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The objectives of this research were to characterize the physical and chemical
properties of dried roselle calyx, to establish the chemical fingerprints, and to determine radical
scavenging activity as well as to build a model for prediction the activity.

The dried roselle calyx samples were obtained from various sources of Thailand (n =
35). The physical qualities were analyzed by general control method as described in Thai Herbal
Pharmacopoeia. The modified pH-differential spectrophotometry was developed for analysis of total
anthocyanins (TA) content. The method used methyl orange (MO) as an external standard and the
correlation factor between concentration of TA and MO at the same absorbance value was applied
to converse the concentration of MO to that of TA. The contents of total phenolic compounds (TP),
organic acid and potassium were also analyzed. Chemometrics combined with High Performance
Liquid Chromatography (HPLC), Ultraviolet-visible (UV-Vis) and Infrared (IR) spectroscopies were
applied to study the chemical patterns. The radical scavenging activity was determined by DPPH
assay. The prediction models were built from the data of HPLC and UV-Vis by partial least square
(PLS) and uninformative variable elimination PLS (UVE-PLS) techniques.

The samples were classified based on their visual appearance into 2 major groups
(the reddish group, n = 17 and the brownish group, n = 16). The other two samples had distinct small
calyx. Between the reddish and the brownish, foreign matter, loss on drying, total ash and acid-
insoluble ash were not different (p > 0.05), but ethanol-soluble and water-soluble extractives were
higher in the first group (p < 0.05). The contents of TA, TP and acid were also higher in the first
group (p < 0.05), while potassium content in both groups were not different (p = 0.17). The validation
results of the modified pH-differential spectrophotometry showed that the method was accurate and
precise. The TA contents analyzed by this method were not different from those of the HPLC
method (p = 0.71). The HPLC chromatogram patterns of the reddish and the brownish were
different. The standard HPLC fingerprint built from the data of the reddish could successfully
discriminate the group of sample, whereas the UV-Vis and IR spectra patterns were unsuccessful in
this point. The radical scavenging activity was higher in the reddish (p < 0.05). The best model with
the lowest RMSEP value was the PLS model of HPLC chromatogram. The model used 10,641 x-
variables and 3 PLS-factors. The RMSEP of model, + 0.1910 what corresponded to 4.58%, was

comparable to the error of laboratory analysis, + 0.1869 what corresponded to 4.48%.

Program of Pharmaceutical Chemistry and Natural Products Graduate School, Silpakorn University Academic Year 2008
StUdeNt's SIGNALUIE.........ovivii i e

Thesis Advisors' signature 1. ........cccccvvviieeeiiiieeesscieee e 2 e ————

iv



45356901 : ANV UNTWAT UL HAANUNFTTUIA

o o w ,2’ a Jd a L= a 4 Q‘{s} a a

MdiAy : nsziRvuLAY AMUAURAMNW Taneswiu/ A luwasnd/ gnsaueyyasdsz/ uouTn lyentiy
nauwms guiannding : msdszgndlda luwaIad lunisaiuauganimayu lnsnszidoy

S (=R a a 7 o o ¢ o 9
LIRN. Eﬂ"l]'liEJ‘VHJiﬂHTJ‘VIEHNWHﬁ :iﬁ.ﬂi.q‘ﬂﬂ Tﬁﬁuzwuq Uag IA.9UAUN y_smﬂaaa. 187 ¥iH.

4
v A

3teiiisagUszaafiedndnsasnamenn vazmuad afreflunesniuimani
Snszigniaey Maﬁﬁizmmﬂﬁmgﬂaﬂm‘gﬂuumuﬁ’q wazaduTumaietiuegnisandn

msfnshludegandu@oinsziouun i 35 §10619 fiquanuvdasen veadszme'lne
TasFnunaauiianianmenmdreisvesisunasgiunayuns ne nazWannisinneilsnaneu
Tn'lweniusudredsmin Ins I lammSuuuiesamlosun lagldmsmiasssudidumsunasgiu uds

Aurasuameu Inlsariusivanmanuduius sz nududuvosunaooisus nuuew Tn'lu

x

A Ao A [ u’: a g a = a a N I~
TUUNUAINITAANAULTUNINY saunnseilsuavesil Tuansiu nsadunid uaz Tnunaaey u

=2 7 aq Y a Jd1 Y a sy a 1 Y ~
ﬂ'lﬁﬁﬂ‘lsl'li‘l]!LU‘]JGU'ENfNﬂﬂﬁ%ﬂ@ﬂﬂ?\?mﬂisﬁﬂii\lmﬁiﬂ“]ﬁ'JlJﬂiJﬂ'li?lLﬂﬁ'lzﬂﬂ'JfJWlﬂuﬂﬁ'N"] llﬂ!l,ﬂ IDFNLLDA
4

A A aa A S 1 =® a9y a o AanA A A 9 A o a’
% YI- U uaz‘lami ?I"J’L!ﬂ']iﬁﬂﬂ']i]‘ﬂ‘ﬁ(ﬂ'luﬂlglluaﬂﬁig‘ﬂ'liﬂﬂ’\l‘ﬁﬂwwm‘h' uazﬁﬁﬂumamamumqm
Y
#l

A A

Yy = = A aa Aa o
wmﬂuﬂwuﬂmaa uaggionioalod IﬂEJGI,"lf‘UE]ll“ﬁ°’l]1ﬂLE]"1$WLLE]ﬁ°BIﬂ§1ﬂI‘VILLﬂSM LLE‘]%Q’J-’JE‘TLUﬁﬁLﬂﬂﬁiM

1 A

{1 o 1g ' '
Nﬁﬂ”l'iﬁﬂkl”l‘l/‘lﬂ’ﬂ mamwaﬂymzmauanﬁmeﬂu LLZ’!%!LUQHJL! 2 ﬂqualﬁmq o ﬂij‘llf?fl,!,ﬂ\i 17

A10819) uaxﬂa:u?nfmm (16§18 uazfineiedfitnnanidendn @ #0610 Uams
Judlou awi s idhit hiazaneTunsa voangudnas uaznguirinalusaiu o > 0.05)

USuaesanadigoniuoa Lmszmﬁﬁﬁ”ﬂﬁ’wﬁywmﬂzjmﬁumu1ﬂﬂi1ﬂ'sjm§1§f1ma (p < 0.05) YTwmas
wouTnlgenriiusiu Winansw uazﬂmﬁu‘vﬁﬁﬁumﬂtjuﬁummnﬂimicju?ﬂfwma (o < 0.05) luvusi

a a q’/l 1 ] 1 [ a ada L4 a d'
“]J“JllWmIWLWIﬁ!"HEJSJGUENV]Qﬁﬂ\iﬂﬁllhllluﬂﬂﬂNﬂu (p=0.17) Nﬁf‘ﬂﬁﬂﬁgm‘L!’J‘ﬁ31ﬂ513ﬁ££6u1ﬂq%ﬂ1uui’f]lﬁﬂ

v
an aa v

Wanndunuh Fatanugndes i uasiramsTinszilimannisiosinead p = 0.71) giun

L1

= o

= aa J a J 1A 1 ~ ' 1Y 4 o A I a J A
LE]“BWLL?JﬁL]ﬁ"I\‘ILﬂE]iWﬁu’ﬂﬂlﬂQﬂq&JﬁLlﬂ\i HAaZNaNFUINANANNAWNNU Lﬁﬁ]‘lﬂﬂﬂlﬂﬂiWiu‘ﬂﬂﬂﬁﬁiWU“ﬂﬁ%jN

2
4

-4 9 J o J o 1A J a [ J o
s'ﬁmmmanammﬂanﬁuﬂﬂﬂmﬁammauﬁmma mexldm@swau1/1uwmmumﬂanmmmmuuﬂ

ANUUANANVDINTY li]El'U‘ﬂ\?ﬁ’fNﬂaiJllﬂ Tuvae Wiﬂllﬂ’ﬂﬁlﬂﬂﬂillﬂ a8 uag ll’f]fﬂﬁ "lummmmuuﬂ

b1}
4

AUIANANTEHIIeNgN 1d °lumsmaauammuaqgaaaszwmw qw%mmnizﬁﬂmtcju?’fumﬁmnﬂiw

= 09; ' = Y o & YA oo A A = =
NNFHING (p < 0.05) LLﬂ%‘WU’Jﬂi\lmfﬂflﬁﬁJTiﬂsl,"]ﬁ’l”IlﬂfJi]V]‘ﬁlLa’Jllﬂ’JﬁJLLﬂJuEJ”ﬁ’lfm Ao Tumadiuoaodan

a

o 1 o ] 4
adunndoyaeyiinead TagTueadenanisznoudie Auisdu 10,641 dauals naziiveaoaulamos 3

L= a = J A o A A A a g A o @
urlames Ianuranalamagesoueadluszaunumely Ao 0.1910 #50AAU 4.58% IWOLNYUNY

1 a g
ﬂ'J”IiJWﬂWﬂWWJ?NﬂTi’JLﬂﬁW WV]NWE’N‘]J \'1’0§]J i0.1869 ﬁ?@ﬂﬂ!‘lh«! 4.48%
a @ S a o d a o a A @ a v A =
TV NMIBUNTBANUASHANNUNTITUYIA UYUNAINYIDY 3J1’i'l')‘1/lf]'lﬁflﬁﬂﬂ']ﬂ§ ‘]Jﬂ'liiﬁﬂ‘kﬂ 2551
A A o o=
DIIUDBDUNFNHT oo e e e eaaee e s
A A I (X a A s
ﬁ"lf]llﬂéh'ﬁlﬂWi]WSFJVITJiﬂ‘HTJVIEHHWH‘ﬁ Le e 2 e



ACKNOWLEDGEMENTS

I would like to express my eternal gratitude to my thesis advisor, Assoc. Prof.
Dr. Uthai Sotanaphun for his constant, strong knowledge, inspiration and indefinite kindness.
I also deeply thank my co-advisor, Assoc. Prof. Jankana Burana-osot for her valuable advice
on the concept of quality control.

I also sincerely thank the members of thesis examination committee, Asst.
Prof. Dr. Suchada Piriyaprasarth, Assoc. Prof. Dr. Manat Pongchaidecha and Assoc. Prof.
Dr. Rapepol Bavovada, for their invaluable time and comment.

I am also grateful to Medicinal Plant Research Institute, Department of
Medical Sciences, Ministry of Public Health, Thailand for partial financial support. | also
thank the staffs at the Faculty of Pharmacy, Silpakorn University, Thailand for providing
research facilities.

A special acknowledgement is extended to all my friends and colleagues, Dr.
Yaowalak Amrumpai, Asst. Prof. Siripan Limsirichaikul, Asst. Prof. Wisit Tangkeangirisin,
Ms. Arisarakorn Sirinamaratana, Ms. Arthittaya Jiaranaiselavong, Ms. Wilai Trakoon-osot,
Mr. Wichai Santimaleeworakul, Mr. Chalermphon Wanawongthai, Mr. Surasit Lochid-
amnuay, Mr. Lersak Prachuabaree, Ms. Patcharawan Tanamatayarat, Ms. Sasidhorn
Sukphiboon and others for their profound sympathy, encouragement and many supports.

Finally, | would like to express my warm thanks to my parents and my family

for their love.

Vi



CONTENTS

Page

ENGliSh ADSTraCt. .. ..o e e iv

THAT ADSTIACT. .. ..ot e e e e e e e %

ACKNOWIBAG MBS, ...ttt et et et vt vt et e e e e e e e e Vi

LiSt OF TabIES. .. e e e e Xii

I E 0 T 02 XV

Chapter

I 11 T [T [ 1

Goals and ODJECHIVES. .. ... et e e e 4

I Literature REVIBW. .. ...t e e e e e e e e e e e 5

Hibiscus sabdariffa L. .......ccoiiii i s 5

INEFOAUCTION. ..o e e e e e e e e 5

Morphological characters of H. sabdariffa.................c.ccooii i, 5

Ethnomedical information of H. sabdariffa......................ccoocoi . 6

Clinical study, pharmacological activity and toxicity of H. sabdariffa............ 9

Chemical constituents of H. sabdariffa...............ccoooiii 24

Commercial value of H. sabdariffa.............cocoiiiii i 29

Quality control of H. sabdariffa................cocoi i, 30

(0703 To] (U] o] 1 J 31

ANTNOCYANINS. . e e 32
Anthocyanins as marker for good manufacturing practices, natural food

colorants and nutraceutical USeS.............ooviviiiiiiiiiii e, 33

Analysis of anthoCYaninS.........covvii i i e e 34

0] T 1157 o] 36

Approach for quality control of herbal medicine................ccoooiiiiiii i 36

Component-based or compound-oriented approach.................ccoocovevennn. 36

Marker approach..........cooovie i 36

Multi-components or multi-compounds approach.......................... 37

Pattern-based or pattern-oriented approach.............coooeovivviiiniinieninnenn 38

Single pattern approach or fingerprint analysis..................c.coevveee, 38

Multi-patterns approach.............ooveiriee i e 39

Fingerprint application...........o.oouie i 39

(0703 To] (U] o] PP 40



Chapter Page

Chemometrics tools for quality control of herbal medicine............................... 40
Introduction t0 ChEMOMELIICS. ... vuve it e e e e e 40
Application of chemometrics to quality control of herbal medicine.............. 42

Experimental design.........coo i 42

Chromatographic fingerprint analysis............coccveiviiiiiiiii e 42

Multivariate calibration and prediction.............c.ccooivi i, 48

0] o [15] o] 52

11 Materials and Methods. .. .......oe i e e 54

Plant Materials. .. ..o o e e e e 54

Preparation of standard anthocyanins.............coooiiiiii i e 54
Isolation of standard anthocyanins.............c.oooiiiiiii i 54
Identification of the isolated COMPOUNS............oevieieiiieiiiiii e, 55
Purity assay of the isolated COMPOUNAS.........coeviiiiiniiiie e e e, 56

General quality control Methods. .. .......c.vie v e, 56
FOrEIGN MALTEr. .. et e e e e e e 56
L0SS ON ANYING. ..t et e e e e e e e e 57
Total @SN ... 57
ACId INSOIUDIE @Sh. ... 57
Water-soluble eXtraCtiVe. .. ... ..oouue v e e 58
Ethanol-soluble eXtraCtive. ............oeii i e 58
Data ANAIYSIS. .. vt vt et ittt e 58

Qualitative control Methods. ... ...t 59
Chemical identification............ooo i 59

Sample solution and test solution preparation..............cccocevvenen .. 59
(0o =T [ =T 59
Thin-layer chromatography (TLC) fingerprint............coooeviiiiiie e s, 60
Sample solution and standard solution preparation........................ 60
(00T [ = 61
High performance liquid chromatography (HPLC) fingerprint.................. 61
SaMPIe PreParation. .. ... ...c.ee et et et e e 61
Optimization of HPLC condition.............covviiiiiiiiniiiiiiieeae s 62
o 00T [ - 63
Data ANAIYSIS. .. .t et et e 63
Validation of HPLC fingerprint of H.sabdariffa........................... 64

viii



Chapter Page

Ultraviolet-visible (UV-Vis) fingerprint..........cccccovvevveinieiie s 64
Sample Preparation.........ovviirie e 64

e (0T =T [ = 64

Data analySiS. .. .uv et et et et 64

Infrared (IR) fingerprint...... ... 65
PrOCEAUIES. .. et e e e et e e e e e e e 65

Data analysSiS. .. ... ve et e e 65

Quantitative control analysiS.........cc.uie it 65

Development of method for analysis of total anthocyanins in H. sabdariffa... 65

HPLC for analysis of total anthocyanins in H. sabdariffa................. 65
pH-differential spectrophotometry.......... ..o, 66

Modified pH-differential spectrophotometry...............ccooiviiiiinnne. 68

Validation of modified pH-differential spectrophotometry............... 68

Analysis of total phenolic compounds...........co.vvvviiiiiiiii e 69
Condition for extraction of total phenolic compounds..................... 69

Standard solution preparation and calibration curve ...................... 69

PrOCEUUIES. .. ettt e e et e e e e et et e e e e e ren e e 70

Sample analysiS. ... ot 70

Method Validation.............oeie i e 70

Analysis of total acid content..............ooe it 70
Analysis of potassium CONtENt.........cv vt 71
Radical sScavenging aCtiVity ........ooeivei i e e 71
Determination of radical scavenging activity.............ccoooiiiiiiiiiiiiinnnnns 71
Standard solution preparation and calibration curve...................... 71

e 00T [ = 71

SAMPIE ANAIYSIS. .. .t et et e e 72

Prediction of radical scavenging activity.............c.oovveieiiiiiieiie e, 72
SOUrCE OF data. .. v e 72

