
PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

ii 

   

 

 

CHARACTERIZATION AND OPTIMIZATION OF BIOACTIVE COMPOUNDS 

EXTRACTED FROM HERBAL PLANTS USING MICROWAVE ASSISTED 

INFUSION 

NOR SHAFAWATI BINTI MOHD SHAFIE 

A thesis submitted in 

fulfillment of the requirement for the award of the 

Master of Science 

Faculty of Applied Sciences and Technology 

Universiti Tun Hussein Onn Malaysia 

FEBRUARI 2020 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

iii 

 

   

 

 

Verily, with every hardship comes ease. (94:6) 

 

  



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

iv 

 

   

 

 

ACKNOWLEDGEMENT 

In the name of Allah s.w.t, The Most Gracious and The Most Merciful. 

Alhamdullilah, all praise to Allah, because of Him that always give me strength and 

patience to complete my work. Also, thank you Allah for all His guidance, prosperity, 

opportunity, and forgiveness that motivate me to move on, by seeking His only one 

straight and true path of eternal happiness. 

May Allah give His blessings to my supervisor, Dr. Faridah binti Kormin 

and I would like to express my greatest appreciation for the beneficial guidance, 

invaluable advice, inspiring ideas, patience and confidence throughout this study.  

May Allah gives His blessings towards my mother Ropitah Mohd Pakiri, and 

my father Mohd Shafie Osman, for all their supports and understandings. They are 

my motivation to go to the university and keep studying until completion. I also pray 

wellness to my brothers and sisters who always cheer me up and hope me to complete 

Masters successfully. 

 I would also like to extend my sincere thanks to the following person(s): Nur 

Amalina Ismail for her concern, guidance, and encouragement. Encik Ishak Ayub 

for help, support and access to the laboratory facilities. All of my UTHM colleagues 

(Mohammad Sohail, Ihsan Ghazali and Sameera) for their friendship and help, 

supports and also for sharing their experience with me.  

  



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

v 

 

   

 

 

ABSTRACT 

Phytochemicals study of herbal plants have received increased attention due to the 

biological benefits to human health, especially on oxidative stress related disease.  

Recently, microwave oven is favourable in extracting herbal plant phytochemicals due 

to the effectiveness in extracting the bioactive compounds.  In this study, optimization 

of microwave assisted infusion (MAI) parameters based on selected herbal plants 

activities from conventional infusion was carried out. The parameters investigated 

were microwave power, brewing time and irradiation time.  In conventional infusion, 

phytochemical content, antioxidant and antiacetylcholinesterase activities of six herbal 

plants of Andrographis paniculata, Clinacanthus nutans, Morinda citrifolia, Piper 

sarmentosum, Strobilanthes crispus and Vernonia amygdalina were evaluated. P. 

sarmentosum infusion showed antiacetylcholinesterase activity of 39.66% that was the 

highest among six medicinal plants. P. sarmentosum infusion also showed highest total 

phenolic content (TPC) and ferric reducing antioxidant power (FRAP) reducing 

activity at 245.64 mg GAE/L and 359.95 mg Fe2+/L, respectively. A. paniculata 

infusion showed total flavonoid content (TFC) of 41.71 mg RE/L, whereas S. crispus 

infusion showed highest 2,2’-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 

(ABTS) antioxidant activity with 59.92 mg AEAC/L.  While C. nutans infusion 

showed 2,2-diphenyl-1-picrylhydrazyl (DPPH) inhibition activity of 64.09%.  P. 

sarmentosum was chosen in MAI as this plant showed good activities in TPC, FRAP 

and AChE assay.  The optimal conditions were 560 W, 495 sec of brewing time and 

240 sec of irradiation time.  Under optimal condition, the maximum recovery were 

TPC (141.48 ± 3.78 mg GAE/L), TFC (31.62 ± 0.45 mg RE/L), FRAP (327.7 ± 8.20 

mg Fe2+/L), DPPH and AChE inhibition (30.87 ± 0.27 %; 45.65 ± 0.69 %).  From gas 

chromatography mass spectrometry (GC-MS) and Fourier transform infrared (FTIR) 

results, chemical compound of diethyl phthalate was identified in the MAI of P 

sarmentosum formulation. The finding of this study can be considered as the baseline 

study in exploring the use of microwave to aid in plant infusion preparation. 
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ABSTRAK 

Kajian fitokimia tumbuhan herba mendapat perhatian ekoran faedah biologi terhadap 

kesihatan manusia, terutamanya penyakit berkaitan tekanan oksidatif.  Ketuhar 

gelombang mikro lebih digemari dalam pengesktrakan fitokimia tumbuhan herba 

kerana keberkesanannya dalam mengeluarkan sebatian bioaktif. Pengoptimuman 

parameter bagi ekstrak infusi berbantukan ketuhar gelombang mikro (MAI) tumbuhan 

terpilih telah dijalankan berdasarkan dapatan aktiviti infusi konvensional.  Parameter 

dikaji adalah kuasa gelombang mikro, tempoh renehan dan tempoh radiasi.  Dalam 

infusi konvensional, kandungan fitokimia, aktiviti antioksida dan perencatan 

asetilkolinesterase enam pokok herba iaitu Andrographis paniculata, Clinacanthus 

nutans, Morinda citrifolia, Piper sarmentosum, Strobilanthes crispus dan Vernonia 

amygdalina telah dikaji.  Aktiviti perencatan anti asetilkolinesterase infusi P. 

sarmentosum tinggi berbanding tumbuhan herba lain dengan nilai perencatan 

sebanyak 39.66 %.  P. sarmentosum menunjukkan jumlah kandungan fenolik (TPC) 

dan penyahwarnaan antioksida (FRAP) tertinggi dengan 245.64 mg GAE/L dan 

359.95 mg Fe2+/L.  A. paniculata menunjukkan kandungan flavonoid (TFC) tertinggi 

pada 41.71 mg RE/L, S. crispus menunjukkan aktiviti penyahwarnaan antioksida 2,2- 

Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) tertinggi dengan nilai 59.92 

mg AEAC/L. C. nutans menunjukkan perencatan 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) sebanyak 64.09 %. P. sarmentosum dipilih dalam MAI kerana menunjukkan 

kadar aktiviti tertinggi TPC, FRAP dan AChE.  Parameter optimum MAI adalah 560 

W, 495 saat renehan dan 240 saat masa radiasi.  Pada kadar optimum ini, hasil 

maksimum adalah TPC (141.48 ± 3.78 mg GAE/L), TFC (31.62 ± 0.45 mg RE/L), 

FRAP (327.7 ± 8.20 mg Fe2+/L), perencatan DPPH dan AChE (30.87 ± 0.27 %; 45.65 

± 0.69 %).  Berdasarkan gas kromatografi spektrometer jisim (GC-MS) dan Fourier 

pengubah inframerah (FTIR), sebatian kimia dietil phthalate telah dikenalpasti 

terkandung dalam MAI P. sarmentosum. Hasil kajian ini boleh dijadikan asas dalam 

kajian lanjut  pengekstrakan infusi tumbuhan berbantukan ketuhar gelombang mikro.  
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CHAPTER 1  
 

 

 

 

INTRODUCTION 

1.1 Background of study 

The extraction technique is one of the key factors in the isolation of phytochemicals 

from plants (Ghasemzadeh et al., 2014).  The extracted biometabolites from plants are 

largely dependent on the extraction techniques and conditions.  Extraction types can 

be distinguished into 2 main groups that are conventional extraction and advanced 

extraction. The conventional extraction techniques include maceration, hydro 

distillation, steam distillation, infusion, decoction, shaking, reflux extraction and 

Soxhlet extraction (Zhao et al., 2013).  The advanced extraction techniques include 

microwave-assisted extraction, microwave-assisted infusion, supercritical fluid 

extraction, pressurized liquid extraction, solid phase extraction, solid phase 

microextraction and ultrasonic extraction (Chan et al., 2011).  Conventional extraction 

techniques involved simple and easy application.  The drawbacks in conventional 

extraction techniques are longer extraction time and larger solvent consumption that 

may costly for research purpose.  The use of advanced extraction techniques may solve 

the drawbacks of conventional extraction techniques.  The advanced extraction 

techniques require shorter extraction time with low solvent consumption as compared 

to conventional extraction techniques. 

