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Stability testing is a requirement in the registration process for all medicinal products, 

including herbal medicinal products (HMPs). This study was designed to investigate the 

stability of two herbal liquid preparations, Covidol® and Rona®, used to treat Covid-19 

in Tanzania. The study aimed to predict the effect of standard environmental conditions 

on the in-use stability of liquid formulations of Covidol® and Rona® stored at ambient 

conditions for 28 days after opening. The chemical stability patterns of the two products 

were monitored using high-performance thin layer chromatography (HPTLC) and near 

infrared spectroscopy (NIRS) methods. Physical parameters such as pH, appearance and 

odor were also monitored. Under ambient conditions, Covidol® remained stable 

throughout the study period while Rona® underwent degradation as indicated by 

changes in its HPTLC and NIRS fingerprint patterns. These methods can be applied for 

quality control and stability testing of Covidol® and Rona® herbal products. 
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INTRODUCTION 

Natural products of plant origin are distinguished 

from synthetic drug substances by their structural 

diversity.1–4 Currently, many herbal products 

with various therapeutic effects are 

commercialized worldwide.5 Despite the 

widespread availability and acceptability of 

herbal preparations in health care systems in 

many countries, the concern for quality control is 

emphasized in conventional medicines. 

Determining shelf life by evaluating the 

therapeutic efficacy and chemical quality of 

herbal formulations and products is a challenging 

task.6 Herbal formulations usually contain several 

different compounds, thus making monitoring 

individual components difficult.7 The biggest 

problem facing herbal formulations is the lack of 

a complete evaluation of their ingredients due to 

their complex nature.8,9 During the production 

process, many changes in chemical structure may 

occur in the formulation scheme of many 

products, which could make the product 

unstable.10 
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In-use stability study is a technique used to 

establish the stability of a multidose formulation 

that could affect its quality within accepted 

specifications as a function of post-opening time. 

It provides information on the period during 

which the product can be used safely once the 

container is opened.11 

Principally, due to the physical and chemical 

properties of herbal products, the first opening of 

a container and seal breaking could pose a risk to 

the quality attributes such as drug content or 

microbiological contamination.12,13 An in-use 

stability study serves to ensure the continued 

integrity of product quality after the first opening. 

This is an important quality parameter that must 

be performed for a particular herbal formulation 

to determine its response to exposure to 

environmental conditions when the container is 

opened for product consumption.14 

Near infra-red (NIR) spectroscopy is currently a 

well-established analytical tool in the field of 

testing natural medicines 15. Previous reviews 

summarize accomplishments in NIR analysis 

hitherto 16–18. On the other hand, (HPTLC) 

analytical instruments are widely used due to 

their simplicity, small sample requirement, and 

the ability to analyze multiple samples 

simultaneously.19–21 

In recent years, Tanzania has seen tremendous 

growth in herbal drugs used for Covid-19 

management.22–24 Consequently, several 

proprietary herbal formulations, mainly 

polyherbals have been developed by domestic 

manufacturers.25 Recent advances in 

photochemistry have demonstrated that many of 

these herbal constituents may react with each 

other, thus raising concerns about the stability of 

the formulations 26.  

Covidol® is registered by the Traditional and 

Alternative Medicine Council as an oral liquid, 

exclusively composed of medicinal plant extracts 

as active ingredients, namely: Acalypha 

fruticosa, Fracourtia indica, Keetia venosa, 

Warburgia ugandensis, Ximenia caffra, and 

Zanthoxylum chalybeum. This herbal remedy is 

promoted for management of Coronavirus 

Disease-19 (Covid-19), seasonal flu, and 

respiratory disorders. Similarly, Rona® is a herbal 

formulation containing Glycyrrhiza, Moringa, 

Artemisia, and Zingiber extract and is used for 

muscle aches, sore throat, coughing, and chest 

tightness. 

 

MATERIALS AND METHODS 

Chemicals and reagents 

Analytical-grade methanol, formic acid and 

toluene were purchased from Loba Chemie PVT 

Ltd (Mumbai, India), while acetone was obtained 

from Carlo Erba (Val-de-Reuil, France).  

Samples collection  

Eighty-eight (88) samples consisting of 56 

Covidol® and 32 Rona® items were purchased 

from various private pharmacies in Dar es 

Salaam. Product information such as 

manufacturer name, manufacturing date, and 

expiration date were documented at the time of 

purchase. 

