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The need for sustainable and biodegradable alternatives in laboratory 

diagnostics has prompted interest in natural polymers for serum 

separation. While synthetic serum separator tubes (SSTs) are widely 

used for biochemical analyses, concerns over their environmental 

impact and potential interference with test results necessitate 

exploration of alternative materials. However, limited studies have 

examined the viability of plant-based polymers in this application. This 

study aimed to evaluate the potential of Cocos nucifera (coconut) starch 

gel as a natural substitute for SSTs in alanine aminotransferase (ALT) 

and fasting blood sugar (FBS) testing. Experimental trials were 

conducted using starch gel at varying concentrations (25%, 50%, 75%, 

and 100%) to assess serum separation efficiency and its influence on 

laboratory parameters. The results demonstrated that higher 

concentrations of starch gel improved serum separation, with 75% 

starch gel achieving optimal performance, minimizing hemolysis, and 

yielding clear serum samples. ALT levels remained stable across all 

concentrations, indicating no significant interference. However, FBS 

levels exhibited notable variability, suggesting possible interactions 

between the starch gel and glucose measurement. These findings 

highlight the potential of Cocos nucifera starch gel as an eco-friendly 

alternative to conventional SSTs, reducing reliance on synthetic 

materials. Nevertheless, further refinement is required to enhance its 

stability and ensure its reliability for clinical applications. Future 

research should explore its impact on additional biochemical 

parameters and optimize its formulation to align with existing 

laboratory standards. 

 
"© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed 

with credit to the author." 

…………………………………………………………………………………………………….... 

Introduction:- 
In today's advancement of technology, serum separator tubes (SST) are viewed as crucial in the blood collection 

routine in every medical laboratory due to their effectiveness in serum separation from cellular elements. Gel 
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barriers—often composed of synthetic polymers such as silica—fill these tubes. They improve the quality of the 

material and assist in rapidly separating serum (Ayala-Lopez et al., 2021). Located within the tubes, the gel is a 

barrier separating the serum from the cellular layers, preventing mixing and facilitating the serological collecting 

after centrifugation. This element is mainly connected to the thixotropic property of the gel, which enables surface 

division (Babakhani et al., 2018). Although SST is produced from synthetic polymers presently, demand for 

alternative materials—including plant-based starch—is developing. Various research studies have shown the 

thixotropic characteristics of various polymers and starches, which qualify them as a suitable replacement in gel 

formulation and possibly used in serum separator tubes.  

 

Chemical analysis in medical laboratories is crucial in testing a patient's health status and is usually required by a 

practitioner. It is typically performed on serum, attained through blood clotting. Fasting Blood Sugar (FBS) and 

Alanine Aminotransferase (ALT) serve as standard indicators for liver function. Alanine Aminotransferase is 

primarily confined to the liver and released into the bloodstream following liver damage. Fasting Blood Sugar 

measures glucose levels in the bloodstream and is a diagnostic marker for diabetes. An elevated level of Alanine 

Aminotransferase (ALT) and Fasting Blood Sugar (FBS) might point to liver impairment (Lala et al., 2023). Serum 

separator tubes are usually necessary to properly separate serum from cellular components in sample collecting for 

medical tests, enhancing the analysis's accuracy. 

 

The coconut palm is of paramount significance for its many uses, growing from the coconut tree under the scientific 

name Cocos nucifera. It originates from several Southeast Asian parts, including the Philippines, Indonesia, and 

Malaysia. Among other names, the coconut tree is called coco-da-bahia, niyog, and coco. Well-known for their 

many applications, particularly in the domains of nutrition and medicine, Cocos nucifera supplies a variety of goods 

like coconut oil, coir fiber, and coconut water. Local businesses and customs find use for every coconut palm 

component, highlighting its worth as a botanical and medicinal source. 

 

Recently, a growing emphasis has been on developing biodegradable materials utilizing natural polymers and their 

derivatives. Despite the widespread availability of coconut, research focusing on utilizing its starch properties 

remains limited. Notably, a research gap exists regarding applying coconut starch as an alternative to commercial 

serum separator gels used in clinical laboratories. By addressing this gap, researchers aim to expand current 

knowledge and understanding regarding the applications of ALT and FBS in biodegradable materials, specifically 

within clinical diagnostics 

 

Research Design 

This study will utilize a proper experimental research design, which is any inquiry that uses at least one 

experimentally manipulated independent variable and at least one dependent variable.  

 

To obtain the extensive data and results required for this experimental research, the researchers will apply purposive 

sampling to assess the impact of Cocos nucifera starch gel on the efficiency of serum separation and its effect on 

Alanine Aminotransferase (ALT) and Fasting Blood Sugar (FBS). Twelve (12) healthy human subjects, ranging in 

age from 18 to 45, will be sampled through convenience sampling. This method guarantees rapid data-collecting 

application and supports the timely implementation of the data-gathering process by efficiently compiling 

information from conveniently available participants. 

 

Specimen Collection 

A Comprehensive approach is necessary to investigate the influence of Cocos nucifera starch gel serum separation 

efficiency on Fasting Blood Sugar (FBS) and Alanine Aminotransferase (ALT) levels. The participants will receive 

two copies of the Informed Consent Form (ICF): one for their records and one to be retained by the researchers. 

Participants will have at least half an hour to read the ICF. The researchers will then articulate the ICF's content to 

the participants following this period. After completing this discussion, the participants and researchers will properly 

sign both copies of the ICF. First, twelve (12) healthy subjects will be selected based on predeterminedinclusion and 

exclusion criteria to have a balanced representation of gender and various demographic strata. Inclusion criteria for 

the study include individuals aged between 18 and 45 years who have passed comprehensive preliminary screening 

tests. Such tests involve an intense scrutiny of medical history and a thorough physical examination conducted by a 

competent healthcare practitioner to ascertain optimal health status. 
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Additionally, participants must avoid taking medications that profoundly affect the physiological parameters under 

study. Exclusion criteria are applied to elderly individuals and those with pre-existing disorders. These criteria 

ensure consistency and reliability in the study's outcomes by targeting specific age and health conditions. 

