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ABSTRACT 

In this study, Polygonum minus  nanoparticle were prepared by using planetary ball mill associated with   

hydrothermal process to improve its size reduction. Particle size analysis employing photon correlation 

spectroscopy was carried out to record the effect of hydrothermal treatment on the particle size produce. 

The functional groups and polar compounds were determined using Fourier Transform Infra-Red (FTIR), 

while Thermogravimetric Analysis (TGA) has been used to analyze the thermal stability of Polygonum 

minus nanoparticles prepared by ball milling assisted hydrothermal process. The result showed that after 

hydrothermal treatment, the average size of particles was produced in 329nm which was significantly 

smaller compare without treatment. FTIR results showed the peak at region of 1,600-1,500 cm-1 is due to 

the stretching vibration of carbonyl group and 1300-1,000 cm-1 indicate a stretching of the C-H group. 

Sample ball milling with hydrothermal (treated) showed higher Total Phenolic Content (TPC) (1186.12 

mgGAE/g of dw) as well as Total Flavonoid Content (TFC) (102.5 mgQE/g dw) whereas lowest value 

shown by sample ball milled without treatment with 897.23 mgGAE/g and 72.40 mgQE/g dw 

respectively.  These results showed that the ball milling treated with hydrothermal method had a potential 

to produce the kesum nanoparticles with a smaller size and better antioxidant properties. 
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INTRODUCTION 

Polygonum minus is commonly known as Kesum in Malay have unique taste and flavour which belongs to 

the family Polygonaceae and primarily grown in temperature region. It grows wild in damp areas near the 

river banks, ditches and lakes. This plant believed to have originated from Southeast Asia countries such as 

Malaysia, Thailand, Indonesia and Vietnam (Qader et al., 2012). P. minus is a plant having a kind of nice, 

sweet and pleasant aroma. The plant leaves is popularly used as an ingredient in Malaysian food such as 

laksa (spicy noodle dish), kerabu (fried herbal rice), asam pedas (spicy tamarind curry) and tom yam (spicy 

tangy soup) (Vimala et al., 2003). In the Malaysian traditional medicine application it is used to treat 

headache, digestive disorders, stomach problem, reduce the dandruff problem and pain (Vimala et al., 

2003; Nurain et al., 2012; Qader et al., 2011). In terms of food commodity in Malaysia, kesum is 

considered an important plant in Malaysia because of the domestic market and also for export. National 

Agrofood Policy (NAP), 2011 – 2020, kesum is included in eleven of the herbs that will be focused by the 

Malaysian Government.  

In a previous study Nurain et al., (2012); Qader et al., (2011); Vimala et al., (2012); Maizura et al., 

(2011); Vimala et al., (1999) showed that kesum had the highest antioxidant activity among a various of 

Malaysian herbals that have been screened. Due to its high volatile oil constituents contain high phenolic 

compounds (Qader et al., 2011) such as gallic acid, rutin, coumaric, flavonoids such as myricetin and 

quercetin (Qader et al., 2012), alkaloids, tannins and terpenoids (Imelda et al., 2014), it has a potential 

application in perfumes and powerful antioxidant as well as antibacterial activity. Numerous reported 

showed that plant with major constituents such as flavonoids and lignans are hard to be effectively 

absorbed primarily due to poor solubility either in oil or water, complex chemical structure and large 

particle size and surface (Nurain et al., 2012; Vimala et al., 2012; Qader et al., 2011). The application of 
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nanotechnology promised many advantages, such as control particle size and surface properties 

(Mohanraj and Chen, 2006), increasing compound solubility and improving the absorbency of plant 

medicines compared with the respective crude plant preparations (Bhadoriya et al., 2011). Therefore, 

numerous studies have been conducted to improve the value in use and overcome this problem. It has 

been practically proved that particle size reduction strategies, particularly nanotechnology can improve 

the solubility and increase the dissolution rate of poorly water soluble active pharmaceutical ingredients 

(Hidayah et al., 2012; Sonada et al., 2008; Kim et al., 2008; Su et al., 2006; Itoh et al., 2003). 

