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 Gram staining is a differential staining procedure that distinguishes 

between Gram-positive and Gram-negative bacteria. Toxicity and health 

hazards arising from the use of safranin dye have been widely reported, 

especially the danger of dye contamination originating from synthetic dye 

waste. Safranin is one of the dyes in Gram staining. Anthocyanin is a natural 

pigment that has the potential to be used as a dye, including applications in 

the laboratory such as Gram staining. Parijoto is a red fruit and contains 

anthocyanin. To evaluate the stability of parijoto fruit extract as a contrast 

dye for Gram staining based on temperature variations. The research 

design used was a true experimental design. Samples were E. coli bacteria 

to see the results of microscopic examination using alternative parijoto 

fruit extracts and safranin as a control in Gram staining. Data were 

processed using descriptive analysis based on the results of Gram staining. 

All treatment groups showed clear background contrast, good color, 

optimally stained bacteria, and clean preparations without debris. The best 

results were obtained with safranin (100%), followed by parijoto extract 

without heating (85%), heating at 40°C (80%), and heating at 80°C (75%), 

with a tendency to decrease in quality as the temperature increases.  

Parijoto fruit extract can be used as an alternative contrast dye in Gram 

staining, with the best results in conditions without heating, while 

increasing the temperature decreases the staining quality. Parijoto fruit 

extract has the potential to be an alternative natural contrast dye that is 

safer and more environmentally friendly. Use without heating is 

recommended because it provides optimal results and can be further 

developed in laboratory tests. 
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 Key Messages:  
• Parijoto fruit extract has the potential to be used as an alternative 

counterstain in Gram staining, but its use requires careful attention to 

storage temperature conditions to maintain optimal staining quality. 

Storage at lower, controlled temperatures is recommended to maintain 

pigment stability, especially in tropical environments with relatively 

high temperatures. 
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GRAPHICAL ABSTRACT 

 
 

INTRODUCTION 
A frequently used staining method in bacteriology is Gram staining. Gram staining is a differential 

staining procedure that divides bacteria into Gram-positive and Gram-negative groups (1)(2). Differential 

staining requires more than one type of stain and is used to differentiate between different types of 

bacterial cells. Differential staining generally consists of three stages: the first stage, a primary stain, is used 

to stain all cells on the slide (3). The second stage, decolorization, is used to remove the stain from certain 

types of cells. The third stage, a counterstain, stains cells whose paint was removed during decolorization 

but does not affect cells still stained with the primary stain (4)(5). Counterstain is a comparative paint, so 

the results of differential painting will produce 2 types of cells with different colors, namely cells that are 

colored with the main paint and those that are colored with the comparative paint (6). Diagnosis of 

bacterial infections can be confirmed through laboratory tests by identifying bacteria using bacterial 

staining methods (7)(8).  

Escherichia coli (e. coli) is a group of gram-negative bacteria that are part of the normal flora in the 

body. Under certain conditions, these bacteria can become pathogenic, producing enterotoxins that can 

cause serious infections such as diarrhea (9)(10). The most widely used bacterial stains are synthetic dyes 

such as safranin. Safranin, a Gram staining dye, can be carcinogenic and has long-term negative health 

effects (11)(5). To overcome this problem, it is necessary to innovate natural dyes that can be used as 

alternative dyes (12). 

Parijoto (Medinilla speciosa) is a red fruit and contains anthocyanin (13)(14). Anthocyanin is a 

natural pigment that has the potential to be used as a coloring agent, including in laboratory applications 

such as Gram staining (15)(16)(17). The use of natural dyes can reduce synthetic dye waste in simple 

bacterial staining (18)(19). This research is a follow-up to the 2024 Ministry of Research, Technology, and 

Higher Education PKM-RE Research Grant on the Utilization of Parijoto Fruit Extract as a Gram Stain 

Counterstain for E. coli Bacteria, which produced 75% good quality preparations based on microscopic 

examination results. The results indicate that parijoto fruit extract can be used as an alternative to replace 
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safranin as a counterstain due to its environmentally friendly properties (20). 