 

Research Locale 

The preparation of Cocos nucifera starch extract will be carefully conducted within the controlled environment of 

the designated laboratory facility at the esteemed National University - MOA in Pasay City. Specimens from human 

subjects will then be responsibly procured at the same laboratory. Following procurement, all experimentation and 

subsequent testing of ALT and FBS levels will be meticulously conducted at Globalife Medical Laboratory & 

Polyclinic, also in Pasay City. Under the strict guidance of a licensed medical technologist, each step of the 

experimental process will be monitored closely to ensure the highest level of scientific integrity and ethical practice. 

 

Data Gathering Procedure 

The data gathering of this study follows established procedures and includes basic principles based on the output of 

previous researchers in the field. This systematic process includes key steps like Plant Collection and 

Authentication, Plant Preparation, Extraction of Cocos nucifera starch, Gelatinization and Settling of Cocos nucifera 

starch, Human Blood Sample Collection, Laboratory Experimentation, and finally, Scoring and Interpretation. Using 

the knowledge and findings of previous researchers, this process follows a robust and systematic approach to data 

collection and analysis for our study.  

 

Collection and Authentication of Cocos nucifera  

Fifteen (15) coconut samples will be collected from a farm in Silang, Cavite. The fruit samples will be strictly 

identified and authenticated at the Institute of Biology, Jose Vera Santos Memorial Herbarium (PUH), located in the 

College of Science of the University of the Philippines, Diliman, Quezon City. They will issue a certificate 

identifying the fruit samples.  

 

Cocos nucifera Preparations  

Strictly using aseptic methods in manipulating coconuts is crucial in maintaining cleanliness and preventing 

contamination hazards in experimental procedures. First, all equipment, utensils, and work surfaces must be washed 

and disinfected using distilled water to provide a sterile environment. Researchers will utilize sterile gloves, aprons, 

and masks to prevent contaminating the environment. Second, the outer surface of the coconut will be washed using 

distilled water to eliminate any visible dirt or debris. Sterile instruments on sanitized cutting mats will be utilized to 

open the coconut carefully to preserve the sterility of the inner flesh. At this point, strict compliance with aseptic 

methods will be maintained to prevent the introduction of pathogenic bacteria or other disease-causing 

microorganisms.  

 

Extraction of starch from Cocos nucifera 

The starch extraction from Cocos nucifera is carried out using conventional extraction procedures. Mixing five 

hundred grams of coconut flour with distilled water facilitates starch extraction. The mixture is filtered using 

cheesecloth to separate the solid residue from the starch. The solid residue containing starch is dried at 80°C for an 

hour to reduce moisture content. The coconut fraction is dried and ground into fine powder after drying to achieve 

uniformity. Excess supernatant or excess liquid is removed, and purified coconut starch is obtained. The starch 

powder is then moved to a refrigerated condition for 24 hours to facilitate starch precipitation.  

 

Gelatinization and settling of Cocos nucifera starch  

According to the procedure given by Macugay et al. (2018), Cocos nucifera starch extract is gelatinized to produce 

starch gel separators. The extracted starch of coconut is stored in the refrigerator. The starch extract will be weighed 

in specific concentrations of 25%, 50%, 75%, and 100%. Combining different amounts of starch extract with 

Normal Saline Solution (NSS) allows the maintenance of cellular integrity by attaining concentration.  

 

The mixture will be under a controlled water bath for two hours at specific temperature and pH conditions to allow 

gelatinization, hence improving the functional properties of the starch gel. 12mL of sodium hydroxide (NaOH) will 

be added midway through the heating procedure; consistent stirring will follow until the two-hour process is 

complete. The resultant mix will cool before being put into evacuated tubes for blood collecting. After 

gelatinization, 8mL of each concentration of starch gel will be pipetted into conical tubes; three consecutive washes 

with NSS using a decantation method will remove any remaining contaminants. Subsequently, one gram of the 
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gelatinized starch will be placed into red-top tubes. The samples will then be centrifuged to allow the settling of the 

starch at the bottom of the tube, ensuring stable and uniform gel consistency for use in serum separation.  

 

Human Blood Specimen Collection  

The research aims to determine the effectiveness of Cocos nucifera starch gel on ALT and FBS activities of human 

blood samples. The blood samples would be drawn from twelve (12) healthy subjects using the venipuncture with a 

syringe method. Every volunteer would be asked to provide 12mL of blood per test for three tests per subject. 

Taking blood samples will involve two needle punctures of a 10-cc and a 5-cc syringe and 3mL of blood, filling 

each of the five collection tubes with experimental starch gel or control solution. The five collection tubes would 

have distinct identification labels showing the student's school name and the collection sequence as his/her subject 

ID.  

 

Following collection, the blood samples will be allowed to stand up to 30 minutes before separation into serum via 

centrifugation at 3500 revolutions per minute (rpm) for 20 minutes. The extent of serum separation and integrity of 

the sample will be observed and documented. Participants will be compensated with 300 pesos as an incentive for 

participation. Ethical clearance will be obtained from the National University – MOA before the sample collection is 

initiated. Inclusion criteria will be utilized to randomly select participants aged 18 to 45 who are assumed to be 

healthy. Exclusion criteria will be participants above the age of 45 years and volunteers with existing medical 

conditions. All-rounded health screening tests will be performed to determine eligibility and status of the volunteers' 

health. 

