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Abstract Polyherbal tea is widely consumed for rejuvenating of health in Thailand. 

Among them are Ya-Tri-Phigut (YTP), Ya-Tri-Kasornmas (YTK), Ya-Plook-Fithat 

(YPF), and Ya-Benjakul (YB). In addition, they have been listed as essential 

medicines with several others in the National List of Essential Medicines, Thailand. 

To ascertain their nutraceutical potentials, aqueous extracts of these herbal 

formulations were screened for their antioxidant activities. Extracts obtained from 

YTP showed higher yield (8.70 %) than YPF (6.40 %), YTK (6.30 %) and YB (6.30 

%) (P <0.05). YTP also showed better antioxidant capacities than other tested 

formulations (P <0.05). Thus, it was used to test for its ability to support yeast 

cell. The extract (YTP) supported the yeast cell growth than the standard used 

called cryptotanshinone. Thus, YTP formulated herbal tonic can serve as a rich 

nutraceutical agent to combat oxidative stress and health related diseases. 
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INTRODUCTION 
 

Traditional medicine such as herbal supplement and condiment has a pivotal 

function in the health care system of both industrialized and developing countries 

(Chanthasri et al., 2018). A recent survey estimated the percentage of herbal 

supplements consumption to be 20% in Europe (Garcia-Alvarez et al., 2014).  

In addition, countries, like Turkey (Soner et al., 2013), Nigeria (Onyeka et al., 2012), 

Thailand (Tangkiatkumjai et al., 2013) and Saudi Arabia (Mohammad et al., 2015) 

showed more than 40% of informants that have used herbal medicine. Herbal beverage 

consumption specifically have been embraced as part of daily menu in some countries 

(Petrovska, 2012). For instance, in India (Amir et al., 2011), Thailand 

(Booranasubkajorn et al., 2017), China (Ji et al., 2016), tonic beverages prepared from 

the addition of two or more medicinal plants (herbal formulations) either as decoctions 

or teas are usually consumed for their health benefits (Halberstein, 2005). Among the 

southeast Asian countries, Thailand is known for its folk medicines especially within the 

southern local community members where polyherbal decoctions are consumed as 

rejuvenating tea tonics (De Guzman and Siemonsma, 1999). Among such formulations 

are Ya-Tri-Phigut, Ya-Tri-Kasornmas, Ya-Plook-Fithat, and Ya-Benjakul which have been 

listed among other herbal formulations as essential medicines in the National List of 

Essential Medicines, Thailand (Chewchinda et al., 2018). However, these herbal 

formulations have not been fully explored scientifically to ascertain their antioxidant 

capacities. 

Toxic substances and free radicals have been known to trigger Oxidative-stress 

related diseases such as cancer, cardiovascular diseases, neurodegenerative disorders, 

and aging (Migliore and Coppedè, 2009; Chanthasri et al., 2018). Meanwhile, aging is 

a multidimensional process that could have negative influence on the functions of 

different physiological systems (Amarya et al., 2015). It is generally associated with 

consistent accumulation of toxins at both cellular and molecular levels (Rizzo et al., 

2014). Different studies have reported the use of murine, fruit flies (Drosophila 

melanogaster), nematodes (Caenorhabditis elegans) and the baker yeast 

(Saccharomyces cerevisiae) for aging models and cell growth studies (Neff et al., 2013; 

Qiao et al., 2019; Heydari et al., 2020; Olmedo et al., 2020). However, unicellular 

eukaryotes such as Saccharomyces cerevisiae is widely preferred because of the 

availability of their full sequenced genetic make-ups, many alternate knockout 

plasmids, insightful DNA replicating process, protein turn over, stress response with 

longevity and cell death mechanisms (Bitterman et al., 2003). Additionally, over 30% 

of the yeast gene have mammalian similarities (Yang et al., 2007). Genes responsible 

for human diseases have their yeast orthologues. Yeast cells are cheap, less time 

consuming and are applicable for non-ethical experimental models (Fruhmann et al., 

2017). 

Since herbal tea have been observed to be rich source of natural antioxidant 

that can slow-down or inhibit the oxidation of biomolecules that are responsible for 

several health damages (Lobo et al., 2010). Therefore, it is expedient to investigate 

Thai herbal formulations; Ya-Tri-Phigut, Ya-Tri-Kasornmas, Ya-Plook-Fithat, and  

Ya-Benjakul for their antioxidant capacities. Hence, this study aimed at examining the 

antioxidant activities of the above herbal formulations. In addition, herbal formulation 

with the best antioxidant potential was selected to study its ability to enhance cell 

growth using Saccharomyces cerevisiae model. 

