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PLANT ARE INCREDIBLE VARIABLE SOURCES  

OF  SUBSTANCES THAT ARE GENERALLY DIFFICULT TO SYNTHETIZE 

DUE TO THEIR CHEMICAL COMPLEXITY 

CAN BE CLASSIFIED AS 

 

• PRIMARY METABOLITES   

 

AND 

 

• SECONDARY METABOLITES 

WHAT PLANTS CONTAIN 

2 

http://www.edqm.eu/en/European-Pharmacopoeia-1401.html


PRIMARY METABOLISM IN A PLANT COMPRISES ALL METABOLIC 
PATHWAYS THAT ARE ESSENTIAL TO THE PLANT'S SURVIVAL  

PRIMARY METABOLITES ARE COMPOUNDS THAT ARE DIRECTLY INVOLVED 
IN THE GROWTH AND DEVELOPMENT OF A PLANT 

 
 

 SECONDARY METABOLITES ARE COMPOUNDS PRODUCED IN OTHER 
METABOLIC PATHWAYS THAT, ALTHOUGH IMPORTANT, ARE NOT 

ESSENTIAL TO THE FUNCTIONING OF THE PLANT  
ARE USEFUL IN THE LONG TERM, OFTEN FOR DEFENCE PURPOSES 

SECONDARY PLANT METABOLITES ARE ALSO USED IN SIGNALLING AND 
REGULATION OF PRIMARY METABOLIC PATHWAYS 

PRIMARY VS SECONDARY PLANT METABOLISM 
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PRIMARY METABOLITES (EXAMPLES) 
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               SECONDARY METABOLITES (EXAMPLES) 
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• GENERALLY COMPLEX CHEMICAL STRUCTURE 
•   MANY SUBSTANCES BELONGING TO THE SAME CLASS (FLAVONOIDS,    
        FLAVONS, SESQUITERPENES ETC.)  
•   ARE PRESENT IN A CHARACTERISTIC PATTERN OF    CONSTITUENTS   IN THE      
        SAME PLANT/PART OF THE    PLANT/MATURATION STAGE 
• NATURAL UNIQUE DEFINED STEREOCHEMISTRY 

       THE PLANTS CONTAIN SUBSTANCES WITH THE 
FOLLOWING ATTRIBUTES 

Example: 
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           THE PLANTS CONTAIN SUBSTANCES WITH 
THE SAME PATTERN (EXAMPLE)  

VACCINIUM MYRTILLUS  

15 Anthocyanins with 

characteristic fingerprint 
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HPLC 
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e.g. Vaccinium myrtillus anthocyanins have a very characteristic HPLC pattern that 

allows to distinguish the other berries. 

Vaccinium corymbosum, Highbush blueberry 

Vaccinium macrocarpon, American cranberry Vaccinium angustifolium, Lowbush blueberry 

Vaccinium myrtillus  

              THE PLANTS CONTAIN SUBSTANCES 
 WITH THE SAME PATTERN   
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SYNERGIC EFFECTS   
MANY DATA SHOWS THAT BIOLOGICAL ACTIVITY OF THESE PREPARATIONS  

MIGHT RESULT FROM SYNERGY OF ACTIVE COMPOUNDS RATHER THAN FROM 

A SINGLE CHEMICAL ENTITY. 

 

EXAMPLE  

 

 

 

 

    

 

THE ANTIMICROBIAL ACTIVITY OF ALKALOID BERBERINE IS 100 TIMES   

ENHANCED BY 5’-METHOXYHYDNOCARPIN (5’MHC). 

 

 

 

 

 

 

9 



10 



Generally it is not possible to identify a substance responsible for the biological 
activity: all substances generally contribute in a synergistic way to pharmacological 
effect and / or mitigating toxic effects.  
 

Isolated individual constituents  generally behave in different way.  
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HERBAL EXTRACTS 
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They are active ingredients 
in their entirety 
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HERBAL EXTRACTS 

12 



ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG/STARTING HERBAL DRUG 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting)  HERBAL DRUG 
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The Quality of the Starting Herbal Drug should be assured by 
an adequale Supplier Qualification to guarantee the GACP 
compliance (“Good Agriculture and Collection Practice”). 