 

Laboratory experimentation 

The study design involves the collection of 12mL blood from each subject per trial, which will be allocated into 

different experimental groups totest the efficiency of serum separation. The categorization of the experimental 

groups is as follows:  

a.Group I: The group will use routine commercial serum separator tubes containing 3mL of blood collected from the 

subjects.  

b.Group II: 3mL blood samples will be treated with a solution of 25g of Cocos nucifera starch extract, 90mL of 

NSS, and 10mL of NaOH, which will give a 25% starch extract concentration, and only 1g of starch extract will be 

used.   

c.Group III: Three mL of blood samples will be treated with 50g of a starch extract solution of Cocos nucifera, 90 

mL of NSS, and 10 mL of NaOH, with a 50% starch extract concentration and using only 1g of starch extract.  

d.Group IV: 3mL blood samples will be treated with a solution of 75g of Cocos nucifera starch extract, 90mL of 

NSS, and 10mL of NaOH, which is 75% starch extract concentration and the use of only 1g of starch extract.  

e.Group V: 3mL of the blood samples shall be treated with a 100g Cocos nucifera starch extract and 10mL of NaOH 

solution, which carries a 100% starch concentration, with merely 1g of starch being used.  

 

The medical technology faculty's supervision and specialized expertise will be necessary to guarantee accuracy and 

adherence to accepted protocols throughout the experimental processes. 

 

Waste Disposal 

Appropriate waste management was rigorously maintained throughout experimentation in compliance with 

laboratory security and biohazard control standards. Following collection, blood sample tubes containing residual 

blood, which could pose a risk, were disposed of properly. Following institutional guidelines, blood, and hazardous 

debris were put in specifically designed biohazard garbage containers. These properly marked storage containers 

made distinguishing regular garbage from hazardous waste simple. 

 

Strict procedures have been implemented to mitigate any possibility of dangerous chemical exposure, especially 

concerning bloodborne illnesses. Emphasizing the need to follow safety rules and manage biohazardous items 

appropriately, the laboratory personnel underwent extensive instruction on appropriate waste management. They 

were given protective clothing and gloves to handle waste, adding further protection layers. 

 

The facilities were regularly maintained and monitored to ensure waste disposal functioned adequately. This 

included routine checks to guarantee appropriate sealing of biohazard containers, hence avoiding leaks or exposure 

to dangerous chemicals. In addition, rigorous adherence to safety recommendations established by the institutional 
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biosafety committee was maintained, guaranteeing a safe experimental environment and prioritizing all participants' 

health and safety. 

 

Scoring and Interpretation 

The data obtained throughout the starch extraction, gelatinization, and serum separation efficiency processes are 

thoroughly examined. Unanticipated findings or observations are considered and analyzed to provide further details. 

The researchers will not disclose the results to the participants to uphold the study's integrity and avoid 

bias.Employing the systematic evaluation technique, the researchers determined the efficacy of Cocos nucifera 

starch gel for serum separation. This type of systematic evaluation—as described in Table 3.1 below—assigns 

ratings from Excellent (4) to No Significance (0) that correspond to different performance categories for serum 

separation. 

 

Table 3.1:- Criteria for the Serum Separation Evaluation of Cocos nucifera Starch Gel.  

Score Excellent (4) Good (3) Fair (2) Poor (1) No Significance 

(0) 

Separation The 

concentration of 

the Cocos 

nucifera starch 

gel contributes to 

the separation of 

serum and 

plasma, with 

little to no red 

blood cells mixed 

into the serum. 

 

The concentration 

of the Cocos 

nucifera starch 

gel contributes to 

the separation of 

serum and plasma 

but with a few 

red blood cells 

visibly mixed 

into the serum. 

 

The 

concentration of 

the Cocos 

nucifera starch 

gel contributes to 

the separation of 

serum and 

plasma, but a 

more significant 

amount of red 

blood cells is 

mixed into the 

serum. 

 

The 

concentration of 

the Cocos 

nucifera starch 

gel fails to 

contribute to the 

separation of 

serum and 

plasma as many 

red blood cells 

are mixed into 

the serum. 

The concentration 

fails to separate 

the serum and 

plasma at all. 

 

Visible 

Hemolysis 

The tube is 

mixed correctly 

with the starch 

gel and filled 

adequately, 

which does not 

lead to 

hemolysis. 

 

The tube is mixed 

correctly with the 

starch gel but 

may be filled 

inadequately, 

which is at risk of 

hemolysis. 

 

The tube is not 

mixed correctly 

with the starch 

gel and is slightly 

inadequately 

filled, which puts 

it at risk of 

hemolysis. 

 

The tube is not 

mixed correctly 

with the starch 

gel and is 

inadequately 

filled, which 

leads to 

hemolysis. 

The tube had 

visible hemolysis, 

and the starch gel 

did not work. 

 

 

Under the "Separation" category, the Cocos nucifera starch gel's performance in separating serum from plasma and 

thereby preventing red blood cell contamination establishes its practicality. "Excellent" represents effective 

separation without red blood cell inclusion in the serum. Nonetheless, when the serum's red blood cell content 

increases, the scores decline until a final "No Significance" grade is obtained, signifying complete separation failure. 

 

The "Visible Hemolysis" subsection describes how the gel could stop hemolysis—a process in which erythrocytes 

lyse and release their internal contents into the serum. A "Good" grade indicates correct mixing and sufficient gel 

filling without apparent hemolysis. Usually, lacking enough gel or incorrect mixing causes lower scores, which 

raises the risk of hemolysis. This causes apparent hemolysis, and the gel is not successful in preventing it. 

 

The criterion assessment table serves as a comprehensive tool for scientifically evaluating the performance of Cocos 

nucifera starch gel in serum separation and laboratory testing. 

 

Ethical Considerations  

As the experiment commenced, ethical and safety considerations were carefully examined to ensure the highest 

levels of research ethics while protecting each participant's safety. The National University-MOA Research Ethics 

Board carefully examined and approved the study plan to guarantee strict adherence to ethical standards and values, 
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including human welfare. The careful process underlines the significance of doing research with human beings by 

emphasizing how crucial it is to conduct it ethically and responsibly.Post-study, the findings will be shared in 

scholarly publications, and infographics will be published on social media.  

