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ABSTRACT

Background: Transport media are essential for preserving specimen integrity and maintaining microorganism
viability during delays between collection and laboratory testing. Conventional transport media are often
expensive, powder-based, and have limited shelf life after preparation, creating barriers in resource-limited
settings. Tofu pulp waste, a nutrient-rich by-product containing fiber, protein, and minerals, may support
bacterial survival while also reducing food waste. Methods: This laboratory-based experimental study assessed
tofu pulp waste as an alternative transport medium for vaginal swabs collected at Mandala Rangkasbitung
Community Health Center and infected wound swabs collected at Dr. Adjidarmo Rangkasbitung Regional
General Hospital. The study was conducted at the Integrated Microbiology Laboratory of the Banten Ministry of
Health Polytechnic, using purposive sampling. Specimens were transported in tofu pulp waste medium
(intervention) or standard Amies medium (control) and then subjected to microscopy, bacterial culture, and
Gram staining. Effectiveness was evaluated by comparing bacterial viability and recovery between media.
Findings: The tofu pulp waste medium maintained microorganism viability in both specimen types. Culture and
microscopy identified Gram-negative bacteria in wound swabs, including Citrobacter freundii and Proteus
mirabilis, and showed normal vaginal flora and clue cells in vaginal swabs. Overall recovery patterns were
comparable to those obtained using Amies medium. Conclusion: Tofu pulp waste has strong potential as a low-
cost, environmentally friendly alternative transport medium that preserves bacterial stability until laboratory
analysis. Novelty/Originality of this article: This article provides a new contribution to the field of clinical
microbiology by demonstrating that tofu residue, a nutrient-rich byproduct of the food industry, can serve as an
effective and stable bacterial transport medium.
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1. Introduction

Cervical cancer remains a major global health concern and continues to be a leading
cause of morbidity and mortality among women, particularly in low- and middle-income
countries, including Indonesia. The disease is characterized by the malignant
transformation of cervical epithelial cells at the junction between the uterus and the vagina.
In Indonesia, cervical cancer is prioritized as one of the four major diseases targeted by the
national screening program, which primarily utilizes Visual Inspection with Acetic Acid
(VIA) and Pap smear examinations to detect early precancerous lesions. According to the
2020 Indonesian Health Profile, more than 50,000 women were diagnosed through VIA
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screening, with thousands of additional suspected cases reported across the country. In
Banten Province alone, screening programs have identified hundreds of positive and
suspected cases, highlighting the ongoing burden of cervical pathology in the region.
However, the effectiveness of screening and subsequent clinical interventions is often
complicated by the presence of reproductive tract infections and vaginal dysbiosis, which
may obscure symptoms or exacerbate tissue damage.

In many developing and resource-limited settings, diagnostic limitations are
particularly evident in the management of reproductive tract infections and wound-related
complications. Bacterial vaginosis (BV) and other sexually transmitted infections (STIs)
pose substantial health risks for adolescents and women of reproductive age. BV is
characterized by a significant shift in the vaginal microbiota, in which protective
Lactobacillus species are replaced by a diverse community of anaerobic bacteria, including
Gardnerella vaginalis. Recent epidemiological studies report high BV prevalence rates in
clinical populations, often exceeding 30-40% in certain regions, indicating a persistent
global burden of the condition (Aklilu et al., 2024; Morrill et al., 2020). Without accurate
diagnosis and appropriate treatment, BV can lead to serious complications such as pelvic
inflammatory disease, chronic pelvic pain, infertility, and adverse pregnancy outcomes
(Rafat et al., 2025; Shimeles et al., 2025). The complexity of the vaginal microbiota and the
sensitivity of these organisms to environmental conditions further complicate accurate
diagnosis, particularly during specimen transport (Abbe & Mitchell, 2023; Fredricks et al,,
2005).

In addition to BV, other reproductive tract infections and shifts in vaginal flora are
clinically relevant because they can increase susceptibility to STIs and may complicate
screening interpretation in primary care settings. Laboratory-based diagnostic standards
for STI-related syndromes emphasize the importance of correct specimen collection and
transport to avoid loss of organism viability before culture-based confirmation (Unemo et
al,, n.d.). Moreover, clinical studies in different populations have repeatedly shown that BV
prevalence can remain high in reproductive-age women, underlining the importance of
reliable microscopy and transport workflows in routine services (Atia, 2021).

Similarly, surgical site infections (SSIs) and chronic wound infections represent a
major source of morbidity worldwide. These infections are particularly problematic in
healthcare systems with limited resources, where infection control practices and laboratory
support may be inconsistent. Chronic wounds, such as diabetic foot ulcers, are typically
polymicrobial environments in which pathogens like Staphylococcus aureus, Pseudomonas
aeruginosa, and various Gram-negative bacteria establish persistent infections (Khalid et
al,, 2024; Phan et al., 2023). These organisms possess virulence factors that enable adhesion
to host tissues and the formation of biofilms, which are structured microbial communities
embedded in a protective extracellular matrix. Biofilm formation significantly increases
resistance to host immune responses and systemic antimicrobial therapy, making accurate
microbiological identification and susceptibility testing essential for effective treatment
(Puca et al., 2021; Worku et al,, 2023). Wound infection pathogenesis is not only driven by
single pathogens but also by complex wound microbiota that may impair healing through
persistent inflammation and biofilm-associated tolerance. Reviews on wound microbiota
highlight that microbial community structure, tissue oxygenation, and moisture strongly
influence which organisms dominate and how difficult they are to eradicate (Uberoi et al,,
2024). Epidemiological studies of surgical wound infections further emphasize that local
hospital ecology and perioperative factors shape the spectrum of isolates, reinforcing the
need for standardized transport conditions to minimize pre-analytical bias (Giacometti et
al, 2000). Delays or errors in specimen handling and transport can lead to decreased
pathogen viability or overgrowth of commensal flora, resulting in misleading laboratory
findings and the inappropriate use of broad-spectrum antibiotics.

