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ABSTRACT 

Background: Herbal drugs are composed of single or several types of medicinal 

plants with additives. This type of preparation is gaining a wide range of popularity 

among a large a number of people throughout the world. With the increase of usage, it 

is necessary to maintain the quality of these drug preparations. Therefore, analytical 

approaches for their intended use in drug quality evaluation need to be validated. This 

study was planned to develop simple, rapid, selective, precise and economical method 

for the quality control of herbal preparations. 

Methods and Materials: Infrared (IR) spectroscopy was used to determine 

phytoequivalence among the samples. This work outlined a method for identifying 

herbal drugs on the basis of phytoequivalence. However, as this is a time-consuming 

and expensive process, the current analysis did not attempt to identify the specific 

chemical compounds found in the herbs. The marked bands served as a comparative 

tool for herbal plants and the medications made from them. The quantitative method 

of comparison was applied for the comparison of crude herbal standard with herbal 

sample containing formulations. 

Thin Layer Chromatography (TLC) was used as another analytical method for 

identification and showing phytoequivalence. It has mostly been used for the 

qualitative analysis of herbal medicines and to characterize and track the components 

visually or as an initial separation technique. 

Single or multiple herbs containing preparation can be analyzed using ultraviolet 

(UV) spectroscopy. In this technique, it involves the measurement of ultra violet 

radiation absorption by the substance dissolved in solution. Both qualitative and 

quantitative analysis can be done through this technique. In the present study, it was 

aimed at development and validation of UV-spectroscopic technique according to 

International Conference on Harmonization guidelines which is known as ICH (Q2) 

guidelines for the analysis of herbs containing polyherbal formulation. The method 

validation parameters like specificity, precision, accuracy, linearity, range, 

repeatability and robustness were studied according to ICH (Q2) guidelines. 

Results and Discussion: Amlaki (Phyllanthus emblica) showed the presence of 

prominent peak and maximum absorption at 303 nm. The detector response for the 

Amlaki was linear over the selected concentration range of 1 to 5 μg/mL with a 

correlation coefficient of 0.998. The absorbance values for intraday precision, found 

Anis
Typewritten text
Dhaka University Institutional Repository



   
 

for 1 μg/mL, 3 μg/mL and 5 μg/mL were 0.0082, 0.234 and 0.396 having %RSD of 

0.998%, 0.0080% and 0.0058%, respectively. The absorbance values for intermediate 

precision, found for 1 μg/mL, 3 μg/mL and 5 μg/mL were 0.0084, 0.234 and 0.398 

having %RSD 0.6846%, 0.0137% and 0.0038%, respectively. The absorbance value 

for repeatability was 0.084 having %RSD 0.6901. The accuracy was between 

99.348% and 101.478%. Robustness of the method was studied. The %RSD for 

analyst to analyst variation was 0.4851% and instrument to instrument variation was 

0.9726%. The assay results of Amlaki were about 86.588%, 82.150% and 90.828% 

for three market preparations A, B and C, respectively, indicating insignificant 

interference from the other ingredients in the formulation. 

Black plum (Syzygium cumini) showed the presence of prominent peak and maximum 

absorption at 279 nm. The detector response for the S. cumini was linear over the 

selected concentration range of 0.1-0.5 μg/mL with a correlation coefficient of 

0.9914. The absorbance values for intraday precision found for 0.1 μg/mL, 0.3 μg/mL 

and 0.5 μg/mL were 0.234, 0.432 and 0.735 having %RSD 0.9245%, 0.5751% and 

0.4668%, respectively. The absorbance values for intermediate precision found for 0.1 

μg/mL, 0.3 μg/mL and 0.5 μg/mL were 0.233, 0.432 and 0.736 having %RSD 

0.8921%, 0.8346% and 0.3421%, respectively. The absorbance value for repeatability 

was 0.225 having %RSD 0.7950%. The accuracy was between 99.647% and 

101.943%. Robustness of the method was studied. The %RSD for analyst to analyst 

variation was 0.8251% and instrument to instrument variation was 0.3609%. The 

assay results of S. cumini were about 83.152%, 86.821%, 90.082% and 80.579% for 

four market preparations A, B, C and D, respectively, indicating insignificant 

interference from the other ingredients in the formulation. 

During the method development phase, a number of solvents were used. Among 

them, methanol was selected in analysis of Amlaki and ethanol was selected in 

analysis of black plum. These solvents were selected as these solvents satisfied all the 

conditions relative to peak quality and non-interference at the specified wavelength. 

The wavelength of maximum absorption (λmax) was found to be 303 nm and 279 nm 

in Amlaki and Black plum, respectively. As the values of %RSD is <2%, the method 

is validated according to ICH (Q2) guidelines. 

Conclusion: It can be capitulated that this method can be conveniently employed for 

routine quality control analysis of herbal drugs in bulk drug and other formulations.   
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CHAPTER ONE: INTRODUCTION 
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1.0 Introduction 

Nature has adorned herself with various ingredients which are beneficial for humans. 

Nature has provided humans with a vast array of various herbs, each with a wealth of 

medicinal characteristics that can be used to cure and prevent a variety of maladies. 

Plants are considered a principal source of different drugs. A large number of plants 

contain different compounds which are responsible for showing different types of 

pharmacological activities [1]. 

1.1 Traditional medicine and Herbal drugs 

Traditional medicines are being used from ancient times to treat diseases. Traditional 

medicines (TMs) employ the usage of natural products and many of them are plant 

derived. The custom of employing plant derived material for medical purposes is 

known as herbal medicine or “phyto-medicine”. Herbal medicine is a crucial 

component of alternative medicine. Different parts of the plant are used in herbal 

medicine. Herbal medicine is an oldest form of medicine. The Latin word “herba” and 

the old French word “herbe” are the origins of the word “herb”. A flowering plant that 

often dies back at the conclusion of each growing season and whose stem doesn’t 

produce woody tissue is referred to as “herb”. Different parts of herbs like leaves, 

stem, flowers, fruits, seeds and roots have therapeutic potential. Whole plant, plant 

parts or plant materials that have been processed or are still in their raw state can be 

utilized as excipients in herbal remedies [2-3]. These compounds actively defend 

plants from harm and pathogens while also enhancing their flavor, color and scent. In 

the scientific community, they are referred to as phytochemicals and comprise 

saponins, flavonoids, glycosides, tannins, alkaloids and terpenoids [4]. Over time, it 

has become scientifically established that phytochemicals have advantages for human 

health [5]. Herbal sedatives and stomachic mixes, for example, mostly contain 

different compounds having different therapeutic properties. They can show 

antibacterial, antispasmodic, stomach-soothing and many other pharmacological 

activities. Plants with a rich tannin containing content are employed in combinations 

for treating of diarrhea and stomach ulcers, with antibacterial properties. 

Outside of traditional medicine, herbal therapy has a long history of use from ancient 

times. Traditional use of this medicine is documented in written books for some 

cultures, while traditional knowledge and applications have been verbally passed on 

from generation to generation to the next for others. Herbal medicines are also playing 
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a growing role in worldwide healthcare, where they are finding new and growing 

markets for nutritional products and preventative drugs. Wild gathered and grown 

medicinal plants are considered as the primary sources of supply and there is growing 

demand for a consistent repository of high-quality material. Herbal goods have a 

global market of around $60 billion per year. The global “functional food” and dietary 

supplement sectors are expanding rapidly, necessitating greater volumes of high-

quality botanical components. 

1.2 Benefits of Herbal medicine 

As herbal medicine is a natural entity and it aims at restoring body’s natural balance it 

shows less side effects. The current popularity of herbal treatment is based on real 

data and testimonies. But, the rate at which herbal therapy has grown in popularity is 

worrying. It’s also worth noting that benefits of herbal treatment include: 

(I) The value and accessibility of herbal goods: Medical care and pharmaceutical 

treatments are growing increasingly expensive and the average person can no longer 

afford them. Herbal medicine has become a viable alternative to modern treatment as 

more and more people testify to its rising effectiveness and reduced incidence of 

adverse effects. 

(II) Availability: Supplements, herbal teas, extracts, essential oils and other herbal 

goods are widely available. They can be found in health food stores, which are 

cropping up all over the place, as well as on the internet and in pharmacies. 

Furthermore, as these products are derived from plants it is not needed doctor’s 

prescription to buy them.  

(III) Efficacy: The effectiveness of these plants in treating various disorders has been 

established. Several researches have been conducted to verify their effectiveness. 

There are herbs that can be used to cure common colds and others that can be used to 

treat more serious ailments like cardiovascular disease, diabetes, and cancer. 

(IV) Increasing the body's defenses: Herbal products don't obstruct the body's 

natural physiological functions they on the contrary, encourage such processes. 

Herbal products, in particular, enhance the immune system due to their chemical 

components. They interact with every aspect of the system to improve its 

performance. As an example, we can say that the antioxidant enhances our immune 

system by providing adequate antioxidants containing chemicals present in plants. 
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1.3 Historical perspective of herbal medicine 

According to ancient Babylonian records, the usage of plants as medicines stretches 

back 60,000 years. Written data on herbal treatment extends back roughly 5000 years 

in Egypt and China. It is recorded that about 2500 years ago, the people of Asia Minor 

and Greece started practicing herbal treatment [6]. The techniques and philosophy of 

diverse herbal therapeutic systems are affected by the place in which they initially 

originated [7]. Traditional Chinese medicine is a system that has been practiced in 

China throughout history [8]. About 2000 years ago, “The Devine Farmer’s Classic of 

Herbalism” was compiled in China. It is considered as the oldest known herbal book 

in the world. A number of herbal pharmacopeias and different monographs of using 

specific herbs certify the usage of herbal medicine from ancient times [9]. One form 

of ancient Indian medicine is Ayurveda. 

1.3.1 African traditional medicine 

Traditional African medicine system is one of the oldest and most diverse medical 

systems in the world. Africa is regarded as the birthplace having a diverse biological 

and cultural heritage and distinct regional healing methods. Regrettably, medicine 

systems are still poorly documented today. Due to the increasing loss of these plants’ 

native habitats caused by human activity, recording of medical uses of African plants 

is becoming more significant. According to reports, one of the greatest rates of 

deforestation worldwide is seen in Africa. The high endemism rate of the continent, 

with Madagascar at the top of the list with 82 percent, makes this loss more 

pronounced [10]. All kinds of traditional African medicine are holistic and address 

both the physical body and the psychological self. The healer typically examines and 

treats the both physical and psychological cause of the illness before to providing 

medications to alleviate the symptoms. 

1.3.2 Traditional medicine in America (North, Central and South) 

1.3.2.1 North America 

The indigenous healer or Shaman in the United States, like in many other cultures, 

addressed both the medical and spiritual components of sickness. Chanting, dancing 

and other rituals are used in these Shamanistic rites to expel bad energies and heal 

either the sufferer or the entire community. Early immigrants learned from indigenous 

methods and subsequently embraced many of the herbal treatments that became the 

foundation of the early United States Pharmacopoeia. Goldenseal (Hydrastis 
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canadensis) and Echinacea (Echinacea purpurea) are two well-known medicinal 

plants in the United States. 

Herbs were viewed with mistrust for the most of the twentieth century, and herbal 

medicine practice declined. Plants were primarily seen as a possible source of pure 

chemical substances for medical research. Herbs and botanicals have been 

increasingly popular in the United States and Canada in recent years, although they 

are still regarded as nutritional supplements rather than standalone medications [11-

13]. 

