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In recent years, the interest in herbal medicinal products, especially in the field of dermatology and
cosmetics, has risen enormously. Many plant-derived substances show photoprotective properties
in terms of absorption of UV radiation and preventing photodamage to molecular structures of human
skin. Modern phytopharmaceutics as well as phytocosmetics require standardized, defined extracts
from the herbal matrix. Buckwheat herb is rich in flavonoids, which have been identified as potent
antioxidants. Up to now, there have been no systematic investigations available concerning the
extraction conditions for phenolic substances from buckwheat herb. In this paper, we report the
influence of three extraction parameters, ethanol concentration, temperature, and extraction time,
on the response variables extractable matter, antioxidant activity, and content of fagopyrin, rutin,
and chlorogenic acid. Our results suggest that an extract with good antioxidant activity, a high content
of phenolics, and a low content of the phototoxic fagopyrin can be yielded by agitated maceration
with 30% ethanol at 60 °C for 2 h. Furthermore, there is good correlation between the antioxidant
activity and the rutin content, whereas the extractable matter is not an appropriate parameter for
extract quality. Huge differences in the content of rutin and chlorogenic acid when using herbal drugs
from different suppliers confirm the demand of standardized procedures for the production of herbal
drugs.
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INTRODUCTION Modern phytopharmaceutics require standardized, defined
extracts from the herbal matrix. The extraction procedure is
' important because the extraction conditions determine the quality
and the vyield of the individual constituents. Although a lot of
innovative extraction techniques such as subcritical fluid extrac-
tion, microwave-assisted extraction, pressurized liquid extrac-

. s tion, and ultrasonic extraction have been developed during the
Buckwheat Fagopyrum esculenturivioench) is traditionally . . )
. X . . past decade7], classical agitated maceration at an elevated
used in venous diseases (3). It has a high content of phenolic

. . . temperature is still prevalent in the pharmaceutical industry.
substances such as flavonoids and phenolic ad)d3ie main L S
. . . . There are only a few systematic investigations about the
phenolics are rutin, chiorogenic acid, and hyperosfdgure influence of solvent extraction parameters for drugs containin
1). Rutin, whose content in buckwheat herb is abouB%, P 9 9

has been shown to absorb UV radiation and to scavenge freeIOhenOIIC substance81 13). The AA has been reported before

8 . ; . for extracts from buckwheat hulls and floui4—16) and
radicals as superoxide anions, hydroxyl radicals, and peroxyl . N
radicals (5), so an use in suncare products seems to bebuckwheat honeyl(7). Niesel could show that rutin is released

. ! . o completely from buckwheat herb by maceration with boiling
g]rt:;roe;gg%t Ha)éﬁsirg/sai?ngogh(lg;ogemc acid were shown to havewater (herbal infusion) (18), but no publications are available

that study the influence of extraction variables on the recovery
of different constituents from buckwheat herb methodically.
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Figure 1. Most important phenolics occurring in buckwheat herb.

for 24 h at—30 °C and a pressure of 0.370 mbar. The freeze-dried

Table 1. Experimental Design for Three Variables danp : °
extracts were stored in airtight bottles in the refrigerator.

concn  time  temp concn  time  temp Determination of Extractable Matter. An exactly weighed amount
run (%) (h) (°C) run (%) (h) (°C) of fluid extract (approximately 2 g) in a Petri dish was kept in a drying
1 70 24 60 5 70 21 5 oven for 3 h at 106105 °C. After it was cooled in a desiccator for 1
2 30 2% 60 6 30 2 25 h, the residue was weighed and the EM (%) was calculated as mass of
3 70 2 60 7 70 2 25 residue/mass of fluid extradi00. The experiments were performed with
4 30 2 60 8 30 2 25 eight aliquots of the fluid extract.