The global burden of bacterial infections and antimicrobial resistance further
emphasizes the importance of reliable microbiological diagnostics. A comprehensive global
analysis estimated that bacterial antimicrobial resistance was associated with millions of
deaths worldwide, highlighting the urgent need for accurate pathogen detection and
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targeted therapy (Murray et al., 2022). In parallel, global surveillance literature consistently
links delayed culture confirmation and empirical antibiotic exposure with increased
selection pressure for resistance, especially in wound and pus infections managed in
hospitals. Recent wound-infection datasets also describe diverse aerobic isolates with
variable susceptibility profiles, underscoring the practical importance of keeping samples
viable from collection to laboratory processing (Onsando Samson, 2025). In many low- and
middle-income countries, limited laboratory infrastructure and restricted access to
standardized diagnostic materials contribute to delays in pathogen identification and
promote empirical antibiotic use (Afolayan et al., 2021). These challenges underscore the
critical role of proper specimen transport systems in ensuring accurate laboratory results
and supporting antimicrobial stewardship programs.

The accuracy of laboratory diagnosis in both reproductive and wound infections
depends heavily on the availability of transport media capable of maintaining microbial
viability between the point of collection and the clinical laboratory. Commonly used gold-
standard media, such as Amies, Cary-Blair, and Stuart media, are specifically formulated to
preserve specimen integrity for several hours without promoting excessive microbial
growth. Despite their effectiveness, these media present significant logistical and financial
challenges in the Indonesian context. Most commercial transport media are imported,
imposing a considerable financial burden on national health systems and community health
centers. In Indonesia, the cost of a single transport medium tube may range from IDR 15,000
to IDR 25,000, which can be prohibitive for routine use in underfunded or rural healthcare
facilities. This reliance on imported diagnostic supplies contributes to healthcare inequities
and hinders progress toward Universal Health Coverage and the Sustainable Development
Goals related to equitable health access.

From an operational standpoint, transport media quality determines whether
downstream identification and susceptibility testing can be performed reliably, particularly
for clinical swabs collected in peripheral sites. Evidence from studies developing low-cost
transport formulations in low-resource contexts supports that locally sourced, well-
buffered media can be feasible when sterility and stability are ensured (Boiko et al.,, 2021;
Rahmani et al,, 2025).

In addition to economic constraints, pre-analytical factors such as specimen handling
and transport conditions play a crucial role in determining diagnostic accuracy. Many
clinically significant microorganisms, particularly anaerobic and fastidious species, are
highly sensitive to oxygen exposure, temperature fluctuations, and nutrient depletion
during transit. Inadequate transport conditions may lead to bacterial death, metabolic
alterations, or the overgrowth of contaminating flora, ultimately compromising culture
results. These challenges are particularly relevant in polymicrobial infections, where
accurate preservation of microbial diversity is necessary for correct diagnosis and
treatment decisions.

In response to these challenges, there has been increasing interest in developing low-
cost, sustainable alternatives to conventional transport media. Recent studies have
explored locally produced or simplified transport media for diagnostic applications in
resource-limited settings, demonstrating the feasibility of such approaches (Rahmani et al,,
2025). The global shift toward sustainable healthcare systems has also encouraged the
exploration of environmentally friendly materials derived from agricultural or food-
processing by-products. These materials are often abundant, inexpensive, and
biodegradable, making them attractive candidates for use in microbiological applications
(Montesinos et al., 2024).

One such by-product is tofu pulp waste, commonly known as okara. Okara is produced
in large quantities during tofu and soy milk processing and is frequently discarded despite
its high nutritional value. It contains substantial amounts of protein, dietary fiber, and
essential nutrients that can potentially support microbial survival (Shinde et al., 2025). The
fibrous structure of okara, composed of cellulose, hemicellulose, and lignin, can serve as a
physical scaffold for microbial attachment, resembling the solid-state environment found in
biological tissues. This property aligns with the principles of solid-state fermentation, in
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which solid substrates provide both nutritional support and structural stability for
microbial maintenance.

In addition to its structural and nutritional properties, okara also contains bioactive
compounds such as isoflavones, including genistein and daidzein, which possess
antioxidant activity. These compounds have been reported to protect cellular structures
from oxidative stress, potentially preserving bacterial viability during storage and transport
(Kim, 2024; Privatti et al., 2024). Such protective mechanisms may function similarly to the
activated charcoal used in conventional transport media to neutralize metabolic by-
products and maintain a favorable microenvironment for microorganisms.

The utilization of okara as a transport medium offers several potential advantages. It
provides a low-cost and locally available diagnostic material, reduces environmental
pollution caused by food-processing waste, and supports the development of sustainable
medical innovations. Moreover, the use of locally sourced materials may strengthen
laboratory resilience and reduce dependence on imported diagnostic supplies, particularly
in decentralized healthcare systems.

In Indonesia, the operational reality of specimen transport often differs substantially
from the ideal conditions assumed in clinical microbiology guidelines. Primary health
centers and district hospitals may face delays caused by limited courier schedules, high
patient volume, and constrained laboratory capacity, particularly when specimens must be
referred to centralized facilities. Such pre-analytical delays are clinically consequential
because a swab specimen is not a static entity; the microbial community may shift during
transport due to oxygen exposure, temperature variation, and progressive nutrient
depletion. These factors can selectively reduce the viability of fastidious organisms while
allowing more resilient flora to persist, thereby altering the apparent microbial composition
at the time of culture. In syndromes such as bacterial vaginosis and polymicrobial wound
infection, where mixed communities are expected, preservation of the original microbial
balance becomes critical for accurate interpretation.

Moreover, the broader context of diagnostic equity and supply resilience has become
increasingly relevant. Import dependence for routine consumables—transport media,
sterile swabs, and culture accessories—can amplify service disruptions and cost volatility.
In resource-limited settings, this may translate into fewer specimens being processed
microbiologically, delayed antimicrobial susceptibility testing, and a greater reliance on
empirical antibiotic therapy. Because antimicrobial stewardship depends on timely and
reliable microbiological evidence, innovations that strengthen the pre-analytical chain can
have downstream benefits for therapeutic decision-making and resistance control.
Accordingly, developing an alternative transport medium from locally available material is
not merely a cost-saving strategy; it represents a systems-level intervention that may
improve diagnostic continuity, reduce waste, and support sustainable laboratory practice
in decentralized healthcare systems.