 
 

MATERIALS AND METHODS 

 
Herbal materials and crude extraction 

Four herbal formulations (Ya-Tri-Phigut, Ya-Tri-Kasornmas, Ya-Plook-Fithat, and 

Ya-Benjakul) listed in the National List of Essential Medicines, Thailand which are used 

as health rejuvenating tonics were selected. The plant components of the formulas were  
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bought from an authorized herbal drug outlet, Triburi Orsot; located in the province of 

Songkhla, Thailand. Identification of the herbal materials was done against reference 

samples of the materia medica at the Traditional Thai Medicine Faculty, Prince of 

Songkla University, Thailand. The plant materials were cleaned with sterile distilled 

water, drying was done at 60°C in the electric oven (Mamaru MR-1214, Mamaru Co., 

Ltd., Bangkok, Thailand) for 72 hr and then grounded. The obtained powdered herbs 

were subjected to sieving (16-mesh sieve size) and weighed. Thereafter, they were 

stored in vacuum-sealed bags at 4 °C until further use. Equal proportions of varying 

types of plant parts were used to formulate the mixtures as described in Table 1. 

Table 1: Herbal components, methods of preparation and extraction yield obtained from water decoction 

of four formulations.

Formulations 
method 

Administration 
Herbal components 
(parts used) 

Amount 
used% 
Extraction 
yield (w/w) 

YB Anaxagorea javanica (root) 
Bauhinia integrifolia (rhizome) 
Pennisetum pedicellatum (root) 
Plumbago rosea (rhizome) 
Zingiber officinale (rhizome) 

20 g each of each herbal 
components were mixed to 
make up the mixture. 

As powder, pill, pellet and 
bolus 800 mg - 1 g should 
be eaten 3 times a day 
after meals. 

6.30±0.40c 

YPF Acorus calamus (rhizome) 
Ardisia polycephala (fruit) 
Citrus hystrix (fruit peel) 
Cyperus rotundus (tuber) 
Foeniculum vulgare (fruit) 
Iresine herbstii (any part)  
Piper longum (fruit)  
Piper nigrum (fruits)  
Piper ribesoides (stem)  
Piper sarmentosum (root) 
Zingiber officinale (rhizome) 

The formula was made by 
mixing equal amount  of 
the powdered herbal 
components as described 
in Ya-Benjakul.    

500 mg - 1.5 g daily 3 
times before meals 
should be taken. 

6.40±0.15b 

YTK Aegle marmelos (unripe fruit) 
Jatropha multifida (back) 
Nelumbo nucifera (pollen) 

Equal proportion as 
described in Ya-Benjakul 

should be taken about
four times each day 
before meal 
and before bed 

6.30±0.11c 

YTP Phyllanthus emblica (fruit) 
Plumbago indica (root) 
Piper nigrum (fruit) 
Piper pendulispicum (stem) 
Piper retrofractum (fruit) 
Piper sarmentosum (root) 
Terminalia bellirica (fruit) 
Terminalia chebula (fruit) 
Zingiber officinale (rhizome) 

Equal proportion of each 
herbal component in 
powdered form was mixed 
to prepare the formula. as 
described in Ya-Benjakul 

250 - 500 mg 3 times a 
day 
before meals 

8.70±0.09a 

Note:  All information were extracted from the National List of Essential Medicine of Thailand except for the extraction yield which were calculated 

using the dry weight of extracts and the dry weight of the samples. Ya-Tri-Phigut (YTP), Ya-Tri-Kasornmas (YTK), Ya-Plook-Fithat (YPF), and 

Ya-Benjakul (YB). Different superscripts in the same column indicate significant differences (P <0.05) (for extraction yield only). 

Herbal mixtures and preparation 
To prepare the extract, 10 g of powdered herbal mixture was placed in a tea bag. 

Thereafter, 180 ml of boiled water at 100 ± 0.00 °C was added and stirred continuously 

for 20 min. The obtained liquid extracts were filtered using a Whatman No. 1 filter 

paper. The obtained extract was allowed to cool at room temperature and then 

lyophilized with a freeze-dryer (CoolSafe 55, ScanLaf A/S, Lynge, Denmark). Extraction 

yield was calculated as detailed by Idowu et al. (2019) Thereafter, each herbal 

formulation were subjected to antioxidant activities. 

Determination of antioxidant activities 

DPPH radical scavenging activity 

The ability of the polyherbal extracts to scavenge DPPH radical was performed as 

detailed by Wong et al. (2014) Two-fold serial dilution of each sample were prepared 

(2500-1.22 µg/ml). In a 96-well plate containing 20 µl of the extracts, 180 µl of (80 
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µM) DPPH solution prepared in 70% ethanol was added. The mixture was kept at a 

steady state at 27 °C in the dark for 30 mins. The color change in DPPH solution was 

measured by absorbance reading at 520 nm. Trolox was used as control with an 

appropriate blank measurement. The percentage scavenging capacity of extracts and 

standard solution against DPPH radical was calculated using the equation: 

 

Scavenging activity (%) = (OD control-OD sample) x 100 

                                   OD control 

 

ABTS radical scavenging activity 

The ability of the aqueous extract of the various polyherbal formulations to 

scavenge ABTS radical was carried out as reported by Wong et al. (2014). Aqueous 

ABTS+ solution was prepared by the addition of 2 mM ABTS and 2.45 mM potassium 

persulfate in equal proportion. The mixture was incubated in dark for 16 hours then it 

was mixed with phosphate buffer saline (PBS) to give an absorbance between 0.68 and 

0.72 at 734 nm. Two hundred microliters of the resultant ABTS+ solution was added to 

the two-fold serially diluted extracts (2500-1.22 µg/ml) in a 96-wells microplate. 

