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3 ISSN: 2088-5334 Immunomodulatory Potentials of Winged Bean (Psophocarpus 

tetragonolobus) Bioactive Compounds on Human Lymphocyte Proliferation Arindra 

Nirbayaa, Fransiska Rungkat Zakariaa,*, Hendra Wijayab, Erniatic aDepartment of Food 

Science and Technology, Faculty of Engineering, IPB University, Bogor-16680, Indonesia 

bCenter for Agro-based Industry, Ministry of Industry, Bogor-16122, Indonesia 

cAgriculture Faculty, Malikussaleh University, Aceh, Indonesia Corresponding author: 

*since@apps.ipb.ac.id Abstract— Winged bean (Psophocarpus tetragonolobus) has 

been reported to consist of many bioactive compounds that can improve the human 

immune system. Food preparation using heat treatment applied typically can change 

the bioactive properties of the bean.  

 

These studies' main aims were to analyze antioxidants activity and immunomodulatory 

effect of young winged bean pods and mature winged beans, boiled or canned on 

human lymphocytes, representing the immune system. The samples were extracted 

using three-stage maceration methods with n-hexane, ethyl acetate, and water. The 

extracts were cultured with lymphocyte cells using various concentrations representing 

normal consumption. IL-2 representing cell proliferation was analyzed using ELISA. Cell 

marker proteins CD4+, CD8+, CD3+, CD19, and CD16/56 were analyzed using a flow 

cytometer. The highest antioxidants activity was on the water extract of raw mature 

bean (7.2175±0.4794 mg AAE/g). The boiling process increased young winged bean 

anti-oxidant activity (P<0.05), but decreases the anti-oxidant activity of the mature bean 

(P<0.05). The highest proliferation indexes were obtained from water extracts of both 

boiled (2.13) and canned mature bean (2.12). Water extracts of all samples increased 

expressions of IL-2, CD4+, CD8+, CD3+, CD19 and CD16/56 on the cell surface. Boiled 

young winged bean pods have the best activity in increasing CD19 marker.  

 

Canned mature bean was effective in increasing CD16/56 expression. Boiling and 

canning of both young and mature winged beans can increase the immune system as 

shown by the immune parameter analyzed. Keywords—anti-oxidant; lymphocytes; 

proliferation; protein markers; boiling. Manuscript received 2 Apr. 2020; revised 15 Feb. 

2021; accepted 24 Feb. 2021. Date of publication 30 Jun. 2021. IJASEIT is licensed under 

a Creative Commons Attribution-Share Alike 4.0 International License. _ 



 I. INTRODUCTION Central Statistics Agency (BPS) reports that from 2000 to 2017, 

Indonesia's morbidity rate was 28.6%, mainly consisted of non-communicable diseases 

(NCD) and other acute diseases [1]. NCD has been reported to be a worldwide problem 

that healthy diets could prevent consisted mostly of plant-based foods [2], [3].  

 

Research on the benefit of plant foods for health or functional foods has been done 

substantially. Food has various bioactive compounds such as flavonoids, carotenoids, 

phenolic acids, and terpenoids. The mixtures of bioactive compounds in foods have 

synergistic properties on the level of cell proliferation, apoptosis, antioxidant capacity 

[4]. Consumption of spices, vegetables, and fruits in sufficient quantities was able to 

show anti- inflammatory effects and increase the immune system in humans, such as in 

healthy students and factory worker _respondents [5].  

 

This occurred due to an increase in immune cells functions including proliferation 

activity, increasing in subset cell numbers such as CD4+ and CD8-T cells and cytotoxic 

activity of natural killer cells (NK) or CD16/56- Tcell. Indonesia's people widely consume 

young winged bean pods (Psophocarpus tetragonolobus) as raw, boiled, or stir- fried 

whole pod vegetables. The mature bean is not as widely used as the young but 

incidentally used as a common bean dish. Recently, mature winged bean grown locally 

was characterized for its functional and physicochemical properties [6], [7]. The leaf of 

the plant is consumed as a salad in Sri Lanka. Similar uses occur in Papua New Guinea 

on winged flowers.  

