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Abstract

As utilisation o f medicinal herbs in food and bio industry increases, mass production and the supply o f high 
quality herbs are required. Restriction on the use o f fumigants and preservatives on herbs demands safe 
hygienic technologies such as irradiation. The stability o f the active components often local herbs after 
irradiation was studied. The herbs selected were Hempedu Bumi, Mas Cotek, Tongkat Ali, Kacip Fatimah, 
Misai Kucing, Dukung Anak, Jorum Tujuh Bilah, Kesom, Pegaga and Sambung Nyawa. The herbs were 
dried, powdered and irradiated at different doses o f gamma radiation (0, 1, 3, 5, 10, 15 and 25 kGy) at 
room temperature prior to extraction. The herbs were then extracted either in methanol or chloroform and 
freeze dried. About lO.Omg o f each extract (in triplicates) were weighed into an Eppendorf vial and 
solubilised in 700 pi CD3OD using sonication in an ultrasound bath to obtain a clear solution. This 
solution was then transferred to a NMR vial and a 1H-NMR spectrum was acquired according to standard 
Total Quality Profile (TQP) protocol. The results o f the statistical analysis showed clearly that all 
irradiatied plant samples did not exhibit any significant pattern o f differences. Using SIMCA analysis, we 
found that there is no statistical basis fo r  separation o f control, 1, 5, 10, 15 and 25 kGy irradiated samples 
on a 95% confidence limit. TQP analysis fo r  the ten selected herbal plant shows that irradiation up to 
25kGy did not cause significant changes to the total chemical profiles and thus the integrity o f the herbal 
material in the analysed plants.
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INTRODUCTION

Several thousand tons of medical herbs are produced annually by pharmaceutical industries all over the 
world. Raw plant materials normally carry a great number of bacteria and fungi from the soil. The current 
practices of harvesting, handling, storage and production may cause additional contamination and microbial 
growth. The increase of consumption enhances the responsibility of regulatory agencies and of 
manufacturers in order to assure the quality of these products Thus the evaluation of the hygienic quality of 
medicinal plants, as well the use of decontamination methods are important steps towards the consumer 
safety and therapeutical efficiency.

Chemical methods of decontamination such as ethylene oxide and bromide are recognized as less safe. 
Ethylene oxide is considered as a human carcinogen and mutagenic agent, and is prohibited in EU. 
Decontamination by methyl bromide causes a decrease of essential oil content in fumigated materials. The
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use of this compound is totally prohibited according to Montreal Protocol ,2005 as it destroys tile ozone 
layer in atmosphere. Thus irradiation technique was chosen to replace them in use.
Irradiation by gamma rays or fast electrons is increasingly recognized as an effective method in reducing 
microbial contamination of medicinal plants. Ionizing radiation is applied either to a drug which cannot be 
exposed to high temperature or when toxic effects by residual products from gas exposure occur.
However, it is not known whether medical effectiveness of phytopreparations is or is not influenced by the 
action of ionizing radiation. Therefore, studies concerning the stability of the active principles after the 
process are required.To consider the possibility of the application of irradiation technology for this purpose, 
the total chemical profile (TQP) and microbial burden often selected local herbs were studied. The aim of 
this work was to evaluate the effects of ionizing radiation on the chemical profiles in ten medicinal herbs.

EXPERIMENTAL

The herbs were selected based on recommendation by the National by the Pharmaceutical Control Bureau 
(NPCB), the regulatory body responsible for monitoring pharmaceutical drugs in Malaysian market. The 
selected herbs are: Ficus deltoidea (Mas cotek), Eurycoma longifolia (Tongkat Ali), Centella asiatica 
(pegaga), Labisia pumila (Kacip fatimah), Orthoshipon stamineus (Misai kucing), Andrographis paniculata 
(Hempedu bumi), Phyllanthus niruri (Dukung anak), Polygonum minus huds (kesum), Pereskia sachrosa 
(jarum tujuh), and Gynura procumbens (Sambung nyawa). The selected herbs will be purchased from the 
local market, identified and authenticated by a botanist. A voucher sample of the plants will be deposited at 
Agrotechnology and Biosciences Division, Nuclear Malaysia.

