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ABSTRACT 

COVID-19 is a disease that originated from Wuhan city in china in 2019 hence its nature of 

naming. It has since spread throughout the world and declared a global pandemic by WHO on 

11th march 2020. COVID-19 is a viral disease caused by a virus known as SARS-CoV with a 

very high transmission rate leading to many infections within a short time. Drugs such as 

diclofenac, Ivermectin etc. that induce anti-inflammatory effects within the body have been 

used to treat this infection. Vaccination as a means of combating the wide spread of the 

disease has been adopted by many countries with vaccines such as AstraZeneca, sinovac 

being administered. However, the public acceptance and adherence to vaccination exercise 

has not been as expected due to the traditional beliefs. Locals have used and continue to use 

traditional medicine to treat and cure diseases and infection despite lack of proper scientific 

information on its efficiency and effectiveness.  

This was an experimental research aimed at increasing the knowledge base on different 

medicinal plants and their effectiveness in use against COVID-19. Different medicinal plants 

and plant parts used to treat COVID-19 were identified within communities and collected for 

testing in the lab for their phytochemical content and their therapeutic effects that is anti-

inflammatory and antioxidant activities in vitro. Different methods were used for analysis 

that is determining percentage protein denaturation inhibition using phosphate buffer solution 

and egg albumin (anti-inflammatory activity), DPPH antioxidant assay (antioxidant activity), 

Folin Ciocalteau assay (total phenolics) and Aluminium chloride method (flavonoid content). 

Medicinal plants and plant parts exhibiting higher anti-inflammatory and anti-oxidant 

properties were selected and comprised the ingredients used to develop the covid-19 

treatment formulation. The varied compositions of the formulations were generated using 

Design expert.  Each formulation was prepared and analyzed for phytochemical content and 

activity and the data analyzed to establish a formulation exhibiting optimal phytochemical 

activity.  The processing conditions including temperature and time were optimized to ensure 

good nutrient retention. Results obtained were analyzed using Microsoft excel and they were 

presented as mean± standard deviation (SD) The statistical analysis and optimization of the 

results was done using SPSS and design expert software. Correlation coefficients(r) were 

calculated using Microsoft Excel 2013. Analysis of variance (ANOVA) and response surface 

analysis were used to determine the statistical significance of the model. The adequacy of the 

model was predicted through the ANOVA (P < 0.05) and regression analysis (R2).  
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There was a relatively high positive correlation between antioxidant activity and the total 

phenolics of 0.655 and a very low correlation of antioxidant activity and flavonoids of 

0.2430. This means that total phenolics are more responsible for the antioxidant activity of 

phytochemicals in whole than their individual activity. It also revealed that phytochemicals 

have minimal influence on anti-inflammatory activity with very low correlation of 0.281 with 

total phenolics and 0.120 with flavonoid content. The sensory properties of the herbal 

formulation enhanced with fruit juices at different levels. Sensory evaluation was carried out 

and sample code HBS (Hibiscus mix) obtained the highest acceptability with a mean ±SD of 

7.93±1.10b and was selected to enhance the sensory properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER ONE 

INTRODUCTION 

1.1 Background 

The outbreak of corona Virus left many states and cities unscarred with a massive disruption 

of various economies. Uganda was no exception. This virus causes the C0VID-19 pandemic 

and is named after the year in which it was detected and identified. The coronavirus emerged 

from Wuhan, China by late December 2019 and has since then spread to different parts of the 

world as a result of cross-border movements (Wu, Chen and Chan, 2020). The World Health 

Organization (WHO) declared the outbreak a Public Health Emergency of International 

Concern (PHEIC) on 30th January 2020 and further declared it a pandemic on 11th March 

2020. (Velavan and Meyer, 2020). The disease is highly transmissible with mortality rate of 

4.63%. 

However, the mortality rate is varied from country to country with European countries being 

hit the most compared to the African countries. WHO on 29th March 2020 announced that the 

virus had spread across 201 countries, infecting over 658,347 people with the overall 

mortality of 30,460 people every day. On March 21, 2020, Uganda reported its first SARS-

CoV-2 infection in a symptomatic traveler from Dubai.(Migisha et al., 2020). This 

necessitated the government of Uganda to implement various measures in a bid to control the 

spread of the virus to other parts of the country.  

Currently, due to its first spreading rate around the world. Uganda started its mass 

vaccination program against COVID-19 on 10th/03/2021, joining many of countries in Africa 

to initiate jab inoculations among its citizens, among the many measures instituted to counter 

the spread of the COVID-19 pandemic. According to the Ministry of Health, Uganda aims at 

vaccinating at least 49.6% of its population (21,936,011) with Oxford University–

AstraZeneca COVID-19 vaccine at different phases (Nicholas Bamulanzeki, 

2021).  Unfortunately, the reception of the vaccination exercise has not been as high as 

expected making it difficult for the government to mitigate COVID-19 and its effects. The 

public continues to use herbal concoctions as a way of protecting and treating themselves 

against infection by the corona virus. The World Health Organization (WHO) reported that 

80% of the emerging world’s population relies on traditional medicine for therapy 

(Mahomoodally, 2013) which continues to illustrate the need for intense research on 

traditional medicinal plants in order to establish their efficiency. 
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1.2 Problem Statement 

COVID-19 is a fast infectious and killer disease growing rapidly among the world’s 

population. To date, no effective and promising antiviral agents for SARS-CoV-2 have been 

developed to cure the disease. Patients are treated basing on the clinical spectrum of COVID-

19 ranges from asymptomatic carrier status or mild respiratory disease to severe pneumonia 

(Lai et al., 2020). Vaccines such as AstraZeneca, Pfizer, and morderna have been developed 

to boost one’s immunity to fight against the infection within the body.  Uganda joined other 

countries to adopt toCOVID-19 vaccination as a means to cub the wide spread and effects of 

the pandemic and started its vaccination exercise on the 10th of March 2020 at Mulago 

National referral hospital. However, even with the on-going vaccination exercise, there has 

been a low level of acceptance of the vaccines by the public. This is associated with a number 

of reasons such as existing myths and beliefs about vaccines, no mass education about this 

activity and many people are living in fear after reading and hearing about how similar 

vaccines have been stopped for use in some countries all over the world due to associated 

effects such as blood clots. With the above challenges, locals have resorted to using herbal 

medicine to treat and cure COVID-19. Herbal remedies have been used in the past to cure 

diseases such as cough, flue and fever among others. Their ability to cure these diseases is 

associated with the presence of phytochemicals such as phenols, flavonoids, alkaloids 

(Kitonsa et al., 2021)These  assist in treating the disease through their antiviral, anti-

inflammatory and antioxidant properties.(Nugraha et al.,2020). Due to local homemade 

production of herbal concoctions, locals have been faced with adverse effects such as 

stomach ulcerations and weight loss among others as a result of unprescribed and regulated 

intake of the herbs. This maybe explained in line with high acidity levels within the 

concoctions as a result of chemical reactions of the compounds therein. Therefore, there is 

need to produce a standardized herbal drink with acceptable levels of constituents for safe 

consumption to avoid excessive or under consumption of phytochemicals for efficiency and 

effectiveness of the drugs. 

1.3 Research objectives 

1.3.1 Main objective 

The major aim of this research was to develop and standardize a tonic drink from herbs and 

spices to support the treatment of COVID-19. 
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1.3.2 Specific objectives 

1. To develop a herbal drink by optimization of the phytochemical properties and 

activity of selected ingredients. 

2. To optimize the processing conditions of the herbal drink 

3. To enhance the sensory properties and carry out sensory evaluation of the herbal 

drink. 