The successful implementation of an innovation in the laboratory depends not only on technical 

effectiveness but also on the stability of the reagents so that they can be used effectively. The anthocyanin 

contained in parijoto fruit extract is an unstable compound (21)(22). Natural reagents such as fruit extracts 

like parijoto are highly influenced by various environmental factors and storage conditions. Temperature 

is a major factor because it can accelerate or slow down the pigment degradation process. High 

temperatures tend to damage the color structure, while too low temperatures can disrupt the solubility of 

the active components (23). Anthocyanins have low stability due to the effects of heating (14). 

Many studies have reported the use of anthocyanins as natural dyes, including as an alternative 

counterstain in Gram staining. However, most of these studies have focused solely on the potential use and 

effectiveness of the dye, without paying particular attention to its stability under specific temperature 

conditions (24). The studies specifically evaluating the thermal stability of anthocyanin extracts, 

particularly from parijoto fruit, at varying temperatures, such as 40°C and 80°C, are still very limited. 

Understanding stability under these temperature conditions is crucial for assessing their feasibility in 

laboratory practice, particularly in high-temperature environments or uncontrolled storage conditions 

(25). The extraction time of 20 minutes produced the highest yield, namely 27.89% (26). This study aims 

to evaluate the effect of temperature variations on the thermal stability and staining quality of parijoto fruit 

extract as a counterstain in Gram staining focuses on the aspects of color intensity changes and the 

differentiation ability of Gram bacteria at temperature conditions of 4°C, 40°C, and 80°C. The novelty of this 

study lies in the specific study of the thermal stability of anthocyanin extract from parijoto fruit at certain 

temperatures, which is still very limited in previous studies, especially in its application as a natural dye in 

Gram staining in the field of microbiology laboratories. 

 

METHODS 

The type of research is experimental. The sampling technique used in this study is non-probability 

purposive sampling, a sampling technique based on specific considerations. Sampling is done intentionally 

to align with the research objectives (27). The research design used was a true experiment design. The 

samples were e. coli bacteria to observe the results of Gram staining microscopically using alternative 

reagents of parijoto fruit extract at temperatures of 40oC and 80oC and safranin as a control. The bacterial 

counts used in this study were prepared based on the McFarland turbidity standard to ensure uniform cell 

concentration. The rejuvenated bacterial culture was then suspended in sterile physiological saline (0.85% 

NaCl) and homogenized to achieve a turbidity equivalent to the 0.5 McFarland standard, which is equivalent 

to approximately 1.5 × 10⁸ CFU/mL. This suspension was then diluted as needed to achieve the desired 

working concentration. To prepare slide slides, a drop of the bacterial suspension was placed on a clean 

glass slide and spread evenly using a sterile loop to form a thin layer (smear). The slide was then dried at 

room temperature and fixed using a heat fixation method to adhere the bacteria to the slide surface. The 

slide was then ready for Gram staining using parijoto fruit extract as a counterstain (21). 

Data were processed using descriptive analysis based on the results of Gram staining. The study 

was conducted in the microbiology laboratory of Muhammadiyah Ahmad Dahlan University, Palembang in 

January 2026. The independent variable was the parijoto fruit extract reagent based on temperature 

variations while the dependent variable was the results of Gram staining. The results of the examination 

were analyzed descriptively. The process of making parijoto Fruit Extract Reagents: Weigh 800 g of parijoto 

fruit, wash, dry, and then blend. Blend the fruit only without adding water or distilled water. 100% parijoto 

fruit extract is obtained without a mixture of distilled water using filter paper. Then, pipette 75 ml of 

parijoto fruit juice and add 25 ml of distilled water until it reaches a total volume of 100 ml. The parijoto 

fruit extract dye with a concentration of 75% is ready to use (28). 

Temperature Stability Testing: Parijoto fruit extract was made into two solutions, namely the first 

solution of 2 ml of parijoto fruit extract added with 50 ml of distilled water, then homogenized and heated 

on a hotplate at a temperature of 40℃ for 20 minutes. The second solution was made by adding 2 ml of 

parijoto fruit extract with 50 ml of distilled water, then homogenized and heated on a hotplate at a 

temperature of 80℃ for 20 minutes. Then a stability test was carried out by reading the staining results 
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microscopically (24). 40°C was chosen to represent realistic hot environmental conditions, such as storage 

temperatures in tropical regions or uncontrolled transportation conditions, where biological materials can 

be exposed to temperatures above normal room temperature. Meanwhile, 80°C was used as an accelerated 

thermal test condition to evaluate the extract's resistance to short-term exposure to extreme heat, thereby 

more quickly demonstrating the limits of pigment degradation  (26). 