Preparation of test solutions 

The test solution was prepared by diluting 25 ml 

of the sample to 50 ml using methanol-water 

(50:50 v/v). The resulting mixture was sonicated 

for five minutes and filtered. Five μl of the clear 

supernatant was applied to pre-coated HPTLC 

silica gel 60 F254 plates of dimensions 20 cm × 10 

cm. 

HPTLC analysis 

All samples were analyzed on a CAMAG 

HPTLC system equipped with a sample 

applicator and digital visualizer (CAMAG, 

Muttenz, Switzerland), a CAMAG TLC 4 

scanner, and Linomat V for Vision Cats version 

2.5 data acquisition software. HPTLC silica gel 

60 (F254) was used as the stationary phase and 

detection were performed under ultraviolet light 

at 254 nm and 366 nm. The mobile phase 

consisted of toluene - acetone - formic acid 

(45:45:10 v/v), while HPTLC densitogram 

images were converted to datasets using the 

Vision Cats software. 
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Physical evaluation 

Each stability sample was evaluated for colour, 

pH, and odor. For pH determination, 50 ml of 

solution was poured into a beaker and 

measurement made on a pH meter suitably 

calibrated with buffer solutions of pH 4.0, 7.0 and 

9.0. 

NIR spectra collection  

NIR measurements were performed using a 

LabSpec-5000 spectrophotometer (ASD Inc, 

Alpharetta, GA, USA) equipped with Indico Pro 

software 3.0. Each sample was scanned at a 

wavelength range of 350 - 2500 nm. Spectra of 

liquid samples were run using standard sample 

holders and one ml cuvette. 

NIR model development and validation 

A training set was developed using five samples 

of each batch of Covidol® and Rona® products. 

Each sample was divided into ten portions and 

scanned three times thus yielding a total of 150 

spectra for each batch in Analytical Spectral 

Devices (ASD) format (Table 1).  

The spectra obtained were converted into a 

training file using Grams/AITM chemometric 

software (Thermo Fisher Scientific, Waltham, 

MA, USA). All spectra were recorded as log 

(1/R) and were converted into SPC format for 

data processing. 

Three samples each of Covidol® and Rona® were 

used as predictors for the validation of the 

training model. Each sample was divided into ten 

portions and scanned in triplicate, giving a total 

of 90 scans of each batch.  

In-use stability study by NIR spectroscopy 

The in-use-stability of Covidol® was monitored 

by comparing the change in spectra weekly for 28 

days. The parameter used was the Mahalanobis 

distance (M-Distance), where the acceptance 

criteria were 1 for 'accept' and 3 for 'reject'. The 

Mahalanobis distance is used as a screening 

technique for consistency, to demonstrate 

whether some aspect of the sample differs from 

the reference spectra used to build the method. 

Table 1. Number of herbal product samples 

used in the study.  

Product 

name 

Batch 

No. 

Training 

set samples 

Validation 

set samples 

Covidol® 343 5 3 

 350 5 3 

 351 5 3 

 352 5 3 

 353 5 3 

 367 5 3 

 381 5 3 

Rona® 01 5 3 

 02 5 3 

 03 5 3 

 04 5 3 

 

Data analysis 

Retardation factor (Rf) values of the bands on the 

images and densitometric analysis was carried 

out using CAMAG TLC Scanner 4, fitted with 

vision Cat  planar chromatography manager 

software (CAMAG, Muttenz, Switzerland, 

version 2.5).27 The Gram IQ software (Thermo 

Fisher Scientific, Waltham, MA, USA) was 

employed in the determination of Mahalanobis 

distances from NIR spectroscopy. 

 

RESULTS AND DISCUSSION 

Physical Evaluation 

Both Covidol® and Rona® were presented as 

brownish liquids. Visual inspection showed no 

appreciable changes in the colour or appearance 

of the samples during the 28 days of the study. 

