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Abstract 

Soybeans contain flavonoids and anthocyanins that are associated with health benefits 

related to antioxidant activities. In this study, the total flavonoid content (TFC), total 

anthocyanin content (TAC), and the relative antioxidant activities (AOA) of selected 

Philippine soybean genotypes were screened in order to select and recommend promising 

genotypes that may be used for further breeding and varietal development. Using the 

aluminum trichloride method, the genotypes POP 1-44 (TFC = 0.619 g/100 g), PHL 

29272 (TFC = 0.616 g/100 g), and Tiwala 6 (TFC = 0.608 g/100 g) were determined to 

have the highest calculated TFC values. pH differential and 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assays distinguished all three black-seeded soybean genotypes PHL 29272 (TAC 

= 177.010 mg/100 g; AOA = 24.476%), PHL 29502 (TAC = 143.750 mg/100 g; AOA = 

25.745%), and PHL 29552 (TAC = 123.572 mg/100 g; AOA = 29.297%) with the highest 

anthocyanin contents and relative antioxidant activities. Genotype PHL 29272 was 

consistently found among those with the highest results for the three tests. Significant 

correlations (α = 0.05) were found between flavonoid content and antioxidant activity (p < 

0.0001), and between anthocyanin content and antioxidant activity (p < 0.0001). In 

conclusion, the study was able to identify genotypes that can be recommended as the most 

suitable candidates for soybean breeding activities. 

1. Introduction 

Soybean is deemed one of the world’s most valuable 

crops, known for its substantial protein and oil content 

(Liu, 1997; Hartman et al., 2011; Gupta, 2016). In fact, 

around 40-42% of protein and 18-22% of fat may be 

extracted from soybean, providing a good protein feed 

source for animals and aquaculture; vegetable oil and 

protein source for humans; and a resource for industrial 

products (Wynstra, 1986; Gaonkar and Rosentrater, 

2019).  

Beyond its notability as a quality source of plant-

based protein and oil, soybean has also gained interest 

for its beneficial health effects in humans. Much of this 

interest is attributed to the favorable contribution of 

soyfoods in reducing the risks and/or treatment of 

diseases (Liu, 1997; Messina, 2016), such as 

cardiovascular disease, diabetes, osteoporosis and cancer 

(Messina, 1995; Omoni and Aluko, 2005; Weaver et al., 

2012). A number of publications have associated the 

lowered risk or improvement in examined markers or 

health profiles with soy isoflavones (Onozawa et al., 

1998; Sarkar and Li, 2003; Allen et al., 2007; Shu et al., 

2009; Mahmoud et al., 2014; Sathyapalan et al., 2018; 

Sahin et al., 2019). These isoflavones are polyphenolic 

compounds that belong to a group of ubiquitous plant 

secondary metabolites called flavonoids.  

Flavonoids have a general structure composed of 

three rings, where the two phenyl rings are connected by 

a heterocyclic three-carbon ring. Various chemical 

reactions such as methylation, hydroxylation, and 

substitution give rise to the different classes of 

flavonoids, namely: the flavones, flavonols, flavanones, 

isoflavonoids, anthocyanins, and others. Currently, over 

4,000 types of flavonoids have been identified to occur 

naturally (Iwashina, 2000). Even though flavonoids 

occur in different plant groups, isoflavones are largely 

produced by the Leguminosae plant family (Veitch, 

2007). Soybean stands out with having the highest 

isoflavone quantity of up to 3 mg/g dry weight (Liu, 

1997; Rostagno et al., 2004). According to a study by 
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Han et al. (2009), isoflavones have the capability to 

interact with nucleotides, influence intercellular redox 

status, and play a role in intracellular signaling among 

several specific proteins. Isoflavones have been reported 

to have both antioxidant and phytoestrogen properties 

that allow them to prevent and contribute to treatment of 

associated chronic diseases (Yao et al., 2004; Wang et 

al., 2013).  

Another prominent sub-classification of flavonoids is 

the anthocyanins. Generally, anthocyanins are water-

soluble colored pigments that are usually stored within 

plant vacuoles. Although several types of anthocyanin 

have been identified, only cyanidin, delphinidin, 

malvidin, pelargonidin, peonidin, and petunidin are 

considered to be the major types (Tanaka et al., 2008). 

These pigments are partly responsible for the antioxidant 

properties of soybeans, which have been proposed to 

arise from the capability of anthocyanins to scavenge O2
- 

generated by chloroplasts (Neill and Gould, 2003; Kwon 

et al., 2007). 

 This study was done as a pre-breeding procedure 

for the improvement of Philippine soybean varieties. 

Since local varieties and newly developed breeding lines 

were used, the study will provide insight into the relative 

antioxidant activity, total flavonoid and anthocyanin 

content of genotypes that are currently being utilized for 

breeding (lines and accessions) and soybean production 

(varieties) in the country.  

 The objectives of this study were (1) to screen 

soybean genotypes for total flavonoid and anthocyanin 

content, and relative antioxidant activity; (2) to 

determine the level of correlation between flavonoid 

content and antioxidant activity, as well as that of 

anthocyanin content and antioxidant activity; and finally, 

(3) to identify genotypes that have promising levels of 

the aforementioned compounds for further breeding 

studies. 