The process of making e-coli bacterial preparations is carried out by heating a loop ring on a spirit 

lamp. Take E. coli and place it on a glass object. Then, a drop of NaCl solution is added and flattened to form 

an oval. The preparation is allowed to dry after which it is fixed on the spirit lamp. The Gram Staining 

Procedure is that the fixed bacterial preparation is flooded with crystal violet solution for one minute, then 

rinsed with distilled water (24). After that, the preparation is flooded with Lugol's solution for one minute 

and rinsed with distilled water. Then the preparation is flooded with an alcohol solution until the color 

fades and rinsed with distilled water. Then the preparation is flooded with a safranin solution for 30 

seconds as a control, while as an experiment, the safranin is replaced with a dye solution from parijoto fruit 

extract at a temperature of 40℃ and 80℃, then the preparation is dried. After drying, it is observed using 

a microscope at 100x magnification (29). 

Microscopic observations were conducted by three laboratory technicians. In descriptive 

observations, the following were observed: Contrast to the background on the preparation is clearly visible 

or not (2 = contrast is clearly visible, 1 = contrast is less visible, 0 = no contrast), Having a clear color (2 = 

clear color, 1 = dull color, 0 = no color), The shape of the bacteria that were successfully stained (2 = good 

quality, 1 = less good, 0 = no visible shape), and Debris (2 = no debris/clean, 1 = debris is visible but does 

not cover the entire bacterial body, 0 = debris covers the entire bacterial body)(18). 

 

CODE OF HEALTH ETHICS  

This study has been approved by research ethics committee of Universitas Muhammadiyah Ahmad 

Dahlan Palembang with the number: 000193/KEP Universitas Muhammadiyah Ahmad Dahlan 

Palembang/2026. 

   

RESULTS 
Table 1 shows, the number of samples and percentage of Gram staining success for each treatment. 

The control group using safranin showed the best results with all 16 samples successful (100%). Parijoto 

extract without heating was successful in 14 of 16 samples (85%), while heating at 40°C and 80°C reduced 

the success to 13 samples (80%) and 12 samples (75%), respectively. These data show a decrease in 

staining effectiveness as the heating temperature increases, indicating that Parijoto extract is most optimal 

when used without heating. 

 

Table 1. Number of Samples and Percentage of Success (n=64) 

Gram Staining Treatment Group n Successful Sample % 
Safranin 16 16 100 
Parijoto without heating 16 14 85 
Parijoto heating temperature 40℃ 16 13 80 
Parijoto heating temperature 80℃ 16 12 75 

 

Table 2. Gram Staining Observation Quality (n=64) 

Gram Staining Treatment 
Group 

Background 
Contrast 

Color 
Stained 
Bacteria 

Clean 
Preparation 

(Without Debris) 
Safranin Very clear Very clear Very good Very clear 
Parijoto without heating Clear Very clear Good Clear 
Parijoto heating temperature 
40℃ 

Clear Very clear Good Clear 

Parijoto heating temperature 
80℃ 

Clear Very clear Good Clear 
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Table 2 showed that, the quality of Gram staining observations for each treatment. All groups 

maintained clear background contrast and good color. Bacteria on safranin slides were optimally stained, 

and the slides were clean and free of debris. In the Parijoto group, both without heating and with heating 

at 40°C and 80°C, staining quality decreased slightly with increasing temperature. However, overall, the 

bacteria remained well stained, and the slides were relatively clean. This indicates that Parijoto extract still 

has potential as a natural counterstain, although its effectiveness is slightly reduced at higher heating 

temperatures. 