IMPURITIES FOR HERBAL DRUG 
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ESTRATTI  DI ORIGINE VEGETALE 

Herbal Drug Preparations 

GACP 

1. ADEQUATE QA SYSTEM FOR HERBAL EXTRACTS 

2. IN WILD HABITAT POSSIBLE CONFUSION DURING COLLECTION 

2. QUALITY AGREEMENTS (ACCORDING TO REGIONAL REGULATIONS) 

3.  PERSONNELL 

4.  BUILDING 

5.  EQUIPMENT 

6. DOCUMENTATION 

7. SEEDS AND PROPAGATION MATERIAL  

8. CULTIVATION  

9. COLLECTION  

10. HARVEST  

11. PRIMARY PROCESSING  

12. PACKAGING  

13. STORAGE AND DISTRIBUTION  
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Biological activity supported by Consistency 

 of  the HERBS  CONSTITUENTS  
 

 

Traceability and Authenticity are Key elements to support  

the Consistency of  the composition of  the Herbs 

Geographical  

Origin 

Cultivation 

Harvesting 

(FARMERS) 

Drying Process Storage 

(including 

freezing) 

Transportation 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 

(Es. Vaccinium myrtillus L. frutti freschi (congelati)) 
Origine: Europa 

Genere 

Specie 
Parte della pianta Autore 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 

Esempio: 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 
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macroscopic id 

microscopic id 

vaccinium myrtillus l. – bilberry 

(STARTING) HERBAL DRUG IDENTIFICATION 
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 HPLC 

 

 

 

             TLC 
 

vaccinium myrtillus l. - bilberry 

(STARTING) HERBAL DRUG IDENTIFICATION 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 

Commento: 
La dimensione del materiale vegetale è generalmente più importante quando 
ci si riferisce a degli “herbal tea” ma generalmente non quando si estrae con 
solventi il materiale vegetale se l’estrazione viene condotta in condizioni di 
esaurimento del materiale vegetale.  

24 



ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 

Commento: 
La presenza di umidità residua nel materiale vegetale è importante in quanto 
un basso contenuto di acqua (< 10-12%) evita la formazione di micotossine e 
favorisce la conservazione dei markers attivi.  
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ESTRATTI  DI ORIGINE VEGETALE 

(Starting) HERBAL DRUG 
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HPLC 

Controlli tipici di un Herbal Drug (esempio di una 
Monografia della Farmacopea Europea, Ginkgo biloba 

foglie) 

IDENTIFICATION 

A. Macroscopic description The leaf  is greyish or yellowish-green or yellowish-brown. The 

upper surface is slightly ……. 

B. Microscopic examination (2.8.23). The powder is greyish or yellowish-green or yellowish-

brown. Examine under a microscope ……. 

C. Thin Layer Chromatography (2.2.27) ….. 

TESTS 

Foreign matter (2.8.2): maximum 5 per cent of  stems and 2 per cent of  other foreign matter. 

Loss on drying (2.2.32): maximum 11.0 per cent, determined on 1.000 g of  the powdered 

herbal drug (355) (2.9.12) by drying in an oven at 105 °C for 2 h. 

Total ash (2.4.16): maximum 11.0 per cent. 

27 

http://upload.wikimedia.org/wikipedia/commons/0/00/Ginkgo_biloba_02.jpg


IMPURITIES FOR HERBAL DRUG (contaminants) 

CONTAMINANTS 

 
HERBAL DRUG 

 

Pesticides 

Microbial  

Heavy 
Metals 

Irradiation 

Pyrrolizidine 
Alkaloids/Tro

pan Alk. 

Polyciclic 
Arom. 

Hydrocar. 

Foreign 
Matter 
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Mycotoxins 



Controlli tipici di un Herbal Drug (esempio di una 
Monografia della Farmacopea Europea, Ginkgo biloba 

foglie) 

CONTAMINANTS 

 

• Heavy Metals (According to European Pharmacopoeia) 

 Pb < 5 ppm 

 Cd <  1 ppm 

 Hg < 0.1 ppm 

 As    

 

• Pesticides (According to European Pharmacopoeia 2.8.13) 

 

• Aflatoxins/Ochratoxins (According to European Pharmacopoeia 2.8.18 ; 

2.8.22) 

             < 2 ug/Kg (B1);  

 < 4 ug/Kg   (sum B1 B2 G1 G2)  

  