 Conventional infusion extraction technique involved soaking of plant material 

in the solvent, usually boiled water for a specific time.  This conventional infusion 

technique is frequently used in the herbal tea preparation process.  Infusion techniques 

are applied since hundreds of years ago globally in China, Taiwan (Lin et al., 2013), 

Brazil (Amoah et al., 2015), Europe (Guimarães et al., 2013) and other Asia countries.  
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Many research had shown significant results of infusion extract with anti-

inflammatory activity and antimicrobial activities due to the presence of 

phytochemical constituents in the herbal plants. 

Microwave oven utilization in the extraction technique has been used since the 

last decade due to environment-friendly and green approach especially in polyphenol 

recovering process (Dragović-Uzelac et al., 2012; Panja, 2017).  Microwave-assisted 

extraction (MAE) involved utilization of microwave energy to move sample matrix 

analytes into the solvent (Dai & Mumper, 2010).  The advantages of MAE are lower 

in cost and in energy consumption with reduced extraction time and solvent volume 

with higher quantity and quality of extract. Moreover, MAE may minimize the carbon 

dioxide emission into the atmosphere when compared to hydrodistillation (Benmoussa 

et al., 2018).  In order to assist and provide more convenient and efficient MAE, some 

modifications were usually made to suit the research purpose.  Microwave-assisted 

infusion (MAI) uses the combination of conventional extraction techniques of infusion 

with microwave.  Herbal plants were known to benefit in health and currently most 

people extract the herbal plants in infusion form. 

Antioxidants are dietary plant secondary metabolites that able to neutralize free 

radicals caused by oxidative stress either by scavenging, reducing or quenching the 

activities.  Some of the antioxidants reported in herbal plants are phenolic compounds, 

flavonoids, carotenoids, benzoic acids and derivatives, coumarins, proanthocyanidins 

stilbenes and lignins (Lusia et al., 2015).  The oxidative stress in human may lead to 

neurodegenerative, cancer, cardiovascular disease, diabetes, asthma, atherosclerosis 

and rhinitis as human cell oxidative damage occurs due to excessive production of free 

radicals and reactive oxygen and nitrogen species (RONS) (Li et al., 2013).  

Antioxidant protective roles to combat RONS have triggered the interest in 

antioxidants based dietary intake to enhance antioxidant body defense as well as to 

prevent against oxidative stress-induced disease.   

Phytochemicals are chemical compounds in plants that act as plant secondary 

metabolites.  The largest phytochemical group, that is phenolics composed of more 

than one aromatic rings with hydroxyl groups attached to it.  These phenolic 

compounds were the major contributor to plant antioxidant activities.  Apart from 

possessing antioxidant properties against oxidative stress, phenolics also attribute in 

plant colours as well as protecting against ultraviolet light, plant pathogens and 

parasites (Dai & Mumper, 2010; Mustapa et al., 2015).  The largest phenolic groups, 
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that are flavonoids comprise up to four thousand plant phenolics (John et al., 2014) 

benefit in biological activities such as antimicrobial, antiulcer, anticancer, antidiabetic 

and protein kinase inhibition (Atangwho et al., 2013). The polyphenolic functional 

groups presented in flavonoids enable them to act as antioxidant scavenger towards 

free radicals of superoxide and hydroxyl radicals. 

There are two types of cholinesterase presented in human bodies that are 

acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) (Talesa, 2001).  

AChE can be found in nervous tissue, muscles, plasma and blood cell and functions in 

cell proliferation, differentiation and amyloid formation (Talesa, 2001).  The main 

function of AChE is to hydrolyse neurotransmitter acetylcholine (ACh) at the 

cholinergic synapses. However, the functions of BuChE still remain unclear and is said 

to mimic AChE.  Apart from contributes to Parkinson disease (PD), dementia and heart 

disease, excess hydrolyses of ACh by AChE could lead to neurodegenerative disease 

of Alzheimer’s disease (AD).  Potential acetylcholinesterase inhibitors (AChEI) 

derived from plants were often studied as several AChEI plant-based compounds had 

been proven to improve in AD treatment. 
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1.2 Problem statement  

Medicinal plants have been used traditionally in treating the disease from hundreds of 

years back due to richness of plant secondary metabolites properties. Moreover, some 

of the chemical compounds presented in the medicinal plants had been synthetically 

developed for medication purpose.  About 80 % of the world populations, mainly 

Europe and Asia have high dependency on traditional medicine practices with 85 % of 

the traditional medicine comes from plant extracts in aqueous form for their primary 

healthcare (Ghasemzadeh, Jaafar, & Rahmat, 2015; Mckay & Blumberg, 2006).  

Nowadays, most of the population in developing countries still committed to using 

medicinal plants for healthcare purposes (Okhuarobo et al., 2014).  Malaysia has great 

biodiversity of its flora and fauna which give great opportunities to discover its 

medicinal plants potential to be used in daily healthcare. 

Microwave oven had gained great attention these days as an important 

household item as it is easy, convenient and require shorter food preparation time.  

Over the years, the increasing demands of processed food had led to the innovation in 

microwave manufacturing.  Most of the microwave nowadays comes with selections 

of cooking programmes depending on menus the consumers wish to have.  However, 

the programme selection was found to be lack of herbal infusion preparation.  With 

the increasing interest among the community in having herbal infusion drink, it is 

beneficial to study the optimum conditions to extract the phytoconstituents of the 

herbal infusion with the aid of microwave.  Moreover, studies on antioxidant in 

Camellia sinensis (green tea) revealed that the use of microwave may extract higher 

antioxidant value compared with conventional infusion techniques (Vuong et al., 

2012). 

Lack of cholinergic transmission or “cholinergic hypothesis” is one of the 

neuropathological features of AD (Choi et al., 2014).  Degradation of the 

neurotransmitter acetylcholine by hydrolysis with acetylcholinesterase enzyme may 

trigger AD.  Finding new acetylcholinesterase inhibitor will be a therapeutic approach 

in dealing with AD.  Synthetic AChE inhibitors such as donepezil, tacrine, and 

rivastigmine help in cognitive dysfunction and memory loss that related to AD, 

however some side effects of gastrointestinal disturbances were reported later 

(Mukherjee et al., 2007b).  The alkaloidal compound of galanthamine that is isolated 

from plants of Amaryllidacea had become AChE inhibitors standard and is used in AD 
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treatment (Heinrich & Teoh, 2004).  This finding becomes a key factor in discovering 

more AChE inhibitor derived from medicinal plants.  Thus, discovering new potential 

of AChE inhibitor with minimal side effects will be beneficial in AD treatment. 

To the best of my literature review, very little information is available 

regarding the antioxidant and acetylcholinesterase activities of conventional infusion 

of the selected plants species.  Usually, microwave-assisted extraction is reported in 

context to certain parameters like types of solvents, microwave power, solvent to solid 

ratio and irradiation time, but there are very few reports on microwave-assisted 

infusion (MAI) of herbal plants.  This study aimed to investigate the effect of  

microwave parameters by optimizing  microwave power, brewing time and irradiation 

time on the antioxidant and anti-acetylcholinesterase activities of microwave - assisted 

infusion (MAI) of selected plant that are not yet reported in literature. 