Shortly (6 mins) after the addition, the absorbance was read at 734 nm. The reading 

was taken with Trolox as control and an appropriate blank measurement. The 

percentage scavenging capacity of extracts and standard solution towards ABTS radical 

was calculated from the equation below: 

 

Scavenging activity (%) = (OD control-OD sample) x 100 

                                       OD control 

 

This was further expressed as inhibition concentration (IC50; mg/ml). 

 

Ferric reducing antioxidant power (FRAP) assay 

The ability of the extracts to reduce ferric ion present in ferric-tripyridyl triazine 

(TPTZ) complex to ferrous-TPTZ was estimated as described by Chanthasri et al. 

(2018). The FRAP reagent was prepared by mixing 10 ml of 300 mM acetate buffer, 1 

ml of 10 mM TPTZ solution, and 10 ml of 20 mM ferric chloride solution together. The 

extracts were dissolved in dimethyl sulfoxide (DMSO) to make two-fold serial dilution 

concentrations (2.5-0.001 mg/ml). Prepared FRAP reagent 1.35 ml was added to 150 

µl of the extract and incubated at 37 °C for half an hour in the absence of light. The 

absorbance of the solution was read at 596 nm. The ability of the extract to reduce the 

ferric ion was given as mM of ferrous mg of sample (µM Fe2SO4/mg extract). 

 

Total phenolic content determination (TPC) 

Folin-Ciocalten (FC) technique was applied with slight modification (Abbasi et al. 

2015). In brief, 120 µl (2.5 mg/ml) of each extract was diluted 10-fold and added to 

1000 μl FC reagent. The reaction was set for 5 mins. Sodium carbonate solution (1000 

μl; 20 % w/v) was added to the reaction and kept in the dark at room temperature for 

90 minutes. Absorbance was read at 725 nm. The experiment was performed in 

triplicate with results given as µg of Gallic acid per gram of the samples. 

 

Total flavonoid content determination (TFC) 

Aluminum chloride colorimetric procedure was applied in the quantification of TFC 

of each extract as illustrated by Abbasi et al. (2015) with slight modification. Each 

extract (0.05 ml, 2.5 mg/ml) was added to a combined mixture of 4 ml sterile distilled 

water, 0.3 ml of 5% (w/v) sodium nitrite and 0.3 ml, 10% (w/v) aluminum trichloride. 

The resultant mixture was made to stand for 6 mins at 27 °C, then 1M sodium hydroxide 

(2 ml) was added to stop the reaction. This was made up to 10 ml by the addition of 

sterile distilled water and the absorbance was read at 510 nm after 10 mins. The value 

of TFC was calculated from the standard graph of catechin solution and the results given 

in µg of catechin equivalent per gram of sample. 
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Antioxidant analysis of individual components of selected herbal 

formulation 
The two most potent herbal formulations with higher antioxidant capacities were 

selected for further analysis. The components of those herbal formulation were 

investigated for their individual antioxidant capacities. They were subjected to metal 

chelating activities (MCA) as detailed by Wong et al. (2014). In addition, DPPH radical 

scavenging activity, ABTS, FRAP, TPC and TFC were studied as described in section 2.3.  

 
General growth condition of S. cerevisiae cells 

Cells stored at -80 °C were revived and re-cultured at the start of each 

experiment carried out in this experiment. Yeast cells were cultured using yeast extract 

peptone dextrose (YPD) medium and YPD agar (YPDA). All media were autoclaved at 

100 kPa, 121 °C for 15 minutes before use. The incubating temperature was 30 °C with 

shaking speed of 200 rpm all through the study. The yeast strain used was grown in 7 

ml-sized Bijou bottles with a final culture volume of 1 ml or 96-well flat bottom 

microplate with lid without shaking. The above condition of yeast was applied 

throughout the study as stated by Gietz  and  Schiestl (2007). 

 

Growth effects of medicinal samples on yeast cells 

Herbal extract with the highest antioxidant capacities was selected for cytotoxicity 

study in Saccharomyces cerevisiae cell. The effects of the herbal extracts on the growth 

of yeast were examined according to the method of Powers et al. (2006) with some 

modifications. Briefly, from a frozen stock of the cells, a loop was taken and streaked 

on a YEPD (1% yeast extract, 2% bacto-peptone, 2% agar, 2% glucose) agar plate and 

was incubated at 30 °C for 48 hours for the formation of distinct colonies. After this 

period, a single colony was picked from the plate and inoculated into YPD medium. After 

24 hours of incubation at 30 °C, the cells were standardized appropriately and aliquot 

measure of the standardized cells were put into bottles containing the various extract 

samples. The cell culture in synthetic complete (SC) media (Yeast nitrogen base and 

synthetic defined medium (-TRP), 100X L-tryptophan, and 20% glucose) with YTP 

extracts at a final concentration of 0.1μg/ml, cryptotanshinone (CPT) at varying 

concentration (5, 2.5 and 1.25 μg/ml) and were put into 96 well plate and the optical 

density taken at 600 nm for 24 hours; with readings taken every 30 mins. 