On the other hand, hydrothermal technique is one of the most important tools for advanced materials in 

recent year. It has advantages in the processing of nanostructure materials in a wide variety of 

technological applications such as electronics, optoelectronics, catalysis, ceramics, magnetic data storage, 

biomedical and biopotonics which is helping in processing monodispersed and highly homogeneous 

nanoparticles (Byrappa and Adschiri, 2007). Thus, in this research the ball milling assisted with 

hydrothermal will be used to get herb nanoparticle. The ball milling is a common method in the size 

reduction of material. The process will be produce a nanoparticles through the impact forces is generated 

by the action of centrifugal forces while the processing in hydrothermal will help to get a highly 

homogeneous nanoparticle. The physical and chemical properties of P. minus as affected by the size 

reduction using planetary ball milling assisted with hydrothermal process also will be studied. 

  

MATERIAL AND METHODS 

Sample Preparation 

Polygonum minus (kesum) was purchased from a local wet market in Shah Alam, Selangor. The plant 

material was washed with running tap water and rinsed with distilled water to remove dirt and 

contaminants. The clean plant material was stored in an oven at 50°C and was left to dry for 3 days and 

weighed until get a constant weight. The dried plant material was ground using a conventional rotor mixer. 

The ground powder was then sieved through a 100μm sieve and stored at 4°C prior to further process. 

Preparation of Nanoparticle by Ball Milling 

The grinding system name planetary ball mill (Retsch PM 200) was chosen to produce a kesum 

nanoparticle due to its simplicity. A Kesum powder 0.3 gram was first mixed with water in 50 cm3 

stainless steel grinding jar containing 25 grams of protective jacket of zirconium. Zirconium oxide balls of 

2 mm were used to utilized for wet millings respectively. The ratio of kesum powder to water used in this 

study was kept at 0.1:10. The milling time was set for 4 hours at 550 rpm which was the optimum ball-

milled time for kesum nano suspension to show the smallest particle size according to our previous finding. 

All the samples produced were collected and kept in the airtight container prior to further analysis. 

Hydrothermal Treatment 

The kesum nano suspension from ball milling was treated using a modification hydrothermal process. In 

this method kesum ball milled was put into 50 ml Teflon-lined stainless-steel autoclave. After that the 

sample was treated at 1000C  at 1 hour. This parameter was chosen based from preliminary results show at 

this condition the size reduction of kesum has a significant decreased. The kesum nano suspension after 

treatment was then collected and some of the sample is freeze dried for analysis. 

Particles Analysis 

The particle size distributions were measured by means of a laser sizer (Malvern Mastersizer S, UK) based 

on light diffraction at 25°C and the reading was taken at 173° scattering angle. Prior to measurement, the 

nanosuspension of each sample were taken out and adjust to 5% (w/v) concentration and introduced into a 

disposable cuvette to measured in triplicate. The functional groups and carbon bonding of kesum nano 

particle were analyzed using FT-IR/FT-NIR Spectrometer (Perkin Elmer Spectrum 400). Spectra were 

obtained at a resolution of 1 cm−1 in the range of 4000 cm−1 to 400 cm-1 with accumulation of 32 scans. 

The spectrum, then was plotted and major peaks identified using Origin Pro8 computer software.  

Total Phenolic Content (TPC) and the Total Lavonoid Content (TFC) 

The antioxidant activity was estimated using the Total Phenolic Content (TPC) and the Total lavonoid 

Content (TFC). The total phenolic content was determined using the Folin– Ciocalteu reagent with 
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analytical grade gallic acid as a standard. 300 µl of extract or standard solutions (0–500 ppm) was added 

to 7.9 ml deionized water and 0.5 ml of Folin–Ciocalteu phenol reagents. After 5 minutes, 2.0 ml of 20% 

sodium carbonate was added to the mixture and kept in dark for 2 hours.  

The absorbance was taken at 750 nm by using a UV/VIS spectrophotometer (UV–VIS Helios Zeta, 

Thermo Scientific, USA) and expressed as mg of gallic acid equivalents per g of dry weight (mgGAE/g) 

(Su et al., 2006). 

Meanwhile, total flavonoid content was determined by an aluminium chloride colorimetric method with 

some modification (Kim et al., 2012). The absorbance was measured against distilled water as the blank 

at 510 nm and expressed as quercetin equivalents per gram of dry weight (mgQE/g dw). 