1.4 Justification  

Consumption of herbal medicine is a common practice in developing countries; however, 

scarcity of information on their physiochemical composition is a major public health concern. 

WHO encourages extensive studies on herbal plants before they can be used as alternative 

medicine Herbal medicine is one of the alternative approaches in the treatment of COVID-19. 

The National Health Commission in China declared the use of herbal medicine combined 

with Western medicine as a treatment for COVID-19, and  issued many guidelines on herbal 

medicine-related therapy(Ang et al., 2020) Many Ugandans depend on traditional medicine 

because it is accessible, affordable and culturally familiar. It is estimated that 80 % of the 

population living in rural areas in developing countries depends on traditional medicine for 

their health needs  (Nyeko R, 2007)] In Uganda, over 60 % of the population seek medical 

attention from traditional healers, a pattern which cuts across all social classes and education 

levels, where traditional herbal medicine is widely used for prevention, diagnosis and 

treatment of social, mental and physical illnesses. Plants typically contain mixtures of 

different phytochemicals, also known as secondary metabolites that may act individually, 

additively, or in synergy to improve health and therefore there is need to establish efficacy of 

herbal medicine on treatment of diseases. Research such as this will provide information on 

the different phytochemicals contained in different medicinal plants which will increase 

knowledge on the mechanism and efficiency of herbal medicine. Most herbal medicines are 

only used with the application of basic indigenous knowledge by the local community who 

lack pharmacological knowledge and this predisposes locals to toxic effects arising from 

unknown harmful elements in the plants. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Pathogenesis of the corona virus 

Coronavirus disease 2019 (COVID-2019) is caused by a novel coronavirus known as Severe 

Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Coronaviruses are enveloped, 

single-strand RNA viruses that can infect a wide range of hosts including avian, wild, 

domestic mammalian species, and humans. They may transmit through animals to human or 

human to human with their main reservoirs being rats, cats and bats. (Sajed and Amgain, 

2020) The corona virus (SAR-CoV 2) is transmitted via respiratory droplets and aerosols 

from person to person. It is highly transmissible and it spreads through saliva droplets or 

nasal discharge when an infected person coughs or sneezes into the atmosphere. People who 

have been infected with the COVID-19 virus experience mild to moderate respiratory 

illnesses and the elderly or older people with underlying medical conditions such as 

cardiovascular disease, diabetes, chronic respiratory disease, and cancer tend to develop 

serious illness which may result into death. COVID-19 affects people in different ways with 

symptoms such as fever, dry cough, tiredness, aches and pains, sore throat, diarrhea, 

conjunctivitis, headache, loss of taste or smell, a rash on skin and serious symptoms like 

difficulty in breathing or shortness of breath and chest pain.  It takes about 5 to 6 days from 

when someone who is infected with the virus to show symptoms, however it can also take up 

to 14 days. 

The virus, on finding its way into the human body, it binds to its host receptors and enters 

host cells through endocytosis or membrane fusion.  They have four different structural 

proteins i.e., the spike (S), membrane (M), envelop (E) and nucleocapsid (N) proteins. The 

most important protein for host attachment and penetration from the surface of the virus is the 

S protein. It is made of two functional subunits namely the S1 and S2. S1subnit is responsible 

for binding to the host cell receptor whereas S2 subunit is involved in the fusion of viral and 

host cellular membranes. (Kumar and Al Khodor, 2020) ACE-2 is a functional receptor for 

SARS-CoV which is present on the pulmonary epithelial cells. Through the host receptor, the 

S protein binds to start the host cell invasion by the virus. On binding of SARSCoV-2 to the 

ACE-2, the S protein undergoes activation via a two-step protease cleavage: the first one for 

priming at the S1/S2 cleavage site and the second cleavage for activation at a position 
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adjacent to a fusion peptide within the S2 subunit.  Initial cleavage stabilizes the S2 subunit at 

the point of attachment and subsequent cleavage activates the S protein causing 

conformational changes leading to viral and host cell membrane fusion. The virus enters the 

pulmonary alveolar epithelial cells and releases its contents into the host cell through a 

process called post-membrane fusion. Within the host cell, the virus undergoes replication 

and formation of a negative strand RNA by the pre-existing single-strand positive RNA 

through RNA polymerase activity that is transcription. 

The newly formed negative strand RNA produces new strands of positive RNAs which 

proceed to synthesize new proteins in the cell cytoplasm i.e., translation. The viral N protein 

binds the new genomic RNA and the M protein facilitates integration to the cellular 

endoplasmic reticulum. These newly formed Nucleocapsids are then enclosed in the ER 

membrane and transported to the lumen, from where they are transported via Golgi vesicles 

to the cell membrane and then via exocytosis to the extracellular space. The new viral 

particles are then available to attack  the adjacent epithelial cells.(Parasher, 2021)  The 

immune response to this attack recognizes a bomb of antigens within the body and produces 

antibodies to defend the body.  The body’s immune response to SARS-CoV2 is mediated by 

cytokines. It increases the total number of neutrophils, Interluekin-6 (IL-6) serum and C - 

reactive protein and decreases the total lymphocytes with in the body. Further research has 

revealed that there’s an increased expression of proinflammatory cytokines and chemokines. 

Cytokines and chemokines trigger inflammation in the cells bringing about severity and 

mortality of COVID-19 due to a cytokine storm and hyper-inflammation.(Tsegyie, Ahmed 

Mohammed and Tsegyie Wondmkun, 2020). Despites covid-19 being highly fatal, there is no 

specific treatment for eradication of the SARS-CoV2 virus in patients.  

2.2 Uganda’s Response to Pandemics and especially COVID-19  

Uganda was reported as one of the countries that have been able to manage the pandemic 

properly with quite a low infection and death rates within its population as compared to other 

affected nations. This is credited Uganda’s long experience in successful control of many 

previous epidemics e.g. HIV and AIDs in 1980s, Measles in 1990s, Hepatitis B in 2000s, 

Ebola in 2000, 2017 and 2018 which afflicted it and the neighboring countries.(Kitara and 

Ikoona, 2020) To prevent infection and to slow transmission of the disease in Uganda, the 

government has taken measures such as imposing nearly a complete lockdown through 

shutting down air and road transport, the restriction of people’s movement through the stay 
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home policy  and curfew which have so far played a significant role in this pandemic 

containment and control. (Kitara and Ikoona, 2020)Also through the Ministry of Health, 

various organizations and partners they have come together to encourage citizens to observe 

the standard operating procedures of washing hands regularly with soap and water, use an 

alcohol-based hand sanitizer, maintain at least 1 meter distance between two people, 

coughing or sneezing in the elbow, avoid touching the face and staying home if one feels 

unwell and wearing face mask at all times while in public. (https://www.who.int/). This has 

been possible through specific news bulletins dubbed coronavirus updates on radio and 

television stations, adverts, posters and campaigns among others. However, some of the 

measures put in place to slow the spread of COVID-19 have had adverse effects on the 

population. They have resulted in a drop in the economic growth of the country as a result of 

a halt on the night economy due to curfew, decrease in trade as a result of price fluctuations 

and reduced demand of products such as maize for milling into flour for schools and higher 

institutions of learning. There has been high rate of loss of jobs among the population as a 

result of reduced business due to COVID-19 leaving the employers unable to hire much labor 

like before. 

Notwithstanding, the effects of the COVID-19 cannot go unnoticed. The COVID-19 

pandemic saw to the closure of schools, disruption of economies as many businesses were 

closed in order to ensure social distancing and safe quarantining. Not to mention, the 

pandemic saw many governments implementing coercive measures and policies that were not 

necessary or justifiable that violated the people’s rights for instance the beating and bruising 

of people caught passed curfew hours. 

