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ABSTRACT 

Alzheimer's Disease (AD) is one of the consequences of impaired functioning of acetylcholine which can 

be hydrolyzed by the enzyme acetylcholinesterase. Alzheimer's treatment is carried out using two approaches, 

namely compounds (acetylcholinesterase inhibitors) and noncholinergics (antioxidants). There are 

commercial drugs that can slow the progression of Alzheimer's, but their use can cause excessive side effects. 

The use of herbal plants as a cure for Alzheimer's disease has been proven to be safer and does not cause 

excessive side effects. Herbal plants that can be used and developed are black tea, red betel, curcuma, and 

cinnamon. This study determined that extracts of black tea, red betel leaf, curcuma, and cinnamon's formula 

have the best antioxidant activity and level of inhibition of the acetylcholinesterase enzyme. F1 (cinnamon), 

F5 (cinnamon, black tea, red betel, and curcuma), F6 (cinnamon and black tea), and F11 (cinnamon, black 

tea, and curcuma) were the best formulations in each type of sample based on inhibitory AChE enzymes and 

antioxidants activity. F1 (cinnamon) is the most effective extract out of all formulations analyzed in this study. 
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1. INTRODUCTION 

Alzheimer’s Disease (AD) is a result of 

impaired acetylcholine function. This nerve 

excitation conductor (neurotransmitter) can be 

hydrolysed by the acetylcholinesterase enzyme. 

Acetylcholinesterase (AchE) is an enzyme that 

functions as a catalyst in the breakdown of 

acetylcholine (AChE). In many people with 

dementia, the activity of the 

acetylcholinesterase enzyme is greater, so 

compounds that can inhibit AChE activity can 

be described as a potential anti-dementia drug 

(Safwan et al. 2014). AChE inhibitors are used 

in the treatment of dementia for the cholinergic 

approach. Meanwhile, a non-cholinergic 

approach can be done through the use of 

antioxidants (Surya 2013). Antioxidants are 

compounds that react by eliminating, taking up, 

supressing the formation and suppressing the 

activity of radical species (oxidants) (Nirwana 

& Mutakin 2019). 

Red betel (Piper Crocatum) and cinnamon 

(Cinnamon Burmaii) are plants have the 

potential to be developed as an alternative to 
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Alzheimer’s treatment. The active compound in 

red betel leaf can inhibit the AChE enzyme in 

silico (Syifa 2021). Previous reseach has stated 

that red betel-based functional drinks have 

antioxidant activity (Safithri et al. 2020). In 

addition, there are flavonoid compounds 

(flemiphilippinin B or glabrescione B) and 

tannins (catechins or gallocathecins) in red 

betel extract which are considered to contribute 

to antioxidant activity (Safithri et al. 2016). 

Cinnamon has potential as an alternative 

therapy for Alzheimer’s related to inhibition 

mechanism of acetylcholinesterase enzyme. 

Based on the In Silico method, epicatechin, 

medioresinol, and gamma eudesmol 

compounds in cinnamon extract can inhibit the 

AChE enzyme (Syarafina et al. 2022). 

Black tea (Camellia sinensis) and curcuma 

(Curcuma Xanthorriza) are plants having 

antioxidant properties. The antioxidant activity 

of black tea and curcuma have been proven in 

vitro and in vivo. Several in vitro methods have 

been carried out to test the antioxidant activity 

of black tea extract, including DPPH (2,2-

diphenyl-1-picrylhydrazyl) and FRAP (Ferric 

Reducing Antioxidant Power) (Hajiaghaalipour 

et al. 2016). The antioxidant activity of 

curcuma extract in vitro has been proven by the 

DPPH method (Widyastuti et al. 2020). Several 

parameters observed in the in vivo antioxidant 

activity test of aqueous black tea and curcuma 

extracts were SOD (Superoxide Dismutase) 

activity, GSH-Px (Gluthatione Peroxidase) 

activity, and MDA (Malondialdehyde) levels 

(Lukitaningsih et al. 2020; Sun et al. 2012). 