 

2. Materials and methods 

2.1 Plant materials 

Genotypes from the National Plant Genetic Resource 

Laboratory (NPGRL) and local varieties were planted in 

October 2018 while the rest of the genotypes were 

planted in December 2018 at the Legumes Section of the 

Institute of Plant Breeding (IPB), University of the 

Philippines, Los Baños, Laguna. Genotypes from 

NPGRL included three black-seeded varieties while 

eight were yellow-seeded. One farmer’s variety and three 

established local varieties developed by IPB were also 

used, representing the current varieties being cultivated 

in the country. Lastly, 63 fifth-generation stable lines 

developed by crossing commercial variety Tiwala 10 

with IPB SY-96-27-30 were also included in the 

screening (Table 1). Although the genotypes had 

different dates of planting and harvesting, the plants 

were subjected to the same cultural management 

practices.  

2.2 Sample preparations 

2.2.1 Preparation of soybean seeds 

Approximately 10 g of seeds for each soybean 

genotype were weighed and dried at 40°C for 24 hrs; 

after which, the dried seeds were ground and stored in a 

desiccator until subsequent extractions. 

2.2.2 Preparation of the methanolic extract 

In the determination of total flavonoid content and 

relative scavenging activity (antioxidant capacity), 

methanolic extracts of the samples were used. The 

methanolic extract was prepared by mixing 100 mg of 

the sample with 5.0 mL of 50% methanol. The resulting 

mixture was then vortexed for 2 min and then 

centrifuged for 5 min at 3,000 rpm before the supernatant 

was collected and transferred into a vial. A second round 

of extraction was done on the remaining centrifugate 

using 5.0 mL of 50% methanol. Again, the resulting 

mixture was vortexed for 2 min and then subjected to a 5

-min centrifugation at 3,000 rpm. The supernatant was 

collected and pooled together with that of the first 

extraction. Extracts were stored in the refrigerator until 

analysis.  

2.2.3 Preparation of anthocyanin extracts  

An 80:20 methanol/water extraction buffer acidified 

with 1% acetic acid was used for extraction in the 

assessment of total anthocyanin content. Extracts were 

prepared by the addition of 10 mL extraction buffer to 

1.0 g of the samples. The mixtures were placed in a 40°C 

water bath for 2 hrs before filtering and storing in the 

refrigerator until analysis. 

2.3 Measurement of total flavonoid content 

2.3.1 Preparation of standard curve 

A modified protocol by Zhishen et al. (1999) was 

used in the measurement of the flavonoid content. 

Catechin, a commonly used standard for flavonoids, was 

used in the preparation of the standard curve. Five 

milligrams of catechin were initially dissolved in 5 mL 

absolute methanol and a final volume of 50 mL was 

achieved by adding distilled water. Six tubes with 

different concentrations of catechin were prepared as 

shown in Table 2. In each tube, the specific volumes of 

catechin and water were the first ones to be mixed 

together. After which, 300 µL of 5.0% NaNO2 was 

added to the solution. The solution was mixed and left to 

stand for 5 mins before the addition of 300 µL 10% 



 Esguerra et al. / Food Research 8 (3) (2024) 331 - 342 333 

 https://doi.org/10.26656/fr.2017.8(3).245 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

AlCl3. A minute after mixing the solution, 1.0 mL of 1.0 

N NaOH was added. The final solution was mixed before 

its absorbance was read at 510 nm using a Shimadzu UV-

1280 UV-VIS Spectrophotometer. 

2.3.2 Assessment of total flavonoid content of the 

samples  

For each sample, 0.50 mL of the methanolic extract 

was mixed with 2.0 mL of distilled water. Similar to the 

preparation of the standard curve, a 5-min resting period 

was allotted after the addition of 300 µL 5.0% NaNO2. 