Data PreproCESSING . .. ...t ee et e een et et e e e e et e e e e et e e 72

DAt ANAIYSIS. .. .. eee e et e e e 72

Overall chemical quality of H. sabdariffa in Thailand......................coooee il 73
IV ReSUILS @Nd DiSCUSSIONS. .. .. te s et e et et e et e et et e e e e e e e e ee e 75
PlaNt MaAterialS. ... e e e e e e 75



Chapter Page

Preparation of standard anthocyanins.............cocoiie it e, 75
Isolation of delphinidin-3-sambubioside (Dp-3-sam)............cccovvvveinienne 75
Identification and purity of the isolated compounds..............ccoovvenieninn. 77

General quality control methods.........c.oeeiii i 78

Qualitative quality CONtrol.........ccoieii i e 83
Chemical identification............oooiiiiii e 83
Thin-layer chromatography (TLC) fingerprint ............ccooviiiiii i, 86
High performance liquid chromatography (HPLC) fingerprint.................. 89

SamPle Preparation..........c.v.e e e e e e e 89

Optimization of HPLC condition.............c.ocoiviii i, 91
Establishment of HPLC fingerprint of H. sabdariffa..................... 93

Validation of HPLC fingerprint of H. sabdariffa.......................... 98
Ultraviolet-visible (UV-Vis) fINGerprint.........cccooceovineniiiiiineneee e 101
Infrared (IR) FINGEIPIINT... ..ot e 107
Quantitative control Methods..........c.oiv it e 112

Development of method for analysis of total anthocyanins in H. sabdariffa... 112

pH-differential spectrophotometry.............ccoooviiii i, 112

Modified pH-differential spectrophotometry...................ooeeni. 116

Validation of modified pH-differential spectrophotometry............... 117

Analysis of total phenolic compounds............cccooviiiiiiii i 121
Sample Preparation... ... ..o e e e e 121

SaAMPIE ANAIYSIS. ..o 123

Method validation......... ..o 124

Analysis of aCid CONENt..........cooiii i e 125
Analysis of POtasSiuM CONTENT. ... .c.oue it e 126
Radical Scavenging aCtiVity ... .......c.ee et e e e e 126
Determination of radical scavenging activity.............c.ccovviiiiieiineennn 126
Prediction of radical scavenging activity.............oooiiieiiiiiriie i, 128
Prediction by HPLC chromatogram............ccoooeevsiirine e, 131

Prediction by UV-Vis SPECTIUM..........iiiviie i e e 145

Overall results of the prediction of radical scavenging activity......... 151

Overall chemical quality of H. sabdariffa in Thailand..........................ooenni 155
[ 2 o o] [ o] o 158



Chapter Page

=] T =T o0 160
N 0] 0 1=] T [ o 171
Appendix A Crude drugs of Hibiscus. sabdariffal.................cccooiiiiiiiinnnn, 172
APPeNdiX B REAGENTS. .. ...t 178
Appendix C *H NMR Spectra of the isolated anthocyanins of H. sabdariffa L........ 180
2 T 0] 02 187

Xi



Table

0 N o o~ WwDN

10

11

12

13

14

15

16

17

LIST OF TABLES

Page

Ethnomedical uses of H. sabdariffa...............coooi i 7
Clinical study, pharmacological activity and toxicity of H. sabdariffa................... 9
Chemical constituents of H. sabdariffa..............ccooco . 24
Common guidelines and specifications for dried H. sabdariffa.......................... 31
Structures of common anthocyanidins (refer to Figure 3)..........cccooviiieiiiiieannnt. 33
Factors and levels for optimization of the solvent program of HPLC................... 62
Years of receiving, sources and characteristics of H. sabdariffa samples............... 76
'H NMR data of Compound | and Compound Il comparing with *H NMR data

of delphinidin-3- sambubioside (Dp-3-sam) and cyanidin-3-sambubioside

(CY-3-5AM) .ttt e e e seneees 80
General quality control methods of each roselle sample (mean + SD)................... 81
General quality control methods of roselle samples in each group (mean + SD)...... 82
Chemical reaction of roselle extract, beet root extract and some synthetic dyes........ 85
hRf values of components in the roselle extract prepared from 0.1% conc.

hydrochloric acid in methanol.................cooi 89

Information of the HPLC chromatograms obtained from full factorial experiment... 92
Correlation coefficients between the HPLC fingerprint of roselle

(refer to Figure 17) and HPLC chromatogram of each sample

(refer to FIQUIE 16) ...t e e e e e e e e e e e e e e e e e 99
The retention time, peak area and relative peak area of 7 characteristic peaks

of HPLC fingerprint common pattern of roselle................ccooii i 100
Correlation coefficients between UV-Vis fingerprint of roselle and

UV-Vis spectrum of each sample...........oooe i 106
Comparison between total anthocyanin content

(% wiw calculated as Dp-3-sam based on dried weight) in roselle

(mean + SD) determined by the pH-differential spectrophotometric method

(Method 1) and the modified pH-differential spectrophotometric method

(MEEhOO 2) ... et e e e e e e e e e e e 115

xii



Table
18

19

20

21

22

23
24

25

26

27

28

29

30

Page

Validation parameters of the pH-differential spectrophotometric method

(Method 1) and the modified pH-differential spectrophotometric method

(MELNOO 2) ... e e e e e e e e aees 119
Comparison between total anthocyanin content

(% wiw calculated as Dp-3-sam based on dried weight) determined by

the modified pH-differential spectrophotometric method and the

HPLC method (mean + SD for three replicates)..........ccoevevvieiinieiiinnn, 120
Content of total phenolic compounds calculated as gallic acid equivalent (GAE)

and protocatechuic acid equivalent (% w/w based on the dried weight) in

roselle (MEAN £ SD). .. ieiie it e e e e e e 123
Validation parameters of the Folin-Ciocalteau’s method using gallic acid

and protocatechuic acid as standards.............coovvie i 124
Acid content calculated as citric acid (% w/w based on the dried weight) in roselle

(MEAN £ S ... it e e e e e 125
Potassium content (% w/w based on the dried weight) in roselle............................ 126
Radical scavenging activity (% w/w equivalence to ascorbic acid) in roselle

(MEAN £ SD) ..ttt 127
Descriptive statistics of the radical scavenging activity of the calibration set

and the PrediCtion SEt...........ove it e e 131
Summarize of model parameters and validation results of model using for

prediction of radical scavenging activity by HPLC chromatogram.............. 137
The measured values (mean = SD), predicted values and deviation of

predicted values of radical scavenging activity (% w/w equivalence to

ascorbic acid) predicted by HPLC chromatogram of the prediction set........ 138
Summarize of model parameters and validation results of model using for

prediction of radical scavenging activity by the areas under curve (AUCs)

of characteristic peaks of HPLC chromatogram of roselle........................ 142
The measured values (mean + SD), predicted values and deviation of

predicted values of radical scavenging activity (% w/w equivalence to

ascorbic acid) predicted by the areas under curve (AUCs) of

characteristic peaks of HPLC chromatogram of the prediction set.............. 145
Summarize of model parameters and validation results of model using for

prediction of radical scavenging activity by the UV-Vis spectrum............. 149

Xiii



Table Page
31 The measured values (mean = SD), predicted values and deviation of

predicted values of radical scavenging activity (% w/w equivalence to

ascorbic acid) predicted by the UV-Vis spectrum of the prediction set......... 151
32 The lower and upper bound of root mean square error of prediction (RMSEP)

OF €8CH 6 MOGEL......ooiiiiiiiee e 154
33 Quantitative quality control in each roselle sample (mean £ SD)...............c..o.ee. 156
34 Quantitative quality control of roselle samples in each group (mean + SD)............. 157

Xiv



Figure

[V, B N VS I 8]

10

LIST OF FIGURES

Page
Photograph of H. sabdariffa or roselle.............c.coooiiiiiiiiiiiii 6
Chemical constituents of H. sabdariffa......................o 29
Chemical structure of anthocyanidins.............ooiiiiiiiiiii e 32
Predominant structural form of anthocyanins present at pH 1.0 and pH 4.5............ 36
Sample plot (°) referenced to original variable (variable 1 and variable 2)
(=+=) and referenced to PCs (PC1 and PC2) (==-) aXiS.........covvvvvnrnnnnnn.. 46
Boxplot of data: Q, = the first quartile, Q, = the second quartile or the median,
Q;the third quartile, IQR = the interquartile range...............ccevvevennennnnn. 59

Thin-layer chromatograms of fractions from Sephadex® LH-20 gel filtration

chromatography: stationary phase = silica gel 60 Fys4,

mobile phase = ethyl acetate : 2-propanol : water : formic acid (6:2:2: 1),

detection under daylight, 1 to 11 = the fraction obtained from

Sephadex® LH-20 gel filtration chromatography................cc.cccceveeieennie. 77
Chemical structure of delphinidin-3-sambubioside (Compound I) (R = OH)

and cyanidin-3-sambubioside (Compound II) (R =H).......cccoeevrevrviercrrenne. 78
Chemical reactions of the roselle: @) the extract after heated with 2M hydrochloric

acid, bl) the extract after added 2M sodium hydroxide, b2) the fade of the

extract after leaving solution b1 to stand, C) the extract after added 2M

sodium hydroxide and immediately added 2M hydrochloric acid,

d) the extract after added aluminium chloride test solution, €) the extract

after added lead acetate test solution and f) the extract after added

ferric chloride test solution, S) the roselle extract used as control................ 83
Thin-layer chromatograms of roselle prepared with 0.1% conc. hydrochloric acid

in methanol: left) detection under daylight and, right) sprayed with diluted

sulfuric acid and heated, stationary phase = silica gel 60 Fys4,

mobile phase = ethyl acetate : 2-propanol : water : formic acid (6:2:2: 1),

1-35 = sample number, A = cyanidin-3-sambubioside, B = delphinidin-3-

sambubioside, C = quinaldine red.............ccoooiiiiiiiiii i 87

XV



Figure

11

12

HPLC chromatograms of roselle extract prepared from 50% methanol (—)

and water (- -): solvent A = 4% phosphoric acid,

solvent B = 100% acetonitrile,

solvent program = 0-10 min isocratic elution with 6% B,

10-55 min linear gradient to 20% B, 56-60 min isocratic elution with 6% B,

Aetection At 254 NIML. ..o v veeeei e

HPLC chromatograms of roselle extracted prepared from 50% methanol

at various herb to solvent ratios (w/v), 1 : 50 (—), 1 : 25 (--)
and 1 : 5 ("): solvent A = 4% phosphoric acid,

solvent B = 100% acetonitrile,

solvent program = 0-10 min isocratic elution with 6% B,

10-55 min linear gradient to 20% B, 56-60 min isocratic elution with 6% B,

AeteCtion At 254 NIML. ..ottt e

13 HPLC chromatograms of roselle extracted prepared from 50% methanol

determined by various solvent programs: solvent A = 4% phosphoric acid,
solvent B = 100% acetonitrile, full factorial experimental design :

factor i (the first number) = duration used for an isocratic elution at 6% B
(levels of i = 15, 20 and 25 min),

factor ii (the last number) = duration used for a gradient elution to 20% B

(levels of ii 40, 45 and 50 min), detection at 254 nMm...............cooeevininnnna

14 HPLC chromatograms after correction for the time shift of roselle extract (n = 35)

prepared from 50% methanol:
solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,
solvent program = 0-20 min isocratic elution with 6% B,

20-70 min linear gradient to 20% B, 71 min linear gradient to 6% B,

detection At 254 MM, ..ottt e e

15 PCA of HPLC chromatogram of roselle extract (n = 35) prepared from

50% methanol: a) score plot of PC1 (78% X-variance explained) and
PC2 (6% X-variance explained), the blue markers = the reddish samples,
the red markers = the brownish samples,

the green markers = the small calyx samples, 01-35 = sample number,

A = cluster of the reddish samples, B = cluster of the brownish samples,
C = cluster of the small calyx samples, b) loading plot of x-variables,

blueline=PC 1, red lIne =PC2.......ccooiiiiiiiiii i,

XV1

Page

94



Figure

16

17

18

19

20

21

22
23
24

HPLC chromatograms of roselle extract prepared from 50% methanol:

a) the reddish samples (n = 17), b) the brownish samples (n =16),
solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,
solvent program = 0-20 min isocratic elution with 6% B,

20-70 min linear gradient to 20% B, 71 min linear gradient to 6% B,

Aetection At 254 NIML. ... v e e

HPLC fingerprint of roselle extract (n = 17) prepared from 50% methanol:

solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,
solvent program = 0-20 min isocratic elution with 6% B,

20-70 min linear gradient to 20% B, 71 min linear gradient to 6% B,

detection at 254 NIM.....ouiuiei i
UV-visible spectra in the region of 190 to 1100 nm of roselle extract
(n = 35) prepared from 50% methanol...................cooviiiiiiiii i,
PCA of UV-visible spectra in the region of 250 to 650 nm of roselle extract

(n = 35) prepared from 50% methanol:

a) score plot of PC1 (85% X-variance explained) and

PC2 (10% X-variance explained), blue markers = the reddish samples,
red markers = the brownish samples,

green markers = the small calyx samples, 01-35 = sample number

b) loading plot of x-variables, blue line = PC 1, red line =PC2................
UV-Vis spectra in the region of 250 to 650 nm of roselle extract

prepared from 50% methanol: &) the reddish samples (n = 17) and

b) the brownish samples (N =16)..........cccceviiiiiiiiiiiii i,
Median of UV-Vis spectra in the region of 250 to 650 nm of the reddish roselle
extract after exclusion of outlier sample (N =16).............ccovvverenvininnnne.
DRIFT spectra in the region of 4000 to 400 cm™ of roselle powder (n = 35).........
DRIFT spectra in the region of 2000 to 600 cm™ of roselle powder (n = 35).........
PCA of the DRIFT spectra in the region of 2000 to 600 cm™ of roselle powder

(n = 35): a) score plot of PC1 (93% X-variance explained) and
PC2 (5% X-variance explained), blue markers = the reddish samples,
red markers = the brownish samples,

green markers = the small calyx samples, 01-35 = sample number,

b) loading plot of x-variables, blue line = PC 1, red line = PC2..................

xvil

Page

98

101

104

105
105

107
108

109



Figure

25

26

27

28

29

30

31

32

DRIFT spectra after baseline correction in the region of 962 to 600 cm™

of roselle POWder (N1 =35).......ouiiieieeeeeeee e 110
PCA of the DRIFT spectra in the region of 962 to 600 cm™ of roselle powder

(n =35): a) score plot of PC1 (56% X-variance explained) and

PC2 (40% X-variance explained), blue markers = the reddish samples,

red markers = the brownish samples,

green markers = the small calyx samples, 01-35 = sample number,

b) loading plot of x-variables of PC 1, c) loading plot of x-variables of PC2.. 111
DRIFT spectra in the region of 962 to 600 cm™ of roselle powder (n = 35):

a) the reddish samples (n = 17) and b) the brownish samples (n =16)......... 112
Calculated absorbance values (mean and SD, n = 6) of extracts prepared from

an aqueous-methanolic system (0, 25, 50, 75 and 100% methanol) (),

and an acidified aqueous-methanolic system

(0.1% hydrochloric acid in 50, 75 and 100% methanol) (®)..................... 113
Extractive content of total anthocyanins® (mean and SD, n = 6) of extracts

prepared from 0.1% hydrochloric acid in 75% methanol at the herb to

solvent ratio of 1 : 50, 1 : 100, 1 : 150, 1: 200, 1 : 250 and 1 : 300 (w/v)..... 114
Calibration curve of delphinidin-3-sambubioside (Dp-3-sam) analyzed by

the pH- differential spectrophotometric method...........................oo.. 115
Calibration curve analyzed by the modified pH- differential spectrophotometric

method: a) calibration curve of methyl orange and

b) simulated calibration curve of delphinidin-3-sambubioside................. 117
HPLC chromatogram of roselle extract prepared from

0.1% hydrochloric acid in 75% methanol:

Dp-3-sam = delphinidin-3-sambubioside,

Dp-3-glu = delphinidin-3-glucoside, Cy-3-sam = cyanidin-3-sambubioside,

solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,

solvent program = 0-10 min isocratic elution with 6% B,

10-55 min linear gradient to 20% B,

56-60 min isocratic elution with 20% B, detection at 520 nm................... 119

XViil



Figure

33

34

35

36

37

38

39

40

41

Calibration curve of delphinidin-3-sambubioside analyzed by the HPLC method:
solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,
solvent program = 0-10 min isocratic elution with 6% B,

10-55 min linear gradient to 20% B,

56-60 min isocratic elution with 20% B, detection at 520 nm...................