The combination of the four plants is 

expected to be able to form a positive and 

synergistic interaction between antioxidant 

activity and AChE enzyme inhibitory activity 

so as to increase its potential as an alternative 

ingredient for a combined cholinergic and 

noncholinergic Alzheimer’s treatments. In 

addition, the solvent that is used in material 

extraction is water. The use of water as a 

solvent is due to its relatively cheap price, easy 

to obtain, and relatively safe to use (Novita et 

al. 2016). Water solvents are relatively safer to 

use for the extraction of consumptive materials 

(Agustina 2017). This study is aimed to 

determine the optimal formulation for a mixture 

of black tea, red betel leaf, cinnamon and 

curcuma extracts which have the best 

antioxidant activity and inhibition of the 

acetylcholinesterase enzyme in vitro. 

 

2. METHODOLOGY 

The tools used were glassware, oven, 

blender, sieve, analytical balance, thermometer, 

water bath, desiccator, wood clips, test tube, 

vortex, filter paper, vacuum, funnel, magnetic 

stirrer, UV-VIS spectrophotometer, Mohr 

pipette, micro pipette, dropper, tip. The tool 

used for statistical data processing is a 

computer with Minitab software installed. 

The materials used were distilled water, 

black tea simplicial, red betel leaf, curcuma and 

cinnamon, Folin-Ciocalteu reagent 10%, 

Na2CO3 10%, distilled water, gallic acid, 

methanol, trolox, ascorbic acid, NaOH 1M, 

DPPH 0.4 mM, and an AChE enzyme assay kit. 

 

Extract Preparation 

Materials simplicia are extracted by using 

an infusion method. The solvent used was 

distilled water with a ratio of 1:40 (black tea, 

curcuma and cinnamon) and 1:20 (red betel). 

Extraction was carried out three times. The 

obtained filtrate is stored for further 

formulation and analysis. 

 

Determination of Mixture Formula 

The mixture formula was created by using 

the help of Design Expert 13 software with the 

model used was mixed optimization. The 

determination of each ingredient in the formula 

was carried out using the Simple Lattice Design 

(SLD) method. Simple Lattice Design is an 

optimization method used to determine the 

optimum formula for a mixture of ingredients 

with the proportion of the total amount of 



Curr. Biochem. 2022. 9 (2): 63-72 

65 
 

different ingredients being 1 (100%). The 

materials or factors used in the optimization are 

at least two different materials. Factors in the 

mixture design will determine the design space 

or test area (Hidayat et al. 2020). The models 

produced 25 formulas which are divided into 4 

types of formulas, namely 4 single ingredient 

formulas, 12 two-ingredient mixture formulas, 

4 three-ingredient mixture formulas and 5 four-

ingredient mixture formulas (Table 1). 

 

Acetylcholinesterase (AChE) Enzyme 

Inhibition Test (Abcam: ab138871) 

Sample measurements were carried out 

with three types of solutions, namely sample 

solutions, blank solutions, and negative 

standards. Samples were incubated for 30 

minutes in the dark, then measured 

spectrophotometrically at a wavelength of 408 

nm. The composition of each solution is shown 

in table 2. Standard curve was made by mixing 

dd H2O 50 μL, Ache Seri 50 μL and Acth mix 

50 μL. AChE was made in several 

concentrations, namely, 300, 100, 30, 10, 3, 1 

and 0 mU/mL. then it was incubated for 30 

minutes in the dark, then measured 

spectrophotometrically at a wavelength of 408 

nm. 

 

Antioxidant Activity Testing using DPPH 

Method (Cottica et al. 2011) 

 The antioxidant activity of the sample 

was tested by measuring the inhibition of DPPH 

free radical oxidation. Each sample of 100 µL 

was reacted with 100 µL DPPH 125 µM. Then 

incubated for 30 minutes. After that, the 

absorbance was measured at a wavelength of 

517 nm with nano-spektrofotometri 

(SPECTROstarNano BMG LABTECH). The 

standard used to create the calibration curve is 

trolox. Trolox as standard was used a range of 

concentrations (0, 10, 20, 40, 50, 80, 90, 100 

µM). 

 

Determination of Total Phenolic (Khumaida 

et al. 2019) 

 The total phenol content was 

determined using a microplate reader based on 

the Folin-Ciocalteu method. A total of 20 µL of 

the sample was put into a 96 well microplate. 

