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ABSTRACT  

Insulin stability remains a major concern in tropical regions where elevated ambient temperatures may 

compromise its therapeutic efficacy. This study evaluated the potential application of an α-amylase-based 

enzymatic time–temperature indicator (TTI) for real-time insulin monitoring in Koronadal City, Philippines. The 

study investigated the physicochemical properties of α-amylase relevant to TTI development, examined the 

relationship between TTI color change and insulin degradation above 25°C, assessed patient usability, and 

compared the prototype with a commercially available vaccine vial monitor (VVM). A mixed-methods approach 

combining laboratory experimentation and descriptive survey design was employed. Enzymatic activity was 

evaluated under varying temperature and pH conditions, while insulin and TTI samples were monitored for 28 

days using UV-Visible spectrophotometry and Turbidimetric analysis. Patient-centered usability was assessed 

through structured questionnaires among diabetic participants. Results showed that α-amylase exhibited optimal 

activity at 45°C and pH 7, with progressive decline in activity at higher temperatures. The enzymatic TTI 

demonstrated a strong negative correlation with insulin degradation (r = −0.84, p < 0.001), indicating that visible 

color changes reliably reflected cumulative thermal exposure. Participants also reported high usability, clarity 

of interpretation, and increased confidence in insulin safety monitoring. Comparative analysis revealed that the 

α-amylase-based TTI performed comparably with commercial VVMs under controlled conditions. These 

findings suggest that the proposed enzymatic TTI is a practical tool for monitoring insulin stability in hot-climate 

settings and may support safer insulin storage practices in resource-limited communities. 

Keywords: α-amylase, time-temperature indicator, insulin stability, patient-centered monitoring, Koronadal 

City  

INTRODUCTION  

Insulin is an essential medication for the management of diabetes mellitus, and maintaining its stability during 

storage is critical to ensuring its therapeutic effectiveness. According to the Food and Drug Administration 

(FDA, 2024), unopened insulin should be stored at 2–8 °C, while opened insulin may be kept at room 

temperature (20–25 °C) for up to 28 days under controlled conditions. However, exposure to temperatures 

beyond the recommended range accelerates insulin degradation, reducing its biological activity and potentially 

compromising glycemic control. 

Maintaining appropriate storage conditions is particularly challenging in tropical regions where ambient 

temperatures frequently exceed recommended limits. In Koronadal City, Philippines, temperatures commonly 

range from 22.8 °C to 33.9 °C and may reach as high as 37 °C (AccuWeather, 2025). Studies have shown that 

insulin stored at 32–37 °C for 28 days loses approximately 14–18% of its potency, increasing the risk of poor 

glycemic control (Jaiswal et al., 2024). Clinical reports have also linked heat-compromised insulin to serious 

complications, including diabetic ketoacidosis (BMJ Open Diabetes Research & Care, 2022). Furthermore, 

Khurana and Gupta (2019) reported that many patients store insulin at room temperature because of limited 

access to refrigeration, emphasizing the need for practical methods to monitor insulin quality during storage. 
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Time–temperature indicators (TTIs) have emerged as effective tools for monitoring the cumulative thermal 

exposure of temperature-sensitive products. Unlike conventional temperature measurements, TTIs provide a 

visual indication of the combined effects of time and temperature on product quality. Enzymatic TTIs are 

particularly promising because enzyme activity changes predictably with temperature, resulting in irreversible 

color changes that indicate cumulative heat exposure (Casanova et al., 2021). Among these enzymes, α-amylase 

has attracted attention because its temperature-dependent hydrolysis of starch can be monitored through a starch–

iodine colorimetric reaction, providing a simple, inexpensive, and easily interpretable visual indicator 

(Khamidova et al., 2025; Tong & Ramaswamy, 2023). 

Although enzymatic TTIs have been extensively investigated for food packaging and cold-chain monitoring, 

their application for monitoring insulin stability remains limited. In particular, few studies have evaluated α-

amylase-based TTIs under tropical storage conditions or examined whether their color changes accurately reflect 

heat-induced insulin degradation. Likewise, limited information is available regarding the usability of enzyme-

based TTIs for insulin-dependent patients, especially in resource-limited communities where refrigeration is not 

consistently available. 

Therefore, this study aimed to develop and evaluate an α-amylase-based enzymatic time–temperature indicator 

for monitoring insulin stability under simulated tropical storage conditions. Specifically, the study determined 

the physicochemical properties of α-amylase relevant to TTI development, evaluated the relationship between 

TTI color change and insulin degradation, compared the developed indicator with a commercially available 

time–temperature indicator, and assessed its usability among insulin-dependent patients. The findings of this 

study may contribute to the development of an affordable and patient-centered monitoring tool that enhances 

insulin storage safety and supports effective diabetes management in tropical environments 

MATERIALS AND METHODS  

A. Substrate and Reagent Preparation  

The substrate was prepared according to the Brizio and Prentice (2015) method, utilizing a 5% (w/v) starch 

solution. This was achieved by weighing 5.0 g of soluble starch and dissolving it in 100 mL of distilled water. 

To ensure the granules were fully gelatinized, the mixture was heated to 80°C and held at this temperature for 5 

minutes until the granules swelled and formed a gel. The resulting solution was allowed to cool to room 

temperature before further use. For the colorimetric indicator, an iodine base was prepared by dissolving 0.05 g 

of iodine and 0.5 g of potassium iodide (KI) in 100 mL of distilled water, resulting in a final concentration of 

0.002 mol/L. 

B. Optimization of pH, Temperature, and Thermal Stability  

The determination of the optimum pH followed the (Nyarko et al. 2022) method with specific adjustments for 

the current extract. A reaction mixture was prepared by pipetting 5 mL of the 5% starch solution into separate 

test tubes, each containing 5 mL of buffer solution with pH values ranging from 4.0 to 9.0. After the addition of 

1 mL of alpha-amylase extract, the hydrolysis reaction proceeded for 20 minutes at room temperature. The 

reaction was terminated with the addition of hydrochloric acid (HCl), and two drops of iodine were added to 

develop the color. 

Absorbance was subsequently measured at 590 nm. Although previous studies by Nyarko identified an optimum 

pH of 6.5 for fungal amylase, the current experimental results established an optimum pH of 7.0. 

Following the identification of the optimum pH, the optimum temperature was determined by preparing tubes 

with 5 mL of starch and 5 mL of the pH 7.0 buffer. After the addition of 1 mL of enzyme, the samples were 

incubated for 20 minutes at various temperatures, specifically 20°C, 25°C, 30°C, 37°C, 40°C, and 45°C. The 

reaction was stopped with HCl and iodine for absorbance measurement at 590 nm. 

The thermal stability of the enzyme was evaluated through a multi-phase heat stress protocol. Initially, an enzyme 

solution was prepared using 4 mL of alpha-amylase and 20 mL of pH 7.0 buffer, while a starch-buffer base was 
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created by mixing 75 mL of the 5% starch solution with 75 mL of a phosphate buffer containing 0.742 g 

monosodium phosphate and 0.541 g disodium phosphate. During the heat stress phase, 1 mL aliquots of the 

enzyme solution were placed in water baths at 30°C, 37°C, and 45°C. At intervals of 30, 60, 90, and 120 minutes, 

specific tubes were removed for activity testing. 

Each removed sample was immediately treated with 10 mL of the starch–buffer base and allowed to incubate at 

room temperature for 20 minutes. This allowed the stressed enzyme to hydrolyze the substrate before the reaction 

was halted with HCl. Following the addition of two drops of iodine, the absorbance was measured at 590 nm. 

Within this system, low absorbance values indicated a high degree of enzyme survival and activity, as the enzyme 

successfully digested the starch. Conversely, high absorbance indicated enzyme denaturation, as the remaining 

starch reacted with the iodine to form a deep blue complex. 

C. Preparation and Activation of the Time–Temperature Indicator  

Final phase involved the creation of a functional starch–iodine complex for use as a Time–Temperature Indicator 

(TTI) (Brizio et al. 2015). The iodine solution and starch solution were combined at a 1:12.5 ratio. For each 140 

mL replication at 3% enzyme concentration, 125.74 mL of 5% soluble starch solution was mixed with 10.06 mL 

iodine solution, producing a deep blue starch–iodine complex. After the formation of the blue complex, 4.2 mL 

of Sigma-Aldrich α-amylase enzyme was added to achieve the 3% enzyme concentration. The mixture was then 

homogenized to ensure uniform distribution of the enzyme. The activated mixture was dispensed into 35 mL 

portions, resulting in four samples per replication, which were assigned to different temperature conditions (4°C, 

25°C, 30°C, and 37°C). This procedure was replicated three times to obtain three experimental replicates for the 

Time–Temperature Indicator study. 

Prior to selecting the final formulation, different enzyme concentrations (5%, 10%, and 15%) were also 

evaluated. However, these higher concentrations resulted in a significantly faster rate of starch hydrolysis, 

leading to rapid decolorization of the starch–iodine complex. Due to the overly fast response, these 

concentrations were deemed unsuitable for the intended Time–Temperature Indicator application. Consequently, 

the 3% enzyme concentration was selected as the optimal formulation, as it provided a more gradual and 

observable color change suitable for monitoring temperature-dependent changes over time. 