Sample pH ranged from 6.7 - 6.5 for Covidol® 

and 5.8 - 5.2 for the Rona® (Table 2). The change 

in pH was less than 5% from its  original value 

and was therefore acceptable.28,29 
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Table 2. Physical properties of the herbal products under study 

Test parameter  Days Covidol® Rona®  

pH 0 6.7 ± 0.01 5.8 ± 0.01 

 7 6.6 ± 0.01 5.5 ± 0.01  

 14 6.6 ± 0.01 5.4 ± 0.01 

 28 6.5 ± 0.01 5.2 ± 0.01 

Odour 0 Characteristic Characteristic 

 7 Characteristic Characteristic 

 14 Characteristic Characteristic 

 28 Characteristic Characteristic 

Colour 0 Brownish Brownish 

 7 Brownish Brownish 

 14 Brownish Brownish 

 28 Brownish Brownish 

pH-Values are expressed as mean ± SD (n =3) 

 

The pH value is one of the major factors affecting 

the quality of a drug with respect to chemical and 

microbial degradation. Various researchers found 

that low (acidic) pH reduces bacterial 

contamination, whereas, neutral or alkaline pH , 

causes higher contamination in herbal 

medicines.30 

In-use stability study using HPTLC. 

Covidol® samples remained relatively stable 

during the study period as demonstrated by 

consistency of the HPTLC profile (Figure 1) and 

densitograms (Figure 2). In contrast, Rona® 

showed degradation that was exhibited by the 

decrease in the number of peaks at Rf 0.5 to 0.9 

on day 28 (Figure 3 & Figure 4) compared to the 

same peaks at 0 - 14 days. On a similar day 

interval, the HPTLC profile for Covidol® (Figure 

1 & Figure 2) remained unchanged.  

The HPTLC profile of Rona®, at 366 nm (Figure 

3), showed a decrease in bands on day 28 

compared to day 0, which reflects sample 

degradation. The results are consistent with the 

NIR results (Figure 6).  
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Figure 1: HPTLC fingerprinting of Covidol® at UV 254 nm from 0 to 28 days. 

Figure 2: HPTLC densitograms for Covidol® at UV 254 nm.  
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Figure 3: HPTLC fingerprinting of Rona® at UV 366 nm from 0 to 28 days.  

 

Figure 4: HPTLC densitograms for Rona® at UV 366 nm. 

 

In-use stability study by NIR spectroscopy 

During the NIR analysis, the training set served 

as a reference, whereas the validation set was 

used to confirm the classification results based on 

the analysis used by the actual batch. The NIR 

reflection spectra shown in Figure 5 represent 

comparisons of overlaid spectra of Covidol® from 

days 0 to 28. No significant changes were 

observed in the spectral regions recorded in the 

product within 28 days of the study. The NIR 

spectra shown in Figure 6 showed that the M-

Distance for day 28 was more than 3, indicating 

that there were chemical interactions within the 

product as shown by the change in the spectra 

region from 1500 nm to 2100 nm.
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Figure 5: NIR spectra comparisons for Covidol® from 0 to 28 days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: NIR spectra comparisons for Rona® from 0 to 28 days. 
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Storage factors such as temperature, light, and 

oxygen have been shown to affect product 

stability.31,32 The container opening approach 

used in this study was designed to mimic the 

routine use of the medicine. Furthermore, many 

users were likely to keep the medicine longer than 

the specified time of seven days due to the high 

cost. Results of previously studies have 

demonstrated a profound effect of the storage 

temperature on the stability of the products.33 

Current research shows that oxidation reactions 

may occur, thus resulting in changes in the 

chemical profile of the Rona®, while exposure to 

light may further accelerate its decomposition.34 

 

CONCLUSION 

This study highlights the importance of proper 

storage of herbal liquid formulations from 

temperature and humidity effects in order to 

maintain the physical integrity and stability of the 

product during the stated shelf life. Two liquid 

herbal formulations, Covidol® and Rona®, were 

evaluated whereby Covidol® remained physico-

chemically stable when stored at ambient 

temperature for 28 days compared to Rona® 

which degraded under the same conditions. These 

results are important because, during the Covid-

19 pandemic, it was common for patients to 

extend the use of herbal products beyond the 

specified period (seven days) after opening, 

oblivious of the risks posed by chemical and 

microbial degradation. This study underscores 

the need for patients to adhere to proper storage 

conditions of medicine during use. The HPTLC 

and NIR spectroscopy methods proposed in this 

study, permit tracking of variations in 

phytochemical fingerprint patterns and thus could 

be employed in detecting deterioration in the 

quality of herbal formulations. 
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