• Pyrrolizidin Alkaloids/Tropane Alkaloids (recently added). 
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B1 B2 

G1 G2 

Among the 
mycotoxins (B1,B2,G1 
e G2) are the most 
widespread and 
dangerous for their 
genotoxicity .  e.g. Aspergillus flavus 

CONTAMINANTS:  MYCOTOXINS 

Controlli tipici di un Herbal Drug 

30 



environment 

phenotypes (traits) 

biochemical circuit 

PROTEINS 

translation 

transcription 

(storage) DNA 

gene expression (RNA) 

proteomics 

metabolomics 

QUALITY OF STARTING VEGETABLE MATERIAL: 
NATURAL VARIABILITY OF METABOLITES 
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QUALITY OF STARTING VEGETABLE MATERIAL: 
NATURAL VARIABILITY OF METABOLITES 

environment 

gene expression 
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ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG PREPARATION 

33 



Secondo la Ph.Eur.: 

ESTRATTI  DI ORIGINE VEGETALE (Herbal Drug Preparations) 
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Si tratta di miscele complesse la cui riproducibilità viene 
garantita dalla qualità del materiale vegetale di partenza 
(Herbal Starting Material),  dal metodo di produzione, dai 
controlli in corso di fabbricazione. 

Quindi: 

Manufacturing 
process /IPC 

ESTRATTI  DI ORIGINE VEGETALE (Herbal Drug Extracts) 
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Manufacturing of a Dry Extract 

 
Herbal Drug (Cultivation, 

Collection, Drying, Storage) 

Primary Extract 

Concentrated Extract 

Dry Extract 

Standardized, Quantified, Others,  Dry 
Extract, Refined/Purified 

Cutting,  
Extracting 

Concentrating 

(Purification*) 

Drying, Milling 

Standardising, 
Quantifying 

* Purification not pertinent to extracts classified as “Others”   36 



Extract Types of the European Pharmacopeia 

Standardised Extracts : All actives are known (Active markers) 

“are adjusted to a defined content of one or more constituents with 
known therapeutic activity. This is achieved by adjustment of the extract 
with inert excipients or by blending batches of the extract”. 

Quantified Extracts : Some actives are known (Active markers) 

“are adjusted to one or more active markers, the content of which is 
controlled within a limited, specified range. Adjustments are made by 
blending batches of the extract”. 

Other Extracts : None of the active is known (Analytical Markers) 

“are not adjusted to a particular content of constituents. For control 
purposes, one or more constituents are used as analytical markers. The 
minimum content for these analytical markers is given in an individual 
monograph”. 

ESTRATTI  DI ORIGINE VEGETALE (Herbal Drug Extracts) 
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ICH-Q7 
(Part II) 

ESTRATTI  DI 
ORIGINE VEGETALE 
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ESTRATTI  DI ORIGINE VEGETALE 

Herbal Drug /HERBAL DRUG PREPARATIONS 
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According to current “Annex 7” EMA regulation: 

Starting Materials for Herbal extracts  

Described in the Application 

Covered by GMPs 

API Starting 
Material 

Herbal 
substance 

(storage) 

Cutting/ 

Extractions 

Concentr.
/Purif. 

Drying Herbal 
preparation 

Herbal 
substance 

cultivation 

collection 

Simplified description 
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Extraction,( Purification),Drying,  
Standardization/Quantification  

Manufacturing Process (Ph. Eur.) 

QC TESTING 

EXCIPIENT 
(up to x % w/w) 

Extraction (2) Extraction (n) 

Purification steps (2) Purification steps (n) 

Extraction (1) 

Purification steps (1) 

Drying (1) 
(intermediate 1) 

Drying (2) 
(intermediate 2) 

Drying (n) 
(intermediate n) 

MIXING 

(quantification) 

QC TESTING final 
 

Final Extract 

Note: EXCIPIENTS can be used for 
Standardized Extracts only. In all 
other cases constant amount of 
inert excipient can be added if 
justified for technological reasons 
only.  
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Estratto secco dalle foglie di Ginkgo biloba : marker attivi  

Ginkgo flavon glicosidi (FG)  Terpenlattoni (TL) 
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ESTRATTI  DI ORIGINE VEGETALE 

Materiale di partenza 
variabile 

M
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. 