 

 
Figure 1. Gram Staining Result Using Safranin and Parijoto Extract 

Figure 1 shows the number of successful Gram staining results for each treatment, with safranin 

achieving 100% success (16/16) as a control. Parijoto extract without heating was successful in 14 samples 

(85%), while heating at 40°C and 80°C resulted in success in 13 samples (80%) and 12 samples (75%), 

respectively. This graph shows a decrease in staining success as the temperature increases, indicating that 

Parijoto extract is most effective when used without heating, but still has potential as an alternative 

counterstain. 

 

DISCUSSION 
The problem-solving approach in this study specifically focused on testing the effect of 

temperature, namely 40°C and 80°C for 20 minutes on the stability of parijoto fruit extract as a Gram 

staining reagent. These two temperatures were chosen because they are able to simulate heating 

conditions that can cause rapid degradation of natural pigments. The effectiveness of parijoto fruit extract 

as a counterstain was examined through Gram staining to determine whether increasing temperature 

causes a decrease in the extract's ability to provide color contrast to Gram-negative bacteria. The study can 

identify the thermal resistance limits of parijoto fruit pigments and determine whether high temperatures 

still allow the extract to be used as a reagent or actually cause significant degradation making it unsuitable 

for use. This approach provides a solution in determining safe storage conditions and determining the 

extent to which high temperatures affect the stability of natural reagents. 

Research into the use of natural dyes as alternative reagents in microbiological staining has grown 

rapidly, primarily in response to increasing concerns about chemical safety, cost, and environmental issues. 

Several previous studies have utilized sappanwood solutions (30), methanol extract of rosella flowers (18), 

teak leaf extract (31) and Lawsonia inermis extract to replace safranin which is stable at 40℃ (24). The 

best time to maintain the detected compounds was in the extraction treatment with a time of 20 minutes 

(26) . Parijoto fruit (Medinilla speciosa), known to contain anthocyanin pigments and phenolic compounds, 

has been studied as a source of natural dyes, but its use as a counterstain in Gram staining has not been 

widely explored and is generally only tested under normal temperature conditions or cold storage. 

Research on the effect of high temperatures on the stability of parijoto extracts remains a rarely explored 

area and requires a more in-depth scientific approach. 

The novelty of this research lies in the effectiveness of staining on Gram-negative bacteria based 

on temperature variations. This approach provides a novel contribution by revealing the thermal resistance 
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limits of parijoto pigments and evaluating whether high heating can damage the extract's ability to produce 

adequate staining contrast. The results of this study are expected to provide new scientific insights in the 

development of more stable natural dye reagents, as well as serve as a basis for natural dye formulations 

that are resistant to environmental conditions. 

The results showed that Parijoto fruit extract can function as an alternative counterstain in Gram 

staining, although its effectiveness is slightly lower than the standard stain safranin. Safranin as a control 

produced 100% success, indicating optimal staining quality, while Parijoto without heating reached 85%, 

still good enough to detect bacteria with clear contrast and color. The decrease in staining effectiveness 

with increasing temperature can be explained by changes in the chemical structure and stability of the 

anthocyanin pigments found in parijoto fruit extract. Anthocyanins are heat-sensitive flavonoid 

compounds. Increasing temperature can accelerate the thermal degradation reaction, changing their active 

structure from the flavylium cation (colored) form to a chalcone, or colorless, degraded derivative. This 

process causes a decrease in color intensity, thus diminishing their ability as a counterstain. Furthermore, 

high temperatures can accelerate the oxidation and hydrolysis of anthocyanin compounds, resulting in the 

destruction of the electron conjugation system responsible for light absorption and staining. The higher 

the temperature (e.g., 40°C and especially 80°C), the greater the kinetic energy of the molecules that 

accelerate these degradation reactions, significantly reducing pigment stability. 

In the context of Gram staining, this decrease in staining quality impacts the extract's ability to 

provide contrast between Gram-negative bacteria and the background. This results in less clear 

morphological differentiation of bacteria, primarily because the counterstain color intensity is not strong 

enough to highlight cells that have lost the primary stain. Thus, the decrease in dyeing effectiveness is not 

only caused by physical changes in color, but also by chemical degradation of the pigment, which affects the 

dye's interaction with the bacterial cell structure. Overall, these findings confirm that thermal stability is a 

critical factor in determining the effectiveness of parijoto extract as a natural dye, particularly in 

microbiological applications that require color consistency and sharp cell differentiation. 

