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igher the ratios of CaO to fresh pepper, the shorter the drying 
~eeded. Chetnoreaction drying can be used to substitute or to 
~ u e  the sun  drying process. 

:hemoreaction drying had no effect on the volatile oil content of 
pepper produced compared to the fresh pepper. This drying 
ises resulted black pepper with volatile oil content between 
- 2.70% [dry basis]. The color of the oil was clear greenish 
r with good flavor quality. 
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ABSTRACT 

Despite of lack of solid scientific proof for i ts efficacy and  s a f ~ t y ,  u p  to now 
herbal medicines are widely used both in developed and developing 
countries. Standardization by focusing on active constituents or marker 
compounds is important but sometimes it is not sufficient to guarantee the  
quality of herbal preparations. N M R  based metabolomics is  a reliable tool t o  
provide a wealth of information concerning pIant metabolites since it is able 
to comprehensively detect a diverse groups of plant metabolite in a single 
run. In combination with multivariate data analysis, the obtained NMR data 
can bc applied to determine any adulterants or substitutes in commercial 
herbal preparation which cannot be detected by other chromatographic 
methods. Here we reviewed three projects of our lab in Leiden, focusing on 
the application of NMR based metabolomics and multivariate data analysis, 
pdrticularly prin

c

ipal component analysis for quality control of herbal 
medicines. 

INTRODUCTION 

Herbal medicine has been used since ancient times to treat a 
wide range of diseases and to improve the health status of human 
beings. Despite the advanced development of modern medicine, 
herbal preparations are still widely used both in developed and 
developing countries. The reasons are various; the belief that herbals 
are made from natural sources therefore safer than chemical drugs 
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:he organic fractions (Fig.3.) which shows that Ilex paroguariensis 
Jar. poroguariensis is dearly separated from other species. 

2. 1H spectra of organic fractions of llex argentina leaves (a), 
I paraguariensis leaves @), I. pseudobuxus leaves (c),  I.  
touberionaleaves [d). Peaks: 1= H-8 of theobromine; 2 =  H- 
8 of caffeine (Reproduced from (Choi et aL, 2005). with 
permission) 
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The use of NMR and MVA made it possible to further analyze 
the difference between 10 other species beside Ilex 
paraguoriensis by using the same data. For this purpose, Ilex 
poraguoriensis was omitted from the score plot (Fig. 4.A.).  llex 
clurt~osa var. dumosa (4) and I.  tauberianu (10) wcre separated 
from other specially since I .  dumosa var. dumosa contains more 
tri terpenoids while I ,  touberiana contains more fatty acids 
(Fig.4.B.). Further analysis of the aqueous fractions was 
performed by adding another principal component (PC3) 
(Fig.5.A.). As a result, it was shown that ilex paraguariensis was 
separated from other species since it has a high amount  of 
phenylpropanoids and sucrose (Fig.5.B-C). 

Figure 3. Score plot of organic fractions of llex species (1=L 
argentina; 2= 1, brasiliensis; 3= 1. brevicuspis; 4= 1. dumosa 
var, dumosa; 5.1. dumosa var. guaronina; 6= 1. integerrima; 
7= 1. microdonta; 8=1, pa raguoriensis var. paraguariensis; 
9 .  1. pseudobuxus; 10. 1. tuubertiana; 11= I. theezans) 
(reproduced from [Choi et ab, 2005), with permission) 

t e c h n i c a l  p r e s e n t a t i o n  (251 



Science-Dmcd Approac.h, fbr Fortrl .Cu/efy Munagement F'ro~t>~,ding of Int~rna~~orii i l  Si~tttinar Current l . ~ . ~ u e s  und Chrrllcn~us in 

2 1 - ? - I  U I 1 .I 

PC! (18 2%) 

.- . 1.24 .- ppm 

5.36 ppm 

Num 

Figure 4. (reproduced from (Choi et a)., 2005), with permission) a. 
Score plot of organic solvent fractions of 10 species of llex 
[without 1. paraguariensis) b. Loading plot of organic 
solvent fractions of 10 species of Ilex (without I. 
paraguariens!~) 
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(b) Ic) 

Figure 5.  (reproduced from (Choi et  al., 20051, with permissi 
a. Score plot of PC1, PC2, PC3 of aqueous fractions of llex sp 
b. Loading plot of PC2 
c. Loading plot of PC3 
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3. Metabolomic quality control of claimed anti-malarial Artemisia 
afra herbal rcmedy and A.aJra and A. unnua plant extract (van der  
Kooy et a/., 2 008) 

Artemesia annua I. .  has been used for centuries i n  traditional 
Chinese medicine to treat malaria and fever with artemisinin as 
active constituent (Klayman, 1985). Artemisio afra jacq. Ex Willd. 
is originally from South Africa and commonly used as a medicine 
for a wide range of illness such as cough, colds, fever, loss of 
appetite, and also malaria, although there is no report that  A. afra 
contains artemisinin or its derivetives (van der Kooy et a / ,  2008). 
I n  this study, a commercial anti-malaria capsule, which was 
claimed to contain 400 mg of pure A, afra without any additives 
or excipients, was investigated. The producer claimed that  
artcmisinin is the active ingredient in these capsules. For N M K  
analysis, 100 g of each sample (plant material removed From 
capsules, powder of A ,  annrra, powder of A. nfra) were extracted 
with deuternted chloroform, sonicated, filtered, thcn transefered 
to N M R  tubes. The H NMR data was subjected to PCA analysis, to 
determine whether the capsule contained A. annua, A, afra, or a 
combination of the two. 

From the PCA score plot, it is clear that A. annua and A. nfra are 
separated from each other in PCl, but the commercial sample 
could not be differentiated as A. annua or A. afra The loading plot 
revealed that artemisinin is an important marker for the 
differentiation in P C 1  (methyl signals at 0.99 ppm, 1 . 2 1  ppm, 1.44 
pprnj. LC-MS analysis of three samples, confirmed tha t  A. onntia 
contains 0.078 - 0.84% artemisinin but it is not present in A. afra 
or t he  commercial sample. It could be concluded tha t  the 
commercial capsules contain A. arra. 

Procc~ding of fnrernurrona/ Seminar UurrenI I.uut.s and C~hali~nges in Fo 

Figure. 6.  Score plot of the Artemisia samples showing the 
differentiation in PC 1 between the A. annuo (A)  sa 
and the A. afra (B) and con~rnercial herb (C) (repro 
from [van der Kooy et al., 20081, with permission) 

CONCLUSION 

N M R  based metabolomics in combination with multiv 
data  analysis can be applied as a finger printing tool for the q 
control of herbaI medicine. Adulterants or substitutes in comm 
herbal preparations can be identified very quickly with a s 
sample preparation. 
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Figure. 6. Score plot of the Artemisia samples showing t h e  clear 
differentiation in PC 1 between the A. annua [A) samples 
and the A. ofra (B) and commercial herb (C) (reproduced 
from (van der Kooy et o l ,  2008), with permission) 

CONCLUSION 

N M R  based metabolomics in  combination with multivariate 
data analysis can be applied as a finger printing tool for the quality 
control of herbal medicine. Adulterants or substitutes in commercial 
herbal preparations can be identified very quickly with a simple 
sample preparation. 
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