1.3 Objectives of the study 

The objectives of this present study are: 

i. To evaluate the phytochemical contents, antioxidant and enzymatic 

activities of plants by using the conventional infusion method. 

ii. To characterize the phytochemical constituents and functional groups 

presented in the plants that were used in the microwave-assisted infusion 

technique.  

iii. To optimize microwave parameter in terms of microwave power, brewing 

time and irradiation time on phytochemical activities, antioxidant activities 

and acetylcholinesterase inhibition activity of selected plants from the 

conventional infusion results. 

iv. To compare the phytochemical activities in conventional infusion and 

microwave-assisted infusion. 
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1.4 Scope of study 

The present research was carried out to optimize the microwave-assisted infusion of 

medicinal plants.  In this context, the scope of this study includes the following:  

i. 6 medicinal plants, Andrographis paniculata, Clinacanthus nutans, Morinda 

citrifolia, Strobilanthes crispus, Piper sarmentosum, and Vernonia amygdalina 

were subjected for the preliminary screening of conventional infusion. 

ii. The total phenolic content and total flavonoid content were determined by 

using Folin-Ciocalteu and aluminium chloride colorimetric methods, 

respectively. 

iii. The antioxidant activity was determined via DPPH, ABTS and FRAP assays. 

iv. The antiacetylcholinesterase activity was carried out via Ellman’s method. 

v. The central composite design was used for the optimization of microwave-

assisted infusion with α=2. 

vi. The optimization of microwave-assisted infusion was carried out at microwave 

power (80-800) W, brewing time (495-1800) sec and irradiation time (60-300) 

sec. 

vii. The compound’s identification was carried out by using gas chromatography-

mass spectrometry (GC-MS) and the presence of functional groups in the 

Microwave-assisted infusion (MAI) was identified by Fourier transform 

infrared spectrophotometer (FTIR). 
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1.5 Significance of study 

Nowadays, the microwave oven had been used extensively as household items that 

function to improve food preparation time.  Most of current conventional microwave 

was occupied with selection of dishes cooking styles.  However, selection for infusion 

preparation by using microwave oven seems to be neglected.  Herbal plants are well 

known for the health benefits due to richness of antioxidants and anti-inflammatory 

properties.  With increasing interest among community on using herbal plants as herbal 

drinks for its beneficial health properties, the use of microwave oven to maximise the 

extracted phytoconstituents from the herbal plants is a great idea.  Apart from that, the 

contribution of microwave-assisted extraction parameter in improving the herbal 

plants infusion quality in the optimization process were also evaluated. 
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CHAPTER 2  
 

 

 

 

LITERATURE REVIEW 

2.1 Medicinal plants extractions 

Medicinal plants are plants that have medicinal properties that benefit consumers. 

Medicinal plants were used for thousands of years either to cure or to reduce the illness 

symptoms.  World Health Organization (WHO) reported the used of medicinal plants 

are still relevant globally.  Moreover, more than 70% of communities in developing 

countries still practice traditional medicine as their primary care (Cvetkovic & Rami, 

2013).  Research showed medicinal plants possess plant secondary metabolites that act 

as active substances that promote biological activity.  Studies on antioxidant activity 

between medicinal plants, fruits and vegetables suggested some medicinal plants 

promote higher antioxidant values as compared to few fruits and vegetables (Li et al., 

2013).  This finding had promotes the intake of medicinal plants as great source of 

antioxidant sources to aid in body defense mechanism. 

 Determination of bioactive compounds in a plant sample largely dependent on 

extraction techniques.  The basic purpose of extraction is to transfer possible soluble 

plant metabolites (alkaloids, glycosides, phenolics, terpenoids, and flavonoids) into 

the solvent that act as the carrier before being used in experimental studies (Azwanida, 

2015; Chan et al., 2017).  They are two types of extraction techniques: i) conventional 

extraction techniques and ii) advanced extraction techniques.  The conventional 

extractions techniques are maceration, infusion, decoction, vortex, shaking and 

Soxhlet are commonly used in small research setting (Azwanida, 2015).  These 

extraction techniques used the principle of soaking the plant material in a solvent for 

selected time in order to transfer the bioactive materials of the plants into the solvent. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

97 

 

 

REFERENCES 

Adam, A. Z., Lee, S. Y., & Mohamed, R. (2017). Pharmacological properties of 

agarwood tea derived from Aquilaria (Thymelaeaceae) leaves: An emerging 

contemporary herbal drink. Journal of Herbal Medicine. 

https://doi.org/10.1016/j.hermed.2017.06.002 

Adewusi, E. A., Moodley, N., & Steenkamp, V. (2011). Antioxidant and 

acetylcholinesterase inhibitory activity of selected southern African medicinal 

plants. South African Journal of Botany, 77, 638–644. 

https://doi.org/10.1016/j.sajb.2010.12.009 

Adewusi, E. A., & Steenkamp, V. (2011). In vitro screening for acetylcholinesterase 

inhibition and antioxidant activity of medicinal plants from southern Africa. 

Asian Pacific Journal of Tropical Medicine, 4(10), 829–835. 

https://doi.org/10.1016/S1995-7645(11)60203-4 

Adewusi, E. A., & Steenkamp, V. (2015). Medicinal plants and their derivatives with 

amyloid beta inhibitory activity as potential targets for drug discovery. Asian 

Pacific Journal of Tropical Disease, 5(6), 430–440. 

https://doi.org/10.1016/S2222-1808(15)60810-6 

Adsersen, A., Gauguin, B., Gudiksen, L., & Jager, A. K. (2006). Screening of plants 

used in Danish folk medicine to treat memory dysfunction for 

acetylcholinesterase inhibitory activity. Journal of Ethnopharmacology, 104, 

418–422. https://doi.org/10.1016/j.jep.2005.09.032 

Ahmad, A. N., Mat Daud, Z. ’A., & Ismail, A. (2016). Review on potential therapeutic 

effect of Morinda citrifolia L. Current Opinion in Food Science, 8, 62–67. 

https://doi.org/10.1016/j.cofs.2016.03.002 

Ahmed, T., & Gilani, A. H. (2009). Inhibitory effect of curcuminoids on 

acetylcholinesterase activity and attenuation of scopolamine-induced amnesia 

may explain medicinal use of turmeric in Alzheimer’s disease. Pharmacology, 

Biochemistry and Behavior, 91, 554–559. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

98 

 

 

https://doi.org/10.1016/j.pbb.2008.09.010 

Akowuah, G. A., Ismail, Z., Norhayati, I., & Sadikun, A. (2005). The effects of 

different extraction solvents of varying polarities on polyphenols of Orthosiphon 

stamineus and evaluation of the free radical-scavenging activity. Food Chemistry, 

93, 311–317. https://doi.org/10.1016/j.foodchem.2004.09.028 

Aksuner, N., Henden, E., Aker, Z., Engin, E., & Satik, S. (2012). Determination of 

essential and non-essential elements in various tea leaves and tea infusions 

consumed in Turkey. Food Additives & Contaminants: Part B, 5(2), 126–132. 

https://doi.org/10.1080/19393210.2012.675592 

Alara, O. R., Abdurahman, N. H., & Olalere, O. A. (2017). Optimization of 

microwave-assisted extraction of flavonoids and antioxidants from Vernonia 

amygdalina leaf using response surface methodology. Food and Bioproducts 

Processing, 107, 36–48. https://doi.org/10.1016/j.fbp.2017.10.007 

Alarcon, E., Campos, A. M., Edwards, A. M., Lissi, E., & Lopez-Alarcon, C. (2008). 