FG TL 

0.5% 

2.0% 

0.1% 

0.5% 

FG 

FG 

TL 

TL TL FG 

0.9% 

1.3% 

0.20% 

0.35% 

22% 

27% 

5% 

7% 

24% 
25% 

5.5% 
6.5% 

Estrazione/ 

Purificazione 

Miscelazione 
Finale 

 
GINKGO BILOBA (Dry Extract, Quantified, Purified) 

(+)FG=flavonglucosides 

(+)TL=terpenlattoni 

 

(-) Biflavones 

 

(-) Ginkgolic acids etc. 
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rm
ed

ia
te
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ESTRATTI  DI ORIGINE VEGETALE (Herbal Drug Extracts) 

Dry extracts  
are solid preparations obtained by evaporation of the solvent 
used for their production. 

Dry extracts usually have a loss on drying of not greater than 

5 per cent m/m. Where justified and authorised, a loss on 

drying with a different limit or a test for water may be 
prescribed. 

Soft extracts  

are semi-solid preparations obtained by evaporation or partial 
evaporation of the solvent used for production 
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ESTRATTI  DI ORIGINE VEGETALE (Herbal Drug Extracts) 

Oleoresins  

Liquid extraction preparations   

Liquid (FLUID) extracts  

Tinctures   

European Pharmacopoeia describes additionally: 
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Specifiche  

ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG PREPARATION 
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ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG PREPARATION 

Specification for Herbal  Preparations:  

Commento: 
Ratio of Herbal Substance to Genuine Herbal Preparation: DER 
DER=Rappresenta il rapporto  fra la massa vegetale di partenza e  quella 
dell’estratto finale (nativo) senza l’eccipiente, e considerato “1” . E’ espresso 
come intervallo nel seguente modo:  (a-b)/1 . 

48 



Controlli tipici di un estratto (esempio di una Monografia 
della Farmacopea Europea, Ginkgo biloba foglie) 
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1. Only toxicologically relevant substances in the extract 

EXAMPLE for: 

Controlli tipici di un estratto 
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Analisi del complesso dei Flavonoidi dopo idrolisi acida 

Quercetina 
Kampferolo 

Isoramnetina 

Controlli tipici di un estratto (esempio di una Monografia della 

Farmacopea Europea, Ginkgo biloba estratto secco) 
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Ginkgolide C 
Bilobalide  

Ginkgolide A 

Ginkgolide B 

Controlli tipici di un estratto (esempio di una Monografia 

della Farmacopea Europea, Ginkgo biloba estratto secco) 
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POTENTIAL CONTAMINANTS: 

• Residual solvents (According to ICH: Q3C(R5);Q3C(R6); EMEA 

CPMP/QWP/450/03 -Rev.1 - Annex I) 

• Pesticides (According to European Pharmacopoeia 2.8.13) 

• Heavy Metals (According to European Pharmacopoeia) 

 Pb < 5 ppm 

 Cd <  1 ppm 

 Hg < 0.1 ppm 

 As    

• Aflatoxins/Ochratoxins (According to European Pharmacopoeia 

2.8.18 ; 2.8.22) 

           B1: < 2 ug/Kg ; sum B1 B2 G1 G2: < 4 ug/Kg 

• Pyrrolizidin Alkaloids/Tropane Alkaloids (new) 

 

 

 

Controlli tipici di un estratto (esempio di una Monografia 
della Farmacopea Europea, Ginkgo biloba foglie) 
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ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG PREPARATION 
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ESTRATTI  DI ORIGINE VEGETALE 

HERBAL DRUG PREPARATION 

Extracted from: Herbal Medicinal Products: Gaedcke , Steinhoff, Medpharm, 2003  

Example of Change of the microbial status (total microbial count/g) during the 
manufacture of a dry extract.  Extraction solvent: Ethanol /Water  

101 

102 

103 

104 

105 

106 

107 Betula  
dry extractc 

Crataegus  
dry extract 

Herbal Drug  Extraction  Evaporation  Drying  Grinding/Mixing  
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Evolving technologies  
 

New analytical technology and modifications to 
existing technology are continuously being 
developed. Such technologies should be used when 
they are considered to offer additional assurance of 
quality, or are otherwise justifiable.  