2.3 Treatment for Coronavirus 

Coronavirus has been treated in various ways in different countries that have been faced with 

the pandemic.  Western medicine and herbal medicines have been used either alone or 

together to treat and cure the disease. Different types of western medicine have been used to 

treat COVID-19 for example antibiotics such as azithromycin, antimalarial drugs like 

chloroquine and hydroxychloroquine, antiviral drugs like lopinavir etc. Azithromycin is quite 

effective in preventing pulmonary infections in patients with viral pneumonias with anti-

inflammatory effect on the airways. (Kumar and Al Khodor, 2020) Corticosteroids like 

dexamethasone have also been found to be effective in decreasing mortality in severe and 

critically ill cases. Antiviral drugs such as Lopinavir, Remdesivir have been used in the 
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treatment of COVID-19. Remdesivir is a broad-spectrum antiviral agent, and acts by blocking 

the action of viral RNA-dependent RNA polymerase. This causes evasion of proofreading by 

viral exoribonuclease, causing a significantly decreased production of viral RNA. Lopinavir 

acts by inhibiting the coronavirus protease activity.  

Chloroquine and hydroxychloroquine drug have been used to treat COVID-19 because of the 

fever symptom of the virus. Hydroxychloroquine is an antimalarial drug with a broad-

spectrum antiviral activity.  Chloroquine   blocks the virus infection by increasing the 

endosomal pH required for virus/cell fusion, as well as by preventing SARS-CoV receptor 

glycosylation. Both chloroquine and HCQS have been observed to have immunomodulatory 

effects and have the capacity to suppress the massive immune response in COVID-19 

(cytokine storm) induced by mediators.(Kumar and Al Khodor, 2020) However the current 

treatment of the COVID 19 in Uganda  involves the use of Zinc (30mg/day), vitamin C and 

either hydroxychloroquine and chloroquine (30mg/day) (Louise, 2020)   

Furthermore, herbal medicine is also considered one of the alternative approaches in the 

treatment of COVID-19.  Mahomoodally, 2013 defined traditional medicine as the sum total 

of knowledge, skills, and practices based on the theories, beliefs, and experiences indigenous 

to different cultures that are used to maintain health, as well as to prevent, diagnose, improve, 

or treat physical and mental illness. It is also referred to as natural occurrence of vegetative 

substances with minimal or non-industrial processing used to treat diseases in local or 

regional healing practices. Sofowora et al  defined medicinal plants as any plant which, in 

one or more of its organs, contains substances that can be used for therapeutic purposes or 

which are precursors for the synthesis of useful drugs. Herbal remedies are obtained from 

leaves, tree barks, roots, bulbs and fruits of some plants and spices have been used to treat 

COVID-19. Examples of these include mango leaves, guava leaves, ginger, onions, garlic, 

lemons, turmeric etc.  

2.4 Effectiveness of Herbal Medicine 

Unlike modern drugs that invariably contain a single active species, herbal extracts and or 

prescriptions contain multiple active constituents. Natural compounds contained in these 

herbal concoctions can act in a synergistic manner within the human body, and provide 

unique therapeutic properties with minimal or no undesirable side-effects (Kaufman et al., 

1999). These herbs contain active compounds known as phytochemicals such as quinine, 
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curcumin, quercetin, alkaloids, flavonoids, phenols, and steroids among others. Their 

chemical composition varies depending on factors like botanical species, used chemo-types, 

the anatomical part of the plant used (seed, flower, root, leaf etc.) In addition, storage, sun, 

humidity, type of ground, time of harvest and geographic area also determine the composition 

of medicinal plants. A single plant is likely to contain bitter substances that stimulate 

digestion and possess anti-inflammatory compounds that reduce swellings and pain, phenolic 

compounds that can act as an antioxidant, antibacterial and antifungal, tannins that act as 

natural antibiotics, diuretic substances that enhance the elimination of waste products and 

toxins, and alkaloids that enhance mood and give a sense of well-being.(Mahomoodally, 

2013)]These antimicrobial or antiviral, anti-inflammatory, and immune-stimulatory activities 

drive the curing of COVID-19.  

In global health debates, traditional herbal medicines are receiving great attention. Medicinal 

plants have been used in healthcare since time immemorial with studies carried out globally 

to determine their efficacy and some of the findings leading to the production of plant-based 

medicines. The global market value of medicinal plant products exceeds $100 billion per 

annum.(Sofowora, Ogunbodede and Onayade, 2013) Many plants have been used for over 

the years as traditional medicine and some have proven to work even if not enough scientific 

data are available to prove their effectiveness. Furthermore, an increasing reliance on the use 

of medicinal plants in the industrialized societies has been traced to the extraction and 

development of several drugs and chemotherapeutics from these plants as well as from 

traditionally used rural herbal remedies (UNESCO, 1998) In societies to date, herbal 

medicine has been used in the management of minor diseases because of the rising costs of 

personal health care maintenance. Herbal remedies have become more popular. In fact, there 

has been such a high market and public demand that many medicines are today exposed to 

either extinction or loss of genetic diversity. Priority interventions for the development of 

Traditional Medicine in the first and second decades that is 2001-2010 and 2011-2020 for 

WHO-AFRO include policy development, capacity-building, promoting research, 

supporting local production of traditional medicines including medicinal plant cultivation, 

rights of intellectual property protection and traditional knowledge in medicine.( Sofowora et 

al., 2013)  There is hope that herbal medicine research will play a critical role in global health 

when given maximum attention.  
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2.5 Side Effects of Herbal Medicine 

Herbal medicine just like western medicine is associated with side effects although people are 

often misled to believe that all naturally occurring treatments are safe for consumption. Most 

herbal medicines are only used with the application of basic indigenous knowledge by the 

local community who lack pharmacological knowledge and this predisposes locals to toxic 

effects arising from unknown harmful elements in the plants. The most notable elements 

present in most medicinal herbs and vegetables are heavy metals such as Lead, Copper, 

Nickel, Iron, Cobalt, Zinc, Chromium and Cadmium. Essential elements include Co, Cu, Fe, 

and Zn due to their nutritional advantages in the body while nonessential elements include 

Ni, Pb, Cd, and Cr due to their carcinogenic effects.(Ssempijja et al., 2020) The most 

unanswered question about herbal medicine is its absorption/metabolism/effectiveness of the 

herbs and their extracts, and is an important unresolved problem in assessing their many 

presumed effects on the health.(Firenzuoli and Gori, 2007) There are differences that exist 

between the traditional use of herbs and their scientific usage. Generally, traditional medicine 

are used as mixtures of several plants usually more than 10 together, thought to work in 

synergy while scientific use involves proper extracts and pharmaceutical preparations of 

plants. Products from medicinal plants often do not contain any reference to the chemical 

constituents nor extraction technique while the scientifically used products contain purified 

and standardized chemical constituents with a pharmacological activity and are used for 

symptomatic illnesses, for prevention or treatment. Traditional medicine is believed safe and 

without any adverse reaction Pathogenesis of illnesses and therapy are often based on 

philosophic, religious and socio-cultural conception while on the other hand, scientifically 

used medicine is associated with side effects, drugs interactions among other effects. Using 

synthetic drugs is associated with drug interference and some plants reduce or improve the 

bioavailability of some drugs due to induction or inhibition of cytochromes. 

