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ABSTRACT 

Centella asiatica has known as medical plant that used for treating bruises and reducing 
swelling. From the previous research lately, it reported that C.asiatica has properties to 
improve memory recognition and promote healthy skin. Then, it is extracted for using with 
skin care for elderly people who have a problem with their wrinkle. In term of food, herbal 
tea from C.asiatica has already available in the market. But it has been developed to enhance 
the amount of antioxidant. Therefore, this study was aimed to develop new herbal tea from 
C.asiatica with goji berry in the ratio of 1 :2 and study the amount of antioxidant in tea bag. 
To achieve the aim, dried C.asiatica leaves were brewed to find the most efficient 
temperature and time for extracting antioxidant. The best method to process dried leaves also 
determined as well among four methods. Those were no roasting and no kneading leaves, no 
roasting but kneading leaves, roasting and no kneading leaves, and roasting and kneading 
leaves. The formation of consuming tea was determined by 30 target panelists and the result 
showed that the most preference of formation was tea bag. Also, the temperature and time for 
brewing are the important parameters used to control when brewing tea. The temperature was 
studied was 80°C, 85°C, and 90°C and time was 2, 3, 4, and 5 minutes. And the result 
showed that there was no significant difference among all temperature and time that were 
determined. The best temperature and time for brewing is 80°C at 5 minutes because it saves 
energy and can extract the highest amount of antioxidant from herbal tea. C.asiatica tea can 
be enhanced the amount of antioxidant by mixing with the fruit that has high antioxidant 
properties. Goji berry is one of the fruits that contain high antioxidant. Moreover, it helps 
improve neurosystem and memory like C.asiatica. From the result, C.asiatica tea mixed with 
golji berry had much higher amount of antioxidant than pure C.asiatica tea. Therefore, the 
ratio between C.asiatica tea and goji berry was determined in the ratio of 1: 1. 1: 1.5, and 1 :2. 
The result showed that at ratio 1 :2 had the highest preference score due to it had less green 
aroma and flavor and satisfied sweetness. 



l'BIC ASSTTMPTTON UNTVF.RSITV LmRAP" 

CONTENTS 

ACKNOWLEDGMENT 

ABSTRACT 

INTRODUCTION 

LITERATURE REVIEW 

o World population 

o Population aging 

List of Contents 

o Population aging in Thailand 

o Elderly Health 

o Behavior and emotions of aging 

o Herbal Tea 

o Herbal tea market in Thailand 

o Centella Asiatica (Asiatic Pennywort) 

o Goji Berry (Lycium barbarum) 

AIM AND OBJECTIVES 

MATERIALS AND METHODS 

o Objective 1 

o Objective 2 

o Objective 3 

• To study proper dried fruit that best paired 

with Centella asiatica tea 

7 

11 

1 

2 

2 

2 

2 

3 

3 

4 

4 

5 

6 

8 

8 

12 

15 

15 

• To optimize ratio of Centella asiatica and goji berry 15 

(Lycium barbarum) for herbal tea 

• To conduct acceptance test of the herbal tea product 16 

from Centella asiatica and goji berry (Lycium barbarum) 

RESULTS AND DISCUSSION 

o Formulations of Casiatica tea and its properties 

o Yield Percentage 

17 

17 

19 



o Formation of consuming Casiatica tea and its properties 

o Temperature and time for brewing C.asiatica tea 

o To study proper dried fruit that best paired with 

Centella asiatica tea 

o To optimize ratio of Centella asiatica and goji berry 

(Lycium barbarum) for herbal tea 

o to conduct acceptance test of the herbal tea product 

Centella asiatica and goji berry (Lycium barbarum) 

CONCLUSION 

REFERENCE 

APPENDIX 

FIGURE OF CONTENTS 

Figure 1 De-stemming and washing C.asiatiaca leaves 
Figure 2 Steaming 
Figure 3 Draining 
Figure 4 Roasting 

Figure 5 Dried C.asiatica leaves 

Figure 6 Grinder 

Figure 7 Top side of grinder 

Figure 8 Matcha powder 

Figure 9 Weighting 

Figure 10 Tea bags 

Figure 11 Boiling water at 90°C 

Figure 12 Soaking in hot water 

Figure 13 Characteristics of tea in different formulations 

from 

Figure 14 Yield reduction for making dried C.asiatica tea leaves 

Figure 15 C. asiatica tea in Matcha powder form 

Figure 16 C.asiatica tea in tea bags 

20 

22 

26 

27 

27 

30 

31 

35 

9 

9 
9 

9 

10 

10 

10 

11 

11 

11 

12 

12 

18 

19 

20 

20 

Figure 17 Example of determination of temperature and time for brewing tea 24 

Figure 18 Characteristics of different ratio of dried goji berry and tea 24 



TABLE OF CONTENTS 

\ 

Table 1 Formulation of preparation C.asiatica leaves 9 

Table 2 Temperature and time for determining the brewing tea 13 

Table 3 Preparing DPPH solution and sample 14 

Table 4 Sensory attributes and liking score of C.asiatica tea 17 

Table 5 Sensory attributes and liking score of C.asiatica tea 17 

Table 6 Sensory attributes and liking score of C.asiatica tea 17 

Table 7 Amount of antioxidant of each formula 18 

Table 8 Sensory attributes and liking score of C.asiatica tea 20 

Table 9 Sensory attributes and liking score of C.asiatica tea 20 

Table 10 Sensory attributes and liking score of C. asiatica tea 20 

Table 11 Amount of antioxidant for each form of tea 21 

Table 12 Sensory attributes and liking score of C.asiatica tea 22 

Table 13 Sensory attributes and liking score of C.asiatica tea 22 

Table 14 Sensory attributes and liking score of C.asiatica tea 23 

Table 15 The relationship between temperature and time of brewing tea 24 

Table 16 The relationship between temperature and time of brewing tea 25 

Table 17 Amount of antioxidant for temperature and time of brewing tea 25 

Table 18 Sensory attributes and liking score of fruit with C. asiatica tea 26 

Table 19 Sensory attributes and liking score of fruit with C.asiatica tea 26 

Table 20 Sensory attributes and liking score of fruit with C.asiatica tea 26 

Table 21 Sensory attributes and liking score of Goji berry with C.asiatica tea 27 

Table 22 Sensory attributes and liking score of Goji berry with C.asiatica tea 27 

Table 23 Amount of antioxidant of the ratio of Goji berry and C. asiatica tea 28 



INTRODUCTION 

World population right now 1s an increasing median age. Meaning, it is a shift in the 

distribution of a country's population towards old ages. There are two demographic effects 

that affecting the world population. First, increasing in longevity causes the average age of 

the population by increasing the numbers of elderly people. Another factor is decreasing in 

fertility which reducing the population of babies. (Brunborg H., 2012) According to data 

from World Population Prospects in the 2015 Revision (United Nations, 2015), they expect 

that between 2015 and 2030, the number of people in the world aged 60 years or over is 

predicted to grow by 56 percent from 901 million to 1.4 billion by 2050. (United Nations, 

