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Thaumatococcus daniellii (Benn.) Benth, known as “katempe” or “katemfe”. It grows in 
humid tropical forests and the coastal areas of West Africa, especially in Nigeria, 
Ghana, Central African Republic, Uganda, and Cote d'Ivoire. T. daniellii contains 
chemical compounds that have several uses in many fields and contain thaumatin 
protein, which plays an essential role in the food industry, used as a natural sweetener, 
and pharmaceutical industry. T. daniellii can play a significant role in economic growth 
in many countries in which it grows. This study summarises some crucial aspects of T. 
daniellii. As the study highlight, some of the chemical components are contained in the 
plant. In addition to the other medicinal benefits and applications used from T. daniellii. 
the study presented the importance of the plant in the production of thaumatin and 
highlighted the two types of this protein and the difference between them in the 
arrangement of amino acids. 
 

Contribution/ Originality: This study contributes to the current literature on the evaluation and how to 

increase production and benefit from the medicinal benefits of Thaumatoccocus daniellii applications. It also draws the 

attention of this plant in the production of natural sweeteners and attempts to make the plant of economic benefit 

and additional income in the areas where the plant grows. 

 

1. INTRODUCTION 

Thaumatococcus daniellii (Benn.) Benth, known as “katempe” or “katemfe”. It belongs to the Marantaceae Table 1 

family. It grows in humid tropical forests and the coastal areas of West Africa, especially in Nigeria, Ghana, Central 

African Republic, Uganda, and Cote d'Ivoire. It is also one of the species introduced in Australia and Singapore. 

This plant is one of the perennial herbaceous monocotyledonous plants. It spreads through the roots (rhizomes) and 

grows underground in the forest, its natural habitat [1-3]. The plant grows along a slender stalk to a height of 3-4 

meters with oval-shaped leaves of different sizes up to 46 cm long depending on the stage of plant growth and the 

place of growth (in forests or agricultural areas) [4]. The large size of the leaves has made them of great 

importance to the local population in West African countries as the leaves are used for food wrappers and building 
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roofs. It’s also essential in traditional medical uses; for example, leaves are used as antidotes against poison, stings, 

and bites, and their usage is as painkillers and treatment of insanity [5].  

The fruit of this plant is characterised by its pyramid or triangular shape and is crimson colour and be bright 

red colour at full maturity. The weight of the fruit ranges from 6 to 30 g depending on the number of seeds inside 

the fruit, which usually contains three seeds. These seeds are black and surrounded by a thin, sticky layer of gel that 

is soft and fleshy called aril; this part of the plant (aril) is the reason behind the attention of scientists towards this 

plant. It contains a high concentration of sweet taste protein called thaumatin which is at least 3,000 times sweeter 

than sucrose. This part of the plant was used as a source of sweetening agent in West African regions, where it was 

introduced to sweeten bread, palm wine, and sour food. It has been observed that sour food will taste sweet, and the 

sweetness can be retained for an hour [6, 7]. Since the mid-1990s, thaumatin has been used as a sweetener and 

flavour enhancer in the food and confectionery industries. It is a natural source of calorie-free sweetener, and it does 

not contain carbohydrates; thus, it is ideal for patients with diabetes. The fruit of Thaumatococcus daniellii is used in 

the traditional medical field in Congo and Ivory Coast, where it is considered a good laxative. The seeds are emetic 

and treat pulmonary problems [8]. Growing concern about consuming artificial sweeteners humans raised as it has 

a clear impact on human health and causes many diseases such as dizziness, headache, and digestive problems [9]. 

 

Table 1. Classification of Thaumatococcus daniellii. 

Level of classification Name 

Kingdom Plantae-plant 
Subkingdom Tacheobionta – Vascular plants 
Superdivision Spermatophyte – seeds plants 
Division Magnoliophyta – flowering plants 
Class Liliopsida – monocotyledons 
Subclass Zingiberidae 
Order Zingiberales 
Family Marantaceae - Prayer-Plant family 
Genus Thaumatoccocus benth.- thaumatococcus 
Species daniellii (benn.) benth. - Miracle fruit 

 

2. HISTORY AND DESCRIPTION OF THAUMATOCOCCUS DANIELLII  

George Dawn collected the plant's oldest sterile specimen from San Tom Island in West Africa in 1822. Due to 

the plant's popularity as a source of sweetening, this plant attracted the attention of the English surgeon, William 