Determination of Fagopyrin Content. The freeze-dried extracts
were solved in methanol at 2 mg/mL. After filtration, the absorbance
Therefore, a 2factorial design was used. Temperature, solvent ath_590d nm was deterrglned (_UE)//V'S photometer Shimadzu 1202,
concentration, and extraction time are the most important factors ﬁy;)rgﬁciillé ItEhuerosFt)chﬁJTe :n lejJ\'/SS;;%}rfnfrg?w%)cr:?s (\:,ZTyp;I:i?; tgo
that mflgence the extraction efficacy in terms of quality anq fagopyrin. The experiments were performed in triplicate.
yield. Mixtures of ethanol and water were chosen as nontoxic

. . - DPPH Assay.The freeze-dried extract was solved in methanol at a
and environmentally friendly solvents, which have been shown concentration of 1 mg/mL. The DPPH concentration in methanol was

to be effective in the extraction of quercetin glycosid&8)( 100ug/mL. The measurement was done in microtiter plates (96 wells,
The determined response variables are representatives of th&MG Labtechnologies, Offenburg, Germany) according to Fukumoto
phytochemical characteristics of the prepared extracts. Theetal. 22). One hundred microliters of extract solution was mixed with
extractable matter (EM) is the yield of the extraction process. 100uL of DPPH, and the absorption was recorded after 10 min at 540
Rutin and chlorogenic acid are the desirable components of thenm (microtiter plate reader Polar Star Galaxy, BMG Labtechnologies).
extract. They can be quantified by means of high-performance The blank was a mixture of 10&_1_ of extract solution and 100L of
liquid chromatography (HPLC) analysis as has been demon- Methanol; the control was a mixture of 100 of DPPH and 10Q.L.
strated by Kreft and Krawczyk (1920). In contrast, the of methanol. AA was calculated according to the following equation:
fagopyrin content in the extract should be limited due to its
phototoxic potentialZ1). In plant extracts, there are often more
compounds than can be quantified individually by HPLC
analysis. The AA of the extracts with the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical was determined to take into
account the contribution of minor compounds to the overall AA
of the extracts.

AA (%) = 100 (A, — A)IA, €
whereAs is the absorbance of the sample akds the absorbance of
the control. The measurements were performed in triplicate.

HPLC Method. The content of rutin and chlorogenic acid in the
freeze-dried extracts was determined by HPLC analysis with a Merck-
Hitachi apparatus equipped with an autosampler AS 4000, interface
D-6000A, pump L6200A, UV-vis detector L4250, and column oven
Jetstream 2 plus. Twenty microliters of extract solved in methanol:
water 50+ 50 (v/v) was injected onto a Eurospher-100 RP8 column

Materials. Chemicals and reagents were obtained from the following (250 mmx 4 mm, 5um, Knauer, Berlin, Germany), which was held
commercial sources: rutin (Acros Organics, Geel, Belgium), DPPH at 25°C. Detection was at 324 and 350 nm. The mobile phase consisted
and chlorogenic acid (Sigma, Deisenhofen, Germany), and acetic acidof two components, (A) water—methanol—acetic acid (90:10:0.5, v/v)
(Roth, Karlsruhe, Germany). Methanol (HPLC grade) was purchased and (B) methanetacetic acid (100:0.5, v/v), and followed the gradient
from J. T. Baker (Deventer, Netherlands). Hypericin was a kind gift program inTable 2. The mobile phase flow rate was 1.1 mL/min. The
from W. Schwabe (Karlsruhe, Germany). All samples, solutions, and following phenolic substances were identified by comparing the
buffers were prepared from bidistilled water. The dried buckwheat herb retention time to that of reference substances: chlorogenic acid, rutin,
was obtained from Agrargenossenschatft Calbe (Calbe, Germany) andhyperoside, and quercitrin. In this paper, only the data for rutin and
from Caelo (Hilden, Germany). The respective drugs are further referred chlorogenic acid are presented. The validation parameters can be found

MATERIALS AND METHODS

to as “Calbe drug” and “Caelo drug”.
Preparation of Extracts. Five grams of the respective drug was

in Table 3.
Statistics. A 22 factorial design was chosen for investigating the

macerated in a wather bad shaker with 100 mL of the respective solvent.effects of extraction conditions [ethanol concentration) (¥xtraction

The combinations of the extraction parameters can be fouii@lihe

time (Xz), and temperature @X on dependent variables of the extract.