2015) In Thailand, it is currently ranked the third most rapidly ageing population in the 

world. By 2040, Thailand's aging population is expected to increase to 17 million, according 

for 25 percent of the population. This means that out of every four Thais, one will be a senior 

citizen. So, Thailand has begun the challenging process of meeting the needs of an ageing 

society. In practical terms, this demographic transition translates to challenges with care and 

support of older people especially in term of foods. Food is the important thing that provides 

nutritional support for everyone. Elderly people need food for providing energy, 

maintenance, and repair their metabolisms. Consuming good and healthy foods ·is the major 

concern in this age of people. Plus, Thailand is the land of agricultural which has a lot of herb 

that used as a traditional medicine. It is very easy to find the herb and Thai people also 

familiar with it. Normally, herb and spice contain many health benefits. For example, ginger 

used to improve respiratory conditions, aid digestion, and reduce excess gas and so on. Also, 

those herbal extracts can improve the emotional of consumers by increasing the happiness 

and relaxation 

According to the food technology and industry, product development of herbal food is 

focused for this group of people by researching and developing the new beverage product that 

comes from herb and spice. 
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LITERATURE REVIEW 

World population 

Human population has grown very slowly for the most of its existence on earth due to global 

economic recession. The main factors that cause low population are low fertility rate and life 

expectancy. Fertility is driven by the socio-economic development of the population. Poverty 

and lack of education cause lower in population in develop counties. (Future Population 

Growth: Max Roser). For life expectancy is increasing rapidly due to the improvement of 

health and safety living conditions. 

World population growth in the 21st century will be different from previous decades. People 

are living longer and having fewer children so that the number of older people (age 60 and 

above) will increase more than young people (Human Population Dynamics, Annenberg 

Leamer). 

Population aging 

Population aging refers to changes in the entire age distribution. From the study of 

population aging, it is driven by a concern of retirement systems which measured by 

increases in the percentage of elderly people of retirement ages. The world aging population 

right now is excess 8 to 10%. By this standard, the percentage of elderly people in the United 

States stood at 12.6% in 2000 and it is predicted to increase to 20% by the year 2030 (United 

Nations 2001). 

Population aging in Thailand 

The number of older people (defined as aged 60 and over) in Thailand has grown rapidly and 

will continue to do so in future decades. Since 1960 the number of older people in the Thai 

population has increased seven-fold from approximately 1.5 million to 10.7 million by 2015 

or 16% of the total population. Future population ageing will occur even more rapidly with 

the number of older persons projected to increase to over 20 million by 2035, at which point 

they will constitute over 30% of the population. Moreover, within the next few years, persons 

60 and older will outnumber children under age 15 for the first time in Thai history (John 

Knodel, 2015). 
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Elderly Health 

As people continue to lead longer lives, they become more likely to develop different kinds 

of health problems. One challenge older adults in particular are likely to face is living with 

multiple health problems. More than half of all adults 65 and older have three or more 

ongoing medical problems, such as heart disease, diabetes, cancer, or arthritis 

(HealthinAging, 2017). One of important disease for elderly is Alzheimer's Disease. It 

causes mJury to nerve cells in the brain. It results in disrupted memory, thinking and 

functioning. 

• Everyone who has Alzheimer's Disease has dementia 

•Not everyone who has dementia has Alzheimer's Disease 

•Not the same progression for everyone but the stages are predictible 

• Somewhat greater risk for people with family history of Alzheimer's Disease 

•Race or ethnicity does not seem to be a factor 

Behavior and emotions of aging 

When people becomes older age, they change and loss something from usual. For example, 

they change in physical like vision, hearing, and the senses. All of senses tend to change with 

age. Their eyes have more difficulty focusing on near objects changes in light intensity. 

Those things can make many problems for living. Moreover, memory is another thing that 

will be change when people get older. They will process and retrieve information in different 

ways. They slightly take longer to recall information. Also elderly emotions will change as 

well, They will feel depression, loneliness, and sense of isolation in a normal stage of grief 

that difficulty in moving on after the loss or in this stage the individual may withdraw, sleep 

more than usual, overeat or not eat enough (John Knodel, 2015). 
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Herbal Tea 

A beverage made from steeping or boiling herbs, or the herbs used to make such a beverage. 

Herbal tea made of a variety of plants, including leaves of certain flowers, herbs, barks, and 

grasses. Some herbs used in these teas have been demonstrated to have pharmacological 

properties. Herbal tea benefits are as numerous as there are herbs. The health benefit of the 

tea is dependent on the plant, root, or herb being used. Now, people consume herbal tea to 

support and healthy mind and body (American Journal of Clinical Nutrition). There are many 

advantages of drinking herbal tea. For example, antioxidant in all herbal teas help fight cell

damaging free radical in body. It can lower bad cholesterol, herbal tea can reduce blood 

cholesterol around 2.19mg/dL (American Journal of Clinical Nutrition). Additionally, it can 

also interact negatively with blood pressure medication or diabetes treatments such as insulin 

(Alan Carter, 2016). 

Herbal tea market in Thailand 

Nowadays, herbal tea becomes more popular due to the healthy trend. People focus and 

concern more about health and safety. Herbal tea is one of healthy beverage that helps reduce 

weight and reduce risk for getting some diseases. Herbal tea is classified as functional 

beverages or neutraceuticals. In the industrial, producing herbal tea is also popular among 

manufacturers. Some industries add some herbal into their product and add some flavor and 

color to create more variety of teas. In addition, herbs are some parts of plant that give 

medical properties. These kinds of plant normally grow in Thailand so that producing herbal 

tea in Thailand will have less cost of raw materials. Target consumers normally are elderly 

people who love to drink tea with herbs so that herbal tea is chosen as souvenir. The market 

of herbal tea right now is expanding into middle age people in Thailand who concern about 

the health and love to consume organic stuffs. 
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Centella Asiatica (Asiatic Pennywort) 

Centella Asiatica is a plant from India and Southeast Asia known as Asian medicine. It 

prefers in riverbank and humid area. It comes up with spherical shape of leave and has long 

stem. (Vine Vera, 2014) Centella Asiatica is a creeping annual herb with soft tender leaves. 

The roots and leaves develop from the nodes. Centella Asiatica is a very popular herb in 

India for longevity and mental function. It is used to decrease fatigue and depression. It 

energizes the central nervous system. The plant is also useful in repairing skin and connective 

tissues. Centella Asiatica is used in Indian system of disease treatment as diuretic, nerve 

tonic, alternative, memory enhancer and blood purifier (Dr. Arvind Singh, 2015). Chemically 

been identified leading to therapeutic properties. Asiatic acid, asiaticoside, and 

madecassoside form the major constituents responsible for pharmacological value apart from 

being rich in flavonoids and terpenoids. other volatile compounds was found to be in a 

prominent amount in the essential oil of C. asiatica on analysis with gas chromatography

mass spectrometry (GC-MS). It contains bioactive compounds that can be identified by using 

high-performance liquid chromatography (Nasir MN, Habsah M, Zamzuri I, Rammes G, 

Hasnan J, Abdullah J., 2011) 

• COGNITIVE FUNCTION 

Centella Asiatica enhances synaptic differentiation which can improve cognitive 

function. It carries aluminum-induced cognitive function. From the previous study, it 

has proved to carry neuroprotective potential. Also, C.asiatica helps prevent 

impairment of cognitive system by damage cochicine. 