Despite the decrease in effectiveness, all parijoto treatments still produced clean preparations 

and well-stained bacteria, thus demonstrating the potential of this extract as an environmentally friendly 

natural counterstain. These findings align with previous research on the use of plant-based materials as 

laboratory dyes, which showed that dye stability and quality are significantly affected by processing 

conditions such as temperature. 

 

CONCLUSION 

Parijoto fruit extract can be used as an alternative counterstain in Gram staining with good results 

and clean preparations without debris. The decrease in staining effectiveness with increasing temperature 

is mainly due to the thermal degradation of anthocyanins in parijoto extract, which changes its chemical 

structure, thereby reducing color intensity and ability as a counterstain. Thus, Parijoto extract has the 

potential to be a safe and environmentally friendly natural dye for laboratories. Based on the results, further 

research can be conducted to standardize the extract concentration, test its long-term stability, and explore 

other safe and environmentally friendly natural dyes as alternative laboratory dyes. 
 

DECLARATION OF THE USE OF AI 
The authors declare that no artificial intelligence (AI), AI-assisted technologies, or large language 

models (LLMs) were used in the conception of the study, data analysis, or the drafting, writing, and editing 

of this manuscript. The only exception is the graphical abstract, which was created using the design 

platform Illustrae (https://illustrae.co/). The authors take full responsibility for the content and accuracy 

of the graphical abstract and the entire manuscript. 

 

FUNDING 
Funding for this research was supported by Muhammadiyah Ahmad Dahlan University, Palembang. 

 



Indah Sari, et.al., (2026).  

691 
https://doi.org/10.56303/jhnresearch.v5i2.1353 

ACKNOWLEDGMENTS 

The author would like to thank Muhammadiyah Ahmad Dahlan University Palembang and the 

research team who supported the data collection process. 

 

CONFLICTS OF INTEREST  
The authors declare no conflict of interest. 

 
REFERENCES 
 

1. Xiaojia Liu, Meirong Song, Ying Liu, Shuyu Yang, Shang Chen JK, Jianzhong Shen  and KZ. Advanced 

Science - 2025 - Liu - Rational Design of Natural Xanthones Against Gram-negative Bacteria.pdf. 

2. Badar RAD, Carmona JLR, Collantes JGC, Lojo DR, Ocampo SMB, Ursua RLC, et al. Staining Capability of 

Plant Extracts for the Identification of Gram-positive and Gram-negative Bacteria : A Systematic 

Review. Vol. 11. 2022;11(2). doi:10.5530/ajbls.2022.11.37 

3. Jasphin S, Raghavendra AP, Solomon MC, Amuthan A, Kumar BM. Anthocyanins : A Hue For Histology 

- Systematic Review. Vol. 42. 2023;42(February):106–25. 

4. Ramadhani IS, Wahyuni; Ebook Dasar-Dasar Praktikum Mikrobiologi [Internet]. Jawa Tengah: Pena 

Persada; 2020 [cited 2026 Jul 12]. Located at: Jawa Tengah. Available from: 

//library.poltekbaubau.ac.id%2Findex.php%3Fp%3Dshow_detail%26id%3D1365%26keywords%3

D 

5. Hayunda AS, Hasibuan NS, Mutia L, Sembiring F. Potential of Henna Leaf ( Lawsonia inermis ) Extract 

as a Natural Alternative to Safranin in the Differential Staining of Escherichia coli and Salmonella typhi. 

Vol. 10. 2025;10(5):3180–4. 

6. Atmanto YKAA, Asri LA, Kadir NA. Media Pertumbuhan Kuman. Jurnal Medika Hutama. 2022 Nov 

11;4(01 Oktober):3069–75. 

7. Santos MKD. Exploring Nephelium Lappaceum ( Rambutan ) Peel Extract as A Novel Primary Stain for 

Gram Staining in Bacterial Identification. The American Journal of Applied Sciences safer. 