Then 120 µL of folin ciocalteu (10%) and 80 

µL of Na2CO3 (10%) solution were added. The 

samples were incubated for 30 minutes in the 

dark at room temperature, then the absorbance 

of all samples was measured using a microplate 

reader at 750 nm (Khumaida et al., 2019). The 

standard used to create the calibration curve 

was the gallic acid standard. Gallic acid was 

used as standard at various concentrations (0, 

50, 75, 100, 150, 200, 225 mg/L). The total 

phenolic content was expressed as mg gallic 

acid equivalent per mL of sample (mg GAE 

mL-1). All samples were analyzed in three 

replicates. 

 

Data Analysis 

 Data analysis was carried out using 

statistical methods to see the effect of samples 

and controls on the power of AChE inhibition 

activity. Statistical analysis was performed with 

Minitab software. The method used was a one-

factorial completely randomized design (CRD), 

namely One-Way ANOVA. Then proceed with 

the Tukey Test if the results show a significant 

difference at the 95% level of significance. The 

p<0.05 value indicates a significant difference. 

The real effect of the treatment is expressed in 

different letter codes. 
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Table 1 Testing Formulations 

Sample 

Number 

Black Tea 

(%) 

Red Betel 

(%) 
Curcuma (%) 

Cinnamon 

(%) 

1 0,00 0,00 0,00 100,00 

2 0,00 33,33 66,67 0,00 

3 33,33 33,33 33,33 0,00 

4 66,67 0,00 33,33 0,00 

5 12,50 12,50 12,50 62,50 

6 33,33 0,00 0,00 66,67 

7 12,50 62,50 12,50 12,50 

8 0,00 0,00 66,67 33,33 

9 62,50 12,50 12,50 12,50 

10 12,50 12,50 62,50 12,50 

11 33,33 0,00 33,33 33,33 

12 0,00 0,00 33,33 66,67 

13 0,00 33,33 0,00 66,67 

14 33,33 66,67 0,00 0,00 

15 33,33 0,00 66,67 0,00 

16 33,33 33,33 0,00 33,33 

17 100,00 0,00 0,00 0,00 

18 0,00 33,33 33,33 33,33 

19 0,00 66,67 33,33 0,00 

20 66,67 33,33 0,00 0,00 

21 0,00 66,67 0,00 33,33 

22 25,00 25,00 25,00 25,00 

23 0,00 100,00 0,00 0,00 

24 66,67 0,00 0,00 33,33 

25 0,00 0,00 100,00 0,00 

 

 

 

Table 2 Test Solution Composition 

Type dd H2O (μL) 
AChE 100 

U/mL (μL) 

ACTh mix 

(μL) 

Extract 

Sample (μL) 
Buffer (μL) 

Sample - 50 50 50 - 

Control 

Negative 
50 50 50 - - 

Blank 50 - 50 - 50 
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3. RESULT 

AchE Inhibitory Activity 

The results of the analysis showed that all 

samples of the tested formulas appeared to have 

inhibitory abilities ranging from 7.586% to 

60.621% (Figure 1). The highest value was 

showed by by the F1 sample which contained a 

single ingredient of cinnamon. Cinnamon had a 

major effect on the AChE inhibitory activity of 

the formula. This can be seen from the 

inhibition values of samples F6 (cinnamon and 

black tea), F12 (cinnamon and curcuma), and 

F13 (cinnamon and red betel) which have 

higher inhibition values than the single 

ingredients (black tea, curcuma, and red betel). 

 

Antioxidant Activities (DPPH) 

The results of the antioxidant activity 

analysis showed that all samples had different 

antioxidant activities in each formula. A 

significant difference was shown by each 

sample after being tested by ANOVA test 

(p<0.05) and Tukey's follow-up test. The 

antioxidant activity of the sample ranged from 

0.280 to 1.007 µmol TE/mL of the sample 

(Figure 2). The highest value was obtained by 

formula 11 which contains black tea, curcuma, 

and cinnamon. This value is higher than that of 

each individual ingredient, namely black tea 

(F17), red betel (F23), and cinnamon (F1). 