To determine the correlation between the color change of the α-amylase-based time-temperature indicator (TTI) 

and the loss of insulin physical stability when stored above 25°C, the study follows a phased experimental design 

adapted from Pandian et al. (2020) and Foukani et al. (2021). Phase 1 involves the fabrication of the TTI. Phase 

2 focuses on thermal stress simulation. Each insulin vial is paired with a corresponding TTI tube to ensure 

identical environmental exposure. These pairs are distributed into four temperature environments: a Control 

Group at 4°C (ideal storage), Group A at 25°C (standard limit), Group B at 30°C (average ambient temperature), 

and Group C at 37°C (extreme heat). Samples are stored for 28 days to reflect the standard in-use shelf life. 

Phase 3 consists of a dual-analysis procedure conducted every 7 days (Day 0, 7, 14, 21, and 28). The TTI color 

is quantified using a UV-Vis spectrophotometer at 590 nm to measure absorbance fading (where low absorbance 

indicates unsafe/colorless). Simultaneously, insulin physical stability is assessed by measuring turbidity (Optical 

Density) at 600 nm; an increase in absorbance at this wavelength indicates the formation of insoluble fibrils and 

protein aggregation (Chouchane et al 2022). Phase 4 involves statistical treatment where the decaying 

absorbance of the TTI and the increasing turbidity of the insulin are analyzed using a Pearson correlation test. 

This confirms that the fading of the TTI directly corresponds to physical insulin degradation, establishing a 

safety threshold where the TTI color change precedes the onset of visible precipitation. 

Insulin degradation can be assessed through several analytical approaches, including reversed-phase high-

performance liquid chromatography (RP-HPLC), which quantifies the chemical concentration of intact insulin 

and its degradation products, and bioactivity assays, which measure the hormone’s physiological potency 

directly. This study instead employed turbidimetric analysis via UV-Visible spectrophotometry at 600 nm to 

detect heat-induced protein aggregation (fibrillation) as a proxy for insulin instability. This choice was made 

deliberately, for the following reasons: HPLC and cell-based bioactivity assays require specialized 

instrumentation, validated reference standards, and trained personnel that were not available within the 

laboratory resources accessible to the researchers at the undergraduate thesis level. Turbidimetric analysis using 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

Page 3694 

www.rsisinternational

.org 

 

    

 

UV-Vis spectrophotometry, by contrast, is widely accessible in academic laboratories and aligns with the 

practical scope of an undergraduate pharmacy thesis. 

The primary objective of this study was not to precisely quantify the remaining percentage of active insulin, but 

to evaluate whether the TTI could serve as a patient-facing visual safety signal correlating with a measurable 

form of insulin instability. Physical aggregation (fibrillation) is a well-established heat-induced degradation 

pathway for insulin and is directly linked to reduced bioavailability and immunogenicity risk (Das et al., 2022; 

Fagihi & Bhattacharjee, 2022). Since aggregated insulin is not intended for injection regardless of its exact 

remaining chemical potency, turbidity serves as a sufficient and clinically meaningful indicator of a safety failure 

for the purposes of validating the TTI, even without exact potency quantification. 

Turbidimetric analysis at 600 nm has been used in prior studies as a validated method for detecting heat-induced 

insulin fibrillation and aggregation (Dutta et al., 2016; Chouchane et al., 2022), supporting its use as a reliable 

proxy for insulin instability in this context. 

It should be noted, however, that turbidity measures physical instability and does not capture chemical 

degradation pathways (e.g., deamidation, oxidation) that may reduce insulin potency without necessarily 

producing visible aggregation. Future studies aiming to establish precise potency-loss thresholds correlated with 

TTI color change should incorporate HPLC or bioactivity assays alongside turbidimetric analysis to provide a 

more complete picture of insulin degradation. 

D. Patient responses  

Participants were selected using purposive sampling, a non-probability sampling technique appropriate for 

formative usability studies where the goal is to gather in-depth, experience-based feedback from a specific, 

relevant population rather than to generalize findings across a broader population. Eligible participants were 

insulin-dependent diabetic patients residing in Koronadal City, specifically within Zone IV (Barangays A, B, 

and C), which the City Health Office identified as areas with a high concentration of diagnosed diabetic patients. 

This locale-based purposive selection ensured that participants had direct, lived experience with insulin storage 

and handling under the hot, humid ambient conditions the TTI was designed to address. 

Inclusion criteria required that participants: (1) be diagnosed with either Type 1 or Type 2 diabetes mellitus and 

currently prescribed insulin therapy; (2) be at least 18 years of age; (3) be capable of providing informed consent; 

and (4) be willing to observe or handle the TTI prototype and complete the structured questionnaire. Patients 

who were unable to provide informed consent (e.g., due to cognitive impairment) or who did not personally 

handle their own insulin storage (e.g., fully caregiver-dependent patients) were excluded, as the study 

specifically evaluated patient-facing usability and interpretability of the TTI. 

A sample size of 10 participants was determined using established guidance from usability testing literature for 

safety-critical medical devices intended for lay users. Formative usability testing as opposed to summative, 

statistically powered validation testing is designed to identify the majority of usability issues, interpretation 

errors, and points of confusion within a small, targeted sample. Nielsen’s foundational usability research and 

subsequent human factors studies have consistently shown that testing with 5 participants typically identifies 

approximately 85% of usability problems, and that returns beyond 10–15 participants diminish substantially due 

to overlapping feedback patterns. Salwei et al. (2025) similarly note that small-sample usability tests (n = 5–15) 

are effective and appropriate for evaluating safety-critical medical devices intended for lay users. 

Because this study’s objective was “problem discovery” determining whether patients could reliably distinguish 

and correctly interpret the TTI’s color change rather than estimating the prevalence of a specific usability issue 

across the general diabetic population, a sample of 10 was judged sufficient to achieve thematic saturation for 

this purpose. This sample size is therefore appropriate for the study’s formative, exploratory aims but should not 

be interpreted as statistically representative of all insulin-dependent patients in Koronadal City. A larger, 

stratified sample would be required for summative validation intended to generalize usability findings 

population-wide. 
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To assess the usability and acceptability of the TTI, structured questionnaires were distributed to participants 

who regularly handle insulin. The participants were asked about their insulin storage practices, their experience 

with insulin. Questionnaires were collected after participants had used or observed the TTI, ensuring informed 

responses. The collected data were analyzed using frequency and percentage distributions to describe participant 

demographics and storage practices, while descriptive statistics such as mean and standard deviation 

summarized the responses. Participants’ feedback on the TTI’s usability, clarity, effectiveness, and overall 

usefulness was evaluated using a five-point Likert scale. This analysis provided insight into how easy the TTI 

was to interpret, how reliable participants found it, and their overall satisfaction with the system. 

To determine whether there is a significant difference the α-Amylase TTI and the Commercial Vaccine Vial 

Monitor, we exposed the α-amylase TTI and the commercial VVM to the same controlled temperatures: 25°C, 

30°C, and 37°C. For the VVM, the endpoint was identified through visual inspection. A vial was considered to 

have reached its limit when the color of the inner square matched or became darker than the outer reference ring. 

This method follows the field-use standard validated by the World Health Organization (WHO, 2024). For our 

α-amylase TTI, performance was measured quantitatively using a UV-Visible Spectrophotometer at 590 nm. 

This instrument was used to monitor the decrease in absorbance of the starch-iodine complex over time. The 

decrease in absorbance represented the progress of the enzymatic reaction and was used to determine the failure 

point, or the stage at which insulin may no longer remain viable. To determine whether the two indicators 

performed similarly, we used a paired two-tailed t-test. We also related the fading of our TTI’s absorbance to the 

physical degradation of insulin, which was measured through turbidimetric analysis at 600 nm. Through this 

approach, we aimed to determine whether our developed TTI could provide a warning signal at approximately 

the same time as the commercial VVM. 

RESULT AND DISCUSSION  

A. Physico-Chemical Properties of α-Amylase  

Determination of Optimum Temperature  

The activity of α-amylase was highly dependent on temperature, making it a critical factor in its application as a 

time–temperature indicator (TTI). This experiment aimed to determine the temperature at which α-amylase 

exhibits maximum activity, which was essential for designing a system that can reliably respond to temperature 

changes affecting insulin stability. 

The physico-chemical properties of α-amylase were evaluated to determine its optimum temperature (Nyarko, 

2019), an important factor in its potential application as a TTI for insulin monitoring (Freitas et al., 2025). As 

presented in Table 1.1, α-amylase activity varied across the tested temperature range of 20°C to 45°C. Since the 

iodine–starch assay was used, lower absorbance values indicate greater starch hydrolysis and, therefore, higher 

enzymatic activity. Among all tested conditions, α-amylase exhibited the highest relative activity at 45°C, with 

the lowest mean absorbance value of 0.63 and a relative activity of 1.00 (100%), indicating that 45°C was the 

optimum temperature for α-amylase activity under the present experimental conditions (Abd-Elhalim et al., 

2023). This finding was supported by Balakrishnan et al. (2021), who reported that partially purified α-amylase 

from Aspergillus oryzae showed stability at elevated temperatures, suggesting that 45°C falls within a 

moderately elevated range where A. oryzae α-amylase can remain enzymatically active. 