Daniell in 1856. Samples were obtained from this plant, but the importance of this commercial crop as a source of 

natural protein sweetener was discovered after a whole century. A 1969 ban on sodium cyclamate in the United 

States of Americaed to extensive research conducted on T. daniellii and thaumatin as an alternative source of 

natural sweetening agent [10]. This work included UK glasshouse experiments and Ghana, Liberia, Nigeria, and 

Malaysia field plantations. Commercial thaumatin development reports show that most value increases outside 

Africa [11]. This plant is called by many names such as the sweet prayers plant, “katemfe” or “katempe”, Yoruba 

soft cane, African serendipity berry, Miracle berry, and Miracle fruit (but this name is not related to the species 

Synsepalum dulcificum known to this name) [12, 13]. T. daniellii is a rhizomatous, perennial and monocotylene herb 

propagating by rhizomes. The plant grows in hot, humid rainforests and coastal areas in West Africa. The plant 

grows with a long, slender stem reaching (3-4) meters. The plant is characterised by holding large oval leaves of up 

to 46 cm in length, it is also bear pale purple flowers and carries a soft fruit that contains some bright black seeds 

Figure 1,2 [14].  
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Figure 1. Thaumatococcus daniellii.                                                        Figure 2. Thaumatococcus daniellii at forest. 

 

The plant flowers most of the year but is at the top of its production from July to late October followed by fruit 

formation (ripening period) from January to mid-April [15]. The fruit of this plant is distinguished by its pyramid 

or triangular shape and has a crimson color and a bright red at full maturity the weight of the fruit varies from (6-

30 g) depending on the number of seeds in the fruit, which usually contains three seeds. These seeds are black when 

dry, they look like rocks. It contains aril with a high concentration of Thaumatin in the sweet taste protein which is 

at least 3,000 times sweeter than sucrose Lim [6]. Chinedu, et al. [16] studied the components of the fruit and leaf 

found that it consisted of 4.8% aril, 22.8%   seeds, and 72.4% fleshy part. The fruit contained 10.04 g of moisture, 

21.08 g of gash, 0.93 g of fat 11.53 g of protein, 18.43 g of glib fibre, 37.27 g of carbs, 0.34 g of calcium, 0.30 g of 

magnesium, 0.01 g of iron and 0.21 g of phosphor. The seed had 15.15 g of water, 11.30 g of ash, 0.21 g of fat, 10.36 

g of protein, 20.52 g of raw fibre and 42.46 g of carbohydrate. In both the leaf and the fruit, terpenoids, flavonoids, 

alkaloids and cardiac glycosoids are substantially present, while phlobatanin, saponin, hormones, anthraquinones 

ascorbic acid were absent. The fruit is a good mineral source, especially calcium and magnesian; the leaf is also rich 

in phosphorus. 

 

3. BENEFITS AND USES OF THAUMATOCOCCUS DANIELLII 

Thaumatococcus daniellii is considered a non-timber forest species that played a big role in the rural economy in 

the West African regions, but it did not use all its capabilities to improve the economy. This perennial herb is 

multipurpose as it provides a very wide range of uses through its leaves or fruits or stems and roots [17].  

The plant is distinguished by having large oval-shaped leaves. The leaf is 60 cm long and 40 cm wide and 

grows individually from each rhizome nodule. T. daniellii is grown in West Africa, as it has traditionally used the 

lamina of fresh leaves to cover food to increase the shelf life of the food. The leaves are said to give the food 

wrapped a unique taste, so they are preferred over banana leaves. The petioles are used in weaving mats and some 

building tools and can be used for roofing the houses Figure 3 [11, 18].  
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Figure 3. T. daniellii Leaf [5]. 