Aside from ethical concerns, other safety measures were taken to counteract any harm from the research practices. 

Some examples include careful supervision of laboratory safety measures instituted to prevent accidental exposure 

to harmful chemicals or substances used in the research. Scientists also must follow safety measures to prevent harm 

to individuals involved and themselves.  

 

The researchers ensure that all the ethical standards are fulfilled, particularly concerning conflicts of interest, which 

can arise when personal, financial, or professional interests could influence or appear to influence the research 

process. All the researchers in this study have no interest that could bias the results. No researcher has received any 

financial payment or incentives from any institution or individual that could influence the study design. Study is 

independent and free from external pressures or influence from sponsors or other interested individuals. Complete 

transparency is maintained during the research process. All possible conflicts are revealed and addressed according 

to institutional and ethical standards. An independent ethics committee has reviewed and approved the study to 

ensure the absence of conflicts of interest and adherence to all ethical standards.  

 

Before the commencement of data collection, informed consent will be given to all those who are to be involved in 

the research. Participants will be informed of the purpose and objectives of the study, the nature of the data to be 

collected, and data handling methods. Personal identifiers shall be deleted or encrypted as a participant 

confidentiality measure, with each participant receiving a unique number to ensure data anonymity. All collected 

data will be securely kept in password-protected digital databases. In contrast, physical documents (e.g., consent 

forms) will be kept in securely locked cabinets in areas where access is highly controlled. All such data access will 

be controlled by authorized personnel whose authorizations shall be based on role and requirement, thus ensuring 

data integrity and confidentiality. Human data will be retained until April 2025 and destroyed following the applied 

third-party protocol.  

 

Also emphasized is the requirement for proper handling procedures to avoid spillage or accidents that may result in 

injuries, like puncture wounds. To avoid inaccuracies, researchers have to handle resources and instruments 

cautiously. Moreover, the integrity and safety of the study project depend on following appropriate standards. 

Researchers must follow all biosafety guidelines for the experimental activities and get the necessary permits and 

approvals from authorities. 

 

Appropriate waste disposal techniques should also be used to guarantee the safety of laboratory employees and 

minimize the effect on the surroundings. To lower contamination and risks, the researchers must properly separate 

the waste products and dispose of them in compliance with approved policies. These safety precautions depend on 

maintaining moral values and guaranteeing the welfare of every study subject. Researchers demonstrate their 

dedication to carrying out moral research activities and safeguarding the health of all study participants by getting 

the required permissions and following the guidelines and regulations. 

 

Treatment of Data 

Regarding conventional approaches, the researchers will employ a one-way ANOVA to fully evaluate the efficiency 

of Cocos nucifera starch gel as a serum separator. Therefore, one-way ANOVA will provide a detailed study of 

variation within and across groups, resulting in significant information on the performance of the starch gel at 

various concentrations and its use in clinical diagnostics. 

 

Results and Discussion:- 

This chapter presents the results of the experimental study that tested the effectiveness of Cocos nucifera starch gel 

as a substitute for serum separator tubes. The findings include data from four concentrations (25%, 50%, 75%, and 

100%), with a commercial-grade serum separator tube as the baseline control. 

 

Analysis of Data 

The statistical analysis included the Kruskal-Wallis H Test to ascertain if variances between the four concentrations 

for serum separation efficiency and visible hemolysis were significant. Subsequently, the Mann-Whitney U Test was 

conducted as a post hoc analysis to find the precise variations between every concentration in pairs. 
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Research Flowchart 

 
 

Presentation of Data 

 
Table 4.1:- Descriptive Statistics of the Separation and Visible Hemolysis Cocos nucifera as an Alternative for 

Serum Separator Tubes. 

 

Table 4.1 presents data on the number of samples (N), mean, standard deviation, minimum and maximum values 

obtained for separation, visible hemolysis, and group classification. 

 

With an average separation value of 2.87 (±1.26), Cocos nucifera starch gel appeared to have primarily moderate 

separation over all examinedconcentrations. While the most significant value was 4.00, signifying total and effective 

separation, the lowest reported separation value was 0.00, indicating no separation. Likewise, visible hemolysis 

exhibited an average value of 3.13 (±1.37), ranging from 0.00 to 4.00, indicating that hemolysis levels changed with 

concentration applied. With values between 1.00 and 5.00, corresponding to the several concentrations of Cocos 

nucifera starch gel used in the experiment, the grouping variable had a mean of 3.00 (±1.42). 
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The findings indicate that separation efficiency exhibited huge variability regarding concentrations used, with some 

samples not separating at all while others wholly separated. Additionally, the extent of visible hemolysis was 

inconsistent, suggesting that some concentrations of the starch gel may have disrupted red blood cells considerably 

more than others. 

 

Kruskal-Wallis Test 

  
Table 4.2:- Kruskal-Wallis H Test Results for Separation and Visible Hemolysis. 

 

Kruskal-Wallis H Test was employed to compare mean ranks between different Cocos nucifera starch gel 

concentrations, depending on how they influence separation and visible hemolysis. As shown in Table 4.2, the 

Asymp. Sig. (p-value) determines whether there is a statistically significant difference among the groups. If the p-

value is less than 0.05, it indicates asignificant difference. The results show a significant difference in separation (p 

= 0.000) and visible hemolysis (p = 0.011) among the different starch gel concentrations. A post hoc test was 

performed to identify which specific concentrations differ significantly. 