• ANTIBACTERIAL ACTIVITY 

Methanol hot extract from C. asiatica leaves was taken to check the antibacterial 

activity which was assessed by zone of inhibition and minimum inhibitory 

concentration (MIC) value (2 µg/disc) by disc diffusion method (Francis SC, Thomas 

MT, 2016) Antioxidants provide protection to the cells of organism. 
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• ANTIDEPRESSANT 

Compared to diazepam C. asiatica possesses antianxiety effect but has no effect on 

behavioral despair (Pitinidhipat N., 2015). It was evaluated for antidepressant activity 

using forced swimming test, the result showed a reduction in stillness duration and 

regulated amino acid levels (Thomas TN, Thomas PM, 2015) 

Goji Berry (Lycium barbarum) 

Goji berry is known as superfood-berries because it has high-antioxidant compounds such as 

vitamin A, vitamin C, beta-carotene, lutein, and lycopene. Those antioxidant compounds can 

help protect the cells from damaging of free radical which can lead into chronic diseases. 

Chinese people use goji berries with foods to make a meal that can enhance longevity 

properties as a medicine. (Michael Tierra, 1998) It has ability to nourish and toxify liver and 

kidney, and improve life activities. (Junkuan Wang, 2014) Additionally, it gives benefit to 

eye vision. (Cheng et al. 2004; Potterat 2010) 

There are many phytochemicals that provide benefits to human body as followings; 

1. Polysaccharides 

It is primary source of dietary fiber for internal system. It stimulates the immune 

system and provides antioxidant protection. 

2. Beta-carotene 

It contains high content of vitamin A which can help improve eye vision, cell 

structure, and healthy skin. 

3. Zeaxanthin 

It is a powerful vision protector that allows you to clearly distinguish fine detail. It 

generates protector against macular degeneration. 

From the previous studies, university of Hong Kong has studied about anti-aging and its 

effects to neuroprotective effects against Alzheimer's disease. The result showed that goji 

berry extract can protect human brain from the toxin effects of beta amyloid protein. 

(Bernstein, 2002) Homocystein is a non-protein amino acid that can cause inflammation 

marker of aging and bad health. High level of homocystein is the major factor of aging and 

bad health. Also, the high level of plasma homocystein can cause higher risk of developing 

Alzheimer's disease. Too much homocysteine in the blood can cause damage to health cells. 

(Awakening from alzheimer's, 2017) 
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Aim 

To develop herbal tea from Centella asiatica and goji berry (Lycium barbarum) for 

elderly people 

Objectives 

1. To study the proper production process of Centella asiatica tea 

2. To study effect of proper brewing time and temp on antioxidant activity and consumer 

acceptance 

3. To develop herbal tea product from Centella asiatica and goji berry (Lycium 

barbarum) 

a. To study proper dried fruit that best paired with Centella asiatica tea 

b. To optimize ratio of Centella asiatica and goji berry (Lycium barbarum) for 

herbal tea 

c. To conduct acceptance test of the herbal tea product from Centella asiatica 

and goji berry (Lycium barbarum) 
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MATERIALS AND METHODS 

Objective 1: To study the proper production process of Centella asiatica tea 

Experimental design 

To achieve this objective, ANOV A Randomized Complete Block Design (RCBD) was used 

as an experimental design with Latin Square Design as a multiple comparison. ANOV A 

RCBD was analyzed by the follows: 

Factor : Attributes 

Treatment : 4 formulas of tea (for analyzing formulations of tea) 

3 forms of tea (for analyzing formation of tea) 

Block : Consumer 

Response : Liking score 

Preparation of C. asiatica leaves 

C.asiatica leaves and stems are separated from each other and weight. Then, leaves are 

washed for 3 times and steamed over boiled water at 100°C for 1 minute. Next, the leaves are 

dried for 1.30 hours and roasted on iron pan at 45°C for 25 minutes. For leaves need to be 

concerned for determine %yield. For C.asiatica preparation is varying about the different 

process of making tea as table 1. 
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Table 1 Formulation of preparation C.asiatica leaves 

Kneading for 5 
Roasting on iron 

Formulas pan at 45°C for 25 
minutes 

minutes 

1.NKNR " " 
2.KNR V" " 
3.NKR " V" 

4.KR V" V" 

Figure I De-stemming and washing Figure 2 Steaming 

Figure 3 Draining Figure 4 Roasting 
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Figure 5 Dried C.asiatica leaves 

Preparation of C.asiatica matcha powder 

Dried C. asiatica leaves are grinded into 200 mesh matcha powder by using 200 g Thaigrinder 

(WF-04) for 1.30 minutes. The C.asiatica powder is filtered again and kept in aluminum foil 

zip lock. 

Figure 6 Grinder Figure 7 Top side of grinder 
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Figure 8 Matcha powder 

Preparation of C.asiatica tea bag 

2 g of dried C. asiatica leaves are weighted into tea bag. One tea bag is soaked into 

150 ml of boiled water for 5 minutes. Tea is served at 65°C. 

Figure 9 Weighting Figure IO Tea bags 
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Figure 11 Boiling water at 90°C Figure 12 Soaking in hot water 

Objective 2: To study effect of proper brewing time and temp on 

antioxidant activity and consumer acceptance 

Experimental design 

To determine brewing temperature and time for brewing tea, ANOVA Factorial 3x4 

Randomized Complete Block Design was used to analyze the difference of temperature and 

time of brewing C.asiatica tea. Duncan's multiple comparison was used as multiple 

comparisons. ANOV A Factorial RCBD was analyzed by follows: 

Factor : Attributes . 

Treatment : 3 temperature and 4 brewing time 

Block : Consumers 

Response : Liking score 

12 



Table 2 Temperature and time for determining the brewing tea 

Temperature (°C) Time (minutes) 

80 2 

80 3 

80 4 

80 5 

85 2 

85 3 

85 4 

85 5 

90 2 

90 3 

90 4 

90 5 

Antioxidant Efficiency 

DPPH radical scavenging activity 

C.asiatica tea is determined antioxidant activity by taking 20 µl of diluted 1: 10 tea sample 

mixed with 2 ml methanol in a tube and mix well by using vortex. DPPH solution is prepared 

by weighting 0.001972 g DPPH in 100 ml volumetric flask and filled up with methanol up to 

100 ml mark. The different intensities of DPPH and sample are prepared as table 2. The 

mixtures are mixed vigorously and leave in dark room at room temperature for 30 minutes. 

The measurement of the reaction is taken by using UV -VIS spectophotometer at 51 7 nm. The 

results will be shown in the unit of µg/mL of gallic acid equivalent (GAE) per 1 ml of 

sample. 