The results showed a consistent decrease In absorbance as temperature increased. At 20°C, the mean absorbance 

was 1.66, corresponding to a relative activity of 0.38. This increased to 0.47 at 25°C, 0.55 at 30°C, 0.78 at 37°C, 

0.96 at 40°C, and finally reached 1.00 at 45°C, suggesting that α-amylase activity increased with rising 

temperature within the tested range (Freitas et al., 2025). The enzyme did not show a decline in activity at higher 

temperatures up to 45°C, indicating that thermal denaturation was not yet evident under the conditions of this 

experiment. Additionally, the low standard deviation values (0.00–0.01) demonstrate that the measurements were 

consistent across the three trials. 

These findings are significant because they confirm that α-amylase is temperature-sensitive, making it a suitable 

biochemical component for a colorimetric TTI system (Balakrishnan et al., 2021). Although the highest activity 
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was observed at 45°C, the enzyme also showed increasing activity within the critical temperature range above 

25°C, which is relevant to insulin storage monitoring. As insulin may lose stability when exposed to temperatures 

beyond recommended storage conditions, the temperature-dependent behavior of α-amylase can be used to 

produce a visible color response that reflects heat exposure. Therefore, the observed increase in α-amylase 

activity with temperature supports its possible integration into a patient-centered TTI system for monitoring 

insulin quality, especially in warm environments or areas with limited cold-chain storage 

Table 1.1 Determination of Optimum Temperature  

Temperature R1 R2 R3 Mean SD Relative Activity (%)  

Control 3.330 3.330 3.330 3.33 0.00 0.00  

20°C 1.655 1.665 1.657 1.66 0.01 0.38  

25°C 1.346 1.342 1.321 1.34 0.01 0.47  

30°C 1.142 1.147 1.150 1.15 0.00 0.55  

37°C 0.807 0.811 0.809 0.81 0.00 0.78  

40°C 0.657 0.654 0.660 0.66 0.00 0.96  

45°C 0.633 0.636 0.632 0.63 0.00 1.00  

Determination of Optimum pH  

The physico-chemical properties of α-amylase were further evaluated by determining its optimum pH, an 

important factor influencing enzyme activity and stability for its application in a TTI. As presented in Table 1.2, 

enzyme activity varied significantly across the tested pH levels (pH 4 to 9). Among all conditions, α-amylase 

exhibited its highest relative activity at pH 7, despite a low mean absorbance value of 0.11 (Acharya, 2014), 

corresponding to a relative activity of 3.32 and indicating that the enzyme is most efficient under neutral 

conditions when normalized against the standard. Similarly, pH 8 showed elevated relative activity (4.20) with 

a mean absorbance of 0.12, further suggesting that α-amylase maintains strong functional performance in slightly 

alkaline environments. 

In contrast, higher absorbance values were recorded at pH 6 (mean = 1.80) and pH 9 (mean = 1.67); however, 

these conditions showed lower relative activity values (0.47 and 0.27, respectively), indicating that increased 

absorbance does not necessarily correspond to optimal enzymatic efficiency. At more acidic conditions such as 

pH 4 and pH 5, enzyme activity was moderate, with mean values of 1.46 and 1.27 and relative activities of 0.34 

and 0.51, respectively. These results suggest that α-amylase is less efficient in strongly acidic environments 

(Ghevondyan et al., 2024). The consistently low standard deviation values (0.00–0.01) across all trials indicate 

high precision and reproducibility of the data. 

The identification of neutral to slightly alkaline conditions (pH 7–8) as optimal for α-amylase activity is highly 

relevant for the development of the TTI system (Farooq et al., 2021). Since insulin formulations are typically 

maintained near physiological pH, the enzyme’s stability and efficiency within this range ensure compatibility 

with real-world storage conditions (Eli et al., 2016). This alignment allowed the enzymatic reaction to proceed 

reliably without requiring extreme pH adjustments, thereby supporting accurate and consistent color-change 

responses. Maintaining optimal pH conditions also ensured that any observed changes in enzyme activity were 

primarily due to temperature variations rather than pH fluctuations, which strengthens the validity of the TTI as 

a te”perature-sensitive monitoring tool (Farooq et al., 2021). Overall, the pH-dependent activity profile of α-

amylase supports its potential use in a patient-centered TTI system, as controlled pH conditions can help ensure 

reliable enzyme-based color responses for monitoring temperature-sensitive insulin storage (Heinemann et al., 

2021). 
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Table 1.2 Determination of Optimum pH  

pH R1 R2 R3 Mean SD Relative Activity (%) 

Control 0.300 0.300 0.300 0.30 0.00 0.00 

pH 4 1.451 1.456 1.461 1.46 0.01 0.34 

pH 5 1.266 1.272 1.279 1.27 0.01 0.51 

pH 6 1.811 1.802 1.794 1.80 0.01 0.47 

pH 7 0.109 0.106 0.102 0.11 0.00 3.32 

pH 8 0.124 0.119 0.114 0.12 0.01 4.20 

pH 9 1.670 1.666 1.661 1.67 0.00 0.27 

Determination of Thermal Stability  

The thermal stability of α-amylase was evaluated by measuring its activity at different temperatures (30°C, 37°C, 

40°C, and 45°C) over exposure times of 30, 60, 90, and 120 minutes across three replications. Table 1.3 presents 

the thermal stability of α-amylase at these temperatures and exposure times. Since the starch–iodine method was 

used, lower absorbance indicates that more starch was hydrolyzed by α-amylase, while higher absorbance 

suggests that more starch remained unbroken; lower absorbance values therefore reflect greater α-amylase 

activity. 

At 30°C, the enzyme showed the highest relative activity at 30 minutes, with a mean absorbance of 2.90 and 

relative activity of 57.73%, suggesting that α-amylase was still highly active at the early stage of exposure. 

However, after 60, 90, and 120 minutes, relative activity sharply decreased, indicating that prolonged exposure 

reduced enzymatic activity. 

At 37°C, the highest relative activity was also observed at 30 minutes (13.97%), followed by 11.75% at 60 

minutes and 10.45% at 90 minutes. This shows that α-amylase still maintained some activity at body-like 

temperature, though lower compared with 30°C. By 120 minutes, relative activity dropped to 6.41%, suggesting 

a gradual loss of enzyme efficiency over time. 

At 40°C, the enzyme showed very low relative activity across all time intervals, with the highest value of only 

0.62% at 30 minutes and values at 60, 90, and 120 minutes remaining below 1%, indicating that α-amylase 

activity was greatly reduced at this temperature. At 45°C, the enzyme also showed low relative activity, with the 

highest value of 1.52% at 30 minutes and the remaining intervals ranging from 0.05% to 0.20%, suggesting a 

strong reduction in enzyme function likely due to reduced stability under higher heat conditions. 

Overall, α-amylase was most active at 30°C for 30 minutes, with activity decreasing as exposure time increased, 

and reduced activity at higher temperatures, particularly 40°C and 45°C. This indicates that α-amylase is 

sensitive to both temperature and time, supporting its possible use in a time–temperature indicator, since its 

activity changes when exposed to heat over time. This is consistent with the starch–iodine reaction principle, in 

which color or absorbance changes can be used to monitor temperature exposure, making the enzyme relevant 

for TTI development. 

Table 1.3 Determination of Thermal Stability  

30°C 

 R1 R2 R3 Mean SD Relative Activity % 
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30 mins 2.913 2.901 2.900 2.90 1.67 57.73 

60 mins 2.857 2.853 2.850 2.85 0.00 0.12 

90 mins 3.057 3.050 3.051 3.05 0.00 0.12 

120 mins 1.008 1.002 1.004 1.00 0.00 0.30 

37°C 

 R1 R2 R3 Mean SD Relative Activity % 

30 mins 2.236 2.883 2.880 2.66 0.37 13.97 

60 mins 2.327 2.876 2.874 2.69 0.31 11.75 

90 mins 2.356 2.842 2.840 2.67 0.28 10.45 

120 mins 2.616 2.929 2.931 2.82 0.18 6.41 

40°C 

 R1 R2 R3 Mean SD Relative Activity % 

30 mins 2.775 2.748 2.743 2.75 0.01 0.62 

60 mins 2.898 2.889 2.885 2.89 0.00 0.23 

90 mins 3.059 3.055 3.053 3.05 0.00 0.09 

120 mins 2.912 2.896 2.893 2.90 0.01 0.35 

45°C 

 R1 R2 R3 Mean SD Relative Activity % 

30 mins 2.809 2.800 2.879 2.82 0.04 1.52 

60 mins 2.891 2.890 2.888 2.88 0.00 0.05 

90 mins 2.894 2.891 2.890 2.89 0.00 0.07 

120 mins 2.879 2.888 2.890 2.88 0.00 0.20 

B. Comparative Stability of the α-Amylase TTI and Insulin Under Thermal Stress  

Table 2.1 presents the summarized data on the color change of the α-amylase-based TTI and the corresponding 

insulin potency loss across different temperatures (4°C, 25°C, 30°C, and 37°C) over a 28-day storage period, 

comparing mean values and relative activity percentages of the TTI and insulin under varying thermal conditions. 