 

To identify these differences, the Mann-Whitney U Test was performed for pair-wise comparisons. However, a 

constraint of this test is that it only allows for comparing two concentrations at a time. Consequently, six pair-wise 

comparisons were conducted to evaluate the effectiveness of different starch gel concentrations in separating red 

blood cells and minimizing visible hemolysis. The results of these comparisons are presented in six separate Mann-

Whitney U Test tables, providing further statistical insights. The pair-wise comparisons are the following: 

a.25% vs. 50% 

b.25% vs. 75% 

c.25% vs. 100% 

d.50% vs. 75% 

e.50% vs. 100% 

f.75% vs. 100% 

 

Table 4.3:- Mann-Whitney U Test Results of Comparison of 25% vs. 50% Cocos nucifera Starch Gel 

Concentrations. 
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Table 4.4:- Mann-Whitney U Test Results of Comparison of 25% vs. 75% Cocos nucifera Starch Gel 

Concentrations. 

  
 

Table 4.3 shows the results of the Mann-Whitney U Test for comparing the 25% and 50% Cocos nucifera starch gel 

concentrations regarding their effectiveness in separation and visible hemolysis. Based on the Mann-Whitney U Test 

results, the p-values for separation (p = 0.005) and visiblehemolysis (p = 0.007) are lower than the 0.05 significance 

level. This indicates that the difference between the two concentrations is statistically significant. The mean ranks 

indicate that the 50% concentration has higher values for separation (41.72 vs. 31.28) and visible hemolysis (41.71 

vs. 31.29) than the 25% concentration. These findings indicate that the 50% starch gel concentration is significantly 

more effective in red blood cell separation and preventing visible hemolysis than the 25% concentration. 

 

The table above shows the statistical comparison of starch gel concentrations at 25% and 75% by the Mann-Whitney 

U Test in the same manner as the comparison between 25% and 50%. The results indicate a statistically significant 

difference between the two concentrations since p-values at separation were 0.000 and at visible hemolysis were 

0.015, indicating that the differences obtained were unlikely to be due to random chance.  

Besides, mean ranks for 75% starch gel concentration are greater than those of the 25% concentration for both 

separation (51.39 vs. 21.61) and visible hemolysis (41.29 vs. 31.71). The findings show that a higher starch gel 

concentration of 75% enhances separation efficiency and reduces visible hemolysis than a lower concentration of 

25%. 

 

Table 4.5:- Mann-Whitney U Test Results of Comparison of 25% vs. 100% Cocos nucifera Starch Gel 

Concentrations. 

  
 

The findings reveal a statistically significant difference in separation efficiency between the two concentrations (p = 

0.000), while no significant difference was observed in visible hemolysis (p = 0.495). 

 

The higher mean rank for separation in the 100% concentration (48.67) compared to the 25% concentration (24.33) 

suggests that a 100% starch gel concentration demonstrates superior separation performance. Conversely, the 

absence of a significant difference in visible hemolysis indicates that both concentrations exhibit similar outcomes in 

this parameter, rendering further comparison unnecessary. 
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Table 4.6:- Mann-Whitney U Test Results of Comparison of 50% vs. 75% Cocos nucifera Starch Gel 

Concentrations. 

  
 

The table illustrates the statistical comparison between 50% and 75% starch gel concentrations. The computed p-

values for separation and visible hemolysis are 0.000 and 0.752, respectively, indicating a significant difference in 

separation between the two concentrations. In contrast, no significant difference is observed in visible hemolysis. 

Given that separation exhibits a significant difference, the analysis focuses on this parameter. The mean rank for 

separation is higher in the 75% concentration (47.33) than in the 50% concentration (25.67), suggesting that 75% 

starch gel concentration is significantly more effective in separation. However, as there is no significant difference 

in visible hemolysis between the two concentrations, they yield comparable results, making further comparisons 

unnecessary for this parameter. 

 

Table 4.7:- Mann-Whitney U Test Results of Comparison of 50% vs. 100% Cocos nucifera Starch Gel 

Concentrations. 

   
  

The table above shows the statistical comparison between 50% and 100% starch gel concentrations. The computed 

p-values for separation and visible hemolysis are 0.000 and 0.031, respectively, indicating a significant difference 

between the two concentrations in both parameters. 

 

For separation, the mean rank is higher in the 100% concentration (44.13) than in the 50% concentration (28.88), 

suggesting that 100% starch gel concentration is more effective in achieving separation. However, in visible 

hemolysis, the 50% concentration (40.53) has a higher mean rank than the 100% concentration (32.47), indicating 

that 50% starch gel concentration results in more significant visible hemolysis. 

 

These findings suggest that while 100% concentration is superior for separation, 50% concentration leads to 

increased visible hemolysis, highlighting a trade-off between the two parameters. 

 

Table 4.8:- Mann-Whitney U Test Results of Comparison of 75% vs. 100% Cocos nucifera Starch Gel 

Concentrations. 
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Table 4.8 demonstrates the statistical comparison between 75% and 100% starch gel concentrations. The computed 

p-values for separation and visible hemolysis are 0.079 and 0.060, respectively. Since both values exceed 0.05, the 

results indicate no statistically significant difference between the two concentrations. 

 

Given the absence of a significant difference, it can be inferred that 75% and 100% starch gel concentrations yield 

comparable results in separation and visible hemolysis. Consequently, further comparative analysis between these 

two concentrations is unnecessary. 

 

Table 4.9:- Descriptive Statistics of Fasting Blood Sugar (FBS) and Alanine Aminotransferase (ALT) or Serum 

Glutamate Pyruvate Transaminase (SGPT) Across Different Concentrations of Cocos nucifera Starch Gel. 

 
 

The Descriptive Statistics table presents the distribution of FBS and SGPT levels across the different starch gel 

concentrations. The table includes the mean, standard deviation, standard error, and confidence intervals to provide 

an overview of the data variability. 