 

Statistical analysis 
Experiments were run in triplicate. Analysis of variance (ANOVA) was carried out. 

Means were compared using the Duncan’s multiple range test. The Statistical Package 

for Social Science (SPSS 11.0 for Windows, SPSS Inc, Chicago, IL, USA) was used for 

statistical analysis. 

 

RESULTS  

Extraction yield of herbal extracts 

The extraction yield of the four herbal extracts are shown in Table 1. YTP had the 

highest extraction yield of 8.7 % (w/w) than others (P <0.05). Yield of YPF was 6.4% 

(w/w) while YTK and YB showed a yield of 6.3% (w/w), respectively under the same 

condition. 

 

 

Antioxidant activities of herbal formulations 

 
DPPH radical scavenging activity 

 DPPH activities of herbal formulations as well as standard ranged between  

0.08 ± 0.00 -2.02 ± 0.16 (IC50, mg/ml). Different herbal formulation of YTP, YTK, YPF 

and YB showed varying DPPH radical scavenging activity (Table 2). 
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ABTS radical scavenging activity 

 ABTS activity of all herbal formulations are presented in Table 2. YTK had activities 

of 0.17 ± 0.00, YTP (0.20 ± 0.00), YB (2.73 ± 0.05), YPF (2.38 ± 0.03) and Trolox 

(0.07 ± 0.00).  YTK and YTP showed similar ability to terminate ABTS radicals  

(P >0.05). 

 

Ferric reducing antioxidant power (FRAP) assay 

In this study, YTP showed highest activity 61.78 ± 0.39, YTK (39.53 ± 0.19), YPF 

(13.32 ± 0.41) and YB(11.99 ± 0.30) (P <0.05) (Table 2). 

 

Total phenolic content (TPC)  

In this study, YTP showed the highest TPC value of 26.2 ± 0.04 µg of gallic acid 

equivalent/g extract, closely followed by that of YTK having 24.3 ± 1.37 gallic acid 

equivalent/g extract (P <0.05) (Table 2). 

 

Total flavonoid content (TFC) 

In this study, result obtained indicated that YTK  had the highest TFC of all the 

tested herbal formulations (P <0.05). This was followed by YTP, YPF and YB with the 

values of 5.71 ± 0.02, 1.88 ± 0.03 and 1.64 ± 0.14 catechin equivalent/ g extract 

respectively as shown in Table 2. 

 

Table 2. Antioxidant activities and bioactive contents of herbal formulations. 

Extracts Free radical scavenging assays FRAP 
FeSO4 equivalent 
(uM FeSO4/ mg sample
  

TPC  
(µg of Gallic acid 
equivalent/g extract) 
 

TFC  
(µg of Catechin 
equivalent/ g extract) 

 DPPH ABTS 
 IC50 (mg/ml) IC50 (mg/ml) 

YTK 1.24 ± 0.02c 0.17 ± 0.00b 39.53 ± 0.19b 24.3 ± 1.37b 6.60 ± 0.10a 
YTP 0.25 ± 0.00b 0.20 ± 0.00b 61.78 ± 0.39a 26.2 ± 0.04a 5.71 ± 0.02b 
YB 2.02 ± 0.16e 2.73 ± 0.05d 11.99 ± 0.30d 2.06 ± 0.10d 1.88 ± 0.03c 
YPF 1.73 ± 0.18d 2.38 ± 0.03c 13.32 ± 0.41c 2.27 ± 0.00c 1.64 ± 0.14d 
Trolox 0.08 ± 0.00a 0.07 ± 0.00a N/A N/A N/A 

Note:  Ya-Tri-Phigut (YTP), Ya-Tri-Kasornmas (YTK), Ya-Plook-Fithat (YPF), and Ya-Benjakul (YB). Values in the same column with different 

superscripts are significantly different (P <0.05); Data given as mean ± standard deviation (S.D). N/A: not applicable. 

 

In vitro antioxidant activities of individual components of 

selected herbal extracts 

 

In vitro antioxidant activities of individual herbal components in YTP 

 

Metal chelating activity (MCA) 

In the present study, MCA ranged between 0.15 ± 0.00 - 0.32 ± 0.00 (Inhibitory 

activity, IC50; mg/ml) in all tested plant component of YTP (Table 3). 

DPPH radical scavenging activity 

For DPPH activity of YTP constituents, activity ranged between 0.05 ± 0.00 - 7.30 

± 1.01, IC50; mg/ml (Table 3). 