At Day 0 (baseline), TTI mean values were highest across all temperatures (3.29–3.64), indicating minimal or 

no cumulative heat exposure, while insulin mean values remained low (0.06–0.14), reflecting preserved potency. 

As time progressed, a gradual decrease in TTI mean values was observed, dropping to approximately 1.15–1.17 

by Day 28. This decline indicates progressive color change of the TTI in response to cumulative temperature 

exposure, consistent with the principle that time–temperature indicators respond to accumulated thermal history 
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through visible or measurable changes (Brizio et al., 2016). The decrease was more pronounced at higher 

temperatures (30°C and 37°C), demonstrating the sensitivity of the TTI to elevated thermal conditions. 

Conversely, insulin showed a general trend of increasing mean values at higher temperatures, particularly at 

30°C and 37°C, where values reached up to 0.15–0.16 during Days 14 and 21, indicating greater potency loss. 

In contrast, insulin stored at 4°C remained relatively stable throughout the study, with minimal fluctuations 

(approximately 0.05–0.07), confirming proper storage conditions. The relative activity percentages further 

support these findings, as higher values at elevated temperatures reflect increased degradation compared to lower 

temperatures, consistent with previous findings that insulin is temperature-sensitive and may lose potency when 

exposed to temperatures beyond recommended storage limits (Fagan et al., 2024). 

Overall, Table 2.1 demonstrates a clear pattern in which TTI color response decreases over time while insulin 

degradation increases, especially at temperatures above 25°C. This observable trend supports the relationship 

between the two variables and provides foundational evidence for the correlation analysis presented in Table 2.2, 

reinforcing the capability of the α-amylase-based TTI to act as a reliable visual indicator of insulin stability under 

varying storage conditions (Brizio et al., 2015). 

Table 2.1 Comparative Stability of α-Amylase TTI and Insulin under Thermal Stress (0–28 Days) Above 

25°C   

Day Temp TTI Mean TTI Relative 

Activity (%) 

Insulin Mean Insulin Relative 

Activity (%) 

   

0  

4°C 3.64 7.83 0.06 9.09 

25°C 3.56 6.88 0.10 19.58 

30°C 3.38 1.99 0.13 12.00 

37°C 3.29 0.95 0.14 25.71 

   

7  

4°C 4.00 0.06 0.06 8.33 

25°C 3.36 0.17 0.13 11.54 

30°C 3.28 0.46 0.15 24.85 

37°C 3.27 0.36 0.10 18.62 

   

14  

4°C 1.55 1.65 0.07 3.17 

25°C 1.64 0.21 0.11 16.29 

30°C 1.47 1.56 0.13 11.17 

37°C 1.41 4.51 0.15 25.53 

   

21  

4°C 1.27 3.25 0.07 3.03 

25°C 1.28 4.97 0.14 10.25 

30°C 1.27  3.70 0.16 27.11 

37°C 1.25  3.37 0.11 14.12 
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28  

4°C 1.17  0.84 0.05 13.30 

25°C 1.17  0.80 0.11 10.44 

30°C 1.16  0.36 0.12 10.86 

37°C 1.15  1.14 0.13 11.27 

Table 2.2 presents the correlation analysis between the color change of the α-Amylase-based time–temperature 

indicator (TTI) and insulin potency loss when exposed to temperatures above 25°C. The analysis shows a 

Pearson correlation coefficient ® of −0.84, indicating a strong negative relationship between the two variables. 

This means that as the TTI mean values decrease—reflecting greater color change due to cumulative heat 

exposure—the insulin mean values increase, indicating a higher degree of potency loss or degradation. The 

computed p-value of less than 0.001 further confirms that this relationship is statistically significant, suggesting 

that the observed correlation is not due to random variation but represents a true association. 

In the context of the current study, this strong and significant inverse correlation validates the effectiveness of 

the α-amylase-based TTI as a reliable monitoring tool for insulin stability. Since insulin degradation is known 

to be affected by both time and temperature, the ability of the TTI to reflect corresponding thermal changes 

supports its use as a practical indicator of insulin quality (Fagan et al., 2024). 

The results demonstrate that the TTI can accurately track temperature-induced changes over time and reflect 

corresponding decreases in insulin quality. Therefore, as the indicator undergoes visible color changes, it 

provided a meaningful and interpretable signal of insulin degradation, particularly under conditions exceeding 

the recommended storage temperature (Sanofi-Aventis Deutschland GmbH, 2023). This supports the potential 

application of the TTI as a practical, patient-centered solution for real-time insulin monitoring in settings where 

maintaining optimal storage conditions may be challenging (Kongmalai et al., 2022). 

Table 2.2 Correlation Analysis of TTI Color Response and Insulin Physical Degradation  

Variables Compared Pearson r P value Interpretation 

TTI Mean vs Insulin Mean -0.84 < 0.001 Strong negative correlation (significant) 

Calculation was performed at .05 level of significance  

C. Diabetic Patients’ Experience Using the α-Amylase-Based TTI  

The results for Table 3 indicate a highly positive evaluation of the Time Temperature Indicator (TTI) in terms of 

usability, clarity, and effectiveness for insulin management. The overall mean score of 4.52 (SD = 0.16), 

interpreted as “Very High,” reflected strong agreement among respondents regarding the value of the TTI, with 

minimal variation in responses. 

Participants found the device easy to understand, with clear and visible color changes, all of which obtained the 

highest mean score of 4.70 (SD = 0.48), suggesting that the TTI is highly user-friendly and easily interpretable, 

which is important because visual indicators must provide clear and understandable signals for end users (Brizio 

et al., 2016). 

In terms of functionality, respondents agreed that the TTI effectively helps evaluate possible heat exposure of 

insulin (M = 4.50, SD = 0.53), contributing to safer insulin use (M = 4.30, SD = 0.67) and increased user 

confidence (M = 4.40, SD = 0.70). These findings are consistent with the purpose of time–temperature indicators, 

which is to provide a practical means of monitoring cumulative temperature exposure and product stability 

(Brizio et al., 2016). 
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The design was also rated highly appropriate for patient use (M = 4.60, SD = 0.52), and many expressed 

willingness to recommend the device to other insulin users (M = 4.40, SD = 0.70). Furthermore, the TTI was 

perceived as beneficial in practical settings, particularly in preventing insulin wastage (M = 4.20, SD = 0.63), 

aiding users in hot climates such as Koronadal City (M = 4.50, SD = 0.53), helping avoid complications from 

spoiled insulin (M = 4.60, SD = 0.52), and supporting patients without access to home refrigeration (M = 4.60, 

SD = 0.52). 

Overall, these findings demonstrate that the TTI is a reliable, effective, and user-centered tool that can 

significantly enhance safe insulin use, particularly in resource-limited and high-temperature environments. 

Table 3. Level of diabetic patients' experiences when using α-Amylase-based enzymatic time-temperature 

indicator for insulin monitoring  

ITEMS Mean SD Remarks 

The Time-Temperature Indicator (TTI) was easy to understand. 4.70 0.48 Very high 

The color change was visible and clear. 4.70 0.48 Very high 

I clearly understood what the color change meant. 4.70 0.48 Very high 

The time temperature indicator (TTI) helped me evaluate the possible heat 

exposure of insulin. 

4.50 0.53 Very high 

The time temperature indicator (TTI) can improve safe insulin use. 4.30 0.67 Very high 

I felt more confident using my insulin with the time temperature indicator (TTI). 4.40 0.70 Very high 

The design of the time temperature indicator (TTI) is appropriate for patient use. 4.60 0.52 Very high 

I would recommend the TTI to other insulin users. 4.40 0.70 Very high 

The time temperature indicator (TTI) can help prevent insulin wastage. 4.20 0.63 Very high 

The time temperature indicator (TTI) is helpful in hot climates like Koronadal 

City. 

4.50 0.53 Very high 

The time temperature indicator (TTI) may help avoid complications caused by 

spoiled insulin. 

4.60 0.52 Very high 

The time temperature indicator (TTI) is beneficial for patients without home 

refrigeration. 

4.60 0.52 Very high 

Overall Mean 4.52 0.16 Very high 

D. Benchmarking the α-Amylase TTI Against a Commercial Vaccine Vial Monitor  

Table 4.1 presents the descriptive statistics of the α-Amylase-based time–temperature indicator (TTI) and the 

commercial vaccine vial monitor (VVM) across three controlled temperature conditions (25°C, 30°C, and 37°C). 

The table summarizes the mean, standard deviation, minimum, and maximum values of each indicator based on 

multiple days and replicates. 

For the α-Amylase TTI, the results show relatively stable mean values at 25°C (mean = 3.034, SD = 0.012) and 

30°C (mean = 3.036, SD = 0.019), indicating consistent performance under moderate temperature conditions. 