Therefore, the development of a tofu pulp waste-based transport medium represents
anovel and practical approach to addressing both diagnostic and environmental challenges
in resource-limited settings. This study aims to evaluate the effectiveness of a tofu pulp
waste-based transport medium in maintaining the viability of microorganisms from vaginal
and wound swab specimens, compared with the standard Amies transport medium.
Through this investigation, the study seeks to provide a scientifically grounded, cost-
effective, and sustainable alternative to conventional transport media for use in clinical
microbiology.

2. Methods

This laboratory-based experimental study employed purposive sampling to compare
bacterial viability and recovery from clinical swabs transported in a tofu pulp waste
medium versus standard Amies medium, followed by culture on selective and differential
agar. The study was conducted at Mandala Rangkasbitung Community Health Center and
Dr. Adjidarmo Regional General Hospital, Rangkasbitung, Indonesia, with laboratory
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processing from January to May 2025. The sample comprised patients undergoing routine
clinical swab testing, including vaginal swabs from female patients and wound swabs from
postoperative patients with suspected infection. Equipment included standard
microbiological instruments and a biosafety cabinet. At the same time, materials comprised
Amies medium, tofu pulp waste, Blood Agar Plate (BAP), MacConkey Agar (MCA), sterile
swabs, distilled water, and biochemical media for identification. The composition of the
ingredients in tofu pulp waste is as follows: Tofu pulp waste (1.5 g), NaCl (0.45 g), Sodium
Hydrogen Phosphate (0.17 g), Potassium Dihydrogen Phosphate (0.03 g), Potassium
Chloride (0.03 g), Sodium Thioglycolate (0.15 g), Calcium Chloride (0.015 g), Magnesium
Chloride (0.015 g), Seaweed Agar Powder (0.6 g), Distilled Water 150 ml.

2.1 Study design and setting

This laboratory-based experimental study employed a comparative design to evaluate
bacterial viability and recovery from clinical swab specimens transported using a tofu pulp
waste medium and the standard Amies transport medium. The primary objective was to
assess whether a sustainable, locally derived transport medium could maintain microbial
viability at a level comparable to the conventional gold-standard medium. The study was
conducted at the Integrated Microbiology Laboratory of the Banten Ministry of Health
Polytechnic (Poltekkes Kemenkes Banten), Indonesia.

Clinical specimens were collected between January and May 2025 at two healthcare
facilities in Rangkasbitung: the Mandala Rangkasbitung Community Health Center and Dr.
Adjidarmo Regional General Hospital. These facilities were selected because they routinely
manage reproductive health and postoperative wound cases, providing an appropriate
clinical setting for specimen collection. All laboratory procedures were performed under
standardized biosafety protocols using a Class II biosafety cabinet. Equipment used in the
study was routinely calibrated to ensure accuracy and reproducibility of results.
Sterilization procedures followed internationally accepted microbiological standards to
minimize the risk of contamination.

2.2 Materials and equipment

The primary equipment used in this study included a digital autoclave for steam
sterilization, a forced-air laboratory oven for dehydration processes, an analytical balance
for precise measurement of medium components, a magnetic stirrer for homogenization,
and a binocular light microscope for microbial observation. All laboratory work involving
clinical specimens was conducted inside a Class Il biosafety cabinet to maintain aseptic
conditions. The materials used included commercial Amies transport medium, tofu pulp
waste (okara), Blood Agar Plates (BAP), MacConkey Agar (MCA), sterile dacron swabs,
distilled water, and biochemical test media for bacterial identification. Additional reagents
included Gram staining solutions and IMViC biochemical reagents.

2.3 Preparation of the tofu pulp waste and composition of the tofu pulp waste transport
medium

Fresh tofu pulp waste was obtained from a local tofu producer to ensure availability
and relevance to local production conditions. The material was subjected to three
consecutive washes using sterile distilled water to remove soluble sugars, residual proteins,
and other compounds that could promote rapid bacterial growth during transport. After
washing, the tofu pulp waste was spread in a thin, uniform layer on sterile trays and
dehydrated in a forced-air oven at 60°C for 48 hours.

This temperature and duration were selected to reduce the moisture content to below
10%, thereby inhibiting the growth of contaminating microorganisms. The dried substrate
was subsequently ground into a fine powder using a laboratory blender. The powder was
then sieved through an 80-mesh screen to obtain a uniform particle size. This step ensured
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homogeneous distribution of the substrate within the transport medium and improved
rehydration during medium preparation.

Table 1. Composition of the tofu pulp waste transport medium

Component Amount
Tofu pulp waste (okara) 15g
Sodium chloride (NaCl) 045¢g
Sodium hydrogen phosphate 017 ¢
Potassium dihydrogen phosphate 0.03g
Potassium chloride (KCI) 0.03g
Sodium thioglycolate 0.15¢g
Calcium chloride 0.015g
Magnesium chloride 0.015¢g
Seaweed agar powder 0.6g
Distilled water 150 mL

The tofu pulp waste transport medium was formulated to provide a semi-solid and
protective microenvironment capable of maintaining microbial viability during specimen
transport. The composition of the medium was as follows on Table 1. Sodium thioglycolate
was incorporated as a reducing agent to decrease the redox potential of the medium and
support the survival of anaerobic and fastidious organisms. The inclusion of agar provided
a semi-solid matrix that prevented desiccation of the swab while limiting excessive
microbial growth during transport.

2.4 Preparation for transport media
2.4.1 Sterilization procedures and preparation of amies medium

All reusable glassware, including beakers, Erlenmeyer flasks, and screw-cap tubes, was
sterilized at 121°C for 15 minutes using a digital autoclave. This sterilization protocol is
widely accepted for eliminating vegetative cells and bacterial endospores. Work surfaces
and instruments were disinfected prior to use to maintain aseptic laboratory conditions.