Afterwards, 300 µL of 10% AlCl3 was also added into the 

Code Genotype Seed Color Source Code Genotype Seed Color Source 
1 IPB SY-96-27-30 Yellow NPGRL 40 POP 1-19 Yellow IPB 
2 PHL 29008 Yellow NPGRL 41 POP 1-17 Yellow IPB 
3 PHL 29389 Yellow NPGRL 42 POP 1-20 Yellow IPB 
4 PHL 29527 Yellow NPGRL 43 POP 1-23 Yellow IPB 
5 PHL 29528 Yellow NPGRL 44 POP 1-24 Yellow IPB 
6 PHL 29826 Yellow NPGRL 45 POP 5-5-1 Yellow IPB 
7 PHL 28970 Yellow NPGRL 46 POP 1-25 Yellow IPB 
8 PHL 6923 Yellow NPGRL 47 POP 1-26 Yellow IPB 
9 PHL 29272 Black NPGRL 48 POP 1-27 Yellow IPB 
10 PHL 29502 Black NPGRL 49 POP 1-29 Yellow IPB 
11 PHL 29552 Black NPGRL 50 POP 5-7-1 Yellow IPB 
12 Manchuria Yellow Farmer’s Variety 51 POP 1-28 Yellow IPB 
13 Tiwala 6 Yellow IPB Variety 52 POP 1-28-1 Yellow IPB 
14 Tiwala 8 Yellow IPB Variety 53 POP 1-29-1 Yellow IPB 
15 Tiwala 10 Yellow IPB Variety 54 POP 1-27 Yellow IPB 
16 POP 1-3 Yellow IPB 55 POP 1-21 Yellow IPB 
17 POP 5-2-1 Yellow IPB 56 POP 1-34 Yellow IPB 
18 POP 1-2 Yellow IPB 57 POP 1-32 Yellow IPB 
19 POP 1-1 Yellow IPB 58 POP 5-6-1 Yellow IPB 
20 POP 1 Yellow IPB 59 POP 1-33 Yellow IPB 
21 POP 1-53 Yellow IPB 60 POP 1-30 Yellow IPB 
22 POP 1-4 Yellow IPB 61 POP 1-35 Yellow IPB 
23 POP 1-10 Yellow IPB 62 POP 1-37-1 Yellow IPB 
24 POP 1-9 Yellow IPB 63 POP 1-36 Yellow IPB 
25 POP 5-3 Yellow IPB 64 POP 5-8-1 Yellow IPB 
26 POP 1-7 Yellow IPB 65 POP 1-37-1 Yellow IPB 
27 POP 5-4-1 Yellow IPB 66 POP 1-34-1 Yellow IPB 
28 POP 1-5 Yellow IPB 67 POP 1-42 Yellow IPB 
29 POP 1-8 Yellow IPB 68 POP 1-43 Yellow IPB 
30 POP 1-11 Yellow IPB 69 POP 1-41 Yellow IPB 
31 POP 1-12 Yellow IPB 70 POP 1-39 Yellow IPB 
32 POP 5-4 Yellow IPB 71 POP 1-38 Yellow IPB 
33 POP 1-13 Yellow IPB 72 POP 5-7-1 Yellow IPB 
34 POP 1-16 Yellow IPB 73 POP 1-49 Yellow IPB 
35 POP 1-15 Yellow IPB 74 POP 1-44 Yellow IPB 
36 POP 5-6 Yellow IPB 75 POP 1-45 Yellow IPB 
37 POP 1-17-1 Yellow IPB 76 POP 1-52 Yellow IPB 
38 POP 5-5 Yellow IPB 77 POP 5-8 Yellow IPB 
39 POP 1-16-1 Yellow IPB 78 POP 1-45-1 Yellow IPB 

Table 1. Soybean genotypes used in screening. 

Tube Catechin dH2O NaNO2 AlCl3 NaOH 

1 0 L 3.0 mL 300 L 300 L 1.0 mL 

2 200 L 2.8 mL 300 L 300 L 1.0 mL 

3 400 L 2.6 mL 300 L 300 L 1.0 mL 

4 600 L 2.4 mL 300 L 300 L 1.0 mL 

5 800 L 2.2 mL 300 L 300 L 1.0 mL 

6 1000 L 2.0 mL 300 L 300 L 1.0 mL 

Table 2. Summary of the reagents used in the preparation of 

the standard curve.   
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 solution, which was mixed and left to stand for 1 min 

before the addition of 1.0 mL 1.0 N NaOH. The 

absorbance of the final solution was read at 510 nm 

within 20-30 min of preparation using a Shimadzu UV-

1280 UV-VIS Spectrophotometer (Japan). The assay was 

done in triplicates per sample. 

TFC of the samples were computed through the 

generation of a linear equation y = mx + b from the 

standard curve; where y is the absorbance, m is the slope 

of the line, and b is the y-intercept. The absorbance of 

the samples was corrected by subtracting the y-intercept 

from the obtained values of the samples. After this, the 

amount of flavonoids per sample (grams of flavonoids 

per 100 g of sample) was computed through the 

following equation: 

 where DF is the dilution factor, computed through 

the following equation:  

2.4 Measurement of total antioxidant activity  

2.4.1 Preparation of the DPPH reagent 

The study used the DPPH assay (Malenčić et al., 

2008; Yang et al., 2014) with modifications in the 

measurement of total AOA. Initially, 4.0 mg of DPPH 

powder was dissolved in a small amount of absolute 

methanol and additional methanol was added to a final 

volume of 100 mL. The solution was kept in a container 

covered with foil to prevent degradation of the reagent. 

2.4.2 Assessment of average relative scavenging 

activity 

The antioxidant activity per sample was tested using 

three technical replicates. For each replicate, 100 µL of 

the methanolic extract was mixed with 2.9 mL of the 

DPPH solution. The final solution was mixed before 

being incubated in the dark for 30 mins at 30°C. The 

absorbance of the samples was read at 517 nm with a 

Shimadzu UV-1280 UV-VIS Spectrophotometer right 

after incubation. 

The relative scavenging activity was computed based 

on the following formula: 

where DPPH is the absorbance of the DPPH solution 

at 517 nm and A517 is the absorbance of the sample at 

517 nm. 

 

2.5 Measurement of total anthocyanin content 

2.5.1 pH differential method 

The pH differential method described by Lee et al. 