1.3.2.2 Central and South America 

Countries in Central and South America, like Africa, possess a wealth of various 

healing traditions that are poorly understood and documented. In the coming years, 

they will undoubtedly be a source of innovative herbal treatments. The utilization of 

conventional American Indian herbal remedies is common, however, the impact of 

Spanish, European, East Asian and African system of medicine is clear [14]. 

1.3.3 Southeast Asian and Australian medicine 

Traditional medicine has regained popularity in this region, and several governments 

now promote study of pharmacological activity of plants as a possible source of novel 

treatments. Although the Aborigines possessed a sophisticated healing process, before 

it could be carefully recorded, Australia's most of traditional knowledge was lost. 

Many healing techniques in Malaysia, New Zealand, Thailand, Vietnam, Borneo and 

the Polynesian Islands, on the other hand, have remained intact and are being 

recorded and developed. In most countries, there is a considerable Chinese impact 

[15-17]. 

1.3.4 Ayurvedic medicine (Indian traditional medicine) 

Ayurveda is considered as one of the oldest world health care systems in the world. It 

is thought to be the beginning of systemized medicine and is likely older than 

traditional Chinese medicine. It is, in fact, a realistic and holistic set of principles for 

maintaining system balance and harmony. Ayurveda is the science of life, derived 

mainly from the Indian terms “Ayur” and “Veda” where Ayur signifies life and Veda 

signifies (knowledge or science). This system of medicine treats spiritual, mental and 

physical condition. Through following this system, it helps a person to live a long life, 

which is seen to be the key to gaining righteousness (dharma), riches (artha), and 

happiness (sukha). Ayurvedic treatment also relies heavily on herbs [18-19]. 
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1.3.5 Chinese traditional medicine 

China and India had flourishing civilizations while Europe was producing just 

somewhat advanced cultures. Articles about medicinal plants say the beauty of 

greenery were plentiful. This ancient medical system, which is thought to be written 

over 5000 years ago, is based on two different beliefs regarding the natural principles 

that govern health. According to this medicinal system it has five elements and yin 

and yang are the keys to long life and health [20-21]. 

Chinese herbs are frequently prescribed in fixed combinations or formulas containing 

up to 20 herbs, meticulously assembled according to old traditions, just like Western 

and African traditional medicines. Hundreds of such recipes are utilized in 

conjunction with Western medicine. Traditional recipes, as in other healing systems, 

are preferred for chronic ailments, whereas Western drugs are utilized to treat acute or 

serious illnesses. With the dissemination of traditional Chinese medicine across the 

majority of the global continents has boosted the acceptability of herbal medicines 

today. 

1.3.6 European medicine 

The Greeks made important contributions to the logical evolution of herbal 

medication use in the ancient Western civilization. Hippocrates and Aristotle are 

credited with developing the European healing system, which was based on ancient 

Indian and Egyptian beliefs. In his History of Plants, the great philosopher and 

scientist Theophrastus (300 BC) discussed the therapeutic properties of herbs and 

observed the capacity to substitute their traits through culture. At the time of his 

travels with Roman armies, the gathering, storage and application of medicinal herbs 

were documented by a Greek physician, Dioscoridesin the year 100 AD, and Galen, a 

Roman physician and pharmacist who worked and lectured in Rome from 130 to 200 

AD, wrote at least 30 books on these topics and is considered the father of modern 

pharmacy [22]. 

According to Roman and Greek medicine, the world is made up of earth, wind, fire 

and water are the four elements. The four humors-blood, phlegm, black bile and 

yellow bile, respectively sanguine, phlegmatic, melancholy, and choleric-determine 

both health and character. 

Extreme measures were used to restore equilibrium, including bloodletting to remove 

extra blood and purging to get rid of extra black bile. Each of the four humours had a 

matching variety of cold, hot, damp, or dry plants that were thought to be able to 
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correct imbalances. Cold, heat, wetness and dryness were likewise connected to the 

four humours. Both European tradition and local folk practices and traditions were 

influenced by a variety of regional factors.  

Many ancient herbal remedies have gained popularity in Europe owing to 

commercialization. From medicinal plants, various active chemicals have been 

extracted and they are currently employed as different chemical entities. 

1.3.7 Traditional North African medicine and classical Arabic medicine 

The oldest recorded information in Arabic traditions comes from Mesopotamia's 

Sumerians and Akkadians and hence originates from the same locations as Shanidar 

IV's archeological records. The earliest known record of medicinal plants was 

discovered in the grave of a Neanderthal man from Shanidar IV, an archeological site 

in Iraq, 60 000 years before the common era (BCE). The Middle East is known as the 

“cradle of civilization” and many of the plants grown today originated there. Herbal 

cures were written in cuneiform writing on countless clay tablets by the Babylonians, 

Assyrians, and Sumerians. The Code of Hammurabi (about 1700 BC) is a complete 

system of civil laws etched in stone and commissioned by a king. 

1.4 Pharmacological Activity of Herbal drugs 

Medicinal plants act as a repository of numerous types of bioactive compounds which 

possess varied therapeutic properties. Different plant species contain a diverse range 

of primary and secondary metabolites which are responsible for showing different 

types of pharmacological activities. The vast array of therapeutic effects associated 

with medicinal plants includes anti-inflammatory, antiviral, antitumor, antimalarial, 

analgesic and many other properties. 

1.4.1 Anti-inflammatory activity 

Inflammation is an essential part of body’s healing process. It is a step in the immune 

system's defense against dangerous substances like germs and viruses by generating a 

biological reaction. Inflammation may be initiated by radiation, environment-related 

substances, injury-causing pathogens (germs) such as bacteria, viruses, or fungus, 

insect stings, scrapes. Immune cells, blood arteries and chemical mediators all 

participate in the body's defensive response. Different substances are produced from 

tissues and migratory cells. Prostaglandins (PGs), leukotrienes (LTs), histamine, 

bradykinin and, more recently, platelet-activating factor (PAF) and interleukin-1 are 

those most significantly implicated. It fights against infection and injury. It is 
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beneficial to health but it is damaging when it occurs in healthy tissues or lasts too 

long. Inflammation can cause gastrointestinal problems including inflammatory bowel 

disease, autoimmune conditions like rheumatoid arthritis, cardiovascular conditions 

such high blood pressure and heart disease, lung conditions such as asthma, 

conditions such as depression, disorders of the metabolism, such as type 2 diabetes, 

diseases of the nervous system, such as Parkinson’s disease. Inflammation can lead to 

certain cancers, such as colon cancer. Different species of medicinal plants can play 

important role to stop this inflammation and can show anti-inflammatory activity [23]. 

1.4.2 Analgesic activity 

In medicine and dentistry, one of the most dreaded sensations is pain. Pain occurs due 

to different disorders in the body. Endorphins are produced to help relieve pain, 

reduce stress and improve mood. It is the body's natural painkillers. Endorphins are 

released by the hypothalamus and pituitary gland in response to pain or stress. But 

every time, only body’s natural defense mechanism is not capable to reduce pain 

alone. In that case we need analgesics for pain management. Analgesics are 

substances that, without altering awareness, selectively reduce pain by acting on 

peripheral pain mediators and the central nervous system. There are two broad 

categories of analgesic medications:  nonopioid analgesics, which is known as 

nonsteroidal anti-inflammatory drugs (NSAIDs) and opioid analgesics. Both classes 

of drugs have side effects like as NSAIDs act through blocking COX pathways it 

stops prostaglandin release it can cause ulcer to gastric mucosa and opioid analgesics 

can create narcosis. Herbal drugs can show lesser side effects. Moreover, in search of 

new drugs, studies are being done continuously. Justicia gendarussa, Sansevieriatri 

fasciata, Calliandra surinamensis, Musaenda philippica, Steudneravirosa, Trewia 

polycarpa plants showed significant analgesic activities [24]. 

1.4.3 Antimicrobial activity 

Microorganisms create different diseases in our body. Different types of drugs are 

used to treat this. But these drugs can create antibiotic resistance. To avoid this 

resistance, development of alternative drugs has become a major concern now days. 

Plants are rich in a wide variety of secondary metabolites, such as tannins, terpenoids, 

alkaloids and flavonoids. These compounds have antimicrobial properties. Plants rich 

in these compounds can be a major source of antibiotics. Studies found that Punica 

granatum, Cuminum cyminum, Hymus vulgaris, Zingiber officinales, Syzygium 

aromaticum and a number of plants show antimicrobial properties [25]. 
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1.4.4 Antidiarrheal activity 

Diarrhea is a state of condition where typical bowel movement is altered by an 

increase in the water content, volume, or frequency of stools. Myrtus communis L, 

Acacia leucophloea, Allium cepa L., Citrus limon L., Glycyrrhiza glabra L. , 

Helicteres isora L., Plumbago zeylanica L., Plumbago zeylanicaL. show antidiarrheal 

activity [26]. 

1.4.5 Antidiabetic Activity 

One of the most prevalent endocrine metabolic disorders is diabetes mellitus. It is 

defined by hyperglycemia coupled with impaired insulin secretion as well as 

abnormalities in the metabolism of carbohydrates, proteins and lipids during the 

intermediate phase. The number of diabetic patients is increasing day by day. People 

with diabetes have elevated blood glucose levels as a result of an insulin 

insufficiency. Diabetes mellitus can cause long-term damage, dysfunction and failure 

of various organs of our body. It can cause cardiovascular, peripheral vascular and 

cerebrovascular diseases. Plants containing steroids, carbohydrates, glycopeptides, 

terpenoids, galactomannan, polysaccharides, peptidoglycans, hypoglycans, guanidine 

and amino acids can show antidiabetic activity. Allium cepa L., Cinnamomum tamala, 

and Clerodendron phlomoides Linn (Buch.-Ham.) Cannabis indica (Lam.), Syzygium 

cumini L., Casearia esculenta Roxb., Cephalandra indica  plants are reported to show 

antidiabetic effects [27-29]. 

1.4.6 Antioxidant Activity 

Many communicable and non-communicable diseases occur due to oxidative stress. 

Oxidative stress results in different types of diseases like CKD, hypertension, 

endothelial dysfunction, dementia, cancer, stroke, various neurological disorders and 

other chronic diseases. Potent antioxidants are necessary to treat these diseases. 

Herbal drugs rich in compounds containing phenolics, flavonoids, anthocyanins, 

lignans and stilbenes and tannins can act as antioxidants.  Allium sativum, Capsicum 

annuum, Curcuma longa, Eugenia caryophyllus, Geranium sanguineum and many 

other plants contain antioxidants [30]. 

1.4.7 Antihypertensive Activity 

Hypertension is a condition where blood pressure increases than normal level having 

a systolic blood pressure (SBP) of ≥140 mmHg and a diastolic blood pressure (DBP) 

of ≥90 mmHg. It can cause different types of heart diseases and sometimes death. 

Different types of antihypertensive drugs are used to treat hypertension. Hibiscus 
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sabdariffa, Andrographis paniculata, Graveolens apium, Coptis chinensis, Camellia 

sinensis, Crocus sativus, Coriandrum sativum, Salvia miltiorrhizae, Zingiber 

officinale, Nigella sativa, Rauwolfia serpentina have antihypertensive activity [31]. 

