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Abstract- Soybean (Glycine max (L.) Merril) is a highly
nutritious legume with enormous potential to improve dietary
quality for humans and livestock. However, the development of
varieties with improved nutritional traits has been affected by
the negative correlation that exists among the different traits
and the high cost of the phenotypic assessment. The
objectives of this study were: (1) to quantify the total protein,
total oil and fatty acids of 52 soybean genotypes from different
sources, (2) to identify correlations among total protein, total
oil content and fatty acids. The total protein content was
determined using the Modified Folin-Lowry Method. In
contrast, the total oil and fatty acids methyl esters were
determined using the chloroform/methanol gravimetric method
and Gas Chromatography-Mass Spectrometry. The analysis
of variance revealed that the studied traits varied significantly
depending on genotypes and origin. Total protein content
ranged from 30.07% to 50.40 %, while total oil content ranged
from 14.94% 1o 23.48%. Total oil content varied significantly
between origins with genotypes from the USA having the
highest mean of 20.43%, while those from AVRDC had the
lowest mean of 18.32 %. Palmitic acid (16:0) content ranged
from 10.58% 1o 21.18%; 4.93% to 22.20% for stearic acid
(18:0), 22.69% to 39.95% for oleic acid (18:1) and 30.60% to
51.72 % for linoleic acid (18:2). Genotypes from Uganda had
the highest percentages of oleic acid, followed by genotypes
from Japan. Six negative and three positive correlations were
found to be significant in the current study further. The current
study identified soybean genotypes with elevated protein and
oil content above the average that can be used to improve the
nutritional properties of soybean in Uganda and across the
East African region hence boosting the soybean industry.
Keywords: food composition, total protein, total oil
content, palmitic acid, stearic acid, oleic acid, linoleic
acid.

. INTRODUCTION

oybean (Glycine max (L.) Merrill) has become an
important ingredient in the diets of both the

human and livestock due to its high nutritional
value and low cost (Friedman and Brandon 2001; Singh
et al. 2008; Drago et al. 2011). The total world soybean
production is estimated at 348.7 million metric tons
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(MT). The world’s leading producer is the USA, which
produces about 35% of the world soybean (123.7 million
MT). Brazil is second with 34% of soybean produced
(117.9 million MT) while Argentina is third with 11%
(87.8 million MT), and China is fourth with 4% (14.2
million MT). The remaining countries account for 16%
(65.2 million MT) of the global soybean output (FAO
2018). In Africa, total soybean production rose from 1.4
million MT in 2008 to 3.6 milion MT in 2018,
representing 1.0% of the world production. The three
leading African countries in soybean production are
South Africa (1,316,000MT), Nigeria (730,000MT), and
Zambia (351,416MT) (FAO 2018). Soybean grains
contain about 40% protein, 20% oil, an optimal supply of
protein,and high-calorie value (Singh et al.,, 2008).
Additionally, soybean oil is composed of approximately
16% saturated fatty acids (palmitic [C16:0] and stearic
[C18:0]), 24% monounsaturated fatty acids (oleic
[C18:1]), and 60% polyunsaturated fatty acids (linoleic
[C18:2] and linolenic [C18:3]) (Drago et al. 2011).

The processing capacity for soybean has
significantly increased in Uganda and across the East
African region that has been triggered by the growing
interest of the farmers to grow the crop as a main
source of cash because of the available superior
varieties(Tukamuhabwa et al. 2019). These established
processing plants make different food and feed
products. However most consumers are interested in
soy-based food products with improved protein and oil
content to meet special food applications (Singh et al.
2008; Miladinovic et al. 2011). In the past decade, the
key focus for most soybean breeding programs in
Tropical Africa has been on improvement of traits such
as yield, resistance to pod shattering and lodging, high
pod clearance, resistance to pests and diseases. In
contrast, the traits related to seed composition have
received very little attention (Tukamuhabwa et al. 2019;
Tukamuhabwa and Oloka 2016; Bashaasha 1992).
Moreover, the development of varieties with improved
nutritional properties has been further affected by the
negative correlation that exists among the different traits.
For example, several studies have reported a significant
negative correlation between oleic acid and palmitic
acid (Qin et al. 2014; Ahire 2012; Alt et al. 2005;
Rebetzke et al. 2001). Similarly total oil has been
reported to exhibit a strong negative correlation with
oleic acid (Rani et al. 2007; Bachlava et al. 2008).
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Likewise, a negative correlation between oil and protein
has also been reported in several studies (Marega et al.
2001; Qin et al. 2014). Therefore during the selection of
soybean genotypes for a particular food application or
breeding program, it is fundamental to understand the
relationships that exist among these quality attributes.
However, these relationships have not been widely
assessed on tropical soybean germplasm. Additionally
one of the requirements in any successful plant
breeding program is to create variability to make
selection. One way of creating variability in a breeding
program is the importation of germplasm from other
sources. For example, in Uganda, a lot of soybean
germplasm has been introduced from other parts of the
world to increase the genetic base. However, there is
inadequate information on the nutritional properties of
these introduced germplasm.