Comparison between total anthocyanin content (% w/w calculated as
Dp-3-sam based on dried weight) in roselle determined by

the pH-differential spectrophotometric method (Method 1)

and the modified pH-differential spectrophotometric method (Method 2).....

Absorbance values (mean and SD, n = 6) of extracts prepared from

an aqueous-methanolic system (0, 25, 50, 75 and 100% methanol) (o),

and an acidified aqueous-methanolic system

(0.1% hydrochloric acid in 50, 75 and 100% methanol) (e)....................
Percent extractive content of total phenolic compounds® (mean and SD, n = 6) of

roselle extracts prepared from 50% methanol at herb to solvent ratio

of1:50,1:100,1:150,1:200,1:250and 1:300 (W/V)...cceeerninennnnnn

Calibration curve analyzed by Folin-Ciocalteau’s method of gallic acid (m)

and protocatechuic acid (#).........ooviiiiiiiiii i e

Calibration curve of radical scavenging activity of ascorbic acid analyzed
by DPPH mMeEthod........oooiiii e,
HPLC chromatograms after correction for the time shift of roselle extract
prepared from 50% methanol (n = 35): solvent A = 4% phosphoric acid,
solvent B = 100% acetonitrile,
solvent program = 0-20 min isocratic elution with 6% B,

20-70 min linear gradient to 20% B, 71 min linear gradient to 6% B,

deteCtion At 254 MM, ..ot

UV-visible spectra in the region of 250 to 650 nm of roselle extract

prepared from 50% methanol (n =35).........cooiiiiiiiiiiiii

PCA score plot of HPLC chromatograms of roselle extract (n = 35)
prepared from 50% methanol: PC1 (78% X-variance explained)

and PC2 (6% X-variance explained), 01-35 = sample number..................

XiX

Page



Figure

42

43

44

45

46

47

48

49

Page

PCA score plot of UV-Vis spectra in the region of 250 to 650 nm of

roselle extract (n = 35) prepared from 50% methanol:

PC1 (85% X-variance explained) and PC2 (10% X-variance explained),

01-35 =sample NUMDET........o.oiiiiiii e 130
HPLC chromatograms of calibration set of roselle extract

prepared from 50% methanol (n = 19):

solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile,

solvent program = 0-20 min isocratic elution with 6% B,

20-70 min linear gradient to 20% B, 71 min linear gradient to 6% B,

detection at 254 NIM.......iuiei e 131
Residual variance of leave one out cross validation plotted as a function of

PLS-factors of the PLS1 model built with all x-variables of HPLC

chromatogram (optimum number of PC=3)..............cccooiiiiiiiiinn 132
Regression coefficients of each variable of the PLS1 model built with

all x-variables of HPLC chromatogram (number of PC = 3,

explained y calibration variance = 97.45%, offset =2.821978)................ 133
Comparison of measured value, fitted value on calibration,

predicted value of leave one out cross validation (LOOCYV)

and predicted value of prediction set validation of the PLS1 model

built with all x-variables of HPLC chromatogram

(number of PC = 3, explained y calibration variance = 97.45%)............... 133
Residual variance of leave one out cross validation plotted as a function of

PLS-factors of uninformative variable elimination PLS1 (UVE-PLS1)

model built with x-variables of HPLC chromatogram

(optimum number of PC =2)........coiiiiiii e 135
Regression coefficients of each variables of the model built with uninformative

variable elimination PLS1 of HPLC chromatogram (number of PC = 2,

explained y calibration variance = 94.57%, offset =2.192181)................ 135
Residual variance of leave one out cross validation plotted as a function of

PLS-factors of the PLS1 model built with all areas under curve (AUCs)

of each 7 characteristic peak of HPLC chromatogram of roselle

(optimum number of PC=1)........ciiiiiii e, 139

XX



Figure Page

50 Regression coefficients of each variable of the PLS1 model built with

all areas under curve (AUCs) of each 7 characteristic peak of

HPLC chromatogram of roselle (number of PC =1,

explained y calibration variance = 89.97%, offset = 3.074590)................ 139
51 Regression coefficients of each variables of the model built with

uninformative variable elimination PLS1 of areas under curve (AUCs) of

HPLC chromatogram of roselle (number of PC = 1,

explained y calibration variance = 89.92%, offset = 3.076994)................ 140
52 Predicted y values and measured y values plot of calibration and

prediction samples by PLS1 model built with all areas under curve (AUCs)

of each 7 characteristic peak of HPLC chromatogram of roselle

(number of PC = 1, explained y calibration variance = 89.97%)............... 143
53 Predicted y values and measured y values plot of calibration samples by

PLS1 model built with all areas under curve (AUCs) of each 7 characteristic

peak of HPLC chromatogram of roselle (number of PC =1,

explained y calibration variance = 89.97%)..........ccooiiiiiiiiiiiiii . 143
54 Raw areas under curve (AUCs) data of each 7 characteristic peak of

HPLC chromatograms of roselle samples number 2, 28 and 31

compared with sample number 16................cooiiiiiiiii i 144
55 Regression coefficients of each variables of the model built with

all areas under curve (AUCs) of each 7 characteristic peak of

HPLC chromatogram of roselle after exclusion of

samples number 2, 28 and 31 (number of PC =1,

explained y calibration variance = 93.96%, offset = 2.980137)................ 144
56 UV-Vis spectra of calibration set of roselle (n=19)..............ccooiiiiiiiiiinnn... 146
57 Residual variance of leave one out cross validation plotted as a function of

PLS-factors of the PLS1 model built with all x-variables of

UV-Vis spectrum (optimum number of PC=2)...............ccooiiiiiinnn. 147
58 Regression coefficients of each variable of the PLS1 model built with

all x-variables of UV-Vis spectrum (number of PC =2,

explained y calibration variance = 94.88%, offset = 1.246639)................ 148

XX1



Figure

59

60

61

62

63

64

65

66

67

Page

Residual variance of leave one out cross validation plotted as a function of

PLS-factors of uninformative variable elimination PLS1 (UVE-PLS1)

model built with x-variables of UV-Vis spectrum

(optimum number of PC =2)........iiiiii e 150
Regression coefficients of each variable of the model built with

uninformative variable elimination PLS1 of x-variables of

UV-Vis spectrum (number of PC = 2,

explained y calibration variance = 94.30%, offset = 0.733325)................ 150
The lower and upper bound of the root mean square error of prediction (RMSEP)

ofeach 6model.........ooooiii i 152
The boxplot of the root mean square error of prediction (RMSEP) of each 6 model.. 153
Crude drugs of H. sabdariffa................coooiii 173
'H NMR spectrum of Compound I or delphinidin-3-sambubioside

(300 MHzZ, CD30D:CDCI3) ... et e, 181
Expanded '"H NMR spectrum of Compound I or delphinidin-3-sambubioside

(300 MHZ, CD30D:CDCI3) .. et e, 182
'H NMR spectrum of Compound II or cyanidin-3-sambubioside

(300 MHZ, CD30D:CDCI3) .ttt 184
Expanded 'H NMR spectrum of Compound II or cyanidin-3-sambubioside

(300 MHzZ, CD30D:CDCI3) ettt 185

xxil



CHAPTER I
INTRODUCTION

Hibiscus sabdariffa L. (Malvaceae), known in common as roselle or in Thai as
Krachiap-Daeng [1], has been cultivated worldwide throughout the tropics such as West
Africa, South Asia and South-East Asia [2]. In those regions, the red calyx of the plant has
long history of traditional medicinal uses including treatment of hypercholesterolemia,
urinary bladder stone [3], cough, hypertension and used as diuretic [1]. The clinical studies
also revealed hypotensive activity [4,5], diuretic activity and genitourinary effect [1].

Recently, there has been wide interest in roselle. The demand of the herb in
Germany and the United States has been considerably increasing in recent years [6]. In
Thailand, as a result of the 10th National Economic and Social Development Plan (2548-2552
B.E.), roselle has been promoted in list of high competitive herb (product champion) [7].
Consumption of roselle also has been suggested for promoting health [8] because the herb
possesses many beneficial pharmacological activities such as antimutagenic [9],
hypocholesterolemic [10], hepatoprotective and free radical scavenging activities [11], while
it has been regarded as non-toxic [12]. U.S. Food and Drug Administration (US FDA) has
approved roselle for use as flavoring in alcoholic beverages [13]

With the worldwide expansion in the use of traditional medicine, safety,
efficacy, and quality control of herbal medicine have become important concerns [14]. For
roselle cultivated in Thailand, the emphasis has been on the pharmacological activities
including diuretic [15], antimutagenic [9], chemopreventive [16], antioxidant [17], and
hypochoresterolemic activities [10], with no scientific and regulation information concern
over the chemical and quality control of the herb.

At the present, the quality control of traditional medicine is generally based on
conventional practice or “marker approach”. The identification and quantitative determination
of composition of traditional medicine has been performed by using one or two markers or
pharmacologically active components found in the specimen. While the approach is simple, it
cannot confer an overall quality assurance of an herbal product, because multiple constituents
usually account in therapeutic effects. Moreover, the approach is suffered from limited
number of available standards as well as lacking of a standard that is unique for a particular
herb [18]. However the marker approach still has been applied for majority of the

monographs of traditional medicine [19,20].



Because the marker approach failed to demonstrate the overall consistency and
quality of herbal product, the concept of phytoequivalence has been recently developed, in
Germany. As indicated by the phytoequivalence concept, to ensure the consistency and the
quality of an herbal product, a detailed chemical profile of an herbal product is necessary to
fit with that of clinically proven product. On a similar basis, the State Food and Drug
Administration (SFDA) of China proposed to use fingerprints as a quality measurement of
herbal extract or preparation [18]. In case of the identification of active compound(s) of the
plant preparation and finished product is not possible, the World Health Organization (WHO)
also suggested chromatographic fingerprint as a quality measurement [14]. The US FDA
advocated qualitative and quantitative comparing of spectroscopic and/or chromatographic
fingerprint of a botanical raw material, drug substance, or drug product against that of a
reference sample or standard to ensure the identity, quality, as well as consistency from batch
to batch [21]. The European Medicines Agency (EMEA) recommended chromatographic
fingerprint for the determination of the stability of the herbal substance or herbal preparation
[22].

A chemical fingerprint of a traditional medicine is a unique feature which
could be a spectrum or a chromatogram, obtained by a defined procedure, to characterize the
chemical composition of the traditional medicine [18]. As mentioned by Liang et al. [23], the
fingerprint should be featured by fundamental attributions of “sameness” and “differences”,
i.e. the identification of traditional medicine can be accurately done (“sameness”) even the
amount of the characteristic components are not exactly the same for different samples of a
particular traditional medicine (“differences”). In other word, the fingerprint should
demonstrate both the “sameness” and “differences” among various samples. However, to get
useful information from plentiful raw data such as all data points of the whole chromatogram
or spectrum is a challenging task.

Chemometrics is the application of statistical, mathematical and logical
techniques to retrieve chemical relevant information from the measured chemical data [24].
The application has been extensively applied in the field of quality control of herb such as
evaluation of similarity between two chromatograms by Pearson’s correlation coefficient
[25], prediction of pharmacological activity by chromatograms [26] and searching for
optimum parameter to develop high performance liquid chromatography (HPLC) fingerprint
[27].

The official method for quality control of roselle has been described in the
European Pharmacopoeia: EUP 4.4. The described methods were based on the marker

approach. The identification has been performed by thin layer chromatography (TLC) using



one marker, i.e., quinaldine red, to locate the positions of four chemical constituents of the
herb. The quantitative determination of composition has been done by the coloring power test
and the acid content assay. Other common tests, such as foreign matter, loss on drying and
total ash, also have been declared [28].

Other criteria, obtained from the market survey of Hibiscus sabdariffa, cover
the investigation of color, texture, aroma, free flow density, moisture, total ash, acid insoluble
ash, impurity and microbial contamination. But there is no assay of any chemical in this
specification [6].

In Thai Herbal Pharmacopoeia (THP) [20,29], there is no official method for
quality control of roselle. To set our own criteria for quality control of roselle, based on
conventional practice, and the chemicals found in various source of roselle including
mucilages [30,31], organic acids [8], simple phenolic acids [17,32], flavonoids [30],
anthocyanins [8,33], ascorbic acid, B-carotene, lycopene [8], volatile compounds [34] and
minerals [35], anthocyanins and phenolic acids seem to be rational markers because of their
beneficial pharmacological activity [32,36,37,38,39]. Combining the assay of total
anthocyanins and total phenolic acids with other general tests described in THP [20], the
quality of roselle can be roughly investigated.

To obtain complete picture of the quality of roselle, chemical profile including
HPLC chromatogram, diffuse reflectance infrared (DRIFT) spectrum and ultraviolet visible
(UV-Vis) spectrum were employed along with chemometrics to construct and evaluate the
chemical fingerprint of roselle. Moreover, as roselle is a potential source of antioxidant, the
antioxidation activity was tested. The chemical profiles, as a representative of chemical
components, were related to the antioxidation activity.

Therefore, the aims of this study were to characterize physical and chemical
property of roselle from various sources of Thailand as the background information of roselle
cultivated in Thailand and to establish the chemical fingerprints of roselle by using HPLC
chromatogram, DRIFT spectrum and UV-Vis spectrum as well as to build the model for

prediction of antioxidation activity by using these chemical profiles.



Goals and objectives

1 To characterize the physical and chemical properties of the roselle from
various sources of Thailand.

2 To establish the chemical fingerprints of the roselle by using HPLC
chromatogram, UV-Vis spectrum and DRIFT spectrum.

3 To determine antioxidation activity of the roselle and construct a model for
prediction of antioxidation activity by using the chemical profiles including the HPLC

chromatogram and the UV-Vis spectrum.



CHAPTER 11
LITERATURE REVIEW

1 Hibiscus sabdariffa L.
1.1 Introduction

Hibiscus sabdariffa L., believed to be of African origin, has been
cultivated worldwide throughout the tropics for its succulent fleshy, edible calyx, and a fairly
strong fiber from the stem [2]. It has been generally known as Roselle, Indian sorrel,
Jamaican sorrel, Red sorrel [2], Hibiscus, Jamaica sorrel, Karkade, Karkadi, Red tea, Rosella,
Soborodo (Zobo drink), Sour tea [40] and Roselle of Rama [3].

In Thailand, the plant is named as Krachiap (central), Krachiap-daeng
(central), Krachiap prieo (central) [41], Phak king kheng, Som keng, Khen (northern), Som
taleng khreng (Tak) and Som-unu (Shan-Mae-Hong Son) [3].

Roselle has many medicinal, decorative, and culinary uses. In India,
Africa and Mexico, all above-ground parts of the roselle are valued in traditional medicine
[42]. However, most of the economic value, particularly as an ingredient in herbal teas, comes
from the red calyx. In commerce the calyx is known by the names hibiscus and roselle [43].

Therefore the focus of this review is on the calyx of roselle or in short as roselle.

1.2 Morphological characters of H. sabdariffa

The plant is an erect annual herb of Malvaceae family that grows up to
4 m tall, with reddish cylindrical stem, nearly or quite glabrous. Stem is often woody at the
base. Leaves are simple, alternate, having petiole. The lower leaves are often ovate but the
upper leaves are 3-5 lobed or parted, the lobes are serrate or obtusely toothed. Petiole is 4-12
cm long. Flowers are solitary, axillary, nearly sessile, 5 to 7 cm in diameter consisting of
epicalyx-segments 8-12, reddish, distinct, lanceolate to linear, adnate at base of the calyx.
Calyx is 5-lobed, 1-2 cm long, usually becoming large and fleshy after anthesis, accrescent to
5 cm, thick, dark purple or red, cup-like, deeply parted, prominently 10-nerved and closely
enveloping the capsule. The corolla consists of 5 petals, funnel-shaped, typically pale yellow
with deep red blotches at the base and twice as long as calyx. Stamens are numerous, the
filaments united into a staminal column; style single, 5-branched near summit, stigma

capitate. Fruit is capsule, ovoid, pointed, 1-2 cm long, shorter than the calyx, having densely



sharp and stiff hairs, loculicidally dehiscent. Seed is reniform, 4-7 mm long, blackish brown,

pilose [1,2,3,44]. The picture of roselle is shown in Figure 1.