 

The uses of plants and natural products in treating diseases have been known since ancient times [19]. A study 

by Oboh, et al. [18] verified the role of the leaves of T. daniellii as an antioxidant, as this study showed the ability of 

the plant to prevent degenerative diseases associated with oxidative stress, thus proving that this antioxidant effect 

can be used as an effective way to preserve food. Ubani, et al. [5] also indicated that the chemical examination of a 

sample of plant leaves from Calabar, South-south Nigeria contained flavonoids, alkaloids, tannins, glycosides, and 

steroids in large quantities and that the presence of these substances gives credibility to the medicinal and 

nutritional importance of plant use in past years. The research results showed the leaves of T. daniellii had a higher 

medicinal value than the banana leaves. Therefore, it is recommended to use them in food packaging instead of 

plastic bags that cause many cancerous diseases. Due to the high risk of plastic in food packing, there a study was 

conducted to find out the components of T. daniellii leaves and their shelf life in food wrapping, the study found T. 

daniellii leaves contain a group of vitamins B1 1.07 mg/100g, B3 1.32mg/100g, B5 1.11 mg/100g, B6 16.34 

mg/100g, B12 11.86 mg/100g, vitamin A 3.1 mg/100g, vitamin C 25.19 mg/100g. results of this study proved it is 

possible to use T. daniellii leaves in food packing and is an excellent alternative to polyethelyn paper and aluminum 

foil, as well as T. daniellii leaves, which can be combined with animal feedo the high value nutritional components 

and vitamins [12]. Another study was conducted on the economic value of T. daniellii leaves and their effect on 

poverty reduction in Osun State, Nigeria [20]. The average return on investment was 55.88±2.58% (with 19.40% 

lending rate) showing a high result in plant revenue. To reduce poverty, it is necessary to educate farmers and 

provide them with full information and agricultural advice [21].  

Globally, the increase in pulp and paper production leads to the deforestation of large areas of trees. Massive 

investment and import of the long pulp fiber and the inability to maintain the fibres' natural source were the main 

reasonsor the closure of many factories in Nigeria [22]. Recently it was discovered that a T. daniellii stalk can be 

considered a Non-Wood Fiber Source (NWFS) [23]. 

There was a great trend in Nigeria to study the components of T. daniellii stalks, as it was found that these 

stalks contain a high percentage of fiber that can be used in the production of fiber. The stalk compromises crude 

fiber holocellulose percentage of T. daniellii stalk was as follows crude fiber (33.36%), holocellulose (66.80%), α-

cellulose (39.0%), hemicellulose (27.81%) low ash (2.79%), silica (0.85%), lignin (13.03%) and elemental 

accumulations. The study also showed that the fiber contents are strongly related to each other, but the nutrients 

were not as it appears that only nitrogen, potassium and iron are closely related with raw fiber and cellulose since 

these components are the main elements that contribute to the physiological development and fiber quality of the T. 

daniellii stalk. The study suggested using potassium and nitrogen-based fertilisers with T. daniellii for high-quality 

fiber [24].  
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The dependence on obtaining T. daniellii from natural habitats (forests) is not sustainable and does not meet 

the market needs to obtain the aril. Ultimately, farmers destroy natural ecosystem and feeding sources for other 

organisms such as insects, rodents and rats of the forest floor to harvest the plant. Since T. daniellii are a shade-

resistant plant, it has been proposed to grow them in farms with a mixed system (Eco agriculture). This will help 

obtain large quantities of the plant and help preservehe wild environment in the forests, thus increasing income for 

farmers in West African regions who lack adequate sources of income [25].  

 

4. CHARACTERISATION OF THAUMATOCOCCUS DANIELLII  

T. daniellii is a multi-use plant where the local populations use all its parts (leaves, stalk, fruits, rhizomes) in its 

growing areas. The stalks were used to sweeten food and in the manufacture of thaumatin. The leaves were widely 

used to wrap different foods in Africa and even in America and South America, where they were considered flavor 

enhancers. In a study on T. daniellii leaves, it was found that they contain flavonoids, polyphenols, alkaloids, and 

saponins. The same study showed that the aqueous extract of T. daniellii leaves contains higher proportions of these 

substances Flavonoids 0.28 mg %, Polyphenols 0.41 mg%. The analysis of the antioxidants also showed that 100-

500 mg/ml of aqueous leaf solution showed the effect exhibited higher DPPH radical scavenging activity than the 

hexane leaf fraction. Thus, the presence of flavor-enhancing properties in the plant's leaves is attributed to the fact 

that it contains polyphenols and flavonoids. Its antioxidant activity is also behind its use as a wrapping food [26].  