Knowledge of the relationship among the
different nutritional traits in soybean would be very vital
in developing soybean varieties with improved nutritional
properties. Therefore the objectives of this study were:
(1) to quantify the total protein, total oil and fatty acids of
52 soybean genotypes from different sources, (2) to
identify correlations among total protein, total oil
content, and fatty acids. Therefore the findings from this
study could provide an opportunity to develop soybean
varieties with improved nutritional traits.

[I.  MATERIALS AND METHODS

a) Plant Materials and Sample Preparation

Fifty-two soybean genotypes were planted at
the National Crops Resources Research Institute
(NaCRRY), located in Central Uganda in the first season
of 2016. The soybean genotypes were planted in one
location to minimize the effect of the environment on the
chemical composition of the soybean grain. The 52
soybean genotypes were planted in an alpha lattice
design with three replicates. The plot size was 5m long
with a spacing of 60 cm X 5 cm. The grain from each
plot was harvested and sun-dried to below 10%
moisture content. The seed samples for each genotype
were divided into three replicates and about 300g
ground through a 2 mm screen using Cyclotec™ 1093
mill (FOSS, 2011). The milled samples were stored in
the cold room at a temperature -4°C at BecA — ILRI Hub,
Nairobi Kenya, where all the subsequent analysis was
performed.

b) Total Protein Content

Total Protein content was determined using the
Modified Folin-Lowry Method (Lowry et al. 1951). 100
mg of the milled samples were weighed in duplicate into
25 mL culture tubes. 5 ml 5% sodium dodecyl! sulphate
(SDS) was added, vortexed, and left to stand for 2 hours
at room temperature and centrifuged at 2000 ppm for 10
min. 50 ul aliquot was taken and diluted with 950 ul of
water and made to 1000 ul in separate culture tubes.
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100 ul aliquot of the diluted extract was taken for
analysis. Blank (100 ul of distilled water), standards (0,
100, 200, 300, 400, 500 ul of Bovine serum albumin) and
samples (100 ul) were pipetted into glass culture tubes,
and all made to 1000 ul.

1 ml Reagent A (0.4 volumes of water, 1 volume
CTC reagent, 1.6 volumes of 5 % SDS and 1 volume of
0.8 M NaOH) was then added to each of the tubes and
immediately vortexed; at 20 seconds interval. 500 ul of
Reagent B (1 volume of Folin-Ciocalteu phenol reagent,
2 Aldrich 9252, and 5 volumes of distilled water) was
added to each tube and immediately vortexed and left
to stand for 30 minutes for color development. An
ultraviolet-visible  spectrophotometer was used to
measure the absorbance of the standards and samples
versus the blank at a wavelength setting of 750 nm. The
absorbance values of the standards versus their
corresponding protein concentrations were plotted to
prepare a calibration curve, and the protein
concentration of the samples were determined.

The total protein content in the residue was
calculated using the formulae:

Total Protein (g/100 g) = W

Where;

C=Concentration obtained from the calibration in ug/mi
100 = Conversion factor to report results in g/100g

DF = Total dilution factor (1000)