 

Winged tubers are consumed in Burma and Papua New Guinea as steamed, roasted, 

and boiled preparations [8]. Winged bean, Psophocarpus tetragonolobus (L.) DC. is 

analogous to soybean in yield and nutritional



quality, proving a valuable alternative to soybean in tropical regions of the world. The 

nutrient content in the winged bean is almost the same as in soybeans in protein and fat 

[9], [10]. Bioactive components of a winged bean are also high in vitamin A, vitamin C, 

calcium, iron, flavonoid, and phenolic components [6], [11].  

 

Bioactive components in wing beans can provide anti- oxidant, anti-inflammatory, 

antinociceptive, antibacterial, antifungal, antiproliferative, cytotoxic activity 

antihypertensive effect [12]–[15]. Bioactive compounds act as a defense against oxidants 

and metabolic deregulation and immune-modulating [16]–[18]. The oxidant inhibition 

and immune-modulating effects of the cellular system have an anti-inflammatory effect 

and modulate the immune reactions [19].  

 

This mechanism occurs as a result of polyphenols inhibiting enzyme activity associated 

with pro-inflammatory agents such as cyclooxygenase-2 (COX-2), lipoxygenase (LOX), 

and inducible nitric oxide synthase (iNOS) in producing cytokines or inducing cell death 

[20]. Besides, polyphenols can also inhibit the nuclear factor kappa-light- 

chain-enhancing activated B cells (NF-kB), induce activation of protein-1 (AP-1), activate 

phase II detox enzymes, and mitogen-activated protein kinase (MAPK), protein kinase C, 

and nuclear factor erythroid-2 (Nrf-2) [21]. Faba bean extract was shown to inhibit Cox-2 

enzyme activity with IC50 at 119 ug/mL21.  

 

In diabetic respondents, black soybean increased IL-6 from 0,23 to 0,25, CD4+Tcell from 

563 to 679 and CD8+Tcell from 317 to 343 [19]. Mung bean processed by fermentation 

and soybean possessed cytotoxicity activities against breast cancer MCF-7 cells by 

apoptosis and inducing splenocyte proliferation and increasing serum cytokines 

interleukin-2 and interferon-? levels [22]. Food processing improves the flavor and 

palatability of beans and changes the character of bioactive compounds and its 

functional properties. Beans were soaked to soften the texture and shorten cooking 

time.  

 

On the other hand, soaking could reduce polar bioactive compounds [23]–[25]. The 

bioactive compound is quite susceptible to heat and is easily dissolved in water [26]. The 

opportunity for the biological benefits of the bioactive components of winged bean that 

has undergone processing needs to be studied. This study aims to determine the 

antioxidant activity and immunomodulatory effects of the bioactive compound of 

processed winged beans on human lymphocyte cells in vitro to explore their potential in 

modulating the immune responses. II.  

 

MATERIAL AND METHODS A. Plant Material Winged beans (Psophocarpus 

tetragonolobus) were obtained from local farmers in Caringin, Bogor, Indonesia. Winged 



beans were collected at 3 weeks and 8 weeks after flowering (WAF). Whole pod 3 WAF 

winged beans were used as young bean samples. Beans of 8 WAF were used as mature 

bean samples. Broken pods and beans, foreign materials were hand removed from the 

samples. B. Processing Winged bean pods were washed and cut at approximately ±2 

cm. The samples were added water (1:4) and then boiled for 15 minutes. The mature 

winged beans were soaked 18 _hours at ambient temperature, then boiled and canned.  

 

Boiled beans were produced by washing and then boiling for 70 minutes by adding 

water 1:10. The canning process to get ready-to-eat beans were done, as reported by 

Setyawan et al. [7]. Raw and cooked winged samples were oven-dried at 50oC for 24 

hours. The dried samples were ground and pressed to pass through 4 mesh (5 mm) 

sieve. Later, the powder samples were preserved in polyethylene bags and store at the 

refrigerator for further analysis. C. Bioactive Compound Extraction from Raw and 

Processed Winged Beans Sample extraction was carried out in stages using three types 

of solvents. 50 grams of sample powder was mixed with 200 mL of hexane.  