Antioxidant capacity of herbal infusions and tea extracts: A comparison of 

ORAC-fluorescein and ORAC-pyrogallol red methodologies. Food Chemistry, 

107, 1114–1119. https://doi.org/10.1016/j.foodchem.2007.09.035 

Almajano, M. P., Carbo, R., Jimenez, A. L., & Gordon, M. H. (2008). Antioxidant and 

antimicrobial activities of tea infusions. Food Chemistry, 108, 55–63. 

https://doi.org/10.1016/j.foodchem.2007.10.040 

Alzheimer’s Association. (2015). 2015 Alzheimer’s disease facts and figures. 

Alzheimer’s and Dementia, 11, 332–384. 

https://doi.org/10.1016/j.jalz.2015.02.003 

Amessis-Ouchemoukh, N., Madani, K., Falé, P. L. V., Serralheiro, M. L., & Araújo, 

M. E. M. (2014). Antioxidant capacity and phenolic contents of some 

Mediterranean medicinal plants and their potential role in the inhibition of 

cyclooxygenase-1 and acetylcholinesterase activities. Industrial Crops and 

Products, 53, 6–15. https://doi.org/10.1016/j.indcrop.2013.12.008 

Amoah, S. K. S., Kouloura, E., Dutra, L. M., Barison, A., Wildner, L. M., Bazzo, M. 

L., … Biavatti, M. W. (2015). Phytochemical analysis of the hot tea infusion of 

Hedyosmum brasiliense. Phytochemistry Letters, 13, 267–274. 

https://doi.org/10.1016/j.phytol.2015.07.013 

Aslam, M. S., Mamat, A. S., & Ahmad, M. S. (2016). Phytochemical evaluation of 

polyherbal formulation of Clinacanthus nutans and Elephantopus scaber to 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

99 

 

 

identify flavonoids. Pharmacognosy Journal, 8(6), 534–541. 

https://doi.org/10.5530/pj.2016.6.4 

Assi, R. A., Darwis, Y., Abdulbaqi, I. M., Khan, A. A., Vuanghao, L., & Laghari, M. 

H. (2015). Morinda citrifolia (Noni): A comprehensive review on its industrial 

uses, pharmacological activities, and clinical trials. Arabian Journal of 

Chemistry. https://doi.org/10.1016/j.arabjc.2015.06.018 

Atangwho, I. J., Egbung, G. E., Ahmad, M., Yam, M. F., & Asmawi, M. Z. (2013). 

Antioxidant versus anti-diabetic properties of leaves from Vernonia amygdalina 

Del. growing in Malaysia. Food Chemistry, 141, 3428–3434. 

https://doi.org/10.1016/j.foodchem.2013.06.047 

Atoui, A., Mansouri, A., Boskou, G., & Kefalas, P. (2005). Tea and herbal infusions: 

Their antioxidant activity and phenolic profile. Food Chemistry, 89, 27–36. 

https://doi.org/10.1016/j.foodchem.2004.01.075 

Azwanida, N. N. (2015). A review on the extraction methods use in medicinal plants, 

principle, strength and limitation. Medical & Aromatic Plants, 4(3), 1–6. 

https://doi.org/10.4172/2167-0412.1000196 

Benmoussa, H., Elfalleh, W., He, S., Romdhane, M., Benhamou, A., & Chawech, R. 

(2018). Microwave hydrodiffusion and gravity for rapid extraction of essential 

oil from Tunisian cumin (Cuminum cyminum L.) seeds: Optimization by 

response surface methodology. Industrial Crops & Products, 124, 633–642. 

https://doi.org/10.1016/j.indcrop.2018.08.036 

Benzie, I. F. F., & Strain, J. J. (1996). The ferric reducing ability of plasma ( FRAP ) 

as a measure of ‘“antioxidant power”’: The FRAP assay. Analytical 

Biochemistry, 239, 70–76. https://doi.org/10.1006/abio.1996.0292 

Bhadra, S., Dalai, M. K., Chanda, J., & Mukherjee, P. K. (2015). Evaluation of 

Bioactive Compounds as Acetylcholinesterase Inhibitors from Medicinal Plants. 

In Evidence-Based Validation of Herbal Medicine. https://doi.org/10.1016/B978-

0-12-800874-4.00013-1 

Bhuyan, D. J., Vuong, Q. V., Chalmers, A. C., Altena, I. A., Bowyer, M. C., & Scarlett, 

C. J. (2015). Microwave-assisted extraction of Eucalyptus robusta leaf for the 

optimal yield of total phenolic compounds. Industrial Crops and Products, 69. 

https://doi.org/10.1016/j.indcrop.2015.02.044 

Caleja, C., Barros, L., Prieto, M. A., Barreiro, M. F., Oliveira, M. B. P. P., & Ferreira, 

I. C. F. R. (2017). Extraction of rosmarinic acid from Melissa officinalis L. by 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

100 

 

 

heat-, microwave- and ultrasound-assisted extraction techniques: A comparative 

study through response surface analysis. Separation and Purification 

Technology, 186, 297–308. https://doi.org/10.1016/j.seppur.2017.06.029 

Cavalaglio, G., Gelosia, M., Ingles, D., Pompili, E., Antonio, S. D., & Cotana, F. 

(2016). Response surface methodology for the optimization of cellulosic ethanol 

production from Phragmites australis through pre-saccharification and 

simultaneous saccharification and fermentation. Industrial Crops & Products. 

https://doi.org/10.1016/j.indcrop.2015.12.089 

Chan, C. H., See, T. Y., Yusoff, R., Ngoh, G. C., & Kow, K. W. (2016). Extraction of 

bioactives from Orthosiphon stamineus using microwave and ultrasound-assisted 

techniques: Process optimization and scale up. Food Chemistry. 

https://doi.org/10.1016/j.foodchem.2016.11.016 

Chan, C. H., See, T. Y., Yusoff, R., Ngoh, G. C., & Kow, K. W. (2017). Extraction of 

bioactives from Orthosiphon stamineus using microwave and ultrasound-assisted 

techniques: Process optimization and scale up. Food Chemistry, 221, 1382–1387. 

https://doi.org/10.1016/j.foodchem.2016.11.016 

Chan, C. H., Yusoff, R., & Ngoh, G. C. (2013). Modeling and prediction of extraction 

profile for microwave-assisted extraction based on absorbed microwave energy. 

Food Chemistry, 140, 147–153. https://doi.org/10.1016/j.foodchem.2013.02.057 

Chan, C., Yusoff, R., Ngoh, G., & Kung, F. W. (2011). Microwave-assisted extractions 

of active ingredients from plants. Journal of Chromatography A, 1218, 6213–

6225. https://doi.org/10.1016/j.chroma.2011.07.040 

Cheng, W. M., Raghavan, G. S. V., Ngadi, M., & Wang, N. (2006). Microwave power 

control strategies on the drying process I . Development and evaluation of new 

microwave drying system. Journal of Food Engineering, 76, 188–194. 

https://doi.org/10.1016/j.jfoodeng.2005.05.006 

Choi, J. S., Islam, M. N., Ali, M. Y., Kim, E. J., Kim, Y. M., & Jung, H. A. (2014). 