ABTS radical scavenging activity 

Activity ranged from 0.03 ± 0.00 - 1.54 ± 0.01 (IC50; mg/ml) in Table 3. 

Ferrous reducing antioxidant power (FRAP)  

FRAP activity of YTP measured are shown in Table 3. Activities ranged between 

0.09 ± 0.00 – 62.10 ± 0.00 (µM FeSO4/g sample). 

Total phenolic content (TPC) 

TPC in YTP constituents ranged from 0.06 ± 0.00 - 82.58 ± 0.00  in  mg Gallic 

acid/g sample as highlighted in Table 3. 
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Table 3. Antioxidant activities, total phenolic and flavonoid contents of YTP herbal components. 

Sample 
Inhibitory activity (IC50; mg/ml) FRAP  

(µM FeSO4/g 
sample) 

TPC 
(mg Gallic 
acid/g sample) 

TFC 
(mg Catechin/g 
sampl MCA DPPH ABTS 

P. emblica 0.32 ± 0.01 0.15 ± 0.00 0.03 ± 0.00 7.23 ± 0.00 8.40 ± 0.05 1.05 ± 0.03 

P. nigrum 0.29 ± 0.02 7.30 ± 1.01 0.92 ± 0.01 0.26 ± 0.00 0.45 ± 0.00 0.12 ± 0.00 

P. pendulispicum 0.18 ± 0.00 3.33 ± 0.06 0.74 ± 0.01 0.09 ± 0.00 0.06 ± 0.00 0.03 ± 0.00 

P. retrofractum 0.18 ± 0.01 6.46 ± 0.81 0.95 ± 0.02 0.14 ± 0.00 0.20 ± 0.02 0.05 ± 0.00 

P. sarmentosum 0.26 ± 0.00 1.94 ± 0.19 1.54 ± 0.01 0.72 ± 0.03 1.04 ± 0.03 0.23 ± 0.01 

P. indica 0.24 ± 0.01 2.92 ± 0.02 0.27 ± 0.00 0.52 ± 0.00 1.16 ± 0.01 0.23 ± 0.01 

T. bellirica 0.15 ± 0.00 0.05 ± 0.00 0.04 ± 0.00 62.10 ± 0.00 82.58 ± 0.00 10.04 ± 0.33 

T. chebula  0.32 ± 0.00 0.13 ± 0.00 0.11 ± 0.00 41.91 ± 0.00 54.15 ± 0.28 5.81 ± 0.16 

Z. officinale 0.17 ± 0.00 3.13 ± 0.02 0.53 ± 0.01 3.91 ± 0.00 2.19 ± 0.12 0.82 ± 0.17 

Note: Data given as mean ± standard deviation (S.D). Values of individual components are compared along the column. 

 

Total flavonoid content (TFC) 

TFC of YTP constituents are between 0.03 ± 0.00 - 10.04 ± 0.33 mg Catechin/g 

sample. 

 

In vitro antioxidant activities of individual herbal components in YTK  

 

Metal chelating activity 

The MCA of those plant components ranged between 0.19 ± 0.00 - 1.43 ± 0.00 

(IC50; mg/ml) (Table 4). 

DPPH radical scavenging activity 

DPPH activity of YTK constituents measured are shown in Table 4. Activities are 

0.51 ± 0.00, 0.67 ± 0.00 and 2.11 ± 0.02 (IC50; mg/ml) for A. marmelos, J. multifidi 

and N. nucifera, respectively. 

ABTS radical scavenging activity 

ABTS activities of YTK constituents are highlighted in Table 4. A. marmelos had 

0.04± 0.00, J. multifidi (0.03 ± 0.00), and N. nucifera (0.19 ± 0.00) (IC50; mg/ml). 

Ferrous reducing antioxidant power (FRAP) assay 

FRAP activity ranged from 1.88 - 6.20 µM FeSO4/g sample as highlighted in Table 4. 

Total phenolic content (TPC) 

Values obtained for TPC of YKT constituent are between 1.49 ± 0.00 - 11.67 ± 0.04 

(mg Gallic acid/g sample). 

Total flavonoid content (TFC) 

TFC observed in the constituent of YTK ranged between 0.57 ± 0.05 - 5.09 ± 0.05 

mg Catechin/g sample (Table 4). 

 

Table 4: Antioxidant activities, total phenolic and flavonoid contents of YTK herbal components. 