2025;07(01):1–6. doi:10.37547/tajas/Volume07Issue07-01 

8. Milanda T, Barliana MI, Rosidah R, Kusuma ASW. Pharmacology and Clinical Pharmacy Research 

Antibacterial Activities of Parijoto ( Medinilla speciosa Blume ) Fruit Extracts Against Clinical Isolates 

of Salmonella typhi and Shigella dysenteriae Fruit Extracts Against Clinical Isolates of. Vol. 6. 

2021;6(1). doi:10.15416/pcpr.v6i1.31992 

9. Fusaro C, Guerrero-vargas N, Sarria-guzmán Y, Serrano-silva N, Bernal JE, Ríos-montes K, et al. 

Molecular Identification of Escherichia coli Isolated from Street Foods : Global Evidence and Public 

Health Implications. 2025;(1):1–22. 

10. Nasution MR, Febriyananda A. Kombucha from ambarella fruit as a natural antibacterial agent against 

Escherichia coli and Staphylococcus aureus. Vol. 8. 2025;8(2):760–7. doi:10.29303/aca.v8i2.257 

11. Niken N, Yulia I. Innovation of extract (Lawsonia Inermis L) as alternative dye for Escherichia Coli 

bacterial staining. International Journal of Multidisciplinary Approach Research and Science. 

2023;1(03):512–7. doi:10.59653/ijmars.v1i03.274 

12. Bakhshabadi H, Ganje M, Gharekhani M, Mohammadi-moghaddam T, Aulestia C, Morshedi A. A Review 

of New Methods for Extracting Oil from Plants to Enhance the Efficiency and Physicochemical 

Properties of the Extracted Oils. 2025. 

13. Luhurningtyas FP, Surya RPA. Aktivitas Antioksidan Ekstrak Etanol 70% dan 96% Buah Parijoto Asal 

Bandungan dan Profil Kromatografinya. Pharmaceutical and Biomedical Sciences Journal (PBSJ). 2021 

Oct 8;3(1):39–44. doi:10.15408/pbsj.v3i1.22752 

14. Pertiwi RB, Hasbullah UHA, Affandi AR. Copigmentation of Anthocyanin Extract from Parijoto Fruit 

(Medinilla speciosa) and Its Stability at Different Temperatures and Heating Durations. Indonesian 

Food and Nutrition Progress. 2022;18(2):50. doi:10.22146/ifnp.65771 



Indah Sari, et.al., (2026).  

692 
https://doi.org/10.56303/jhnresearch.v5i2.1353 

15. Maulida ID, Mundriyastutik Y. Produksi Lipjar (Lip Balm Parijoto) Untuk Pemberdayaan Ekonomi 

Kelompok Nasyiatul Aisyiyah Kecamatan Kota Kabupaten Kudus. Diseminasi: Jurnal Pengabdian 

kepada Masyarakat. 2023;5(2):198–201. doi:10.33830/diseminasiabdimas.v5i2.4777 

16. Negi A. Natural Dyes and Pigments : Sustainable Applications and Future Scope. 2025. 

17. Melo Miranda B, Vilela Junior O, Santos Fernandes S, Mendes Lemos GR, Schwan CL, Aliaño-González 

MJ, et al. Potential of New Plant Sources as Raw Materials for Obtaining Natural Pigments/Dyes. 

Agronomy. 2025 Feb;15(2):405. doi:10.3390/agronomy15020405 

18. Esa Saputra B, Rina Bintari Y, Risandiansyah R. Uji Validasi Akurasi dan Presisi Metode Pewarnaan 

Sederhana Staphylococcus Aureus dan Escherichia Coli Menggunakan Ekstrak Metanolik Hibiscus 

Sabdariffa Linn. Jurnal Bio Komplementer Medicine. 2022;9(1):1–13. 

19. Cheril B T, Athena Therese V D, Angela Isabelle D E, Catherine Joy A M. The use of Clitoria ternatea 

ethanolic extracts as a potential stain. Publiscience. 2020 Jun 25;3(1):42–7. 