The Amies transport medium was prepared according to standard laboratory
procedures. All components were dissolved in distilled water and heated until completely
homogenized. The medium was then dispensed into sterile screw-cap tubes and sterilized
by autoclaving at 121°C for 15 minutes. After sterilization, the tubes were cooled and stored
at room temperature until use.

2.4.2 Preparation of tofu pulp waste medium

The tofu pulp waste transport medium was prepared by dissolving 50 g of tofu powder,
2 g of bacteriological agar, and 1 g of sodium chloride in 100 mL of distilled water. The
mixture was homogenized using a magnetic stirrer and heated until the agar completely
dissolved, forming a uniform semi-solid solution. The pH of the medium was measured
using a calibrated digital pH meter and adjusted to a neutral range of 7.2 + 0.2.

This pH range was selected to maintain compatibility with both vaginal and wound-
associated microorganisms. The prepared medium was dispensed into 5 mL screw-cap
tubes and sterilized by autoclaving at 121°C for 15 minutes. After sterilization, the media
were cooled and stored at 4°C if not used immediately.

2.5 Clinical specimen collection

Specimens were collected using a purposive sampling approach from two clinical
cohorts: vaginal swabs and wound swabs. To strengthen comparability between the
intervention and control, specimens were handled as paired observations. For each eligible
patient, two swabs were collected from the same anatomical site in immediate succession
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using the same technique and operator, and each swab was placed into a different transport
medium (tofu pulp waste medium vs. Amies). This paired approach minimized inter-
individual variability and ensured that observed differences in recovery were primarily
attributable to the transport medium rather than sampling heterogeneity.

After inoculation into transport tubes, specimens were maintained at controlled room
temperature (25-27°C) and processed within the routine operational timeframe of the
participating facilities. Transport duration reflected real-world referral practice, and all
tubes were kept upright and tightly capped to reduce desiccation and environmental
exposure. Upon arrival at the laboratory, each specimen was logged, inspected for leakage
or visible contamination, and processed immediately for culture and microscopy. This
workflow was designed to replicate practical conditions in primary and secondary care
settings while maintaining standardized handling steps across all specimens.

2.5.1 Vaginal and wound swab cohort

Vaginal swabs were obtained from women aged 15-45 years undergoing VIA screening
at the community health center. A sterile dacron swab was inserted approximately 2 inches
into the vaginal canal and rotated against the posterior fornix for 10-15 seconds to ensure
adequate sample collection. Then, wound swabs were collected from postoperative patients
with suspected infections between 1 and 7 days after surgery. The Levine technique was
used, in which the swab was pressed and rotated over approximately 1 cm? of clean wound
bed tissue after cleansing the wound margins with 70% alcohol. This method was selected
because it provides a more accurate representation of deep-tissue microorganisms
compared with superficial swabbing.

Each specimen was immediately placed into either the tofu pulp waste transport
medium (intervention) or the Amies transport medium (control). The specimens were
maintained at room temperature (25-27°C) during transport to the laboratory. The
specimen collection and basic laboratory diagnostic workflow were aligned with commonly
referenced laboratory guidance for STI-related specimen handling, including the need to
minimize delays and prevent desiccation during transport (Unemo et al,, n.d.). For wound
sampling, standardized swab techniques are recommended to improve representativeness
of deeper microbial burden compared with superficial sampling (Bessa et al., 2015).

2.6 Laboratory analysis

Quality assurance procedures were implemented throughout medium preparation and
laboratory processing to reduce contamination and measurement bias. Each batch of
prepared transport medium underwent sterility verification by incubating randomly
selected tubes without inoculation and monitoring for turbidity or microbial growth on
subculture. Culture media (BAP, MCA, and MSA) were also checked for sterility and
expected performance using routine laboratory control organisms when available.

Such QA steps are consistent with recommendations in laboratory-oriented reviews
emphasizing that pre-analytical handling and culture workflow standardization reduce
misclassification in polymicrobial wound infections (Wolf et al., 2021). Microscopy and
Gram-stain interpretation followed standardized criteria. Slides were read under consistent
illumination and magnification settings, and morphological reporting used predefined
categories (cocci, bacilli, coccobacilli; Gram-positive vs. Gram-negative). For biochemical
identification, IMViC reactions and confirmatory tests (catalase/coagulase for Gram-
positive isolates) were performed according to manufacturer instructions and laboratory
SOPs, with appropriate positive and negative controls when feasible. All results were
recorded using standardized worksheets to ensure traceability and reduce transcription
errors.
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2.6.1 Microscopic examination

Wet mounts of vaginal swabs were examined under a light microscope at 400x
magnification to detect the presence of clue cells. The observation of epithelial cells covered
with coccobacilli was considered indicative of bacterial vaginosis. Gram staining was
performed using the standard four-step method: crystal violet staining, iodine mordant
application, alcohol-acetone decolorization, and safranin counterstaining. Bacteria were
classified as Gram-positive or Gram-negative based on their staining characteristics.

2.6.2 Culture and biochemical identification

Specimens were inoculated onto Blood Agar Plates (BAP) and MacConkey Agar (MCA)
using standard streaking techniques. The plates were incubated aerobically at 37°C for 18-
24 hours. For vaginal specimens, an additional set of plates was incubated in a 5-10% CO,
atmosphere to support microaerophilic organisms. Species-level identification was
conducted using IMViC biochemical tests, including Indole, Methyl Red, Voges-Proskauer,
and Citrate utilization tests. Catalase and coagulase tests were also performed for Gram-
positive isolates to differentiate Staphylococcus aureus from other staphylococci.

2.6.3 Laboratory analysis and interpretation

Microbial recovery was quantified using the Colony Forming Unit (CFU/mL) method.
Comparative statistical analysis was performed to evaluate differences in bacterial viability
between the tofu pulp waste transport medium and the Amies control medium. A p-value
of <0.05 was considered statistically significant. Consistency in colony morphology, Gram-
stain characteristics, and biochemical profiles across the specimen pairs was used as an
additional indicator of the effectiveness of the tofu pulp waste transport medium.