However, at 37°C, a notable decrease in the mean value (mean = 2.412) and a substantial increase in variability 

(SD = 1.207) were observed. The wide range between the minimum (0.282) and maximum (3.257) values at this 
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temperature suggests a pronounced instability and possible degradation of the α-Amylase TTI under elevated 

thermal exposure. 

In contrast, the VVM exhibited consistent and gradual changes across all temperature levels. The mean values 

increased slightly from 1.638 at 25°C to 1.650 at 30°C and 1.668 at 37°C, with low standard deviations (ranging 

from 0.011 to 0.016). The narrow range between minimum and maximum values indicates a stable and 

predictable response of the VVM to increasing temperature. This finding is consistent with the temperature-

sensitive nature of enzymatic systems, where enzyme activity and stability may decline under prolonged or 

elevated heat exposure due to structural changes or denaturation (Khurana et al., 2019). 

Overall, the descriptive statistics highlight a key difference in behavior between the two indicators. While the α-

Amylase TTI demonstrates sensitivity to higher temperatures with increased variability, the VVM maintains a 

steady and controlled response across all tested conditions. These observations suggest differing performance 

characteristics, which are further examined through inferential statistical analyses in subsequent sections. 

Table 4.1 Descriptive Statistics of α-Amylase-Based Time–Temperature Indicator and Commercial 

Vaccine Vial Monitor (VVM) Across Different Temperature Conditions   

Indicator  Temperature Mean Std. Dev. Min Max 

α-Amylase TTI 25°C 3.034 0.012 3.011 3.052 

α-Amylase TTI 30°C 3.036 0.019 2.998 3.319 

α-Amylase TTI 37°C 2.412 1.207 0.282 3.257 

VVM 25°C 1.638 0.015 1.620 1.662 

VVM 30°C 1.650 0.011 1.636 1.668 

VVM 37°C 1.668 0.016 1.643 1.694 

Table 4.2 presents the results of the two-way analysis of variance (ANOVA) conducted to determine the effects 

of indicator type (α-Amylase TTI and VVM), temperature (25°C, 30°C, and 37°C), and their interaction on TTI 

readings. The analysis was performed at a 0.05 level of significance. 

The results indicate that indicator type has a highly significant effect on TTI readings (F = 24,491.43, p = 0.0001). 

This suggests that the α-Amylase-based TTI and the VVM differ substantially in their overall response values. 

Similarly, temperature was found to have a significant effect (F = 330.00, p = 0.0001), indicating that changes 

in temperature significantly influence the readings of the indicators (Brizio et al., 2016). 

Most importantly, the interaction between indicator type and temperature was also statistically significant (F = 

925.71, p = 0.0001). This implies that the effect of temperature on TTI readings depends on the type of indicator 

used. In other words, the α-Amylase TTI and the VVM respond differently to temperature variations. 

These findings demonstrated that not only do the two indicators differ in performance, but their response patterns 

across temperature conditions are also significantly different. This supports the conclusion that the α-Amylase-

based TTI and the commercial VVM do not behave equivalently in monitoring temperature changes, particularly 

under elevated conditions. 

Table 4.2 Two-Way ANOVA of Indicator Type and Temperature on TTI Readings  

Source of Variation  SS  df  MS  F  P value  Remarks  

Indicator Type  85.72  1  85.72  24,491.43  0.0001  Significant  
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Temperature  2.31  2  1.155  330.00  0.0001  Significant  

Indicator × Temperature 6.48 2 3.24 925.71 0.0001 Significant 

Error (Residual) 0.42 120 0.0035    

Total 94.93 125     

Calculation was performed at .05 level of significance  

Table 4.3 presented the results of the post hoc analysis using Tukey’s Honest Significant Difference (Tukey-

HSD), which was conducted to determine the specific differences between temperature levels for each indicator 

following the significant results obtained from the two-way ANOVA. The analysis was performed at a 0.05 level 

of significance. 

For the α-Amylase-based TTI, the comparison between 25°C and 30°C showed a very small mean difference (Δ 

= 0.002), which was not statistically significant. This indicates that the indicator remains stable under moderate 

temperature conditions. However, comparisons involving 37°C revealed large mean differences (Δ = 0.622 for 

25°C vs 37°C and Δ = 0.624 for 30°C vs 37°C), both of which were statistically significant. These results suggest 

a pronounced change in the α-Amylase TTI at higher temperatures, indicating sensitivity and potential 

degradation under elevated thermal conditions. 

In contrast, the VVM exhibited statistically significant differences across all temperature comparisons. Although 

the mean differences were relatively small (ranging from 0.012 to 0.030), the consistent significance indicates a 

gradual and continuous response of the VVM to increasing temperature. This reflects the design of the VVM as 

a reliable indicator that progressively responds to cumulative heat exposure. 

Overall, the post hoc analysis confirms that while the α-Amylase TTI shows stability at lower temperatures and 

a sharp response at higher temperatures, the VVM demonstrates a steady and predictable change across all 

temperature levels. These differing response patterns further support the significant interaction observed in the 

two-way ANOVA, highlighting that the two indicators behave differently under varying temperature conditions. 

Table 4.3 Post Hoc Analysis (Tukey HSD) Showing Mean Differences Between Temperature Levels for 

Each Indicator    

Indicator  Comparison Mean Difference Interpretation 

α-Amylase TTI 25°C vs 30°C 0.002 Not significant 

25°C vs 37°C 0.622 Significant 

30°C vs 37°C 0.624 Significant 

 

VVM 

25°C vs 30°C 0.012 Significant 

25°C vs 37°C 0.030 Significant 

30°C vs 37°C 0.018 Significant 

Calculation was performed at .05 level of significance  

 Table 4.4 presented the post hoc comparison between the α-Amylase-based time–temperature indicator (TTI) 

and the commercial vaccine vial monitor (VVM), focusing on their overall mean responses across all 

temperature conditions. This comparison was conducted following the significant results obtained from the two-

way ANOVA, using a 0.05 level of significance. 

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

Page 3704 

www.rsisinternational

.org 

 

    

 

The results show that the α-Amylase TTI has a higher overall mean value (mean = 2.827) compared to the VVM 

(mean = 1.652), resulting in a mean difference of 1.175. This difference was found to be statistically significant, 

indicating that the two indicators differ substantially in their response magnitudes. 

This significant difference reflects fundamental variations in the behavior and response mechanisms of the two 

indicators. The α-Amylase TTI generally exhibits higher readings and demonstrates a more abrupt response, 

particularly under elevated temperature conditions. In contrast, the VVM maintains lower values and shows a 

gradual and consistent response to temperature changes. 

Overall, the results confirm that the α-Amylase-based TTI and the commercial VVM do not perform equivalently 

in monitoring temperature exposure. This supports the findings from the two-way ANOVA and post hoc 

temperature comparisons, reinforcing the conclusion that the two indicators exhibit significantly different 

performance characteristics under controlled conditions. 

Table 4.4 Post Hoc Comparison Between α-Amylase TTI and VVM   

Indicator Comparison Mean (α-Amylase TTI) Mean (VVM) Mean Difference Remarks 

α-Amylase TTI vs VVM  2.827 1.652 1.175 Significant 

Calculation was performed at .05 level of significance  

CONCLUSION  

The study concluded that the α-amylase-based enzymatic Time-Temperature indicator (TTI) is an effective and 

scientifically validated system for monitoring insulin stability during storage and transport. Its predictable 

enzymatic color change accurately reflected cumulative heat exposure and strongly correlates with insulin 

degradation, making it a dependable indicator of insulin quality. 

Compared with the Vaccine Vial Monitor, the developed TTI offers enhanced sensitivity to high-temperature 

exposure while remaining simple and easy for patients to interpret. Its high level of user acceptability further 

demonstrates its practicality for everyday use. 

Overall, the α-amylase-based TTI provides a cost-effective, reliable, and patient-friendly method for real-time 

insulin monitoring. Its application has the potential to improve medication safety, reduce the risk of using heat-

damaged insulin, and support better diabetes management, particularly in warm environments where maintaining 

the cold chain is challenging. 

RECOMMENDATIONS  

The results showed that the TTI was able to reflect cumulative heat exposure in relation to insulin degradation 

and demonstrated acceptable usability among participants, indicating its potential application in actual patient 

settings.   

The core of this study addressed the practical storage challenges experienced by insulin-dependent patients. It is 

recommended that patients utilize low-cost monitoring tools, such as the α-amylase-based time–temperature 

indicator (TTI), to obtain immediate visual confirmation of insulin stability, particularly in settings where 

refrigeration is inconsistent or unavailable. Healthcare providers should incorporate TTI interpretation into 

standard patient counseling to ensure proper recognition of heat-induced insulin degradation. Furthermore, 

patients must remain aware of the relationship between elevated ambient temperatures and insulin instability to 

avoid the use of compromised medication.   

For the academic community, it is recommended to further explore enzymatic-based monitoring systems as an 

emerging approach in pharmaceutical stability assessment. Additional studies focusing on enzyme behavior, 

reaction consistency, and correlation with drug degradation may help strengthen the scientific basis of this 
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technology. Integrating this concept into pharmacy research and academic discussions may also support 

innovation in medication safety practices.   