Figure 1 Photograph of H. sabdariffa or roselle

1.3 Ethnomedical information of H. sabdariffa

Roselle is much used in the Tropics. After the petals drop from the
flower, the remaining red calyx (the cup-like structures formed by the sepals) grows into
seed-containing pods that look like flower buds [43]. And the so called “dried red roselle
flower” is in fact the persistent calyx attached to the fruit [3]. The herb possesses refreshing
and mildly stimulating activities. It is generally used as beverage, source of red food colorants
as well as calming refreshment agent in mixed herbal tea and coffee [2]. In Thailand, roselle
is used in folk remedy for the treatment of gastric ulcers, hypercholesterolemia, kidney
stones, urinary bladder stones and strangury as well as for alleviation of thirst and as
expectorant [3]. The details of ethnomedical uses of roselle in other countries and regions are

listed in Table 1.



Table 1 Ethnomedical uses of H. sabdariffa

Country/ region

Ethnomedical uses

References

East Africa

Unripe fruit juice is taken orally with salt, pepper,

asafetida and molasses as a remedy for biliousness

(1]

The calyx infusion, called "Sudan tea", is taken to

relieve coughs

[42]

Egypt

Decoction of hot water extract of the calyx is taken

with sugar 3 times daily for high blood pressure

(1]

Deep red tea from the calyces is popular used as a
“refrigerant” i.e. a beverage that helps lower body

temperature

[43]

Hot water extract of the entire plant is taken orally for
heart and nerve diseases, as a laxative, to reduce
weight, as a diuretic, to activate and neutralize hepatic
secretion, to activate gastric secretion, as a digestive,
for arteriosclerosis, as a diaphoretic, to give a euphoric

impression and as an intestinal antiseptic

(1]

Europe

Dried calyces and epicalyces are used primarily as a

caffeine-free beverage tea

German-speaking

countries

Medicinal tea usually combined with lemon balm leaf
(Melissa officinalis, Lamiaceae) and St. John’s wort
herb (Hypericum perforatum, Clusiaceae) is used for

nervous restlessness and difficulty falling asleep

Guatemala

Roselle "ade" is a favorite remedy for the aftereffects

of drunkenness

[42]

Hot water extract of dried calyx is taken orally as a

diuretic and for renal inflammation

(1]

Iran

Sour hibiscus tea is a traditional treatment for

hypertension

North Africa

Calyx preparations are used to treat cough, sore throat,

and genital problems

[43]

Senegal

Roselle extract is used for lowering blood pressure

[42]




Table 1 Ethnomedical uses of H. sabdariffa (continued)

Country/ region

Ethnomedical uses

References

Sudan

Hot water extract of flowers is taken orally as a blood

purifier

(1]

Hot water extract of the dried flowers is taken orally

for coughs

(1]

Deep red tea from the calyces is popular used as a
“refrigerant” i.e. a beverage that helps lower body

temperature

[43]

Thailand

Fruit is used for alleviation of thirst, gastric ulcers,

hypercholesterolemia

(3]

Flower is used for treatment of kidney stones, urinary
bladder stones and strangury and used as an

antihypercholesterolemic and expectorant

(3]

Not specified part was used for decreasing of body
temperature, alleviation of thirst, health promotion,
fatigue, biliary diseases, disorders of urination, cough,
as an antihypertensive, antihypercholesterolemic,
expectorant, blood tonic, element tonic, antidiabetic

and vasodilator

(3]

Decoction of dried calyx is taken orally for high blood

pressure

(1]

Not specified

Not specified part was used as antiseptic, aphrodisiac,
astringent, bilious, cancer, cataplasm, cholagogue,
choleretic, coffee, debility, demulcent, digestive,
diuretic, dyspepsia, dysuria, emollient, fever,
hangover, heart, hypertension, laxative, nerves,
refrigerant, resolvent, scurvy, sedative, strangury, tea

and tonic

[45]
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sabdariffa

Clinical study,

pharmacological

activity and toxicity of H.

The majority of clinical studies of roselle are on blood pressure

lowering effect. The efficacy of ethnomedical use of the herb for lowering blood pressure has

been clinically confirmed [4,5,46]. The researches in animal models suggest potential health

benefits of roselle such as cholesterol-lowering effect [10,47], antioxidation [36,48,49] and

anticarcinogenic action [9,50]. The applications of the roselle extract in the preparation of a

medicament for countering oxidization of low density lipoproteins, reducing cholesterol or

triglyceride in plasma or inhibiting atherosclerosis have also been patented [51]. Other

pharmacological activity and toxicity tests of roselle are listed in Table 2.

Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa

Activity Plant used Model of study Results References
Acid phosphatase Dried calyx In vivo, Weak activity [47]
inhibition Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
10.0% of diet loaded animals
Acidifying activity Dried fruit juice Clinic, Inactive [52]
Thailand/ oral,
decoction/ male adult
24.0 g/day
Alkaline phosphatase Dried calyx In vivo, Weak activity [47]
inhibition Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
10.0% of diet loaded animals
Alpha amylase Dried flowers In vitro, High inhibitory [53]
inhibition Thailand/ porcine pancreatic activity
50% methanol  alpha amylase
extract inhibitory assay
Analgesic activity Commercial In vivo, Active [54]
sample of calyx intragastric,

Saudi Arabia/
water extract/

500.0 mg/kg

mouse vs. hot plate

method
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Antibacterial activity Beverage Not stated Bactericidal [3]
containing against
roselle calyx Escherichia coli,
Bacillus subtilis,
Salmonella
typhosa and
Klebsiella
pneumoniae
Roselle Clinic, Inactive/ [3]
infusion/ oral, fail to reduce
6 g, 4 times per 33 female with lower urinary
day, for 7 days  significant bacteriuria  tract infection
compared to the
group receiving
an antibiotic
Antichistosomal activity ~ Dried sepals In vitro, Active [55]
Sudan/ Schistosoma mansoni
water extract/
100.0 ppm
Anticlastogenic activity Dried fruit In vivo, Active [56]
Nigeria/ micronucleus assay,
water extract/ male Swiss albino
50, 100, 150 mice given with IP
mg/kg for 7 sodium arsenite 2.5
days mg/kg
Antiedema Flowers Japan/  In vitro, Active/ [57]
methanol external, inhibition ratio
extract/ mouse vs. 12-o0- (IR)=17
2.0 mg/ear tetradecanoylphorbol-

13-acetate (TPA)-
induced ear

inflammation
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Antihepatotoxic activity ~ Dried flowers Rat, Active [11]
Taiwan/ hepatocytes vs. tert-
methanol butylhydro-peroxide
extract/ cytotoxicity
0.1 mg/ml
Antihyperlipidemia Dried calyx In vivo, Active [47]
Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
5.0% of diet loaded animals
Polysaccharides  In vivo, Active/ [58]
from fruits/ rats were induced significant
dose not stated  hyperlipidemia decrease in
cholesterol and
triglyceride
levels
Dried calyx/ In vivo, Active/ [10]
dried water hypercholesterolemic  significant
extract/ male Sprague-Dawley  decrease in
500 and 1000 rat cholesterol,
mg/kg for 6 triglyceride and
weeks LDL levels
Antihypertriglyceridemia Dried calyx In vivo, Active [47]
Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
5.0% of diet loaded animals
Anti-inflammation Commercial In vivo, Inactive [54]
sample of calyx intragastric,

Saudi Arabia/
water extract/

500.0 mg/kg

rat vs. carrageenan —

induced pedal edema
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Activity Plant used Model of study Results References
Anti-inflammation Dried fruits Clinic, Active/ [59]
(continued) Thailand/ oral, the extract
Decoction/ 50 adult with kidney showed anti-
3.0 g/person stone were treated inflammatory
(expressed as with extract 3 times a  action after
dry weight of day for 7 days to 1 operation
plant) year
Antioxidation Calyx/ In vitro, Active [60]
water extract/ linoleic acid model
dose not stated  system
In vitro, Active [60]
liposome model
system
Part not stated/  In vitro, Active [61]
dose not stated  linoleic acid model
system
Protocatechuic  In vivo, Active [36]
acid isolated gavage,
from roselle/ male Sprague-Dawley
0.2 and 0.5 rat with
mmol/kg lipopolysaccharide-
induced hepatic
damage
Dried flower/ In vivo, Active [49]
extract contain  oral,

2.5%
anthocyanins,
1.7%
polyphenolic
acid and 1.43%

flavonoids

male Wistar rats with
reversible cirrhosis

induced by IP CCl,
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Antipyresis Commercial In vivo, Active [54]
sample of calyx intragastric,
Saudi Arabia/ rat vs. yeast induced
water extract/ pyrexia
500.0 mg/kg
Antitoxic activity Dried flower In vitro, Active/ [62]
heads, broth culture, the production of
1.0 g/liter Aspergillus flavus aflatoxin was
inhibited
Antitumor- promoting Fresh flowers Cells-RAJI vs. EBV Inactive [63]
activity Thailand/ activation induced by
methanol HPA (40 ng/ml)
extract/
200.0 mg/ml
Antiviral activity Dried flowers/ In vitro, Active [64]
water extract/ cell culture,
10.0% Herpes virus type2,
Vaccinia virus
In vitro, Inactive [64]
cell culture,
Influenza virus A2
(manheim 57),
PolioviruslI
Chemoprevention Dried flower In vivo, Active/ [9]
Thailand/ oral gavage, inhibit the ACF
dried 80% Male F344 rat in formation at the
ethanol extract/ which aberrant crypt initiation state
1.0 g/kg focus (ACF) but stimulate the
formation was ACF formation
induced at post- initiation
state
Choleretic activity Flowers Clinic, Active [46]
France/ oral,
water extract/ adult

dose not stated
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Creatinine level Dried fruit juice Clinic, Active [52]
decreasing activity Thailand/ oral,
decoction/ male adult
24.0 g/day
Cytotoxic activity Flowers Egypt/  In vitro, Active/ [65]
70% ethanol cell culture, greatest effect
extract/ ca-Ehrlich-Ascites only after 24
dose not stated  cells hours exposure
Dried flowers/ In vitro, Weak activity [64]
water extract/ cell culture,
10.0% HELA cells
Estrogenic effect Dried calyx In vivo, Active/ [66]
Sudan/ IP, result significant
water extract/ female rats atp <0.001
500.0 mg/kg (immature) level
Glutamate- oxaloacetate- Dried calyx In vivo, Active [47]
transaminase inhibition Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
10.0% of diet loaded animals
Glutamate- pyruvate- Dried calyx In vivo, Weak activity [47]
transaminase inhibition Egypt/ rats were fed cholic
in ration/ acid vs. cholesterol-
10.0% of diet loaded animals
Diuretic activity Dried calyx In vivo, Strong activity [67]
Guatemala/ nasogastric,
decoction/ rat

1.0 g/kg
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Activity Plant used Model of study Results References
Diuretic activity Dried calyx/ Clinic, Active [3]
(continued) boiling water oral,
(3gin300 ml)/ 50 human
3 times per day
for 7 days to 1
year
Flowers Clinic, Active [46]
France/ oral,
water extract/ adult
dose not stated
Genitourinary effect Dried fruit juice Clinic, Active/ [52]
(unspecified) Thailand/ oral, decreased
decoction/ male adult urinary levels of
24.0 g/day sodium,
potassium, and
phosphate
demonstrated
Equivocal/ [52]
decreased levels
of uric acid and
calcium in urine
Hypotensive activity Dried calyx In vivo, Weak activity/ [68]
China/ v, blood pressure
95% ethanol dog drop was from
extract/ 137 to 68 mmHg
200 mg/kg with a duration
of 6-12 minutes
Dried calyx In vivo, Active/ [69]
Sudan/ 1V, effect blocked
water extract/ cat (animals by atropine

25.0 mg/animal

anesthetized with

alpha-chloralose)
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Activity Plant used Model of study Results References
Hypotensive activity Water extract/ In vivo, Weak activity [70]
(continued) dose not stated IV,
dog

Flowers Clinic, Active [46]

France/ oral,

water extract/ adult

dose not stated

Sour tea Iran/ Clinic, Active [4]

decoction oral,

prepared with 2 31 patients of

spoonfuls of tea moderate essential

in 1 glass of hypertension

boiled water

and boiled for

20-30 min

Dried calyx Clinic, Active [5]

Mexico/ oral,

infusion 39 Mexican patients

prepared with of mild to moderate

10 g of dried hypertension

calyx on 0.5 1

of water/

once a day for 4

weeks
Intestinal motility Dried calyx In vivo, Active [71]
inhibition Sudan/ dog (oral-cecal transit

water extract/

5.0%

time assayed by first
detection of
phthalylsulphasalazine
in blood)
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Intestinal motility Dried calyx In vivo, Active [71]
inhibition (continued) Sudan/ rat (oral-cecal transit
water extract/ time assayed by
5.0% transit of graphite-
agar suspension)
Laxative activity Flowers Clinic, Active [46]
France/ oral,
water extract/ adult
dose not stated
Dried flowers In vivo, Equivocal [72]
Nigeria/ intragastric,
decoction/ rat
0.8 g/kg
Miscellaneous effect: Hot water Clinic, Active [73]
used as a refreshing, extract/ oral,
mildly stimulating dose not stated  adult
beverage
Mutagenic activity Dried fruits In vitro, Active/ [74]
Japan/ agar plate, metabolic
50.0 pg/plate Salmonella activation was
typhimurium TA100 not required for
activity
In vitro, Active/ [74]
agar plate, metabolic
Salmonella activation
typhimurium TA98 required to
obtain positive
results
Calyx/ In vitro, Inactive/ [60]
water extract/ Salmonella either with or

dose not stated

typhimurium TA100

without S9 mix
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Mutagenic activity Calyx/ In vitro, Inactive/ [60]
(continued) water extract/ Salmonella either with or

dose not stated

typhimurium TA98

without S9 mix

Pigment (coloring agent)

Dried flowers

Suitable for food [75]

use Japan/ color use,
water extract/ biological
variable activity reported
concentration has been
patented
Radical scavenging Dried flowers Active/ [11]
activity Taiwan/ ED50=0.017
methanol mg/ml
extract
Reverse transcriptase Dried calyx Virus HIV-1 Inactive/ [76]
inhibition Egypt/ IC50=320.0
water extract png/ml
Dried calyx Virus HIV-1 Inactive/ [76]
Egypt/ IC50=1.0
methanol mg/ml
extract
Smooth muscle Dried calyx In vitro, Active/ [71]
relaxation Sudan/ rabbit ileum effect not
water extract/ influenced by
2.0% phentolamine,
propanolol,
haloperidol and
guanethidine
Dried petals In vitro, Active/ [77]
Nigeria/ rat aorta vs. ACH- IC50=0.53
hot water induced contractions mg/ml
extract In vitro, Active/ [77]
rat aorta vs. de- IC50=2.53
endotheliazed muscle ~ mg/ml

strips
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Activity Plant used Model of study Results References
Spasmogenic activity Dried calyx In vitro, Active/ [69]
Sudan/ frog muscle (rectus effect slightly
water extract/ abdominus) antagonized by
0.4 mg/ml tubocurarine
Dried calyx In vitro, Active/ [69]
Sudan/ rabbit uterus effect blocked
water extract/ (estrogenic induced) by indomethacin
1.0 mg/ml and
hydrocortisone,
but not by
atropine or
cyproheptadine
Dried calyx In vitro, Active/ [71]
Sudan/ rabbit ileum effect blocked
water extract/ by atropine
0.16%
Spasmolytic activity Dried calyx In vitro, Active/ [69]
Sudan/ frog muscle (rectus effect
water extract/ abdominus) vs. ACH-  antagonized by
0.4 mg/ml induced contractions tubocurarine
In vitro, Active/ [69]
rat uterus (estrogenic)  effect not
vs. thythmic antagonized by
contractions propanolol or
ranitidine
Dried petals In vitro, Active [78]
Nigeria/ rat aorta vs.
water extract/ norepinephrine-
0.6 mg/ml induced contractions
In vitro, Inactive [78]

rat aorta vs. K'-

induced contractions
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Spasmolytic activity Dried calyx In vitro, Active [69]
(continued) Sudan/ guinea pig tracheal
water extract/ chain vs. ACH-
5.0 mg/ml induced contractions
In vitro, Active [69]
guinea pig tracheal
chain vs. histamine —
induced contractions
In vitro, Active [69]
guinea pig tracheal
chain vs. serotonin —
induced contractions
In vitro, Active/ [69]
rabbit aorta vs. effect not
norepinephrine— antagonized by
induced contractions atropine,
propanolol or
ranitidine
Dried calyx In vitro, Active/ [69]
Sudan/ rat diaphragm vs. physostigmine
water extract/ electrically induced and
10.0 mg/ml contractions suxamethonium
enhanced the
effect
Toxicity assessment Dried calyx In vivo, LD50 129.1 g/kg [68]
(acute effect) China/ gastric intubations,
hot water rabbit
extract
Dried calyx/ In vivo, LD50 0.4-0.6 ml [3]
30% intraperitoneal,
concentration mice

of hot water

extract
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Toxicity assessment Dried calyx In vivo, Aspatate [79]
(acute effect) Nigeria/ oral, aminotransferase
(continued) water: Wistar albino rats (AST) and

methanol alanine

extract (1: 4)/ aminotransferase

0,1,3,5,10 and (ALT) were

15 dose of 250 significantly

mg/kg

increased (p <
0.05) for in
which two
specific tests, the
coloring power
test and the acid
content assay, as
well as other
common tests
have been
declared. in
which two
specific tests, the
coloring power
test and the acid
content assay, as
well as other
common tests
have been
declared. all

treatment group
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Toxicity assessment Dried calyx In vivo, Alkaline [79]
(acute effect) Nigeria/ oral, phosphatase and
(continued) water: Wistar albino rats lactate
methanol dehydrogenase
extract (1: 4)/ were not
0,1,3,5,10 and affected
15 dose of 250 (p>0.05)
mg/kg
Not any
histopathological
features of livers
and hearts were
observed for all
treatment group
Toxicity assessment Dried calyx In vivo, Not any change [80]
(subchronic effect) Nigeria/ oral, in the absolute

dried hot water  rats
extract/

1.15,2.30 and

4.60 g/kg forl2

weeks

and relative
testicular weight

(p > 0.05)