20. Pratiwi S, Sari I, Aristoteles A, Veronneca R, Amantasya T. Utilization of Parijoto (Medinilla speciosa 

Blume) Fruit Extract as a Counterstain in Gram Staining of Escherichia coli: Pemanfaatan Ekstrak Buah 

Parijoto (Medinilla speciosa Blume) Sebagai Counterstain Pada Pewarnaan Gram Escherichia coli. 

medicra. 2025 Dec 31;8(2):59–68. doi:10.21070/medicra.v8i2.1788 

21. Dafrita IE, Sari M. Senduduk dan ubi jalar ungu sebagai pewarna preparat squash akar bawang merah. 

JPBIO (Jurnal Pendidikan Biologi). 2020;5(1):46–55. doi:10.31932/jpbio.v5i1.571 

22. Kanwal S, Perveen S, Hameed H, Tahir S, Rashid R, Raish M, et al. Evaluating the efficacy of 

Chenopodium murale plant extract in inhibiting Streptococcus mutans and reducing dental caries risk. 

Sci Rep. 2025 May 2;15(1):15406. doi:10.1038/s41598-025-00127-x 

23. Regency S, Sulawesi S, Control Q, Science F, Heriadi H, Program M, et al. Effectiveness Of Acidified 

Ethanol Extraction In Extracting Anthocyanin Pigments Of Red Dragon Fruit (Hylocereus Polyrhizus). 

Żywność Nauka Technologia Jakość. 2025;1(142):65–74. doi:10.15193/zntj/2025/142/530 

24. Asfiya NA, Novalina D, Astuti TD. Potensi Dan Uji Stabilitas Ekstrak Lawsonia Inermis Sebagai Cat 

Penutup Pada Gram Staining Dengan Variasi Suhu Potency and Stability Test of Lawsonia inermis 

Extract as Counterstain on Gram Staining with Temperature Variation. Borneo Journal of Medical 

Laboratory Technology. 2024;6:540–6. 

25. Gouda S, Shetty N, Arundathi HA, Venkatesh VN, Mohan S, Dinesha P. Comparative evaluation of 

aqueosus Beta vulgaris extract as a natural microbial dye relative to standard stains through image 

processing. Sci Rep. 2025 Nov 13;15(1):39833. doi:10.1038/s41598-025-23508-8 

26. Rifkia V, Prabowo I. Pengaruh Variasi Suhu dan Waktu terhadap Rendemen dan Kadar Total Flavonoid 

pada Ekstraksi Daun Moringa oleifera Lam. dengan Metode Ultrasonik. PHARMACY: Jurnal Farmasi 

Indonesia (Pharmaceutical Journal of Indonesia). 2020;17(2):387. 

doi:10.30595/pharmacy.v17i2.7752 

27. Padoan A, Cadamuro J, Frans G, Cabitza F, Tolios A, Bruyne S De, et al. Data fl ow in clinical laboratories : 

could metadata and peridata bridge the gap to new AI-based applications ? Clinical Chemistry and 

Laboratory Medicine (CCLM). 2025;63(4):684–91. doi:10.1515/cclm-2024-0971 

28. Krisdianio V, Khairiyah A. Efektivitas Peggunaan Sari Daun Miana (Coleus Scutellarioides (L) Benth) 

Sebagai Alternatif Pewarna Safranin Dalam Pewarnaan Gram Bakteri Escherichia coli. Jurnal Medistra 

Medical Journal (MMJ). 2023;1(2):44–8. 

29. Sam Daniel T V, Josh Zavion A C, Wayne Rocq A S, Fernando Christian J. The utilization of methanolic 

Bixa orellana (Annatto) seed extract as substitute for safranin in Gram staining. Publiscience. 

2020;3(1):33–6. 

30. Ohji G, Ohnuma K, Ebisawa KF, Kusuki M, Ikegaki S, Ozaki H, et al. Comparison of Automated Point-of-

Care Gram Stainer (PoCGS®) and Manual Staining. Diagnostics. 2025 Jan;15(9):1137. 

doi:10.3390/diagnostics15091137 

31. Sisilia Pratiwi1, Indah Sari1*, Aristoteles1, Rossa Veronneca1 TA. Medicra (Journal of Medical 

Laboratory Science/Technology). Utilization of Parijoto (Medinilla speciosa Blume) Fruit Extract as a 

Counterstain in Gram Staining of Escherichia coli. 2025;8(2):12–7. doi:10.21070/medicra.v8i2.1788 

 