 

The extraction process was carried out by sonication for 15 minutes and then in a shaker 

for 24 hours at room temperature, speed 150 rpm. The solution was filtered then the 

solid residue was re-extracted with the same solvent and method three times to obtain 

a non-polar filtrate. The residue was re-extracted to get semi-polar using ethyl acetate 

and polar water extracts. Hexane and ethyl acetate extracts were concentrated using a 

rotary evaporator (Buchi R II) at 40oC, speed 75, rpm, and vacuum condition.  

 

While the water extract was concentrated using a rotary evaporator (Buchi R II) at 50oC, 

speed 80 rpm, and vacuum condition [27]. D. Anti-oxidant Activity Test of FRAP Method 

FRAP reagent was freshly prepared by mixing 300mM acetate buffer (CH3COOH + 

CH3COONa) pH 3.6; 2,4,6- Tri(2-pyridyl)-s-triazine (TPTZ) 10mM in 40 mM HCl; 20mM 

FeCl3.6H20 with a ratio of 10:1:1. The extracts were dissolved in ethanol to a 

concentration of 1mg/mL. The diluted sample was pipetted 20 µL into the 96 well plates 

and added 180 µL FRAP reagent.  

 

The reaction mixture's absorption was measured using a microplate reader (Epoch 

BioTech) at 590 nm. The absorbance measurements were compared with ascorbic acid 

in the range of 20-320 µg/mL as the calibration curve. The reducing power was 

expressed as milligram of ascorbic acid equivalent (mg AAE/g) of powder sample [28]. E. 

Lymphocyte Isolation Peripheral blood was collected 20 ml from a healthy male student 

after the University Ethical Committee approved the ethical clearance.  

 

The collected blood was transferred into a sterile centrifugation tube and continued 

with centrifugation at 1500 rpm, 20oC for 10 minutes. The clear layer (buffy coat) 



between the yellow and red layers was pipetted and transferred to another tube then 

added with PBS (Sigma). The suspension is added to the tube containing the 

ficoll-hypaque (Sigma) solution through the tube wall slowly to form an overlayer then 

centrifuged at 2700 rpm at a temperature of 20oC for 30 minutes.  

 

Layers as rings are piped and transferred to another tube to add PBS. The suspension is 

centrifuged at a speed of 2000 rpm, a temperature of 20 oC for 30 minutes, and the cell 

pellet was washed with PBS twice by centrifugation at a speed of 2000 rpm for 10 

minutes. The cell pellets obtained were added with RPMI 1640 medium (Sigma) added 

with FBS (Sigma). The last process of isolation is counting the number of cells [16].



Calculation of cell counts was carried out with 10 µL of cell added with 10 µL triphan 

blue dye, then pipetted into the hemacytometer and observed using a microscope with 

400 times magnification. Cells are calculated by considering 5 fields of view.  

 

The cells to be tested must be in a living condition of at least 1x106 cells/ml [29]. F. Cell 

Proliferation Test MTT Method A total of 80 µL (105 cells) of lymphocyte cell 

suspensions were pipetted into sterile microplate wells. The cell suspension was added 

with a test extract of 20 µL with various concentrations and then incubated for 72 hours. 

With the condition of 5% CO2, 37 oC and humidity of 90%. The level of sample 

concentration of young winged bean was 11.07 mg/mL; 5.53 mg.mL; 2.77 mg/mL. 

Whereas mature winged bean concentration levels were 6.4 mg/mL; 3.2 mg/mL; 1.6 

mg/mL. In other wells, PHA was added as a positive control and RPMI media as a 

negative control.  

 

Furthermore, MTT (5 mg/mL) was added 10 µL in each well 4 hours before the 

incubation period ended. Ethanol p.a was added 100 µL in _J. Ethical Statement Human 

Research Ethics Committee approved the study of IPB University Bogor, Indonesia 

(Ethical clearance No. 033/IT3.KEPMSM-IPB/SK/2018, on 7th June 2018) III. RESULT AND 

DISCUSSION A. Anti-oxidant Activity Anti-oxidants are defined as substances to fight or 

inhibit oxidation reactions induced by oxygen or peroxide.  

 

The method of testing anti-oxidant activity in this study used the FRAP method based 

on a compound's ability to reduce radical Fe (III) to Fe (II). The analysis results were 

compared with ascorbic acid in which 1 mole of ascorbic acid could reduce 2 moles of 

Fe (III). The higher the analysis results, the better the ability to deter free radicals. The 

anti-oxidant activities of various winged bean extracts are presented in Table 1. TABLE I 

ANTI-OXIDANTS ACTIVITY OF VEGETABLE AND WINGED BEAN EXTRACTS



each well after the incubation ended.  