Significant
decrease in the
epididymal
sperm counts in
the 4.60 g/kg
group (p <0.05)
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References
Toxicity assessment Dried calyx In vivo, Distortion of [79]
(subchronic effect) Nigeria/ oral, tubules and a
(continued) dried hot water  rats disruption of
extract/ epithelial
1.15,2.30 and organization
4.60 g/kg forl2 were observed in
weeks 1.15 g/kg group
Hyperplasia of
testis with
thickening of the
basement
membrane were
observed in 2.30
g/kg group
Disintegration of
sperm cells were
observed in 4.60
g/kg group
Tyrosinase inhibition Dried part not In vitro, Inactive [81]
specified/ cell culture,
type extract not melanoma-B16
stated/
500.0 pg/ml
Uric acid decreasing Dried fruit juice Clinic, Inactive [52]
activity Thailand/ oral,
decoction/ male adult
24.0 g/day
Uricosuric activity Dried calyx In vivo, Active [67]
Guatemala/ nasogastric,
decoction/ rat

1.0 g/kg
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Table 2 Clinical study, pharmacological activity and toxicity of H. sabdariffa (continued)

Activity Plant used Model of study Results References

Uterine relaxation Water extract/ In vitro, Active [70]
dose not stated  female rat,

unspecified condition

Xanthine oxidase Dried flowers _ Active/ [11]
inhibition Taiwan/ IC50=0.742

95% ethanol mg/ml

extract

1.5  Chemical constituents of H. sabdariffa
Nutritionists have found roselle calyx sold in Central American markets
to be high in calcium, niacin, riboflavin and iron [42]. Apart from common nutrients, there are
several groups of chemical compound found in roselle such as anthocyanins, phenolic acids,
organic acid, mucilage and resin. The chemical constituents of roselle are listed in Table 3

and the structures are shown in Figure 2.

Table 3 Chemical constituents of H. sabdariffa

Compounds Plant parts References
Alkane to C,: Alcohol

Ethanol Fruit [82]
Isoamyl-alcohol (3-methyl-1-butanol) Fruit [82]
Isopropyl-alcohol Fruit [82]
Methanol Fruit [82]
3-methyl-1-butanol Fruit [82]




Table 3 Chemical constituents of H. sabdariffa (continued)

25

Compounds Plant parts References
Alkane to C4: Organic acid

Acetic acid Fruit [82]
Aspartic acid Flower [3]
Butyric acid (butanoic acid) Fruit [82]
Citric acid Calyx, Flower, Fruit [3,82,83]
Formic acid Fruit [82]
Glycolic acid Flower [82]
Malic acid Flower, Fruit [3,82]
Oxalic acid Calyx, Flower, Fruit [3,82,83]
Propionic acid (propanoic acid) Fruit [82]
Tartaric acid Calyx, Flower, Fruit [3,83]
Benzenoids

Anisaldehyde Fruit [82]
Benzaldehyde Fruit [82]
Benzyl-alcohol Fruit [82]
Gallic acid Fruit [3]
Protocatechuic acid Flower [82]
Carbohydrates

L-arabinose Fruit [3]
Carbohydrates Flower [82]
Cellulose Fruit [3]
Fiber Flower [82]
Fructose Calyx [83]
D-galactose Fruit [3]
Galactose Flower [3]
D-glucose Fruit [3]
Glucose Calyx [83]
Mucilage Calyx [82]
Pectin Calyx, Flower, Fruit [3,82]
Polysaccharides Calyx, Fruit [58,83]
L-rhamnose Fruit [3]
Sucrose Calyx [82]
D-xylose Fruit [3]
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Compounds Plant parts References
Carotenoid

[-carotene Flower [82]
Flavonoids: Anthocyanins

Anthocyanins Calyx, Fruit [3,82]
Chrysanthemin (cyanidin-3-glucoside) Flower [3]
Cyanidin-3(2(G)-glycosyl)-rutinoside Flower [3]
Cyanidin-3,5-diglucoside Flower [3]
Cyanidin-3-B-D-glucoside Flower [3]
Cyanidin-3-sambubioside Calyx, Flower [3,82]
Cyanin (cyanidin-3,5-diglucoside) Flower [3]
Delphinidin Calyx,Flower [3,82]
Delphinidin-3-glucoside Calyx [82]
Delphinidin-3-monoglucoside Flower [3]
Delphinidin-3-O-f-D-glucoside Flower [3]
Delphinidin-3-sambubioside Flower, Calyx [3,82]
Delphinin Flower [82]
Hibiscin (delphinidin glycoside) Flower [3,82]
Malvin (malvidin-3,5-glucoside) Flower [3]
Myrtillin (delphinidin-3-glucoside) Flower [3]
Flavonoids: Anthoxanthins

Anthoxanthin Flower [3]
Gossypetin Flower, Fruit [3]
Gossypetin-3-glucoside Flower [82]
Gossypetin-3-O-f-D-glucoside Flower [3]
Gossypetin-7-glucoside Flower [3]
Gossypetin-8-glucoside Flower [3]
Gossypin (gossypetin-8-O-glucoside) Flower [3]
Gossypitrin (gossypetin-7-O-glucoside) Flower [3]
Gossytrin (gossypetin-3-O-glucoside) Flower [3]
Hibiscetin Flower [3,82]
Hibiscitrin (hibiscetin-3-O-B-D-glucopyranoside) ~ Flower [3]
Quercetin Flower, Fruit [1,3]
Sabdaretin Flower [82]
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Compounds Plant parts References
Lipids

Caprylic acid Fruit [82]
Fat Flower [82]
Oleic acid Fruit [3]
Pelargonic acid Fruit [82]
Stearic acid Fruit [3]
Waxes Flower [3]
Minerals

Aluminum Flower [82]
Calcium Flower [82]
Calcium oxalate Fruit [82]
Chromium Flower [82]
Cobalt Flower [82]
Iron Flower [82]
Magnesium Flower [82]
Manganese Flower [82]
Phosphorus Flower [82]
Potassium Flower [82]
Selenium Flower [82]
Silicon Flower [82]
Sodium Flower [82]
Tin Flower [82]
Zinc Flower [82]
Miscellaneous lactones

Hibiscic acid Flower [3,82]
Hibiscus acid Flower [3]
Monoterpenes

Alpha-terpinyl-acetate Fruit [82]
Proteins

Protein Flower [82]
Steroids

[-sitosterol Flower, Fruit [3]

Tannins

Tannic acid

Fruit

(3]
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Compounds Plant parts References
Vitamins

Ascorbic acid Flower, Fruit [82]
Niacin Flower [82]
Thiamine Flower [82]
Miscellaneous and undefined group

Ash Flower [82]
Galacturonic acid Flower [3]
Glucides (carbohydrates) Fruit [3]
Gossypetic Flower, Fruit [1]
Heterosides Flower [3]
Resin Calyx, Flower [3,82]
Sabdaretrin Flower [3]
Utalonic acid Flower [82]
Water Flower [82]
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Figure 2 Chemical constituents of H. sabdariffa

1.6 Commercial value of H. sabdariffa

The possibility of health promoting and natural colorant uses has
generated interest in roselle. The herb is attracting the attention of food and beverage as well
as pharmaceutical manufacturers who feel it may have exploitable possibilities as a natural
food product and as a colorant to replace some synthetic dyes [42]. Most of the roselle
economic value, particularly as an ingredient in herbal teas, comes from the calyx [43].

Because of the rapid withering of the roselle, it would not be an
economical product to export fresh over long distances. The calyx is either frozen or dried in
the sun or artificially for out-of-season supply, marketing or export. In Mexico, the dried

calyx is packed for sale in imprinted, plastic bags while it is pressed into solid cakes or balls



30

for retailing in Africa. In Senegal, the dried calyx is squeezed into great balls for shipment to
Europe [42].

According to the market survey of dried calyx of roselle, the primary
import markets for the roselle are the United States and Germany. In recent years, the demand
of roselle has been considerably increasing. The United States imported over 5 thousand
metric tons, while Germany imported nearly 43 thousand metric tons of plant and plant part in
1997 for making herbal teas, medicines and perfumes, an increase of 74% and 32%,
respectively from 1994 levels [6].

The main supply of roselle comes from Thailand, Sudan, China, and
Mexico. Sudanese roselle, formerly the primary source of roselle sold in herbal teas in the
United States, is considered by many in the herb trade as the preferred product. Due to the US
trade embargo on agricultural goods from Sudan, the majority of roselle in the United States
now comes from China and Thailand [43].

In Thailand, the production of dried calyx is about 250-650 MTs per
year, and approximately 70% of the yield has been exported [84]. As a result of the 10"
National Economic and Social Development Plan (2548-2552 B.E.), roselle has been
promoted as a list of high competitive herb (product champion) [85].

1.7  Quality control of H. sabdariffa

The official method for quality control of roselle has been described in
the European Pharmacopoeia: EUP 4.4. in which two specific tests, the coloring power test
and the acid content assay, as well as other common tests have been declared [28].

Other criteria, obtained from the “Market Survey: Hibiscus sabdariffa”,
cover the investigation of color, texture, aroma, free flow density, moisture, total ash, acid
insoluble ash, impurity and microbial contamination. But there is no assay of any chemical in
this specification (Table 4). The survey also stated that roselle has very different qualities
depending on where it is grown. The most desirable product is from Thailand and Sudan, but
roselle from these two countries is also very different [6].

In Thai Herbal Pharmacopoeia (THP) [20,29], there is no official
method for quality control of roselle. For roselle grown up in Thailand, most of the study was
on the pharmacological activities with no attention given to the chemical and quality control

of the herb.
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Table 4 Common guidelines and specifications for dried H. sabdariffa

Guidelines Specifications
Description Hibiscus sabdariffa
Packaging Item must be packed in 50 Ib. poly (or less) lined boxes or multi-

walled sacks (adequately protecting product for shipment) with
clear markings indicating the item contained. Shipment must be
accompanied by packing list clearly indicating the consignment,
weight and country of origin.

Raw ingredient sample:

(a)Visual Purple-red color.

(b)Aroma Floral, berry-like aroma. Free from objectionable off odors.

(c)Texture Lump free, free flowing particles

Prepared sample:

(a)Visual Clear, deep red solution with some background purple hues. Blue
hues are undesirable.

(b)Aroma Slight berry aroma.

(c)Flavor A well balanced, tart and astringent flavor. Some cranberry notes as

well as a slight drying effect. Not excessively tart, acidic or bitter.
Should be free of off-flavors and other undesirable spice/botanical
notes.

Testing Parameters:
Test Units:
(a) Free Flow Density
(b) Moisture
(c) Total Ash
(d) Acid Insoluble Ash
(e) Sieve Analysis
5 Min Rotate
(f) Insect Fragments each
(g) Whole Insects
(field/storage) each
(h) Salmonella
(1) Coliform
(G) E.coli (MPN)
(k) E. coli (Film)
(1) S. Aureus
(m) Standard Plate Count
(n) Yeast/Mold

Specifications

G/CC Minimum 0.45, Maximum 0.60
12%

10%

1.5%

Thru US#20 95.0%

Thru US#60 5.0%

400

25/5

negative

2 of 5 over 10 CFU, 0 of 5 over 100 CFU

2 of 5 over 3 CFU, 0 of 5 over 20 CFU

0 of 5 over 10 CFU

1 of 5 over 100 CFU, 0 of 5 over 1000 CFU
0 of 5 over 1,000,000 CFU

0 of 5 over 10,000 CFU

Source: [6]

1.8 Conclusions

Roselle is a potential herb for used as health promoting food product

and natural colorants as well as exporting as raw materials to make herbal tea and medicines.

With the worldwide expansion in the use, safety, efficacy, and quality control of herbal

medicine have become important concerns. For roselle cultivated in Thailand, there is no

scientific and regulation information concerning over the chemical and quality control of the

herb. Therefore, as the background information of roselle grown up in Thailand, the study
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about physical and chemical property of roselle from various sources of Thailand is needed.

And the method used to determine the quality of herb is also in great requirement.

2 Anthocyanins

Anthocyanins (from the Greek anthos = a flower, and kyanos = dark blue), a
group of flavonoids, are water soluble and vacuolar pigments responsible for a great range of
colors from scarlet to blue. They are found mainly in the flowers and fruits of higher plants.
The skeleton structure is C6-C3-C-6 (phenyl-2-benzopyrilium structure) or anthocyanidins
(Figure 3). The anthocyanidins or aglycones structure consist of an aromatic ring [A] bonded
to a heterocyclic ring [C] that contains oxygen, which is also bonded by a carbon—carbon

bond to a third aromatic ring [B] [86,87].

Figure 3 Chemical structure of anthocyanidins

Anthocyanins show high diversity in nature, produced by the number of
hydroxylated groups on anthocyanidins skeleton, the nature and the number of bonded sugars
to the aglycone structure, as well as the aliphatic or aromatic carboxylates bonded to the sugar
in the molecule and the position of these bonds. Up to now there are reports of more than 500
anthocyanins and 23 anthocyanidins of which only six, as listed in Table 5, are the most

common in vascular plants [86].
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Table 5 Structures of common anthocyanidins (refer to Figure 3)

Antocyanidins R R,
Cyanidin OH H
Delphinidin OH OH
Malvidin OCH; OCH;
Pelargonidin H H
Peonidin OCH; H
Petunidin OCH; OH

2.1  Anthocyanins as marker for good manufacturing practices, natural
food colorants and nutraceutical uses

In production area, anthocyanins have several important functions i.e.
as markers for good manufacturing practices and as natural food colorants as well as for
nutraceutical uses. Humans are fascinated by color, and the consumers associates the color
with safety, quality, and as indicator of good processing. As a large number of natural
products are colored by anthocyanins, analysis of anthocyanins based on the fact that each
fruit has a characteristic anthocyanin pattern, has been undertaken to detect adulteration in the
product. In this respect, the HPLC combined with multivariate statistical methods is
suggested [87].

Due to safety concern, the synthetic colorants used extensively in
foods, medicines and cosmetics to achieve a better visual appearance are diminished.
Currently, only 7 synthetic pigments can be used in food under U.S. FDA regulations.
Consequently, the study of natural colorants is an extensive and active area of investigation
[88]. Among the most utilized vegetable colorants in the food industry, carotenoids and
anthocyanins are included [86]. The potential of various food plants as commercial sources of
anthocyanins are such as cranberry, blueberry, red cabbage, bilberries, grapes as well as
roselle calyx [89]. However, in the United States, extracts of grape are the only anthocyanins
source approved by the FDA as a food colorant [87].

Anthocyanins also have nutraceutical properties. According to the
review by Castafieda-Ovando et al. [86], several studies suggested that the anthocyanins
content and their corresponding antioxidant activity contribute to the protective effect of fruits
and vegetables against degenerative and chronic diseases. Both anthocyanidins and
anthocyanins showed a higher antioxidant activity than vitamins C and E. Moreover, a linear

correlation between the values of the antioxidant capacity and the anthocyanins content in
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blackberries, red raspberries, black raspberries and strawberries was also stated in the report.
There are several reports focused on the effect of anthocyanins in cancer treatments.

Although the importance of natural pigments is known, there are
limited reports on the use of plants or fruits for anthocyanin extraction in the industrial scale.
The causes might be the effectiveness of extraction and recovery, the marketability of
resulting extracts and the practical suitability for food and pharmaceutical products. Another

important factor is the stability and intensity of coloration provided by anthocyanins [86].