13 



Table 3 Praparing DPPH solution and sample 

50 µ,M DPPH solution in µ,L Sample in µ,L 

2000 0 

1960 40 

1920 80 

1880 120 

1840 160 

1800 200 

Ferric reducing (FRAB) antioxidant power 

FRAP assay is used to determine antioxidant activity of C.asiatica tea. The sample needs to 

dilute into 1: 10 before using. FRAB reagent is prepared from mixing 300 mmol of sodium 

acetate buffer pH 3 .6, 20 mmol of ferric chloride, and 10 mmol of 2,4,6-tripyridyl-s-triazine 

(TPTZ). The FRAB reagent is prepared in the ratio of 10:1:1 (v:v:v:) and mixed with 20 µL 

of sample. The mixture is kept in the dark room at room temperature for 30 minutes. The 

absorbance of the mixture is performed by using UV-Vis spectrophotometer at 593 nm. The 

result is calculated in the unit of mmol ofFeS04 equivalent per 1 mL of sample. 

Total Phenolic Compounds 

Total phenolic compound assay is used to determine phenolic content in C.asiatica tea. The 

sample needs to dilute into 1: 10 before using. Total phenolic mixture is prepared by mixing 

1.58 mL of distilled water, 100 µL of Follin-Ciocalteu reagent, and 20 µL of tea sample. The 

mixture is shaken vigorously and left at room temperature for 8.30 minutes. The, 300 µL of 

sodium carbonate solution is added into the mixture and mixed well. The mixture is 

incubated at room temperature without light for 30 minutes. The absorbance of the mixture is 

measured by using UV-VIS spectrophotometer at 765 nm. The result is calculated in the unit 

of µg/mL of gallic acid equivalent (GAE) per 1 mL of sample. 
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Objective 3: To develop herbal tea product from Centella asiatica and goji 

berry (Lycium barbarum) 

a. To study proper dried fruit that best paired with Centella asiatica tea 

Preparation of fruit and C.asiatica tea bag 

Experimental design 

This experiment is conducted in three replications and statistical analysis is accomplished by 

using t-test. 

• Goji berry 

2 g of dried C.asiatica leaves are weighted with 2 g of dried goji berry in the ratio of 

1: 1. One tea bag is soaked into 150 ml of boil water for 5 minutes. Tea is served at 

65°C. 

• Cranberry 

2 g of dried C. asiatica leaves are weighted with 2 g of dried cranberry in the ratio of 

1: 1. One tea bag is soaked into 150 ml of boil water for 5 minutes. Tea is served at 

65°C. 

b. To optimize ratio of Centella asiatica and goji berry (Lycium barbarum) 

for herbal tea 

Experimental design 

This experimental was analyzed by ANOV A Randomized Complete Block Design with 

Latin Square Design. ANOV A RCBD was analyzed by follows: 

Factor : Attributes 

Treatment : 3 ratio of goji berry 

Block : Consumers 

Response : Liking score 

Ratio of 1: 1, 1: 1.5, 1 :2 of dried tea leaves and dried goji berry were weighted into tea bag 

and asked consumers to test the product. 
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c. To conduct acceptance test of the herbal tea product from Centella asiatica and 

goji berry (Lycium barbarum) 

Sensory Test 

The sensory tests were performed with 30 consumers with 9-hedonic scale. Herbal tea bag 

was brewed with 150 mL of water at 90°C for 5 minutes. The sample was served at 65°C and 

served at room temperature. 

16 



RESULTS AND DISCUSSION 

Objective 1: To study the proper production process of Centella asiatica tea 

Formulations of C.asiatica tea and its properties 

Table 4 Sensory attributes and liking score of C.asiatica tea 

Sample Overall 
Color"5 Green aroma Roast aroma ns 

liking 
No roasting, 6.20±1.37b 6.60±1.40 6.17±1.51b 6.10±1.40 
no kneading 
No roasting, 7.07±1.51 a 7.40±1.30 7.10±1.123 6.60±1.52 
kneading 
Roasting, 

6.93±1.263 7.13±1.01 6.60±1.48ab 6.27±1.70 
no kneading 
Roasting, 6.30±1.47b 7.07±1.26 6.30±1.62b 6.27±1.11 
kneading 

Table 5 Sensory attributes and liking score of C.asiatica tea 

Sample Sweetness ns Bitterness ns Green flavor ns Roast Flavor ns 

No roasting, 
6.17±1.70 6.27±1.53 6.47±1.48 6.17±1.56 

no kneading 
No roasting, 

6.80±1.21 6.50±1.25 6.87±1.57 6.67±1.35 
kneading 
Roasting, 

6.67±1.37 6.83±1.34 6.77±1.38 6.60±1.33 
no kneading 
Roasting, 

6.40±1.30 6.10±1.24 6.40±1.45 6.23±1.30 
kneading 

Table 6 Sensory attributes and liking score of C.asiatica tea 

Sample 
Green Aftertaste Astringent ns 

No roasting, 6.00±l.62c 6.07±1.86 
no kneading 
No roasting, 6.87±1.553 6.97±1.38 
kneading 
Roasting, 6.73±1.23ab 6.73±1.31 
no kneading 
Roasting, kneading 6.13±1.48bc 6.47±1.59 
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Figure 13 Characteristics of tea in different formulations 

Table 7 Amount of antioxidant of each formula 

Sample FRAP TPC ns DPPH 
(mmol Fe2+/mg dried (µg GAE/mg dried (% reduction) 

weight) weight) 
No roasting, 0.23 ± 0.01 0.15±0.01 0.07 ± 0.01 ab 
no kneading 
No roasting, 0.20 ± 0.03 0.07 ± 0.05 0.07 o.ooa 
kneading 
Roasting, 0.21 ± 0.03 0.13 ± 0.06 0.07 ± o.ooab 
no kneading 
Roasting, kneading 0.17±0.01 0.06 ± 0.01 0.06 o.oob 

Processes of making C.asiatica tea were classified into four processes. The difference among 

those four processes were kneading and roasting technique. Kneading technique helps to 

improve its color, aroma, and flavor. (Nagatani Soen, 2009) Roasting technique is performed 

to induce the roasted aroma and flavor. Also, roasting can help reduce moisture content in 

C.asiatica leaves before air drying. (Ayumi Eguchi and Shouhei Eguchi) As the result, the 

sensory test was performed with 15 students in the age of 18-25 years old and 15 target 

consumer in the age of 50-65 years old. In table 3,4, and 5, the liking scores of overall liking, 

green flavor, and green aroma flavor after taste showed significant difference. The highest 

scores for those three attributes went to no roasting but kneading tea. However, the most 

preference among all formulas was roasting and no kneading tea. Also, the amount of 
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antioxidant of roasting and no kneading tea was higher than roasting and kneading tea. 

Therefore, roasting and no kneading tea was picked up to determine the formation of tea. The 

purpose of roasting tea is for improving flavor of tea by marking green flavor. Also, roasting 

technique helps destroy polyphenol oxidase to stop fermentation and reduce moisture of tea. 