(2005) was used in the assessment of TAC. Similar to 

the previous assays, the procedure was done in triplicates 

for each sample. For every replicate, two tubes 

containing 1.0 mL of the extract were prepared. In the 

first tube, the extract was diluted with 4.0 mL of 

potassium chloride (KCl), pH 1.0, buffer; while the 

extract in the second tube was mixed with sodium 

acetate (CH3CO2Na•2H2O), pH 4.5, buffer. The 

absorbances at 520 nm and 700 nm were read for both 

the pH 1.0 and pH 4.5 solutions. 

2.5.2 Assessment of total anthocyanin content 

Before converting to cyanidin-3 glucoside 

equivalents (CyE) in mg per 100 g of sample, the 

anthocyanin content was initially computed in terms of 

mg/L using the following formula: 

where A = [pH 1.0 (A520 − A700) − pH 4.5 (A520 − 

A700)]; MW = 449.2 g/mol, the molecular weight of the 

cyanidin-3-glucoside; DF is the dilution factor 

established during the sample preparation; 103 is the 

conversion from gram to milligram; Ɛ = 26,900 L/

mol∙cm, the molar extinction coefficient of cyanidin-3-

glucoside; and l = path length in centimeters (Lee et al., 

2005).  

2.6 Statistical analysis 

SAS version 9.1 was used for the analysis of 

variance (ANOVA) of flavonoid content, anthocyanin 

content, and antioxidant activity (SAS Institute Inc., 

2004). Furthermore, the same software was used for a 

post-hoc test – Tukey’s Honest Significant Difference 

(HSD) – on variables that showed significant differences 

based on the ANOVA results, and for correlation 

analysis of flavonoid and anthocyanin contents with 

antioxidant activity. 

 

3. Results and discussion 

3.1 Total flavonoid content  

The mean total flavonoid content (TFC) of the 78 

soybean genotypes was 0.2098 g/100 g obtained from a 

wide range of TFC values of 0.0240 g/100 g to 0.6190 

g/100 g. Comparison of the mean TFC between black-

seeded and yellow-seeded genotypes showed that the 

former had a higher (0.600 g/100 g) content than the 

latter (0.194 g/100 g). The mean TFC content of the 

black-seeded genotypes was higher than the published 

result of 0.343 g/100 g obtained by Xu and Chang 
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(2008a). Similarly, the current average flavonoid content 

of the yellow soybeans observed was comparably higher 

than the reported values of 0.068 g/100 g (Xu and 

Chang, 2008a), 0.041 g/100 g (Lee et al., 2011), and 

0.091 g/100 g (Wang et al., 2008) for yellow soybeans 

from other studies.  

The distribution of samples among the different 

levels of flavonoid contents in Figure 1A showed that 

there was an evident variation in the flavonoid contents 

among the genotypes. Thirty-three (42.31%) of the 

samples had flavonoid contents that fell within the range 

of 0.1 to 0.2 g/100 g. It may also be seen in Figure 1B 

that within that range, there was a scattered distribution 

in mean TFC. Thus, analysis of variance was applied to 

further determine whether there are significant 

differences among the flavonoid contents. 

At α = 0.05, significant differences (P < 0.0001) in 

TFC were observed among the genotypes. Tukey’s test 

(Table 3) further showed the classification of samples 

into 15 groups although many of the genotypes belonged 

to several groups at a time (e.g., two to 11) indicating 

non-significant differences. Genotypes POP 1-44 and 

PHL 29272 had the highest mean TFC of 0.619 g/100 g 

and 0.616 g/100 g, respectively. The two aforementioned 

genotypes have significantly higher total flavonoid 

content in comparison with the rest of the samples (Table 

3); nevertheless, their flavonoid contents are still 

comparable to Tiwala 6 (0.608 g/100 g), PHL 29552 

(0.606 g/100 g), PHL 29502 (0.578 g/100 g), POP 1-49 

(0.528 g/100 g), and POP 1-37-1 (0.451 g/100 g). On the 

other hand, POP 1-25 had the lowest mean TFC (0.024 

g/100 g). 

The variation in flavonoid content may have arisen 

from genetic differences in the samples. Apart from this, 

environmental differences and circumstances, such as 

nutrient availability, temperature, drought, carbon 

dioxide availability, crop management, and even dates 

and seasons of sowing during the growing periods of the 

plants may also have effects on the flavonoid content 

(Aussenac et al., 1998; Caldwell et al., 2005; Mitchell et 

al., 2007; Lillo et al., 2008), which may have contributed 

to the observed variation in TFC. 

Figure 1. Respective frequency distribution and scatter plot for mean TFC (1A, 1B), mean AOA (1C, 1D), and mean TAC (1E, 

1F) of the 78 soybean genotypes. 
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3.2 Total antioxidant activity 

Obtained relative antioxidant activity values range 

from 11.034% to 29.397%. Among the black soybeans 

alone, the average antioxidant activity was 26.539%, 

while an average of 15.114% was obtained among the 

yellow soybeans. The mean antioxidant activities of all 

78 genotypes was 15.553%. These findings are relatively 

low compared to those tested by Malenčić et al. (2008), 

in which the activities ranged from 21.9% to 52.7%; 

however, the deviation in the results obtained may have 

come from the amount of sample aliquot and DPPH 

solution used in the procedure. Unlike the protocol used 

in this experiment, where 0.1 mL aliquot was allowed to 

react with 2.9 mL DPPH, Malenčić et al. (2008) mixed 

2.0 mL of the extract with only 1.0 mL of DPPH. The 

differences in the results due to the protocols used may 

be attested by the closer values obtained for the yellow 

genotypes in this study (15.114%) and in the 2014 study 

by Yang et al. (16.7%), as the amount of aliquot and 

DPPH solution used was more similar to the amounts 

used in this experiment. 