In another study, the components of the gelatinous layer of T. daniellii plant were studied, where the 

phytochemical analysis showed that it contains saponins (0.19 %), flavonoids (0.41%), phenols (0.06 %), HCN (0.81 

%), Alkaloid (0.11 %), and Tannin (0.16 %). The analysis also showed that this gelatinous layer contains Calcium 

6.68 mg/100 g, Magnesium 0.60 mg/100 gm, Ash 5.80%, Fiber 0.41%, protein 19.01, and nitrogen 3.04%. This 

high nutritional value makes it easy to replace white sugar and use tomatine to manufacture children's medicines 

[27]. Intensive research was also conducted on Thaumatococcus daniellii to study the biological compounds and the 

importance and benefits of these components. Samadder, et al. [28]; Thibado, et al. [29] in their research found T. 

daniellii contains anthocyanin, which is an anti-cancer and anti-radical substance as well as an anti-hyperglycemic. 

T. daniellii contains anthraquinones, which act as anti-bacterial, anti-inflammatory, anti-fungal, anti-cancer, anti-

coagulant, and neuroprotective [30-34]. Studies have indicated the plant contains rutin pigment, which has a 

significant role in protecting the heart and is neuroprotective and an anti-diabetic compound and works to protect 

the kidneys [35-37]. T. daniellii contain saponin, which is found in the fenugreek plant, and works as an anti-

inflammatory, hypocholesterolemic, and immunomodulatory [38-40]. A study conducted by Matsubara, et al. [41]; 

Ho, et al. [42] found the compound Geranylgeraniol in T. daniellii which improves testosterone and proliferator-

activated receptors γ (PPAR γ). In addition, it was found T. daniellii consist of many other compounds that have 

valuable health benefits [3], Catechins [43], Hexadecanoic acid [44], Kaempferol [45], Phytol [46], Spartein 

[47], Squalene [48, 49], and Terpenoids [50]. Other studies are conducted to know the components of each part of 

Thaumatococcus daniellii, as shown in Table 2. 

 

Table 2. Some studies conducted about the components of each part of Thaumatococcus daniellii. 

Part of T. daniellii Protein 
(%) 

Carbohydrate 
(%) 

Fat 
(%) 

Ash 
(%) 

Moisture 
(%) 

Crude 
fiber (%) 

References 

T. daniellii (seeds) 2.14 40.07 2.35 8.17 10.39 36.92 Abiodun, et al. [51] 

T. daniellii (leaves) 14.88 31.25 0.90 10.60 5.16 36.61 Oforibika, et al. [52] 

T. daniellii (fruits) 19.02 70.00 3.85 5.80 83.90 0.42 Ndukwe, et al. [27] 

T. daniellii (Arils) 33.03 44.17 0.61 4.79 12.20 5.20 Ojo, et al. [53] 

T. daniellii (rhizomes) 7.00 18.75 1.80 6.20 17.27 48.98 Oforibika, et al. [52] 

 

 

 



Journal of Asian Scientific Research, 2022, 12(2): 80-90 

 

 
85 

© 2022 AESS Publications. All Rights Reserved. 

5. THAUMATIN  

The fruit of T. daniellii contains thaumatin protein, which is found in the aril area surrounding the seeds 

(Figure4 a, b). The people of West Africa used the fruits of this plant as a source of sweetening bread, sour food and 

palm wine. They found that when they chew the seeds for an hour, they turn sour foods into foods that taste sweet. 

During the nineties of the last century, the actual trend began to use thaumatin in the food and confectionery 

industry as an alternative natural sweetener to harmful industrial sweeteners. As this protein is distinguished as not 

a carbohydrate,t is suitable for people with diabetes [54].  

Thaumatin was produced for the first time in 1972 from T. daniellii fruits by aqueous extraction. The different 

types of thaumatin were examined based on the stages of ripening of T. daniellii fruits and thaumatin І and 

thaumatin П were determined. This study also showed that the two types have the same amino acids and molecular 

weights. The study also included the relationship between the cultivation area and the amount of protein in the 

fruit. Where 4.9 g of the extract was obtained from 2.7 kg of fruit, equivalent to 0.18%. It was observed that the 

sweetness of the aqueous solution of thaumatin decreased when the temperature was increased to more than 75 oC, 

as well as when the pH was less than 2.5 at room temperature [9]. 