1.4.8 Anti-asthmatic activity  

Asthma is a chronic inflammatory respiratory disease which is characterized by an 

obstruction, eosinophilia and bronchial hyperresponsiveness [65]. Asthma can be 

control by the use of anti-asthmatic compounds. Aerva lanta, Ageratum conyzoides, 

Argemone Mexicana, Asystasia gangetica, Bacopa monnieri, Cassia sophera, 

Casuarina equisetifolia, Clerodendrum Serratum,Crinum glaucum, Cnidium 

monnieri are reported to show anti asthmatic activity [32]. 

1.4.9 Antimalarial activity  

Malaria is a mosquito borne disease. It is spread through the larvae of 

Plasmodium genus containing species like as Plasmodium faliciparum, Plasmodium 

vivax. It has become one of the major concerns in developing countries. It can be fatal 

for children and pregnant woman. It may be controlled by early detection and taking 

immediate actions. Quininine, choroquinine, artemesin are commonly used drug to 

treat malaria. Alstonia boonei, Picralima nitida and Rauvolfia vomitoria, Annona 

muricata, ernonia amygdalina, Bidens pilosa, Microglossa pyrifolia, Conyza 

sumatrensis are found to have antimalarial activity [33]. 

1.4.10 Anti-cancer activity 

Cancer is a state of condition where when the body’s normal control mechanism stops 

working and results in uncontrolled growth of abnormal cells in the body. It can grow 

abnormal number of cell in the body, sometimes mass of tissue. As they spread, 

cancerous cells have the potential to harm good organ function. This could lead to a 

decrease in oxygen delivery and an accumulation of waste products. If a vital organ's 

function is disrupted, death could follow. The body's normal cells divide and grow 

normally for a while before ceasing to do so. After then, they only multiply 

themselves when it's required to replace damaged or dead cells. When this cellular 

reproduction process spirals out of control, cancer develops. When any damage to the 

cells' DNA occurs it causes abnormal division and growth of cell. Some 

phytochemicals are rich sources of anticancerous components which can be used in 

cancer treatment. Flavonoids, tannins, curcumin, resveratrol and gallacatechins all are 

considered to be anticancer compounds. Epipodophyllotoxin obtained from 
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Podophyllum peltatum L, Vincristine, Vinblastine, Vindesine, Vinorelbine, 

Vinflunine obtained from Catharanthus roseus have anticancerous property [34]. 

1.5 Herbal medication safety and toxicological concerns 

With the increasing usage of herbal medicine products, the evaluation of the safety 

and effectiveness of herbal medicine has become an increasing topic in recent years. It 

is necessary to ensure the quality of the medicinal herbal products by using different 

methods and appropriate standards. Standardization is used to validate the identity, 

quality and purity of herbs and herbal products. The purity of herbs is influenced by 

preliminary identification, physical properties, chemical properties and biological 

properties. The quality and freshness of the herbal items are determined by their 

purity. A single plant's herbal medicine may include hundreds of ingredients, and 

combination formulations may contain many more. It would take a long time to 

extract every single active component from every herb. Furthermore, many countries 

lack the necessary operational infrastructure to legitimize manufacturing quality 

norms and practices. As a result, sometimes herbal products may become more 

dangerous without proper quality control. In order to demonstrate why herbal 

medicines and their formulations are acceptable in the current medical system, quality 

control is crucial. So it has become a prior concern to develop new methods and 

validate the methods for the quality control of herbal drugs [35]. 

1.6 Difficulties with quality control 

As acceptability of herbal formulations is in increase in modern system of medicine 

it’s the importance of quality control is also increasing. The lack of a reliable source 

for herbal substances and their formulations, as well as their poor quality is a 

significant issue for the herbal medication market [36]. Temperature, the use of fresh 

plants, light exposure, nutrients, water accessibility, the period and time of harvest, 

the method of harvesting, drying, packing, storing and transporting raw herbal 

material, among other factors, can have a significant impact on the beneficial value 

and quality of medicinal plants. Low temperatures are required for drying plants 

containing specific heat-sensitive plant components. 

Analytical techniques are used to identify pharmaceuticals and determine their 

identification, purity, physical features and potency. Drug testing against standards is 

supported by methods that are established for production, quality release and long-

term stability research. Methods may also be used to help drug characterization and 
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safety research. An integral part of analysis is development of new method and 

validation of that method. A well-developed analytical method can contribute to the 

overall development and save time and cost of an industry. The process of developing 

new methods continues along with the expansion of the drug production. 

To show that an analytical method is appropriate for its intended function, it must be 

validated before it may be utilized in medication development or production. 

Additionally, due to the nature of its products, the pharmaceutical business is subject 

to strict laws worldwide. 

We can identify some reasons why analytical method development is critical for any 

drug company developing new drug candidates. 

First off, the quality of a drug is undoubtedly at the heart of a pharmaceutical 

development program's chances for success, so pharmaceutical companies creating 

novel compounds must take the development of analytical methods extremely 

seriously.  

Second, regulatory organizations from all over the world require analytical technique 

validation for both clinical trial applications and marketing authorizations. 

To assure patient safety and perhaps, observe potential efficacy in novel treatments, it 

is crucial to design and manufacture excellent medicines. 

In several working groups of national and international bodies, the parameters for 

method validation have been established and are published in the literature. 

Regrettably, certain definitions fluctuate amongst the various organizations. Through 

the ICH, representatives from the industry and regulatory organizations from the 

United States, Europe and Japan defined the parameters, requirements and to some 

extent, methodology for the validation of analytical methods. This was an attempt at 

harmonization for pharmaceutical applications [37]. 

1.7 The various parameters for method development and validation 

1. Selectivity/Specificity 

2.  Precision and Reproducibility 

3.  Accuracy and Recovery 

4.  Stability 

5.  Range 

6.  Limit of Detection 

7.  Limit of Quantitation 
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8.  Repeatability 

9.  Reproducibility 

11. Sensitivity 

12. Ruggedness 

These features are in accordance with Validation of Analytical Procedures: Text and 

Methodology ICH Q2(R1). 

1.7.1 Specificity 

The ability to clearly evaluate the analyte in the presence of components that would 

be anticipated to be present defines the specificity of an analytical method. In the 

presence of large amounts of other chemicals that are similar but not identical to the 

target substance, a highly specific approach will still be able to detect it. Specificity is 

the capacity to evaluate the analyte categorically in the presence of components that 

may be expected to be present, such as impurities, degradation products and matrix. 

Specific criteria must be followed while evaluating specificity throughout the 

projected range of values. 

1.7.2 Linearity 

Linearity is an analytical method's capacity to provide test outcomes that are 

proportional to the concentration of the analyte in the sample or by a clearly 

established mathematical transformation. A non-linear model can be employed if 

linearity cannot be achieved. Any quantitative technique must show a clear 

quantitative link between the quantity of the item of interest in the tested sample and 

the assay measurement. 

1.7.3 Accuracy 

The degree to which test findings produced by a procedure are in close agreement 

with the true value, which is either acknowledged as a standard true value or reference 

value is called accuracy. The computation of the percentage of recovery of a known 

additional amount of analyte in a sample or the use of reference standards are 

frequently used in the evaluation of accuracy. The accuracy should be evaluated over 

the expected range of values for the analytical method because it is intended to be 

correct over its entire range. 

1.7.4 Precision 

The degree to which multiple measurements of the same homogeneous sample taken 

under a specified set of experimental conditions agreed is called precision. It should 
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reflect the reliability and repeatability of the procedure. It must be assessed across the 

anticipated range of measurements, much like in the case of accuracy determination. 

1.7.5 Range 

The range of an analytical method is the space between the higher and lower analyte 

concentrations in the sample (including these concentrations), for which it has been 

shown that the method exhibits the necessary linearity, precision and accuracy. 

1.7.6 Limit of detection 

The lowest concentration of analyte in a sample that, under specific experimental 

conditions, can be detected but not always quantitated as an accurate value is known 

as the detection limit of an analytical procedure. It is the smallest amount of tested 

material that is present in the sample under analysis and yields a signal above noise. 

1.7.7 Limit of Quantitation  

The smallest possible concentration of analyte in a sample is quantitatively identified 

with enough precision and accuracy under specific experimental conditions is known 

as the quantitation limit of an analytical method. The lowest point in the method's 

range will be determined by the quantitation limit that has been defined. 

1.7.8 Robustness  

A technique's robustness, which assesses how unaffected it can be by modest but 

intentional changes in method parameters, gives a clue as to how reliable it will be 

under typical conditions. 
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Figure 1: Parameters for method validation. 

Amlaki containing drug formulation is prepared from the whole fruit of Phyllanthus 

emblica also known as Indian gooseberry, Malacca tree, or amla of the family 

Phyllanthaceae. 

1.8 Taxonomy of Phyllanthus emblica  

Kingdom: Plantae 

             Phylum: Tracheophyta   

                     Class: Magnoliopsida  

                                   Order: Malpighiales  

                                            Family: Phyllanthaceae  

                                                          Genus: Phyllanthus 

                                                                 Species: Phyllanthus emblica  

 

Amalaki fruit has six vertical stripes or furrows, each holding typically two seeds, and 

is fleshy, spherical, light greenish yellow, smooth, and firm in appearance. The seeds 

are 4-5 mm long and 2-3 mm wide, and each weighs between 572 and 590 mg. The 

Method 
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https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846496
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=18063
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=822428
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=845434
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=28364
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numerous types of amalaki fruit were discovered to differ in size, shape and weight. 

Distinct types of Amalaki have different compositions.  Amalaki fruits contain about 

moisture 81.2%, protein 0.5%, fat 0.1%, carbs 14.1%, mineral matter 0.7%, fiber 

3.4%, Ca 0.05%, K 0.02%, Fe 1.2 mg/100g, nicotinic acid 0.2 mg/g, quercetin, 

hydroxymethyl furfural, and ellagic acid. 

 

( a) Phyllanthus emblica fruits 

 

(b) Powder of  Phyllanthus emblica fruits 

 

Figure 2: Amlaki (Phyllanthus emblica) fruits (a) and its powder (b). 

Fixed oil, phosphatides and a minor amount of essential oil are all present in different 

amounts in amalaki seeds. Physical and chemical characteristics of the fixed oil yield 
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(16%) include the following: Saturated fatty acids 7%, acetyl value 2.03, acetyl value 

12.7, acetyl value 185, iodine value 139.5, unsaponifiable matter 3.81%, sterol 2.70%, 

linolenic acid (8.78%), linoleic acid (44.0%), oleic acid (28.40%), stearic acid 

(2.15%), palm oil 5. Oleic acid and linoleic acid (18:2n-6), two unsaturated fatty acid 

are abundant in the seed oil [38-40]. Amalaki leaves have the appearance of pinnate 

leaves because they are subsessile, tightly spaced along the branchlets, distichous, 

narrowly linear and obtuse. It includes the Gallotannins Amlic acid, Gallic acid, 

Ellagic acid, Chebulic acid, Chebulagic acid, Chebulinic acid, Alkaloids and 

Phyllatidine. 

This mixture is healthy for the skin, hair, liver, eyes, brain, heart and eyes. It enhances 

these organs' capabilities and wellbeing [41]. According to ayurvedic literature, 

amlaki plays a protective role against conditions including cancer, diabetes, liver and 

heart disease, gastric ulcers and a host of other illnesses. Antioxidant, 

immunomodulatory, antipyretic, analgesic, cytoprotective, antitussive and 

gastroprotective effects are all present in amlaki-containing preparations. 