Although there may have been deviations brought 

about by the protocols, the relatively low antioxidant 

activity of the current genotypes studied is still evident 

when compared to previously published values. For 

instance, the average value for the black soybean 

accessions (26.539%) was still significantly lower than 

the value (93.66%) obtained by Yang et al. (2014). 

Genotype Mean Tukey Grouping Genotype Mean Tukey Grouping 
74 0.61900  A 64 0.16433  G, H, I, J, K, L, M, N, O, P 
9 0.61600  A 61 0.15133  G, H, I, J, K, L, M, N, O, P 

13 0.60767  A, B 21 0.15000  G, H, I, J, K, L, M, N, O, P 
11 0.60633  A, B 31 0.14633  G, H, I, J, K, L, M, N, O, P 
10 0.57767  A, B 50 0.14600  G, H, I, J, K, L, M, N, O, P 
73 0.52767  A, B, C 54 0.14500  G, H, I, J, K, L, M, N, O, P 
62 0.45067  A, B, C, D 78 0.14433  G, H, I, J, K, L, M, N, O, P 
72 0.42067  B, C, D, E 45 0.13800  G, H, I, J, K, L, M, N, O, P 
12 0.41567  B, C, D, E 33 0.13700  G, H, I, J, K, L, M, N, O, P 
58 0.36167  C, D, E, F 20 0.13667  G, H, I, J, K, L, M, N, O, P 
15 0.32333  D, E, F, G 56 0.13433  G, H, I, J, K, L, M, N, O, P 
1 0.31867  D, E, F, G, H 38 0.13233  G, H, I, J, K, L, M, N, O, P 

51 0.30167  D, E, F, G, H, I 53 0.13233  G, H, I, J, K, L, M, N, O, P 
68 0.29967  D, E, F, G, H, I, J 25 0.13133  G, H, I, J, K, L, M, N, O, P 
3 0.29100  D, E, F, G, H, I, J, K 4 0.12933  H, I, J, K, L, M, N, O, P 

57 0.28700  D, E, F, G, H, I, J, K, L 22 0.12933  H, I, J, K, L, M, N, O, P 
75 0.28400  D, E, F, G, H, I, J, K, L, M 32 0.12533  H, I, J, K, L, M, N, O, P 
60 0.28100  D, E, F, G, H, I, J, K, L, M, N 42 0.12200  I, J, K, L, M, N, O, P 
65 0.27000  D, E, F, G, H, I, J, K, L, M, N, O 8 0.11800  I, J, K, L, M, N, O, P 
5 0.25867  D, E, F, G, H, I, J, K, L, M, N, O 19 0.11800  I, J, K, L, M, N, O, P 

27 0.25167  E, F, G, H, I, J, K, L, M, N, O 35 0.11800  I, J, K, L, M, N, O, P 
6 0.24500  E, F, G, H, I, J, K, L, M, N, O 23 0.11400  I, J, K, L, M, N, O, P 

16 0.22933  E, F, G, H, I, J, K, L, M, N, O 41 0.11200  I, J, K, L, M, N, O, P 
67 0.20967  F, G, H, I, J, K, L, M, N, O, P 24 0.11033  I, J, K, L, M, N, O, P 
59 0.20900  F, G, H, I, J, K, L, M, N, O, P 39 0.11000  I, J, K, L, M, N, O, P 
69 0.19800  F, G, H, I, J, K, L, M, N, O, P 52 0.10800  I, J, K, L, M, N, O, P 
26 0.18967  F, G, H, I, J, K, L, M, N, O, P 48 0.10700  J, K, L, M, N, O, P 
71 0.18967  F, G, H, I, J, K, L, M, N, O, P 66 0.10667  J, K, L, M, N, O, P 
29 0.18600  F, G, H, I, J, K, L, M, N, O, P 7 0.10533  K, L, M, N, O, P 
70 0.18400  F, G, H, I, J, K, L, M, N, O, P 37 0.10200  K, L, M, N, O, P 
2 0.18267  F, G, H, I, J, K, L, M, N, O, P 44 0.10000  K, L, M, N, O, P 

28 0.18200  F, G, H, I, J, K, L, M, N, O, P 40 0.09933  K, L, M, N, O, P 
76 0.18100  F, G, H, I, J, K, L, M, N, O, P 17 0.09333  L, M, N, O, P 
77 0.17800  F, G, H, I, J, K, L, M, N, O, P 49 0.09133  M, N, O, P 
55 0.17700  F, G, H, I, J, K, L, M, N, O, P 18 0.09000  N, O, P 
63 0.17700  F, G, H, I, J, K, L, M, N, O, P 43 0.08567  O, P 
14 0.17633  F, G, H, I, J, K, L, M, N, O, P 36 0.08167  O, P 
47 0.16800  F, G, H, I, J, K, L, M, N, O, P 34 0.08033  O, P 
30 0.16533  G, H, I , J, K, L, M, N, O, P 46 0.02400  P 