In general, according to EMA / CPMP/QWP/2820 Rev. 2  
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Evolving technologies  

HERBAL EXTRACTS 
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HERBAL EXTRACTS 
Evolving technologies  
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STARTING HERBAL DRUG IDENTIFICATION 

genomic approach,  a new frontier 

 

 DNA-based authentication of medicinal plants  

 DNA-based authentication is a quickly, efficient, reliable and very 
economic (PCR) 
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Plant ID: How do you test DNA ? 
Evolving technologies  

 

SAMPLE DNA EXTRACTION 

or 

RNA EXTRACTION 

Reverse 

transcribe 

to cDNA 

DNA 

AMPLIFICATION 

or 

ENZYME 

RESTRICTION 

DNA SEQUENCING  

or  

DNA IDENTIFICATION 
BIOINFRMATIC ANALYSIS 
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HERBAL EXTRACTS 
Evolving technologies  

In these cases fingerprinting techniques with 

chromatographic or spectroscopic techniques are more 

suitable tools for phytoequivalence/composition studies. 

HOW TO IDENTIFY OR COMPARE TWO EXTRACTS 

(SAMPLES) CONSIDERING THE OVERALL CHEMICAL  

COMPOSITION ? 
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HERBAL EXTRACTS 
Evolving technologies  
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With PCA, we move from the one-dimensional vision of  a 

problem to its simplified multidimensional version with a 

minimal loss (or improved) information . 

 

PCA 

HERBAL EXTRACTS 

Evolving technologies  
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Each point can be projected down onto the directions (components pc1 e 
pc2) which  explain the maximum of the variance so that to reduce the 
dimension of the ORIGINAL variables  

X1 

X2 

X3 

PC1 

PC2 

PC1 = C1 * X1 + C2 * X2 + C3 * X3 

PC2 = C1’* X1 + C2’* X2 + C3’* X3 

PC3 = ……….. 

PRINCIPAL COMPONENTS 

 COEFFICIENTS OF CORRELATION (LOADINGS) 

V1% 

ASSOCIATED VARIANCE 

V2% 

V3% 

 V1>V2>V3 

X = ORIGINAL VARIABLES 

HOW PCA WORKS 
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Projection of the points down on the principal components (pc1 e pc2) 

which identify the bidimensional  space where the points present the 

maximum variance. 

PC2 

PC1 

X1 

X2 

X3 

PC1 

PC2 

REDUCING THE DATA DIMENSION TO PUT INTO 
EVIDENCE GROUPS SEPARATION 
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THE DATA FLOOD GENERATED BY MODERN ANALYTICAL INSTRUMENTATION 
PRODUCES LARGE QUANTITY OF NUMBERS THAT REPRESENT THE CHEMICAL 

COMPOSITION OF AN EXTRACT  .: 

HPLC (or 

GC) 

101 -102 peaks  

IR ( FT/IR)/ UV 103   DATA POINTS  

HPLC/GC-

MS 

NMR 104 - 105   DATA POINTS  

105 – 106  DATA POINTS  

HERBAL EXTRACTS 
Evolving technologies  
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TECHNOLOGY ADVANTAGES DISADVANTAGES 

• Individual  or Class 
of compounds 
specificity 

• No overall 
composition 
detection 

 

• Overall composition 
detection 

      Portable systems 

• Spectra 
superimposition 

• Individual 
Compound very 
specific /Overall 
composition 

• Very high matrix 
dimensionality (3D) 

• Overall composition 
detection with good 
specificity 

 

• Partial spectra 
superimposition 

HERBAL EXTRACTS 

Evolving technologies  

HPLC (or 

GC) 

IR/NIR ( FT/IR)/ 

UV 

HPLC/GC-

MS 

NMR 
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HERBAL EXTRACTS Data preprocessing before PCA 
Evolving technologies  

The steps involved in the analysis of  metabolomics 

data are at a minimum: 

  

• Standard post-instrument processing of  acquired 

spectroscopic data, such as drift/offsets baseline calculation of  

intensity values. e.g.: 0 baseline correction. 