Additionally, it improves memory and lowers blood cholesterol levels. According to 

reports from numerous scientific researches, consuming it may help shield tissues 

from radiation harm [42-45]. 

Syzygium cumini or Black plum is a member of Myrtaceae family and native to Indian 

subcontinent. It is widely distributed in tropical and subtropical region. It is found in 

India, Pakistan, Bangladesh, Myanmar, China, Indonesia, and Ceylon. It is also found 

in Asia, South Africa and Nepal. It is also cultivated in different parts of the world 

like as United States and Australia due to its great economic importance. It is grown 

as a fruit producer and as a source of timber. 
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1.9 Taxonomy of Syzygium cumini 

Kingdom: Plantae 

             Phylum: Magnoliophyta 

                     Class: Magnoliopsida 

                              Subclass: Rosidae 

                                   Order: Myrtales 

                                            Family: Myrtaceae 

                                                          Genus: Syzygium 

                                                                 Species: Syzygium cumini 

 

( a) Syzygium cumini fruit 

 

(b) Powder of Syzygium cumini seed 

 

 Figure 3: Black plum (Syzygium cumini) fruits (a) and its powder of seed (b). 

https://www.invasive.org/browse/tax.cfm?class=208
https://www.invasive.org/browse/tax.cfm?order=148
https://www.invasive.org/browse/tax.cfm?fam=324
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S. cumini is rich in compounds containing phenolics, flavonoids, glucoside derivative. 

The leaf extracts contain flavonoids like as quercetin, kaempferol, myricetin, 

myricitrin and gallic acid, ellagic acid, ferulic acid, chlorogenic acid as phenol 

derivatives [46]. The stem bark of S. cumini contains gallic acid, ellagic acid, β-

sitosterol, betulinic acid, myricetin, quercetin, friedelin, epi-friedelanol, eugenin, 

tyannin and flavonoids [47-52]. The most widely used parts of S. cumini is its seed. 

The seed contains hydrolysable tannins, phenolic contents, eugenol, terpenes. The 

fruits also contain glucose, gallic acid, citric acid, raffinose, anthocyanins, 7-

hydroxycalamenene, oleanolic acid, β-sitosterol, methyl- β-orsellinate [53-54]. 

Various disorders are treated using S. cumini seed. It is also reported to have its usage 

in the treatment of diarrhea, stomach-ache, piles, dysentery, digestive problems [45-

46]. Different literature studies prove the usage of its seed has antidiabetic effects. 

Various parts of the Syzygium cumini plant act as liver tonic, purifies blood, 

strengthen teeth and gums has a great role in the treatment of ringworm infection of 

head [55]. 

Spectroscopic analysis is a widely used technique in the analysis of herbal drugs. 

Some studies describe the uses of HPLC, HPTLC method in the analysis of different 

polyherbal formulations. IR spectroscopy was used to determine phytoequivalence 

among the sample. Present work outlines a method for identifying herbal drugs on the 

basis of phytoequivalence. The mid-infrared (IR), or so-called fingerprint region of 

the spectra (400-2000 cm1), region of the herbal sample contained many primary 

bands and those were marked. However, as this is a time-consuming and expensive 

process, the current analysis did not attempt to identify the specific chemical 

compounds found in the herbs. These marked bands served as a comparative tool for 

herbal plants and the medications made from them. The quantitative method of 

comparison proposed by Zou et al. was applied for the comparison of crude herbal 

samples and their formulations. [56-58]. 

TLC was used as another analytical method for identification and showing 

phytoequivalence. TLC is a popular tool for analysis because by examining the 

chemical elements of extracts, it is simpler to utilize than HPLC to identify plants [59-

60].It has been mostly used for the qualitative analysis of herbal medicines and to 

help characterize and track components visually or as an initial separation technique. 

Single or multiple herbs containing preparation like as Ayurvedic, Unani or 

polyherbal formulations can be analysed using UV-spectroscopy. In this technique, it 

https://www.tandfonline.com/doi/full/10.3109/13880200903059388
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involves the measurement of ultra violet radiation absorption by the substance in 

solution. Both qualitative and quantitative analysis can be done through this 

technique. It is a simple, accurate, inexpensive technique for the analysis of small 

amount of sample. This technique is based on Beer-Lambert’s law. In the present 

study, it was aimed at development of a guideline for the analysis of Phyllanthus 

emblica and S. cumini seed in polyherbal formulation [61-62]. 

The stages involved in developing a UV absorption spectroscopy method [63] is 

shown through flow-chart. 

 

                                                     Literature survey 

 

Selection of solvent 

 

Selection of detection wavelength of solvent 

 

Determination of absorptivity value at selected wavelength 

 

Study of beer-Lambert’s law 

 

Validate method for routine laboratory 
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2.0 Literature Review 

The findings from different relevant literatures have been shown in tabular form.  

Serial 

no. 

Plants/plants 

containing 

formulation 

Method Description Ref. No. 

01 Herbal medicines  

 

 

 

IR Different components are 

compared through IR spectrum 

 

64 

02 Herbal products IR Describes IR can be an important 

tool for the analysis of presence of 

different chemicals and their 

secondary metabolites  

65 

03 Herbal drugs IR Use of IR in assessment of herbal 

drugs 

66 

04 Herbal drugs IR Explains fingerprinting methods 

published up to now that can be 

used to standardize and regulate 

HM quality 

 

67 

05 Herbs IR Describes authentication of some 

species of herbs 

68 

06 Medicinal plants IR Describes identification and 

assessment of compounds by IR 

69 

07 Fenugreek IR Provides information about 

application of IR in identification 

of compounds 

70 

08 Curcuma caesia L IR Describes identification of 

compounds by IR 

71 

09 Lignin IR Describes identification of lignin 72 

10 Herbal drugs IR Reviews different methods for 

quality control of drugs 

73 

11 Lignin IR Describes characterization of 74 
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acetylated lignin by IR 

12 Traditional 

Chinese medicine 

IR Reviewed application of different 

methods including IR in analysis 

75 

13 Tobacco IR Describes identification of 

counterfeit tobacco products from 

pure tobacco using IR 

76 

14 Phyllanthus 

species 

IR Describes identification of different 

species of Phyllanthus 

77 

15 Herbal drugs IR Describes application process of IT 

in compound identification 

78 

16 Aerva lanata IR Identifies Aerva lanata by IR 79 

17 Herbal drugs IR Reviewed the use of IR in analysis 80 

18 Ginseng IR Identification 81 

19 Pomegranate IR Identification 82 

20 Radix astragali IR Identification 83 

21 Ginseng IR Identification 84 

22 Crocus sativus IR Identification 85 

23 Jatropha spp IR Identification 86 

24 Herbal 

preparations 

TLC Describes the usage of TLC as an 

identification tool 

87 

25 Herbal medicines TLC Describes TLC as an analytical tool 

for herbal drugs 

88 

26 For analysis of 

alkaloids: 

essential oils, 

anthraquinone, 

glycosides, 

coumarins, 

flavonoids, 

triterpene, 

saponins, tannin 

containing plant 

parts 

TLC Compounds are detected using 

different solvent systems 

89 
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27 Different herbal 

materials 

TLC Describes detail analytical 

guidelines about herbal drugs  

90 

28 A review on 

quality control of 

herbal drugs 

 

TLC It describes TLC may provide 

valuable additional information to 

establish the identity of the plant 

material 

91 

29 Different plant 

species 

TLC By using TLC, the semipurified 

extracts of the ten species were 

analysed comparing with reference 

materials 

92 

30 Herbal samples TLC The chromatograms were used to 

verify 81 samples of more than 50 

herbal medicines 

93 

31 Different 

ayurvedic 

formulation 

TLC Describes identification of different 

compounds using TLC 

94 

32 Different herbal 

supplements 

TLC Describes TLC as a tool for 

determining and comparing the 

compositions of different plants 

containing supplements 

95 

33 Different herbal 

products 

TLC Reviewed  identification and 

separation of different herbal 

products using different 

chromatographic system 

96 

34 Chinese medicine TLC Identification  

97 

 

35 Phyllanthus 

niruri 

TLC Identification 98 

36 Herbal drugs TLC Describes different analytical 

techniques that are used for 

standardization of herbal drugs 

99 

37 Herbal drugs TLC Describes TLC as an analytical tool 100 



 Page 25 

for identification of herbal 

compounds  

38 Herbal drugs and 

their preparations 

TLC Describes different methods for 

analysis of herbal drugs 

101 

39 Herbal 

formulations 

containing steroid 

TLC TLC was used for identification of 

different steroids in formulation 

102 

40 Herbal products TLC This review work describes TLC as 

a tool for identification of 

counterfeit drugs 

103 

41 Herbal 

preparation 

TLC Compounds are characterised by 

TLC 

 

104 

42 Quercetin 

containing herbal 

drugs 

TLC Quercetin is identified through 

TLC 

105 

43 Herbal medicinal 

products 

TLC Describes different techniques 

including TLC for quality control 

of medicinal products 

106 

44 Buteamonosperm

a 

TLC Identification 107 

45 Herbal drugs TLC Identification 108 

46 Ayurvedic 

polyherbal 

formulation, 

Nyagrodhadi 

churna. 

TLC Identification by TLC 109 

47 Four species of 

Curcuma 

rhizomes 

TLC Identification 110 

48 Different herbal 

drugs preparation  

TLC, IR Chemical fingerprints obtained 

through these techniques are used 

to show and compare 

phytoequivalence 

111 
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49 Upodika- Basella 

alba L 

TLC Identification 112 

50 Herbal drugs TLC, IR Identification 113 

51 Eugenol 

containing herbal 

preparation 

UV visible 

spectroscopy 

Describes presence and 

determination of eugenol in herbal 

formulation 

114 

52 Ellagic acid UV visible 

spectroscopy 

Identification  and estimation 115 

53 Curcuma species UV 

spectroscopy 

Identification  and estimation 116 

54 Entada Africana UV 

spectroscopy 

Identification  and estimation 117 

55 Eucalyptus 

globules 

UV,IR Identification  and estimation of 

phenolic OH group by FTIR and 

UV spectroscopy  

118 

56 Herbal medicinal 

product 

UV 

spectroscopy 

Detection of expired antimalarial 

herbal medicinal product 

119 

57 Herbal medicinal 

product 

UV 

spectroscopy 

Reviewed the application of UV 120 

58 Curcuma longa UV 

spectroscopy 

Describe detection of turmeric 

using uv 

121 

59 Ellagic Acid UV 

spectroscopy 

Identificaton and quantification 

using uv 

122 

60 Herbal medicine  UV 

spectroscopy 

Review use of UV with other 

techniques 

123 

61 Phytotherapeutic 

agents 

UV 

spectroscopy 

Describe identification by UV 124 

62 Curcumae 

rhizome 

UV 

spectroscopy 

Identificaton and quantification 125 

63 Herbal drugs UV 

spectroscopy 

Describe identification of plants 126 

64 Tartaric and malic UV Identification by UV 127 



 Page 27 

acid Spectroscopy 

65 Honey UV 

spectroscopy 

Identification 128 
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3.0 Aim and Objective 

3.1 Aim of the presented work 

The development and validation of analytical methods is an ongoing task in 

pharmaceutical sector. The departments of research and development, quality control, 

and quality assurance are responsible for the ongoing creation of new methods, which 

is a very significant duty. In the assessment and management of equivalence and risk, 

analytical approaches play a significant role. It aids in the development of results 

stability and product-specific acceptability criteria. Validation should show that the 

analytical method is effective for the desired outcome. 