2.2 Analysis of anthocyanins

Anthocyanins are polar molecules, thus the most common solvents used
for the extractions are aqueous mixtures of ethanol, methanol or acetone. At a neutral or
alkaline solution, anthocyanins are not stable; thus the most common methods are those
which use acidified methanol or ethanol as extractants. The low pH of extract facilitates the
formation of the flavylium ion, but some hydrolysis may occur during storage. Consequently,
the use of weak acids such as citric acid or acetic acid is recommended for the extraction of
complex anthocyanins. In aqueous acetone, the anthocyanin molecules undergo significant
structural modification, a phenomenon that did not occur in acidified methanol. Thus aqueous
acetone is not an appropriate solvent for extraction [86,87].

The extraction methods are not selective for anthocyanins, other
compounds, such as sugars, organic acids and pectins are co-extracted. For identification
purpose, it is necessary to isolate the anthocyanins of interest. In the purification process,
Solid Phase Extraction (SPE) by C;s or Sephadex cartridges, Liquid-Liquid Extraction (LLE),
ion-exchange resins such as Amberlite CG-50 was commonly employed. Separation methods
involve basic chromatography; paper chromatography and Thin Layer Chromatography
(TLC), to the use of modern chromatographic techniques like Counter Current
Chromatography (CCC), Medium Pressure Liquid Chromatography (MPLC), Capillary
Electrophoresis (CE) and the High Performance Liquid Chromatography (HPLC). While the
most common method is HPLC with UV-Vis or photodiode array (PDA) detectors [86,87,90].

In the quality evaluation of crude, the identification of anthocyanins has
a critical role in taxonomic and adulteration studies. Spectral data in the UV-Vis region
provide the simplest means of identification [91]. The HPLC with PDA has been also used in
the anthocyanins identification, but the difficulty to obtain reference compounds and the
spectral similarities of the anthocyanins represent an important drawback. Thus, Mass
Spectrometry (MS) and Nuclear Magnetic Resonance (NMR) of 'H and "*C have become the

preferred techniques for anthocyanins identification [86]. Identification of anthocyanins by



35

Infrared Spectroscopy (IR), florescence and excited fluorescence spectra, and Gas Liquid
Chromatography (GLC) have been also reported [91]. In some case, the classical hydrolysis
and chemical tests of hydrolyzed product are important to verify the structure, particularly in
complex molecules [87].

Up to now several methods have been applied for the quantitative
determination of anthocyanins in plant extracts. There are TLC densitometry [92], FTIR [93],
Capillary Zone Electrophoresis (CZE) [94], HPLC [8,92,95,96], and spectrophotometry
[33,92,95,97]. The most prominent ones are the last two methods. HPLC is superior in
separation, identification and quantification of individual anthocyanins while
spectrophotometry is simple, rapid, inexpensive and suitable for the analysis of total
anthocyanin content [98].

The most common method used for the separation of anthocyanins is
reversed-phase LC but there is no single standard procedure. UV diode-array absorbance
detection (DAD) is usually used to collect on-line spectra. Single wavelength detectors,
between 520 and 546 nm can selectively monitor anthocyanins separation. The gradient
elution, using methanol or acetonitrile as an organic modifier, and low pH (pH < 2) of mobile
phase is the most effective system for separation [99].

In the case of laboratories which do not have access to HPLC, the pH-
differential spectrophotometric method is a good alternative one because the result of analysis
by this method shows high correlation with that of HPLC method. Moreover the method has
been verified by AOAC’s strict validation guidelines [100].

The pH-differential spectrophotometric method is based on reversible
structural transformations of anthocyanin pigments with a change in pH manifested. At pH
1.0, the red colored oxonium or flavylium cation form predominates and at pH 4.5 the
colorless hemiketal or carbinol pseudobase form is dominance (Figure 4). Therefore, the
method permits accurate and rapid measurement of the total anthocyanins, even in the

presence of polymerized degraded pigments and other interfering compounds [101].
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Figure 4 Predominant structural form of anthocyanins present at pH 1.0 and pH 4.5

2.3 Conclusions
The most common method for analysis of anthocyanins is HPLC and
spectrophotometric method. While the HPLC is superior in separation and analysis of
individual anthocyanin, the spectrophotometric is considered as a simple, rapid, inexpensive

and suitable for the analysis of total anthocyanin content.

3 Approach for quality control of herbal medicine

High chemical complexity of herbal medicine makes quality control through
chemical analysis difficult. The current approach for authentication and quantitative quality
control of herbal medicine can be categorized into the “component-based” and “pattern-
based” approaches [18] or as the “compound-oriented” and “pattern-oriented” approach
[102]. Component-based or compound-oriented approach targets specific components with
some known chemical properties as an individual component while pattern-based or pattern-

oriented approach targets all detectable components as an overall feature or as an image.

3.1  Component-based or compound-oriented approach
The component-based approach includes the marker approach and the

multi-component or multi-compound approach which is a natural extension of the marker

approach [18,102].

3.1.1 Marker approach
At the present, practice for authentication and quantitative
quality control of herbal medicine is based extensively on the marker approach. If active
component(s) is known, such active component(s) is most logical to use as the target for
identification and quantitative quality control of herbal medicine. When active component(s)

is not known, an analytical marker(s) substance which should be specific for the particular
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botanical could be chosen for analytical purpose, although it should only serve for internal
batch control [103]. In some case only one marker is recommended, such as chlorogenic acid
is recommended for the identification and quantitative quality control of Flos Lonicerae
(content > 1.5%) and Flos Chrysanthemi (content > 0.2%) [102]. But in some situation more
than one marker are used such as in the case of formulated Chinese medicine Qingfu Guanjie
Shu (capsule) which 4 markers, namely sinomenine, paeoniflorin, paeonol and curcumin are
used [104]. Based on this approach, the present of selected marker(s), usually few compared
with several compounds of herb, can be used to ensure the authentication. And the content of
them can also be used to ensure that the concentrations and ratios of components in herb are
present at reproducible levels. In this way, the marker approach gives a very few chemical
information for both authentication and quantitative quality control of herbal medicine.

While the marker approach is simple, it is suffered from limited
number of available standards as well as lacking of a standard that is unique for a particular
herb. The example is chlorogenic acid which presents in both Flos Lonicerae and Flos
Chrysanthemi and thus this single marker cannot be used to differentiate between these two
species [102]. Moreover, as described above, it cannot give a complete picture of an herbal
product, because multiple constituents usually account in therapeutic effects [18]. The

synergy and other interactions of phytomedicine have been reviewed by Williamson [105].

3.1.2 Multi-components or multi-compounds approach

Because the marker approach fails to demonstrate the overall
consistency and quality of herbal medicine, the extended of marker approach, multi-
component or multi-compound approach, has been developed. To represent the sample, this
approach uses relatively high numbers of components or even all identified compounds, in the
other name chemical profile of the sample [18]. In an example shown by Zeng et al, to control
the quality of a ginkgo leaf product, the determination of total flavonol glycosides (i.e.
quercetin, isorhamnetin and kaempferol) and total terpene lactones (i.e. bilobalide, and
ginkgolides A, B and C) were used. The authors also stated that the multi-compound
approach uses multiple compounds with known chemical properties and does not need
chemical markers in quality assessment. The success has been obviously seen in the
chromatograms that have overlapping peaks; with sophisticated instrumental and/or chemical
methods that take advantage of spectra or other chemical properties at very close retention
time, such as HPLC-DAD and HPLC-MS, and chemometric deconvolution and resolution,

several compounds can be identified [102].
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3.2  Pattern-based or pattern-oriented approach

As pointed by Nielsen, the drawbacks of component-based approach,
both the marker and the multi-component approach, are difficulties originated from selection
for an optimal set of integration parameters for chromatograms obtained from analysis of
complex sample, subjective peak selection to include in the analysis and a large amount of
data are discarded [106]. Fundamentally, irrelevant information should be removed and
relevant chemical information should be extracted as much as possible, during data treatment.
But in many real cases, it is hard to define correctly what information is relevant and what
should be discarded, especially when the noisy data or complex data are analyzed.

The phytoequivalence concept was developed, recently, in Germany.
According to this concept, a detailed chemical profile of an herbal product is necessary to fit
with that of clinically proven product to ensure consistency and quality of herbal product. On
a similar basis, the State Food and Drug Administration (SFDA) of China proposed to use
fingerprints for quality measurement of an herbal extract or preparation [18]. A chemical
fingerprint of a traditional medicine is a unique feature which could be a spectrum or a
chromatogram, obtained by a defined procedure, to characterize the chemical composition of
the traditional medicine [18]. As mentioned by Liang et al. [23], the fingerprint should
demonstrate both the “sameness” and “differences” among various samples. In accordance
with this definition, the chemical fingerprint may be analyzed by two approaches; the multi-
component approach as described above and the pattern-based approach [18]. However, the
pattern-based approach is more useful than the component-based approach in most cases
[102]. The pattern approach was recommended as a potential and reliable approach for the
quality control of herbal medicine. This approach can be called in the other name as “all-
information based approach” [18]. According to Mok and Chau [18], SFDA of China adopted
the fingerprints based on all-information based approach in the regulation of Traditional
Chinese Medicine (TCM) injection products. The pattern-based approach includes single
pattern approach or fingerprint analysis and multi-pattern approach [18,102].

3.2.1 Single pattern approach or fingerprint analysis
The basic concept of the pattern approach is to evaluate the
whole pattern or all data acquired from analytical instrument such as the entire
chromatographic profile or the full spectrum as a chemical feature. The data may be obtained
from one-, two- or higher dimensional chromatographic and/or spectral instruments. Although

the relationship between the pattern and the chemical compositions of the sample may be
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unclear, under the same experimental condition, the pattern of a chromatogram or a spectrum
is solely contributed by the chemical components presented in the extract [18,102].

As mentioned by Zeng et al, the single pattern approach or
fingerprint analysis focuses on only one type of pattern (e.g. chemical fingerprints of
chromatograms and spectra) for the quality control of herbal medicine. There may be more
than one fingerprint; those fingerprints may be obtained from different instruments/detectors
as long as the fingerprints show only chemical characters [102]. Whereas only one chemical
fingerprint obtained from only one instrument with one detector has been classified as the
single pattern approach by Mok and Chau. If combined chemical fingerprints or combined
instruments/detectors are used for assessment of quality, it will be classified as multi-pattern
approach [18]. For example, a fingerprint obtained from HPLC/MS/MS is classified as it is
based on single pattern approach and multi-pattern approach by Zeng et al and Mok and

Chau, respectively.

3.2.2 Multi-patterns approach

According to Zeng et al, the multi-pattern approach assesses the
quality of herbal medicine by multiple patterns. For example, both chromatographic
fingerprints and biological activity profiles are used for the quality control of herbal medicine.
This approach serves for the discovery of bioactive ingredients, assessment of medical
effects, correlation between chemical fingerprints and pharmacological indices, and quality
control [102]. For example, as cited by Zeng et al, Wang et al. found 32 potential bioactive
components of Radix Angelicae Sinensis (Danggui) in rabbit plasma and over ten are new
compounds [102]. But, as indicated by Mok and Chau, the multi-pattern approach does not
limit to quality assessment that combines different kinds of pattern, such as chemical and
biological patterns. The combined chemical fingerprints are also classified as multi-pattern

approach [18].

3.2.3 Fingerprint application
In case of the identification of an active principle of the plant
preparation and finished product is not possible, the World Health Organization (WHO)
suggests chromatographic fingerprint as a quality measurement [14]. The U.S. Food and Drug
Administration (FDA) suggests qualitative and quantitative comparing of spectroscopic
and/or chromatographic fingerprint of a botanical raw material, drug substance, or drug
product against that of a reference sample or standard to ensure the identity, quality, as well

as consistency from batch to batch [21]. The European Medicines Agency (EMEA) suggests
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chromatographic fingerprint for the determination of the stability of the herbal substance or

herbal preparation [22].

3.3  Conclusions

Currently, two main approaches, component-based and pattern-based
approaches, are applied for authentication and quantitative quality assessment of herbal
medicine. Marker approach and multi-component approach are classified as component-based
approach, while single pattern approach and multi-pattern approach are classified as pattern-
based approach. Their pros and cons under the purpose for quality control of herbal medicine
have been stated. For simple and rapid development of quality control method, the marker
approach can be used as a basis, but the pattern approach is highly recommended for intensive

quality control.

4 Chemometrics tools for quality control of herbal medicine
4.1  Introduction to chemometrics
Chemometrics has been developed for almost 40 years as a

subdiscipline in chemistry. The word “chemometrics” was coined in the 1970s. As defined by
Massart et al., “chemometrics is a chemical discipline that uses mathematics, statistics, and
formal logic to

(1) design or select optimal experimental procedures,

(i1))  to provide maximum relevant chemical information by analyzing chemical
data, and

(iii)  to obtain knowledge about chemical systems” [107].

According to Brereton [108], an interesting difference between
chemometrics and traditional computational or theoretical chemistry is that theoretical
chemistry rarely come across matrices that are not square and need to be inverted (via the
pseudoinverse). The distinction between chemometrics and quantitative structure-activity
relationships (QSAR) is that a critical phase of handling and preparing instrumental data prior
to or (in some case simultaneously with) pattern recognition algorithms is usually presented in
the chemometrics, while such phase is absent in many other areas of science. The borderlines
with computational chemistry are such as chemometrics does not involve structure
representation or database algorithms and it is not part of quantum chemistry. In general,

there could not be well differentiated the chemometrics from the application of computational
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algorithms to handle analytical data, such as Neural Networks, Genetic Algorithms, Support
Vector Machines and Machine Learning.

The chemometrics has been evolved continuously; the earliest
applications were based on a simple analytical chemical dataset, for example deconvolution
of peaks from cluster of two or three peaks of HPLC chromatogram. In 1990s, the
applications of chemometrics were on problems with intermediate complexity and the size of
problem is much larger than those in 1980s. As an example by Brereton [108], the
chromatographic pattern recognition of pharmaceuticals that deals with a series about 50
chromatograms and each chromatogram contain about 20 peaks, most peaks are common to
several of the chromatograms and there are quite well identified features that allow the ability
to distinguish two groups according to their origins. But, current developments are on very
complex problem solving. The example is chromatographic data in biological applications
such as metabolomics or proteomics. The dataset may consist of a thousand chromatograms
and each chromatogram consists of several hundred detectable peaks. This could result that
we may be dealing with 1,000 chromatograms of around 500 peaks each (total 500,000
detectable peaks and many peaks are unique to a small number of chromatograms) and thus
more complicated problem.

In the beginning, chemometrics was based around laboratory and
process instrumental analytical chemistry e.g. using partial least squares (PLS) to calibrate the
UV-Vis spectrum of a mixture to determine the concentrations of each constituent. Although
it is not very glamorous, this area is still the majority of reports on the use of chemometrics,
especially in the experimental design and the interpretation of multivariate spectroscopic data.
In the 1970s and 1980s, food chemistry was one of the main early growth areas especially in
the use of NIR and food analysis. Process chemistry joined in the 1980s, with the
establishment of several research centers. An important involvement was pharmaceutical
chemistry. This major growth caused substantial growth in the applications of HPLC and NIR
to pharmaceuticals, food and process analysis as well as other main principles. Over the last
few years, the applications have substantially diversified. The most remark extension is the
biological and medical area, with the enormous development of chemical analysis instruments
such as gas chromatography-mass spectrometry (GC-MS), nuclear magnetic resonance
(NMR), optical spectroscopy and pyrolysis, and the tradition of computationally oriented
biologists. Other important development areas are chemical engineering (far beyond the
original process analytics), forensics (the use of chemical and spectroscopic information to
determine origins of specimens), multivariate image analysis (especially of pharmaceutical

tablets), and material sciences (including thermal analysis) [108].
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4.2  Application of chemometrics to quality control of herbal medicine
4.2.1 Experimental design

Although the experiments in chemistry are performed relatively
rapid, and if necessary, it can be repeated under slightly different conditions, most real world
experiments are expensive, and some need days or months to achieve the goals e.g. to
optimize the parameters of chromatographic separation [109]. Experimental design is a
strategic plan to collect empirical knowledge, i.e. knowledge based on the analysis of
experimental data and not on theoretical models. The purpose of experimental design is to
generate experimental data with an important amount of structured variation, that enable
analyst to find out which design variables (X) have an influence on the response variables
(Y), in order to understand the interactions between the design variables and thus determine
the optimum conditions, by performing a minimum number of experiments [110]. Various
experimental designs e.g. face-centered cube designs [111], full factorial designs [112] were
applied to optimize the extraction parameters (e.g. extraction time and temperature).
Optimization of parameters of chromatographic separation and capillary electrophoresis (CE)
(e.g. flow rate, temperature, gradient solvent system, and detector) by sequential uniform
designs [113], uniform designs [27], simplex designs, as well as full factorial designs were
also reported [114].