 

The absorbance USING ASCORBIC ACID (AA) AS STANDARD 



measurement was carried out by ELISA reader (BioGen) at a wavelength of 595 nm [30]. 

Proliferation activity is expressed in the proliferation index calculated by the equation: _ 

Antioxidants Activity (mgAA/g) S



 = G. IL-2 Expression Test _(1)



Interleukin-2 (iL-2) expression test was carried out using the ELISA method. 800 µL (106 

cells) of the lymphocyte cell suspension was added into 12 well microplates, and 200 µL 

of the extract solutions were added with the same concentration as for the proliferation 

test.  

 

Cell suspensions were incubated for 72 hours under conditions of 5% CO2, 37 oC and 

humidity of 90%. PHA was used as a positive control and RPMI as a negative control. 

After the incubation ended, the cell suspension was centrifuged for 10 minutes at a 

speed of 1500 rpm at a temperature of 20 oC, and the supernatants were used to 

measure the expression of IL-2 using human IL- 2 ELISA kit (Elabscience). The amount of 

IL-2 is calculated based on the IL-2 standard curve [31]. H.  

 

Analysis of CD3+, CD4+, CD8+, CD19+, CD16/56+Tcells 100 µL of cell pellet suspension 

was pipetted and inserted into the falcon tube then added 20 µL of human anti-CD3+, 

anti-CD4+, anti-CD8+, anti-CD19, anti-CD16/56 antibody reagent kits. The mixture was 

incubated at room temperature, dark conditions for 20 minutes, and fixation was carried 

out using a solution of a reagent kit containing diethylene glycol and formaldehyde. Cell 

pellets are shaken then added with PBS and read using a flowcytometry (BD FACSTM ) 

[19]. I. Statistical Analysis The results were statistically analyzed by IBM SPSS Statistics 21 

computer program.  

 

The data ware was assessed using one-way ANOVA followed by Duncan test to analyse 

the treated samples' significant level. P-values less than 0.05 were considered as 

statistically significant. _ RY= raw young winged bean; BY= boiled young winged bean; 

RM= raw mature winged bean; BM= boiled mature winged bean; CM= canned mature 

winged bean. Different letters showed significant differences based on the Duncan post 

hoc test (P <0.05). Young winged beans, normally consumed as a vegetable, have lower 

anti-oxidant activity compared to mature winged beans (P <0.05).  

 

The mature bean coat contains phenolic components that act as the first defense 

mechanism for UV and microbial exposure [32], pathogens, predators, and abiotic stress 

[33]. The existence of the phenolic component as one part of the bioactive component 

supports the statement of Boukhanouf et al. [34] that the highest anti-oxidant is found 

in the bean coat. Heat exposure to vegetable beans increases anti-oxidant activity in the 

bean. This occurs due to the inactivation of oxidation enzymes such as peroxidase, 

which triggers pro- oxidants' formation and the formation of new compounds that can 

act as anti-oxidants.  

 

The same is true of other vegetables such as paprika, pumpkin, spinach, green beans 

and beetroot [35]. In detail, the decrease in anti-oxidant activity of canned beans was 



lower than in boiled beans. The heating process can cause the release of phenolic bonds 

and phenolic conversion into insoluble components bound to cell wall polysaccharides 

[34], [36]. Soaking the beans that were done before processing also has the potential to 

decrease anti-oxidant activity.  

 

Solvents provide an important role in anti-oxidant testing because they are based on 

their ability to take all components that have anti-oxidant benefits [34]. Extraction with 

various solvents was carried out to obtain the distribution of bioactive components 

based on the level of polarity. Non-polar solvent hexane has polarity index 0.0, 

semi-polar ethyl acetate 4.4 and



polar water has polarity index 9.0. Water extracts had the highest anti-oxidant activity 

statistically (P <0.05) in both young and mature beans. Bean anti-oxidants were more 

dominant in hexane extract (P <0.05), while vegetable young bean anti-oxidants tended 

to be more dominant in ethyl acetate extract although not significantly different (P> 

0.05). The anti-oxidant analysis results are slightly different from the Khalili et al.  