10°= Conversion from ug to g

W= Weight of the sample in grams

c) Total Oil Content and Fatty Acid Profiling

Total oil content was determined using the
chloroform/methanol gravimetric method (Bligh and
Dyer, 1959). 2.0 g of the milled sample for each
soybean genotype was weighed in duplicate into 50 mL
culture tubes (W,). 32 ml of Clarase solution was added,
the tubes capped and gently shaken until the sample
was well mixed with the enzyme solution. The sample
was incubated for one hour in a 45°C water bath while
gently mixing by inversion after every 20 minutes. All the
extract was transferred to a 250 ml polypropylene bottle,
capped and centrifuged at 2000 rpm for 15 minutes to
clarify the chloroform. The top aqueous phase was
carefully removed and discarded with a tap aspirator
pump leaving a 2-4 mm thick layer on the chloroform. A
hole was cautiously broken into the surface crust with a
glass rod, and 20.0 ml of the chloroform extract was
pipetted into a pre-weighed 50 ml beaker (W,). Further,
a 20 ml aliquot of the chloroform extract was taken and
stored at -20°C for fatty acids methyl esters (FAMES)
analysis with  Gas Chromatography - Mass
Spectrometry (GC — MS). The solution was evaporated
to dryness by leaving it overnight in a fume hood; the
beaker placed in an oven at 102°C for 30 minutes,



removed and cooled in an evacuated desiccator for 1
hour. The beaker and the total oil was weighed on a
microbalance to the nearest 0.1 mg (W;).

The total oil in the residue was calculated using
the formulae:

Total oil (g/100 g) = Wa) - (Wp) X100 X 4
(W5)

Where; W, - Sample weight ()
W, - Weight of beaker
W, - Weight of beaker + total oil

FAMES were analyzed using a DB-5 column, on
an HP 5890 Series Il GC equipped with an HP 7673 auto
sampler (Hewlett Packard, Sunnydale, CA). Peak areas
were recorded using Chem Station software (Hewlett
Packard, Sunnydale, CA). Identification of individual
FAMES was performed by calculating the Kovats linear
retention index. The linear retention index was
subsequently compared with obtained values from the
National Institute of Standards and Technology (NIST)
and Pherobase databases in cases where standards
were absent. Quantification of individual FAMES was
performed by the area percent method.

d) Statistical Analysis

Statistical differences among the different
soybean genotypes were estimated from ANOVA test at
the 5% level (P=0.05) of significance for all the
parameters evaluated, using Genstat, 13" Edition
(Payne et al. 2010). Whenever ANOVA indicated a
significant difference, a pairwise comparison of mean by
Least Significant Difference test (LSD) was carried out.
Correlation analysis was performed using the corrplot
package for graphical display using the Pearson
method.

[11. RESULTS

a) Total Protein Content

Genotypes from Japan had the highest protein
content of 43.47%, followed by the USA (42.42%), and
genotypes from Uganda had the lowest protein content
of 40.19% (Table 1). Genotypes Sline 5.18, BSPS 48A-8
and BSPS 48A-27-1 had the highest protein content of
50.40%, 48.88%, and 48.08% respectively (Table 2). On
the other hand, NIIXGC 17.3 and Nam Il had the lowest
protein content of 30.07% and35.57% (Table 2).

b) Total Oil Content

Genotypes from the USA had the highest oil
content of 20.43%, followed by Seedco (20.11%) and
AVRDC had the lowest (18.32%) (Table 1). G32B, Roan
and AGS 338 had the highest oil content of 23.48%,
23.47% and 23.26% respectively while Signal had the
lowest content of 14.94% (Table 2).

c) Fatty Acids Content

Soybean genotypes from Uganda had the
highest oleic fatty acid content (33.85%), followed by
genotypes from Japan (33.17%), and Seedco had the
lowest (30.68%) (Table 1). Genotypes BSPS 48A-25,
G7955 and BSPS 48A-5 had the highest oleic fatty acid
content of 39.95%, 38.95%, and 38.66% respectively
while NG 14.1-16 had the lowest content of 22.69%
(Table 2).

Genotypes from the USA had the highest
palmitic acid content of 15.00%, followed by AVRDC
(14.71%), and SEEDCO had the lowest (13.23%) (Table
1).Genotypes Nam I, Siesta, and Namsoy 3 had the
highest palmitic acid content of 21.18%, 20.18% and
19.68%, respectively (Table 2).0n the other hand,
G7955 and K-Local had the lowest palmitic acid content
of 10.58% and 10.95%, respectively (Table 2).

