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Abstract

Among the many blood group systems, the most medically relevant when it comes
to carrying out blood transfusions and organ transplantations is the ABO blood group
system. Blood typing, in general, plays a very important role in clinical diagnosis,
transfusion medicine, and immunohematology. These experiments were centralized on
the hemagglutinating prospects of the said Hyacinth Bean (Lablab purpureus) extract.
Seeds had been obtained in Barangay Dasay, Miraan, locos Sur, and were authenticated
at Don Mariano Marcos Memorial State University. The phytochemicals assay was
conducted to ascertain the presence of biologically active compounds, more specifically
lectins with a carbohydrate-binding affinity and an agglutination-inducing properties. The
beans were subjected to standard extraction, precipitation, and buffer preparation
protocols to obtain crude extract from which the crude lectin-containing extract was
derived. Different treatment concentrations of the extract were prepared for testing
hemagglutination. Macroscopic grading of agglutination reactions was employed to
compare against commercial antisera (positive control). Subsequently, the experiment
yielded proof of hemagglutinating activity found in the extract across ABO group with
some concentration demonstrating the agglutinating power equivalent to commercial
antisera particularly those of types A and B. This study reinforces the paradigm
concerning the use of sustainable plant-based diagnostic resources, and furthermore
encourages investigations that will optimize extraction methods of the active lectin
components, as well as standardization of the treatment protocols for consistent and
accurate diagnostic use.

Keywords: Hyacinth (Lablab purpureus) Bean; hemagglutination; blood typing, ABO
blood system, lectin, polyagglutination



1. Introduction

The classification of human blood group system is the foundation of transfusion
medicine and immunohematology. Typing of blood, especially in ABO and the Rh
system, remains crucial to the delivery of safe blood transfusions and minimizing adverse
immunologic responses. The ABO system, which was discovered by Karl Landsteiner in
1901, categorizes blood as possessing or not possessing antigens A and B on the red blood
cells' surface (Harmening, 2019). The classification remains not only crucial in
transfusion medicine but in organ transplantation and maternal-fetal medicine (Gajic et.al,
2021).

Lectins, plant carbohydrate-binding proteins, have been gained interest since they
are able to bind to glycoproteins present on the surface of erythrocytes specifically,
leading to macroscopic agglutination. Hyacinth bean (Lablab purpureus), which is widely
cultivated in Asia and Africa, has been identified as a valuable source of hemagglutinating
active plant lectins. These bioactive proteins have long been traditionally known to be of
nutritional and medicinal significance, and recent research has identified their red blood
cell agglutinating property (Zhou et al., 2024; Nabavi, 2020).

Legume-derived lectins have been extensively documented to possess high
binding affinity to certain blood group antigens (Katoch et al., 2021). For example,
Dolichos biflorus lectin has exhibited selective agglutination with blood group Al
erythrocytes (Pacha-Gupta et al., 2016). Like Crotalaria spectabilis and other legumes,
research proved hemagglutinating activity against ABO blood groups (De Oliveira et al.,
2017). These results validate the postulation that hyacinth bean lectins would display
similar activity and specificity.

Additionally, previous research has recorded lectin-containing plants like
Phaseolus vulgaris and Artocarpus heterophyllus as having an important
hemagglutination activity, justifying the employment of plant-based reagents in serology
(Sultana, 2019; Dzulkipli et al., 2023). Interestingly, a study by Liu et al. (2020) identified
a lectin from Lablab purpureus—designated as FRIL—that inactivated viral particles,
supporting the biomedical potential of this plant.

Even with increasing evidence, few studies have been specifically directed
towards hyacinth bean lectins for blood typing purposes. In this regard, the present study
endeavors to examine the hemagglutinating activity of hyacinth bean extract on the ABO
blood group system. It also endeavors to find out if plant lectins can be effective, low-
cost substitutes for commercial antisera in the determination of blood types. Through it,
this book aims to add not just to diagnostic innovation but also to increasing the
application of natural biocompounds in clinical and biomedical sciences.



2. Objectives
General Objective:

To assess the hemagglutinating potential of Lablab purpureus (hyacinth bean)
extract on various human red blood cells of various ABO blood types compared with that
of a known positive control via macroscopic agglutination reaction grading.