 

RESULT AND DISCUSSION 

Particles Size Analysis 

The average size of the nanoparticles for Polygonum minus untreated and treated with 100oC was 

determined at 354 nm for untreated and slightly reduced to 329 nm for treated 100oC as shown in Figure 1. 

The ground nanoparticle sizes varied from 50 nm to 3000 nm with the 295 nm being the highest size 

amount with intensity 8.0% in untreated and 7.4% in treated sample.  

The figure also indicates that the represents of mixture of smaller and larger particles present in the sample 

(Dynamic light scattering). The size distribution of nanoparticles can be understood by referring to the 

polydispersity index (PdI) which is the PdI value is in the range 0.428 to 0.402 for untreated and treated 

which is indicated in a medium range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Particle Size Analysis of P. Minus Nanoparticle (a) Untreated and (b) Treated with 

Hydrothermal 

 

This medium in PdI value also indicates the presence of larger particle after milling since the plant material 

is hard to grind below 100 nm (Ma et al., 2009; Su et al., 2006) due to the fibrous structure of plant 

material and limits the size reduction of particle. While the result in treated also indicates that the 

hydrothermal treatment can cause profound the delocalization or disrupting of plant cell wall (Lee et al., 

2008). 

Fourier-Transform Infrared (FT-IR) Spectroscopy  

The FT-IR spectra of the Polygonum minus (kesum) without ball mill and hydrothermal treatment 

(control), untreated and treated process with corresponding assignment of bands are shown in Figure 2. 

Previous reported mention that Polygonum minus chemical compositions, mainly consist of aldehydes and 

terpenes (Khairudin et al., 2013; Baharum et al., 2010).  

Thus, FTIR spectroscopy is an accurate, fast and simple method to determine the functional group and 

polar compounds of the Polygonum minus sample. 

  

(a) (b) 
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Figure 2: FTIR Spectra of P. Minus (Kesum) (a) Without Ball Mill and Hydrothermal (b) 

Untreated (c) Treated 
All samples showed high transmittance at the wavenumber region 3,500 - 3,000 cm-1, 2,900 – 2,800 cm-1, 

1,600 – 1,500 cm-1 and 1,300 – 1,000 cm-1. According to Pavia and Kriz (2001), peak at wavenumber 

3,500 – 3,000 cm-1 corresponds to hydroxyl absorption. The 2,900 – 2,800 cm-1 absorption peak 

corresponds to methylene C-H asymmetric stretching vibration. The peak at region 1,600 -1,500 cm-1 

corresponds due to the stretching vibration of carbonyl group. While many C-O groups have peaks at 1,300 

– 1,000 cm-1 and above generally this peak is the vibration peak of C-O in the alcohol hydroxyl group. The 

FT-IR also indicate that the sharp absorption peak at 1600 – 1,500 cm -1 are assigned to C=O stretching 

vibration in carbonyl compounds which may be characterized by the presence of high content of terpenoids 

and flavanoids in the complex mixture of Polygonum minus. The presence of a narrow and sharp peak at 

~2,928 cm-1 and ~2,920 cm-1 was assigned to C-H and C-H (methoxy compounds) stretching vibration 

respectively. 

Thermo-Gravimetry Analysis (TGA) 

Structural, functional group differences and size reduction in sample influence the thermal behavior and 

effect the transition temperature. TGA curves obtained from Figure 3 for Polygonum. minus (kesum) 

without ball mill and hydrothermal treatment (control), untreated and treated were not significantly 

different, indicating that the pyrolysis characteristics of samples were quite similar.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: TGA Curves of Polygonum Minus Nanoparticle (a) Without Ball Mill and Hydrothermal 

Treatment (b) Untreated (c) Treated with Hydrothermal 
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Almost all tested samples showed a two-stage obvious weight loss peaks below 3000C. The early minor 

(below 100oC) weight loss in samples is attributed to the loss of absorbed and structural water 

(Vendruscolo et al., 2009; Bothara and Singh, 2012) or due to desorption of moisture as hydrogen bound 

water to the saccharide structure, with about 10% of the total mass loss. The second weight loss happened 

at a temperature range at 200 to 500oC accompanying the softening and decomposition of a large number 

of cellulose, hemicelluloses and partial of lignin (Gao et al., 2012; Zohuriaan and Shokrolahi, 2004) with 

about 55% of all tested samples. 