 

[37] study, which showed the highest bioactive component found in ethyl acetate 

extract. Hexane can attract fat components, terpenoids, steroids, and carotenoids. 

Semipolar ethyl acetate solvents dissolve proteins, xanthones, alkaloids, flavonoids, and 

polyphenols, while water can attract compounds such as carbohydrates (glycosides), 

phenolics, saponins, and tannins. The mature winged bean of our study had moisture, 

protein, carbohydrate by difference, fat, ash and a phenolic total of 13.01±0.07, 

_38.91±0.06, 40.82±0.11, 15.40±0.06, 4.85±0.03 %, 7.67±0.29 mgGAE/g [7]. B.  

 

Lymphocyte Cell Proliferation Activity The lymphocyte culture results showed a change 

in the number of cells after the addition of winged extract. The highest proliferation 

index is found in processed bean and canned beans in water extract with a value of 2.13. 

This number means that the addition of 20% of processed bean water extract with a 

concentration of 3.2 mg / mL into cell cultures can increase the cell count by 2.13 times 

from the initial amount. The lowest proliferation index was found in vegetable winglets 

in ethyl acetate extract with a concentration of 2.77 mg / mL with a value of 0.7.  

 

A proliferation index number of less than 1 indicates the presence of cells that died 

during culture (Figure 1).



 _ 



 3 2,5 2 1,5 1 0,5 0 _ Control culture _ PHA tween 80 _B RM BM CM RM BM CM RM BM 

CM



 RPMI Hexane Ethyl Acetate Water Sample Concentration 6,4 mg/mL Concentration 3,2 

mg/mL Concentration 1,6 mg/mL Fig. 1 The average of winged bean extract stimulation 

index at various concentrations of three replications. *A) Extracts of young winged 

beans; B) Extracts of mature winged bean.  

 

RY= raw young winged bean; BY= boiled young winged bean; RM= raw mature winged 

bean; BM= boiled mature winged bean; CM= canned mature winged bean



 The average proliferation index value for winged beans (1.31) was higher than for 

vegetable winglets (1.04) and positive controls (1.09). Nevertheless, the average 

vegetable proliferation index value was relatively higher than the negative control (1.00). 

Positive control uses PHA which is a red bean lectin and acts as a mitogen. Mitogen is a 

compound that can activate the signal transduction system to induce multiplication of 

lymphocyte cells both T cells, B cells and natural killer cells (NK).  

 

The winged bean stimulation _indexes were more than that of the positive control and it 

was assumed that besides the presence of lectins there were also more complex 

bioactive components such as flavonoids, tannins, short-chain fatty acids (SCFA) and 

peptides in the beans. The processing factor significantly (P <0.5) increased the 

proliferation index of processed winged and vegetable beans. The bioactive component 

is always toxic if given at high doses but has the benefit of being a drug at the right low 

dose.



In ethyl acetate and hexane extract there are steroid compounds, terpenoids, and 

coumarin which are toxic although, on the other, hand they can also act as 

anticancer[38]. The concentration of extracts statistically (P <0.5) gave a different 

response where the higher the concentration the higher the cell stimulation index value.  

 

In this study extract concentrations were calculated based on WHO recommendations 

on the amount of daily consumption of vegetables and grains so that the amount of the 

bioactive compounds in the culture could represent the amount of bioactive compound 

absorbed in the blood [19]. C. Production of Interleukin 2 (IL-2) by Lymphocyte Cells 

Increased production of lymphocyte IL-2 is in line with positive controls although not 

significantly different (P> 0.05). The type of beans and the processing carried out on 

winged beans did not provide a significant difference (P> 0.05) (Figure 2). _mature 

winged bean; BM= boiled mature winged bean; CM= canned mature winged bean.  

 

Different letters showed significant differences based on the Duncan Post hoc test (P 

<0.05). This can be interpreted that both young winged bean pods and bean have 

positive effects on IL-2 synthesis in human lymphocyte culture. IL-2 is a group of 

haemopoietin produced by Th cells to increase immune cell functions, including 

proliferation activities. D. Numbers of CD4+T Cell, CD8+TCell, CD3+TCell, CD19+BCell 

and CD16+ / 56+TCell (NK Cell) The cluster of differentiation (CD) is a cell surface 

molecule expressed by immune cells and used as a marker in immunophenotyping [21].  