• Production of  a data table from the analytical 

measurements such that there are m rows (observations, 

samples) and n columns (variables, frequencies, integrals);      

• Normalization of  the data or some related adjustment to 

the spectral intensities (a row operation); e.g.: normalisation to 

a 100 sum value (to compare different spectra for 

composition) 

• Scaling of  the data (a column operation); e.g. to a unit 

Standard Deviation 

• Multivariate statistical modeling of  the data. e.g. : PCA 

S
am

p
le

s 

Variables 
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Evolving technologies  
HERBAL EXTRACTS (Pre processing: Spectra Alignment; e.g. COW, ICOSHIFT ) 

 Ref.: COW (Nielsen NPW et al. J. Chromatogr. A 1998;805:17-35) 

ICOSHIFT (Tomasi G. et al.; J. Chemometr. 2004; 18:231-41) 
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HERBAL EXTRACTS (NMR COMPARISON) 

Evolving technologies  
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Can be used to support Herbal Identification for 
correct species when other methods are not 
suitable. 
 
  

USE OF PCA FOR HERBAL IDENTIFICATION (SPECIES)  

Evolving technologies  
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BOSWELLIA SERRATA RESIN 

Boswellic acids (Active triterpenoids) 

Evolving technologies  
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LA - 24.660 alpha-BA - 25.978 

beta-BA - 26.742 

Dehydro-Boswellic Ac - 27.501 

ALA - 30.447 

alphaABA - 31.956 

betaABA - 32.662 A
U

 

0.000 

0.016 

0.032 

0.048 

0.064 

0.080 

0.096 

0.112 

Minutes 
0.00 4.60 9.20 13.80 18.40 23.00 27.60 32.20 36.80 41.40 

alphaKBA - 18.635 

betaKBA - 19.025 

alphaAKBA - 25.026 

betaAKBA - 25.399 

A
U

 

0.000 

0.012 

0.024 

0.036 

0.048 

0.060 

0.072 

0.084 

Minutes 
0.00 4.60 9.20 13.80 18.40 23.00 27.60 32.20 36.80 41.40 

BOSWELLIA SERRATA TYPICAL TRITERPENOIDS (HPLC) 
210 nm 

250 nm 

Evolving technologies  
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 BOSWELLIA SERRATA RESIN 

PC1 = C1 * X1 + C2 * X2 + C3 * X3+….+C9*X9 

P
C

2
 =

 C
1

’*
 X

1
 +

 C
2

’*
 X

2
 +

 C
3

’*
 X

3
+…

+C
9

’X
9

 

Boswellia serrata  

Boswellia spp  

PCA of  HPLC profile (HPLC peaks areas = X vectors) 

C = loading (correlation coefficient) 

Evolving technologies  
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 BOSWELLIA SERRATA RESIN 

PC1 = C1 * X1 + C2 * X2 + C3 * X3+….+C9*X9 

P
C

2
 =

 C
1

’*
 X

1
 +

 C
2

’*
 X

2
 +

 C
3

’*
 X

3
+…

+C
9

’X
9

 

PCA of  HPLC profile (HPLC peaks areas = X vectors) 

Evolving technologies  
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Boswellia resins and extracts – PCA of  HPLC triterpenic acids percent composition   

RESIN VS EXTRACTS TRITERPENE COMPOSITION 

Boswellia serrata 

Evolving technologies  
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Can be used as a powerful QUALITY CONTROL 
CHART to support the overall consistency of the 

composition of the extract. 
 
  

 PCA AS TOOL FOR OVERALL HERBAL EXTRACTS 
VARIABILITY EVALUATION  

Evolving technologies  
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ESTRATTI  DI ORIGINE VEGETALE 

GINKGO BILOBA (Dry Extracts, Quantified, Purified) 
PCA of NMR data 
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Can be used to compare extracts of different origin 
 

(e.g. for regulatory purposes) 
 

 PCA AS TOOL FOR OVERALL HERBAL EXTRACTS 
VARIABILITY EVALUATION  

Evolving technologies  
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PC1 -  44.2 percent explained variance 
-400 -200 0 200 400 600 800P