1. After the given time, the drug and the solvent were separated by All data are given as means standard deviations of two independent
filtration to obtain the fluid extract. The fluid extract was used to batches. Effects of the independent variables and their interactions were
determine the EM. For freeze drying, ethanol was removed from the calculated as the differences between the means on the high and the
fluid extracts under vacuum and the remaining aqueous phase waslow levels, respectively. The significance of the effects was evaluated
submitted to the freeze dryer (Alpha 2-4, Christ, Osterode, Gemany) by comparing their values to the confidence intervals based on the mean



Characteristics of Extracts from Buckwheat Herb J. Agric. Food Chem., Vol. 53, No. 1, 2005 5

Table 2. Gradient Profile Used in HPLC for Analysis of Buckwheat use of the lower concentration leads to a decrease with a longer
Extracts extraction time. The AA against the DPPH radical is affected
by the amount of reduceable substances. In buckwheat herb,
program  mobile  mobile program  mobile  mobile these are flavonoids and phenolcarbonic acids as well as their
time phase  phase time phase - phase degradation products, which are mainly hydroxybenzoic acids
(min) ACH B (%) (min) ACH) B (%) (24). As there is a decrease in AA with longer extraction time
g 28 [118 ég 8 188 when using 30% ethanol, major degradation processes may
9 60 10 3 9% 10 occur as minor degradation should not have influenced the
10 65 35 40 9 10 amount of reduceable substances to such an extent.
18 65 35 Fagopyrin. Both concentration and temperature as well as

their interaction have a significant positive effect on fagopyrin
content p < 0.001). Further consideration of the results reveals

Table 3. Validation Parameters for the HPLC Analysis of Buckwheat that raising the temperature increases fagopyrin content when
Extracts using 70% ethanol but not at the lower solvent concentration.
rutin LOD (in ug/mL)? 05 This can be attributed to the lipophilicity of fagopyri25).
precision (in %) 2.59 Theurer et al. yielded similar results as these reported here when
o linearity 0.5-600 ug/mL, * = 0.999 comparing the fagopyrin level in extracts from buckwheat herb
chlorogenic acid ;?ea S(:g é‘(ﬁllr/]“g/';))"‘ i-‘s‘z prepared by extraction with water or 50% ethargdl){ Ethanol

30% seems to have such a poor selectivity for fagopyrin that
the fagopyrin level cannot be increased by higher temperature.
This result can be used for obtaining extracts with a low level
of fagopyrin by using 30% ethanol as the extraction solvent.
standard deviation for the respective response variaB@s (Linear Content of Rutin and Chlorogenic Acid. For rutin content,
regression was performed with Microsoft Excel. For the comparison there are two significant interactions between concentration and
of drugs, statistical significance was determined by analysis of variance extraction time (p< 0.05) and between concentration and
after logarithmic transformation of the data and NewmKeuls post temperatureg < 0.001). Raising the temperature to €Dleads
test.P values equal or less than 0.05 were considered significant (Graphtq an increase of rutin content, which is higher for the lower

linearity 1-100 ug/mL, > = 0.998

aLimit of detection.

Pad Prism 2.0, GraphPad Software Inc., San Diego, CA). solvent concentration. For the extraction with 30% ethanol, a
longer extraction time yields a loss of rutin content. In the case
RESULTS AND DISCUSSION of chlorogenic acid, there is only a negative significant effect

Phenomena that may influence extract quality during the for concentration (p< 0.001).
maceration process are solvent saturation or drug exhaustion The results found for rutin content are consistent with findings
(which both lead to a steady state), solvent selectivity due to of Baumgertel et al. They found a flavonol-3{£heterodisac-
composition and temperature, degradation of components, andcharidase in buckwheat herb, which has a high activity up to a
many others. The results for the response variables are giventemperature of 58C and a methanol content of 33%. A higher
in Table 4. The effect of the investigated parameters may be temperature as well as a higher alcohol concentration decrease
either independent or interactive for every single response the enzyme activity, which leads to a better stability of rutin in
variable. In the latter case, the respective parameters have tcsolution @6). Liu et al. performed similar extraction experiments
be considered in combination. with St. John’s wort Klypericum perforatum), which contains

EM. For the EM, a general parameter measuring the yield partially the same flavonoids as buckwheat. They found that
of the extraction process, the effect of the three-factor interaction raising the temperature from 23 to 86 has a positive effect
(TFI), is significant p < 0.05). Looking to the results in more  on the EM as well as on the recovery of quercetin glycosides
detail, it becomes clear that the extraction yield is higher at 60 (8). Interestingly, while extracting with a 50% ethanealcetone
°C. Increasing the extraction time is only relevant for the combination at room temperature, they observed an increase of
extraction at 25C, independent of the concentration used. This recovery up to an extraction time of approximately 480 min
means that the steady state between drug and solvent is reachedthereas at longer extraction times degradation of constitutents
more quickly at the higher temperature because a longertook place. In the results presented here, increasing the extraction
extraction time does not influence the yield at 8D but only time to more than 2 h did not lead to a higher yield. At room
at 25°C. temperature, it even provoked degradation of phenolic sub-