From the result, it was found that the thermal stability of sample without ball mill and hydrothermal 

treatment show higher stability compare untreated and treated samples. Sample without ball mill and 

hydrothermal treatment decomposed at 2450C, whereas the decomposition of untreated sample was 2300C 

and 2350C for treated sample.  

This composition temperature was not much different in all samples because cellulose and starch 

derivative can stand to high temperature. Therefore, the ball milling and hydrothermal treatment do not 

much affect to the sample thermal stability. 

Total Phenolic Content (TPC) and the Total Lavonoid Content (TFC) 

The phenolic compounds are compounds released by plants which are formed in response to the reactive 

oxygen species (ROS) due to stress and are known to possess antioxidant activities (Gil et al., 2000) and 

its play the key role as primary antioxidants or free radical scavengers. Due to their redox properties, the 

antioxidant activity of the phenolic compound, can take part as a role in absorbing and neutralizing free 

radicals, quenching singlet and triplet oxygen or decomposing peroxides (Osawa, 1994). The bioactivity 

of phenolics may be related to their ability to chelate metals, inhibit lipoxygenase and scavenge free 

radical (Mallavadhani et al., 2006; Lin et al., 2005). 

Polygonum minus nanoparticles significantly (p<0.05) influenced by ball mill and hydrothermal process. 

The TPC increased up to 34% due to treatment with hydrothermal which is the highest value shown by 

sample ball milled with hydrothermal (BMH) (1186.12 mgGAE/g extract) followed by ball milled (BM) 

(897.23 mgGAE/g) and Polygonum minus without ball milled treated with hydrothermal.Whereas, the 

TFC was in the ranged of 72.70 to 102.50  mgQE/g which is the Polygonum minus with ball milled 

treated with hydrothermal shown the highest TFC (102.50 mgQE/g of extract), followed by sample ball 

milled  and without ball milled treated with hydrothermal (78.70, 72.70 mgQE/g of extract respectively).  

The highest TPC and TFC values were shown in the Polygonum minus nanoparticles is probably due to 

particle size produced and it is proven that particle size reduction strategies using nanotechnology can 

improve the solubility and increase the dissolution rate of poorly water soluble active ingredients. 

Conclusion 

In this study, the grinding process using planetary ball mill could effectively reduce the particle sizes of 

Polygonum minus suspension and successfully prepared to nano scale. Our finding showed that the 

treatment using a hydrothermal process showed not significantly different in term of size and thermal 

properties. While, the FT-IR spectra revealed that some functional group is not clearly detect in Polygonum 

minus (kesum) without ball mill and hydrothermal treatment (control) due to polarization properties in 

different functional group.  

On the other hand, untreated and treated process showed many functional group appear indicate the 

presence of carbohydrate, aldehydes and terpenes compound due to the solubility of functional group in 

water effect to milling and hydrothermal process. Highest TPC, TFC which leads to significantly (p<0.05) 

greater antioxidant estimation shown by Polygonum minus ball milled treated with hydrothermal (BMH) 

followed by ball milled (BM).  

Thus, it can be conclude that ball milled treated with hydrothermal process can be applied to enhance the 

antioxidant properties of plant material. 

 

ACKNOWLEDGMENTS 

The authors would like to thank University Selangor and NANO-SciTech Centre (NST), Institute of 

Science, University Teknologi MARA (UiTM) for supporting this research. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 88-94/Samah et al. 

Research Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  93 

 

REFERENCES 

Baharum SN, Bunawan H, Ghani MA, Mustapha WAW and Noor NM (2010). Analysis of the 

chemical composition of the essential oil of Polygonum minus Huds. Using two-dimensional gas 
chromatography-time-of-flight mass spectrometry (GC-TOFMS). Molecules 15 7006-7015. 