3. Results and Discussion

3.1 Vaginal swab samples
3.1.1 Microscopic examination of vaginal swabs

The examination was conducted to detect microorganisms causing infection and to
assess the presence of normal flora using Gram staining and microscopic examination of
vaginal swab samples from IVA Test patients at the Mandala Rangkasbitung Community
Health Center. As shown in Table 1, microscopic Gram staining of vaginal swab samples
revealed a predominance of Gram-positive bacilli (53.33%), consistent with normal vaginal
flora, primarily Lactobacillus spp., indicating a generally balanced vaginal microbiota. Gram-
positive cocci and fungal elements were each observed in 20.00% of samples, suggesting
mixed colonization patterns within the vaginal ecosystem, while clue cells were detected in
6.67% of samples, indicating bacterial vaginosis in a subset of patients.

Table 1. Microscopic prevalence of vaginal swabs

Description N (%)
Gram + bacilli 8 (53.33%)
Gram-positive cocci 3(20.00%)
Clue cell 1 (6.67%)
Fungi 3 (20.00%)

Lactobacillus spp. are the dominant bacteria in healthy vaginal microbiota, accounting
for approximately 70% of the normal flora. These organisms produce lactic acid, hydrogen
peroxide, and bacteriocins, which help maintain a low vaginal pH and inhibit the growth of
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pathogenic bacteria. The presence of these protective mechanisms is essential in preventing
the colonization of opportunistic and pathogenic microorganisms.

The detection of clue cells in 6.67% of samples indicates bacterial vaginosis (BV) in a
subset of patients. BV is characterized by a shift from a Lactobacillus-dominated microbiota
to a diverse anaerobic community. This imbalance can increase susceptibility to sexually
transmitted infections, adverse pregnancy outcomes, and pelvic inflammatory disease. The
identification of clue cells therefore represents a critical diagnostic indicator of vaginal
dysbiosis.

These findings demonstrate that microscopic examination effectively differentiates
normal vaginal flora from BV-associated alterations. The staining method used also enables
clear identification of clue cells and bacterial morphotypes, making it a practical diagnostic
tool even in settings with limited laboratory expertise (Martinez-Figueroa et al., 2022).
Similar observations have been reported in studies of vaginal microbiota, which highlight
the importance of maintaining microbial balance and early detection of dysbiosis in
reproductive health management (Aklilu et al., 2024; Rafat et al., 2025).

3.1.2 Macroscopic observations on the medium

Samples transported in both Amies and tofu pulp waste media were subcultured onto
chocolate agar and Sabouraud Dextrose Agar (SDA) using the spread-plate method to obtain
uniform colony distribution. Chocolate agar plates were incubated for 24 hours in a sealed
jar to support the growth of fastidious organisms, while SDA plates were incubated at 37°C
for 24 hours to promote fungal recovery. Following incubation, colonies were evaluated
macroscopically for growth, colony size, shape, surface texture, elevation, and pigmentation.
Overall, both transport media yielded comparable growth patterns, indicating that the tofu
pulp waste medium preserved specimen viability similarly to the standard Amies medium.

MRPT pim >
Fig. 1. (a) Chocolate Agar Medium (b) SDA Medium Macroscopic observation of vaginal swab
samples using Amies transport medium and tofu pulp waste

Following incubation, colonies were evaluated macroscopically for growth
characteristics, including size, shape, surface texture, elevation, and pigmentation. As shown
in Figure 1, specimens transported in both Amies and tofu pulp waste media produced
comparable colony morphologies on chocolate agar and SDA. On chocolate agar, colonies
were round, small to medium in size, and white to cream in color. On SDA, colonies appeared
round and convex, with smooth surfaces and white to yellowish pigmentation. The
similarity in colony morphology across both transport media indicates that the tofu pulp
waste medium maintained microbial viability without causing morphological distortion.

As shown in Table 2, both transport media produced identical culture outcomes. On
chocolate agar, 13 of 15 samples (86.67%) exhibited bacterial growth, while 2 samples
(13.33%) showed no growth in both groups. On SDA, growth was observed in 3 samples
(20%) and absent in 12 samples (80%) for both the Amies and tofu pulp waste media. These
identical growth proportions indicate that the alternative medium preserved specimen
viability comparably to the standard transport medium.
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Table 2. Culture outcomes on chocolate agar and sda by transport medium

No Transport medium Chocolate Agar SDA (Sabaroud Dextrose Agar)
Growth n (%) Nogrowthn (%) Growthn (%) Nogrowthn (%)

1. Amies 13 (86.67%) 13 (86.67%) 3 (20%) 3 (20%)

2. Tofu pulp waste 13 (86.67%) 13 (86.67%) 3 (20%) 3 (20%)

These identical growth proportions indicate that the tofu pulp waste transport medium
performed comparably to the Amies medium in preserving specimen viability. This
equivalence suggests that the organic components of tofu pulp waste provided a stable
microenvironment that prevented desiccation and excessive bacterial multiplication during
transport. The ability of a transport medium to maintain viability without promoting
overgrowth is a key requirement for accurate microbiological diagnosis. Previous studies have
emphasized that inappropriate transport conditions may lead to either false-negative results
due to bacterial death or false-positive results due to overgrowth of commensal organisms.
The comparable results observed in this study therefore support the functional suitability of
tofu pulp waste as an alternative transport substrate.

3.1.3  Microscopic gram-stain prevalence on chocolate agar

As shown in Table 3, microscopic Gram-stain analysis of colonies grown on chocolate agar
revealed a predominance of Gram-positive cocci, detected in 10 out of 15 samples (66.7%).
Gram-negative cocci, Gram-positive bacilli, and Gram-negative bacilli were each observed in
one sample (6.7%), while no growth was detected in two samples (13.3%). This distribution
reflects the presence of commensal and opportunistic organisms commonly found in vaginal
environments.