The use of traditional medicine is very popular and its popularity is increasing. So 

quality control of the medicine is very important. Due to presence of different 

components quality control method is critical. The aim of this study was to develop 

and validate a simple and sensitive method for the identification and estimation of 

ingredients in standard and market formulation as per ICH guidelines. 

This method can successfully be used for the routine analysis of traditional medicine 

in laboratory. 

3.2 Objective and plan of work 

• Identification and comparison of compounds from standard and market 

preparation by IR spectroscopy 

• Identification and comparison of compounds from standard and market 

preparation by Thin Layer Chromatography  

• Determination of absorbance by UV-spectrophotometric method for 

estimation of Amlaki and Black plum seed as standard  

• Determination of absorbance by UV-spectrophotometric method for 

estimation of Amlaki and Black plum seed  from dosage form  

• Development and validation of the method according to ICH guideline which 

can be used for routine analysis in the laboratory 
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4.1 Identification of Amlaki and Amlaki containing dosage form by 

IR spectroscopy and TLC  

4.1.1 Instruments 

4.1.1.1 IR spectrophotometer 

Shimadzu FTIR-8400S spectrophotometer was used to collect IR spectrum. 

4.1.1.2 Instruments for TLC 

TLC was performed on 20 cm × 20 cm aluminium foil plates coated with 0.2 mm 

layers of silica gel 60 F254 (Machery-Nagel, Germany). Plates were developed at 

room temperature (25 ± 2°C) in 20 cm × 10 cm and 20 cm × 20 cm glass chambers. 

TLC UV lamp having model-ENF-260CFE was used for identification of compounds. 

All the other chemicals, kits and reagents employed were of laboratory grade. 

4.1.2 Preparation of Amlaki extract 

Amlaki fruits were washed properly to remove the dirt attached to it and dried 

properly. Then the fruit was identified in the national herbarium of Bangladesh having 

accession no. 50,443. Then it was ground to powder. 350 gm of powdered fruit 

materials were placed in an amber-colored reagent container and soaked in 1.5 liter 

methanol. The bottle's contents were sealed and maintained for 14 days, occasionally 

being shaken and stirred. The entire mixture was then condensed using a rotary 

evaporator to obtain the crude extract after being filtered using cotton and what man 

No. 1 filters paper. 

4.1.3 Preparation of Amlaki standard for IR analysis 

5 mg of Amlaki extract was accurately weighed and mixed well with 250 mg KBr. 

Pellets were prepared using this mixture. 

4.1.4 Amlaki sample preparation from marketed formulation for IR analysis 

8.25 mL of Amlaki preparation which is equivalent to 5 mg of Amlaki in the 

formulation was taken and then it was poured in a separating funnel.  10 mL water is 

added in the separating funnel and extracted with 25 mL Methanol The aliquot was 

collected in a container through Whatman No. 1 filter paper. The same process was 

carried out three times. The combine filtrate was evaporated on water bath to dryness 

and the residue was collected. The solid extract was mixed properly with 250 mg KBr 

and pellet was prepared from this mixture. 

Both the standard and sample extracts were subjected to IR spectrophotometer for 

analysis.       
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Figure 4: IR spectrum of standard and market preparation of Amlaki. 
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4.1.5 Preparation of Amlaki standard for TLC 

5 mg of Amlaki extract was accurately weighed. Then it was dissolved in methanol. 

Samples were applied to the plates. Plates were developed at room temperature (25 ± 

2°C) in 20 cm × 10 cm and 20 cm × 20 cm glass chambers previously saturated for 1 

h. The mobile phase used depended on polarity. Three solvent systems were trialed 

during the analysis. Different study suggests the usage of alkaline system for nonpolar 

compounds having composition Benzene: Ethanol: Ammonia (9:1:0.1), acidic system 

for intermediate polar compounds having composition Choloroform: Ethylacetate: 

Formic Acid (5:4:1) and Ethylacetate: Methanol: Water (10:1.35:1) system for polar 

compounds. Among these solvent system, Benzene: Ethanol: Ammonia (9:1:0.1) 

system showed better results. 

 

 

Figure 5: TLC of standard and market preparation of Amlaki. 
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4.2 Development and Validation of a UV-Spectrometric Method for 

the Assay of market product containing Amlaki in methanol 

4.2.1 Instruments  

4.2.1.1 UV spectrophotometer 

Shimadzu double-beam UV-Vis spectrophotometer (UV-1800 Model) having 1.5 nm 

spectral bandwidths with 10 mm quartz cuvette cell was employed in the assay 

purpose. UV-probe software version 2.43 was used for data acquisition for the studied 

sample.  

4.2.1.2 Analytical Balance 

For weighing the standard and sample, analytical balance (Model- Ht224R, 

Shinkodens-hi Co. Ltd, Japan) was used. 

4.2.1.3 Chemical and reagents 

All the chemicals, kits and reagents employed were of laboratory grade. 

4.2.2 Methods 

4.2.2.1 Preparation of standard solutions 

100 µg/mL of a standard stock solution were prepared. To prepare this stock solution, 

10 mg of Amlaki extract was precisely weighed, transferred into a 100 mL volumetric 

flask, and diluted to the proper volume with methanol. Standard solutions were then 

made ready, with concentrations ranging from 1 to 5 µg/mL by further dilution with 

methanol. 

4.2.2.2 Determination of wavelength of maximum absorbance (λ
max

) of Amlaki 

A UV-visible double bean spectrophotometer was used to scan a 1 µg/mL solution of 

Amlaki from 200 to 800 nm while using Methanol as a blank to establish the 

maximum absorption wavelength (λ
max

). 

4.2.2.3 Preparation of the standard calibration curve 

The absorbance valus of the standard methanol solutions in the 1-5 µg/mL range were 

quantified at 303 nm. Plotting maximum absorbance (max) against concentration over 

an average (n=5) value gave rise to the standard calibration curve. To study linearity, 

a regression equation was used. 

4.2.2.4 Method validation 

Claimed by ICH Q2(R1) standards for the validation of analytical techniques, 

specificity, linearity, range, precision, accuracy and robustness were taken into 
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consideration when evaluating validation qualities. These parameters were viewed as 

being the most important for validating assay-type analytical procedures. 

Specificity: 

By using methanol as a blank and UV-spectrophotometric scanning of each Amlaki 

standard solution (1-5 g/mL) in the 200-800 nm range, the specificity was verified. 

Linearity: 

By measuring the absorbance vales of the Amlaki standard concentrations (1-5 

µg/mL) at 303 nm against methanol as a blank, the linearity was verified. A 

calibration curve plotted using absorbance verses concentration. For Amlaki standard 

concentrations (1-5 µg/mL), a regression equation and correlation coefficient were 

found. 

Precision: 

Intermediate precision, intraday precision and repeatability were used to assess 

precision. Using Amlaki (1 µg/mL) six times on the same day, repeatability was 

examined (intra-day) with three different Amlaki concentrations (1, 3 and 5 µg/mL) 

three times on same day and on three consecutive days, intra-day precision and the 

intermediate precision (inter-day) were examined, respectively. 

Accuracy: 

The accuracy was evaluated by calculating the percentage recovery of known added 

Amlaki standard concentrations (1, 2 and 3 µg/mL) to the previously tested known 

solutions (2 µg/mL). For each concentration, the procedure was carried out three 

times. 

% Recovery = [Ct/Ca] x100 

Where 

Ca is the total Amlaki concentration after standard addition; 

Ct is the Amlaki concentration in the test (specimen) sample; 

Range: 

The range of the approach was assessed using the findings of the linearity and 

accuracy studies. 

Robustness:  

Several analysts and tools were used to assess robustness for Amlaki standard solution 

(5 µg/mL). Calculations were made of the percentage relative standard deviation 

(%RSD) values for several analysts (analysts 1 and 2) and instruments (UV-1800 and 

UV-1240V). 
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4.2.2.5 Estimation of Amlaki in market preparation 

Preparation of Amlaki solution from market preparation 

To prepare a stock solution (100 μg/mL), 16.50 mL of Amlaki preparation which is 

equivalent to 10 mg of Amlaki in the formulation was taken. Then it was taken in a 

separating funnel, 20 mL water is added in the separating funnel and extracted with 

50 ml methanol. The aliquot was collected in a container through Whatman filter 

paper containing sodium phosphate. The same procedure was repeated three times. 

The combined filtrate was evaporated on a water bath to dryness. The residue was 

dissolved in 10 mL methanol and transfer to a 100 mL volumetric flask quantitatively. 

From the transparent stock solution, a 5 µg/mL test solution was created by further 

diluting it with methanol. 

4.2.2.6 Estimation of the content of Amlaki in market preparation 

The absorbance ratio method was used to estimate the amount of Amlaki in the test 

solution (5 µg/mL) of market product. Maximum absorbance at 303 nm was 

determined with methanol used as the reference.  

4.3 Results 

Statistical analysis 

All the observed results have been shown as Mean ± Standard deviation and %RSD. 

4.3.1 Method development 

Solvents selection plays a great impact on the quality and shape of the obtained peak. 

Different solvents like methanol, ethanol, ethyl acetate are trialed during the method 

development stage. Among them, methanol was selected because using this solvent a 

good quality peak is obtained at the selected wavelength. It is one of the most widely 

employed solvents in chromatographic separation. The selected solvent for the 

analysis of Amlaki in poly-herbal preparations was methanol and the wavelength of 

maximum absorption (λmax) of Amlaki appeared at 303 nm Figure 6. The developed 

method has been found to be a specific and selective spectrophotometric method for 

the analysis of Amlaki preparation. 

The analytical method was created, verified, and represented in Table 1 in 

compliance with ICH Q2(R1) standards. Amlaki shows maximum absorption at 303 

nm wavelength (Figure 6). 
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4.3.2 Method validation 

All the validation parameters are summarized in Table 1. 

Table1 1: Obtained results of validation parameters by developed UV method 

Parameters Results 

Absorption maxima(λmax) 303 nm 

Beer’s Law limit (μg/mL) 1-5 

Regression equation  (y=mx +c) y = 0.076x + 0.003 

R² = 0.998 

Slope 0.076 

Intercept 0.003 

Coefficient of correlation 0.998 

Repeatability  (%RSD), (n=6) 0.6901 

Accuracy 99.348-101.478% 

Precision  (%RSD) Intra-day = 0.9998; 0.0080; 0.0058 

Inter-day= 06846; 0.0137; 0.0038 

 

Robustness  (%RSD) 0.485111; 0.97259 

LOD;LOQ 0.0386;0.0107 

 

Specificity: 

According to the ICH Q2(R1) criteria, specificity is the ability to correctly identify the 

analyte in the presence of components that could be expected to be present. Figure 6 

displays the specificity results. 
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                                      (a) 
 

                                             (b) 

 

Figure 6: UV spectra of Amlaki in methanol (a) Original spectrum of Amlaki    

 (b) Extended spectrum of Amlaki. 