Bhadoriya SS, Mangal A, Madoriya N and Dixit P (2011). Bioavailability and bioactivity enhancement 

of herbal drugs by nanotechnology. Journal of Current Pharmaceutical Research 8 1-7. 

Borthakur SK (1997). Plants in the folkflore and folk life of the Karbis (Mikirs) of Assam. In: 

Contribution to Indian Ethnobotany, 1, 2nd edition, edited by Jain SK (Scientific Publishers, Jodhpur, 
India) 169-178. 

Bothara SB and Singh S (2012). Thermal studies on natural polysaccharide. Asian Pacific Journal of 

Tropical Biomedicine 2 1031-1035. 

Bunawan B, Choong CY, Badrul Munir MZ, Syarul Nataqin B and Normah MN (2011). Molecular 

systematics of Polygonum minus Huds. Based on ITS sequences. International Journal of Molecular 
Science 12 7626-7634. 

Byrappa K and Adschiri (2007). Hydrothermal technology for nanotechnology. Progress in Crystal 

Growth and Characterization of Materials 53(2) 117-166. 

Faridah A, Nordin HL, Israf DA, Khozirah S and Umi Kalsom Y (2006). Antioxidant and nitric oxide 

inhibition activities of selected Malay traditional vegetables. Food Chemistry 95 566-573. 

Gao JG, Wu YH, Xu GD, Li WQ, Yao GH, Ma J and Liu P (2012). Phylogeography of Ulmus 

elongata based on Fourier transform-infrared spectroscopy (FTIR), thermal gravimetric and differential 

thermal analyses. Biochemical Systematics and Ecology 40 184-191. 

Gil MI, Hess-Pierce B, Holcraft DM and Kader AA (2000).  Antioxidant activity of pomegranate juice 

and its relationship with phenolic composition and processing. Journal of Agricultural and Food 
Chemistry 48(10) 4581-4589. 

Hidayah A, Noriham A and Rusop M (2012). The potential of nanotechnology application in 

improving bioactivity of Malaysian plants. In: Current Issues in Hospitality and Tourism Research and 

Innovations, edited by Zainal A, Radzi SM, Hashim R, Chik CT and Abu R (London: Taylor and Francis 
Group, UK) 253-256. 

Itoh K, Pongpeerapat A, Tozuka Y, Oguchi T and Yamamoto K (2003). Nanoparticle formation of 

poorly water-soluble drugs from ternary ground mixtures with PVP and SDS. Chemical and 
Pharmaceutical Bulletin 51(2) 171-174. 

Khairudin K, Sukiran NA, Gog HH, Baharum SN and Noor NM (2013). Direct discrimination of 

different plant populations and study on temperature effects by Fourier transform infrared spectroscopy. 
Metabolomics 10 203-211. 

Kim J, Jung DH, Rhee H, Choi SH, Sung MJ and Choi WS (2008). Improvement of bioavailability of 

water insoluble drugs: Estimation of intrinsic bioavailability. Korean Journal Chemical Engineering 

25(1) 171-175. 

Kim KS, Hwang WG, Jang HG, Heo BG, Suhaj M, Leontowicz H, Leontowicz M, Jastrzebski Z, 

Tashma Z and Gorinstein S (2012b). Assessment of Indigo (Polygonum tinctorium Ait.) water extracts’ 

bioactive compounds, and their antioxidant and antiproliferative activities. LWT- Food Science 

Technology 46 500-510.  

Lee JS, Parameswaran B, Lee JP and Park SC (2008).  Recent developments of key technologies on 
cellulosic ethanol production. Journal of Scientific and Industrial Research 67 865-873. 

Lin SY, Liu HY, Lu YL and Hou WC (2005). Antioxidant activities of mucilages from different 
Taiwanese yam cultivars. Botanical Bulletin of Academia Sinica 46 183-188. 

Ma PY, Fu ZY, Su YL, Zhang JY, Wang WM and Wang H (2009).  Modification of physicochemical 

and medicinal characterization of Liuwei Dihuang particles by ultrafine grinding. Powder Technology 
191(1-2) 194-199. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2016 Vol. 6 (1) January-March, pp. 88-94/Samah et al. 