Full factorial designs combine all defined levels of all design
variables. For instance, a full factorial design investigating 3 design variables (X;) where X is
a 2-level continuous variable, X; is a 3-level continuous variable and X; is a 4-level category
variable will include 2 x 3 x 4 = 24 experiments. This designs are perfectly balanced, i.e. each
level of each design variable is studied an equal number of times in combination with each
level of each other design variable, and include enough experiments to allow use of a model
with all interactions. Thus, they are a logical choice if variables interactions are of interest.
For screening purpose, 2-level full factorial designs can be used very effectively. However the
pitfalls are that they only provide an approximation within the experimental range, quadratic
terms are not included into account and if all possible interaction terms are taken into account
no error can be estimated. For optimization, full factorial designs with 3-level (or more)
continuous variables can be used since the number of levels is compatible with a quadratic

model.

4.2.2 Chromatographic fingerprint analysis
Because chromatographic fingerprint becomes one of the most

powerful tools for quality control of herbal medicine, both construction or obtaining and
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analysis of chromatographic fingerprint become an important aspect. However, the
complexity of herbal medicine i.e. many peaks are detected in chromatographic fingerprint
and the nature of variation of chromatographic instruments and experimental conditions
occurred in each run cause the difficulty in both the establishment and the analysis of
chromatographic fingerprints. As a result, extracting most relevant information from
chromatographic data is an important step for representing and interpreting chromatographic

fingerprint.

4221 Information theory

As described above that chromatographic fingerprint
usually shows complex pattern. According to Gong et al. (2003), performance of obtained
fingerprint is closely dependent on the chromatographic separation degrees and concentration
distribution of all chemical components in that herbal medicine. To evaluate the performance
of a chromatographic fingerprint, two main approaches, local and global approaches were
applied. Local approaches are the approaches that consider parameters of each detected peak
e.g. signal intensity, retention time, peak area and/or peak height as well as other criteria, but
not contemplate on the whole chromatographic curve, while the global approaches are on the
contrary. In order to calculate the information content of a chromatogram correctly, the
identification of non-overlapping peaks and estimation of the noise and/or error level of a
chromatographic fingerprint is necessary in the local approach. However, in practice, those
tasks are quite crucial. To solve the problems, information theory, based on the global
approach was applied [115]. The authors proposed the simple method to calculate the

information content (¢ ) of a chromatographic fingerprint as shown in the following;

=3 ZXix-log =~ .

where x ; and in is the real chromatographic response of the chemical components

involved in the chromatogram under study and its summation, respectively [23,115]. In
theory, if and only if x; with unchangeable variance is characterized by normal distribution
can its information content (¢ ) reach its maximum i.e. the maximum information content will
be achieved with fingerprint with all of peaks just completely separated. Further separation
cannot provide any more information and becomes unnecessary. But, if there are overlapped

peaks or incompletely separated peaks, such peaks will show non-Gaussian normal
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distribution character and therefore a loss of information. The advantage of this method is
that it considers the whole chromatogram feature (global) not the individual peak parameters
i.e. retention time, peak intensity, peak width, peak area and/or peak height of each identified
peak (local). Thus it is unnecessary to identify the chromatographic peaks at first and the

noise might have a small influence on the calculation of the information content [23,115].

4.2.2.2 Chromatographic fingerprint alignment

Between each time of chromatographic analysis,
deterioration of instruments and variation in experimental conditions always occurs, thus pre-
processing of chromatographic data particularly correction for chromatographic shift is an
important step for obtaining chemical relevant information. SpecAlign is a free software
developed by Wong [116] used for alignment of mass spectra or chromatographic profile.
According to Wong, the short brief of SpecAlign program is a developed heuristic algorithm
that has a computational complexity of O(ds), where d is the number of spectral data points
and s is the number of spectra. “The algorithm is based on the insertion and deletion of data
points to shift regions in each spectrum, m, to align with the corresponding region in a
reference spectrum, r, as marked by reference points, Pin and P}, where i and j are points
between 0 and d.

By default, the algorithm makes use of an average
spectrum (comprising all spectra to be aligned) as a reference, although a user-specified
spectrum may be used. Reference points typically consist of automatically selected peaks, but
may also consist of manually selected peaks or points within each spectrum. The algorithm
proceeds as follows for each spectrum, m, to be aligned to the reference spectrum, r:

(1) For each j in Pj find the closest matching Piy. If no match is found within a
window of a size, w, specified by the user, then moves to the next point j + 1.

(2) If Pin is found but not aligned to Pj , find the minima between, Pin and P_jym,
min; and, Piy and Pj:1ym, miny; where insertions or deletions are to be made for alignment of
Pim to Pjr .

(3) If Pin > Pj; (for the value of the X-axis), then points are to be deleted from the
min; and points to be inserted at min.;. If Pi, < Pj, then the reverse applies.

(4) Where points are inserted, the y-axis value for the inserted point is estimated by a

least squares quadratic polynomial fit to its adjacent w points”.
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4.2.2.3 Principal components analysis (PCA)

In chromatographic fingerprints, disturbances are due to
two main causes; disturbances introduced by the instruments or experimental conditions and
disturbances introduced by unexpected changes of the analyzed samples [117]. Correction of
disturbances introduced by the instruments, such as chromatographic shift, has been described
above. For the detection of disturbances introduced by unexpected changes of the samples,
chromatographic data of each sample should be investigated. However, analysis of high
dimensional vectors or complex feature such as chromatographic fingerprint of herbal
medicine is not an easy task due to human visual limitation. Generally, transforming the high
dimensional vector into a low dimensional space could greatly enhance comparative analysis
and detection of unexpected changes of the samples. However, it is important that such low
dimensional feature generated from mathematical transformation should retain the critical
information of the original fingerprint. Among those techniques utilized to extract useful
information from high dimensional data, principal component analysis (PCA) is a popular
one.

PCA is a mathematical procedure for resolving sets of
data into orthogonal components whose linear combinations approximate the original data to
any desired degree of accuracy. The principle of PCA is to find the directions in space along
which the distance between data points is the largest or the other word to find the linear
combinations of the initial variables that contribute most to making the samples different from
each other. The directions, or combinations of original variables, are called principal
components (PCs) or latent variables (LVs) or factors. The PCs are computed iteratively, in
such a way that the first PC carries the most information. Then the second PC is calculated, in
the same way i.e. to carry most information, from the residual information (i.e. not taken into
account by the previous PC) and so on. This process can go on until as many PCs have been
computed as there are variables in the data. Then the PCs form a new set of coordinate axes.
By this way, the variation in the data can be described by minimum latent variables which
allow easy in comparing between the samples. In matrix representation, the model with a

given number of components is written as:
X=TP'+E,
where X(n, k) represents the data matrix with n samples and k variables, T(n, a) is the scores

matrix with n samples and a PCs, P'(a, k) denotes the transposed loading matrix with a PCs

and K variables, and E(n, k) is the error matrix with n samples and k variables. The new
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coordinate system has two advantages over the original set of axes. First, each PC are
orthogonal to each other thus there is no multicollinerity. Second, they are ranked so that each
one carries more information than any of the following ones [110,118]. In the Unscrambler
software [110], computation of PCA is based on non-linear iterative partial least square

(NIPALS) algorithm. The algorithm extracts one factor at a time. Each factor is obtained
iteratively by repeated regressions of X on scores t to obtain improved p and of X on these p
to obtain improved 1 .

For example, as shown in Figure 5, each sample (°) is
explained by two variables, variable 1 and variable 2. The PCs is calculated in such a way that
PC 1 explains the most variation in the samples and PC 2 will then carry the most remaining
information. Each PC is the linear combination between variable 1 and variable 2. How the
variable 1 and variable 2 are weighted in each PC is expressed by loadings. Each sample
coordinate referenced to the new axes (PC 1 and PC 2) is call scores. In case of there are
many variables e.g. chromatographic data at each retention time and thus many PCs may be
calculated, the scores of only first two or three PCs may be used to compare between samples,

since the first coming PCs are the most significance.

Variable 2

PCI

PC2

Variable 1

Figure 5 Samples plot (°) referenced to original variable (variable 1 and variable 2) (= -)
and referenced to PCs (PC1 and PC2) (- —) axis
Source: [119]
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4224 Similarity index and application of bootstrapping

As described above that quality control of herbal

medicine by pattern approach consider whole fingerprint as a feature. Thus, the intuitive

evaluation method is to compare the similarities or differences between fingerprints’ shape.

The most commonly used standards for evaluation of similarity of the multivariate systems

are correlation coefficient and congruence coefficient [23]. Here only correlation coefficient
will be described due to the simplicity and intuitiveness.

During the establishment of standard fingerprint (SF),

similarity between a tentative standard fingerprint and a testing fingerprint (TF) was

evaluated by the correlation coefficient (C). The correlation coefficient between two

chromatograms, x and y; x = (Xy, ..., X7)" and y = (1, ..., Y1)’ can be expressed by

T

D06 =Y —Y)

=1

C(x,y) = —=— - ,
\/Z(xi—if\/ (i —9)°
i=1 i=1

where X; and y; are the absorbance measured at retention time t; of chromatograms x and y,

X and Yy are the mean absorbance of chromatograms x and y, and T is the number of retention
time.

However, by the use of the statistic C(ws, Wy,); where w;
is SF and wy, is TF, a critical value (c-value) or a lower bound is needed to accept or reject the
testing fingerprint. Fang et al [25] employed bootstrap method to estimate the distribution of
C(Ws, W) and corresponding critical value (C-value).

Let Gy and G; denote the fingerprint group of the
standard specimen and an arbitrary fingerprint, respectively. fo(-) and fi(*) represent the
probability density function (p.d.f.) of Gy and G;. Assume that wy, ...,wy,—; are fingerprints
from G, while wy, is from G;. The hypotheses for fingerprint examination are: Hy : fo() = f;(*)
against Hy : fo(*) # fi(*). The null hypothesis is accepted or wy, is qualified if ¢c(ws, wy,) is more
than c-value, otherwise unqualified. To determine the c-value, an estimation of the
distribution of ¢(ws, wy,) under Hy is necessary. The bootstrap method was used to estimate

the distribution of c(ws, wy,) and the corresponding critical value (c-value) for the given type I

error (o error) rate. Letw} s e Wln denote the first bootstrap sample of wy, ..., w,,. Treat the

sample w|, ..., W. to be the replacement of w,, ..., Wy,. Calculate ¢(w', w! ) and note it as
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C1, where w! is the SF calculated from the first bootstrap sample while w! is the TF from

the first bootstrap sample. Recursively, generate B bootstrap samples, then calculate cy, ...,

Cg. The distribution obtained by bootstrap method is defined by
1 B
Facor (0 =5 2. Hei <X},
=1

where |{A is the indicator function of the set A. Sort Cy, ..., Cg as C(y, ..., Cg) in ascending
order. For a given type I error rate a, the value C(gy) is an estimate of the critical value for
testing Hy, where [Ba] is the integer part of Ba.

By determination of correlation coefficient between the
standard fingerprint and new testing fingerprint and using critical value as a cut off criteria,
fault sample can be detected. The sample will be rejected if the correlation coefficient is less

than critical value [25].

4.2.3 Multivariate calibration and prediction

Calibration is the process of constructing a mathematical model
to relate the output of an instrument, predictor or X-matrix, to the property of interest,
response or Y-matrix Generally, the predictor(s) is obtained from cheap, easy-to-perform
measurements, while the response(s) is obtained from the more expensive or time-consuming
one(s) e.g. measurement of UV-Vis spectrum to predict concentration of particular
substances. The methods attempting to fit a model to observed data (X and Y) in order to
quantify the relationship between them are called in generic term as regression. Univariate
regression uses a single predictor, which is often insufficient to precisely model a property of
complex system, while multivariate regression uses several predictors simultaneously, thus
modeling the property of interest with more accuracy [110,119].

According to Kramer [118], there are 5 steps for developing and
applying the model successfully. First, collect the best data you can. Then, construct the
model (calibration) and test the obtained model carefully (validation). Next, use the model
carefully (prediction). The last, improve the model as necessary. These 5 steps are run in
cycle i.e. when it is necessary to improve the model then new data will be collected first and
so on the other steps will follow. Here, each step will be described in details [110,118].

The first step, collect the data, is the most time-consuming of

the five steps. In this step many factors such as number of samples in the training set and
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accuracy of response (Y) values for those samples, number of samples for the validation set
(if any) and accuracy of response (Y) values for those samples, and noise level in the X-data
must be compromised. Differentiating between acceptable and unacceptable data is the key
for development of a good model.

Calibration is the step where the collected data are interpreted.
Among the five steps, calibration is the easiest one since it involves moving data into the
computers, selecting some options and waiting only few seconds or minute for the results. By
computer, the response variable (Y) is calibrated against the independent variables (X) using
data of the training samples. Thus, the data of the training set or calibration set, which contain
measurement values of both predictors (X) and response (Y) of known samples should
contain all expected components and span the Y-ranges of interest. Among all multivariate
calibration methods, partial least square (PLS), the most widely applied technique [107], and
uninformative variable elimination PLS (UVE-PLS) will be described in details, in the next
section.

Usually, a calibration model is made to do predictions in the
future. It is desirable to have the models that can work for a broad range of variables.
However, this is not usually the case. Validation is the step where the obtained models are
checked to discover any weakness or limitations of them i.e. how well they can be applied to
explain new samples, before applying them to the real operating. The model, calculated from
the data of the training set, will be used to predict the response (Y) of validation samples from
their measured predictor data (X). Then the predicted values are compared to the expected
values. The error between those values is an indicative of the error that could expect when the
calibration model are applied to predict new unknown samples. Two major approaches are
applied for validation; test set validation and cross validation. Test set validation is the most
objective method because the test samples do not influence the calibration model. However if
there are small sample set (n < 50), it is not practical to use this method. Cross validation is a
more efficient way of utilizing the samples if the sample set is small or moderate [110]. The
major advantage of cross validation is that it allows for significance testing which will be
described in UVE-PLS section.

Once the model is constructed and properly validated, it can be
used to do predictions for new samples. Prediction is the process of using an existing
calibration model to predict response values for new samples. The process involves feeding
measured predictors values (X) of new samples into a model to obtain computed (predicted)

response values (Y) of those unknown samples.
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Finally, as long as the model is used, it is necessary to have
program of validation. In general, as instrument aged, sample and process change, gradually
deterioration in the performance of initial calibration model is usually observed. Regular
updating the model can prevent this deterioration. However, if there is a significant change in

the application, new model might be made from scratch.

4231 Partial least square (PLS)

Partial least square (PLS) or projection to latent
structures or PLS-regression (PLSR) is a generalization of multiple linear regression (MLR).
Unlike MLR, PLS can be used to analyze data with strongly collinear, noisy and numerous X-
variables [120]. Same as described in the PCA, PLS also finds a few new variables called
LVs. But instead of using only X-matrix to find the LVs as in the PCA method, the PLS
method models both the X- and Y-matrix simultaneously to find those latent variables in X
that will best predict the latent variables in Y. In matrix representation, the PLS model with a

given number of components is written as:

X=TP"+E,
and y=Tq+f,

where X(n, k) represents the predictor matrix, vector y(n, 1) is a response variable, T(n, a) is
the score matrix, P'(a, k) denotes the transposed loading matrix, q (a, 1) is a loading vector,
E(n, k) and f(n, 1) are the residuals matrix.

In the Unscrambler [110], the centered data of both X
and y are used for computation of PLS factors. For each factor a = 1,..., Ay, the computation
steps are as follows;

(1) by using the variability remaining in y, the loading weights (w,) are computed

using least square (LS) and the local “model”

~ _ T
Wa = CXa—lYa—l >

when c is the scaling factor that makes the length of the final W, equal to 1, i.e.

C=(YaurXas XoVar) s
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(i1) estimate the scores fa using the local “model”

(iii) estimate the loading (qa) using the local “model”

_ T 2 2T .
Ja = Ya—lta /tata ’

(iv) create new X and y residuals by subtracting the estimated effect of this factor:

~

E = Xa—l' ta f); s

f = Ya-1- ta CAla >

when P, = Xo, t,/tot, .

a-1 “a

Replace the former X,-; and y,-; by the new residuals Eand f and increase a by 1 to
calculate next factors.