2.6 Standardization of herbal medicine 

Correct identification of source plant species and the selection of appropriate parts for use in 

herbal medicines are basic and essential steps for ensuring safety, quality and efficacy of 

herbal medicines. Hence, the safety and quality of herbal medicines at every stage of the 

production process have become a major concern to health authorities, health care providers, 

the herbal industries and the public. The safety and efficacy of herbal medicines largely 

depend on their quality, unlike pharmaceutical products formulated from single-molecule 

chemicals produced synthetically or by isolation from natural source materials employing 
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reproducible methods, herbal medicines consist of simple processed herbs or finished herbal 

products prepared from source materials containing a multiplicity of chemical constituents. 

Standardization is the most often criticized aspect of herbal medicines. Each herbal ingredient 

in herbal preparation has an array of chemical constituents with complex molecular formulae 

which makes the process of standardization a highly complex issue. Due to complex nature 

and inherent variability of the constituents of plant-based drugs, it is difficult to establish 

quality control parameter. Furthermore, the constituents responsible for the therapeutic 

effects are frequently unknown or only partly explained. Experiments have been designed to 

characterize and quantify crude drugs with respect to phytochemicals Constituent and also 

test them for their therapeutic effects like antioxidant activity (1, 1-diphenyl-2-picrylhydrazyl 

(DPPH) scavenging activity) and anti-inflammatory activity using the protein denaturation 

method. Several anti-inflammatory drugs have shown dose dependent ability to inhibit 

thermally induced protein denaturation (Grant et al., 1970). As a method of standardizing 

herbal formulations, their therapeutic strength is compared with that of synthetic drugs 

consumed for the same effects using the same methods (P. Padmanabhan, S. N. Jangle,2012) 

as a means of regulating strength to avoid over stimulation of the herbal formulations which 

may severe the infection or even cause death. 
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CHAPTER THREE 

METHODOLOGY 

3.1 Development of a herbal drink by optimization of the phytochemical properties and 

activity of selected herbs and spices 

The herbal drink was developed by blending several herbal ingredients that were already seen 

to be effective in the treatment of Covid-19. The herbal ingredients were characterized to 

enable selection of the most effective ingredients to be used in the development of the herbal 

drink.  

3.1.1 Characterization of selected herbal plant materials 

3.1.1.1 Sample collection 

Plants and plant parts such as leaves, seeds, and stems were collected from different fields 

and market places and labeled with different sample codes, the samples were dried using a 

cabinet dryer for 24 hours and then ground into fine powder for further laboratory analysis. 

The respective resultant powders were packed in air tight zip bags and stored for the 

subsequent experiments. The phytochemical properties including phenolics  and flavonoids 

as well as the antioxidant and anti-inflammatory activity, were determined 

3.1.1.2 Preparation of extracts for determining total phenolics, flavonoids and 

antioxidant properties 

The extraction was done in a moderately dark environment by drawing curtains and covering 

the extraction containers with Aluminium foil. This was done to minimize effect of light on 

the antioxidant compounds within the respective samples. The extraction was done in 

duplicates and 0.5 grams of each powdered sample were weighed out into falcon tubes.10ml 

of 80% methanol were added into the tubes and vortexed. They were then placed into an ultra 

sonicator for 20 minutes, for extraction of antioxidants. After 20minutes the falcon tubes 

were placed into a freezer for 10minutes to cool down the extract and avoid effect of high 

temperature on deterioration of antioxidants.  The cooled extract was then taken for 

centrifugation to obtain clear supernatant & the residues re-extracted again using 10mls of 

80% methanol. Steps 3 to 5 were repeated to ensure complete extraction of total antioxidants 

from the weighed samples and the total volume of extracted solution obtained was 20ml. 
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3.1.1.3 Determination of Total phenolics  

0.3ml of the extracted sample was pipetted into test tubes in triplicates; this was followed by 

addition of 3ml of DH2O, 0.3ml of 0.25N folin, and finally 0.6ml of 10% Na2CO3. The 

reaction mixtures were vortexed and left to stand for 40 min before reading absorbance at 

765nm. 

Total phenolics (mg/100g) = absorbance-intercept 

                                                      Slope 

3.1.1.4 Determination of total flavonoid content 

 2ml from the extracted samples were pipetted in triplicate into test tubes. This was followed 

by addition of 0.2ml of 5% sodium nitrite, 0.2ml of 10% ALCl3 and by 2ml of 1M NaOH. 

The mixtures were vortexed and left to stand for 40 min before reading absorbance at 510nm 

Total flavonoid content (mg/100g) = absorbance-intercept 

                                                                   Slope 

3.1.1.5 Determination of total anti-oxidant activity 

DPPH solution was prepared by dissolving 3.9mg into 100ml of absolute methanol and the 

reading of DPPH immediately.  0.05ml of the samples was then pipetted in triplicates into 

test tubes.0.95ml of 80% methanol, followed by 2.9ml of DPPH solution and vortexed. This 

was left to stand for 30 minutes and the absorbance was read at 517nm 

Antioxidant (mg/100g) =DPPH absorbance −sample absorbance*slope  

                                                      Total volume    

3.1.1.6 Determination of Anti-inflammatory effect using the protein denaturation 

method  

Protein denaturation was performed as described (Elias et al., 1988) with slight 

modifications. 

 0.2g of each sample was weighed into falcon tubes in duplicates, 20ml distilled water was 

added to each followed by vortexing and this was left to stand for 15minutes.  

After, the samples were placed in a water bath for extraction at temp 80°C for 20 minutes. 

Each was filtered and the filtrate stored in a refrigerator at 4°C. 
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Reaction mixtures were prepared using 2.8 ml of phosphate-buffered saline (pH 6.4) and 0.2 

ml of egg albumin (from fresh hen’s egg).  2 ml of each sample extract were mixed gently 

with reaction mixtures in test tubes in triplicates. 

 Reaction mixtures were incubated in a water bath at 37°C ± 2°C for 15–20 min, and later, it 

was heated at 70°C at which the reaction mixture was maintained for 10 minutes. 

Denaturation was induced by keeping the reaction mixture at 70˚C in a water bath for 10 

minutes. Then, the reaction mixture was allowed to cool down at room temperature for 15 

min and absorbance measured for each at 660nm using a UV spectrophotometer. 

%protein denaturation inhibition=Buffer absorbance−sample absorbance*100(%)  

                                                                        Buffer absorbance 

3.2 Development and optimization of the formulation for the herbal drink 

Medicinal plants and plant parts exhibiting higher anti-inflammatory and anti-oxidant 

properties were selected and comprised the ingredients used to develop the covid-19 

treatment formulation. .  Ingredients were classified into a base, constants and variants and 

varied compositions of the formulations were generated using Design expert.   

Table 1: Shows ingredients classified. 