For stearic acid content, significant differences
were observed among both genotypes and origin of the
genotypes (Table 1). Genotypes from AVRDC had the
highest stearic acid content of 9.05%, while those from
Japan were the lowest (7.42%). Genotypes NG 14.1-16,
AVRDC SRE-B-11-13, and Sequel had the highest
stearic acid content of 16.76%, 15.58%, and 14.57%
respectively, while Sline 16.2 had the lowest content of
4.93% (Table 2). Additionally, Saga had the highest
linoleic acid content of 51.72%, while Maksoy 5N had
the lowest content of 30.60% (Table 2).
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Table 1: Variation of Total Protein (%), Total Qil (%) and Fatty Acids (%) of soybean genotypes from different origins

Origin and No. . . Coa b . . LA
of genotypes Total Protein Total Qil Oleic Acid Palmitic Acid Stearic Acid Linoleic Acid
41.05 ** 18.32 *** 32.40 14.71 * 9.05 *** 43.64
AVRDC Mean
6 Range 36.88- 46.06 11.59-23.27 22.94-38.35 11.14-19.12 5.46-15.38 36.59-48.60
o 9.9 6.9 15.8 14.84 14.22 8.16
%CV
Se 4.052 1.273 4.974 2.217 1.287 3.617
*kKk * Kk %k * * % *
Japan Mean 43.47 18.73 33.17 13.44 7.42 45.52
6 Range 39.88- 50.40 15.35-20.65 31.13-36.17 11.91-13.31 4.93-7.06 35.69-48.66
%y 5.1 5.1 1.16 4.7 4.39 1.03
Se 2.199 0.948 0.3872 0.6164 0.299 0.4739
SEEDCO Mean 4218 20.11 *** 30.68 ** 13.23 ** 8.59 *** 46.82
10 Range 37.93- 44.88 14.94-23.47 22.68-36.79 10.47-20.39 5.02-14.56 40.47-53.19
%oy 10.9 10 8.55 14.93 16.29 8.64
Se 4.589 2.004 2.632 2.026 1.388 4.017
UGANDA Mean 40.19 *** 19,11 *** 33.85 *** 13.57 *** 8.24 *** 43.94%**
o5 Range 30.07- 48.88 15.27-22.58 22.70-39.66 10.93-21.05 4.94-16.75 30.25-51.65
%oy 16.8 8.7 9.23 10.56 30 4.26
Se 6.739 1.658 3.17 1.374 2.324 1.904
* * % * % *
USA Mean 42.42 20.43 31.69 15.00 8.70 43.89
5 Range 36.1- 44.68 17.19-23.48 26.83-35.31 11.66-17.33 5.74-12.02 39.85-47.26
%oy 10.1 6.9 0.91 20.42 8.83 9.58
Se 4.296 1.419 0.2866 2.955 0.7764 4.299

* **and *** indicate significance atp < 0.05, p < 0.07, and p < 0.007 respectively

Table 2: Composition of Total Protein (%), Total Qil (%) and Fatty Acids (%) of soybean genotypes

Genotypes PTotalI Total Oil Olgic Palmitic Stea}ric Lino!eic
rotein Acid Acid Acid Acid
AGS 338 37.97 23.26 35.88 11.80 6.54 45.77
AVRDC G2843B 37.32 21.75 24.12 18.21 12.26 45.42
AVRDC G7956 36.88 17.55 33.35 13.06 7.09 46.48
AVRDC GC00138-29 41.43 17.96 32.74 15.20 9.17 42.90
AVRDC GC84051-31-1 42.55 16.46 35.51 18.13 8.32 35.89
AVRDC SRE-B-11-13 43.58 16.23 27.90 19.08 15.58 37.41
BSPS 48A-25 37.11 17.61 39.95 11.65 8.41 39.97
BSPS 48A-27-1 48.08 19.87 37.38 12.08 7.07 43.47
BSPS 48A-3B 37.84 19.30 37.56 11.84 6.54 44.06
BSPS 48A-5 41.37 17.87 38.66 11.78 6.67 42.89
BSPS 48A-8 48.88 17.59 32.64 15.44 13.23 38.54
G32B 44.68 23.48 26.49 16.58 12.15 44.28
G42 43.87 17.19 33.67 14.51 7.56 43.84
G45 36.10 18.27 35.53 11.51 5.84 47 11
G7955 46.06 20.97 38.95 10.58 5.47 45.05
Gazelle 44.57 17.89 34.1 14.68 6.979 44.08
K-Local 39.89 18.94 32.26 10.95 5.167 51.63