 

For FBS, the highest mean value was observed at 0% concentration (4.7622 mmol/L), which serves as the control 

group, while the lowest mean value was recorded at 100% concentration (4.0655 mmol/L). The data indicates a 

gradual decrease in FBS levels as the starch gel concentration increases, suggesting that higher Cocos nucifera 

starch gel concentrations might impact FBS levels. With probable group variations, the confidence intervals for all 

the concentrations reveal minor overlap.  

 

The mean value of ALT/SGPT was determined to be greatest at 0% (33.6944 U/L); the least mean value was 

observed at 100% (28.6389 U/L). However, large standard deviations and overlapping confidence intervals point to 

more variability in ALT/SGPT tests and imply that variations in starch gel concentration have little to no impact on 

ALT/SGPT levels. 

 

Table 4.10:- Fasting Blood Sugar (FBS) and Alanine Aminotransferase (ALT) or Serum Glutamate Pyruvate 

Transaminase (SGPT) ANOVA One-Way Analysis for Various Concentrations of Cocos nucifera Starch Gel 
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The one-way ANOVA table shows the mean values of FBS and SGPT at several starch gel concentrations. In the 

last column, the p-value (Sig.) indicates whether the observed variations are statistically significant.  

 

The FBS parameter gave a p-value of 0.000, less than the significance level of 0.05. This indicates a significant 

difference in FBS levels between the different concentrations of starch gel. The high F-value of 17.042 also supports 

the claim that the different concentrations of starch gel significantly affect FBS levels.  

Conversely, the ALT/SGPT parameter gave a p-value of 0.786, above the 0.05 mark. This indicates no statistically 

significant variation in the levels of ALT/SGPT between the groups. The minimal value of F, which is 0.431, 

indicates that any observable variation in the levels of ALT/SGPT is most likely due to random chance rather than 

the effect of the starch gel. 

 

Post-Hoc Tukey’s Test 

Table 4.11:- Post-Hoc Tukey's Test Results for FBS Levels for Different Concentrations of Cocos nucifera Starch 

Gel (Homogeneous Subset Table). 

 
 

The table presents the outcome of applying Tukey's Honest Significant Difference (HSD) test, which compares 

variances between Fasting Blood Sugar (FBS) values at various Cocos nucifera starch gel concentrations. The 

homogeneous subsets presented indicate that the means of FBS at the 25%, 50%, 75%, and 100% concentrations of 

Cocos nucifera starch gel are statistically equivalent (p > 0.05), in contrast to the mean FBS recorded at a 0% 

concentration of starch gel, which is significantly different from the other concentrations (p < 0.05). This proves that 

Cocos nucifera starch gel significantly affects FBS levels, where the control group (0%) is significantly different 

from all other concentrations. 

 

The table shows the result of the HSD test between levels of Alanine Aminotransferase (ALT) or Serum Glutamate 

Pyruvate Transaminase (SGPT) compared to different concentrations of Cocos nucifera starch gel. All 

concentrations, including the control (0%) concentration, fall within the same homogeneous subgroup, as 

determined by the test, which displays no significant differences (p = 0.787). This implies that Cocos nucifera starch 

gel is a viable substitute medium for measurement since it has minimal to no effect on ALT/SGPT levels. 
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Table 4.12:- Post-Hoc Tukey's Test for ALT/SGPT Levels at Various Concentrations of Cocos nucifera Starch Gel 

(Homogeneous Subset Table). 

 
 

Conclusions:- 
The present study emphasizes the potential of Cocos nucifera starch gel to induce serum separation, so the gel 

concentration strengthens its effectiveness in this context. Out of all the concentrations investigated, the 75% starch 

gel produced the most desired result, showing good red blood cell separation without causing significant hemolysis. 

The findings show that higher starch gel concentrations improve serum separation, offering a feasible substitute for 

conventional synthetic separators.  

 

Notably, the concentration of starch gel employed affected the very varied FBS findings. Significantly different FBS 

levels in the control group—in which no starch gel was used—indicated that the presence of the gel affects glucose 

measurement outcomes in the experimental groups. This fluctuation suggests the possible impact of Cocos nucifera 

starch gel on specific biochemical tests, so additional research on its interactions with serum components is rather 

important.  

 

On the contrary, the ALT results corresponded to every concentration of starch gel. This stability of ALT readings 

implies that Cocos nucifera starch gel has no impact on the enzyme measurement, so it is a suitable choice for tests 

requiring precise enzyme activity measurements.  

 

The study indicates that although the starch gel of Cocos nucifera may separate serum, it is not entirely ideal as a 

substitute for commercially offered serum separator tubes. Although the gel is promising, optimization is necessary 

to enhance its stability, uniformity, and overall performance in the laboratory. The study reveals that even though 

the starch gel is a natural and potentially renewable alternative, formulation, and processing optimization is 

necessary before it can be suggested as a replacement for synthetic separators in clinical practice. 
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Recommendations:- 
The researchers recognized the potential of Cocos nucifera starch gel as a viable serum separator; however, they 

acknowledge that additional modifications are needed to increase its efficiency and reliability. Concerning the study 

findings and the challenges realized, the following recommendations are given to enhance future studies in this field 

further: 

1.Optimization of the starch gel composition. The researchers contend that further improvement of Cocos nucifera 

starch gel will help to enhance its consistency, separation efficiency, and practicality. Among the treatments that 

could minimize challenges like clot formation, hemolysis, and rapid degradation involve modifications in 

concentration, methods of preparation, and stabilization addition. Furthermore, NaOH causes red-brown coloring of 

the starch gel that interferes with serum separation visibility. Future research should focus on improving clarity, 

such as modifying pH levels or purifying techniques. Although the current innovation showed promise, modifying 

these parameters will culminate in a more constant, effective, and visually stimulating serum separator. 