AA. For the AA, the three factor interaction is significant as stances. So a high level of rutin can be yielded by using 30%
well (p < 0.01). So at 60C, neither concentration nor extraction ethanol at 60C. Using the lower concentration solvent is also
time influence the AA whereas at the lower temperature, the favorable for obtaining higher levels of the more water soluble

Table 4. Influence of Extraction Parameters on Phytochemical Characteristics?

run EM (%) AA (%)? fagopyrin (%) rutin (%) chlorogenic acid (%)
1 148 £0.01 99.74 £ 0.36 0.16 £ 0.01 7.91+0.34 0.29 +0.08
2 1.33+0.01 99.99 +0.02 0.02 £0.003 7.77 £0.52 0.43£0.04
3 1.47 +£0.07 99.47 +0.25 0.19+0.04 7.05+0.52 0.28 +0.01
4 1.33+0.00 100.00 = 0.00 0.03 +£0.001 8.07+0.45 0.47 +0.06
5 1.30 £ 0.02 99.98 +0.03 0.11+0.001 6.77£1.30 0.37 £0.05
6 1.09+0.01 86.89+0.73 0.03 +0.001 1.03+0.31 0.43+0.01
7 1.16 £0.02 97.88 +2.89 0.07+0.01 5.98+1.18 0.38+0.09
8 1.04£0.01 94.42 +1.06 0.04 +0.05 242+0.21 0.50 + 0.02

2Data are given as means + standard deviations of two independent batches. ? AA against DPPH.
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Table 5. Overview on Effects of the Independent Variables and Their Interactions?

Hinneburg

and Neubert

concn (Xl) time (Xz) temp (Xg) Xy X Xzb Xo X X3¢ Xy % X3d TFI
EM +27.15 +9.27 +45.94 +4.36 -8.16 -1.90 -3.24
AA +18.96 -6.21 +24.07 +11.90 +6.82 -20.81 -11.23
fagopyrin +44.35 +0.25 +17.59 +3.05 -1.27 +20.50 -6.99
rutin +21.81 +0.66 +38.39 +8.23 +2.37 -26.55 -1.99
chlorogenic acid —45.54 -9.82 -18.75 +8.93 +3.57 -12.50 -0.89

aData are given as a percentage of the total sum of effects. + and — indicate the direction of the effects. Significant effects are printed in bold (p < 0.05). ? Interaction
of concentration and time. € Interaction of time and temperature. ¢ Interaction of concentration and temperature.
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extraction conditions extraction conditions
Figure 2. Influence of the drug used on the content of rutin. Extracts Figure 3. Influence of the drug used on the content of chlorogenic acid.

were prepared with 30% ethanol. Data are given as means + standard
deviations of two independent batches.

Extracts were prepared with 30% ethanol. Data are given as means +
standard deviations of two independent batches.

chlorogenic acid. Quercetin glycosides seem to be more stablealso present for the extraction conditions 252 h, whereas
toward higher temperatures than anthocyanins for which a for 25 °C/24 h no difference can be found between the drugs.
degradation has been reported by Cacace et al. when raisingrhis may be due to rutin degradation as suggested above, which
the temperature from 30 to 3% (11). affects the results more than the rutin content of the starting

In Table 5, the percentages of individual effects on the total materials.
sum of effects are summarized. It is shown that only for the  The surprising results for the differences between the starting
EM and the AA, TFIs are relevant. The interaction of the factors materials used were further investigated by determining the rutin
concentrations and temperature is significant for three of five content in both drugs according to Hagefs (ndeed, the results
response variables, and the respective percentage is in the samghowed that the Calbe drug contained 6.35% rutin, whereas in
order of magniture as for the main factors. Overall, the the Caelo drug, 6.66% of rutin could be found. Further inquiries
experimental design revealed that an extract with a high contentrevealed that the supplier of the Calbe drug harvested the
of phenolics, a low fagopyrin content, and good AA can be buckwheat plants too late, which can lead to a deterioration of
obtained by adjusting the extraction parameters as follows: rutin content 27). This confirms the necessity of standardization
ethanol concentration, 30%; temperature;6Qand extraction of plant material already in the state of seeding and harvesting
time, 2 h. as itis required by the Herbal Medicinal Products Working Party