BASE VARIANTS CONSTANTS 

Wild mint Mango leaves, Eucalyptus 

leaves, Guava leaves, 

Ekyewamala leaves, Avocado 

leaves, Wild mint  

Turmeric, Oregano, Onions, 

Garlic, Ginger, Cactus, 

Artemisia, Rosemary, 

Pumpkin seeds, Lemon peel, 

Green tea, Black pepper, 

Fennel seeds 
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Table 2: Shows different formulae generated by design expert  

VARIANTS BASE CONSTANTS 
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1 0.5 0.54 0.56 0.5 0.5 2 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

2 0.51 0.69 0.9 0.5 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

3 0.5 0.52 0.5 0.9 0.68 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

4 0.5 0.64 0.5 0.5 0.67 1.8 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

5 0.5 0.69 0.5 0.5 0.9 1.51 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

6 0.69 0.62 0.5 0.79 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

7 0.5 0.59 0.5 0.61 0.9 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

8 0.69 0.62 0.5 0.79 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

9 0.5 0.57 0.51 0.68 0.7 1.64 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

10 0.5 0.56 0.64 0.9 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

11 0.51 0.53 0.9 0.66 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

12 0.77 0.83 0.5 0.5 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

13 0.74 0.66 0.7 0.5 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

14 0.5 0.69 0.5 0.9 0.5 1.51 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

15 0.58 0.76 0.65 0.51 0.5 1.59 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

16 0.5 0.69 0.5 0.5 0.5 1.91 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

17 0.5 0.55 0.9 0.5 0.65 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

18 0.5 0.57 0.5 0.9 0.5 1.63 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

19 0.69 0.62 0.5 0.5 0.79 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

20 0.69 0.62 0.5 0.5 0.79 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

21 0.5 0.61 0.77 0.5 0.5 1.72 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

22 0.87 0.73 0.5 0.5 0.5 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

23 0.5 0.68 0.66 0.62 0.63 1.5 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

24 0.5 0.53 0.65 0.5 0.9 1.52 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

25 0.7 0.71 0.5 0.5 0.5 1.69 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 

26 0.5 0.8 0.5 0.5 0.5 1.8 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 
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Each formulation was prepared and analyzed for phytochemical content and activity (anti-

inflammatory and antioxidant activity) and the data analyzed to establish a formulation 

exhibiting optimal phytochemical activity to be analyzed in the laboratory for their anti-

inflammatory and antioxidant activity. The different formulations obtained from design 

expert were weighed out and mixed to obtain a homogeneous sample from which a desired 

weight was obtained for the subsequent experiments respectively. The same procedures were 

followed for the different tests and results obtained were fed back into design expert for 

optimization using the percentage protein denaturation inhibition and antioxidant activity of 

the different formulations used. 

3.3. Optimization of processing conditions  

5g of sample were subjected to different processing conditions in terms of dilution volume, 

extraction temperature and time combination. The resultant solutions were filtered to obtain 

filtrate which was used to test for anti-inflammatory and anti-oxidant activity using the 

procedures described above. Results obtained were analyzed and optimized using design 

expert software to obtain the optimum dilution volume, temperature and time at which 

extraction should be carried out to obtain a maximum extraction of phytochemicals hence 

higher anti-inflammatory and anti-oxidant activity. 
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Table 3: Shows the different processing conditions that were used for process 

optimization 

volume(ml) temperature(0C) time(minutes) 

500 90 5 

500 70 5 

90.9 90 32.5 

500 70 60 

90.9 90 60 

90.9 50 60 

50 70 32.5 

90.9 50 5 

500 50 5 

90.9 50 5 

500 70 32.5 

90.9 70 32.5 

50 90 60 

50 90 5 

50 50 32.5 

50 90 60 

500 90 5 

90.9 70 60 

50 70 32.5 

50 50 60 

90.9 70 32.5 

50 70 5 

500 50 32.5 

500 50 60 

90.9 50 60 

500 90 32.5 

3.4 Enhancement of sensory properties, sensory evaluation and standardization of the 

herbal product 

Using the best formulation from optimization of formulae, a tonic drink was prepared by 

extracting 5 grams of the formulation with 4500mls of water to the powdered sample and 

concentrating it by a factor of 10. 100mls of the concentrate obtained were measured using a 

measuring cylinder into 350mls bottles each and mixed with 100mls of fruit juice 

concentrates and 100mls of honey(1:1:1) . Fruit concentrates used included hibiscus (HBS), 

tamarind (TRD), tangerine (TGE) and lemon (LNS). 
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Standardization of the herbal drink was carried out using one of drug regimens that was being 

administered as effective against COVID-19.  Individual dosage per day of Ivermectin 

(200mcg/kg of body weight) and vitamin C (5000mg) was dissolved into 75mls of water 

which was then extracted as earlier described for total phenolic, flavonoids, antioxidant 

activity and anti-inflammatory tests. This was done to compare the efficiency and 

effectiveness of the regimen and the tonic against inflammation and oxidation within the 

body using in vitro tests this would be achieved by determining how many mls of the tonic 

would be required in a day to achieve a similar effect. Panelists were chosen using 

convenience sampling (selecting those that are available for sensory evaluation) and they 

were neither too hungry nor too satisfied. Panelists consisted of both males and females and 

they were all first briefed on the exercise prior to the actual sensory evaluation. The samples 

were poured into labeled disposable glasses and each panelist served with 4 differently coded 

samples. Each panelist sat in an individual compartment in the sensory evaluation laboratory 

to avoid any interruption that would bias the results.  

3.5 Statistical analysis  

All the extraction was done in duplicates whereas the experimental tests for determination of 

total phenolics, total flavonoids, and antioxidant properties using DPPH and % protein 

denaturation were conducted in triplicates. The values are expressed as the mean± standard 

deviation (SD). The statistical analysis and optimization of the results was done using SPSS 

and design expert software. Correlation coefficients(r) were calculated using Microsoft Excel 

2013. In order to conduct the experimental design and the statistical analysis the Design 

Expert software (version 6.0) was used. Analysis of variance (ANOVA) and response surface 

analysis were used to determine the statistical significance of the model. The adequacy of the 

model was predicted through the ANOVA (P < 0.05) and regression analysis (R2). The 

relationship between the responses and independent variables was demonstrated using 

response surface plot. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Optimization of the phytochemical properties and activity of selected herbs and 

spices to develop the herbal formulation 

The herbal drink was developed by blending several herbal ingredients that were already seen 

to be effective in the treatment of Covid-19. The herbal ingredients were characterized to 

enable selection of the most effective ingredients to be used in the development of the herbal 

drink. Results from the analyses are provided in this section. 

4.1.1 Characterization of selected ingredients 

Selected ingredients were tested individually for their phytochemical constitution and 

therapeutic effects in vitro and their results recorded and calculated using formulae shown 

above under each test. Results were tabulated and presented as mean±SD as illustrated in the 

table below. 
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Table 4: Anti-inflammatory, Antioxidant activity, Total phenolics, and Flavonoids of 

individual ingredients   

NAMES  AI (%) AO (in mg/g 

ascorbic acid 

Equiv.) 

Total 

Phenolic(Gallic 

acid Equiv 

mg/100g) 