Between 1990 and 2012, the total production ranged from 10,250 kg to 25,600 kg of T. daniellii arils in Cote 

d'Ivoire. Given the average frozen aril value of $16 for one kilogram, this development gained between $160,000 

and $400,000 annually in exports to the United Kingdom. There is, therefore, a seemingly untapped potential for 

improving rural livelihoods in West and Central Africa through T. daniellii cultivation [10]. Thaumatin is one of 

the sweetening proteins with a sweetness of 2000-10000 times sweeter than sucrose. It is consisting of 207 amino 

acids. There are two types of thaumatin Ι and thaumatin Π, it differs from the second in 5 amino acids. Both types 

are soluble in water and dilute alcohol Figure 5 [9, 55].  

 

 
a 

 
b 

Figure 4. a. Fruit of Thaumatoccocus daniellii, b. A Cross Section of Thaumatococcus daniellii Fruit Showing the Aril. 

 

The maximum solubility at pH 2.7 – 3.0. The advantage is that the sweetness does not disappear by heating 

where it is kept sweet when heated to a temperature of 80 ºC for a period of 4 hours at pH 2. However, the 

sweetness disappears when heated with a pH higher than 7 for 15 minutes. This indicates that thaumatin is more 

heat resistant than neutral or alkaline conditions under acidic conditions. Thaumatin has proven its effectiveness in 

eliminating the bitterness of some medicines and vitamins, as it was used in the composition of tablets and pills at 

rate (20-400) ppm as it was taken advantage of the advantage of staying sweet for a long time that leaves a sweet 

feeling in the mouth. It is considered a one of the sweetest natural sweeteners if compared with sucrose Table 3 [8, 

9]. Obtaining thaumatin protein by natural sources is difficult and the percentage of obtaining it is low to obtain 
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large commercial quantities. Using modern technical methods such as protein synthesis through genetically 

modified organisms [56]. 

In addition to the fact that thaumatin acts as a first-class sweetener, it can be used as a flavor modifier in the 

food industries. Its unique and distinctive properties make it an essential component in various food industries. 

Among these applications is its use in the manufacture of chewing gum, pet food, dairy products, and fodder [57]. 

 

 
Figure 5. difference in amino acid between thaumatin І and thaumatin П. 

Note: Blue characters denote the signal peptide and red characters denote the differences in the sequences at four positions (www.uniprot.org). 

 

Table 3. Some of natural sweeteners and compared with sucrose. 

Plant Family Part 
 

Sweetening 
Principle 

Chemical Class Times Sweeter 
than Sucrose 

1-Achras sapota Sapotaceae Latex and fruit Glycyrrhizin Triterpene glycosides 100 
2- Citrus aurantium Rutaceae Peels of the 

fruits 
Neohesperidin  
dihydrochalcone 

Dihydrochalcone 1000 

3- Stevia rebaudiana Asteraceae Leaves Steviosides Tricyclicditerpenoid 
Glycosides 

200-300 

4- Symplococos 
paniculata 

 
Symplocaceae 

 
Leaves 

 
Trilobatin 

Dihydrochalcone 
Glycosides 

 
400-1000 

5-
Dioscoreophyllum 
cuminsii 

Menispermaceae Fruit pulp Monellin Protein 2500 

6- Perilla frutescens Labiatae Leaves, seeds 
and flowering 
tops 

Perillartine Monoterpenoid 400-2000 
 

7-Thamatococcus 
daniellii 

Marantaceae Aril of fruit Thaumatin Protein  3000 

 

 

 

http://www.uniprot.org/
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6. CONCLUSION AND RECOMMENDATIONS  

The presentation of various previous studies on Thamatococcus daniellii found the plant has many benefits and 

uses in people’s lives in the countryside or its use in preparing extracts of high value. In the food industry, animal 

feed, food packing, and pharmaceutical industry as a flavour enhancers for children’s syrup. As T. daniellii countians 

a group of vitamins, flavonoids, saponins, phenols, fibers, and proteins. T. daniellii contains thaumatin protein, one 

of the best natural sweetener and flavour enhancers that can be exploited in several fields. T. daniellii can have a 

role in improving the economy of rural areas in the countries where it grows in abundance. 
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