Future researchers should apply proper Quality Assurance (QA) and Quality Control (QC) to ensure that the 

enzyme works consistently and that the results remain accurate and reliable, especially when produced in large 

quantities. It is also recommended to secure intellectual property rights, such as a patent, for the α-amylase and 

starch–iodine formulation to support safe and organized commercialization while keeping the product 

affordable. Moreover, future studies should improve the calibration of the TTI for different types of insulin and 

test its performance under varying humidity conditions commonly found in tropical environments.  

To further enhance the applicability of the developed TTI, the following are recommended for future 

investigation: conduct field-based studies under actual household conditions; optimize the enzymatic 

formulation to improve stability and response time; refine the color change system for clearer interpretation; 

evaluate long-term stability under different environmental conditions, such as temperature and humidity; and 

explore integration into routine insulin storage and handling practices.  

REFERENCES  

1. Abd-Elhalim, B. T., Gamal, R. F., El-Sayed, S. M., & Abu-Hussien, S. H. (2023). Optimizing 

alphaamylase from Bacillus amyloliquefaciens on bread waste for effective industrial wastewater 

treatment and textile desizing through response surface methodology. Scientific Reports, 13(1), 19216. 

https://doi.org/10.1038/s41598-023-46384-6   

2. Agustien, A., Bendrianis, D., Alamsyah, F., Muqarramah, M., & Jannah, M. (2024). Enhanced amylase 

activity by modulating abiotic factors and enzyme stability in the thermophilic bacterial isolates. OnLine 

Journal of Biological Sciences, 24(2), 295–301. https://doi.org/10.3844/ojbsci.2024.295.301   

3. Akbarian, M., & Chen, S. H. (2022). Instability challenges and stabilization strategies of pharmaceutical 

proteins. Pharmaceutics, 14(11), 2533. https://doi.org/10.3390/pharmaceutics14112533   

4. American Diabetes Association Professional Practice Committee. (2025). 9. Pharmacologic approaches 

to glycemic treatment: Standards of care in diabetes—2025. Diabetes Care, 48(Supplement_1), S181– 

S206. https://doi.org/10.2337/dc25-S009   

5. Balakrishnan, M., Jeevarathinam, G., Kumar, S. K. S., Muniraj, I., & Uthandi, S. (2021). Optimization 

and scale-up of α-amylase production by Aspergillus oryzae using solid-state fermentation of edible oil 

cakes. BMC Biotechnology, 21(1), 33. https://doi.org/10.1186/s12896-021-00686-7   

6. Beattie, M., Murphy, D. J., Atherton, I., & Lauder, W. (2015). Instruments to measure patient experience 

of healthcare quality in hospitals: A systematic review. Systematic Reviews, 4, 97. 

https://doi.org/10.1186/s13643-015-0089-0   

7. Brizio, A. P. D. R., & Prentice, C. (2015). Development of an intelligent enzyme indicator for dynamic 

monitoring of the shelf-life of food products. Innovative Food Science & Emerging Technologies, 30, 

208–217. https://doi.org/10.1016/j.ifset.2015.04.001   

8. Casanova, C. F., De Souza, M. A., Fischer, B., Colet, R., Marchesi, C., Zeni, J., Dallago, R., Paroul, N., 

Cansian, R., Backes, G. T., Man, C., Rahman, U., Sahar, A., Ishaq, A., Aadil, R., Zahoor, T., Ahmad, M., 

Wu, J., Hsiao, H., . . . Taoukis, P. (2020). Development of enzymatic-colorimetric time-temperature 

integrator for smart packaging. Biointerface Research in Applied Chemistry, 11(2), 9335–9345. 

https://doi.org/10.33263/briac112.93359345  

9. Chen, Y., Armstrong, Z., Artola, M., Florea, B. I., Kuo, C., De Boer, C., Rasmussen, M. S., Hachem, M. 

A., Van Der Marel, G. A., Codée, J. D. C., Aerts, J. M. F. G., Davies, G. J., & Overkleeft, H. S. (2021). 

Activity-based protein profiling of retaining α-amylases in complex biological samples. Journal of the 

American Chemical Society, 143(5), 2423–2432. https://doi.org/10.1021/jacs.0c13059   

10. Cho, H. W., Shin, D. U., Kim, S. W., Kim, E. S., Park, B. J., Kim, D. H., Jung, Y. W., & Lee, S. J. (2023). 

Enzymatic time-temperature indicator with cysteine-loaded chitosan microspheres/silver nanoparticles. 

Food Science and Biotechnology, 32(13), 1873–1881. https://doi.org/10.1007/s10068-023-01369-z   

11. Chouchane, K., Frachon, T., Marichal, L., Nault, L., Vendrely, C., Maze, A., Bruckert, F., & Weidenhaupt, 

M. (2022). Insulin aggregation starts at dynamic triple interfaces, originating from solution agitation. 

Colloids and Surfaces B: Biointerfaces, 214, 112451. https://doi.org/10.1016/j.colsurfb.2022.112451   

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1038/s41598-023-46384-6?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.3844/ojbsci.2024.295.301?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw
https://doi.org/10.3844/ojbsci.2024.295.301?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fpharmaceutics14112533%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fpharmaceutics14112533%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://doi.org/10.2337/dc25-S009?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg
https://doi.org/10.2337/dc25-S009?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg
https://doi.org/10.2337/dc25-S009?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg
https://doi.org/10.2337/dc25-S009?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://doi.org/10.1186/s12896-021-00686-7?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13643-015-0089-0%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ifset.2015.04.001%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.ifset.2015.04.001%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.33263%2Fbriac112.93359345%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.33263%2Fbriac112.93359345%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Fjacs.0c13059%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Fjacs.0c13059%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs10068-023-01369-z%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.colsurfb.2022.112451%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.colsurfb.2022.112451%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

Page 3706 

www.rsisinternational

.org 

 

    

 

12. Christopher, M. W., Veigle, O., Lloyd, S., McGrail, S., Lee, J. H., Bazargani, S. F., Atkinson, P. M., 

Haller, M. J., Atkinson, M. A., & Garrett, T. J. (2024). One-year thermostability of commercial glargine 

and human insulin. Diabetes Care, 47(12), e104–e105. https://doi.org/10.2337/dc24-1749   

13. Dadi, M., & Yasir, M. (2022). Spectroscopy and spectrophotometry: Principles and applications for 

colorimetric and related other analysis. In IntechOpen eBooks. 

https://doi.org/10.5772/intechopen.101106   

14. Dai, Y., Chen, Y., Lin, X., & Zhang, S. (2024). Recent applications and prospects of enzymes in quality 

and safety control of fermented foods. Foods, 13(23), 3804. https://doi.org/10.3390/foods13233804   

15. Das, A., Shah, M., & Saraogi, I. (2022). Molecular aspects of insulin aggregation and various therapeutic 

interventions. ACS Bio & Med Chem Au, 2(3), 205–221. 

https://doi.org/10.1021/acsbiomedchemau.1c00054   

16. Dehghani, Z., Mohammadnejad, J., & Hosseini, M. (2019). A new colorimetric assay for amylase based 

on starch-supported Cu/Au nanocluster peroxidase-like activity. Analytical and Bioanalytical Chemistry, 

411(16), 3621–3629. https://doi.org/10.1007/s00216-019-01844-9   

17. Dutta, C., Yang, M., Long, F., Shahbazian-Yassar, R., & Tiwari, A. (2015). Preformed seeds modulate 

native insulin aggregation kinetics. The Journal of Physical Chemistry B, 119(49), 15089–15099. 

https://doi.org/10.1021/acs.jpcb.5b07221   

18. Eli Lilly and Company. (2015). Humulin R U-100 insulin human injection prescribing information. U.S. 

Food  and  Drug  Administration. 

https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/018780s150lbl.pdf   

19. ElSayed, N. A., Aleppo, G., Aroda, V. R., Bannuru, R. R., Brown, F. M., Bruemmer, D., Collins, B. S., 

Hilliard, M. E., Isaacs, D., Johnson, E. L., Kahan, S., Khunti, K., Leon, J., Lyons, S. K., Perry, M. L., 

Prahalad, P., Pratley, R. E., Seley, J. J., Stanton, R. C., . . . Gabbay, R. A. (2023). 2. Classification and 

diagnosis of diabetes: Standards of care in diabetes—2023. Diabetes Care, 46(Suppl. 1), S19–S40. 

https://doi.org/10.2337/dc23-S002   

20. Fagan, A., Bateman, L. M., O’Shea, J. P., & Crean, A. M. (2024). Elucidating the degradation pathways 

of human insulin in the solid state. Journal of Analysis and Testing, 8(3), 288–299. 

https://doi.org/10.1007/s41664-024-00302-5   

21. Fagihi, M. H. A., & Bhattacharjee, S. (2022). Amyloid fibrillation of insulin: Amelioration strategies and 

implications for translation. ACS Pharmacology & Translational Science, 5(11), 1050–1061. 

https://doi.org/10.1021/acsptsci.2c00174   

22. Farooq, M. A., Ali, S., Hassan, A., Tahir, H. M., Mumtaz, S., & Mumtaz, S. (2021). Biosynthesis and 

industrial applications of α-amylase: A review. Archives of Microbiology, 203(4), 1281–1292. 

https://doi.org/10.1007/s00203-020-02128-y   

23. Freitas, D., Gwala, S., Henry, G., Lazaridou, A., Boesch, C., Duijsens, D., Wheller, F., Lopez-Rodulfo, 

I. M., Kotsiou, K., Corbin, K. R., Alongi, M., Martinez, M. M., Hafiz, M. S., Tomassen, M. M. M., 

PerezMoral, N., Vidal, N. P., Ariëns, R. M. C., Simsek, S., El, S. N., . . . Grassby, T. (2025). 