The rutin content can be correlated well with AA of the (HMPWP) (28). Although the difference in rutin content seems
extracts ( = 0.8682) in contrast to chlorogenic acid content to be small, the extraction process leads to diverging quality of
(r> = 0.1522). This probably can be attributed to the fact that the respective extracts.
rutin has a higher AA than chlorogenic acid (5). The amount
of EM can be correlated neither with AA%(= 0.5109) nor ABBREVIATIQNS USE_D_ ) )
with rutin (2 = 0.7154) or chlorogenic acid conten (= AA, antioxidant activity; DPPH, 2,2-d|phenyl-1-p|crylhyd_ra-
0.5516). Consequently, the EM cannot be considered as aZyl; EM, extractable matter; HMPWP, Herbal Medicinal
surrogate parameter for the extract quality. In contrast, a high Products Working Party; TFI, three-factor interaction.
content of rutin provides good AA of the extract. LITERATURE CITED

Effect of Raw Material Used. To investigate the influence
of the starting material, the experimental design was repeated (1) Dattner, A. From medical herbalism to phytotherapy in dermatol-
partially (the respective runs with 30% ethanol) with a drug ogy: Back to the futureDermatol. Ther.2003,16, 106—113.
from another supplier. Rutin and chlorogenic acid content were (&) F'guyer, S.; Afag, F.; Mukhtar, H. Photochemoprevention of skin
chosen as response variables. The resfigaites 2and3) show Ic;:rl]ncer by botanical agent®hotodermatol. Photoimmunol.

- . . . . . otomed2003,19, 56-72.

that for chloroggnlc acid, the yield is 5-fold higher when Using (3) |hme, N.; Kiesewetter, H.. Jung, F.; Hoffmann, K.; Birk, A.;
the Caelo drug instead of the Calbe drpg<(0.001). Regarding Miiller, A.; Gritzner, K. Leg oedema protection from a buck-
rutin content, the results are more complex. At 8D, the wheat herb tea in patients with chronic venous insufficiency: A
difference between the drugs is significapt< 0.05) and the

single-centre, randomised, double-blind, placebo-controlled clini-
rutin content is higher for the Caelo drug. This difference is cal trial. Eur. J. Clin. Pharmacol1996,50, 443—447.



Characteristics of Extracts from Buckwheat Herb

(4) Hagels, H.; Lapke, C.; Schilcher, H.; Riedel, E. Comparison of
the distribution of free amino acids and phenolic compounds in
Fagopyrum esculentum MoendPharm. Pharmacol. Let1998

8, 181-183.

Rice-Evans, C.; Miller, N.; Paganga, G. Structure-antioxidant

activity relationships of flavonoids and phenolic acidsee

Radical Biol. Med.1996, 20, 933—956.

Azuma, K.; Nakayama, M.; Koshioka, M.; Ipposushi, K.;

Yamaguchi, Y.; Kohata, K.; Yamauchi, Y.; Ito, H.; Higashio,

H. Phenolic antioxidants from the leaves@drchorus Olitorius

L. J. Agric. Food Chem1999,47, 3963—3966.

Huie, C. A review of modern sample-preparation techniques for

the extraction and analysis of medicinal plarksal. Bioanal.

Chem.2002,373, 23-30.

Liu, F.; Ang, C.; Springer, D. Optimization of extraction

conditions for active components in hypericum perforatum using

response surface methodology Agric. Food Chem2000,48,

3364—3371.

Cacace, J.; Mazza, G. Extraction of anthocyanins and other

phenolics from black currants with sulfured watg&rAgric. Food

Chem.2002,50, 5939—5946.

Keindnen, M. Comparison of methods for the extraction of

flavonoids from birch leaveBtula penduléRoth) carried out

using high-performance liquid chromatograpbly Agric. Food

Chem.1993,41, 1986—1990.

(11) Cacace, J.; Mazza, G. Optimization of extraction of anthocyanins
from black currant with aqueous ethanalFood Sci2003,68,
240—248.

(12) Reuvilla, E.; Ryan, J.; Martin-Ortega, G. Comparion of several
procedures used for the extraction of anthocyanins from red
grapesJ. Agric. Food Chem1998,46, 4592—4597.