Sample Preparation

Soil and contaminants are removed from the plant material collected. Each plant is rinsed with deionized 
water, removing particles loosely bound to the plant. The drying of herb materials will be performed at 40 - 
50 °C in ventilated ovens as indicated by recent literature reports (1) and (2).
Roots and hard stems are first cut mechanically or manually into small sizes and then ground using 
mechanical mills. Leaves if long have to be cut to smaller size prior to grinding.

Irradiation of Powder

For each type of herbs, three replicates of the powdered materials were irradiated at different doses while 
others are kept as control. The samples were irradiated with difference doses (0, 1, 3, 5, 10, 15 and 25 kGy. 
using Gamma-cell at Department of Nuclear Science, UKM Bangi. While 25 kGy was irradiated at 
Mintec-Sinagama (Model JS 8900) Malaysian Nuclear Agency, Dengkil. Gamma irradiation is carried out 
at room temperature in a cobalt-60 irradiator available at Malaysian Nuclear Agency.

Sample Extraction

The powdered material will be extracted with Soxhlet extraction using suitable solvents. The time required 
is typically 1-6 h, and a significant volume of organic solvent (50-200 mL for a 10 g sample) is required. 
The combined extracts are then evaporated to dryness. lO.Omg of each sample (in triplicate) were weighed 
in an Eppendorf vial and solubilized in 700ul CD3OD (chloroform) using sonification in an ultrasound bath 
to obtain a perfectly clear solution. This is sent for Nuclear Magnetic Resonance (NMR) analysis in UPM.

Nuclear Magnetic Resonance (NMR) analysis
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This solution was then transferred to a NMR vial and a 'H-NMR spectrum was acquired according to 
standard TQP protocol. 1H-NMR spectra were recorded on JEOL JNM 500 spectrometer at 500 MHz or 
Varian Unity INOVA at 500MHz. spectrometer (Varian Inc., Palo Alto, CA).
The high field hydrogen nuclear magnetic resonance spectroscopy (1H-NMR) creates concise, non- 
reductive, high-resolution total chemical profile of medicinal herb currently possible, representing all, not 
only one or a few compounds (NMR

Total Quality Profile (TQP) Analysis

NMR raw data was processed to excised solvent peaks and to fit required import format for the statistical 
software and PCA and SIMCA analysis was performed on all spectra. TQP was actually designed for QC 
of medicinal herbs and basically what it does, is get a fingerprint of the total chemical composition of the 
sample (via iH-NMR) and then compare the fingerprints with each other using multivariate statistical 
analysis (basically some type of pattern recognition). TQP doesn't give the identity of particular compounds 
but it tells us whether or not complex mixtures of compounds are the same or not. So we could tell whether 
irradiation done at different dose would have caused a change in total chemical composition or not or 
whether two treatments cause similar or different changes.

RESULTS AND DISCUSSION

Typically, *H NMR spectra of plant extracts contain thousands of signals arising from hundreds of 
endogenous molecules representing many biochemical pathways. Conventional measurement of the major 
NMR signals can be used to detect biochemical changes, but the complexity of the spectra and the presence 
of natural biological variation across a set of samples often makes it difficult to detect meaningful patterns 
of change by eye. Due to the high density of the spectroscopic data, it is desirable to characterize these 
modulations by the application of multivariate statistical data analysis so as to reduce the complexity of 
these data and to facilitate visualization of inherent patterns in the data. Various multivariate statistical data 
analyses, including projection methods such as principal components analysis (PCA).

Although identification of molecules is not necessary to achieve classification of samples, working out the 
identification of the molecules that differentiate spectra from different samples classes (biomarker 
combinations) can lead to insight into biochemical mechanisms of adverse effects.
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Figure 1: Typical 1H-NMR spectrum from one plant extract.

Only the signal containing range from 0 -  3500 Hz (=0 -  7 ppm) which was analyzed is shown. The 
straight lines (1680 -  1765 Hz and 1220 -  1280 Hz) indicate excised solvent peaks
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A first look at the NMR raw data showed already that for all five herbs all sample groups (control, 1, 3, 5, 
10, 15 and 25 kGy) were extraordinarily similar and did not exhibit any obvious pattern of differences. The 
3D plot for all the 10 species (Figure 1 and 2), shows the perfect separation of samples on species level.