Specific Objectives:

To measure the hemagglutinating potential of Lablab purpureus extract
throughout ABO blood types relative to a known positive control as ascertained using
macroscopic agglutination grading.

To determine which treatment (blood type and condition) has the highest
hemagglutinating response to Lablab purpureus extract and compare it with the positive
control reaction.

To statistically compare if there is a significant difference between the
hemagglutinating activity of the hyacinth bean extract and the positive control for
different ABO blood types.



3. Materials and Methods

Research Design

This study employed an experimental research design. Experimental research is a
scientific method in performing research where independent variables were applied to
dependent variables to observe their effect on the later

Plant Collection and Identification

Newly harvested matured hyacinth bean (Lablab purpureus) samples were
gathered from Barangay Dasay, Narvacan, Ilocos Sur. Botanical authentication and
identification were done by the Don Mariano Marcos Memorial State University-North
La Union Campus Agriculture Department to confirm that the right species were utilized.
Only mature seed pods were used in the analysis.

Phytochemical Screening

Phytochemical analysis was conducted at Lorma Colleges, San Fernando, La
Union, by the College of Pharmacy. The process used for extraction was maceration using
ethanol, resulting in a yellowish extract with an aromatic smell. Mayer's, Hager's,
Molisch, Benedict's, Lead Acetate, Ferric Chloride, Froth, Gelatin, and Filter Paper tests
were conducted. Positive results showed the presence of carbohydrates, alkaloids,
saponins, polyphenolic compounds, reducing sugars, flavonoids, tannins, and essential
oils.

Hyacinth Bean Extract Preparation

Hyacinth bean seeds (100g) were oven-dried at 55°C for one hour with intervals
of five minutes, thereafter coarsely ground in a blender. A quarter (25g) was soaked in
100 mL distilled water in a conical flask, stirred at 10-minute intervals for one hour,
filtered with mesh grit, and allowed to stand at room temperature for 12 hours. The
supernatant was harvested for further processing.

Lectin Buffer Preparation

Lectin buffer was made by dissolving 6.057g of tri-sodium citrate dihydrate, 8.70g
sodium chloride, 0.203g magnesium chloride, and 0.11g calcium chloride in water
distilled. pH was adjusted from 9.8 to 7.20 with concentrated hydrochloric acid, and the
final volume was brought up to 1000 mL in a volumetric flask.

Protein Precipitation

Crude protein of the extract was precipitated with a 10% w/v ammonium sulfate
solution (10g/100 mL of supernatant). The mixture was left overnight for complete
precipitation. The precipitated protein was used for the treatment preparation.

Treatment Preparation
Three treatment solutions were prepared as follows:
e Treatment 1: 50 pL hyacinth bean extract + 25 uL buffer
e Treatment 2: 100 uL hyacinth bean extract + 25 pL buffer
e Treatment 3: 200 pL hyacinth bean extract + 25 pL buffer

Blood Sample Collection and Blood Typing
Following McPherson et al. (2021), 5 mL of blood was drawn from each of 15
qualified donors and collected in EDTA vacutainer tubes. Forward blood typing was



performed using the tube method with commercial antisera (Anti-A, Anti-B, Anti-D) per
Harmening (2019), to confirm ABO and Rh status of the donors.

Red Blood Cell Suspension Preparation

Red blood cells were centrifuged, washed three times with normal saline solution
(NSS) and resuspended to prepare a 3% RBC suspension. To provide equal distribution
for hemagglutination testing.

Hemagglutination Testing

Hemagglutination testing were performed in 180 test tubes (12 per donor). In each set
of donors there were:
3 tubes for Treatment 1

e 3 tubes for Treatment 2

e 3 tubes for Treatment 3

e 3 tubes for positive control (commercial antisera)

Two drops of 3% RBC suspension were added to each tube, followed by the
appropriate treatment or antisera. The samples were centrifuged for 1000 rpm in 60
seconds and observed for agglutination using the tilt-and-wiggle method.