Interlaboratory validation of an optimized protocol for measuring α-amylase activity by the INFOGEST 

international research network. Scientific Reports, 15(1), 30985. https://doi.org/10.1038/s41598-025-

12561-y   

24. Gangadharan, D., Jose, A., & Nampoothiri, K. M. (2020). Recapitulation of the stability and diversity of 

microbial α-amylases. Amylase, 4(1), 11–23. https://doi.org/10.1515/amylase-2020-0002   

25. Gao, T., Tian, Y., Zhu, Z., & Sun, D. (2020). Modelling, responses and applications of time-temperature 

indicators in monitoring fresh food quality. Trends in Food Science & Technology, 99, 311–322. 

https://doi.org/10.1016/j.tifs.2020.02.019   

26. Ghevondyan, D., Soghomonyan, T., Hovhannisyan, P., et al. (2024). Detergent-resistant α-amylase 

derived from Anoxybacillus karvacharensis K1 and its production based on whey. Scientific Reports, 14, 

12682. https://doi.org/10.1038/s41598-024-63606-7   

27. Ghosh, A., & Shukla, P. (2021). Kinetics of starch–iodine complex formation in presence of amylolytic 

enzymes. Journal of Enzyme Inhibition and Medicinal Chemistry, 36(1), 110. 

https://doi.org/10.1080/14756366.2021.1877890   

28. Gómez-Villegas, P., Vigara, J., Romero, L., Gotor, C., Raposo, S., Gonçalves, B., & León, R. (2021). 

Biochemical characterization of the amylase activity from the new haloarchaeal strain Haloarcula sp. HS 

isolated in the Odiel Marshlands. Biology, 10(4), 337. https://doi.org/10.3390/biology10040337  

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc24-1749%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc24-1749%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc24-1749%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc24-1749%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5772%2Fintechopen.101106%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5772%2Fintechopen.101106%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Ffoods13233804%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Ffoods13233804%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facsbiomedchemau.1c00054%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facsbiomedchemau.1c00054%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00216-019-01844-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facs.jpcb.5b07221%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facs.jpcb.5b07221%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.accessdata.fda.gov%2Fdrugsatfda_docs%2Flabel%2F2015%2F018780s150lbl.pdf%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.accessdata.fda.gov%2Fdrugsatfda_docs%2Flabel%2F2015%2F018780s150lbl.pdf%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc23-S002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc23-S002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc23-S002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.2337%2Fdc23-S002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs41664-024-00302-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5IFmj_ubvSSuC-wy97ciG4ydXShemivuTDHkuE_ljqEK43mN_3KITqVnFoyA_aem_QkpbLaOHoM6aDyBlWjqrmw&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facsptsci.2c00174%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Facsptsci.2c00174%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs00203-020-02128-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-12561-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1515%2Famylase-2020-0002%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.tifs.2020.02.019%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.tifs.2020.02.019%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-024-63606-7%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1080%2F14756366.2021.1877890%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1080%2F14756366.2021.1877890%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fbiology10040337%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fbiology10040337%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

Page 3707 

www.rsisinternational

.org 

 

    

 

29. Heinemann, L., Braune, K., Carter, A., Zayani, A., & Krämer, L. A. (2021). Insulin storage: A critical 

reappraisal. Journal of Diabetes Science and Technology, 15(1), 147–159. 

https://doi.org/10.1177/1932296819900258  

30. Jaiswal, N., & Jaiswal, P. (2024). Thermostable α-amylases and laccases: Paving the way for sustainable 

industrial applications. Processes, 12(7), 1341. https://doi.org/10.3390/pr12071341   

31. Jaiswal, P., Verma, A., & Yadav, S. (2019). Development of an enzymatic time-temperature indicator 

based on α-amylase–starch kinetics. Journal of Food Processing and Preservation, 43(3), e13878. 

https://doi.org/10.1111/jfpp.13878   

32. Jaiswal, R. K., Mendiratta, S. K., Talukder, S., & Chand, S. (2019). Amylase-based enzymatic time 

temperature indicator as a thermal abuse marker for frozen chicken meat. Indian Journal of Poultry 

Science, 54(1), 59. https://doi.org/10.5958/0974-8180.2019.00010.2   

33. Jaiswal, R. K., Mendiratta, S. K., Talukder, S., Soni, A., & Saini, B. L. (2018). Enzymatic time 

temperature indicators: A review. The Pharma Innovation Journal, 7(10), 643–647. 

https://www.researchgate.net/publication/349336900_Enzymatic_time_temperature_indicators_A_revi 

ew   

34. Kaufmann, B., Boulle, P., Berthou, F., Fournier, M., Beran, D., Ciglenecki, I., Townsend, M., Schmidt, 

G., Shah, M., Cristofani, S., Cavailler, P., Foti, M., & Scapozza, L. (2021). Heat-stability study of various 

insulin types in tropical temperature conditions: New insights towards improving diabetes care. PLOS 

ONE, 16(2), e0245372. https://doi.org/10.1371/journal.pone.0245372   

35. Khurana, G., & Gupta, V. (2019). Effect on insulin upon storage in extreme climatic conditions 

temperature and pressure and their preventive measures. Journal of Social Health and Diabetes, 7(1), 6–

10. https://doi.org/10.1055/s-0039-1692371   

36. Kimaro, E., John, J., Damiano, P., Konje, E. T., Mori, A. T., Kidenya, B. R., Mshana, S. E., & Kaale, E. 

(2025). Impact of insulin storage and syringe reuse on insulin sterility in diabetes mellitus patients in 

Mwanza Tanzania. Scientific Reports, 15(1), 6232. https://doi.org/10.1038/s41598-025-91029-5   

37. Kongmalai, T., Orarachin, P., Dechates, B., Chanphibun, P., Junnu, S., Srisawat, C., & Sriwijitkamol, A. 

(2022). The effect of high temperature on the stability of basal insulin in a pen: A randomized controlled, 

crossover, equivalence trial. BMJ Open Diabetes Research & Care, 10(6), e003105. 

https://doi.org/10.1136/bmjdrc-2022-003105   

38. Koo, M., & Yang, S.-W. (2025). Questionnaire use and development in health research. Encyclopedia, 

5(2), 65. https://doi.org/10.3390/encyclopedia5020065   

39. Labuza, T. P., & Fu, B. (1993). Use of kinetics in time-temperature indicators for food quality. Food 

Technology, 47(10), 36–41. Ling, B., Tang, J., Kong, F., Mitcham, E. J., & Wang, S. (2014). Kinetics of 

food quality changes during thermal processing: A review. Food and Bioprocess Technology, 8(2), 343– 

358. https://doi.org/10.1007/s11947-014-1398-3   

40. Nyarko, Christian & Mills, Joseph & Afortude, John & Kizzie, Nazir & Agbale, Caleb & Badu Nyarko, 

Samuel. (2019). EFFECT OF pH STABILITY ON ALPHA AMYLASE EXTRACTED FROM 

Aspergillus niger ON STARCH FROM LOCAL RICE IN GHANA. 

41. Ogle, G. D., Abdullah, M., Mason, D., Januszewski, A. S., & Besançon, S. (2016). Insulin storage in hot 

climates without refrigeration: Temperature reduction efficacy of clay pots and other techniques. Diabetic 

Medicine, 33(11), 1544–1553. https://doi.org/10.1111/dme.13194   

42. Oliveira, H. M., Pinheiro, A. Q., Fonseca, A. J., Cabrita, A. R., & Maia, M. R. (2019). Flexible and 

expeditious assay for quantitative monitoring of alpha-amylase and amyloglucosidase activities. 

MethodsX, 6, 246–258. https://doi.org/10.1016/j.mex.2019.01.007   

43. Omotoyinbo, O. V. (2023). Exploring the kinetic and thermodynamic profiles of amylase thermal 

inactivation derived from Bacillus sp. Science Frontiers. https://doi.org/10.11648/j.sf.20230404.11   

44. Özdemir, S., Matpan, F., Güven, K., & Baysal, Z. (2011). Production and characterization of partially 

purified extracellular thermostable α-amylase by Bacillus subtilis in submerged fermentation. 