Effects of C-glycosylation on anti-diabetic, anti-Alzheimer’s disease and anti-

inflammatory potential of apigenin. Food and Chemical Toxicology, 64, 27–33. 

https://doi.org/10.1016/j.fct.2013.11.020 

Cittan, M., Altunta, E., & Çelik, A. (2018). Evaluation of antioxidant capacities and 

phenolic profiles in Tilia cordata fruit extracts: A comparative study to determine 

the efficiency of traditional hot water infusion method. Industrial Crops & 

Products, 122, 553–558. https://doi.org/10.1016/j.indcrop.2018.06.044 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

101 

 

 

Cvetkovic, D., & Rami, M. (2013). Screening of changes in content of health benefit 

compounds , antioxidant activity and microbiological status of medicinal plants 

during the production of herbal filter tea. 50, 338–345. 

https://doi.org/10.1016/j.indcrop.2013.08.005 

Dahmoune, F., Nayak, B., Moussi, K., Remini, H., & Madani, K. (2015). Optimization 

of microwave-assisted extraction of polyphenols from Myrtus communis L. 

leaves. Food Chemistry, 166, 585–595. 

https://doi.org/10.1016/j.foodchem.2014.06.066 

Dai, J., & Mumper, R. J. (2010). Plant phenolics: Extraction, analysis and their 

antioxidant and anticancer properties. Molecules, 15, 7313–7352. 

https://doi.org/10.3390/molecules15107313 

Daneshvand, B., Ara, K. M., & Raofie, F. (2012). Comparison of supercritical fluid 

extraction and ultrasound-assisted extraction of fatty acids from quince (Cydonia 

oblonga Miller) seed using response surface methodology and central composite 

design. Journal of Chromatography A, 1252, 1–7. 

https://doi.org/10.1016/j.chroma.2012.06.063 

Dragović-Uzelac, V., Garofulić, I. E., Jukić, M., Penić, M., & Dent, M. (2012). The 

influence of microwave-assisted extraction on the isolation of Sage (Salvia 

officinalis L.) polyphenols. Food Technology and Biotechnology, 50(3), 377–

383. 

Egharevba, C., Osayemwenre, E., Imieje, V., Ahomafor, J., Akunyuli, C., Udu-cosi, 

A. A., … Falodun, A. (2014). Significance of bitter leaf (Vernonia amygdalina) 

in tropical diseases and beyond : A review. Malaria Chemotherapy Control & 

Elimination, 3(1), 1–10. https://doi.org/10.4172/2090-2778.1000120 

Falé, P. L., Amaral, F., Madeira, P. J. A., Silva, M. S., Florêncio, M. H., Frazão, F. N., 

& Serralheiro, M. L. M. (2012). Acetylcholinesterase inhibition, antioxidant 

activity and toxicity of Peumus boldus water extracts on HeLa and Caco-2 cell 

lines. Food and Chemical Toxicology, 50, 2656–2662. 

https://doi.org/10.1016/j.fct.2012.04.049 

Falé, P. L., Borges, C., Madeira, P. J. A., Ascensão, L., Araújo, M. E. M., Florencio, 

M. H., & Serralheiro, M. L. M. (2009). Rosmarinic acid , scutellarein 4’-methyl 

ether 7-O-glucuronide and (16S)-coleon E are the main compounds responsible 

for the antiacetylcholinesterase and antioxidant activity in herbal tea of 

Plectranthus barbatus (‘‘falso boldo”). Food Chemistry, 114, 798–805. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

102 

 

 

https://doi.org/10.1016/j.foodchem.2008.10.015 

Fan, P., Terrier, L., Hay, A. M., Marston, A., & Hostettmann, K. (2010). Antioxidant 

and enzyme inhibition activities and chemical profiles of Polygonum 

sachalinensis F.Schmidt ex Maxim (Polygonaceae). Fitoterapia, 81, 124–131. 

https://doi.org/10.1016/j.fitote.2009.08.019 

Ferreira, A., Proenca, C., Serralheiro, M. L. M., & Araujo, M. E. M. (2006). The in 

vitro screening for acetylcholinesterase inhibition and antioxidant activity of 

medicinal plants from Portugal. Journal of Ethnopharmacology, 108, 31–37. 

https://doi.org/10.1016/j.jep.2006.04.010 

Ferreira, S. L. C., Bruns, R. E., Silva, E. G. P. D., Santos, W. N. L. D., Quintella, C. 

M., David, J. M., … Neto, B. B. (2007). Statistical designs and response surface 

techniques for the optimization of chromatographic systems. Journal of 

Chromatography A, 1158, 2–14. https://doi.org/10.1016/j.chroma.2007.03.051 

Ghasemzadeh, A., Jaafar, H. Z. E., Karimi, E., & Rahmat, A. (2014). Optimization of 

ultrasound-assisted extraction of flavonoid compounds and their pharmaceutical 

activity from curry leaf (Murraya koenigii L.) using response surface 

methodology. BMC Complementary and Alternative Medicine, 14(318), 2–10. 

Ghasemzadeh, A., Jaafar, H. Z. E., & Rahmat, A. (2015). Phytochemical constituents 

and biological activities of different extracts of Strobilanthes crispus (L.) Bremek 

leaves grown in different locations of Malaysia. BMC Complementary and 

Alternative Medicine, 15(422), 1–10. https://doi.org/10.1186/s12906-015-0873-3 

Guimarães, R., Barros, L., Duenas, M., Calhelha, R. C., Carvalho, A. M., Santos-

buelga, C., … Ferreira, I. C. F. R. (2013). Infusion and decoction of wild German 

chamomile: Bioactivity and characterization of organic acids and phenolic 

compounds. Food Chemistry, 136, 947–954. 

https://doi.org/10.1016/j.foodchem.2012.09.007 

Hasbal, G., Yilmaz-ozden, T., & Can, A. (2014). Antioxidant and 

antiacetylcholinesterase activities of Sorbus torminalis (L.) Crantz (wild service 

tree) fruits. Journal of Food and Drug Analysis, 1–6. 

https://doi.org/10.1016/j.jfda.2014.06.006 

Hasnat, M. A., Pervin, M., & Lim, B. O. (2013). Acetylcholinesterase inhibition and 

in vitro and in vivo antioxidant activities of Ganoderma lucidum Grown on 

germinated brown rice. Molecules, (18), 6663–6678. 

https://doi.org/10.3390/molecules18066663 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

103 

 

 

Hayat, K., Hussain, S., Abbas, S., Farooq, U., Ding, B., Xia, S., … Xia, W. (2009). 

Optimized microwave-assisted extraction of phenolic acids from citrus mandarin 

peels and evaluation of antioxidant activity in vitro. Separation and Purification 

Technology, 70, 63–70. https://doi.org/10.1016/j.seppur.2009.08.012 

Heinrich, M., & Teoh, H. L. (2004). Galanthamine from snowdrop — the development 

of a modern drug against Alzheimer’s disease from local Caucasian knowledge. 

Journal of Ethnopharmacology, 92, 147–162. 

https://doi.org/10.1016/j.jep.2004.02.012 

Hernandez, M. F., Falé, P. L. V., Araújo, M. E. M., & Serralheiro, M. L. M. (2010). 

Acetylcholinesterase inhibition and antioxidant activity of the water extracts of 

several Hypericum species. Food Chemistry, 120, 1076–1082. 

https://doi.org/10.1016/j.foodchem.2009.11.055 

Ho, C. C., Kumaran, A., & Hwang, L. S. (2009). Bio-assay guided isolation and 

identification of anti-Alzheimer active compounds from the root of Angelica 

sinensis. Food Chemistry, 114, 246–252. 

https://doi.org/10.1016/j.foodchem.2008.09.046 

Ido, A. L., Luna, M. D. G. D., Capareda, S. C., Amado, L., Jr, M., & Nam, H. (2018). 