Table 3. Summary table of Tukey’s Honest Significance Difference Test for total flavonoid content. 
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The bulk of samples have antioxidant activity that 

fell within 12-20% (Figure 1C; Figure 1D). The three 

black soybean genotypes PHL 29552 (29.397%), PHL 

29502 (25.745%), and PHL 29272 (24.476%), were 

identified as outliers with the highest antioxidant 

activities. Similar to the results of the total flavonoid 

content, the ANOVA for total antioxidant activity also 

showed significant differences among the total 

antioxidant activities (P < 0.0001 at α = 0.05). In the post 

hoc analysis, 27 different Tukey groups were formed 

(Table 4); the mean AOA of the three black genotypes 

were found significantly different from each other. 

Unlike the black genotypes, the relative AOA of the 

top five genotypes of the yellow genotypes were not 

significantly different from each other (Table 4) POP 1-

2, POP 1-53, POP 1-4, POP 1 and POP 1-1 had an 

average scavenging activity ranging from 21.197% to 

20.653%.  

On the other hand, the genotypes that had the lowest 

antioxidant activity are PHL 29528 (11.085%); 

Manchuria (11.059%), and PHL 29008 (11.034%). It is 

observable that the genotypes that yielded the lowest in 

terms of antioxidant activity are the local accessions. Out 

of the fifteen lowest-scoring genotypes, twelve were 

local accessions. Furthermore, the local accessions also 

comprised the bottom 10 genotypes (Table 4). These 

results point out that the antioxidant activity of the 

current soybeans being cultivated and produced is low. 

Genotype Mean Tukey Grouping Genotype Mean Tukey Grouping 
11  29.3967 A 44  15.5637 L, M, N 
10  25.7450 B 17  15.0160 M, N, O 
9  24.4757 C 25  14.4660 N, O, P 

18  21.1973 D 23  14.2073 O, P, Q 
21  21.0080 D 28  14.0007 O, P, Q, R 
22  20.8187 D 26  13.7840 P, Q, R, S 
20  20.7713 D 29  13.6973 P, Q, R, S, T 
19  20.6530 D 16  13.6890 P, Q, R, S, T, U 
65  18.3610 E 30  13.5240 P, Q, R, S, T, U, V 
59  18.2167 E 31  13.5240 P, Q, R, S, T, U, V 
67  17.9527 E, F 72  13.4553 P, Q, R, S, T, U, V 
58  17.8803 E, F 27  13.4373 P, Q, R, S, T, U, V 
66  17.8563 E, F 24  13.3657 P, Q, R, S, T, U, V 
57  17.7360 E, F, G 54  13.3333 Q, R, S, T, U, V 
63  17.7123 E, F, G 45  13.1897 Q, R, S, T, U, V, W 
64  17.6880 E, F, G 32  13.1123 Q, R, S, T, U, V, W, X 
60  17.5920 E, F, G, H 47  13.0937 R, S, T, U, V, W, X 
61  17.5197 E, F, G, H 49  13.0063 R, S, T, U, V, W, X 
62  17.4717 E, F, G, H 33  12.9823 R, S, T, U, V, W, X 
55  17.0870 F, G, H, I 48  12.9740 R, S, T, U, V, W, X 
78  17.0393 F, G, H, I 50  12.9737 R, S, T, U, V, W, X 
56  17.0390 F, G, H, I 52  12.9650 R, S, T, U, V, W, X 
69  17.0153 F, G, H, I 35  12.9607 R, S, T, U, V, W, X 
36  16.9067 F, G, H, I, J 34  12.7657 S, T, U, V, W, X, Y 
77  16.8710 F, G, H, I, J 8  12.6650 T, U, V, W, X, Y 
70  16.6787 G, H, I, J, K 46  12.6620 T, U, V, W, X, Y 
38  16.6667 G, H, I, J, K 53  12.5970 U, V, W, X, Y 
71  16.6547 G, H, I, J, K, L 51  12.5560 V, W, X, Y 
37  16.5470 H, I, J, K, L 7  12.1730 V, W, X, Y, Z 
74  16.5107 H, I, J, K, L 14  12.1213 W, X, Y, Z, A-2 
39  16.3550 I, J, K, L 15  12.0173 X, Y, Z, A-2 
68  16.3423 I, J, K, L 13  11.7327 Y, Z, A-2 
73  16.3420 I, J, K, L 4  11.7067 Y, Z, A-2 
75  16.2463 I, J, K, L 6  11.6810 Y, Z, A-2 
40  16.2110 I, J, K, L 3  11.6807 Y, Z, A-2 
76  16.0057 I, J, K, L, M 1  11.2407 Z, A-2 
42  15.9953 I, J, K, L, M 5  11.0850 Z, A-2 
41  15.8273 J, K, L, M 12  11.0593 A-2 
43  15.6593 K, L, M 2  11.0337 A-2 

Table 4. Summary table of Tukey’s Honest Significance Difference Test for total antioxidant activity. 
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Nevertheless, the higher scavenging activities of the 

genotypes being developed suggest that the antioxidant 

levels of soybeans may still be increased through 

breeding. 