Table 3. Microscopic Gram staining prevalence on Brown Agar medium

No Description Number Percentage (%)
1. Gram-Positive Cocci 10 66.7%

2. Gram-negative cocci 1 6.7%

3. Gram-Positive Bacteria 1 6.7%

4, Gram-negative bacilli 1 6.7%

5. No Growth 2 13.3%

Similar culture-based approaches remain relevant because they allow practical
morphology-based screening before confirmatory methods, especially in settings where
molecular diagnostics are limited (Morrill et al., 2020). Microscopic Gram-stain analysis
revealed the predominance of Gram-positive cocci, which are commonly associated with
commensal and opportunistic organisms in the vaginal microbiota. As shown in Figure 2,
colonies from specimens transported in both Amies and tofu pulp waste media exhibited
comparable morphology and staining characteristics. This similarity indicates that the tofu
pulp waste medium preserved bacterial structural integrity during transport.

. ) 3 5 ¥ 3
Fig. 2. (a) Gram-positive cocci from Amies (b) Gram-positive cocci from MTAT Microscopic
observation of growth media
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3.1.4 Clinical swab sample from wound

This study evaluated the effectiveness of a tofu pulp waste-based transport medium in
preserving microorganisms from infected wound swabs. Fifteen samples were transported
using Amies medium or tofu pulp waste medium and cultured on BAP, MCA, and MSA.Overall,
bacterial growth was recovered across all culture media, indicating that both transport media
preserved specimen viability for subsequent analysis.

Table 4. Distribution of bacterial growth results on culture media

No Sample BAP (Blood Agar MCA (MacConkey MSA (Mannitol Salt Interpretation
Plate) Agar) Agar)

1. Sample1l BAPP1AL&C: MCAP1AL&C: - Gram-
Round, clustered, wet Round, flat, pink negative,
colonies; yellowish-  colonies lactose-
white fermenting

= bacteria

2. Sample 2 BAPP8 AL & C: MCA P8 AL & C: MSA P8 AL & C: Gram-
Round, clustered, flat ¢ No growth Round, white positive, salt-
colonies; grayish- colonie tolerant
white = bacteria

As shown in Table 4, bacterial growth was recovered on multiple culture media from
specimens transported in both the alternative and control media. Most samples exhibited
characteristic colony growth on BAP, while some produced pink, lactose-fermenting
colonies on MCA, indicating Gram-negative enteric bacteria. In other samples, growth on
MSA appeared as round white colonies, consistent with salt-tolerant Gram-positive
organisms. The comparable colony characteristics and distribution across the two transport
media indicate that the tofu pulp waste medium effectively maintained microbial viability
during transport.

3.1.5 Microscopic prevalence from culture media and bacterial type

Microscopic identification yielded identical results between the alternative and control
transport media. As shown in Table 5, the distribution of bacterial types was the same in
both groups, with Gram-negative coccobacilli predominating (53.3%), followed by Gram-
negative bacilli (33.3%) and Gram-positive cocci (13.3%). These findings indicate that the
tofu pulp waste medium preserved the microbial profile without altering bacterial
morphology or relative prevalence during transport.

Table 5. Microscopic prevalence from the culture medium

No Sample Microscopic N (%)

1. Alternative Gram - bacilli 5(33.3%)
Gram - cocobacilli 8 (53.3%)
Gram + coccus 2 (13.3%)
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2. Control Gram - bacilli 5(33.3%)
Gram - cocobacilli 8 (53.3%)
Gram + coccus 2 (13.3%)

Figure 3 demonstrates the predominance of Gram-negative bacteria among the isolates,
particularly Proteus spp. and Escherichia coli. This pattern is consistent with reports
describing wound environments as favorable niches for such organisms due to moisture,
tissue damage, and impaired host defenses. Comparative wound studies also describe Gram-
negative dominance in chronic and postoperative wound settings, reflecting environmental
selection in moist, damaged tissue and prior antibiotic exposure (Lio & Wang, 2012).

N (%)

13.30% . 13.30%

20% 20%

B Staphylococcus aureus H Proteus mirabilis B Proteus vulgaris = Escherichia coli

Fig. 3 Pie chart of bacterial type prevalence in control and alternative media

This reinforces the importance of transport conditions that do not selectively suppress
Gram-negative viability before culture. In the bacterial identification test, five distinct
bacterial species were identified, with the dominant bacterium being the Gram-negative
Citrobacter freundii. The finding of Proteus mirabilis bacteria in post-operative wound
samples (20%) is consistent with clinical studies in Indonesia that report this species as the
predominant pathogen in pus specimens from surgical patients.

Table 6. Prevalence of bacterial types

Sample Type of Bacteria N (%)

Alternative & Staphylococcus aureus 2 (13.3%)

Control Proteus mirabilis 3(20%)
Proteus vulgaris 3 (20%)
Escherichia coli 2 (13.3%)
Citrobacter freundii 5(33.3%)

Proteus mirabilis possesses strong virulence traits, notably swarming motility, enabling
rapid dissemination across open wound surfaces. Its successful recovery after transport
indicates that the tofu pulp waste medium provides sufficient nutrient support to maintain
bacterial viability, thereby reducing the risk of false-negative SSI cultures, including in
antibiotic-resistant infections (Suhartono et al, 2022). Enterobacterales isolates from
wound infections are frequently discussed in broader surgical infection microbiology
literature, where hospital-specific ecology and patient factors determine the dominant
species distribution (Giacometti et al., 2000).

3.2 Bacterial growth distribution

Culture results demonstrated a predominance of Gram-negative organisms in wound
swabs, consistent with studies reporting that such pathogens commonly dominate
postoperative infections (Khalid et al., 2024; Worku et al., 2023). Gram-negative bacteria
possess adaptive mechanisms that enable them to thrive in moist, nutrient-rich wound
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environments and to resist host immune responses. These organisms are frequently
associated with healthcare-associated infections and antimicrobial resistance.

The global burden of antimicrobial resistance highlights the importance of accurate
microbiological diagnosis, as delays or inaccuracies in pathogen identification may lead to
inappropriate antibiotic use and worsening resistance trends (Murray et al., 2022). The
comparable recovery of bacteria from both transport media indicates that the tofu pulp
waste medium maintained microbial viability during transport. Similar findings have been
reported in studies evaluating alternative transport systems for low-resource settings,
where locally sourced materials were shown to preserve pathogen viability effectively
(Rahmani et al., 2025).