C
2
 -

  
2
5

.3
 p

e
rc

e
n

t 
e
x
p
la

in
e
d

 v
a
ri

a
n

c
e
 

-800

-600

-400

-200

0

200

400

600

VM-IND 1
VM-IND 2

VM-IND 3

VM-IND 4

VM-IND 5
VM-IND 6

VM-IND 7

VM-IND 8

VM-IND 9

VM-IND 10VM-IND 11

VM-IND 12

VM-IND 13

VM-IND 14

VM-IND 15

VM-IND 16
VM-IND 17VM-IND 18

VM-IND 19

VM-IND 20

VM-IND 21

VM-IND 22

VM-IND 23

VM-IND 24
VM-IND 25

VM-IND 26
VM-IND 27VM-IND 28

BIL 1

BIL 2

BIL 3

BIL 4

BIL 5

BIL 6

BIL 7

BIL 8

BIL 9

BIL 10

BIL 11

BIL 12

95% conf ellipse95% conf ellipse Manufacturer I 

OTHERS 

PCA AS TOOL FOR OVERALL HERBAL EXTRACTS 
VARIABILITY EVALUATION  

PCA of 1H-NMR spectra of Vaccinium myrtillus Dry Extracts 

82 



Can be used as a powerful tool to prove/support 
overall phytoequivalence of two extracts 

(e.g. for regulatory purposes) 
  

USE OF PCA FOR HERBAL EXTRACTS 

Evolving technologies  
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HERBAL DRUG EXTRACTS 

OTHER EXTRACTS 

SERENOA REPENS (W. BARTRAM) SMALL, OILY EXTRACT 

 TOTAL FATTY ACIDS:  
MINIMUM 80.0 PER CENT (ANHYDROUS EXTRACT) 

 
LAURIC ACID:  

MINIMUM 23.0 PER CENT (ANHYDROUS EXTRACT) 
 

TOTAL STEROLS, EXPRESSED AS Β-SITOSTEROL:  
MINIMUM 0.20 PER CENT (ANHYDROUS EXTRACT) 

 
Β-SITOSTEROL:  

MINIMUM 0.10 PER CENT (ANHYDROUS EXTRACT) 
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PRINCIPAL COMPONENT ANALYSIS (PCA)  

SERENOA REPENS  EXTRACT (CO2 SUPERCRITICAL AND 

HEXANE EXTRACTS PHYTOEQUIVALENCE VERIFICATION) 

NMR FINGERPRINTING (QC) 

Coefficient of correlation with reference NMR ≥ 0.997 

Hexane extraction 

Supercritical  
CO2extraction 

Evolving technologies  
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PRINCIPAL COMPONENT ANALYSIS (PCA)  
SERENOA REPENS  EXTRACT (CO2 SUPERCRITICAL AND 

HEXANE EXTRACTS PHYTOEQUIVALENCE VERIFICATION) 

NMR FINGERPRINTING (QC) – PCA ANALYSIS 

Hexane extraction 

Supercritical CO2extraction 

R. Pace et al.; Fitoterapia, 102(2015)56-60  

Evolving technologies  
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Can be used to support genuinity of the extracts  
 

or 
 
To put into evidence potential adulterations 
 
  

 POTENTIAL USE OF PCA  

Evolving technologies  
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SERENOA REPENS EXTRACT  
NMR FINGERPRINTING 

Serenoa repens extract  

Olive oil, Sunflower oil  

FINGERPRINTING VARIABILITY - PCA 

Evolving technologies  
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USE OF PCA FOR HERBAL EXTRACTS ADULTERATION  
DISCOVERY 

Serenoa repens extracts  

Olive oils  

Other oils  
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Can be used for statistical image comparison like 
HPTLC of plants or extracts  

 
  

 PCA AS TOOL FOR OVERALL HERBAL EXTRACTS 
VARIABILITY EVALUATION  

Evolving technologies  
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HPTLC profile of  Curcuma spp 

HPTLC is widely used in the Authentication and QC of  herbals 

Ref.: Anthony Booker et al., Journal of  Etnopharmacology, 152 (2014) 292-301  

Curcuma Aromatica & Zanthorriza  Curcuma Longa 
91 



HPTLC profile of  Curcuma spp 

……………

……….……

…………..... 
HPTLC profiles                  Individual RGB traces                      Aligned RGB traces                  

MatLab 

 

Photodensitometry 

Evolving technologies  
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HPTLC profile of  Curcuma spp  PCA 

Curcuma longa 

Other Curcuma spp 

Evolving technologies  
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Evolving technologies  

Sample 

D
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Storage/Processing 
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REVISITING THE CONCEPT OF BOTANICAL 
THERAPEUTICS IN TERM OF QUALITY AND 

REGULATORY SUPPORT 

.. 

CONCLUSION 
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Modern Trends in Quality and 
Regulatory Aspects of Herbal Extracts 

96 

Quality… … is not 

always what 

you see 