Formula 22 which is a combination of four 

ingredients has an antioxidant activity value of 

0.947 µmol TE/mL. This value is higher than 

the value of the antioxidant activity of each 

ingredient. This shows that the combination of 

ingredients can increase its antioxidant activity. 

 

Total Phenolic Level 

Total phenolic analysis result showed that 

all samples contained phenolic level of various 

concentrations. A significant difference 

displayed by each sample after being tested by 

ANOVA test (p<0.05) and Tukey’s follow up 

test. The phenolic content of the samples ranged 

from 0.066 to 0.677 mg GAE/mL sample 

(Figure 3). The highest value was obtained by 

F24 (black tea and cinnamon), while the lowest 

value was obtained by F25 (curcuma). Based on 

the result of the study, black tea was the 

ingredient that contributed the most to the 

increase in phenolic levels in the formula. This 

can be seen from the phenolic content of F24 

which is higher than the total phenolic content 

of the individual extract samples, namely F1 

(cinnamon) and F17 (black tea). In addition, 

there was an increase in phenolic levels in F4 

and F20 compared to the individual extracts 

(F23 and F25). The increase was caused by an 

increase in the volume of black tea extract 

which contributed to the addition of the amount 

of phenolic in the combined extract. 

 

Sample Optimization 

Optimization was carried out by evaluating 

the formula based on the inhibitory activity of 

the AChE enzyme and antioxidant activity. The 

inhibitory activity of the AChE enzyme was 

used as the main parameter in determining the 

optimum formula. Formula 1 (cinnamon) is the 

best single ingredient formula based on AChE 

enzyme inhibition (60.621%) and antioxidant 

activity (0.902 mol TE/mL) (Figure 4). This 

value is higher than the inhibition value of the 

AChE enzyme in other formulas with single 

ingredients, namely F17 (black tea), F23 (red 

betel), and F25 (curcuma). 

Formula 6 (cinnamon and black tea) is a 

formula with the best two mixtures based on 

AChE enzyme inhibition (54.207%) and 

antioxidant activity (0.918 µmol TE/mL) 

(Figure 4). Formula 11 (cinnamon, black tea, 

and curcuma) is a formula with the best three 

ingredients based on AChE enzyme inhibition 

(42.517%) and antioxidant activity (1.007 µmol 

TE/mL) (Figure 4). Formula 5 (cinnamon, 

black tea, red betel, and curcuma) is a formula 
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with the best four ingredients based on AChE 

enzyme inhibition (44.241%) and antioxidant 

activity (0.849 µmol TE/mL) (Figure 4). 

 

 

 

 

 

 
Figure 1 AchE Inhibition 

 

 
Figure 2 Antioxidant Activities 

 

 
 Figure 3 Phenolic Level 
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Figure 4 AChE Inhibitory Activities, Antioxidant Activities dan Phenolic Levels 

 

 

4. DISCUSSION 

AChE Inhibitory Activity 

Tests on the formulas of the four ingredients 

showed the best results at F5 with an inhibition 

value of 44.241%, although for the single 

compounds cinnamon and black tea showed 

better results than red betel and curcuma. This 

effect is possible because of the interaction 

between the active compounds in the extract. 

This is possibly because there is no synergistic 

effect of the active compounds contained in the 

sample mixture so that the inhibition value is not 

better, because the extract used in this study is 

an impure crude extract and is suspected to 

contain other unidentified compounds that 

interfere with the work of the compound. In 

addition, it is possible that there is an antagonist 

compound in the extract of one of the ingredients 

that inhibits the action of the compound in the 

formula when the concentration is higher (Putri 

et al. 2017). 

Changes in the volume ratio of cinnamon in 

the formula were seen to increase the inhibitory 

activity of the formula. This can be seen from the 

inhibition values of the other four ingredient 

formulas (F7, F9, F10, and F22) that were lower 

than F5 which was dominated by cinnamon. 

This condition may be due to the presence of a 

compound in one of the samples that creates 

antagonism. Antagonism is a state of interfering 

with or inhibiting each other's work or chemicals 

that interfere with other chemicals when given 

together or combined (Darwis et al. 2012) . 