Agglutination Grading
Macroscopic agglutination was graded based on the standard system outlined by
Harmening (2019):

Table 1. Agglutination Grading System

Grade Description

5+ The red cell button is solid agglutinate; clear background

4+ Several large agglutinates; clear background

3+ Many medium-sized agglutinates; reddish background

2+ Small-sized agglutinates; the background is turbid with many free red cells
1 No agglutinated red cells are visible; red cells are observed flowing off the

red cell button during the process of grading (homogeneous mixture;
negative)

'If no agglutination is observed in the sample, the macroscopic procedure must be followed to confirm if there is
agglutination microscopically.

This grading system was used to assess the hemagglutinating activity of each
treatment in comparison to the positive control across all ABO blood types.



3. Results

Hemagglutinating Activity of Hyacinth Bean Extract and Positive Control across the
ABO system

The first objective of this study was to determine the hemagglutinating activity of
the hyacinth bean extract combined with a buffer solution and the commercial antisera.

Table 2. Averaged Grading of the Hemagglutination Activity

Treatments & control Average Result Macroscopic Grading
Treatment 1 3.90 4+
Treatment 2 4.16 4+
Treatment 3 4.24 5+

Control 4.47 5+

Of all the three treatments, Treatment 3 recorded the highest mean
hemagglutination grade of 4.24. This is evidence of a stronger interaction between lectin
and erythrocyte surface antigens compared to Treatment 1 (3.90) and Treatment 2 (4.16).
The control, which was the commercial standard, recorded a mean grade of 4.47. This
finding confirms that Treatment 3 had higher hemagglutinating activity compared to the
other treatments.

To determine whether there was a significant difference between the treatments
and the control group, a one-way ANOVA test was performed. The result, shown in Table
2, indicates a difference (p = 0.0079 < 0.01).

Table 3. Significant Difference Between and Among the Different Treatments and the Control Group

Source SS df MS F p-value
Treatment 1 243 3 0.81 4.36 0.0079
Error 10.39 56 0.19
Total 12.82 59

ANOVA, the post hoc t-tests were conducted to determine specific differences
between treatments. As shown in Table 3, a significant difference was observed only
between Treatment 1 and the control (p = 0.0007), while other comparisons were not
significant.

Table 4. Post hoc analysis using p-values for pairwise t-tests

Treatment 1 Treatment 2 Treatment 3 Control
Treatment 1
Treatment 2 1149
Treatment 3 .0385 .6064
Control .0007 .0528 .1499
*p=<0.01




5. Discussion

The first objective of this study was to determine whether Lablab purpureus
extract exhibits hemagglutinating activity when tested on human red blood cells (RBCs)
of various ABO blood groups. The results shown demonstrate that all three treatments
using the extract induced observable hemagglutination across A, B, AB, and O Rh(D)
positive and negative samples. The averaged hemagglutination grades were
approximately 4.0 for Treatment 1, 4.16 for Treatment 2, and 4.24 for Treatment 3,
compared to 4.47 for the positive control. These grades reflect consistent formation of
visible agglutinate clusters, suggesting that Lablab purpureus contains lectins capable of
binding to RBC surface antigens and inducing agglutination. The close similarity between
the mean grade of Treatment 3 and the control underscores the strong hemagglutination
potential of this extract under optimal conditions.

As noted by Ouattar (2022), phytolectins are known for their affinity to
carbohydrates on red blood cell membranes, often resulting in hemagglutination. Lablab
purpureus has been reported by Rai et al. (2022) to contain a high concentration of lectins,
which likely account for the activity observed in this study.

However, one critical observation is the agglutination seen across all tested blood
groups, regardless of ABO or Rh status. This indicates that Lablab purpureus lectins may
induce polyagglutination, a phenomenon in which RBCs agglutinate with multiple
antisera due to non-specific lectin binding. As defined by Harmening (2019),
polyagglutination is an undesirable trait in precise blood typing reagents. Therefore, while
Lablab purpureus lectins are clearly bioactive, their broad reactivity implies a lack of
antigen specificity, limiting their utility in differential blood typing applications.

The second objective was to determine which treatment condition of the Lablab
purpureus extract produced the highest hemagglutinating activity. Among the three
treatment groups, Treatment 3 showed the highest average grade (4.24), suggesting a
stronger lectin concentration or enhanced stability of the active component. This was
followed closely by Treatment 2 (4.16) and Treatment 1 (3.90), while the positive control
yielded the highest value (4.47).