Application of central composite design in the optimization of lipid yield from 

Scenedesmus obliquus microalgae by ultrasonic-assisted solvent extraction. 

Energy. https://doi.org/10.1016/j.energy.2018.04.171 

Igwe, K. K., Ijeh, I. I., Okafor, P. N., & Anika, S. M. (2015). Phytochemical 

characterization of Vernonia amygdalina Del. ethanolic extract fraction and 

contractile response on isolated uterine tissue in female albino wistar rats. 

International Journal of Scientific Research and Management, 3(11), 3684–3693. 

https://doi.org/10.18535/ijsrm/v3i11. 

Ingkaninan, K., Temkitthawon, P., Chuenchom, K., Yuyaem, T., & Thongnoi, W. 

(2003). Screening for acetylcholinesterase inhibitory activity in plants used in 

Thai traditional rejuvenating and neurotonic remedies. Journal of 

Ethnopharmacology, 89, 261–264. https://doi.org/10.1016/j.jep.2003.08.008 

Jaganyi, D., & Ndlovu, T. (2001). Kinetics of tea infusion. Part 3: the effect of tea bag 

size and shape on the rate of caffeine extraction from Ceylon orange pekoe tea. 

Food Chem, 75, 63–66. 

John, B., Sulaiman, C. T., George, S., & Reddy, V. R. K. (2014). Total phenolics and 

flavonoids in selected medicinal plants from Kerala. International Journal of 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

104 

 

 

Pharmacy and Pharmaceutical Sciences, 6(1), 406–408. 

Kalaiselvan, A., Gokulakrishnan, K., & Anand, T. (2012). Gas chromatography-mass 

spectrum analysis of bioactive components of the ethanol extract of Andrographis 

paniculata. Journal of Pharmaceutical and Biomedical Sciences, 20(15), 1–3. 

Kataliníc, M., Bosak, A., & Kovarik, Z. (2014). Flavonoids as inhibitors of human 

butyrylcholinesterase variants. Food Technology and Biotechnology, 52(1), 64–

67. 

Katalinic, V., Milos, M., Kulisic, T., & Jukic, M. (2006). Screening of 70 medicinal 

plant extracts for antioxidant capacity and total phenols. Food Chemistry, 94, 

550–557. https://doi.org/10.1016/j.foodchem.2004.12.004 

Kaufmann, B., & Christen, P. (2002). Recent extraction techniques for natural 

products: Microwave-assisted extraction and pressurised solvent extraction. 

Phytochemical Analysis, 13, 105–113. 

Khadri, A., Neffati, M., Smiti, S., Fale, P., Lino, A. R. L., Serralheiro, M. L. M., & 

Araujo, M. E. M. (2010). Antioxidant , antiacetylcholinesterase and antimicrobial 

activities of Cymbopogon schoenanthus L . Spreng (lemon grass) from Tunisia. 

LWT- Food Science and Technology, 43, 331–336. 

https://doi.org/10.1016/j.lwt.2009.08.004 

Khan, M., Elhussein, S. A. A., Khan, M. M., & Khan, N. (2012). Anti-

acetylcholinesterase activity of Piper sarmentosum by a continuous immobilized-

enzyme assay. APCBEE Procedia, 2, 199–204. 

https://doi.org/10.1016/j.apcbee.2012.06.035 

Koay, Y. C., Wong, K. C., Osman, H., Eldeen, I. M. S., & Asmawi, M. Z. (2013). 

Chemical constituents and biological activities of Strobilanthes crispus L . 

Records of Natural Products, 7(1), 59–64. 

Kong, K. W., Amin, I., Tan, C. P., & Rajab, N. F. (2010). Optimization of oven drying 

conditions for lycopene content and lipophilic antioxidant capacity in a by-

product of the pink guava puree industry using response surface methodology. 

LWT - Food Science and Technology, 43, 729–735. 

https://doi.org/10.1016/j.lwt.2009.10.011 

Kormin, F., Abdurahman, N. H., Yunus, R. M., & Rivai, M. (2013). Study the heating 

mechanisms of temperature controlled microwave closed system (TCMCS). 

International Journal of Engineering Science and Innovative Technology, 2(5), 

417–429. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

105 

 

 

Kormin, F., Ahmed, I., Yunus, R. M., & Yusof, Z. A. M. (2010). The potential of 

modified microwave extraction system (mmes) to extract bioactive components 

from ferns. International Journal of Engineering & Technology, 10(02), 7–21. 

Kurzawa, M., Filipiak-Szok, A., Kłodzińska, E., & Szłyk, E. (2015). Determination of 

phytochemicals, antioxidant activity and total phenolic content in Andrographis 

paniculata using chromatographic methods. Journal of Chromatography B, 995–

996, 101–106. https://doi.org/10.1016/j.jchromb.2015.05.021 

Li, D., & Jiang, J. (2010). Optimization of the microwave-assisted extraction 

conditions of tea polyphenols from green tea. International Journal of Food 

Sciences and Nutrition, 61(8), 837–845. 

https://doi.org/10.3109/09637486.2010.489508 

Li, S., Li, S. K., Gan, R. Y., Song, F. L., Kuang, L., & Li, H. B. (2013). Antioxidant 

capacities and total phenolic contents of infusions from 223 medicinal plants. 

Industrial Crops and Products, 51, 289–298. 

https://doi.org/10.1016/j.indcrop.2013.09.017 

Liang, X., Tian, J., Li, L., Gao, J., Zhang, Q., Gao, P., & Song, S. (2014). Rapid 

determination of eight bioactive alkaloids in Portulaca oleracea L. by the optimal 

microwave extraction combined with positive-negative conversion multiple 

reaction monitor (+/-MRM) technology. Talanta, 120, 167–172. 

https://doi.org/10.1016/j.talanta.2013.11.067 

Lin, S. D., Udompornmongkol, P., Yang, J. H., Chen, S. Y., & Mau, J. L. (2013). 

Quality and antioxidant property of three types of tea infusions. Journal of Food 

Processing and Preservation, 1–8. https://doi.org/10.1111/jfpp.12099 

Lobbens, E. S. B., Vissing, K. J., Jorgensen, L., Weert, M. V. D., & Jäger, A. K. 

(2017). Screening of plants used in the European traditional medicine to treat 

memory disorders for acetylcholinesterase inhibitory activity and anti 

amyloidogenic activity. Journal of Ethnopharmacology, 200, 66–73. 

https://doi.org/10.1016/j.jep.2017.02.020 

Lusia, B. M., Hasmadi, M., Zaleha, A. Z., & Fadzelly, M. A. B. (2015). Effect of 

different drying methods on phytochemicals and antioxidant properties of 

unfermented and fermented teas from Sabah snake grass (Clinacanthus nutans 

Lind.) leaves. International Food Research Journal, 22(2), 661–670. 

Maisarah, A. M., Amira, N. B., Asmah, R., & Fauziah, O. (2013). Antioxidant analysis 

of different parts of Carica papaya. International Food Research Journal, 20(3), 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

106 

 

 

1043–1048. 

Mayzan, M. Z. H., Stennett, M. C., Hyatt, N. C., & Hand, R. J. (2014). Graphite 

immobilisation in iron phosphate glass composite materials produced by 

microwave and conventional sintering routes. Journal of Nuclear Materials, 

454(1–3), 343–351. https://doi.org/10.1016/j.jnucmat.2014.08.031 

Mckay, D. L., & Blumberg, J. (2006). A review of the bioactivity and potential health 

benefits of peppermint tea (Mentha piperita L). Phytotherapy Research, 20, 619–

633. https://doi.org/10.1002/ptr.1936 

Mohd, T., Belwal, T., Bhatt, I. D., Pande, V., & Nandi, S. K. (2018). Polyphenolics in 

leaves of Paris polyphylla: An important high value Himalayan medicinal herb. 