Figure 1: 3D plot of the PCA analysis for 5 species. Different colors indicate different species: 
yellow = Dukung Anak, red = Jarum Tujuh Bilah, green = Kesom, purple = Pegaga and blue = Sambung 
Nyawa. Distance is proportional to relative difference.

Figure 2: 3D plot of the PCA analysis for another 5 species. Different colors indicate different species: 
yellow = Hempedu Bumi, red = Kacip Fatimah, green = Mas Cotek, purple = Misai Kucing and blue = 
Tongkat Ali. Distance is proportional to relative difference.



Malaysian Science and Technology Congress 2008 (COSTAM)

Figure 3: Same analysis as above, but here the different colors indicate different irradiation doses. 
Yellow = control, red = 1 kGy, green = 5 kGy, purple = 10 kGy, blue = 15 kGy, and cyan = 25 kGy.

*

Figure 4: Same analysis as above, but for another 5 species. Different colors indicate different irradiation 
doses. Yellow = control, red = 1 kGy, green = 3 kGy, purple = 5 kGy, blue = 10 kGy, cyan = 15 kGy and 
grey = 25 kGy. It is obvious that the sample distribution within each species does not conincide with the 
dose and is thus rather a representation of the variability introduced by extraction and resolubilization of 
extracts.

PCA analysis of the data has the advantage that it is looking for relative differences rather than absolute 
ones and thus all samples are generally spread over a maximum area to visualize even the smallest 
differences obviously (Figure 3 and 4). Thereby, each NMR spectrum is reduced to a single data point 
where the distance between the data points represent the relative difference between the spectra and if there 
are statistically significant differences between the spectra for the 7 sample groups distinct clusters would 
be observable.
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It has to be mentioned that in the case of Pegaga, a separation between control and 1 kGy and the rest of the 
samples seems to be possible (Figure 5). Since the differences between the raw data of all spectra, however, 
are rather small and some other inconsistencies and no observable dose-response, it is likely that this 
separation is caused by inconsistencies during extraction or the manual raw data processing rather than by 
the irradiation process. To make absolutely sure, however, further analyses would be required.

Figure 5: 3D plot of the results of the PC A analysis of Pegaga samples. Different colors indicate different 
irradiation doses. Yellow = control, red = 1 kGy, green = 5 kGy, purple = 10 kGy, blue = 15 kGy and cyan 
= 25 kGy. Showing potential separation of 0 and 1 kGy from others. Note the proximity of 15 kGy to 0 
and 1 kGy as an inconsistency suggesting that the separation does not indicate major differences.

Figure 6: Class distance plot from SIMCA analysis: control (class 1) vs. 10 kGy (class 4). This plot 
shows that at a confidence limit of 95% a separation of samples according to dose level is not possible. 
Color codes see fig.l. The green lines indicate 95% confidence limit.
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Even though in some cases (individual results) it seems that at the highest irradiation level of 25 kGy a 
separation from control samples seems to be mathematically somewhat possible at a much lower 
confidence limit level, this is not a strong enough indication that irrdiation at the highest level has caused 
any significant changes in the composition of the analyzed herbal samples within the detection limits of the 
method used.

We found in the analysis of the samples of all 10 species (with some reservations in the case of Pegaga) 
that there is no clear and obvious clustering of sample groups observable, indicating that there are no 
statistically significant and meaningful differences between the sample groups. Using SIMCA analysis, an 
algorithm that analyses user supplied classification models for validity based on PCA separation, to see 
whether clusters could be distinguished at least on a mathematical level, we found that there is no statistical 
basis for separation of control, 1, 3, 5, 10, 15 and 25 kGy irradiated samples on a 95% confidence limit 
level (Figure 6).

CONCLUSION

Summarizing the above results, it can be concluded that using the ionizing radiation (the dose of lOkGy) 
can obtain satisfactory results of microbiological decontamination of investigated herbal raw materials and 
drugs. Moreover, this process does not cause any considerable changes in the content of basic biologically 
active components o f  investigated herbs.
TQP analysis for 9 herbs (and with reservations also for Pegaga) shows clearly that irradiation under the 
used conditions and at all doses does not cause any significant changes to the total chemical composition 
and thus the integrity of the herbal material in all 10 analyzed species.
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