The strong hemagglutination observed with Treatment 3 implies that its
preparation method preserved a more bioactive form of the lectins. According to
Karandikar (2022), higher grades of agglutination reflect stronger antigen-lectin binding,
which could be due to optimal valency or affinity. Therefore, it is plausible that Treatment
3 retained a greater proportion of multivalent lectins capable of cross-linking RBCs
effectively.

This finding also suggests that Lablab purpureus lectins may hold potential in
broad agglutination patterns, such as preliminary blood grouping or lectin screening.
However, further characterization is necessary to identify and potentially refine the lectin
specificity.

The third objective was to assess whether the differences observed among the
treatments were statistically significant. A one-way ANOVA (Table 4) revealed a
significant difference between and among the treatment groups and the control (F =4.36,



p = 0.0079). This indicates that at least one treatment differed significantly in its
agglutinating activity.

Post hoc analysis using pairwise t-tests found that only the difference between
Treatment 1 and the Control was statistically significant (p = 0.0007) at the a. = 0.01 level.
No other comparisons between treatment pairs or between treatments and the control were
significant. This suggests that while the overall extract demonstrates hemagglutination
potential, only Treatment 1 was meaningfully weaker than the control, while Treatments
2 and 3 performed similarly.

The consistency in agglutination across ABO groups, combined with literature
such as American (2014) and Vadivel (2018), supports the conclusion that Lablab
purpureus lectins are broadly reactive. Vadivel’s findings, in particular, that lectin activity
in Lablab purpureus varies among blood types but is generally high.



6. Conclusion
Major Findings

The study found that Hyacinth bean extract exhibits polyagglutinative
hemagglutinating activity since the ABO system agglutinated. Treatment #3 (200MI)
showed the strongest activity (graded as 5), while Treatment #1 (50MI extract) had the
weakest (graded as 3), indicating a positive correlation between the extract concentration
and hemagglutinating strength. Furthermore, ANOVA analysis statistically confirmed
that there are significant differences among the treatments which demonstrated that all
three treatments are effective, but varying in strength of all three are effective, but varying
in strength based on concentration.

Conclusion

The study concludes that hyacinth bean extract lectin is polyagglutinative,
showing non-specific binding to all blood types due to its affinity for common
glycoproteins or carbohydrates. This makes it suitable for general hemagglutination tests
where blood type specificity is not required. Treatment 3 showed the strongest
hemagglutinating activity exhibiting almost the same activity to the positive control likely
due to its higher lectin concentration. In contrast, Treatment 1 showed the weakest
activity, confirming a direct correlation between concentration and hemagglutination
strength. Statistical analysis (ANOVA) confirmed significant differences among
treatments, verifying the effectiveness of the extract compared to the control.

Recommendation

The researchers recommend that future studies focus on the isolation, purification,
and structural characterization of hyacinth bean lectins to better understand their
molecular binding patterns, stability, safety, and polyagglutinative behavior. Techniques
such as electrophoresis, lectin profiling, and mass spectrometry are suggested to link
structure with function. Further exploration of Treatment 3 is encouraged, as it
consistently demonstrated the highest hemagglutination activity, indicating its potential
for advanced applications. Additionally, researchers should consider using ethanolic
extraction methods to improve accuracy and reduce contamination risks associated with
lengthy procedures. Expanding the sample size and including a broader range of blood
types—especially rare and Rh-negative types—would provide a more comprehensive
understanding of the extract’s agglutination profile and enhance its potential utility in
diagnostics and clinical research.
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9. Appendices
APPENDIX A
Raw Data