Industrial Crops & Products, 117, 66–74. 

https://doi.org/10.1016/j.indcrop.2018.02.071 

Moyo, M., Ndhlala, A. R., Finnie, J. F., & Staden, J. V. (2010). Phenolic composition, 

antioxidant and acetylcholinesterase inhibitory activities of Sclerocarya birrea 

and Harpephyllum caffrum (Anacardiaceae) extracts. Food Chemistry, 123, 69–

76. https://doi.org/10.1016/j.foodchem.2010.03.130 

Mukherjee, P. K., Kumar, V., & Houghton, P. J. (2007). Screening of indian medicinal 

plants for acetylcholinesterase inhibitory activity. Phytotherapy Research, 21, 

1142–1145. https://doi.org/10.1002/ptr 

Mukherjee, P. K., Kumar, V., Mal, M., & Houghton, P. J. (2007). Acetylcholinesterase 

inhibitors from plants. Phytomedicine, 14, 289–300. 

https://doi.org/10.1016/j.phymed.2007.02.002 

Mustapa, A. N., Martin, Á., Mato, R. B., & Cocero, M. J. (2015). Extraction of 

phytocompounds from the medicinal plant Clinacanthus nutans Lindau by 

microwave-assisted extraction and supercritical carbon dioxide extraction. 

Industrial Crops and Products, 74, 83–94. 

https://doi.org/10.1016/j.indcrop.2015.04.035 

Nayak, B., Dahmoune, F., Moussi, K., Remini, H., Dairi, S., Aoun, O., & Khodir, M. 

(2015). Comparison of microwave, ultrasound and accelerated-assisted solvent 

extraction for recovery of polyphenols from Citrus sinensis peels. Food 

Chemistry, 187, 507–516. https://doi.org/10.1016/j.foodchem.2015.04.081 

Neagu, E., Paun, G., Albu, C., & Radu, G. L. (2015). Assessment of 

acetylcholinesterase and tyrosinase inhibitory and antioxidant activity of 

Alchemilla vulgaris and Filipendula ulmaria extracts. Journal of the Taiwan 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

107 

 

 

Institute of Chemical Engineers, 52, 1–6. 

https://doi.org/10.1016/j.jtice.2015.01.026 

Neagu, E., Radu, G. L., Albu, C., & Paun, G. (2016). Antioxidant activity, 

acetylcholinesterase and tyrosinase inhibitory potential of Pulmonaria officinalis 

and Centarium umbellatum extracts. Saudi Journal of Biological Sciences. 

https://doi.org/10.1016/j.sjbs.2016.02.016 

Nurraihana, H., & Norfarizan-Hanoon, N. A. (2013). Phytochemistry, pharmacology 

and toxicology properties of Strobilanthes crispus. International Food Research 

Journal, 20(5), 2045–2056. 

Okhuarobo, A., Falodun, J. E., Erharuyi, O., Imieje, V., Falodun, A., & Langer, P. 

(2014). Harnessing the medicinal properties of Andrographis paniculata for 

diseases and beyond: A review of its phytochemistry and pharmacology. Asian 

Pacific Journal of Tropical Disease, 4(3), 213–222. 

https://doi.org/10.1016/S2222-1808(14)60509-0 

Ouattara, N., Meda, R. N. T., Hilou, A., Guenne, S., Konate, K., Coulibaly, A. Y., … 

Nacoulma, O. G. (2013). Anti-acetylcholinesterase and antioxidant activities and 

HPLC- MS analysis of polyphenol from extracts of Nelsonia canescens ( Lam.) 

Spreng . Asian Pacific Journal of Tropical Disease, 3(5), 382–388. 

https://doi.org/10.1016/S2222-1808(13)60088-2 

Ozcan, M. M., Unver, A., Ucar, T., & Arslan, D. (2008). Mineral content of some 

herbs and herbal teas by infusion and decoction by infusion and decoction. Food 

Chemistry, 106, 1120–1127. https://doi.org/10.1016/j.foodchem.2007.07.042 

Pagning, A. L. N., Tamokou, J., Khan, M. L., Ali, M. I., Hameed, A., Ngnokam, D., 

… Ali, M. S. (2015). Antimicrobial, antioxidant and butyrylcholinesterase 

inhibition activities of extracts and isolated compounds from Scadoxus 

pseudocaulus and semi-synthetic farrerol derivatives. South African Journal of 

Botany. https://doi.org/10.1016/j.sajb.2015.06.009 

Pan, X., Niu, G., & Liu, H. (2003). Microwave-assisted extraction of tea polyphenols 

and tea caffeine from green tea leaves. Chemical Engineering and Processing, 

42, 129–133. 

Panja, P. (2017). Green extraction methods of food polyphenols from vegetable 

materials. Current Opinion in Food Science. 

https://doi.org/10.1016/j.cofs.2017.11.012 

Pereira, A. C. S., Wurlitzer, N. J., Dionisio, A. P., Soares, M. L., Bastos, M. S. R., 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

108 

 

 

Alves, R. E., & Brasil, I. M. (2015). Synergistic , additive and antagonistic effects 

of fruit mixtures on total antioxidant capacities and bioactive compounds in 

tropical fruit juices. Archivos Latinoamericanos de Nutricion, 65(119–127). 

Pinela, J., Prieto, M. A., Barreiro, M. F., Carvalho, A. M., Oliveira, M. B. P. P., 

Vazquez, J. A., & Ferreira, I. C. F. R. (2016). Optimization of microwave-assisted 

extraction of hydrophilic and lipophilic antioxidants from a surplus tomato crop 

by response surface methodology. Food and Bioproducts Processing, 98, 283–

298. https://doi.org/10.1016/j.fbp.2016.02.002 

Pisoschi, A. M., & Pop, A. (2015). The role of antioxidants in the chemistry of 

oxidative stress : A review. European Journal of Medicinal Chemistry, 97, 55–

74. https://doi.org/10.1016/j.ejmech.2015.04.040 

Porfírio, S., Falé, L. V. P., Madeira, P. J. A., Florêncio, M. H., Ascensão, L., & 

Serralheiro, M. L. M. (2010). Antiacetylcholinesterase and antioxidant activities 

of Plectranthus barbatus tea , after in vitro gastrointestinal metabolism. Food 

Chemistry, 122, 179–187. https://doi.org/10.1016/j.foodchem.2010.02.044 

Qin, W., Huang, S., Li, C., Chen, S., & Peng, Z. (2010). Biological activity of the 

essential oil from the leaves of Piper sarmentosum Roxb . (Piperaceae) and its 

chemical constituents on Brontispa longissima (Gestro) (Coleoptera : Hispidae). 

Pesticide Biochemistry and Physiology, 96, 132–139. 

https://doi.org/10.1016/j.pestbp.2009.10.006 

Queiroz, M. M. F., Queiroz, E. F., Zeraik, M. L., Marti, G., Favre-Godal, Q., Simoes-

Pires, C., … Wolfender, J. L. (2014). Antifungals and acetylcholinesterase 

inhibitors from the stem bark of Croton heliotropiifolius. Phytochemistry Letters, 

10. https://doi.org/10.1016/j.phytol.2014.08.013 

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. 

(1999). Antioxidant activity applying an improved ABTS radical cation 

decolorization assay. Free Radical Biology & Medicine, 26, 1231–1237. 