3.3 Microscopic prevalence

Microscopic examination showed a predominance of Gram-negative coccobacilli,
followed by Gram-negative bacilli and Gram-positive cocci. Biochemical identification
confirmed the presence of five bacterial species, with Citrobacter freundii as the most
common isolate. The successful recovery of these organisms in both transport media
suggests that the tofu pulp waste medium effectively preserved bacterial viability and
diversity. This performance may be attributed to the biochemical composition of tofu pulp
waste, which contains proteins, fiber, and isoflavones that can provide a protective
microenvironment for microorganisms.

Soy-derived substrates have been reported to contain antioxidant compounds capable
of stabilizing biological molecules and protecting cells from oxidative damage (Kim, 2024;
Privatti et al, 2024). These properties may contribute to the preservation of bacterial
viability during transport. In addition to microbiological performance, tofu pulp waste-
based media offer significant economic and environmental advantages. The use of agro-
industrial waste as a culture or transport substrate aligns with sustainable healthcare
initiatives and reduces dependency on imported laboratory consumables. Sustainability
analyses have emphasized the importance of reducing the environmental footprint of
medical products, including diagnostic materials (Montesinos et al., 2024).

3.4 Comparative performance of the alternative transport medium

The comparable microbial recovery observed between the tofu pulp waste medium and
the standard Amies medium indicates that the alternative formulation was capable of
maintaining bacterial viability during the transport phase. In both vaginal and wound
specimens, the proportion of bacterial growth, colony morphology, and microscopic
characteristics remained consistent across the two media. This suggests that the tofu pulp
waste-based medium provided a stable physicochemical environment that prevented both
excessive microbial proliferation and premature cell death.

Transport media are designed to preserve the viability of microorganisms without
promoting active multiplication. This balance is essential to ensure that the microbial
profile at the time of culture accurately reflects the original clinical condition. If a transport
medium contains excessive nutrients, it may lead to the overgrowth of fast-growing
commensals, masking the presence of clinically significant pathogens. Conversely, if the
medium lacks protective components, fastidious organisms may lose viability during
transport, resulting in false-negative cultures. The identical growth outcomes observed in
this study suggest that the tofu pulp waste medium achieved this critical balance.

The buffering salts and osmotic stabilizers incorporated into the formulation likely
contributed to maintaining cellular integrity during the transport period. Electrolytes such
as sodium chloride, potassium chloride, and phosphate buffers are commonly used in
transport media to prevent osmotic shock and stabilize pH conditions. The addition of
sodium thioglycolate also played a crucial role by reducing the oxidation-reduction
potential, thereby protecting anaerobic and microaerophilic organisms from oxidative
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stress. This is particularly relevant for vaginal pathogens, many of which are highly sensitive
to oxygen exposure during transport.

The semi-solid matrix provided by seaweed-derived agar also contributed to the
performance of the medium. Semi-solid transport media prevent the desiccation of swab
specimens and limit the diffusion of nutrients, thereby minimizing metabolic activity during
storage. This structural feature likely helped maintain bacterial viability without
encouraging excessive proliferation. The physical consistency of the medium may also have
provided a protective scaffold that mimics the natural microenvironment of biological
tissues.

In addition to the physicochemical properties, the organic composition of tofu pulp
waste may have contributed to the observed results. Okara contains significant amounts of
protein, fiber, and bioactive compounds, including isoflavones. These compounds have been
reported to possess antioxidant properties that may protect cellular membranes from
oxidative damage. The presence of such protective compounds may help maintain bacterial
cell integrity during transport, particularly under suboptimal environmental conditions.

Previous research on soy-based substrates has demonstrated their potential as low-
cost alternatives in microbiological applications. Soy proteins have been widely used in
culture media due to their high nitrogen content and compatibility with bacterial
metabolism. The presence of plant-derived proteins in tofu pulp waste may therefore
provide a mild protective environment without promoting excessive microbial growth. This
characteristic aligns with the primary function of transport media, which is to maintain
viability rather than support active proliferation.

In addition, soy-derived substrates and their processing characteristics have been
discussed in food-science literature, supporting the plausibility that okara-based matrices
can provide a stabilizing environment without necessarily promoting excessive overgrowth
during short transport windows (Azizi et al., 2021). The comparable performance observed
in this study is also consistent with previous investigations into alternative transport
systems. Studies evaluating locally produced viral transport media have demonstrated that
low-cost formulations can achieve performance levels similar to commercial products when
appropriate buffering and stabilizing agents are used. These findings support the concept
that locally sourced materials can be integrated into diagnostic workflows without
compromising microbiological accuracy.

3.5 Clinical and public health implications

The development of an effective alternative transport medium has important
implications for clinical practice, particularly in resource-limited settings. In many
developing countries, the availability of standard transport media is limited by cost, supply
chain constraints, and dependency on imported medical products. These limitations can
delay diagnostic processes and reduce the reliability of microbiological results.

In primary healthcare facilities, especially those located in rural or remote areas,
specimens often require extended transport times before reaching a laboratory. Under such
conditions, inadequate transport media can lead to reduced pathogen viability or
overgrowth of commensal organisms. This can result in inaccurate diagnoses, inappropriate
antibiotic prescriptions, and increased antimicrobial resistance.

The comparable performance of the tofu pulp waste medium suggests that it may serve
as a viable alternative in such settings. By utilizing locally available agro-industrial by-
products, healthcare facilities may reduce their dependence on imported consumables. This
approach aligns with the principles of sustainable healthcare, which emphasize the use of
environmentally friendly and locally sourced materials in medical applications. The
environmental benefits of this approach are also significant. Tofu production generates
large amounts of okara as a by-product, much of which is discarded as waste. The utilization
of this material as a microbiological transport medium represents a form of waste
valorization, converting an environmental burden into a valuable healthcare resource.
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Sustainability studies have highlighted the importance of reducing waste and improving
resource efficiency across the medical device lifecycle.