3.3 Total anthocyanin content 

The total anthocyanin contents (TAC) among the 

soybean genotypes ranged from 0.0 mg/100 g to 177.010 

mg/100 g; yielding an overall average of 24.906 mg/100 

g. The mean anthocyanin content of the current 

genotypes is relatively higher compared to previously 

published studies. For instance, 19.978 mg/100 g CyE 

was obtained for the yellow genotypes, while no 

detection was reported for the yellow soybeans tested by 

Xu and Chang (2008a and 2008b). Similarly, the 

anthocyanin content of the Philippine black genotypes 

(148.111 mg/100 g) was higher than that of the black 

soybeans studied by Xu and Chang (2008a and 2008b) 

where anthocyanin contents of 36.58 mg/100 g, 4.36 

mg/100 g, and 2.63 mg/100 g were detected. The large 

difference in anthocyanin contents of the soybeans tested 

by Xu and Chang (2008a and 2008b) in the two separate 

studies may indicate that the anthocyanin contents of 

soybeans vary widely among different cultivars and 

environmental conditions.  

A study by Kim et al. (2012) found that the planting 

dates, which may be associated with different 

temperature and precipitation rates, significantly affected 

the anthocyanin content quantified in black soybeans. In 

another crop, anthocyanin content in grapes was 

significantly changed by the exposure to different 

temperatures at different growth stages (Yamane et al., 

2006), consistently supporting that besides genotype, 

environmental factors can also influence anthocyanin 

expression.  

Figure 1E illustrates that the majority of the soybean 

samples fell within the range of 20 mg/100 g TAC and 

below. Several outliers are observed in Figure 1F; 

application of the outliers’ formula determined 12 

genotypes with TAC beyond the upper extreme value of 

35.49 mg/100g. Among these, the three black soybean 

genotypes had the highest anthocyanin contents, with 

PHL 29272, PHL 29502, and PHL 29552 having 177.01 

mg/100 g, 143.75 mg/100 g, and 123.57 mg/100 g, 

respectively. Tiwala 8 (106.038 mg/100 g), PHL 6923 

(93.65 mg/100 g), and POP 1-42 (89.76 mg/100 g) were 

among the yellow genotypes with the highest TAC. In 

contrast, no anthocyanin was detected in POP 1-5 similar 

to the findings of Xu and Chang (2008a and 2008b) in 

yellow soybeans. 

ANOVA procedure showed that there were 

significant differences (P < 0.0001) among the TAC of 

the 78 samples while Tukey’s test (Table 5) revealed 33 

different groups. Although more groups were formed in 

Tukey’s HSD for anthocyanin compared to that of 

flavonoids and antioxidant activity, there was a higher 

occurrence of overlap of non-significant differences in 

content among multiple genotypes in the anthocyanin 

content, compared with that of flavonoids. In fact, a 

handful of genotypes belonged to as many as 12 different 

groupings in the Tukey test. Furthermore, there was an 

observable regression of anthocyanin content among the 

genotypes; from the ninth-highest anthocyanin content 

(POP 5-3 with 50.79 mg/100 g) down to those with the 

least content. A possible explanation for the trend in 

anthocyanin content is the fact that the 5th-generation 

stable lines used in the experiment descended from the 

same parental cross (Tiwala 10 × IPB SY-96-27-30). 

3.4 Correlation of flavonoid and anthocyanin content 

with antioxidant activity 

Although there was no direct quantification of the 

correlation between flavonoids and antioxidant activity, 

the capability of flavonoids to act as antioxidants has 

been tested both in vitro and in vivo. According to a 

review by Pietta (2000), flavonoids exhibit antioxidant 

properties by inhibiting the formation of Reactive 

Oxygen Species (ROS) and scavenging them. 

Additionally, a study by Burda and Oleszek (2001) 

demonstrated the high antioxidant activities of certain 

flavonols that have free hydroxyl groups at the C-3 

position. These data suggest that flavonoids are 

correlated with antioxidant activities, as flavonoids 

themselves may be the source of antioxidant activities. 

Current findings showed, and therefore supported, a 

significant correlation (p-value < 0.0001) between the 

flavonoid content and antioxidant activity (Table 6). 

Several studies in different berries have confirmed 

the high correlation between antioxidant activity and the 

anthocyanin content (Kalt et al., 1999; Wang and Lin, 

2000; Orak, 2007). Furthermore, tests on black soybeans 

by Xu et al. (2007) showed that the maximum significant 

correlation existed between anthocyanin and antioxidant 

activities. In this study, correlation analysis showed that 

there was a significant correlation between anthocyanin 

content and antioxidant activity (p-value < 0.0001) in the 

sampled soybeans (Table 6). 