Average hemagglutinating grade of Treatment 1

Treatment 1
Patient Evaluator 1 Evaluator 2 Evaluator 3  Average
1. A,Rh(D) + 4.33 4.00 3.33 3.89
2.B,Rh(D)+  4.00 3.00 4.00 3.67
3.0, Rh(D) + 4.00 3.00 4.33 3.78
4. A, Rh(D) + 433 3.33 4.00 3.89
5. B, Rh(D) + 467 4.00 5.00 4.56
6. O, Rh(D) + 4.00 3.67 4.00 3.89
7.AB,Rh(D)+ 4.33 433 4.33 4.33
8. B, Rh(D) - 4.00 233 233 289
9.B,Rh(D) + 4.00 3.33 4.00 3.78
10. AB, Rh(D) + 4.33 4.00 4.67 433
11.AB,Rh(D) + 4.67 3.33 4.00 4.00
12. A /Rh(D)+ 3.33 233 3.00 289
13.0,Rh(D)+ 5.00 467 5.00 4.89
14.A,Rh(D)+ 5.00 267 3.33 3.67
15.B,Rh(D)+ 4.00 3.67 4.67 4.1

3.90
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Average hemagglutinating grade of Treatment 2

Treatment 2

Patient Evaluator 1 Evaluator 2 Evaluator3  Average
1.A,Rh(D) + 467 4.67 3.67 4.33
2.B,Rh(D) + 433 3.67 4.00 4.00
3.0, Rh(D) + 467 3.67 3.67 4.00
4. A, Rh(D) + 5.00 433 4.67 467
5. B, Rh(D) + 5.00 4.00 4.33 4.44
6.0, Rh(D) + 5.00 4.00 4.67 4.56
7. AB, Rh(D) + 467 4.00 467 4.44
8. B, Rh(D) - 3.67 3.00 3.33 3.33
9. B, Rh(D) + 467 367 467 433
10. AB,Rh(D)+  5.00 433 433 4.56
11. AB, Rh(D) + 5.00 433 4.67 4.67
12. A, Rh(D) + 4.00 233 2.67 3.00
13. 0, Rh(D) + 433 3.00 4.00 378
14. A, Rh(D) + 5.00 4.00 3.33 4.1
15. B, Rh(D) + 433 3.67 4.33 4.1

4.16
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Average hemagglutinating grade of Treatment 3

Treatment 3
Patient Evaluator 1 Evaluator 2 Evaluator 3 Average
1.A, Rh(D) + 467 4.00 367 4.1
2.B.Rh(D) + 5.00 4.00 4.33 4.44
3.0,Rh(D) + 5.00 4.00 433 444
4. A, Rh(D) + 4.67 4.33 433 444
5. B, Rh(D) + 4.67 4.33 433 444
6. 0. Rh(D) + 467 3.67 4.00 4.1
7. AB, Rh(D) + 5.00 4.00 467 456
8. B, Rh(D) - 467 233 3.00 3.33
9. B, Rh(D) + 433 3.00 4.00 3.78
10. AB, Rh(D) + 5.00 3.67 4.00 422
11. AB, Rh(D) + 5.00 4.00 4.00 433
12. A, Rh(D) + 433 3.00 4.00 3.78
13. O, Rh(D) + 467 3.67 4.33 422
14. A, Rh(D) + 467 4.00 467 444
15. B, Rh(D) + 5.00 467 5.00 489

4.24
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Average hemagglutinating grade of the control

Control
Patient Evaluator 1 Evaluator 2 Evaluator 3 Average
1- A, Rh(D) + 450 450 4.50 450
2- B, Rh(D) + 450 450 450 450
3-0O,Rh(D) + 4.00 4.00 4.00 4.00
4- A, Rh(D) + 450 450 450 4.50
5-B, Rh(D) + 4.50 4.50 4.50 4.50
6- O, Rh(D) + 4.00 4.00 4.00 4.00
7- AB, Rh(D) + 467 467 467 467
8- B, Rh(D) - 5.00 5.00 5.00 5.00
9- B, Rh(D) + 450 450 4.50 4.50
10- AB, Rh(D) + 467 4.67 467 467
11- AB, Rh(D) + 467 467 467 467
12- A, Rh(D) + 4.50 4.50 4.50 4.50
13- O, Rh(D) + 4.00 4.00 4.00 4.00
14- A, Rh(D) + 4.50 450 450 450
15- B, Rh(D) + 4.50 4.50 4.50 4.50

4.47
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APPENDIX B

Documentation

Blood Collection. Centrifugation Process.

Red Blood Cell Suspension

Hyacinth Bean Extract Preparation.
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Treatment Preparation.
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Microscopic View of Red Blood Cells Showing Agglutination.
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