Specificity confirms the identity and measurement of the analyte of interest. The 

specificity of the selected method was specified by comparing five UV-scans of 

Amlaki standard at a concentration of 1-5 μg/mL. All the obtained spectrum at 

different concentration showed the presence of a prominent peak at 303 nm. So, 303 

nm wavelength was selected as the average wavelength of maximum absorbance 

which is denoted as λmax. Figure 6 shows the results of specificity.  

Linearity: 

According to ICH Q2(R1) standards, an analytical procedure's linearity is its capacity 

(within a certain range) to produce test findings that are directly proportional to the 

concentration (amount) of analyte in the sample. Table 2 and Figure 7 display the 

linearity's findings. 
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Table 2: Linearity and range study of the developed UV method 

 

The linearity of a method signifies the ability to find out the test results which is 

directly proportional to analyte concentration present in the sample. Table 2 and 

Figure 7 show the results of these examinations. 

 

Figure 7: Linearity and range study of the developed UV method. 

 

The value of correlation coefficient (r) is 0.998 which signifies good linearity between 

measured absorbance and concentration at the selected concentration range of 1-5 

μg/mL, which is shown in Table 2 and Figure 7.  
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(Mean±SD) 

%RSD 
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2 0.153±0.00153 0.9962 
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y = 0.076x + 0.003
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Range: 

According to ICH Q2(R1) guidelines, the range is between the highest and lowest 

concentrations of the analyte in the sample (including these values), for which it has 

been illustrated that the analytical technique has a sufficient level of precision, 

accuracy and linearity. Table 2 and Figure 7 display the results of the range 

computation. 

Precision: 

The ICH Q2(R1) recommendations state that the precision of an analytical technique 

is determined by the degree of agreement between a series of measurements acquired 

from multiple sampling of the same homogenous sample under the necessary 

conditions. There are three types of precision: intermediate precision, reproducibility, 

and repeatability. Table 3 and Table 4 display the precision results (intraday 

precision and inter-day precision). 

Table 3: Results of Intra-day precision of the developed method 

Intra-day precision (n=6) 

Amlaki (µg/ml) Absorbance at 303 nm %RSD 

1 0.082±0.0008 0.9998 

3 0.234±0.0019 0.0080 

5 0.396±0.0023 0.0058 

 

The precision of an analytical method is signified as the degree of agreement between 

a series of test results which are performed from multiple samples from the same 

homogenous sample under a prescribed condition. Repeatability, intermediate 

precision and reproducibility are three important levels of precision. Results of 

precision (intraday precision and inter-day precision) are represented in Table 3 and 

Table 4. 
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Table 4: Results of intermediate precision (inter-day precision) of Amlaki by the 

developed method 

Inter-day precision (n=3) 

Amlaki (µg/ml) Absorbance at 303 nm %RSD 

1 0.084±0.0006 0.6846 

3 0.234±0.0032 0.0137 

5 0.398±0.0015 0.0038 

 

The intraday precision of this method was studied for three independent samples six 

times which was exhibited in Table 3. The %RSD for intermediate precision was 

calculated from the analysis of three independent sets of samples. The value for 

%RSD of intraday precision were 0.998%, 0.0080% and 0.0058% and %RSD values 

of the intermediate precision for studied samples in three consecutive days were found 

to be 0.0.6846%, 0.0137%, 0.0038% using methanol samples as the solvent. The 

obtained result showed the low values of %RSD in both intra-day and inter-day 

analysis and the difference them found to be less than <2%. This value signifies the 

confirmation of precision. 

Repeatability: 

The result for repeatability study is shown in Table 5.  

Table 5: Repeatability study of Amlaki by the developed method 

Repeatibility (n=3) 

Amlaki (µg/ml) Absorbance at 303 nm %RSD 

1 0.084±0.0006 0.6901 

 

Repeatability indicates the ability of the method to generate a similar type of result 

repeatedly. The %RSD value for repeatability was obtained is 0.06901% which is 

represented in Table 5. 
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Accuracy: 

According to established ICH Q2(R1) principles, the correctness of an analytical 

technique is defined by the degree of agreement between the value that is accepted as 

either a conventional true value or an acceptable reference value and the value 

discovered. The results of accuracy are shown in Table 6.  

Table 6: Accuracy study data of Amlaki by the developed UV method 

Initial 

amount 

of 

Amlaki 

(μg/mL) 

Added 

amount 

of 

Amlaki 

(μg/mL) 

Predicted 

concentration 

(μg/mL) 

Observed 

concentration   

(μg/mL) 

Residual  

concentration 

(μg/mL) 

% mean 

recovery 

%RSD 

2 1 3 2.9870 0.013 99.565 0.8734 

2 2 4 3.9739 0.026 99.348 1.1527 

2 3 5 5.0739 -0.074 101.478 0.5141 

 

Accuracy of analytical method often termed as trueness is defined, “as the closeness 

of agreement between the test results obtained by that method to the true value”. The 

accuracy of the proposed method was proved by the standard addition method and the 

obtained result was represented in Table 6. To estimate the accuracy of the method, 

three different concentrations were spiked at a pre-analyzed sample. The calculated 

data showed the closeness of the observed value to the true value for the analyte. The 

percentage of recovery of the sample was found 99.348% to 101.478% which 

confirms the developed method as an accurate method for the assay of Amlaki 

containing preparation and the results are exhibited in Table 6. 
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Figure 8: Accuracy study data of the developed UV method. 

 

Robustness: 

According to ICH Q2(R1) guidelines, the robustness of an analytical technique is a 

measurement of its ability to remain unaffected by little but purposeful changes in 

method parameters and is a sign of its dependability under typical conditions. Table 7 

and Table 8 display the robustness results. 

Table 7: Robustness study of Amlaki using developed UV method by analyst 

Variable 

parameters 

Absorbance at 

303 nm 

(Mean±SD) 

%RSD between 

sample 

% Mean 

Recovery 

%RSD 

between two 

analyst 

Analyst 1 0.390±0.00153 0.3920 101.652  

0.4851 

Analyst 2 0.387±0.0020 0.5168 100.957 

 

The same sample was analyzed in this section at a selected concentration (5 μg/mL) in 

triplicate by two different analysts (first and second analysts) and in two different 

instruments (UV-Jasco V-630 and UV-Secom am XTD6). The values of %RSD in 

both the parameters appeared to be <2%. So, the robustness of the method was 

confirmed. 
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Figure 9: Robustness study of Amlaki using developed UV method by analyst. 

 

Table 8: Robustness study of Amlaki using developed UV method by instrument 

Variable 

parameters 

Absorbance at   

303 nm 

(Mean±SD) 

%RSD 

between 

sample 

 %Mean 

Recovery 

%RSD 

between 

two analyst 

Instrument 1 0.385±0.00265 0.6872 100.435  

0.9726 

Instrument 2 0.390±0.00153 0.3913  101.826 

 

Figure 10: Robustness study of Amlaki using developed UV method by instrument. 
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Estimation of Amlaki in market preparation 

The result of the assay of Amlaki in market preparation is shown in Table 9 and 

Figure 11. 

Table 9: Assay results for Amlaki estimation in Amlaki market preparation 

Formulation Amount of 

formulation 

tested 

Absorbance 

at 303 nm 

(Mean±SD) 

%RSD Amount 

of Amlaki 

found 

Mean 

%Recovery 

A 5 (μg/mL) 0.293±0.0015 0.5219 4.3294 86.588 

B 5 (μg/mL) 0.278±0.0015 0.5501 4.1075 82.150 

C 5 (μg/mL) 0.307±0.0026 0.8618 4.5414 90.828 

 

The developed method has been successfully used to estimate Amlaki in market 

preparations. A, B, C three market preparations were collected from the market and 

the percentage of Amlaki was determined. It was found to be 86.588%, 82.150% and 

90.828% with %RSD value 0.5219%, 0.5501% and 0.8618%, respectively as shown 

in Table 9.  

 

 

Figure 11: Assay results for Amlaki estimation in Amlaki market preparation. 
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4.4 Discussion 

Solvents have a profound influence on the quality and shape of the peak. During the 

method development phase, different solvents are used. Among them, methanol was 

selected as it satisfied all the conditions relative to peak quality and non-interference 

at the specified wavelength. It is one of the most commonly used solvents in 

chromatographic separation. The wavelength of maximum absorption (λmax) of 

Amlaki was found to be 303 nm, and the proposed UV-spectrophotometric approach 

was found to be specific and selective for measuring Amlaki in poly-herbal 

formulations which was shown in Figure 6. 

In accordance with ICH guidelines, the procedure was validated which is summarized 

in Table 1. The UV-scans from the Amlaki standard concentrations (1-5 µg/mL) were 

compared to determine the specificity. All runs showed a distinct peak at 303 nm, 

which was determined to be the average wavelength of maximum absorbance (λmax). 

Therefore, it was selected for linearity study which is shown in Table 2. With a 

correlation coefficient (r) of 0.998 demonstrating high linearity between absorbance 

and concentration, the regression graph demonstrated conformity to Beer Lambert's 

law in the concentration range of 1 to 5 µg/mL which is shown in Figure 7. The 

results where UV absorbance was directly proportional to the genuine concentration 

of the analyte was predefined by the goodness-of-fit test method at 303 nm shown in 

Figure 7 confirmed the range (working range). The suggested approach can directly 

measure analyte concentrations in the (1-5 µg/mL) range and accuracy experiments 

have shown that this ranges from 50 to 150% of the test concentration. The intraday 

precision was studied for three independent samples six times which was shown in 

Table 3. The intermediate precision (%RSD) was observed for the analysis of three 

independent sets of samples. The %RSD value for intraday precision found were 

0.998%, 0.0080% and 0.0058% Table 3 and the intermediate precision %RSD values 

for selected samples in three consecutive different days were found to be 0.0.6846%, 

0.0137%, 0.0038 % in methanol Table 4, respectively. The low values of %RSD in 

both intra-day and an inter-day analysis were found to be less than <2%. Hence, the 

precision was confirmed. The repeatability %RSD value was found to be 0.06901% in 

methanol shown in Table 5. By using the traditional addition method, the proposed 

approach's accuracy was determined. Table 6, calculated from the analysis of samples 

spiked at three distinct concentrations (low, medium, high) that cover the operating 
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range (1-5 µg/mL). The results demonstrated how closely the observed value for the 

sample matched its true value. The recovery percentage of the additional Amlaki 

concentrations was used to measure accuracy. To maintain accuracy and avoid 

interaction with formulation excipients, recovery values for the standard addition 

method used for the Amlaki analysis ranged from 99.348 to 101.478% shown in 

Table 6. Table 7 and Table 8 show that the method was found to be reliable and 

consistent despite changes to the analysts (analysts 1 and 2) and the instruments (UV-

Jasco V-630 and UV-Secom am XTD6). The triplicate determination of the Amlaki at 

a chosen concentration (5 µg/mL) was carried out, and the %RSD values in both the 

parameters appeared to be 2%. Thus, robustness was determined. As the %RSD is less 

than 2%, the method is validated according to ICH guidelines. 

Estimation of Amlaki in market preparation 

The method was successfully employed for the estimation of Amlaki in market 

preparations. Three market preparations were collected from the market and the 

percentage of Amlaki was determined. The results were found to be 86.588%, 

82.150% and 90.828% with %RSD value 0.5219%, 0.5501% and 0.8618%, 

respectively as shown in Table 9.  