Flavonoid 

(mg/100g 

QE 

equivalent 

Ginger 95.37 44347.12±1820.11 1420.65±79.22 2452.98 

Tetredenia riparia 94.56 35230.97±1947.07 1322.70±111.21 1322.70 

Eucalyptus leaves 93.31 78280.22±348.49 1273.76±56.51 1580.32 

Guava leaves 91.21 77251.99±916.08 1334.61±101.48 1411.54 

Rosemary 91.08 77622.769±484.99 1657.29±78.10 2090.87 

Vernonia amagdalina 90.46 40620.00±1792.37 1258.61±120.34 2593.52 

Hibiscus sabdariffa 88.14 53464.184±2616.47 1532.57±143.19 1532.57 

Mango 87.07 77552.421±358.88 1021.90±21.21 1021.90 

Avocado leaves 86.96 76817.99±453.86 953.06±83.25 4495.04 

Garlic 86.32 21753.50±1853.18 537.64±47.47 537.64 

Black jack 86.11 24680.84±1392.18 1068.41±105.39 2070.96 

Oregano 85.3 77792.31±643.09 1173.39±69.20 1417.53 

Carrots 81.15 20723.97±1450.78 503.48±46.44 503.48 

Aloevera 78.8 27240.026±697.20 1028.2475.24 2016.75 

Turmeric 78.8 64011.57±1268.73 1470.54±138.63 1812.05 

Cactus 77.79 23434.106±1348.43 484.69±43.39 941.44 

Beetroot 77.79 32016.75±2129.08 917.55±50.92 3677.78 

Wild mint 77.59 77107.20±974.23 1526.10±148.20 2157.37 

Green tea 76.91 76987.18±108.86 1181.60±31.34 1651.25 

Artemisia 75.3 62777.94±1107.80 1325.52±77.76 1364.98 

Fennel seeds 74.26 34941.113±1006.16 868.65±26.46 4736.53 

Pumpkin seeds 74.21 20132.84±1678.25 572.37±44.66 572.37 

Black pepper 73.38 21137.10±1941.99 976.80±59.25 2765.13 

Onion 69.97 27623.0±2032.00 1095.76±60.08 1095.76 

Lemon 66.48 30620.50±1146.89 999.27±71.24 1930.37 

Pumpkin leaves 64.71 22565.692±827.94 959.39±79.48 2918.73 

Moringa 60.96 50392.19±2569.81 898.12±88.72 945.91 
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Table 5: Shows spearman’s correlation coefficient of total phenolics, flavonoid content, with 

antioxidant and anti-inflammatory activities of the sample ingredients 

  

Anti-

inflammatory 

AO (in mg/g 

ascorbic 

acid Equiv.) 

Total 

flavonoids 

Total 

Phenolics 

Anti-inflammatory 1    
AO (in mg/g ascorbic acid 

Equiv.) 0.526429726 1   

Total flavonoids 0.120654629 0.243163412 1  

Total Phenolics 0.281500331 0.654903661 0.328687 1 

From table 4 above, ginger obtained the highest percentage protein denaturation inhibition of 

95.37% while Moringa leaves had the lowest protein inhibition of 60.96. The antioxidant 

activity was highest in eucalyptus leaves at 78280.22±348.49mg/g ascorbic acid equivalent 

and lowest in pumpkin seeds with 20132.84±1678.25mg/g ascorbic acid equivalent. The 

highest flavonoid content was obtained 4736.53mg/100g Quercetin equivalent in fennel seeds 

and lowest in carrots with 503.48mg/100g Quercetin equivalent and the highest phenolic 

content was obtained in rosemary with 1657.29±78.10mg/100g of Gallic acid and 

503.48±46.44mg/100g of Gallic acid in carrots. 

Table 5 shows correlation between phenols and flavonoids and anti-inflammatory and 

antioxidant activity using spearman's correlation. There is a relatively high positive 

correlation between antioxidant activity and the total phenolics of 0.655 and a very low 

correlation of antioxidant activity and  flavonoids of 0.2430.That is the antioxidant effect of 

the ingredients in the formulation increases with increase in the total phenolics and 

flavonoids though it increases more with increase in total phenolics than flavonoids. 

 The correlation between anti-inflammatory activity and total phenolics is very low at 0.281 

and 0.120 for flavonoid content of the formulation, that is anti-inflammatory effect increases 

with increase in total phenolics and flavonoid content but at a much slower rate as compared 

to anti-oxidant activity. Total phenolics increase antioxidant activity of the samples because 

they have redox characteristics which allow them to operate as reducing agents by donating 

hydrogen and singlet oxygen quenching which are primarily responsible for their antioxidant 

activity.  

Phenolic compounds are also known to play an important role in stabilizing lipids against 

peroxidation and inhibiting various types of oxidizing enzymes. The differences in the 
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flavonoid structures and their substitutions influence the phenoxyl radical stability, thereby 

affecting the antioxidant properties of the flavonoids. 

Phenolics and flavonoids constitute a major group of compounds, which act as primary 

antioxidants and are known to react with hydroxyl radicals, superoxide anion radicals, and 

lipid peroxy radicals. They are also known to protect DNA from oxidative damage and 

possess anti-inflammatory and antimicrobial properties. Similarly, Yao et al. 2010 reported a 

significant positive correlation between the antioxidant activity and the contents of total 

flavonoids and total phenolics.  

4.2 Optimization of ingredient formulation for the herbal drink  

The “one drug, one target, one disease” approach has for some time remained the 

conventional pharmaceutical approach to the development of medicines and treatment 

strategies. However, over the last years this mono-substance therapy model has gradually 

shifted toward the adoption of combination therapies, in which multiple active components 

are used. This shift has been partly driven by limited effectiveness in chronic diseases 

treatment, resistance, and side effects of synthetic mono-drugs. Recent evidence has 

demonstrated that combination therapy could provide greater therapeutic benefits to diseases 

such as diabetes, which possess complex etiology and pathophysiology and therefore are 

difficult to treat using single drug target approach (Devita et al., 1975; Chesney et al., 2000; 

Jukema and van der Hoorn, 2004; Weber and Noels, 2011). This was done to enable us to 

obtain an optimal formulation with the best results that would be picked on for further 

processing. 
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Table 6: Shows the results obtained for the different formulations obtained from design expert. 