Riehle, P., Vollmer, M., & Rohn, S. (2012). Phenolic compounds in Cistus incanus 

herbal infusions — Antioxidant capacity and thermal stability during the brewing 

process. Food Research International, 53, 891–899. 

https://doi.org/10.1016/j.foodres.2012.09.020 

Roy, S., Rao, K., Bhuvaneswari, C., Giri, A., & Mangamoori, L. N. (2010). 

Phytochemical analysis of Andrographis paniculata extract and its antimicrobial 

activity. World J Microbiol Biotechnol, 26, 85–91. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

109 

 

 

https://doi.org/10.1007/s11274-009-0146-8 

Saeio, K., Chaiyana, W., & Okonogi, S. (2011). Antityrosinase and antioxidant 

activities of essential oils of edible Thai plants. Drug Discoveries & Therapeutics, 

5(3), 144–149. https://doi.org/10.5582/ddt.2011.v5.3.144 

Salleh, W. M. N. H. W., Hashim, N. A., Ahmad, F., & Yen, K. H. (2014). 

Anticholinesterase and antityrosinase activities of ten piper species from 

Malaysia. Advanced Pharamaceutical Bulletin, 4(Suppl 2), 527–531. 

https://doi.org/10.5681/apb.2014.078 

Seebaluck-sandoram, R., Lall, N., Fibrich, B., Staden, A. B. V., & Mahomoodally, F. 

(2017). Antibiotic-potentiation, antioxidant, cytotoxic, anti-inflammatory and 

anti-acetylcholinesterase potential of Antidesma madagascariense Lam. 

(Euphorbiaceae) anti-acetylcholinesterase potential of Antidesma 

madagascariense. South African Journal of Botany, 111, 194–201. 

https://doi.org/10.1016/j.sajb.2017.03.034 

Sereshti, H., Izadmanesh, Y., & Samadi, S. (2011). Optimized ultrasonic assisted 

extraction – dispersive liquid – liquid microextraction coupled with gas 

chromatography for determination of essential oil of Oliveria decumbens Vent. 

Journal of Chromatography A, 1218, 4593–4598. 

https://doi.org/10.1016/j.chroma.2011.05.037 

Shalan, N. A. A. M., Mustapha, N. M., & Mohamed, S. (2016). Morinda citrifolia leaf 

enhanced performance by improving angiogenesis, mitochondrial biogenesis, 

antioxidant, anti-inflammatory & stress responses. Food Chemistry, 212, 443–

452. https://doi.org/10.1016/j.foodchem.2016.05.179 

Siah, W. M., Azman, M. A., Jeeven, K., Hayazan, M. D. N., & Tahir, S. M. (2011). 

Effect of infusion conditions on total phenolic content and antioxidant activity in 

Centella asiatica tea. Journal of Tropical Agriculture and Food Science, 39(2), 

149–156. 

Simic, V. M., Rajkovic, K. M., Stojicevic, S. S., Velickovic, D. T., Nikolic, N. C., 

Lazic, M. L., & Karabegovic, I. T. (2016). Optimization of microwave-assisted 

extraction of total polyphenolic compounds from chokeberries by response 

surface methodology and artificial neural network. Separation and Purification 

Technology, 160, 89–97. https://doi.org/10.1016/j.seppur.2016.01.019 

Talesa, V. N. (2001). Acetylcholinesterase in Alzheimer’s disease. Mechanisms of 

Ageing and Development, 122, 1961–1969. https://doi.org/10.1016/S0047-



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

110 

 

 

6374(01)00309-8 

Tekin, K., Akalin, M. K., & Seker, M. G. (2015). Ultrasound bath-assisted extraction 

of essential oils from clove using central composite design. Industrial Crops & 

Products, 77, 954–960. https://doi.org/10.1016/j.indcrop.2015.09.071 

Veggi, P. C., Martinez, J., & Meireles, M. A. A. (2013). Microwave-assisted extraction 

for bioactive compounds: Theory and practice. In New York, Springer. 

https://doi.org/10.1007/978-1-4614-4830-3 

Velioglu, Z., & Urek, R. O. (2015). Optimization of cultural conditions for 

biosurfactant production by Pleurotus djamor in solid state fermentation. Journal 

of Bioscience and Bioengineering, 120(5), 526–531. 

https://doi.org/10.1016/j.jbiosc.2015.03.007 

Vijayalakshmi, R., & Ravindhran, R. (2012). Comparative fingerprint and extraction 

yield of Diospyrus ferrea (willd.) Bakh. root with phenol compounds (gallic acid), 

as determined by uv-vis and ft-ir spectroscopy. Asian Pacific Journal of Tropical 

Biomedicine, 2, S1367–S1371. https://doi.org/10.1016/S2221-1691(12)60418-3 

Vinutha, B., Prashanth, D., Salma, K., Sreeja, S. L., Pratiti, D., Padmaja, R., … 

Deepak, M. (2007). Screening of selected Indian medicinal plants for 

acetylcholinesterase inhibitory activity. Journal of Ethnopharmacology, 109, 

359–363. https://doi.org/10.1016/j.jep.2006.06.014 

Virot, M., Tomao, V., Colnagui, G., Visinoni, F., & Chemat, F. (2007). New 

microwave-integrated Soxhlet extraction. An advantageous tool for the extraction 

of lipids from food products. Journal of Chromatography A, 1174, 138–144. 

https://doi.org/10.1016/j.chroma.2007.09.067 

Vuong, Q. V., Tan, S. P., Stathopoulos, C. E., & Roach, P. D. (2012). Improved 

extraction of green tea components from teabags using the microwave oven. 

Journal of Food Composition and Analysis, 27, 95–101. 

https://doi.org/10.1016/j.jfca.2012.06.001 

Weuve, J., Hebert, L. E., Scherr, P. A., & Evans, D. A. (2014). Deaths in the United 

States among persons with Alzheimer’s disease (2010-2050). Alzheimer’s & 

Dementia, 10, e40–e46. https://doi.org/10.1016/j.jalz.2014.01.004 

Yeo, E. T. Y., Wong, K. W. L., See, M. L., Wong, K. Y., Gan, S. Y., & Chan, E. W. 

L. (2018). Piper sarmentosum Roxb. confers neuroprotection on beta-amyloid 

(Aβ)-induced microglia-mediated neuroinflammation and attenuates tau 

hyperphosphorylation in SH-SY5Y cells. Journal of Ethnopharmacology. 



PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH

111 

 

 

https://doi.org/10.1016/j.jep.2018.02.025 

Yong, Y. K., Tan, J. J., Teh, S. S., Mah, S. H., Ee, G. C. L., Chiong, H. S., & Ahmad, 

Z. (2013). Clinacanthus nutans extracts are antioxidant with antiproliferative 

effect on cultured human cancer cell lines. Evidence-Based Complementary and 

Alternative Medicine, 2013. https://doi.org/10.1155/2013/462751 

Zakaria, Z. A., Patahuddin, H., Mohamad, A. S., Israf, D. A., & Sulaiman, M. R. 

(2010). In vivo anti-nociceptive and anti-inflammatory activities of the aqueous 

extract of the leaves of Piper sarmentosum. Journal of Ethnopharmacology, 128, 

42–48. https://doi.org/10.1016/j.jep.2009.12.021 

Zhao, J., Deng, J. W., Chen, Y. W., & Li, S. P. (2013). Advanced phytochemical 

analysis of herbal tea in China. Journal of Chromatography A, 1313, 2–23. 

https://doi.org/10.1016/j.chroma.2013.07.039 

 

 

  