Kab 1 39.17 15.59 34.58 11.49 5.36 48.57
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Kuntz 39.88 22.24 30.65 16.76 9.01 41.65
Maksoy 2N 43.86 22.58 28.88 18.38 13.57 34.86
Maksoy 4N 45.32 21.34 36.32 13.43 10.01 39.50
Maksoy 5N 40.11 15.27 37.63 17.72 11.46 30.60
MNG 12.4 35.86 19.85 34.49 12.63 8.54 44.36
Nam I 35.57 20.91 23.94 21.18 14.14 40.71
Namsoy 3 40.68 17.54 25.78 19.68 13.13 37.41
NG 14.1-16 44.93 20.20 22.69 19.05 16.76 41.50
NGDT 4.11-4 37.66 21.00 37.04 13.14 8.03 41.79
NGDT 8.11-4 42.11 21.63 36.52 11.35 6.47 45.64
NI X GC 11.2 39.64 18.54 32.51 13.42 7.07 46.97
NI X GC 17.3 30.07 20.53 34.42 11.79 6.47 47.32
NIl X GC 20.3 38.90 17.28 31.35 15.99 11.42 41.21
NIl X GC 28.2B 38.65 18.26 32.97 13.00 6.04 47.99
NIl X GC 30B 42.82 20.58 36.91 12.35 5.80 44.94
NIl X GC 32.6 41.01 20.55 37.04 11.57 6.36 45.02
NIl X GC 43.2 39.54 19.88 31.95 11.92 6.75 49.38
NI X GC 44.2 38.80 18.27 32.76 11.42 5.64 50.18
NI XGC 7.2 39.46 16.54 34.63 13.37 6.32 45.69
Roan 43.84 23.47 34.32 11.45 6.49 47.71
Saga 4212 23.07 27.09 11.16 10.07 51.72
Saxon 40.95 17.91 36.95 12.22 6.94 43.90
Sentinel 37.93 15.81 33.50 11.45 5.47 49.57
Sequel 40.27 19.92 26.13 17.42 14.57 40.00
Siesta 43.42 22.79 25.86 20.18 12.62 41.34
Signal 39.17 14.94 32.71 11.93 4.97 50.39
Sline 13.2A 42.19 19.88 31.04 18.29 14.51 35.69
Sline 16.2 39.88 15.35 36.04 11.95 4.93 47.07
Sline 4.21 42.12 19.00 36.26 12.26 5.55 45.98
Sline 5.18 50.40 20.60 30.49 12.90 7.15 48.39
Sline 6.22 44.67 16.90 33.67 12.19 5.45 48.67
Sline 7.11 43.14 20.65 31.56 13.30 6.87 47.08
Soprano 40.11 19.24 35.54 11.84 5.68 46.99
Squire 44.88 22.66 22.82 11.28 11.96 49.44
Mean 40.71 19.44 32.79 13.88 8.50 44.38
LSD 9.33 2.82 3.28 3.32 3.09 3.72
CV% 14.30 9.00 6.10 14.60 22.20 5.10

d) Correlation Analysis for Total Protein, Total Oil and

Fatty Acids

A total of nine correlations were found to be
significant; six negative and three positive (Figure 1).
Negative correlations were found between palmitic

acid/linoleic  acid,

stearic acid/linoleic acid,

oleic

acid/palmitic acid, oleic acid/stearic acid, oleic acid/total

oil and oleic acid/total protein. The positive correlations
were found between palmitic acid/stearic, stearic

acid/total oil and total oil/total protein.
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Figure 1: A Corrplot showing distribution and correlation between the different nutritional traits

IV.  DISCUSSION

In this study, we used 52 soybean genotypes
that were carefully selected based on origins from a
core set of 504 accessions from five countries (USA,
Japan, Taiwan, Zimbabwe and Uganda). We
investigated the variability of different nutritional traits
and correlations among these traits that were from
different countries. High protein content has been one of
the most key traits for most soybean improvement
programs. The results of this study revealed that
soybean genotypes from Japan had the highest protein
content. The high protein content of genotypes from
Japan is in agreement with a study conducted by
Grieshop et al. (2001), who compared the nutritional
properties of soybean from Brazil, China, and the USA
and found out that soybean genotypes from China had
the highest protein.

Similarly, Karr-Lilienthal et al. (2004) compared
the nutritional composition of soybean grain and
subsequent soybean meal from Argentina, Brazil, China,
India, and the United States. This study reported that
soybean from China had the highest protein content
compared to the other four countries. Therefore in the
current study, it is not surprising that soybean

© 2020 Global Journals

genotypes from Japan, which is geographically closer to
China, had high protein content. The high oil content
among genotypes from the USA also agrees with
previous studies (Baize 1999; Grieshop et al. 2001) who
reported that soybeans from the USA had higher oil
content those soybeans from China. The high protein
content in soybean genotypes from Japan and USA was
high because of the extensive breeding for high protein
and high consumption of soybean protein in these two
countries (Fukushima 2011).