Sample 
Inhibitory activity (IC50; mg/ml) FRAP  

(µM FeSO4/g 
sample) 

TPC 
(mg Gallic 
acid/g sample) 

TFC 
(mg Catechin/g 
sampl MCA DPPH ABTS 

A. marmelos 0.19 ± 0.00 0.51 ± 0.00 0.04 ± 0.00 6.20 ± 0.0 11.67 ± 0.00 0.04 ± 0.00 

J. multifidi 0.22 ± 0.00 0.67 ± 0.00 0.03 ± 0.00 1.88 ± 0.00 3.39 ± 0.00 1.00 ± 0.00 

N. nucifera 1.43 ± 0.00 2.11 ± 0.02 0.19 ± 0.00 1.95 ± 0.00 1.49 ± 0.00 0.57 ± 0.05 

Note: Caption: See Table 3 
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Growth effect of YTP extracts and standard samples on yeast cells 

The growth curve of yeast treated with YTP extracts and standard samples 

(cryptotanshinone) are shown in Figure 1. Cryptotanshinone (CPT) was used as a 

standard and supplemented to the medium at different concentrations of 5, 2.5 and 

1.25 μg/ml and compared with the extract of YTP (0.1 μg/ml) (Figure 1). 

 

 

Figure 1. Growth curves of yeast treated with  YTP extract and standard 

samples YTP: Ya-Tri-Phigut  (0.1μg/ml), CPT: cryptotanshinone; CPT 1: (5μg/ml), CPT 

2: (2.5μg/ml), CPT 3: (1.25μg/ml). 

 
 
DISCUSSION  

 

 

Various factors such as input and duration of the extraction process have been 

reported to influence extraction yield from medicinal plants as highlighted in Table 1. 

They include the type of solvent used, methods of extraction, temperature and time 

involved in the extraction processes (Tambunan et al., 2017; Terblanche et al., 2017). 

Higher yield observed in YTP might be due to its greater solubility of its bioactive 

compounds in aqueous solvent. Molecular constituents could also have mass kinetic 

transfer rate which is higher than those of other formulations. Dhanani et al. (2017) 

reported that strong solute-matrix interaction between molecules and those of solvent 

could enhance extraction yield. Thus, variation in extraction yield of herbal extracts were 

observed. 

DPPH assay is usually used to investigate antioxidative properties of compounds 

as a hydrogen donor or free radical scavengers (Idowu et al., 2019). Different activities 

were obtained in all samples and standard (P <0.05) (Table 2). However, YTP showed 

the highest activity than other herbal formulations (P <0.05). Thus, indicating its ability 

to scavenged more free radicals than others. It should be noted that the lower the IC50 

value, the stronger the antioxidant potential. High phenolic contents have been reported 

to influence antioxidant activities of herbal extracts (Chanthasri et al., 2018). Therefore, 

the phenolic contents of the individual extracts might have contributed synergistically 

to the overall activity of the polyherbal tea. Thus, higher activity of YTP than other herbal 

formulations was obtained.  

YB showed the least ABTS activity of all the tested herbal formulations (P <0.05) 

(Table 2). Thus, less free radical were stabilized to retard the chain reaction. Low 

amount of phenolics in YB extracts could have resulted in less ABTS activity.  Generally, 

ABTS assay is used to evaluate the capacity of antioxidants to donate a hydrogen atom 

or an electron to free radicals, thus a nonradical species is formed (Idowu et al., 2019). 
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ABTS assay is widely used for both hydrophilic and lipophilic compounds, while DPPH 

assay is effectual for lipophilic compounds (Re et al., 1999). 

 FRAP indicates the ability of tested compound to reduce TPTZ-Fe (III) complex to 

TPTZ-Fe (II) complex by providing an electron to the free radicals (Idowu et al., 2019). 

The FRAP value of YTP (61.78 ± 0.39 µM FeSO4/mg of sample) was almost doubled that 

of YTK (39.53 ± 0.19 µM FeSO4/mg of sample) higher than those of YPF and YB in order 

of activities (P <0.05) (Table 2). 

Phenolics compounds have been reported to be crucial for major portion of the 

antioxidant capacity in many plants (Yogesh et al., 2014). In the current study, YTP 

demonstrated the highest TPC activity of 26.2 ± 0.04 gallic acid equivalent/g extract 

while YB had the least activity of 2.06 ± 0.00 gallic acid equivalent/g extract (P <0.05) 

(Table 2). 

Flavonoids are common secondary metabolites such as flavonols, condensed 

tannins and flavones (Ghasemi et al., 2014). In vitro studies have shown flavonoids 

from plant studies showed free radical scavenging activity and can protect against 

oxidative stress (Ghasemi et al., 2014). Differences in TFC of herbal extract could be 

attributed to complementary or antagonist activity of the herbal formulation 

constituents (Table 2). Based on the high antioxidant activity of YTP and YTK as reported 

in this study in Table 2, both herbal formulations were selected to investigate the 

antioxidant activity and bioactive contents of their individual plant component. 

MCA activities of individual components of YTP herbal formulation studied are 

highlighted in Table 3. YTP is made up of P. emblica, P. nigrum, P. pendulispicum,  

P. retrofractum, P. sarmentosum, P. indica, T. bellirica, T. chebula and Z. officinale. 

Generally, MCA is used to study the ability of antioxidant compound to chelate 

prooxidative metals . Transition metals like iron and copper ions are necessary in the 

Fenton-like reaction which could generate hydroxyl radicals that may react with 

essential biomolecules (such as proteins, lipids and nucleic acids) resulting in the 

damage of such biomolecules (Apak et al., 2016). T. bellirica showed the highest MCA 

inhibitory activity of 0.15 ± 0.00 (IC50; mg/ml). Similar MCA of 0.18 ± 0.00  (Inhibitory 

activity, IC50; mg/ml) each  were observed in  P. pendulispicum and P. retrofractum, 

activity. In P. emblica and T. chebula also showed similar activity of 0.32 ± 0.01 (IC50; 

mg/ml). 