(13) Siddhuraju, P.; Becker, K. Antioxidant properties of various
solvent extracts of total phenolic constituents from three different
agroclimatic origins of drumstick treévioringa oleiferaLam.)
leaves.J. Agric. Food Chem2003,51, 2144—2155.

(14) Mukoda, T.; Sun, B.; Ishiguro, A. Antioxidant activities of
buckwheat hull extract toward various oxidative stress in vitro
and in vivo.Biol. Pharm. Bull.2001,24, 209—213.

(15) Quettier-Deleu, C.; Gressier, B.; Vasseur, J.; Dine, T.; Brunet,
C.; Luyckx, M.; Cazin, M.; Cazin, J.; Ballleul, F.; Trotin, F.
Phenolic compounds and antioxidant activities of buckwheat
(Fagopyrum Esculentum Moenchulls and flour.J. Ethno-
pharmacol.2000,72, 35-42.

(16) Zielinski, H.; Kozlowska, H. Antioxidant activity and total
phenolics in selected cereal grains and their different morpho-
logical fractions.J. Agric. Food Chem2000,48, 2008—2016.

©)

(6)

@)

®)

)

(10

J. Agric. Food Chem., Vol. 53, No. 1, 2005 7

(17) Gheldof, N.; Wang, X.; Engeseth, N. Buckwheat honey increases
serum antioxidant capacity in humark. Agric. Food Chem.
2003,51, 1500—1505.

Niesel, S. Untersuchungen zum Freisetzungsverhalten und zur

Stabilitét ausgewahlter wertbestimmender Pflanzeninhaltsstoffe

unter besonderer Berticksichtigung moderner phytochemischer

Analysenverfahren. Ph.D. Thesis, Institut fir Pharmazie, Freie

Universitét Berlin, 1992.

Kreft, S.; Srukelj, B.; Gaberscik, A.; Kreft, I. Rutin in buckwheat

herbs grown at different UV-B radiation levels: Comparison of

two UV spectrophotometric and an HPLC methddExp. Bot.

2002,375, 1801—1804.

Krawczyk, U.; Petri, G.; Kery, A. Application of U¥Vvisible

spectrophotometry, TLC-densitometry and RP-HPLC for fla-

vonoids determination in buckwheat herb extraktta Pol.

Pharm.1993,50, 317—319.

(21) Theurer, C.; Gruetzner, K.; Freeman, S.; Koetter, U. In vitro
phototoxicity of hypericin, fagopyrin rich, and fagopyrin free
buckwheat herb extractBharm. Pharmacol. Letil997 7, 113—

115.

(22) Fukumoto, L.; Mazza, G. Assessing antioxidant and prooxidant
activities of phenolic compounds. Agric. Food Chem2000,
48, 3597—3604.

(23) Box, G.; Hunter, W.; Hunter, &tatistics for Experimenters. An
Introduction to Design, Data Analysis and Model Building
Wiley: New York, 1978.

(24) Makris, D.; Rossiter, J. Quercetin and rutin (quercetin-3-o-
rhamnoglucoside) thermal degradation in aqueous media under
alkaline conditions. InFunctional Foods 99-Claims and
Evidence Buttriss, J., Saltmarsh, M., Eds.; Royal Society of
Chemistry Press: London, 2000; pp 216—238.

(25) Brockmann, H.; Lackner, H. Zur Konstitution des Fagopyrins.
Tetrahedron Lett1979,18, 1575—1578.

(26) Baumgertel, A.; Grimm, R.; Eisenbeiss, W.; Kreis, W. Purifica-
tion and characterization of a flavonol-38eketerodisaccharidase
from the dried herb ofFagopyrum esculentum MoendRhy-
tochemistry2003,64, 411—-418.

(27) Mdller, A., Schiebel-Schlosser, G., Educhweizen. Botanik-
Inhaltsstoff-Analytik-Pharmakologie, Toxikologie, Kliniiss.
Verl.-Ges.: Stuttgart, 1998.

(28) Herbal Medicinal Products Working Par§oints to Consider
on Good Agricultural and Collection Practice for Starting
Materials of Herbal Origin Herbal Medicinal Products Working
Party: London, 2001.

(18)

(19)

(20)

Received for review May 31, 2004. Accepted October 29, 2004.
JF049118F