Research Article 

© Copyright 2016 | Centre for Info Bio Technology (CIBTech)  94 

 

Maizura M, Aminah A and Wan Aida WM (2011). Total phenolic content and antioxidant activity of 

kesum (Polygonum minus), ginger (Zingiber officinale) and turmeric (Curcuma longa) extract. 

International Food Research Journal 18(2) 529–534. 

Mallavadhani U, Sudhakar A, Sathyanarayana KVS, Mahapatra A, Li W and Richard B (2006). 
Chemical and analytical screening of some edible mushrooms. Food Chemistry 95(6) 58-64. 

Mohanraj VJ and Chen Y (2006). Nanoparticles– A review. Tropical Journal of Pharmaceutical 

Research 5(1) 561-573. 

Noor Haslinda NH, Abas F, Shaari K and Lajis NH (2012). LC–DAD–ESIMS/MS characterization of 

antioxidant and anticholinesterase constituents present in the active fraction from Persicaria hydropiper. 

Food Science and Technology 46(2) 468-476. 

Nurain A, Noriham A, Zainon M, Khairusy Syakirah NZ and Wan Saifatul Syida WK (2012). 
Phytochemical constituents and in vitro bioactivity of ethanolic aromatic herb extracts. Sains Malaysiana 

41(11) 1437-1444. 

Osawa T (1994). Novel natural antioxidants for utilization in food and biological systems. In: Postharvest 

Biochemistry of Plant Food-Materials in the Tropics, edited by Uritani I, Garcia VV and Mendoza EM 

(Japan Scientific Press, Tokyo, Japan) 241-251. 

Pavia DL, Lampman GM and Kriz GS (2001). Introduction to Spectroscopy. 3rd edition, (USA: 

Thompson Learning) 30 – 100. 

Qader SW, Abdulla MA, Chua LS, Najim N, Zain MM and Hamdan S (2011). Antioxidant, total 

phenolic content and cytotoxicity evaluation of selected Malaysian plants. Molecules 16 3433-3443. 

Qader W, Abdulla MA, Chua LS and Salehhuddin H (2012). Potential bioactive property of 

Polygonum minus Huds (kesum) review. Scientific Research and Essays 7(2) 90–93. 

Sonada R, Horibe M, Oshima T, Iwasaki T and Watano S (2008). Improvement of dissolution 

property of poorly water- soluble drug by novel dry coating method using Planetary Ball Mill. Chemical 

and Pharmaceutical Bulletin 56(9) 1243-1247. 

Su MS and Silva JL (2006).  Antioxidant activity, anthocyanins, and phenolics of rabbiteye blueberry 

(Vaccinium ashei) by-products as affected by fermentation. Food Chemistry 97(3) 447-451. 

Su YI, Fu ZY, Quan CJ and Wang WM (2006). Fabrication of nano Rhizama Chuanxiong particles and 

determination of tetramethylpyrazine. Transactions of Nonferrous Metals Society of China 16(1) 393-397. 

Vendruscolo CW, Ferrero C, Pineda EAG, Silveira JLM, Freitas RA, Jimenez-Castellanos MR and 

Bresolin TMB (2012). Physicochemical and mechanical characterization of galactomannan from Mimosa 

scabrella: effect of drying method. Carbohydrate Polymers 76(1) 86-93. 

Vimala S and Mohd Ilham A (1999). Malaysian tropical forest medicinal plants: a source of natural 

antioxidants. Journal of Tropical Forest Products 5(1) 32-38. 

Vimala S, Ilham MA, Rashih AA and Rohana S (2003). Nature’s choice to wellness antioxidant 

vegetable/ulam. In: Siri Alam dan Rimba 7, edited by Vimala S. Adenan M I, Ahmad  AR and Shahdan R 

(Forest Research Institute Malaysia (FRIM), Kuala Lumpur, Malaysia) 133. 

Vimala S, Rohana S, Rashih AA and Juliza M (2012). Antioxidant evaluation in Malaysian medical 

plant: Persicaria minor (Huds.) Leaf. Science Journal of Medical & Clinical Trials 1 9-16. 

Zohuriaan MJ and Shokrolahi VF (2004). Thermal studies on natural and modified gums. Polymer 

Testing 23(5) 575-579. 