2.Expansion of testing to other biochemical parameters. Future studies should include a broader spectrum of 

biochemical testing, including lipid profiles, renal function tests, and enzyme markers, regardless of the majority of 

the study centered around ALT and FBS. Expanding the range of tests allows researchers to more accurately 

evaluate the adaptability and possible uses of Cocos nucifera starch gel in clinical laboratory settings. Furthermore, 

studying its impact on serum stability over time might provide important information on long-term use. 

3.Environmental and economic feasibility assessment. Cocos nucifera starch gel has environmental and economic 

benefits as a natural substitute for synthetic separators. Nevertheless, its commercial sustainability, financial 

efficiency, and long-term storage are deemed for further study. A critical evaluation of these elements will ascertain 

their usefulness and viability for laboratory application.  

 

4.Further investigation of other natural separators. Although the Cocos nucifera starch gel worked, albeit with 

minimal application, other organic substances could have functioned as serum separators. Future research on 

alternative biodegradable or plant-based products, including other starch sources, polysaccharides, or naturally 

occurring gelling agents, may be beneficial to ascertain their relative qualities for serum separation. 

5.Large sample size and an extended study duration. One of the challenges this study experienced was the rapid 

perishable nature of coconut starch gel, which limited the testing duration. Future research should include a larger 

sample size and extended testing to obtain more statistically significant results. Improving storage methods or 

incorporating stabilizing agents may also prolong the gel's usability, reducing time constraints and ensuring more 

reliable findings. 

 

References:- 
1. Aggarwal, B., Lamba, H. S., & Ajeet, P. S. (2017). Various pharmacological aspects of Cocos nucifera—A 

review. American Journal of Pharmacological Sciences, 5(2), 25–30. 

2.Akagac, A. E., & Yavuz, H. B. (2023). Fibrin clot interference in a human chorionic gonadotropin assay causing a 

false Down syndrome screening result. Biochemia Medica, 33(1), 91–95. https://doi.org/10.11613/bm.2023.011001 

3. Akinsulie, A., Burnett, C. L., Bergfeld, W. F., Belsito, D., Cohen, D., Klaassen, C. D., Liebler, D., Marks, J. G., 

Peterson, L. A., Shank, R. C., Slaga, T. J., Snyder, P. W., & Heldreth, B. (2023). Safety assessment of Cocos 

nucifera (coconut)-derived ingredients as used in cosmetics. International Journal of Toxicology, 42(1), 1–31. 

https://doi.org/10.1177/10915818231157751 

4. Alves, M. J. D. S., Chacon, W. D. C., Gagliardi, T. R., Henao, A. C. A., Monteiro, A. R., & Valencia, G. A. 

(2021). Food applications of starch nanomaterials: A review. Starch - Stärke, 73(11–12), 2100046. 

https://doi.org/10.1002/star.202100046 

5.Aragão, W. M. (2002). Coconut in Brazil: History and cultivation. International Coconut Community. 

6.Arend, R. C., Westin, S. N., & Coleman, R. L. (2020). Decision analysis for second-line maintenance treatment of 

platinum-sensitive recurrent ovarian cancer: A review. International Journal of Gynecological Cancer, 30(5), 684–

694. https://doi.org/10.1136/ijgc-2019-001041 

7.Aulbach, A. D., & Amuzie, C. (2017). Biomarkers in nonclinical drug development. In Elsevier eBooks (pp. 447–

471). https://doi.org/10.1016/b978-0-12-803620-4.00017-7 

8.Ayala-Lopez, N., Conklin, S. E., Tenney, B. J., Ness, M., & Marzinke, M. A. (2021). Comparative evaluation of 

blood collection tubes for clinical chemistry analysis. Clinica Chimica Acta, 520, 118–125. 

9.Babakhani, B., Movahed, S. O., Ghazy, S., & Ahmadpour, A. (2018). A new formulation for polymeric separator 

gels for potential use in blood serum separator tubes. Progress in Rubber Plastics and Recycling Technology, 34(1), 

35–53. 



ISSN(O): 2320-5407                                                        Int. J. Adv. Res. 13(06), June-2025, 750-765 

764 

 

10.Beveridge, F. C., Kalaipandian, S., Yang, C., & Adkins, S. W. (2022). Fruit biology of coconut (Cocos nucifera 

L.). Plants, 11(23), 3293. 

11.Bishop, M. L., Fody, E. P., & Schoeff, L. E. (2013). Clinical chemistry: Principles, techniques, and correlations. 

Lippincott Williams & Wilkins. 

12.Bush, V., & Cohen, M. (2003). Serum separator tubes. Clinical Laboratory Science, 16(4), 218–225. 

13.Chen, H., Dai, S., Fang, Y., Chen, L., Jiang, K., Wei, Q., & Ding, K. (2021). Hepatic steatosis predicts higher 

incidence of recurrence in colorectal cancer liver metastasis patients. Frontiers in Oncology, 11, 631943. 

https://doi.org/10.3389/fonc.2021.631943 

14.Child, R. (1974). The uses of coconut in the Philippines. Food and Agriculture Organization of the United 

Nations. 

15.Chinedu, E., Onah, I., Amaje, P. O., & Jacob, D. L. (2018). Evaluation of the antiproliferative potential of Cocos 

nucifera juice. Journal of HerbMed Pharmacology, 7(3), 124–128. https://doi.org/10.15171/jhp.2018.21 

16.Czerwinski, B. J. (2006). Thixotropic properties of gels. Journal of Chemical Education, 83(6), 883. 