The proportion of palmitic acid observed in the
current study was in general agreement with previous
studies conducted on different soybean genotypes
(Maestri et al. 1998; Cardinal et al. 2007; Rani et al.
2007; Bachlava et al. 2008; Ahire 2012). However, there
were several soybean genotypes that showed an
elevated proportion of palmitic acid that could be used
for the development of high-palmitic soybean varieties.
Soybean oil with high proportions of palmitic acid has
industrial application for production of plastic fats like
shortening and margarine (Fehr et al. 1998). For plastic
fat to remain stable, it is desirable to have a fatty acid
composition of about 15% or more of palmitic acid (Fehr
et al. 1998). In the present study, palmitic acid showed a
positive correlation with stearic acid that was in



agreement with earlier reports (Stoltzfus et al. 2000;
Rahman et al. 2003; Bachlava et al. 2008; Ahire 2012).

Further, the use of soybean oil having a
relatively high content of saturated fatty acids (palmitic
acid and stearic acid) allows the production of more
desirable plastic fat. Palmitic acid averages
approximately 11% of the total fatty acids, whereas
stearic acid averages about 4% of total fatty acids
present in conventional soybean oil. Additionally, it is
highly desirable to develop soybean varieties having
elevated palmitic acid and stearic acid contents to
produce stable plastic fat. A separate study by Rahman
et al. (2003) reported that palmitic acid and stearic acid
are inherited independently; therefore, the trait of
elevated saturated fatty acids in one genotype can be
easily achieved by conventional breeding.

Furthermore, we also observed a significant
negative correlation between palmitic acid and oleic
acid. This negative correlation has been reported
previously in several studies (Rebetzke et al. 2001; Qin
et al. 2014; Ahire 2012; Alt et al. 2005). Qin et al. (2014)
reported a significant negative correlation between oleic
acid and palmitic acid. Ahire (2012) also detected a
negative correlation between oleic acid and palmitic
acid among selected mutants from soybean variety
MACS 450. Alt et al. (2005) showed that oleic acid of 88
F2:3 lines was negatively correlated with palmitic acid
(r=-0.470).

The negative correlation between oleic acid and
the saturated fatty acids (palmitic and stearic) coupled
with a positive correlation between palmitic acid and
stearic acid offer the opportunity to develop soybean
varieties with improved oil quality. In the present study,
results indicated that selection for higher oleic acid
results in lower palmitic and stearic acids hence
improvement in the quality of the soybean oil (Pham
2011; Qin et al. 2014). Oleic fatty acid is a
monounsaturated fatty acid that can improve the oil
quality and self-life of products processed using such
oil.

In soybean, oleic fatty acid has been reported
to exhibit a strong negative correlation with total oil
content that is in agreement with the present study (Rani
et al. 2007, Bachlava et al. 2008). The significant
negative correlation between oleic acid and total oil
suggests that it would be challenging to breed soybean
varieties with high oleic fatty acid as well as high total oil
content. A similar trend was observed between oleic
acid and total protein, where there was a significant
negative correlation. This implies that it is difficult to
develop a soybean variety with high oleic acid and
protein. The study suggests that the breeding program
should aim at overcoming the negative correlation
between oleic acid and total oil and total protein content
using advanced techniques like genetic transformation.

V. (CONCLUSIONS

Soybean genotypes originating from different
sources have different nutritional properties like total
protein, total oil, and fatty acids. Soybean genotypes
from Japan had the highest protein content, while
genotypes from the USA had the highest oil content.
This study identified soybean genotypes with protein
content up to 50.40% and oil content up to 24.23% that
are way beyond the average nutritional properties of
most soybean genotypes of 40% and 20%, respectively.
Such genotypes with elevated protein and oil content
can be used by soybean breeders in Uganda and
across the East African region to improve the protein
and oil content of soybean varieties. The significant
negative correlation of oleic acid with both total oil and
total protein indicates that more efforts would be
required to develop soybean varieties that contain high
oleic acid as well as high total oil and total protein using
conventional breeding. There is a need to explore other
options of increasing oleic fatty acid content without
altering the other nutritional traits.
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