4.5 Conclusion 

In conclusion, a simple, reliable, accurate and reproducible method has been 

developed and validated for analysis of Amlaki containing formulation. The 

developed method needs low cost, have faster speed with satisfactory precision. The 

method also has good specificity. The developed method was successfully validated 

following the guidelines of ICH and it could be employed for quality control analysis 

of Amlaki containing market preparation. 

Statistical analysis: 

All the results were expressed as Mean±SD and %RSD. 
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5.1 Identification of S. cumini and S. cumini containing dosage form 

by IR spectroscopy and TLC  

5.1.1 Instruments 

4.1.1.1 IR spectrophotometer 

SHIMADZU-IRSpirit spectrophotometer was used to collect IR spectrum. 

 5.1.1.2 Instruments for TLC 

TLC was performed on 20 cm × 20 cm aluminium foil plates coated with 0.2 mm 

layers of silica gel 60 F254 (Machery-Nagel, Germany). Plates were developed at 

room temperature (25 ± 2°C) in 20 cm × 10 cm and 20 cm × 20 cm glass chambers. 

TLC UV lamp having model ENF-260CFE was used for identification of compounds. 

All the other chemicals, kits and reagents employed were of laboratory grade. 

5.1.2 Preparation of S. cumini fruits extract  

S. cumini fruits were purchased from local market and seeds were collected from 

these. Then the seed was identified in the national herbarium of Bangladesh having 

accession no. 50,442. Laboratory grade ethanol was used in analysis and it was 

bought from Merck Chemicals, India. Three formulations containing S. cumini seed 

were collected available in local market.  

Through proper washing of S. cumini seeds, the dust attached to it was eliminated 

properly and was air dried until it is crispy. Then it was ground to powder. About 350 

gm of powdered fruit materials were taken in an amber-colored reagent bottle and 

kept for soaking in 1.5 litres of ethanol. The soaked materials-containing container 

was properly sealed and held for a period of about 14 days with occasional shaking 

and stirring. The whole mixture was filtered using cotton and then Whatman No. 1 

filter paper successively to get the clear filtrate. Then concentrated crude seed extract 

was collected using rotary evaporator through evaporation of solvent. Next the 

concentrated extract was further taken in water bath and air dried for complete drying. 

The obtained extract was preserved for further analysis. 

5.1.3 Preparation of Black plum seed standard for IR analysis 

5 mg of black plum seed extract was accurately weighed and subjected to IR analysis 

5.1.4 Black plum (S. cumini) sample preparation from market formulation for IR 

analysis 

0.263 mL of black plum preparation which is equivalent to 5 mg of black plum in the 

formulation was taken. Then it was poured in a separating funnel, 10 mL water is 
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added in the separating funnel and extracted with 25 mL Ethanol. The aliquot was 

collected in a container through Whatman No. 1 filter paper. The same procedure was 

repeated for 3 times. The combine filtrate was evaporated on water bath to dryness 

and the residue was collected. The solid extract was subjected to IR analysis. 

 

Figure 12: IR spectrum of standard and market preparation of Black plum seed. 
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5.1.5 Preparation of Black plum standard for TLC 

5 mg of Black plum seed extract was accurately weighed. Then it was dissolved in 

methanol. Samples were applied to the plates. Plates were developed at room 

temperature (25 ± 2°C) in 20 cm × 10 cm and 20 cm × 20 cm glass chambers 

previously saturated for 1 h. The mobile phase used depended on polarity. Three 

solvent systems were trialed during the analysis. Different study suggests the usage of 

alkaline system for nonpolar compounds having composition Benzene: Ethanol: 

Ammonia (9:1:0.1), acidic system for intermediate polar compounds having 

composition Choloroform: Ethylacetate: Formic Acid (5:4:1) and Ethylacetate: 

Methanol: Water (10:1.35:1) system for polar compounds. Among these solvent 

system, Choloroform: Ethylacetate: Formic Acid (5:4:1) system showed better results. 

 

 

Figure 13: TLC of standard and market preparation of Black plum. 
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5.2 Development and Validation of a UV-Spectrometric Method for 

the Assay of market product containing Black plum seed extract in 

ethanol 

5.2.1 Instruments  

5.2.1.1 UV spectrophotometer 

Shimadzu double-beam UV-Vis spectrophotometer (UV-1800 Model) having 1.5 nm 

spectral bandwidths with 10 mm quartz cuvette cell was employed in the assay 

purpose. UV-probe software version 2.43 was used for data acquisition for the studied 

sample.  

5.2.1.2 Analytical Balance 

For weighing the standard and sample, analytical balance (Model- Ht224R, 

Shinkodens-hi Co. Ltd, Japan) was used. 

5.2.1.3 Chemical and reagents 

All the chemicals, kits and reagents employed were of laboratory grade. 

5.2.2 Methods 

Solvent selection 

The solubility of S. cumini seeds was checked using methanol, ethanol, acetone and 

ethyl acetate. The extract showed better solubility in ethanol in compare to other 

solvents. 

5.2.2.1 Preparation of standard solution 

10 mg S. cumini seeds extract was accurately weighed and taken in a 100 mL 

volumetric flask, volume was adjusted up to the mark with ethanol. A stock solution 

having concentration of 100 μg/mL was found. From the stock solution, standard 

solution of different concentration (0.1-0.5 μg/mL) was prepared by dilution with 

ethanol.  

5.2.2.2 Selection of the wavelength 

From these prepared solutions, 0.03 μg/mL solution was scanned in 200-800 nm uv-

visible range in 1.0 cm cell using ethanol as blank. The maximum absorbance for this 

solution was found at 279 nm. 

5.2.2.3 Standard calibration curve preparation 

At 279 nm wavelength, the absorbance of S. cumini seeds extract was measured at 

different concentrations (0.1-0.5 μg/mL). A calibration curve was plotted between 
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concentrations versus absorbance of the extracts and a regression equation was found. 

From the calibration curve, linearity was observed utilizing a regression equation. 

5.2.2.4 Validation of method 

Validation is an integral part of quality assurance. A good analytical practice cannot 

be achieved without validation. Method validation is defined as the process that is 

used to ensure that the analytical technique used for a particular test is sufficient for 

its intended use. Method validation results can be used to assess the efficiency, 

reliability and accuracy of analytical findings. Validation of the developed analytical 

method was carried out following the guidelines set by International Conference on 

Harmonization (ICH) which is known as ICH Q2(R1) guidelines. The major 

validation parameters described in the guidelines like as specificity, linearity, range, 

precision, accuracy and robustness were studied for validation of the method. 

Specificity 

Standard solution of S. cumini seeds extract at the concentration of 0.03 μg/mL was 

analyzed by the proposed method and specificity of the method was studied.  

Linearity 

Linearity of the method was studied through measuring the absorbance of five 

standard concentrations of S. cumini seeds extract (0.1-0.5 μg/mL) at 279 nm using 

ethanol as blank. A calibration curve was plotted between concentrations versus 

measured absorbance of the extracts and regression analysis was done from the 

calibration curve.  

Precision 

Precision was established by evaluation of repeatability, intra-day precision and 

intermediate precision. To evaluate precision, the absorbance of standard which is S. 

cumini seeds extract was determined at a concentration of 0.1 μg/mL for 6 (six) times 

in the same day known as repeatability. The absorbance of 3 (three) concentrations of 

S. cumini seeds extract standard at a concentration of 0.1 μg/mL, 0.3 μg/mL and 0.5 

μg/mL were measured in six-let at same day and later on three consecutive days 

which are known as intra-day precision and inter-day precision, respectively. 

Accuracy 

The accuracy of the proposed method was established by recovery investigation with 

the addition of known amounts to a pre-analyzed sample solution. For this purpose, 

known concentrations of S. cumini fruits extract standard solution at a concentration 

of 0.1, 0.2 and 0.3 μg/mL were added to three pre-analyzed sample solutions, 
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respectively which concentration was 0.2 μg/mL. The observed result was used to 

assess the percentage recovery of the standard. Same process is repeated for three 

times for each concentration.  

The percent recovery was calculated using following equation. 

% Recovery = [Ct/Ca] x100 

Where,  

Ca = Conc. of the S. cumini after standard addition;  

Ct = Conc. S. cumini in the test sample  

Range 

Five different concentration of S. cumini seeds (0.1 μg/mL, 0.2 μg/mL, 0.3 μg/mL, 0.4 

μg/mL and 0.5 μg/mL) were used for the assessment of the range of the method. 

Robustness 

Robustness of the method was studied by analyst to analyst variation and instrument 

to instrument variation studies. For this purpose, the value of absorbance 0.5 μg/mL 

standard S. cumini seeds was estimated and %RSD (percentage of relative standard 

deviation) values were calculated between them (first analyst and second analyst; UV-

spectrophotometer of model UV-1800 and UV-1240V). 

5.2.2.5 Use of proposed method for estimation of S. cumini seeds in market 

preparation  

0.263 mL S. cumini seed containing market preparation, equivalent to 10 mg S. 

cumini seed extract was measured and transferred in a separating funnel. 10 mL water 

was added to it and extracted with 15 mL of ethanol. Then the aliquot was filtered 

using Whatman No. 1 filter paper and the filtrate was collected. For better extraction, 

addition of water and ethanol was repeated three times. In order to get the dry 

material, the acquired filtrate was subjected to evaporation in a water bath. The 

residue was dissolved well in ethanol and volume was adjusted up to 100 ml with 

ethanol. This solution was used as stock for further analysis. A test solution was 

prepared having concentration of 0.5 μg/mL using ethanol as diluent. The absorbance 

of the solution was measured at 279 nm wavelength against ethanol as blank. 

Statistical analysis 

All the observed results have been shown as Mean±Standard deviation and %RSD. 
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5.3 Results and Discussion 

5.3.1 Method development 

Different solvents like methanol, ethanol and ethyl acetate were used to determine the 

solubility, peak quality and peak shape of the studied drug. Among these, ethanol 

fulfilled all criteria in showing better solubility and giving better peak quality. The 

sample showed maximum absorbance at 279 nm which is shown in Figure 14. 

5.3.2 Method validation 

The developed method was validated according to the rules of ICH Q2(R1) guidelines 

and the found results were summarized in Table 10.  

Table 10: Obtained results of validation parameters of S. cumini by developed UV 

method 

Validation parameters Obtained results 

Absorption maxima (λmax) 279 nm 

Limit of Beer’s Law (μg/mL) 0.1-0.5 

Equation for Regression (y=mx +c) y = 1.3273x + 0.0441 

R² = 0.9914 

Slope 1.3273 

Intercept 0.0441 

Correlation coefficient  0.9914 

  % RSD of Repeatability, (n=6) 0.7950 

Accuracy 99.647-101.767% 

Precision (%RSD) Intra-day = 0.924; 0.571; 0.467 

Inter-day= 0.892; 0.835;0.342 

Robustness (%RSD) 0.825; 0.361 

LOD;LOQ 0.117.;0.0325 
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Specificity 

The ability of an analytical method to reliably measure an analyte in the presence of 

interferences that may be present in the sample matrix is referred to as specificity. It 

signifies that the presence of excipients in formulation does not interfere with the drug 

peak. The result of specificity is represented at figure 14 and the result indicates the 

proposed method was found specific and selective for the drug. 