The highest DPPH inhibitory activity was observed in T. bellirica (0.05 ± 0.00, IC50; 

mg/ml), followed by T. chebula (0.13 ± 0.00, IC50; mg/ml) and P. emblica (0.15 ± 0.00, 

IC50; mg/ml) respectively, while P. nigrum showed the least inhibitory activity of  

7.30 ± 1.01 (IC50; mg/ml) (Table 3). This indicated that T. bellirica showed higher 

potency to donate hydrogen during the reaction with DPPH, in order to scavenged the 

radicals in a lipophilic system.  

ABTS activity of YTP constituents are reported in Table 3. P. emblica showed the 

highest inhibitory activity of 0.03 ± 0.00 (IC50; mg/ml), while P. sarmentosum showed 

the least inhibitory activity of 1.54 ± 0.01 (IC50; mg/ml). It can be deduced that  

P. emblica is a powerful antioxidant that can scavenge ABTS radical.  

The FRAP result indicated that T. bellirica demonstrated the highest activity of 

62.10 ± 0.00 µM FeSO4/g sample followed by T. chebula with activity of 41.91 ± 0.00 

µM FeSO4/g sample. FRAP activity of T. bellirica reported was more than 8 times that of  

P. emblica (7.23 ± 0.00 µM FeSO4/g sample) (Table 3).  

Highest TPC was observed in T. bellirica (82.58 ± 0.00 mg Gallic acid/g sample), 

while P. pendulispicum had the lowest TPC of 0.06 ± 0.00 mg Gallic acid/g sample  

(Table 3). High TPC of plant constituent have been reported to influenced their 

antioxidant activity (Škerget et al., 2005). T. bellirica  have been reported for its notable 

therapeutic potential such as antioxidant activities (Deb et al., 2016). Thus, high 

phenolic profile of T. bellirica correlated well with its high antioxidant activity as reported 

in MCA, DPPH, ABTS and FRAP assays in Table 3.  

T. bellirica  showed the highest TFC of 10.04 ± 0.33 mg Catechin/g sample while  

P. pendulispicum had the least TFC of 0.03 mg Catechin/g sample. Overall, the choice 

of solvent used as extraction medium could have affected the antioxidant activities of 

all constituents studied. Of all YTP constituents, T. bellirica demonstrated the highest 

antioxidant activity. It can be inferred that T. bellirica possibly influenced the high 

antioxidant activity of YTP over other herbal formulation.  
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Antioxidant activities of individual YTK herbal formulation are shown in Table 4. 

YTK is made up plant components such as A. marmelos, J. multifidi and N. nucifera. The 

highest MCA was observed in A. marmelos (0.19 ± 0.00, inhibitory activity, IC50; mg/ml) 

while N. nucifera had the lowest MCA (1.43 ± 0.00 Inhibitory activity, IC50; mg/ml).  

For DPPH of YTK constituent, the highest activity was observed in A. marmelos 

(0.51 ± 0.00, Inhibitory activity, IC50; mg/ml), while N. nucifera (2.11 ± 0.02, Inhibitory 

activity, IC50; mg/ml) showed the least activity. 

For ABTS radical scavenging activity of YTK constituent, J. multifidi exhibited the 

highest activity of 0.03 ± 0.00 (Inhibitory activity, IC50; mg/ml), closely followed by  

A. marmelos (0.04 ± 0.00, Inhibitory activity, IC50; mg/ml), while N. nucifera had the 

least inhibitory activity of 0.19 ± 0.00 (IC50; mg/ml) (Table 4).  

For FRAP, A. marmelos showed the highest activity (6.20 ± 0.00, µM FeSO4/g 

sample), while J. multifidi showed  the least activity of 1.88 ± 0.00 µM FeSO4/g sample. 

TPC of YTK constituent, A. marmelos had the highest TPC of 11.67 ± 0.04 mg 

Gallic acid/g sample. The high phenolic contents of A. marmelos corresponded well with 

its increased MCA, DPPH, ABTS and FRAP reported (Table 4). Low TPC of J. multifidi 

observed could have influenced its low antioxidant activity reported. 

In correlation to the result obtained in TPC, A. marmelos demonstrated the highest 

TFC of 5.09 mg Catechin/g sample (Table 4). This further strengthen their potency to 

function as a good antioxidant. Rahman and Parvin (2014) reported the functionality  

of  A. marmelos aqueous extract  as a good therapeutic agent.  In general, A. marmelos 

exhibited the highest antioxidant activity of all YTK constituent. In addition, between 

both extracts studied, YTP showed better antioxidant characteristics than YTK as 

reported in table 3 and 4. Thus, it was selected for cytotoxicity study in a yeast 

(Saccharomyces cerevisiae) model.  