(Agnieszka Kosinska, 2014). The purpose of kneading or rolling is for breaking cells and 

letting compounds inside tea leaves spreading through all tea leaves. Withering is for letting 

water come out from tea. The oxidation of polyphenol oxidase is reacted and produced more 

flavor and aroma. (Micheal J. Coffey, 2013) The purpose of drying is for reducing moisture 

content and prolongs its shelflife. (Haslam, 2003) 

Yield Percentage 
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Figure 14 Yield Reduction for Making Dried C.asiatica tea leaves 

From figure 14, the yield reduction showed that there were only 18.36% left from making 

dried tea leaves. The yield percentage was reduced by de-stemming, roasting, kneading, 

withering, and drying. These tea leaves need to remove stem because stem produces very 

strong of grassy aroma and flavor which make consumer do not like it. Also, the color of tea 

will tum to more yellow instead of green color. 
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Formation of consuming C.asiatica tea and its properties 

Table 8 Sensory attributes and liking score of C.asiatica tea 

Samples Overall liking Color Green Aroma05 Roast Aroma05 

Tea Bag 7.l±l.2a 7.2±1.4a 6.4±1 .5a 6.4±1.5a 
Matcha latte 5.3±1.7b 6.0±l.8b 6.4±1.6a 6.2±1.5a 

Matcha 5.1±2.0b 6.0±l.7b 6.0±2.la 6.1±2.2a 
Powder 

Table 9 Sensory attributes and liking score of C.asiatica tea 

Sam les Sweetness Bitterness Green Flavor Roast Flavor 
Tea Bag 6.8±1.5a 6.7±1.3a 6.4±1.3a 6.3±1.4a 

Matcha latte 5.1±2.1 b 4.6±1.9b 5.5±1.8b 5.3±1.7b 
Mate ha 5.0±2.5b 4.3±2.5b 5.2±2.0b 5.3±1.9b 
Powder 

Table 10 Sensory attributes and liking score of C.asiatica tea 

Samples Green Aftertaste Astringent 
TeaBag 6.2±1.8a 6.2±1.6a 

Matcha latte 4.7±2.0b 5.2±1.8b 

Matcha 4.4±2.3b 4.5±2.0b 
Powder 

The following figures are example of C.asiatica tea in different forms except in Matcha latte 

form 

Figure 15 Casiatica tea in Matcha powder fonn Figure I 6 C. asiatica tea in tea bags 
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Table 11 Amount of antioxidant for each form of tea 

Sample 

Tea Bag 

Matcha latte 

Matcha Powder 

FRAP 
(mmol Fe2+/mg dried 

weight) 
1.86 ± 0.146 

6.80 ± 0.43a 

2.89 ± 0.91b 

TPC 
(µg GAE/mg dried 

weight) 
46.94 ± 2.43 6 

218.59 ± 5o.8r 

68.50 ± 3.40b 

DPPH 
(% reduction) 

0.16±0.0la 

0.08 ± o.oob 

0.04 ± o.02c 

From table 7, 8, and 9, it showed that there were significant differences among all attributes 

except green and roast aroma liking scores. According to the results, tea bag got the highest 

liking scores in every attribute and also it got the most preference. For matcha latte and 

matcha powder tea, they had low liking scores because C.asiatica tea leaves were grinded 

into small particle size at 200 mesh or 74 microns. The powder was not small enough to 

dissolve in water. (David Michaud, 2014) The appropriated particle size of matcha should be 

500 mesh and above or 24 microns so that it needed to reduce size into suitable size for 

matcha powder. (Hirofumi Tachibana, 2011) Once the particle size of matcha powder could 

not dissolve in the water, consumers did not like the texture because it was sandy and feel 

irritated in the throat instead of feeling moisten. So, tea bag was picked to determine which 

types of fruit that can go along with. For the amount of antioxidant in table 10, tea bag got the 

lowest amount of antioxidant due to the size of tea leaves but the was no significant 

difference between tea bag and matcha powder tea in FRAP and total phenolic compounds 

assays. (Banthawan Turapra, 2017) To improve the preference score of matcha powder and 

matcha latte, stone miller is the best grinder for making matcha. Stone miller generates less 

heat which will not destroy antioxidant compounds in the C.asiatica tea leaves. So, matcha 

that grinded by stone miller will be classified as high quality of tea and contains high 

antioxidant compounds. (Mizuba, 2018) If matcha powder can be improved to finer particles, 

it might be the most preference form of consumption tea because it has good taste and aroma. 

Also, it contains very high of antioxidant compounds. 
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Objective 2: To study effect of proper brewing time and temp on 

antioxidant activity and consumer acceptance 

Temperature and time for brewing C.asiatica tea 

Table 12 Sensory attributes and liking score of C.asiatica tea 

80 2 7.0 ±0.9 6.9 ±1.2 6.8 ±1.0 6.6 ±1.0 

80 3 6.9 ±1.2 7.0±1.1 7.0±1.1 6.8 ±1.3 

80 4 6.8±1.2 6.9±1.3 6.6±1.3 6.9±1.2 

80 5 6.6 ±1.4 6.8 ±1.1 6.6 ±1.1 6.3 ±1.2 

85 2 6.7 ±1.3 6.7 ±1.4 6.7±1.1 6.6 ±1.2 

85 3 6.4 ±1.0 7.0 ±1.1 6.9 ±1.0 6.9 ±0.9 

85 4 6.5 ±1.1 7.0 ±1.0 6.6 ±1.1 6.3 ±1.0 

85 5 6.7±1.1 7.0 ±1.3 6.9 ±1.2 6.6 ±1.0 

90 2 6.4±1.2 8.8 ±13.3 6.1 ±1.4 5.8 ±1.3 

90 3 6.6 ±1.0 6.8 ±1.2 6.4±1.1 6.5 ±0.8 

90 4 6.8 ±1.0 7.0 ±1.0 6.9±1.1 6.7 ±0.8 

90 5 2.4±1.1 6.7 ±1.0 6.7 ±1.0 6.6 ±0.8 

TabJe 13 Sensory attributes and liking score of C.asiatica tea 

80 2 6.9±1.1 7.1±0.6 6.9±1.0 7.2±0.8 

80 3 7.3±1.2 6.8±1.2 7.3±0.84 7.0±0.8 

80 4 6.4±1.1 6.4±1.0 6.6±1.3 6.6±1.4 

80 5 6.2±1.4 6.3±1.4 6.0±1.7 6.5±1 .5 

85 2 6.4±1.4 6.4±1.3 6.9±1.5 6.9±1.5 

85 3 6.6±4.0 6.6±1.0 6.3±1.3 6.8±1.3 

85 4 6.6±1.3 6.66.5±1.1 6.56.5±1.3 6.5±1.4 

85 5 6.6±1.1 6.8±1.1 6.8±1.0 6.7±1.0 

90 2 6.0±1.3 6.1±1.0 6.2±1.2 6.5±1.0 
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90 3 6.5±1.2 6.4±1.4 6.5±1.1 6.7±1.0 

90 4 6.5±1.1 6.6±1.3 6.6±1.2 6.9±1.2 

90 5 6.7±1.1 6.7±0.8 6.6±1.0 6.6±1.0 

Table 14 Sensory attributes and liking score of C.asiatica tea 

Temperature Time 
Green Aftertaste ns Astringent ns 

(°C) (minute) 