 

The determination of the number of CD4+ and CD8+ subset cells was carried out based 

on the principle of antibody reactions. Cell pellets from culture were added with 

FITC-anti-human CD3+, PE-Cy7-A -anti-human CD4+, APC-Cy7-A-anti-human CD8+, 

APC-A-anti-human CD19+ and PE- A -anti-human CD16 / 56+. Colour



620 600 580 a 560 540 520 500 480 460 _b b b b b Sample _illumination will appear 

when the colored anti-human subset binds to the tested cell suspension's human 

subset.  

 

The flowcytometer captures the luminescence carried by the sample stream and is 

translated in the form of dot plots in different quadrants. Based on the data in Table 2, it 

can be concluded that vegetable and winged bean boiled or canned did not give a 

significant change (P <0.05) to the number of CD4+ and CD8+ subsets. This shows that 

winged bean extracts did not specifically induce the multiplication of these subset cells.  

 

An increase in the CD4+ subset cell indicates the number of T helper cells (Th) that act 

as B cells' stimulators to produce antibodies and a marker for HIV virus infection. The 

CD8 + subset indicates the presence of cytotoxic cells (Tc) which



Fig. 2 Expression of IL-2 lymphocyte cultured with winged vegetable and bean extracts. 

Notes: Cells with the addition of winged bean in water extract concentration of 5.53 mg 

/ mL in young winged beans and 3.2 mg / mL in mature beans. RY= raw young winged 

bean; BY= boiled young winged bean; RM= raw _play a role in the body's defense 

mechanism against other mutated cells such as cancer cells, viruses and microbes 

infected cells [21].



  

 

TABLE II NUMBER OF CD3+, CD4+, CD8+, CD 19+, CD 16/56 SUBSET CELLS Sample 

CD4+ Tcells (%) CD8+ Tcells (%) CD3+Tcells (%) CD19+Bcells (%) CD16/56 NK cells (%) 

C RY= raw young winged bean; BY= boiled young winged bean; RM= raw mature 

winged bean; BM= boiled mature winged bean; CM= canned mature winged bean. 

Values are mean±SEM from triplicate analyses. Different letters showed significant 

differences based on the Duncan post hoc test (P <0.05). 



CD3+Tcells number in Table 2 was not significantly different (P> 0.05) in both the 

control cells and the treated cultures. Significant differences (P <0.05) were shown with 

boiled winged vegetables with the highest total CD19+Bcells (15.85%) and boiled 

mature bean at the highest total CD16 / 56+Tcells (71.71%). The percentage value of 

each CD was obtained from the number of CDs compared to detectable lymphocyte cell 

populations.  

 

It appeared that the lymphocytes _that proliferated (Figure 1) were mostly CD19+Bcells 

and CD16 / 56+Tcells. These indicate the potentials of winged bean consumption in 

improving antibody synthesis by CD19+Bcells and cancer and virus infection prevention 

by CD16 / 56+Tcells or NK according to both cell type activities in performing their 

specific functions. The capacity of improving the immune system and cancer prevention 

through



NK cell function by bean products has been demonstrated in many research [20], [39]. 

IV.  

 

CONCLUSION Both young winged bean pods and mature bean extracts had positive 

effects on anti-oxidant activity and were able to increase the proliferation of 

lymphocytes. Anti-oxidant activity and proliferation index of winged beans were higher 

than those of young winged bean pods. The highest anti- oxidant and proliferation 

activity of the winged bean was found in the water extract. Boiled young winged bean 

pods and boiled mature bean water extracts appeared to stimulate lymphocytes 

proliferation and the proliferated cells were mostly CD19+Bcells and CD16 / 56+Tcells.  

 

It can be concluded that the consumption of young winged bean pods and winged 

beans may contribute to improving antibody synthesis by CD19+Bcells and cancer and 

virus infection prevention by CD16 / 56+Tcells or NK cells. Nevertheless, further 

investigation on the mechanism of the lymphocyte cell stimulations may be interesting 
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