 

Antioxidant Activity 

Antioxidant activity can be influenced by 

phytochemical compounds contained in the 

formula. According to Pulung & Yogaswara 

(2016), polyphenol content can act as DPPH 

radical acceptors. Each ingredient has secondary 

metabolites that have the potential to interact 

with each other when combined. Compounds 

other than the active substance as the main 

component may potentially affect the response 

of antioxidant activity. This difference in 

antioxidant activity is thought to be due to the 

distribution of the number and type of secondary 

metabolite compounds with antioxidant 

properties contained in the test sample 

(Huliselan et al. 2015). 

The combination of phytochemical 

compounds can increase antioxidant activity 

through the regeneration mechanism of inactive 

antioxidant compounds. When antioxidant 

compounds have donated protons to stabilize 

radical compounds, these compounds are no 

longer active as antioxidants. Through a 

combination of phytochemical compounds, the 
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regeneration mechanism of antioxidant 

compounds can occur, even though the 

antioxidant activity of one of the ingredients is 

very low (Aftab & Vieira 2010). 

 

Total Phenolic Level 

Previous research stated that the phenolic 

content of black tea was 367.44 mg GAE/g, 

cinnamon was 121 mg GAE/g, red betel was 

142.56 mg GAE/g, and curcuma was 3.87 mg 

GAE/g (Almulki 2019; Ereifej et al. 2016; 

Prayitno et al. 2018; Suryani et al. 2022). The 

difference in phenolic content with previous 

studies can be caused by the type of solvent. The 

choice of solvent greatly affects the content in 

the plant. Solvents such as methanol and ethanol 

have been widely used for the extraction of 

phenolic from plants compared to using water. 

Total flavonoid, phenolic and antioxidant 

activity of limnophila aromatica extract using 

pure acetone and pure ethanol as solvents were 

higher than those using methanol and water (Do 

et al. 2014). Even so, the use of water is very 

effective because it can be consumed directly by 

the community. 

 

Sample Optimization 

The high inhibitory activity of the AChE 

enzyme in F1 could be caused by the 

phytochemical content in the cinnamon extract 

which can interact with the AChE enzyme and 

have an inhibitory effect. The epicatechin, 

medioresinol, and γ-eudesmol compounds in 

cinnamon extract can inhibit the AChE enzyme 

in Silico (Syarafina et al. 2022). The presence of 

black tea in F6 had a positive effect on the 

antioxidant activity of the formula so that the 

antioxidant activity value of F6 was higher than 

that of F1. This could be due to the presence of 

theaflavin and thearubigin compounds which 

play an important role in the antioxidant activity 

of black tea (Bhuyan et al. 2013). In addition, 

theaflavins and thearubigin have been shown to 

inhibit the AChE enzyme in vivo (Ray & De 

2012). 

The addition of curcuma in the formula had 

a positive effect on antioxidant activity. 

Curcuma has been shown to have antioxidant 

activity. Curcuma extract has an antioxidant 

activity of 5.034 µmol TE/g (Suryani et al. 

2022). The addition of red betel extract had a 

positive effect on the inhibitory activity of the 

AChE enzyme where the inhibition value of the 

F5 AChE enzyme was higher than that of F11 

without red betel. This can be caused by the 

phytochemical content in red betel that is able to 

inhibit the AChE enzyme. The compounds 

copaene, auron, and 1,1'-(6,6'-dihydroxy-5,5'-

dimethoxy-3,3'-biphenyldiyl) di (1-propanone) 

in red betel extract have the ability to inhibit the 

AChE enzyme in silico. In addition, these three 

compounds can interact with CAS or PAS 

residues which play an important role in 

inhibiting the AChE enzyme (Syifa 2021). 

All formulas have varying phenolic content, 

antioxidant activity and AChE enzyme 

inhibitory activity. F1 (cinnamon), F5 

(cinnamon, black tea, red betel, and curcuma), 

F6 (cinnamon and black tea), and F11 

(cinnamon, black tea, and curcuma) were the 

best formulas in each type of formula based on 

inhibitory activity AChE enzymes and 

antioxidants. F1 (cinnamon) is the best formula 

of all formulas analyzed in this study. 
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