 

 

Figure 14: UV spectrum of S. cumini seed in ethanol 

(a) Whole spectrum of S. cumini seed and (b) Zoomed spectrum of S. cumini seed. 

 

Linearity and range 

Linearity refers to a method’s ability to achieve test results that are proportional to the 

analyte concentration in the sample. The range of an analytical method is the distance 

between the upper and lower levels that have been demonstrated to be calculated with 

precision, accuracy, and linearity using the set method.  
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Figure 15: Linearity and range study of S. cumini by the developed UV method 

 

A good linear correlation was achieved between absorbance and concentration in the 

range of 0.1-0.5 µg/ml. A linear regression equation was found to having a slope of 

1.327, intercept of 0.0441 and the coefficient of correlation value is 0.9914 (Figure 

15). The result of linearity is represented in Table 11. 

Table 11: Linearity and range study of S. cumini by the developed UV method 
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0.1 0.201±0.002 1.034 
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0.4 0.577±0.005 0.794 

0.5 0.718±0.003 0.418 
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Precision 

The degree of agreement among individual test results, when a procedure is replicated 

on multiple samples of the same homogeneous sample is called precision. Precision is 

calculated by injecting a set of standards or examining several samples from a 

homogeneous lot. Precision as relative standard deviation (percent RSD) is 

determined using the observed standard deviation (SD) and Mean values. Precision 

can be established through determination of intraday precision, inter-day precision 

and repeatability. Intraday precision refers to the use of an analytical technique in a 

laboratory over a short period of time by the same operator with the same equipment, 

while inter-day precision refers to the calculation of differences in analysis when a 

process is used in a laboratory on various days by different analysts. A selected 

concentration 0.1 µg/mL, 0.3 µg/mL and 0.5 µg/mL were analyzed in six-let for intra-

day and inter-day precision and 0.1 µg/mL was analyzed for repeatability. The 

obtained results of precision (intraday precision, inter-day precision and repeatability 

are represented in Table 12, Table 13 and Table 14. The value of relative standard 

deviation, %RSD for the intra-assay precision, intermediate precision and 

reproducibility for all the three concentration showed an excellent intraday precision, 

intermediate precision and reproducibility of the proposed method. 

Table 12: Intra-day precision study of S. cumini by the developed UV method 

Intra-day precision of S. cumini seed standard (n=6) 

S. cumini seed standard 

conc. (µg/ml) 

Absorbance (279 nm) %RSD 

0.1 0.234±0.002 0.9245 

0.3 0.432±0.002 0.5751 

0.5 0.735±0.003 0.4668 

 

Table 13: Inter-day precision study of S. cumini by the developed UV method 

Inter-day precision of S. cumini seed standard (n=3) 

S. cumini seed standard 

conc. (µg/ml) 

Absorbance (279 nm) %RSD 

0.1 0.233±0.002 0.8921 

0.3 0.432±0.004 0.8346 

0.5 0.736±0.002 0.3421 
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Table 14: Repeatability study of S. cumini by the developed UV method 

Repeatability (n=6) 

S. cumini seed standard 

conc. (µg/ml) 

Absorbance (279 nm) %RSD 

0.1 0.2250±0.002 0.7950 

Accuracy 

The accuracy of an analytical method is defined as the degree of closeness of the test 

results obtained by that method to the true value. It is also known as trueness. 

Accuracy was determined by injecting a known concentration of standard to a pre-

analysed sample using the “method being validated”. The % recovery for the standard 

addition and reference analysis method for all the three concentration levels found are 

101.767% with %RSD 0.6944, 101.943% with %RSD 0.7942 and 99.647% with 

%RSD 0.4255. From the obtained result, this high degree of confidence interval 

signifies that any small change in the sample concentration can be accurately 

determined with high level of accuracy. The results found from the standard addition 

and reference analysis method were also found signifies the accuracy of the proposed 

method. 

Table 15: Accuracy study of S. cumini by the developed UV method 

Starting 

amount 

of  

S. cumini 

seed 

(μg/mL) 

Added 

amount 

of  

S. cumini 

seed 

(μg/mL) 

Expected 

conc. 

(μg/mL) 

Obtained 

conc.   

(μg/mL) 

Residual 

conc. 

(μg/mL) 

 mean 

recovery 

percentage 

%RSD 

0.2 0.1 0.3 0.305 0.005 101.767 0.6944 

0.2 0.2 0.4 0.408 0.008 101.943 0.7942 

0.2 0.3 0.5 0.498 0.002 99.647 0.4255 
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Figure 16: Accuracy study of S. cumini using developed UV method. 

The term robustness is an analytical method’s ability to remain unaffected by minor 

changes in its parameters. The results of robustness are shown in Table 16. 

 

Table 16: Robustness study of S. cumini using developed UV method by analyst 

Studied 

parameters 

Absorbance at 

279 nm 

(Mean±SD) 

%RSD between 

sample 

 Mean 

Recovery 

percentage 

%RSD 

between 

two 

analysts 

Analyst 1 0.718±0.003 0.425 101.531  

0.8251 

Analyst 2 0.710±0.002 0.282 100.353 
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Figure 17: Robustness study of S. cumini using developed UV method by analyst. 

 

Table 17: Robustness study of S. cumini using developed UV method by instrument 

 

Studied 

parameters 

Absorbance at 

279 nm 

(Mean±SD) 

%RSD 

between 

sample 

 Mean 

Recovery 

percentage 

%RSD 

between two 

analysts 

Instrument 1 0.717±0.005 0.688 101.296  

0.3609 

Instrument 2 0.720±0.002 0.289 101.814 
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Figure 18: Robustness study of S. cumini using developed UV method by instrument. 

 

To study robustness, the same sample at a same concentration (0.5 μg/mL) was 

analyzed in triplicate by two different analysts (first and second analysts) and in two 

different instruments (UV-Jasco V-630 and UV-Secom am XTD6). The values of 

%RSD in both the parameters appeared to be <2%. This result confirms robustness of 

the method. 

Estimation of S. cumini seed in market preparation 

The result of the assay of S. cumini seed in market preparation is shown in Table 18. 

Table18: Assay results for S. cumini seed estimation in market preparation 

Formulation Tested conc. 

of  

S. cumini seed 

in market 

preparation  

Absorbance 

at 279 nm 

(Mean ± SD) 

%RSD Observed 

conc. of S. 

cumini seed 

in market 

preparation 

Mean 

recovery 

percentage 

A 0.5 μg/mL 0.614±0.004 0.5735 0.416μg/mL 83.152 

B 0.5 μg/mL   0.634±0.0050 0.7935 0.434μg/mL 86.821 

C 0.5 μg/mL 0.659±0.0040 0.6070 0.450μg/mL 90.082 

D 0.5 μg/mL 0.592±0.0036 0.6090 0.403μg/mL 80.579 
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The developed method has been successfully used to estimate S. cumini seed in 

market preparations. A, B, C, D four market preparations were collected from the 

market and the percentage of S. cumini seed was determined. It was found to be 

83.152%, 86.821%, 90.082% and 80.579% with %RSD value 0.5735, 0.7935, 0.6070 

and 0.6090, respectively as shown in Table 18. 

 

 

Figure 19: Assay results for S. cumini seed estimation in S. cumini seed market 

preparation 

5.4 Discussion 

Solvents have a profound influence on the quality and shape of the peak. During the 

method development phase, different solvents are used. Among them, ethanol was 

selected as it satisfied all the conditions relative to peak quality and non-interference 

at the specified wavelength. It is one of the most commonly used solvents in 

chromatographic separation. The wavelength of maximum absorption (λmax) of amlaki 

was found to be 279 nm, and the proposed UV-spectrophotometric approach was 

found to be specific and selective for measuring S. cumini seed in poly-herbal 

formulations which is shown in Figure 14. 

In accordance with ICH guidelines, the procedure was validated which is shown in 

Table 10. The UV-scans from the S. cumini standard concentrations (0.1-0.5 µg/mL) 

were compared to determine the specificity. All runs showed a distinct peak at 279 

nm, which was determined to be the average wavelength of maximum absorbance 

(λmax). Therefore, it was selected for linearity study which is shown in Table 11. With 

a correlation coefficient (r) of 0.9914 demonstrating high linearity between 
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absorbance and concentration, the regression graphs demonstrated conformity to Beer 

Lambert's law in the concentration range of 0.1 to 0.5 µg/mL was shown in Figure 15. 

The results where UV absorbance was directly proportional to the genuine 

concentration of the analyte was predefined by the goodness-of-fit test method at 279 

nm Figure 15 confirmed the range (working range). The suggested approach can 

directly measure analyte concentrations in the (0.1-0.5 µg/mL) range, and accuracy 

experiments have shown that this ranges from 50 to 150% of the test concentration. 

The intraday precision was studied for three independent samples six times which was 

shown in Table 12. The intermediate precision (%RSD) was observed for the analysis 

of three independent sets of samples. The %RSD value for intraday precision found 

were 0.924%, 0.5751% and 0.4668% represented in Table 12 and the intermediate 

precision %RSD values for selected samples in three consecutive different days were 

found to be 0.8921%, 0.8346%, 0.3421% in ethanol shown in Table 13, respectively. 

The low values of %RSD in both intra-day and an inter-day analysis were found to be 

less than <2%. Hence, the precision was confirmed. The repeatability %RSD value 

was found to be 0.7950% in ethanol is shown in Table 14. By using the traditional 

addition method, the proposed approach's accuracy was determined. In Table 15, 

found from the analysis of samples spiked at three distinct concentrations (low, 

medium, high) that cover the operating range (0.1-0.5 µg/mL). The results 

demonstrated how closely the observed value for the sample matched its true value. 

The recovery percentage of the additional S. cumini concentrations was used to 

measure accuracy. To maintain accuracy and avoid interaction with formulation 

excipients, recovery values for the standard addition method used for the S. cumini 

analysis ranged from 99.647 to 101.943% is shown in Table15. Table 16 and Table 

17 show that the method was found to be reliable and consistent despite changes to 

the analysts (analysts 1 and 2) and the instruments (UV-Jasco V-630 and UV-Secom 

am XTD6). The triplicate determination of the S. cumini at a chosen concentration (0.5 

µg/mL) was carried out, and the% RSD values in both the parameters were 0.82551% 

and 0.3609%, respectively which is less than 2%. Thus, robustness was determined. 

As the %RSD is less than 2% the method is validated according to ICH guidelines. 

 

 

 

 



 Page 65 

Estimation of S. cumini in market preparation 

The method was successfully employed for the estimation of S. cumini in market 

preparations. Four market preparations were collected from the market and the 

percentage of S. cumini was determined. It was found to be 83.152%, 86.821%, 

90.082% and 80.579% with %RSD value 0.5735, 0.7935, 0.6070 and 0.6090, 

respectively as shown in Table 18.  

5.5 Conclusion 

In conclusion, a simple, reliable, accurate and reproducible method has been 

developed and validated for analysis of S. cumini seed containing formulation. The 

developed method needs low cost, have faster speed with satisfactory precision. The 

method also has good specificity. The developed method was successfully validated 

following the guidelines of ICH and it could be employed for quality control analysis 

of S. cumini seed in market preparation. 

Statistical analysis 

All the observed results have been shown as Mean±Standard deviation and %RSD. 
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