Runs 
Mango 

leaves 
Eucalyptus  
leaves 

Guava 

leaves 
Ekyewamala 

Avocado 

leaves 
Wild 

mint 
Constants %denaturation antioxidants 

total  
phenols 

Flavonoids 

1 0.5 0.54 0.56 0.5 0.5 2 4.6 82 65306.78±475.6698 2074.773292 3571.813891 

2 0.51 0.69 0.9 0.5 0.5 1.5 4.6 82 67918.53±3850.37 2096.637154 2687.345471 

3 0.5 0.52 0.5 0.9 0.68 1.5 4.6 82 62739.75±6654.72 1999.167444 2708.698584 

4 0.5 0.64 0.5 0.5 0.67 1.8 4.6 79 63515.93±10078.12 2050.740251 2746.909418 

5 0.5 0.69 0.5 0.5 0.9 1.51 4.6 82 69326.65±3045.34 2059.210166 2258.035514 

6 0.69 0.62 0.5 0.79 0.5 1.5 4.6 85 69381.03±2390.26 2076.847189 2438.975051 

7 0.5 0.59 0.5 0.61 0.9 1.5 4.6 87 67905.51±2747.91 2064.082063 2369.296471 

8 0.69 0.62 0.5 0.79 0.5 1.5 4.6 87 67905.51±4093.59 2114.498968 2244.549337 

9 0.5 0.57 0.51 0.68 0.7 1.64 4.6 84 69985.12±2077.02 2035.125877 2436.727354 

10 0.5 0.56 0.64 0.9 0.5 1.5 4.6 85 68891.96±8463.00 1997.542283 2426.612722 

11 0.51 0.53 0.9 0.66 0.5 1.5 4.6 90 66342.38±6072.67 2078.320078 2424.365026 

12 0.77 0.83 0.5 0.5 0.5 1.5 4.6 85 71660.24±2758.01 2159.923181 2341.20027 

13 0.74 0.66 0.7 0.5 0.5 1.5 4.6 86 72264.22±2501.67 2085.438885 2506.405934 

14 0.5 0.69 0.5 0.9 0.5 1.51 4.6 80 66018.93±6704.08 2074.710491 2514.27287 

15 0.58 0.76 0.65 0.51 0.5 1.59 4.6 83 71658.79±2615.40 1985.467375 2431.108114 

16 0.5 0.69 0.5 0.5 0.5 1.91 4.6 79 66912.63±8317.89 2044.45643 2599.685323 

17 0.5 0.55 0.9 0.5 0.65 1.5 4.6 78 73807.23±813.33 2092.415203 2537.873679 

18 0.5 0.57 0.5 0.9 0.5 1.63 4.6 76 71741.47±1916.89 2069.214927 2718.813216 

19 0.69 0.62 0.5 0.5 0.79 1.5 4.6 68 73150.06±1398.08 2009.953695 2564.846033 

20 0.69 0.62 0.5 0.5 0.79 1.5 4.6 76 72278.53±1475.07 1831.248928 2333.333333 

21 0.5 0.61 0.77 0.5 0.5 1.72 4.6 78 73211.51±750.92 2217.667371 3271.74646 

22 0.87 0.73 0.5 0.5 0.5 1.5 4.6 88 73316.12±720.46 1936.27805 2102.944482 

23 0.5 0.68 0.66 0.62 0.63 1.5 4.6 77 74373.14±119.25 1901.73853 2355.810294 

24 0.5 0.53 0.65 0.5 0.9 1.52 4.6 79 72795.70±1688.77 1895.493884 2476.062036 

25 0.7 0.71 0.5 0.5 0.5 1.69 4.6 78 73522.20±1174.27 1908.587552 2323.218701 

26 0.5 0.8 0.5 0.5 0.5 1.8 4.6 79 73396.64±659.35 2140.986396 2615.419195 
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From the results obtained above, there was a drop in anti-inflammatory activity of the 

ingredients while in formulation and a boost in the antioxidant activity. This is because of the 

chemical reactions among the natural components existing within the herbs of the 

formulation that occur during extraction are activated by the heat in the process. The 

decoction may change extraction rates of the active ingredients and or produce new 

compounds with new pharmacological activities and these are known as chemical 

combination effects. It is also suggested that in multi- herbal formulas the pharmacological 

activities of one single herb is either prolonged or its adverse effects reduced due to 

synergistic or antagonistic effects by addition of other herbs (Maxwell. 1995 and Liu et al., 

1992). 

Using the ANOVA for quadratic model in design expert, the percentage protein denaturation 

of the runs was not significantly different with a p-value of 0.2076(>0.05) and lack of fit 

0.7177.R2 predicted 89.44% accuracy of the model to detected whether there is a significant 

difference between the different runs or not. 

 

 

Figure 1; Shows the surface response plot of varying the concentration of variants on the 

percentage protein denaturation inhibition of the formulation 
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Using the same model, there was no significant difference between the runs for antioxidant 

activity with a p-value < 0.05 of 0.0634. The model also predicted an R2of 94.19% accuracy 

to the results obtained for optimization 

Table 7: Shows optimal solutions generated from by Design-Expert software 

 

 

No. 
Mango 

leaves 

Eucal

yptus 

leaves 

Guava 

leaves 

Ekyewa

mala 

Avocado 

leaves 

Wild 

mint 

%denat

uration  
antioxidants Desirability   

1 0.9 0.6 0.5 0.6 0.5 1.5 93.822 76337.3 1 Selected 

2 0.8 0.5 0.6 0.7 0.5 1.5 95.94 75744.63 1   

3 0.8 0.5 0.6 0.6 0.5 1.6 92.387 80006.86 1   

4 0.7 0.5 0.7 0.7 0.5 1.56 91.884 74680.07 1   

5 0.7 0.5 0.7 0.6 0.531 1.55 90.278 75685.46 1   

6 0.7 0.5 0.7 0.7 0.554 1.5 90.2 73334.12 0.954   

7 0.5 0.5 0.8 0.7 0.5 1.6 87.081 74373.17 0.926   

8 0.5 0.5 0.8 0.7 0.5 1.6 87.058 74372.91 0.926   

9 0.5 0.9 0.6 0.6 0.5 1.52 86.542 74373.15 0.913   

10 0.5 0.9 0.6 0.6 0.51 1.51 86.264 74373.2 0.906   

11 0.5 0.5 0.8 0.7 0.638 1.5 84.276 73623.27 0.827   

12 0.5 0.5 0.7 0.7 0.678 1.5 83.344 74183.83 0.823   

13 0.5 0.5 0.7 0.7 0.746 1.5 82.729 74373.14 0.813   

14 0.5 0.7 0.7 0.7 0.541 1.5 82.965 71747.96 0.721   

Figure 2; Surface response plot showing the effect of varying concentration of variants on 

the anti-oxidant activity of the formulation 
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4.3 Optimization of the Processing conditions 

Optimization for the best processing conditions of the herbal drink is an important aspect in 

production to ensure maximum extraction of phytochemicals and hence maximize effect of 

the formulation on oxidation and inflammation in vitro. Runs of the different processing 

conditions combined were generated and optimized using design expert.  Results that were 

obtained were tabulated as shown in table 8 below and fed back into the software for 

optimization. 

Table 8: Shows anti-inflammatory and anti-oxidant activity of the formulation for 

processing conditions optimization 

volume(ml) temperature(0C) time(minutes) 

%Protein denaturation 

inhibition 

antioxidant 

activity(mg/100g) 

500 90 5 92.48 5422.488 

500 70 5 95.47 5651.364 

90.9 90 32.5 20.36 5399.867 

500 70 60 89.78 6524.285 

90.9 90 60 16.68 5433.134 

90.9 50 60 68.76 5343.979 

50 70 32.5 47.41 5500.998 

90.9 50 5 97.30 5328.011 

500 50 5 87.12 6553.560 

90.9 50 5 95.10 7526.281 

500 70 32.5 60.29 5594.145 

90.9 70 32.5 69.56 5381.238 

50 90 60 28.50 5443.779 

50 90 5 63.28 5626.081 

50 50 32.5 64.64 5483.699 

50 90 60 85.66 5341.317 

500 90 5 90.26 7270.792 

90.9 70 60 34.96 7560.878 

50 70 32.5 67.04 6304.724 

50 50 60 19.64 6276.780 

90.9 70 32.5 50.99 6286.094 

50 70 5 40.38 6407.186 

500 50 32.5 92.26 6444.444 

500 50 60 87.60 6259.481 

90.9 50 60 64.82 6319.361 

500 90 32.5 49.64 6219.561 
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Optimization results from table 8 above 

 

Figure 3; Response surface plot showing the effect of temperature and volume on the 

antioxidant activity of the formulation 

 

 

Results shown in table 9 were optimized using design expert and the data above was 

obtained.  Several processing combinations were obtained with maximum extraction volume 

ranging from 242.252 mls to342.224 mls   for every 5 grams of sample, extraction 

temperatures ranging from 510C to 58.0420C and optimal extraction time allowed 5 minutes. 

Figure 4; Response surface plot showing the effect of temperature and volume on 

the percentage protein denaturation inhibition of the formulation 
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The best optimal combination predicted was 322.333 mls of water, 54.399 0C temperature 

and 5 minutes which would yield percentage protein denaturation inhibition up to 92% and 

give an antioxidant effect of 6740.306mg/g. Increasing the extraction temperature and time 

induced significant response of the variables. This is because under high temperatures, plant 

tissues are softened and the weak interactions affect the cell membranes. As a result, phenolic 

compounds can be easily extracted into the solvent.  A prolonged extraction time is 

undesirable because it decreases the extraction yield due to the high temperature which cause 

the oxidation and degradation of the desired compounds hence reducing total phenolic output. 