80 2 7.0±0.9 7.2±0.9 

80 3 7.3±0.6 7.3±0.9 

80 4 6.6±1.2 6.8±1.4 

80 5 6.5±1.5 6.7±1.5 

85 2 6.6±1.4 6.7±1.5 

85 3 6.8±1.1 7.0±1.1 

85 4 6.5±1.4 6.5±1.3 

85 5 6.8±0.9 6.8±0.9 

90 2 6.9±0.9 6.8±1.0 

90 3 7.1±0.8 7.0±0.7 

90 4 6.8±1.0 6.9±1.0 

90 5 6.6±1.2 7.7±4.2 
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Figure 17 Example of determination of temperature and time for brewing tea 

Table 15 The relationship between temperature and time of brewing tea 

Source DF Type I SS Mean Square F Value Pr>F 

Temp 2 0.39795000 0.19897500 0.25 0.7822 

Time 3 6.69074167 2.23024722 2.78 0.0648 

Temp*Time 6 0.14998333 0.02499722 0.03 0.9998 

Rep 2 6.71280000 3.35640000 4.19 0.0287 
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Table 16 The relationship between temperature and time of brewing tea 

Source DF Type ill SS Mean Square F Value Pr>F 

Temp 2 0.39795000 0.19897500 0.25 0.7822 

Time 3 6.69074167 2.23024722 2.78 0.0648 

Temp*Time 6 0.14998333 0.02499722 0.03 0.9998 

Rep 2 6.71280000 3.35640000 4.19 0.0287 

Table 17 Amount of antioxidant for temperature and time of brewing tea 

Temperature FRAP ns TPC ns DPPHns 

(OC) 
Time (minute) 

mmol Fe2
+ µg/ml µg/ml 

80 2 1.4±0.98 1.4±0.9 0.1±0.0 

80 3 1.0±0.3 1.0±0.3 0.2±0.0 

80 4 1.3±0.2 1.3±0.2 0.2±0.1 

80 5 2.2±2.3 2.2±2.3 0.6±0.1 

85 2 1.5±0.3 1.5±0.3 0.4±2.5 

85 3 1.3±0.4 1.3±0.3 0.15±0.0 

85 4 1.6±0.3 1.6±0.3 0.2±0.0 

85 5 2.5±1.8 2.5±1.8 1.8±0.5 

90 2 1.2±1.1 1.2±1.1 0.3±0.1 

90 3 1.1±0.2 1.1±0.2 2.6±1.9 

90 4 1.6±0.6 1.6±0.6 0.8±0.4 

90 5 2.2±0.6 2.2±0.6 0.5±0.2 

According to table 11, 12 and 13, it was the result of sensory test about temperature and time 

for brewing tea. The result showed that there was no significant difference (p>0.05) among 

temperature and time. Also, there was no significant difference in amount of antioxidant in 

the table 14. Therefore, at temperature 80-85°C and time at 2-5 minutes for brewing tea 

would not affect the amount of antioxidant, taste, aroma, and flavor of tea. As the result, 

temperature at 80°C and time at 5 minutes were chosen to brewing tea in further process 
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because it used less energy and suitable time for getting highest flavor of tea. From the 

previous research, the average temperature and time for brewing commercial tea bag is 80°C 

for 3 minutes. However, the result of commercial tea bag compared with tea bag that used in 

the experiment showed that there was the same. Brewing for 5 minutes can extract more 

amount of antioxidant and the intensity of tea. (Lelia Nikniaz, 2016) 

Objective 3: To develop herbal tea product from Centella asiatica and goji 

berry (Lycium barbarum) 

a. To study proper dried fruit that best paired with Centella asiatica tea 

Table 18 Sensory attributes and liking score of fruits with C.asiatica tea 

Sample Overall liking ns Color ns 
Green Roast Aroma Fruit Aroma ns 

Aroma ns ns 

Cranberry 7.03 ± 1.12 6.83 ± 1.58 7.23 ± 1.41 6.57 ± 1.55 6.33 ± 1.65 

Golji 
7.53 ± 1.36 7.27± 1.39 7.23 ± 1.14 6.78 ± 1.25 6.03 ± 1.30 

berry 

Table 19 Sensory attributes and liking score of fruits with C.asiatica tea 

Sample Green Flavor Aftertaste ns Astringent ns 

Cranberry 6.27 ± 1.95 6.53 ± 20.03 

Golji berry 6.63 ± 1.38 6.83 ± 1.66 

Table 20 Sensory attributes and liking score of fruits with C.asiatica tea 

Sample FRAP TPC ns DPPH 
(mmol Fe2+/mg dried (µg GAE/mg dried (% reduction) 

weight) weight) 

Cranberry 1.92 ± l.09a 29.89 ± 8.76 0.08 ± o.ooa 

Golji berry 0.08 ± 0.06b 29.89 ± 5.90 0.01 ± o.oob 
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From the table 15, 16, and 17, it showed that there was only bitterness of tea that was 

significant different (p < 0.05). According to the result, the most preference went to Golji 

berry tea. The consumers said that it had mild sweet, less bitterness, and less green aroma. 

They said that it can be consumed much easier than pure C.asitatica tea. From the previous 

researches, golji berry itself has many benefits. It is classified as high antioxidant and fiber 

food. It has benefits like a cross between cranberries and cherries. Additionally, it helps 

promote healthy skin because it loads with beta-carotene and it acts like a natural skin cancer 

treatment. (Dr. Axe, 2014) Once golji berry was mixed with C.asiatica tea, it helps increasing 

antioxidant content of each other. It is neuroprotective effect due to antioxidant enzyme level. 

(Ponnusamy, 2010) 

b. To optimize ratio of Centella asiatica and goji berry (Lycium 

barbarum) for herbal tea and to conduct acceptance test of the 

herbal tea product from Centella asiatica and goji berry (Lycium 

barbarum) 

Ratio of Goji Berry and C.asiatica tea 

Table 21 Sensory attributes and liking score of Goji berry with C.asiatica tea 

Sample 
Fruit Flavor Sweetness Astringent 

(C.asiatica:Golji berry) 

1:1 5.2 ± 1.3b 5.5 ± 1.8b 6.3 ± 0.9b 

1:1.5 4.8 ± 2.1 b 6.5±1.43 6.7 ± l.5ab 

1:2 6.9± 0.93 7.1 ±l.43 7.1±1.03 

Table 22 Sensory attributes and liking score of Goji berry with C.asiatica tea 

Sample 
Overall liking Color Green Aroma 

(C.asiatica:Golji berry) 

1:1 6.1±1.2b 5.9 ± 1.2b 6.1±1.lb 

1 :1.5 6.5±1.lb 6.8 ± 1.53 6.8 ± 1.33 

1:2 7.8 ± 0.93 7.0±1.1 3 7.1±1.33 
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Table 23 Amount of antioxidant of the ratio of Goji Berry and C.asiatica tea 

Sample FRAP TPC ns 
DPPH (mmol Fe2+/mg dried (µg GAE/mg dried 

( C. asiatica: Golji berry) weight) weight) (% reduction) 

1:1 1.86 ± 0.14b 46.94 ± 2.43b 0.16±0.0la 

1:1.5 2.89 ± 0.9lb 68.50 ± 3.40b 0.04 ± 0.02c 

1:2 6.80 ± 0.43a 278.59 ± 50.87a 0.08 ± o.oob 

Figure 18 Characteristics of different ratio of dried goji berry and tea 

The differences in ratio of goji berry and C.asiatica were determined in the ratio of 1: 1, 1: 1.5, 

and 1 :2. The result in table 19 and 20 showed that the most preference tea was goji berry and 

C.asiatica tea at the ratio at 1 :2. There were significant different in all attributes (p<0.05). 