While both flavonoid and anthocyanin contents were 

concluded to be significantly correlated with antioxidant 

activity, Pearson correlation coefficients (Table 6) 

showed that anthocyanin content (0.417) was more 

highly correlated with antioxidant activity in comparison 

with flavonoid content (0.294). 
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4. Conclusion 

This study identified soybean genotypes with higher 

flavonoid and anthocyanin contents, and antioxidant 

activity among selected Philippine soybean samples, 

which included currently grown varieties for commercial 

use, developed varieties, and breeding lines under 

research. Findings infer that soybean lines developed via 

breeding had better flavonoid and anthocyanin contents, 

and antioxidant activities, in comparison with the 

varieties presently used in the local market. The positive 

and significant correlation between flavonoid content 

and antioxidant activity, and between anthocyanin 

content and antioxidant activity presents a good prospect 

in developing TFC, TAC and AOA in soybean through 

breeding.  

 

Genotype Mean Tukey Grouping Genotype Mean Tukey Grouping 
9  177.010 A 5 14.332  O, P, Q, R, S, T, U, V, W, X 

10 143.750  B 54 14.193  O, P, Q, R, S, T, U, V, W, X 
11 123.572  C 16 13.777  O, P, Q, R, S, T, U, V, W, X, Y 
14 106.038  D 40 13.775  O, P, Q, R, S, T, U, V, W, X, Y 
8 93.653  E 58 13.638  O, P, Q, R, S, T, U, V, W, X, Y 

67 89.757  E 66 13.497  O, P, Q, R, S, T, U, V, W, X, Y 
78 82.242  F 41 12.942  P, Q, R, S, T, U, V, W, X, Y, Z 
75 70.553  G 53 12.830  P, Q, R, S, T, U, V, W, X, Y, Z 
25 50.793  H 19 12.523  Q, R, S, T, U, V, W, X, Y, Z, A-2 
74 46.478  H 23 12.107  Q, R, S, T, U, V, W, X, Y, Z, A-2, B-2 
2 46.477  H 42 12.107  Q, R, S, T, U, V, W, X, Y, Z, A-2, B-2 
6 38.965  I 72 11.828  R, S, T, U, V, W, X, Y, Z, A-2, B-2, C-2 

50 33.817  I, J 55 11.272  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 
7 29.642  J, K 31 11.132  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 

45 25.188  K, L 43 10.993  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 
4 23.518  K, L, M 26 10.993  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 

76 23.378  K, L, M 44 10.853  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 
61 22.822  K, L, M, N 62 10.575  S, T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 
51 20.597  L, M, N, O 38 10.437  T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2 
13 20.038  L, M, N, O, P 35 9.742  T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2, E-2 
1 19.343  L, M, N, O, P, Q 20 9.740  T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2, E-2 

18 19.065  L, M, N, O, P, Q, R 57 9.600  T, U, V, W, X, Y, Z, A-2, B-2, C-2, D-2, E-2 
32 18.787  L, M, N, O, P, Q, R 70 8.767  U, V, W, X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2 
17 18.785  L, M, N, O, P, Q, R 63 8.627  V, W, X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2 
56 17.812  M, N, O, P, Q, R, S 77 7.792  W, X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2 
49 16.838  M, N, O, P, Q, R, S, T 37 7.375  X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2 
39 16.560  M, N, O, P, Q, R, S, T 64 7.375  X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2 
69 16.422  M, N, O, P, Q, R, S, T 73 7.097  X, Y, Z, A-2, B-2, C-2, D-2, E-2, F-2, G-2 
30 16.420  M, N, O, P, Q, R, S, T 33 6.678  Y, Z, A-2, B-2, C-2, D-2, E-2, F-2, G-2 
52 16.282  M, N, O, P, Q, R, S, T 12 6.540  Y, Z, A-2, B-2, C-2, D-2, E-2, F-2, G-2 
3 16.282  M, N, O, P, Q, R, S, T 24 6.123  Z, A-2, B-2, C-2, D-2, E-2, F-2, G-2 

46 16.003  N, O, P, Q, R, S, T, U 27 5.288  A-2, B-2, C-2, D-2, E-2, F-2, G-2 
21 16.003  N, O, P, Q, R, S, T, U 60 5.287  A-2, B-2, C-2, D-2, E-2, F-2, G-2 
68 16.002  N, O, P, Q, R, S, T, U 29 5.010  B-2, C-2, D-2, E-2, F-2, G-2 
71 15.585  N, O, P, Q, R, S, T, U, V 15 4.730  C-2, D-2, E-2, F-2, G-2 
36 15.030  O, P, Q, R, S, T, U, V, W 47 4.173  D-2, E-2, F-2, G-2 
48 14.890  O, P, Q, R, S, T, U, V, W 65 2.920  E-2, F-2, G-2 
59 14.750  O, P, Q, R, S, T, U, V, W 22 2.087  F-2, G-2 
34 14.750  O, P, Q, R, S, T, U, V, W 28 0.000  G-2 

Table 5. Summary table of Tukey’s Honest Significance Difference Test for total anthocyanin content. 

  
Flavonoid 

content 

Anthocyanin 

content 

Antioxidant 

activity 

Flavonoid 

content 
1 

0.41413 0.29382 

< 0.0001 < .0001 

Anthocyanin 

content 

 
1 

0.41701 

 < 0.0001 

Antioxidant 

activity 

  
1 

  

Table 6. Correlation analysis of flavonoid content, anthocya-

nin content and antioxidant activity.  
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