17.Ehimigbai, A., Agbonluai, R., Anunobi, A., & Albert, A. (2015). Ameliorative effect of Cocos nucifera (coconut) 

water on gentamycin-induced renal toxicity in adult Wistar rats. Journal of Pharmaceutical and Scientific 

Innovation, 4(3), 168–171. https://doi.org/10.7897/2277-4572.04337 

18.Gerin, F., Ramazan, D. Ç., Baykan, Ö., Şirkiçi, Ö., & Haklar, G. (2014). Abnormal gel flotation in a patient with 

apparent pneumonia diagnosis: A case report. Biochemia Medica, 24(1), 180–182. 

https://doi.org/10.11613/bm.2014.021 

19.Handayani, R. S., Sulistyo, J., & Rahayu, R. D. (2008). Extraction of coconut oil (Cocos nucifera L.) through 

fermentation system. Biodiversitas, 10(3), 157–162. https://doi.org/10.13057/biodiv/d100309 

20.Ignacio, I., & Tzec-Simá, M. (2021). Research opportunities on the coconut (Cocos nucifera L.) using new 

technologies. South African Journal of Botany, 141, 414–420. https://doi.org/10.1016/j.sajb.2021.05.030 

21.Inouchi, N., Glover, D. V., Sugimoto, Y., & Fuwa, H. (1991). DSC characteristics of retrograded starches of 

single‐, double‐, and triple‐mutants and their normal counterpart in the inbred Oh43 maize (Zea mays L.) 

background. Starch - Stärke, 43(12), 473–477. https://doi.org/10.1002/star.19910431206 

22.Katada, Y., Nakagawa, T., Nagao, M., Umemura, K., Itohara, K., Nishikawa, A., Hashi, S., Katsube, Y., Hira, D., 

Ohsumi, A., Nakajima, D., Date, H., & Takato, T. (2023). Trough ganciclovir concentration as predictor of 

leukopenia in lung transplant recipients receiving valganciclovir prophylaxis. Transplant Infectious Disease, 25(6), 

e14141. https://doi.org/10.1111/tid.14141 

23.Kavlak, S., & Güner, A. (2006). Intermolecular interactions between bovine serum albumin and certain 

water‐soluble polymers at various temperatures. Journal of Applied Polymer Science, 100(2), 1554–1560. 

https://doi.org/10.1002/app.23544 

24.Lala, V., Zubair, M., & Minter, D. (2023). Liver function tests. StatPearls. 

https://www.ncbi.nlm.nih.gov/books/NBK482489/ 

25.Lateef, A., Elegbede, J. A., Akinola, P., & Ajayi, V. A. (2019). Biomedical applications of green synthesized 

metallic nanoparticles: A review. Pan African Journal of Life Sciences, 3(1), 157–182. 

https://doi.org/10.36108/pajols/9102/30(0170) 

26.Macugay, I. C. D., Macugay, P. J. D., Etcuban, J. O., & Dinauanao, A. M. (2018). Clotting and gel separator 

property of extract from the roots of Damong Maria (Artemisia vulgaris) with Oryza sativa. 

27.Mat, K., Kari, Z. A., Rusli, N. D., Harun, H. C., Wei, L. S., Rahman, M. M., Khalid, H. N. M., Hakim, A. H., 

Sukri, S. A. M., Khalif, R. I. A. R., Zin, Z. M., Zainol, M., Panadi, M., Nor, M. F. M., & Goh, K. W. (2022). 

Coconut palm: Food, feed, and nutraceutical properties. Animals, 12(16), 2107. https://doi.org/10.3390/ani12162107 

28.Ramdani, H., Yuwana, Y., & Budiyanto, B. (2023). Physical, chemical, microbiological and organoleptic 

properties of flavor seasoning combination of palm mushroom (Volvariella volvacea) and snakehead fish (Channa 

striata) with drying temperature variation. E3S Web of Conferences, 373, 04003. 

https://doi.org/10.1051/e3sconf/202337304003 

29.Rodak, B. F., Fritsma, G. A., & Keohane, E. M. (2012). An overview of clinical laboratory hematology. In G. A. 

Fritsma (Ed.), Hematology: Clinical principles and applications (4th ed.). Elsevier Pte Ltd. 

30.Shier, D., Butler, J., & Lewis, R. (2019). Hole’s human anatomy and physiology (15th ed.). McGraw-Hill 

Education. 

31.Smith-Keiling, B. (2021). Real-world ethical dilemmas in laboratory safety for microbiology under-resourced 

and outreach teaching. Frontiers in Microbiology, 12, 589569. https://doi.org/10.3389/fmicb.2021.589569 

32.Sun, J., Oh, Y. J., Emerson, M. S., & Raghavan, S. R. (2011). A review of compartmentalized blood processing 

techniques for plasma proteomics. Critical Reviews in Biotechnology, 31(1), 45–58. 



ISSN(O): 2320-5407                                                        Int. J. Adv. Res. 13(06), June-2025, 750-765 

765 

 

33.Tasdan, Z., Avcı, G., & Avci, E. (2023). Evaluation of effects on hepatocellular carcinoma cell line of Cocos 

nucifera: In vitro study. Acta Marisiensis - Seria Medica, 69(1), 45–49. https://doi.org/10.2478/amma-2023-0004 

34.Thampan, P. K. (1975). Coconut palm: A monograph. Central Plantation Crops Research Institute. 

35.Uy, I. A., Dapar, M. L. G., Aranas, A. T., Mindo, R. A. R., Manting, M. M. E., Torres, M. A. J., & Demayo, C. 

G. (2019). Qualitative assessment of the antimicrobial, antioxidant, and phytochemical properties of the ethanolic 

extracts of the roots of Cocos nucifera L. Pharmacophore, 10(2), 63–75. 

36.Xiao, W., Dinler, B., Vignjevic, M., Jacobsen, S., & Wollenweber, B. (2015). Physiological and proteome studies 

of responses to heat stress during grain filling in contrasting wheat cultivars. Plant Science, 230, 33–50. 

https://doi.org/10.1016/j.plantsci.2014.10.009 

37.York, M. (2017). Clinical pathology. In Elsevier eBooks (pp. 325–374). https://doi.org/10.1016/b978-0-12-

803620-4.00014-1. 