The overall liking score of tea at ratio 1 :2 was the highest score. Also, it had the highest in 

amount of antioxidant in three assays. The result of this study showed that the more goji 

berry was added, the higher antioxidant content was increased. Since it was the most 

preference among consumers and high amount of antioxidants. Therefore, it is effective 
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herbal tea from C.asiatica leaves. Since goji berry has vitamin A helps in reduce the risk of 

neurodegenerative decline. (Dr.Axe, 2014) While C.asiatica tea has Acetylcholinesterase 

inhibitors (AChEis) which helps enhance memory and mental disorder. (Anchalee 

Chuthaputti, et al, 2017) Once goji berry and C.asiatica are combined, the amount of 

antioxidant is multiplied to three times of original C.asiatica tea. 
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CONCLUSION 

C.asiatica tea with goji berry was developed to be functional herbal tea which improved for 

the elderly people. People in the age of 50-65 is the target of this product. Only C.asiatica tea 

can help to promote skin and improve memory and intelligence. But C.asiatica tea mixes 

with goji berry can enhance its amount of antioxidant content. The most preference method 

for making tea for elderly people is roasting but no kneading tea which has higher antioxidant 

content than roasting and kneading method. As the result, the formation that will be 

acceptable by consumers is tea bag. Tea bag is the most preference score because of its 

texture and taste. It is convenient and easy for consuming. Also, Thai people are familiar to 

tea bag. The temperature and time for brewing tea do not affect the amount of antioxidant 

much so that brewing at temperature 80°C and time at 5 minutes is the most appropriate 

method for getting the most effective tea. At 80°C and 5 minutes for brewing tea can save 

energy and less time consuming. The fruit that can go along well with C.asiatica tea is goji 

berry. Goji berry enhances the taste and sweetness of C.asiatica tea. It makes tea can be 

consumed easier and mark green aroma and flavor of tea. The ratio of goji berry and 

C.asiatica that consumers prefer is 1 :2. Because of its fruit flavor, sweetness, and color are 

satisfied consumers. Plus, the amount of antioxidant in goji berry tea is very high amount of 

antioxidant comparing to without goji berry. Thus, the most effective for elderly people in the 

age of 50-65 years old in term of health skin, eyes sight, and neuro system is goji berry and 

C.asiatica tea bag in the ratio of 1 :2. 
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APPENDIX 

SAS Program version 9.4 

1. Formulation of C.asiatica tea 

Code 

Title 'Randomized Complete Block'; 

DataRCB; 

Input block treatment OL Color GA RA GF RF Sweet Bitter GAF Astringent@@; 
datalines; 

1 861 6 8 8 4 5 6 6 6 5 6 

ods rtf; 
proc anova data=RCBD; 

class block treatment; 
model OL Color GA 

means treatment/lsd; 
run; 
ods rtf close; 

RA GF 

1 247 5 8 8 6 5 6 6 6 5 6 1 459 6 8 8 6 5 6 6 6 5 6 6 6 6 

RF Sweet Bitter GAF Astringent=block treatment; 
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2. Formation of C.asiatica tea 

Code 

Title 'Randomized Complete Block'; 
DataRCB; 
Input block treatment OL Color GA RA GF RF Sweet Bitter GAF Astringent@@; 
datalines; 

1 732 7 9 8 8 
2 732 7 7 8 9 

30 732 4 5 5 5 

ods rtf; 
proc anova data=RCBD; 

class block treatment; 
model OL Color GA 

means treatment/lsd; 
run; 
ods rtf close; 

7 7 8 
7 7 8 
4 3 1 

RA 

5 7 6 1 164 7 9 7 8 
5 7 6 2 164 8 8 8 8 
1 2 2 30 164 8 7 8 8 

GF RF Sweet Bitter GAF 

3. Temperature and time for brewing C.asiatica tea 

data Anti_ temp_ time; 
input Temp$ Time$ Rep TPC FRAP DPPH; 
cards; 

80 2 112.26 0.65 0.10 
90 5 3 39.86 2.82 0.54 

proc giro data= Anti_temp_time; 
class Temp Time Rep; 
model TPC=TemplTimeRep; 
means TemplTime; 

8 8 8 7 8 7 1 590 6 5 6 5 4 4 3 2 1 1 
8 8 8 8 8 7 2 590 6 5 6 6 5 5 7 7 5 8 
8 8 7 8 7 8 30 590 5 6 7 7 6 4 6 6 6 6 

Astringent=block treatment; 
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means TemplTime/Duncan; 
ods rtf; 
proc glm data= Anti_temp_time; 
class Temp Time Rep; 
model FRAP=TemplTime Rep; 
means TemplTime; 
means TemplTime/Duncan; 
ods rtf; 
proc glm data= Anti_temp_time; 
class Temp Time Rep; 
model DPPH=TemplTime Rep; 
means TemplTime; 
means TemplTime/Duncan; 
ods rtf; 
run; 
ods rtf close; 

4. Ratio of Goji berry and C.asiatica tea 

Title 'Randomized Complete Block'; 
DataRCB; 
Input block treatment OL Color GA FR Astringent@@; 
datalines; 

1 800 6 9 8 5 
30 800 5 7 6 6 

ods rtf; 
proc anova data=RCBD; 

class block treatment; 

6 8 321 8 
6 7 30 321 9 

8 9 
9 9 

model OL Color GA FR Astringent =block treatment; 
means treatment/lsd; 
run; 
ods rtf close; 

7 8 9 1 144 6 7 7 6 4 5 
9 9 9 30 144 5 5 4 3 5 7 
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SAS results 

The ANOV A Procedure 

Sensory Test 

1. Formulation for making C.asiatica tea leaves 

Overall liking score of C.asiatica tea 

14 18.2733922 1.3052423 

Color score of C.asiatica tea 

7 

3 0.82500000 0.27500000 

Green aroma score of C.asiatica tea 

14 17.9648998 1.2832071 

Roast aroma score of C.asiatica tea 

3 4.3000000 1.4333333 
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1

'.~~~~'.t~!I! 
7.00 <.0001 

1.77 0.0419 

0.15 0.9309 

1.63 0.0700 

1.60 0.1941 



Green flavor score of C.asiatica tea 

3 0.6666667 0.2222222 0.14 0.9381 

Roast flavor score of C.asiatica tea 

3 0.3000000 0.1000000 0.09 0.9627 

Sweetness score of C.asiatica tea 

3 0.5666667 0.1888889 0.18 0.9065 

Bitterness score of C.asiatica tea 

3 0.4250000 0.1416667 0.11 0.9564 

Green aftertaste score of C.asiatica tea 

14 31.2002569 2.2285898 2.87 0.0004 
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Astringent score of C.asiatica tea 