Preparative Biochemistry & Biotechnology, 41(4), 365–381. 

https://doi.org/10.1080/10826068.2011.552142   

45. Pandian, A. T., Chaturvedi, S., & Chakraborty, S. (2020). Applications of enzymatic time-temperature 

indicator devices in quality monitoring and shelf-life estimation of food products during storage. Journal 

of Food Measurement and Characterization, 15(2), 1523–1540. https://doi.org/10.1007/s11694-

02000730-8   

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1177%2F1932296819900258%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1177%2F1932296819900258%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR6OMf_MpnwCvui5Evbg5mWFCV1AHI-Xqb-xDZZZ3xcOHth81_OVlOWUp7NE0w_aem_elPGmaS8T7wKooDJjKDmRQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fpr12071341%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fpr12071341%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1111%2Fjfpp.13878%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1111%2Fjfpp.13878%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5958%2F0974-8180.2019.00010.2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5958%2F0974-8180.2019.00010.2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5958%2F0974-8180.2019.00010.2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.5958%2F0974-8180.2019.00010.2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F349336900_Enzymatic_time_temperature_indicators_A_review%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F349336900_Enzymatic_time_temperature_indicators_A_review%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F349336900_Enzymatic_time_temperature_indicators_A_review%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.researchgate.net%2Fpublication%2F349336900_Enzymatic_time_temperature_indicators_A_review%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0245372%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0245372%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1055%2Fs-0039-1692371%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-025-91029-5%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1136%2Fbmjdrc-2022-003105%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fencyclopedia5020065%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fencyclopedia5020065%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11947-014-1398-3%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1111%2Fdme.13194%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1111%2Fdme.13194%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.mex.2019.01.007%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.mex.2019.01.007%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.11648%2Fj.sf.20230404.11%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.11648%2Fj.sf.20230404.11%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR4sWLLMHPgyBs-zbGiBY1ZVnmE_06FvAbvG1ihI4B8mUeK7leyl0cVcXteRug_aem_cnwxI47lj5OBBaVpnEcEew&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1080%2F10826068.2011.552142%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1080%2F10826068.2011.552142%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11694-020-00730-8%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ


INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI) 

ISSN No. 2321-2705 | DOI: 10.51244/IJRSI |Volume XIII Issue VII July 2026 

Page 3708 

www.rsisinternational

.org 

 

    

 

46. Patel, P., Dasgupta, D., Ray, A., & Suman, S. (2023). Challenges and prospects of microbial α-amylases 

for industrial application: A review. World Journal of Microbiology and Biotechnology, 40, Article 10. 

https://doi.org/10.1007/s11274-023-03821-y   

47. Rasmussen, M., Hach, M., Iwersen, J., Anil, G., Rosborg, H., Larsen, J., Hoffmann, L. C., & Kurtzhals, 

P. (2024). The Human Insulin Thermal Solution project: A private sector initiative to address the 

thermostability of insulin. The Lancet Diabetes & Endocrinology, 12(5), 292–294. 

https://doi.org/10.1016/S2213-8587(24)00094-9   

48. Raviyan, P., Tang, J., & Rasco, B. A. (2003). Thermal stability of alpha-amylase from Aspergillus oryzae 

entrapped in polyacrylamide gel. Journal of Agricultural and Food Chemistry, 51(18), 5462–5466. 

https://doi.org/10.1021/jf020906j   

49. Richter, B., Bongaerts, B., & Metzendorf, M. I. (2023). Thermal stability and storage of human insulin.  

Cochrane  Database  of  Systematic  Reviews,  2023(11),  CD015385. 

https://doi.org/10.1002/14651858.CD015385.pub2  

50. Sanofi-Aventis Deutschland GmbH. (2023). Insulin glargine 100 IU/mL solution for injection. World 

Health Organization Prequalification Programme. 

https://extranet.who.int/prequal/sites/default/files/whopar_files/bt-dm005-part6bv1.03_jul2023.pdf 

51. Santos, J. (2025, August 11). DOH: Over 656,000 Filipinos have diabetes, many still undiagnosed. 

Manila Bulletin. https://mb.com.ph/2025/08/08/doh-over-656000-filipinos-have-diabetes-many-

stillundiagnosed 

52. Shelley, S., Teixeira, R., Frick, A., Orth, L., Ellingson, A., Azimi, S., Mackay, H., & Lin, J. (2023). ASHP 

executive forums on cold chain management of pharmaceuticals in health systems. American Journal of 

Health-System Pharmacy, 80(22), 1677–1684. https://doi.org/10.1093/ajhp/zxad185   

53. Taerahkun, M., & Sriphrapradang, C. (2022). Evaluation of household cooling strategies for insulin 

storage in hot climates. Scientific Reports, 12(1), 18723. https://doi.org/10.1038/s41598-022-22721-6   

54. Tong, Z., & Ramaswamy, H. S. (2023). Continuous-flow microwave heating inactivation kinetics of 

αamylase from Bacillus subtilis and a comparison with conventional heating conditions. Applied 

Sciences, 13(16), 9220. https://doi.org/10.3390/app13169220   

55. Wal, P., Wadhwa, S., & Wal, A. (2019). Current practices in insulin and vaccine storage. Pharmacophore, 

10(3), 70–81. http://www.pharmacophorejournal.com   

56. World Health Organization. (2018). Guidelines on the stability evaluation of biotherapeutic products. 

WHO Press. https://www.who.int/publications/i/item/9789241210195   

57. World Health Organization. (2024). Thermostability of human insulin. World Health Organization. 

https://www.who.int/publications/i/item/9789240089044 Xiao, Z., Storms, R., & Tsang, A. (2006). A 

quantitative starch-iodine method for measuring alpha-amylase and glucoamylase activities. Analytical 

Biochemistry, 351(1), 146–148. https://doi.org/10.1016/j.ab.2006.01.036   

58. Yandri, Y., Tiarsa, E., Suhartati, T., Irawan, B., & Hadi, S. (2022). Immobilization and stabilization of 

Aspergillus fumigatus α-amylase by adsorption on chitin. Emerging Science Journal, 7(1), 77–89. 

https://doi.org/10.28991/ESJ-2023-07-01-06   

https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/
http://www.rsisinternational.org/
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1007%2Fs11274-023-03821-y%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1016%2FS2213-8587(24)00094-9%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Fjf020906j%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1021%2Fjf020906j%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1002%2F14651858.CD015385.pub2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1002%2F14651858.CD015385.pub2%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://extranet.who.int/prequal/sites/default/files/whopar_files/bt-dm005-part6bv1.03_jul2023.pdf
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1093%2Fajhp%2Fzxad185%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1093%2Fajhp%2Fzxad185%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5SNTuUCFFLOgAPu-xGDdgthuHyy2RIfVQKwOoySnHj9ESh_730ZR7m_m_3YQ_aem_p6ONdsIpomLkPCshz0Pf3Q&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41598-022-22721-6%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR56TiJ4c53hBXnIAsu3gSKwJBgncCneR2Mz1w8AlbqSe9TIz-pBTPvn0acHtQ_aem_DVz4vaa0HOyo-cLg3ZvOaQ&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fapp13169220%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fdoi.org%2F10.3390%2Fapp13169220%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5KB8W3MQOmioyLMdzWolQ2vka46M61s4U0VjG_bPkjCD7L1JC3xGAI4QoImQ_aem_9iQe5eCqtjbEIbcun7HF5w&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=http%3A%2F%2Fwww.pharmacophorejournal.com%2F%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=http%3A%2F%2Fwww.pharmacophorejournal.com%2F%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR5wVhh1St_8cbu0FOzIs6EN7w8UYpuZSm2D_DizD5RXU0lb_LQY4fWadnNYVQ_aem_oNOgRns3W0i295Kx98NIdg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.who.int%2Fpublications%2Fi%2Fitem%2F9789241210195%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.who.int%2Fpublications%2Fi%2Fitem%2F9789241210195%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.who.int%2Fpublications%2Fi%2Fitem%2F9789240089044%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://l.facebook.com/l.php?u=https%3A%2F%2Fwww.who.int%2Fpublications%2Fi%2Fitem%2F9789240089044%3Ffbclid%3DIwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7EJEPGVBhZJXjUkHMuPYOi1iBdvxHd7ylxxY2fMGHZoN_4WfGPM893MpLTFw_aem_nx4GRsYcYFShj-z4DkAFpg&h=AT6n-Q45TjqjhFSOGvaPulOTap4NGSSg-hf4vxmgQIS74UX6lppW2_sX4xLQwFpQGyPO1BFMmMPCh90OaGrkCsuy232t-S5lIzKa4qf67mrhUxqg-U-3TRFOab4Xd8C-J-hImQ
https://doi.org/10.1016/j.ab.2006.01.036?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.1016/j.ab.2006.01.036?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7ftk9mvMA64peIqqZWY_VsDfsHlXgQv3o8mbpi0zgl5xLtWTSIIk_nNSKIJw_aem_nZhvJUXo_PrYYZR2QnH9jA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA
https://doi.org/10.28991/ESJ-2023-07-01-06?fbclid=IwZXh0bgNhZW0CMTAAYnJpZBExZkp3cVM3WFQ3RHBrVkoxa3NydGMGYXBwX2lkEDIyMjAzOTE3ODgyMDA4OTIAAR7nOf5MK02Y_VvfbQCHMTF2GNr6RSqd1vUkgT7HF3KFP3s5f-O0AqNMTBvorw_aem_Xm_-rXAgaKhW91mn-AW5SA