(Intan Soraya Che Sulaiman, 2017) 

Table 9: Optimal processing conditions   

Number volume temperature time 

Protein 

Denaturation 

Inhibition 

Antioxidant 

Activity 
Desirability  

1 322.333 54.399 5.000 92.185 6740.306 0.770 Selected 

2 324.834 54.503 5.000 92.202 6739.933 0.770  

3 319.410 54.482 5.000 92.011 6743.485 0.770  

4 331.742 54.729 5.000 92.299 6737.505 0.769  

5 313.392 53.847 5.000 92.266 6738.122 0.769  

6 306.123 53.823 5.000 92.012 6741.537 0.769  

7 310.923 55.428 5.000 90.972 6760.923 0.769  

8 304.522 53.718 5.000 92.033 6740.729 0.769  

9 339.517 54.445 5.000 92.816 6726.165 0.769  

10 302.729 53.537 5.000 92.106 6738.815 0.769  

11 342.224 55.211 5.000 92.351 6734.201 0.769  

12 294.884 53.296 5.000 92.004 6737.927 0.768  

13 315.707 51.051 5.000 94.528 6690.152 0.768  

14 289.932 55.831 5.000 89.876 6772.263 0.766  

15 275.527 53.565 5.000 91.093 6744.010 0.765  

16 267.973 53.466 5.000 90.901 6741.738 0.763  

17 340.654 55.130 5.519 91.766 6720.433 0.762  

18 255.440 51.584 5.000 91.966 6710.080 0.760  

19 392.317 57.383 5.000 92.839 6690.606 0.759  

20 399.365 58.042 5.000 92.681 6685.098 0.757  

21 242.252 51.618 5.000 91.492 6704.643 0.756  
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4.4 Enhancement of sensory properties, sensory evaluation and standardization of 

herbal drink 

The herbal concentrate was mixed with fruit concentrates and honey in a ratio of 1:1:1 to 

enhance its sensory properties like taste, color, aroma among others. Sensory evaluation was 

done with 20 panelists who scored the different samples on a hedonic scale of 1-9 for how 

much they like or dislike each sample. This was done for parameters like general appearance, 

color, flavor, taste, thickness, mouth feel and overall acceptability.  

The resulting experimental data set was analyzed using SPSS software (factorial ANOVA 

with replication) 

Table 10: Shows ANOVA results from sensory evaluation 

Sample 

Code 

Appearance Color Flavor Taste Thickness Mouth feel O-

Acceptability  

HBS 7.73±2.25a 8.13±0.74b 7.53±1.06b 7.67±1.63a 7.27±1.44a 7.27±1.16a 7.93±1.10b 

LNS 5.87±1.96a 6.13±1.25a 6.60±0.99ab 7.07±1.03a 6.47±1.25a 7.07±1.49a 7.13±0.99ab 

TGE 5.67±2.06a 6.27±0.88a 6.80±1.21ab 6.87±1.30a 6.53±0.83a 6.73±1.58a 7.07±0.96ab 

TRD 5.67±2.38a 5.73±1.39a 6.27±1.71a 6.60±1.60a 6.80±1.32a 6.60±1.60a 6.53±1.41a 

*Values are means of scores obtained from 20 respondents 

*Mean values in a row with different superscripts are significantly different at 95% confident 

limit (P ≤ 0.05). 

Results were analyzed and presented as mean ±SD scores with superscripts indicating that the 

samples were significantly different except for sample LNS and TGE. Sample code HBS 

scored highly in all parameters and had the highest acceptability of 7.93±1.10 followed by 

sample LNS with a mean score 7.13±0.99. Sample TGE also obtained high score of 

7.07±0.96 while TRD had the lowest mean score of 6.53±1.41. HBS obtained the highest 

acceptability due to its attractive color as a result of high concentration of anthocyanin which 

also have good medicinal properties and therefore boost the effectiveness of the tonic against 

body infections that stimulate inflammation and cellular oxidation.  

The samples were also further tested for anti-inflammatory, antioxidant activity, flavonoids 

and total phenolics in order to compare with the sensory results on what was most accepted 
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and their efficacy in terms of the parameters of interest that is anti-inflammatory and 

antioxidant activity. 

Table 11: Showing results of product samples tested for anti-inflammatory, antioxidant, 

flavonoids and total phenolics. 

 

 

Figure 5; Shows the anti-inflammatory activity of the product samples 

From the graph shown above, sample HBS and TGE had a higher percentage protein 

denaturation inhibition as compared to LNS and the standard (STD). A mix of HBS and TGE 

was also prepared and tested and it obtained a much higher inhibition than the standard. A 
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TRD 118.248 10442.391 155.908 5.701 

HBS 127.482 11219.234 164.960 13.784 

LNS 82.968 11004.752 159.123 4.645 

TGE 129.002 11250.621 164.007 6.871 

STD 112.847 12935.089 262.089 0.558 

TGE&HBS 144.842 16727.756 209.028 2.325 
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mix of HBS and TGE was chosen because they both obtained high mean scores for overall 

acceptability from the sensory evaluation but also high values of percentage protein 

denaturation inhibition.  

 

Figure 6; Shows the antioxidant activity of each of the sample products 

From the graph above, the overall antioxidant activity is high and almost the same. The 

standard has higher antioxidant activity than the individual samples. Mixing HBS and TGE 

greatly increased the antioxidant activity of the individual samples as shown on the graph 

above. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

The results of the study revealed that the investigated herbal species were rich in 

phytochemicals that it total phenolic constituents and flavonoids which demonstrated  

satisfying antioxidant and anti-inflammatory activity which was reflected by the evidence of 

high correlation coefficient between antioxidant properties and phenol content and can 

therefore be used to treat body infections. Enhancing the sensory properties of the herbal 

drink formulation using fruit concentrates increases the antioxidant and anti-inflammatory 

activity of the final product due to presence of high concentration of vitamin C from the 

fruits. 

5.2 Recommendations 

I recommend an in-depth study on phytochemical content of herbs to establish which exact 

compounds are present in each using High-performance liquid chromatography (HPLC) 

coupled with diode-array. 

I recommend that antioxidant activities of medicinal plants be evaluated by more than one 

method (by at least two methods) in order to take into account different modes of action of a 

given antioxidant (Dudonneì S et al,2009) 

I recommend further analysis on the tonic for its toxicity and effectiveness against the 

COVID-19 and other viral infections. 

I recommend clinical trials of the herbal tonic drink on COVID-19 patients. 
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APPENDIX 1 

SENSORY EVALUATION FORM 

SENSORY EVALUATION FOR A HERBAL TONIC DRINK 

DATE……………………………. 

TIME ……………… 

SEX ………………… 

INSTRUCTIONS  

1. You are provided with 4 samples of the tonic drink, please rate them using the scales 

provided below. 

2. Drinking water is provided to rinse your mouth before and after tasting each sample. 

3. Use the scale of 1-9 to express your level of satisfaction of the parameters being 

assessed and your overall acceptability for each sample by inserting the appropriate 

score in the space provided. 

4. Use the scale to express how much you dislike or like the sample products provided 

Any other comments are accepted in the space provided and kindly try to be as honest as 

possible. 

Description of attitude Score 

Like extremely 9 

Like very much 8 

Like moderately 7 

Like slightly 6 

Neither like nor dislike 5 

Dislike slightly 4 

Dislike moderately 3 

Dislike very much 2 
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Attribute  Sample codes 

      

Appearance      

Flavor      

Taste      

Mouth feel      

Overall 

acceptability 

     

    

Additional comments 

 

Dislike extremely 1 

Description of overall acceptability Score 

I would drink this every opportunity I had 9 

I would drink this often 8 

I would frequently drink this 7 

I like this and would drink it now and then 6 

I would drink this but not go out of my way to buy it 5 

I don’t like tis but I would take it on an occasion 4 

I would hardly ever drink this 3 

I would drink this if there’s  no other choice 2 

I would drink this only if forced 1 