3 2.2666667 0.7555556 0.95 0.4204 

2. Formation of consuming C.asiatica tea 

Overall liking core among three formations of C.asiatica tea 

2.95 0.0002 

2 72.4666667 36.2333333 21.85 <.0001 

Color score among three formations of C.asiatica tea 

2 28.80000000 14.40000000 5.62 0.0059 

Green aroma score among three formations of C.asiatica tea 

2 3.2000000 1.6000000 0.71 0.4944 
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Roast aroma score among three formations of C.asiatica tea 

2 1.3555556 0.6777778 0.33 0.7206 

Green flavor score among three formations of C.asiatica tea 

2 25.4888889 12.7444444 5.84 0.0049 

Roast flavor score among three formations of C.asiatica tea 

2 21.3555556 10.6777778 5.02 0.0097 

Sweetness score among three formations of C.asiatica tea 

2 64.0222222 32.0111111 12.96 <.0001 

Bitterness score among three formations of C.asiatica tea 

2 101.4222222 50.7111111 19.62 <.0001 
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Green aftertaste score among three formations of C.asiatica tea 

2 54.4222222 27.2111111 11.1 0 <. 0001 

Astringent score among three formations of C.asiatica tea 

~;~~fl-'f'I• . 
5.5846743 

2 40.2888889 20.1444444 

3. Temperature and time for brewing C.asiatica tea 

Overall liking score of C.asiatica tea bag 

2 72.4666667 36.2333333 

Color score of C.asiatica tea bag 

2 28.80000000 14.40000000 

Green aroma score of C.asiatica tea bag 

,,'~1~e0¢4''~;·~··'·'· 

134.2666667 4.6298851 

2 3.2000000 1.6000000 
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2.51 0.0014 

9.05 0.0004 

21.85 <.0001 

5.62 0.0059 

2.06 0.0095 

0.71 0.4944 



Roast aroma score of C.asiatica tea bag 

2 1.3555556 0.6777778 0.33 0.7206 

Green flavor score of C.asiatica tea bag 

2.19 0.0056 

2 25.4888889 12.7444444 5.84 0.0049 

Roast flavor score of C.asiatica tea bag 

2 21.3555556 10.6777778 5.02 0.0097 

Sweetness score of C.asiatica tea bag 

2 64.0222222 32.0111111 12.96 <.0001 

Bitterness score of C.asiatica tea bag 

2 101.4222222 50.7111111 19.62 <.0001 
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Green aftertaste of C.asiatica tea bag 

2 54.4222222 27.2111111 

Astringent score of C.asiatica tea bag 

2 40.2888889 20.1444444 

4. Types of fruit that match with C.asiatica tea 

Overall liking score of two fruits and C.asiatica tea 

10.3505800 

6 140.6714286 23.4452381 

Color score of two fruits and C.asiatica tea 

6 4912.152381 818.692063 

Green aroma score of two fruits and C.asiatica tea 

6 34.9380952 5.8230159 
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11.10 <.0001 

9.05 0.0004 

!})I'~· 
0.49 0.9196 

1.11 0.3690 

0.58 0.7447 

0.68 0.7758 

0.24 0.9592 



Roast aroma score of two fruits and C.asiatica tea 

6 211873.0095 35312.1683 0.76 0.6013 

Green flavor score of two fruits and C.asiatica tea 

Pi:>~:-
0.8907 

6 162.3261905 27.0543651 1.11 0.3704 

Roast flavor score of two fruits and C.asiatica tea 

0.8126 

6 11259.23810 1876.53968 1.60 0.1675 

Sweetness score of two fruits and C.asiatica tea 

6 146.2666667 24.3777778 0.83 0.5492 

Bitterness score of two fruits and C.asiatica tea 

6 302118.3881 50353.0647 1.12 0.3669 
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Green aftertaste score of two fruits and C.asiatica tea 

:::;pj~'i 
-J, ;·,, , ;=-·>o&Afk:(''., 

0.5870 

6 118.4380952 19.7396825 0.73 0.6249 

Astringent score of two fruits and C.asiatica tea 

6 6054.08333 1009.01389 0.82 0.5613 

5. Ratio of goji berry and C.asiatica tea 

Overall liking score of three different ratio of goji berry and C.asiatica tea 

2 50.86666667 25.43333333 19.12 <.0001 

Color score of three different ratio of goji berry and C.asiatica tea 

2 18.86666667 9.43333333 6.63 0.0025 

Green aroma score of three different ratio of goji berry and C.asiatica tea 

2 18.15555556 9.07777778 5.10 0.0091 
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Fruit aroma score of three different ratio of goji berry and C.asiatica tea 

2 71.35555556 35.67777778 15.68 <.0001 

Sweetness score of three different ratio of goji berry and C.asiatica tea 

,., 'v ' 

. '·'.:l'i§9P~_,tF:: . 
1.67662835 0.63 0.9114 

2 37.75555556 18.87777778 7.10 0.0017 

Astringent score of three different ratio of goji berry and C.asiatica tea 

2 11.35555556 5.67777778 3.80 0.0281 

Antioxidant Properties 

1. Formulation of C.asiatica tea 

DPPH radical scavenging activity 

3 0.00075892 0.00025297 5.10 0.0435 
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Ferric reducing (FRAB) antioxidant power . 

3 0.00527667 

Total Phenolic Compounds 

3 0.01714225 

2. Formation for consuming C.asiatica tea 

DPPH radical scavenging activity 

0.00175889 

0.00571408 

Ferric reducing (FRAB) antioxidant power 

Total Phenolic Compounds 
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3.98 0.0707 

3.20 0.1047 

<.0001 



3. Temperature and time for brewing C.asiatica tea 

DPPH radical scavenging activity 

3 2.04010000 0.68003333 

6 20.09040000 3.34840000 

2 0.30020556 0.15010278 

Ferric reducing (FRAB) antioxidant power 

3 6.69074167 2.23024722 

6 0.14998333 0.02499722 

2 6.71280000 3.35640000 

Total Phenolic Compounds 

3 4002 .14 773 1334.04924 

6 9463 .18125 1577.19688 

2 14852.18801 7426.09400 
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0.74 0.5370 

3.67 0.0112 

0.16 0.8495 

2.78 0.0648 

0.03 0.9998 

4.19 0.0287 

1.23 0.3224 

1.45 0.2394 

6.85 0.0049 



4. Types of fruit that match with C.asiatica tea 

DPPH radical scavenging activity 

Ferric reducing (FRAB) antioxidant power 

Total Phenolic Compounds 

5. Ratio of goji berry and C.asiatica tea 

DPPH radical scavenging activity 

Ferric reducing (FRAB) antioxidant power 

Total Phenolic Compounds 
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