Cryptotanshinone is a major active component extracted from the dried root of 

Salvia miltiorrhiz otherwise known as Danshen, a Chinese traditional herbal medicine 

notable for the treatment of metabolic disease syndromes (Pan et al., 2008). It has 

been reported that a lot of phytochemicals which are beneficial at low concentrations 

could be toxic at increased levels (Wiegant et al., 2009). This resulted to the selection 

of low concentration of 0.1 μg/ml for YTP extracts coupled with the initial preliminary 

studies. No toxicity was observed as indicated by the gradual growth in cell with 

supplementation of CPT and YTP (Figure 1). However, CPT 1 showed a slightly higher 

cell growth than YTP extracts from initiation time of 0-3 hr, but maintained similar 

progression afterwards to 5 hr. It could be that some metabolized nutrients such as 

protein in culture medium are slowly released. Protein concentration in culture medium 

may be used as a marker of yeast cell viability (Bayliak and Lushchak, 2011). Also, YTP 

extracts could have acted as a mild stressor which resulted to the effect observed. After 

5 hr, slow progression in cell growth was observed for all standard samples up until 15 

hr, while for YTP extract cell growth observed was slightly higher indicating higher yeast 

viability in cultures supplemented with YTP extracts. No growth was observed from  

15- 20 hr for standard samples while YTP extract was constant. Antioxidant enzymes 

such as catalase and superoxide dismutase (SOD) are key antioxidant enzymes in yeast 

stationary phase and its isoenzymes are required for long-term yeast survival (Bayliak 

and Lushchak, 2011). SOD, in particular play a sensitive role in protection of 

Saccharomyces cerevisiae cell against oxidative damage from superoxide anion and 

other reactive oxygen species (ROS) (Longo et al., 1996; Fabrizio et al., 2003a). The 

production of ROS has been reported to increase during prolonged incubation of 

stationary cultures of S. cerevisiae (Jakubowski et al., 2000). Reactive oxygen species 

(ROS) generated in respiratory metabolism have been proposed to trigger oxidative 

damage of cellular components coupled with decline of antioxidant defense are 

responsible for yeast cell aging, decline and death (Jakubowski et al., 2000; Costa and 

Moradas-Ferreira, 2001). Thus, after 20 hr, a decline in cell growth was observed in CPT 

(standard samples) and in YTP extract. Loss in yeast cell viability or reproduction have 

also been linked to SOD attack from ROS produced during respiratory metabolism of 

yeast cell (Costa and Moradas-Ferreira, 2001; Bayliak and Lushchak, 2011). In our 

study, the decrease in yeast cell viability could be as a result of decrease in SOD activity 

during long-term incubation which promoted oxidative damage. Alternatively decrease 

in protein turnover or protein synthesis in the stationary cultures could also be 

responsible for decline in cell growth as specified by Gray et al. (2004). Inactivation of 
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mitochondrial aconitase which is the primary target of superoxide have also been 

confirmed to be responsible for aging, decline in reproducibility and viability of yeast 

cell (Fabrizio and Longo, 2003b). Apart from the influence of the extracts, cell defense 

mechanisms, such as the intensity of the heat shock proteins which occur likely to 

worms, or inhibited the depletion of glutathione, a low-molecular mass antioxidant, that 

perform a key function in yeast survival at stationary phase (Stephen and Jamieson, 

1996) Also, at the stationary phase, increase in activity of antioxidant enzymes in both 

YTP and CPT extracts treated yeast might not be necessary. Rather, the weakness of 

defense mechanisms and agglomeration of damaged molecules at late stages of 

cultivation, as detailed above, could have led to decrease in yeast cell growth. Overall, 

this study confirmed that YTP extracts at low concentration supported cell growth than 

the known CPT extracts at higher concentration. It could be inferred that YTP extract 

showed a favourable effect on yeast cell growth than cryptotanshinone. Thus, YTP 

extracts at low concentration could support cell growth than cryptotanshinone.

CONCLUSION 

The herbal formulations investigated such as Ya-Benjakul (YB), Ya-Plook-Fithat 

(YPF), Ya-Tri-Kasornmas (YTK) and Ya-Tri-Phigut (YTP) showed antioxidant activities. 

However, Ya-Tri-Phigut was preferred for its good antioxidant activities.  In addition, 

Ya-Tri-Phigut improved cell growth in Saccharomyces cerevisiae model better than 

standard rejuvenating compound cryptotanshinone. A main active component in Danshen 

of Chinese herbal remedy made from the dried root of Salvia miltiorrhiz. Since oxidative 

stress is known as a promoter of aging and age-related diseases, YTP with good 

antioxidant properties and ability to promote cell growth can serve as good nutraceutical 

agent to combat oxidative stress as well as aging and age-related diseases. 
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