From an economic perspective, the use of tofu pulp waste may substantially reduce the
cost of microbiological transport media. Commercial transport media often contain
expensive components such as peptone, charcoal, and proprietary stabilizers. Replacing
these components with plant-derived materials may lower production costs while
maintaining functional performance. This cost reduction could enable broader access to
microbiological diagnostics, particularly in underfunded healthcare systems. The findings
of this study therefore support the integration of sustainable, locally produced materials
into routine diagnostic workflows. Such innovations may help address both economic and
environmental challenges while improving access to essential healthcare services.

3.6 Study Limitations and Future Directions

Despite the promising results, this study has several limitations that should be
considered. First, the sample size was relatively small, consisting of only fifteen paired
specimens. While the results demonstrated consistent trends, larger-scale studies are
necessary to confirm the reliability and reproducibility of the findings across diverse clinical
settings. Second, the study focused primarily on aerobic and facultative anaerobic bacteria
recovered from vaginal and wound swabs. Future research should evaluate the
performance of the tofu pulp waste medium in preserving strictly anaerobic organisms,
fastidious pathogens, and clinically significant fungi. Molecular methods could also be
employed to assess whether the transport medium preserves nucleic acid integrity for
downstream diagnostic applications.

Third, the transport time evaluated in this study was limited to the typical duration
between sample collection and laboratory processing within the local healthcare system.
Additional studies are needed to assess the stability of the medium over extended transport
periods and under varying environmental conditions, such as higher temperatures or
fluctuating humidity levels. Future research may also explore the optimization of the tofu
pulp waste formulation. Variations in drying methods, particle size, buffering systems, or
reducing agents may further improve the performance and stability of the medium.
Standardization of the preparation process will be essential to ensure consistent quality
across different production batches. Finally, cost-effectiveness analyses and field-based
implementation studies will be important to evaluate the practical feasibility of large-scale
adoption. Such studies could assess not only microbiological performance but also
economic savings, supply chain improvements, and environmental benefits.

3.7 Practical feasibility and cost considerations

Beyond analytical performance, the feasibility of routine implementation depends on
affordability, local availability of inputs, and ease of preparation. In many Indonesian
primary-care settings, the recurring purchase of imported transport media can limit the
number of specimens that can be processed for culture, particularly when diagnostic
services must be prioritized for urgent cases. The tofu pulp waste approach leverages a
widely available by-product of local food processing, potentially reducing exposure to
supply-chain disruptions and price fluctuations.

From a workflow perspective, the preparation steps used in this study rely on
equipment that is commonly available in microbiology laboratories, including ovens,
autoclaves, balances, and basic mixing/heating tools. While the drying and sieving steps
require additional time, these can be organized as batch processes, enabling multiple weeks
of supply to be prepared in a single production cycle. Importantly, the alternative medium
demonstrated comparable recovery outcomes to the reference medium under the study’s
operational conditions, suggesting that cost reduction can be achieved without
compromising diagnostic utility. A formal cost-effectiveness analysis was not performed in
this study; however, the observed equivalence in recovery implies that the main
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implementation question becomes whether local preparation can be standardized to ensure
consistent quality. If standardized, the tofu pulp waste medium could be particularly
valuable for facilities that must transport specimens from peripheral sites to district
laboratories, where preserving viability during routine delays is essential for accurate
culture interpretation and targeted antimicrobial therapy.

3.8 Implementation pathway and standardization

For broader adoption, standardization is critical. Okara composition may vary by
soybean variety, processing method, and water content, which can influence nutrient levels
and potentially affect microbial survival dynamics. Therefore, future implementation
should define minimum preparation specifications, including washing cycles, drying
temperature/time targets, moisture thresholds, and particle size ranges. Batch records and
sterility checks should be incorporated into routine practice to ensure reproducibility and
regulatory acceptability.

The need for standardization is also supported by literature noting that variation in
raw material composition can affect downstream microbiological performance, making
batch control and reproducibility essential for wider adoption (Ztoch et al, 2023). In
addition, performance verification should be expanded to include longer transport times
and a wider range of clinically important organisms, including fastidious anaerobes and
fungi, as well as mixed communities typical of chronic wounds. Where molecular testing is
available, evaluation of nucleic acid stability would further broaden utility, particularly for
settings that rely on downstream PCR confirmation. Finally, implementation studies should
assess user acceptability, storage stability under tropical conditions, and integration into
routine specimen referral systems.

Future work should also consider compatibility with anaerobic or fastidious organisms
and potential molecular downstream testing, as emphasized in broader public-health
microbiology discussions on diagnostic workflow strengthening (Hendriksen et al., 2019).
Taken together, these steps position the tofu pulp waste medium as a pragmatic innovation
that aligns with sustainable laboratory practice. By converting a locally abundant by-
product into a diagnostic resource, the approach supports both cost containment and
environmental responsibility, while maintaining the core microbiological requirement of
preserving viability during the pre-analytical phase.

4. Conclusions

This study demonstrated that a tofu pulp waste-based transport medium is capable of
preserving the viability and morphological characteristics of microorganisms from both
vaginal and wound swab specimens. Comparable growth patterns, microscopic features,
and bacterial distributions were observed between specimens transported in the
alternative medium and those transported in the standard Amies medium. These findings
indicate that the tofu pulp waste formulation provided a stable microenvironment that
maintained microbial integrity during the transport phase without promoting excessive
bacterial proliferation.

The predominance of clinically relevant Gram-negative organisms, including Proteus
species, Escherichia coli, and Citrobacter freundii, was consistently observed in both media,
further supporting the functional equivalence of the alternative formulation. The presence
of buffering salts, reducing agents, and semi-solid agar, combined with the nutritional and
antioxidant properties of tofu pulp waste, likely contributed to the preservation of microbial
viability.

In addition to its microbiological performance, the tofu pulp waste medium offers
potential economic and environmental advantages by utilizing locally available agro-
industrial by-products. This approach may reduce dependency on imported laboratory
consumables and improve access to microbiological diagnostics in resource-limited
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settings. Further studies with larger sample sizes and extended transport conditions are
recommended to confirm its broader clinical applicability.
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