in the
present study can be attributed to the application of P
fertilizer during cultivation (Alamu et al., 2019).

The average CP content in samples from soils with pHs
5.4 and 4.0 were 33.06 and 34.78 %, respectively. Although
not significant (p > 0.05), Gamasugen 2 had the highest
CP value in both soil pHs, while the lowest value was
obtained from Mitani. We assume that the CP content
from soybeans grown in two different soil types (ultisol
vs latosol) would be different. BFAB (2021) reported
that genotype, type of soil, harvesting seasons, and
environmental conditions during management influence
the proximate analyses of soybeans. However, in the
present study, differences in soil type and soil pH did not
affect the CP content of any of the genotypes. This might
be due to all soybean genotypes having the same ability
in both soil pHs. Nevertheless, the results were slightly
lower than the values reported by Jayanegara et al. (2017)
(43.8-44.8 %), Ishler and Varga (2015) (40.9%), and
BFAB (2021) (34-40%). Alemayehu et al. (2021) reported
that the minor difference in CP content could be related
to the genetic differences among seed types studied and
agronomic practices applied during cultivation. Substantial
impact of cultivars on CP percentages of soybean indicated
that these parameters were only controlled by the genetic
constitution of plants (Farhangi-Abriz et al., 2021). Due to
their high CP content, soybean seeds are a valuable high-
protein feed in livestock rearing (Niwiriska et al., 2020).
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In contrast to CP, the average EE content produced by
soybeans grown at pH 4.0 was higher than those grown in
pH 5.4 soils, with a range of 18.91 to 19.34%. We assume
that with the same fertilization and irrigation treatment,
all Indonesian soybean genotypes have the ability to
produce a fairly stable EE content. This implies that the
soybeans used in this study could have good potential
as energy sources for livestock. Due to the high content
of fat and EE, soybean seeds are a valuable high-energy
feed source in cattle rations (Alamu et al., 2019). Whole
raw soybean seeds are often used as a component of the
daily ration for beef and dairy cattle. However, a large
amount of soybean fat in the ration could have a negative
effect on rumen fermentation due to the toxic effect of
unsaturated fatty acids on rumen microbes (Niwiriska et
al., 2020). Increasing levels of raw soybean (0-27%) in
the diet of lactating cows linearly decreases milk yield
but linearly increases unsaturated fatty acids and milk fat
content (Venturelli et al., 2015). The range of EE content
of samples from different pH soils was similar to those
reported in earlier works of 17-20% (Van Eys, 2015),
19.2-20.4% (Jayanegara et al., 2017), 17.7% (Ishler and
Varga, 2015), and 15-18% (BFAP, 2021).

In our findings, NDF had negative correlation with EE,
so that the NDF and ADF content in soybeans grown at
pH 4.0 was lower than at pH 5.4. This may be related to
the better rate of fiber formation at pH 5.4 due to better
nutrient uptake. However, this needs further investigation.
NDF content represents most of the cell wall/fiber of
soybeans seeds (Van Eys, 2015), while ADF content
consists of primary lignocellulose structure and is resistant
to microbial fermentation in the rumen (Jayanegara et
al., 2017). NDF levels have a negative correlation with
feed intake, while ADF has a negative correlation with
digestibility values of feedstuffs (Wahyono et al.,2021).The
mean NDF content (19.97 %) of the soybean genotypes
was higher than that reported in other literature (Deti,
2011; Ishler and Varga, 2015; Van Eys, 2015). However,
the obtained results were quite similar to Jayanegara et al.
(2017) findings (21.8%). The mean value of ADF (12.22
%) in this study was also higher than the values reported
by Van Eys (2015) (6.4 %) and Dei (2011) (7.2 %). This
suggests that the soybeans used in this study were high in
fiber fractions (NDF and ADF). Highest NFC content,
both at pH 5.4 and 4.0 was reported for the Mitani
genotype (p < 0.05). The cotyledons of soybean are the
main storage area for carbohydrates (starch and sugars)
(Van Eys, 2015). Glucose, fructose, sucrose, stachyose, and
raffinose are the principal sugars present in soybean seeds
(Alamu et al., 2019). High carbohydrate soybeans are also
avaluable feed ingredient due to their high energy content.

It is interesting to note that IVDMD was not significantly
different between soybeans grown on pH 5.4 and 4.0 soils,

although there was a significant difference in fiber fraction.
'This may be explained by the weak correlation between
fiber fractions (NDF and ADF) and soybean digestibility.
A high negative relationship between fiber and digestibility
may be found in forage, but not in soybeans. Previous
studies reported that high fiber fraction will reduce the
digestibility of the feed (Wahyono et al., 2019, 2021). In
present study, EE was negatively correlated with IVDMD.
In fact, EE has a positive relationship to digestible energy
and metabolizable energy (Li et al., 2015). The negative
correlation may be caused by an indirect path of decreasing
NFC content due to an increase in EE value (Romero et
al.,2014). Another possibility is due to the limited capacity
of microorganisms to digest EE (McDonald et al., 2010).
We assume that although IVDMD did not differ protein
digestibility could be different, but this opinion should
be studied further. In addition, we identified that several
studied soybean genotypes have high digestibility (>
80%) even though they are grown in acid soils, namely
Burangrang, Gamasugen 2, Kemuning 1, Rajabasa, and
Anjasmoro.

CONCLUSIONS AND
RECOMMENDATIONS

In conclusion, despite the differences in soil pH affecting
nutrient (except CP) and fiber composition in soybeans,
IVDMD value were not significantly different. Gamasugen
2 has the capability to be developed in two different soil
pH conditions, due to it producing high and stable CP and
IVDMD. The Ash, OM, EE, NDF, ADEF, hemicellulose,
NFC,and IVDMD differed among the studied genotypes.
Ether extract content of soybeans have negative correlation

with NDF, ADF, and NFC.
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