The PLS loadings express how each of the X- and Y-
variables is related to the model component summarized by the T-scores. P-loadings express
how much each X-variable contributes to a specific model component, and can be used
exactly the same way as PCA loadings. Directions determined by the projections of the X-
variables are used to interpret the meaning of the location of a projected data point on a T-
score plot in terms of variations in X. Q-loadings express the direct relationship between the
Y-variables and the T-scores. Thus, the directions determined by the projections of the Y-
variables (by means of the Q-loadings) can be used to interpret the meaning of the location of
a projected data point on a T-score plot in terms of sample variation in Y. Loading weights
(W) are specific to PLS. Variables with large loading weight values are important for the
prediction of Y.

4.2.3.2 Uninformative variable elimination PLS (UVE-

PLS)
Uninformative variable elimination PLS (UVE-PLS)
relies on the principle of the PLS method. The idea of UVE-PLS is to reduce the number of
original variable before calculating for LVs by removing original variables that are

considered as unimportant. The main steps of UVE-PLS can be summarized as follows [26]:
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(i) find the optimal complexity of the PLS model using the cross-validation
procedure;

(i1) simulate a matrix R(n, r) with r artificial variables as columns (where r > 300),
with numbers drawn from a normal distribution and multiplied by a small constant 10™'°;

(iii) augment the original data X(n, p) with matrix R to form XR(n, p + r);

(iv) construct n PLS models for the augmented data matrix with leave-one-out cross-
validation, and store n vectors of regression coefficients, b, in a matrix B of a size (n, p + r);

(v) for every regression coefficient, define its stability coefficient as the ratio of the
column mean and the column standard deviation of B;

(vi) define a cut-off value to distinguish between informative and uninformative
variables as the absolute value of the maximal stability of the regression coefficients
describing artificial variables;

(vii) remove from the original data matrix X all the variables for which the absolute
value of the stability coefficient is below the cut-off value;

(viii) construct a final PLS model for the data containing informative variables only.

In the Unscrambler [110], during cross validation
process, a number of sub-models are created and B-coefficients of each sub-model are
calculated. For each variable, the difference between the B-coefficient in a sub-model (B;) and
that in the total model (By:) can be computed. The Unscrambler takes the sum of the squares
of the differences in all sub-models to get an expression of the variance of the B; estimate for
a variable. With a t-test the significance of the estimate of B; is calculated. Under ideal
conditions, the resulting regression coefficients can be presented with uncertainty limits that
correspond to 2 standard deviations (SD). Variables with uncertainty limits that do not cross
the zero line are significant variables. Usually, when X-variables with no significant
contribution to the prediction of Y are removed before construction a new model, the new

model will fit as well as the original and validate better.

4.3  Conclusions
Chemometrics is a chemical discipline that applies mathematics, statistics,
and formal logics to obtain most relevant chemical information from large recorded data.
Nowadays, chemomerics is widely applied to the fields of food, pharmaceutical product,
industrial processing and medical study. In the quality control of herbal medicine which is
considered as a study of complex system, chemometrics is helpful in several steps. Some
chemometrics tools commonly applied to the quality control of herbal medicine including the

design of experiment, the alignment of chromatographic data, the reduction of data dimension
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by PCA, the comparison between two fingerprints by using similarity index as well as the

multivariate calibration by PLS and UVE-PLS method have been described in this chapter.



CHAPTER 111
MATERIALS AND METHODS

1 Plant materials

Thirty-five samples of roselle from different locations throughout Thailand
were purchased from local markets in the years 2003 and 2004, and identified by Asssociate
Prof. Dr. Uthai Sotanaphun. The voucher specimens (US-03 001 to US-03 022 and US-04
001 to US-04 013) are deposited at the Herbarium of the Department of Pharmacognosy,
Silpakorn University, Thailand.

Most of samples were received as dried raw material, while other eight fresh
samples, i.e. the sample number 4, 5, 6, 8, 10, 13, 14 and 15, were dried by hot air oven
(Heraeus UT5050E; Kleinostheim, Germany) at temperature between 45 to 55 °C. Foreign
matter was removed and quantified according to the method described in 3.1. Then, the
samples were cut into small particle with cutting mill (RetschGmbH SK1; Haan, Germany)
and sieved. Finally, roselle powder which size less than 250 um was kept in screw cap glass

bottles, protected from light and placed in desiccators at 4°C, before use.

2 Preparation of standard anthocyanins
2.1  Isolation of standard anthocyanins

Fresh calyx of roselle (3.03 kg) was blended with hot water (2,000 ml).
The extract was centrifuged at 7,000 rpm for 30 minutes (Kubota centrifuge model 6500;
Tokyo, Japan). The clear red supernatant was subjected to an Amberlite XAD-16 resin (180
g) (Fluka; Buchs, SG, Schweiz) and washed with an excessive amount of water until the
water was clear and had no taste. The adsorbed material was eluted from the resin by 0.1%
hydrochloric acid in methanol until the eluent was colorless. The eluate was combined, dried
under reduced pressure at 40°C (Rotarvapor Biichi R-134; Flawil, Switzerland) and
redissolved in a small amount of 0.1% hydrochloric acid in methanol. After keeping at 4°C in
a dark place, for 2 days, a red precipitate (407.7 mg) was collected. The precipitate was
further purified by a Sephadex® LH-20 (Sigma; MO, USA) column (@ 2.7 x 62 cm) eluted
with ethanol. The elution fractions were collected depending on the color observation and
monitored by the TLC method described in 4.2. Two pure anthocyanins, compound | (57.9

mg) and compound Il (12.6 mg), were obtained (Scheme 1).

54
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Both compound I and compound II were used as TLC marker in the
study of TLC fingerprint. However, compound II had been isolated in a very low amount
(12.6 mg); consequently it could not be considered as a practical standard. Therefore only
compound I was further used in the validation of HPLC fingerprint (see section 4.3.5.1) and

the development of method for analysis of total anthocyanins (see section 5.1).

Fresh calyx of roselle (3.03 kg)
Blended with hot water (2,000 ml)
Centrifuged at 7,000 rpm for 30 minutes
Crude water extract
Amberlite XAD-16 resin (180 g)
Washed with excessive water
Adsorbed materials
*Eluted with 0.1% hydrochloric acid in methanol
Crude anthocyanins extract
lDried under reduced pressure at 40°C
Dried crude anthocyanins extract (2.19 g)
Dissolved in 0.1% hydrochloric acid in methanol
Placed at 4°C in the dark for 2 days
Anthocyanins precipitate (0.4077 g)
Sephadex LH-20 column (@ 2.7 x 62 cm)
Eluted with ethanol

!

Compound I (57.9 mg) Compound II (12.6 mg)

Scheme 1 Isolation of standard anthocyanins

2.2  ldentification of the isolated compounds
Identification of the isolated compounds was performed by comparing
their '"H NMR data (300 MHz) (Bruker 300 Ultrashield; Karlsruhe, Germany) with the
previously reported data of delphinidin-3-sambubioside and cyanidin-3-sambubioside, [121].
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2.3  Purity assay of the isolated compounds
As described above, isolated in a very few amount, compound II could
not be considered as a practical standard. Therefore only compound I was assayed for its
purity. The HPLC method modified from de Ancos [96] was used. Compound I (2.40 mg)
was dissolved in the mixture of 4% phosphoric acid and 100% acetonitrile (94: 6) (1.8 ml)
and filtered through Puradisc™ syringe membrane filter (nylon, pore size 0.45 um)
(Whatman; Middlesex, England) before injected. The purity was calculated as the mean from

six injections. The chromatographic condition was as follows.

HPLC system: Agilent 1100 series pump,
a solvent degasser,
an auto sampler,
a photodiode-array detector (DAD),
and a Chemstation for LC software A10.02 (Agilent; CA, USA)

Column: Bondclone C18 (300 x 3.9 mm, 10um particle size)
(Phenomenex; CA, USA)

Guard column: ODS guard column (3.0 x 4 mm) (Phenomenex; CA, USA)

Mobile phase: (A) 4% phosphoric acid

(B) 100% acetonitrile

Program: 0-10 min isocratic elution with 6% (B)
10-55 min linear gradient to 20% (B)
56-60 min isocratic elution with 6% (B)

Flow rate: 1 ml/min
Temperature: room temperature
Detection: 254 nm
Injection: S5ul

3 General quality control methods

Analytical grade chemicals and distilled water were used in all experiments of

general quality control methods.

3.1 Foreign matter [29]
Dried whole calyx (100 g) was spread in a thin layer. Foreign matter

was detected by inspecting with the unaided eye and with the use of a 6x lens, and separated.
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The percentage of foreign matter was calculated with reference to the original air-dried

substance.

3.2 Loss on drying [29]

Roselle powder was thoroughly mixed. The accurately weighed powder
(2 g) was sampling to a tarred glass-stoppered, shallow weighing bottle that has been dried for
30 minutes at 105°C. After replacing the stopper, all contents and bottle were weighed. The
bottle was gently sidewise shaken to make the test specimen distributed as evenly as
practicable to a dept of about 5 mm generally, and not over 10 mm. The loaded bottle was
dried in the drying oven (Heracus UTS5050E; Kleinostheim, Germany), previously set the
temperature at 105°C. The stopper was removed and left also in the oven. Upon opening the
oven chamber, the bottle was closed promptly and allowed to come to room temperature in
desiccators before weighing. The test specimen was dried until the difference between two
consecutive weights is not more than 0.0010 g. If the difference is more than 0.0010 g, the
specimen was dried for another 1 hour. The percentage of loss weight was calculated with

reference to the air-dried substance.

3.3  Total ash [29]

Total ash was analyzed by Scientific and Technological Equipment
Centre, Silpakorn University, Nakorn Pathom, Thailand.

Generally, roselle powder (2 to 4 g) was accurately weighed to a
suitable tarred crucible (usually of platinum or silica), previously ignited by furnace
(Carbolite CSF 1100; Derbyshire, UK), cooled and weighed. The sample was incinerated by
gradually increasing the temperature, not exceeding 450°C, until free from carbon. Then it
was allowed to room temperature and weighed.

If a carbon-free ash cannot be obtained in this way, the crucible was
cooled and the residue was moistened with about 2 ml of water or a saturated solution of
ammonium nitrate. Then, it was firstly dried on a water-bath and on a hot plate and finally
incinerated to constant weight. The percentage of total ash was calculated with reference to

the air-dried substance.

3.4  Acid insoluble ash [29]
Acid insoluble ash was analyzed by Scientific and Technological

Equipment Centre, Silpakorn University, Nakorn Pathom, Thailand.
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The total ash obtained from the method described in 3.3 was boiled for
5 minutes with 25 ml of dilute hydrochloric acid. The insoluble matter was collected on an
ashless filter paper, washed with hot water until the filtrate was neutral, and ignited at about
500°C (Carbolite CSF 1100; Derbyshire, UK). The percentage of acid-insoluble ash was

calculated with reference to the air-dried substance.

3.5  Water-soluble extractive [29]
Roselle powder (5 g), accurately weighed, was macerated with 100.0
ml of distilled water in a closed flask for 24 hours, shaken frequently during the first 6 hours
and then allowed to stand for 18 hours. The filtrate (20.0 ml) was evaporated to dryness in a
tarred, flat-bottomed, shallow dish and it was further dried at 105°C (Heraeus UT5050E;
Kleinostheim, Germany) to constant weight. The percentage of water-soluble extractive was

calculated with reference to the air-dried substance.

3.6  Ethanol-soluble extractive [29]
The method described in 3.5 was used, but the solvent was changed to
absolute ethanol (Carlo Erba; Milano, Italy). Precaution against loss of ethanol during

filtering was aware.

3.7  Data analysis

Overall general quality control parameters were calculated as mean +
SD. Analytical data that considered as outliers and extremes of each parameter by boxplot
were excluded before calculation of mean and SD.

A boxplot is a kind of graph showing the distribution of the data
(Figure 6). The upper and lower edges of the box represent the third (Q;) and the first quartile
(Qy), respectively. And a line located across this box shows the second quartile (Q,) or the
median value. The box length or the interquartile range (IQR) is the range between Q; and Q);.
The upper and lower bars show the maximum and minimum limits of values that justified as
normal values. These bars are calculated from Q; + 1.5(IQR) and Q, - 1.5(IQR), respectively.
Cases with values between 1.5 and 3 box lengths from the upper or lower edge of the box are
outliers. And cases with values more than 3 box lengths from the upper edge or less than 3

box lengths from the lower edge of the box are extremes.
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Qs + LA(10R)
1. Js
1 Median

* 0
—]_Ql - 1L5(I0R)

Figure 6 Boxplot of data: Q, = the first quartile, Q, = the second quartile or the median,
Qsthe third quartile, IQR = the interquartile range

4 Qualitative control methods
Analytical grade chemicals and distilled water were used in all qualitative

control methods.

4.1  Chemical identification
4.1.1 Sample solution and test solution preparation

The sample extract was prepared by macerating roselle powder
(300 mg) with water (8 ml) for 15 minutes and filtering (Solution A).

The beet root extract was prepared by macerating fresh beet root
(10.2 g) with water (10 ml) for 30 minutes and filtering. The obtained extract (0.5 ml) was
diluted with water (9.5 ml) to make the final solution (Solution B).

All other synthetic red dyes solution namely Ponceau 4R,
Carmoisine, Amaranth and Erythrosine prepared in water as a solution of 1% w/v (0.5 ml)

was diluted with water (9.5 ml) to make the final solution (Solution C).

4.1.2 Procedures
4121 Test A [87,122]
The solution A, B and C (0.2 ml) was separately added
with 2 M hydrochloric acid (0.2 ml) and heated at 100°C for 5 minutes. The red color of

solution A should be stable. If the red color vanishes, it may be betacyanin response.

4122 Test B [87,122]
The solution A, B and C (0.2 ml) was separately added
with 2 M sodium hydroxide dropwise. The red color of solution A should change to blue-

green and slowly fade. If the color changes to yellow, it may be betacyanins response.
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4.1.2.3 TestC
The solution A, B and C (0.2 ml) was separately added
with 2 M sodium hydroxide dropwise. The red color of solution A should change to blue-
green and the color should be reversed if 2 M hydrochloric acid was added dropwise,

immediately.

4124  TestD [87]
The solution A, B and C (0.2 ml) was separately added
with aluminium chloride test solution (4 drops). The red color of solution A should shift to
violet or the spectra should display a bathochromic change and the color should be reversed if

2 M hydrochloric acid was added.

4125 Test E
The solution A, B and C (0.2 ml) was separately added
with lead acetate test solution (4 drops). In solution A, blue precipitate and clear supernatant

should be obtained.

4.1.2.6 Test F [122]
The solution A, B and C (0.2 ml) was separately added
with ferric chloride test solution (4 drops). The red color of solution A should change to dark

green.

4.2  Thin-layer chromatography (TLC) fingerprint
The TLC method was modified from European Pharmacopoeia 2001
[28]. Analytical grade chemicals and distilled water were used in all experiments of TLC.
Ethyl acetate (Ajax Finechem; Mt. Wellington, New Zealand), 2-propanol (Merck;

Darmstadt, Germany) and formic acid (Carlo Erba; Milano, Italy) were used.

4.2.1 Sample solution and standard solution preparation
The sample solution was prepared by macerating roselle powder
(1 g) with 0.1% conc. hydrochloric acid in methanol (10 ml), shaking frequently for 15
minutes and filtering.
The standard cyanidin-3-sambubioside (Cy-3-sam) solution (A)
was prepared by dissolving Cy-3-sam (0.9 mg), isolated in laboratory in 0.1% conc.

hydrochloric acid in methanol (3 ml).
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The standard delphinidin-3-sambubioside (Dp-3-sam) solution
(B) was prepared by dissolving Dp-3-sam (1.8 mg), isolated in laboratory in 0.1% conc.
hydrochloric acid in methanol (10 ml).

The standard quinaldine red solution (C) was prepared by
dissolving quinaldine red (Merck; Darmstadt, Germany) (2.5 mg) in 0.1% conc. hydrochloric

acid in methanol (10 ml).

4.2.2 Procedures
The chromatographic condition is as follows,
Technique: one way, ascending, single development
Adsorbent: silica gel 60 F,s4, precoated on aluminium sheet
(Merck; Darmstadt, Germany)
Mobile phase: ethyl acetate: 2-propanol: water: formic acid

(6:2:2:1v/N/ININ)

Development: over a path of 10 cm
Temperature: 25-30°C
Application: 20 pl, as bands
Drying: in air

Detection: a) daylight

b) spraying with dilute sulfuric acid and heating
at 100°C, examined under daylight

4.3  High performance liquid chromatography (HPLC) fingerprint
Acetonitrile (HPLC grade) (Carlo Erba; Milano, Italy), phosphoric acid
(AR) (BDH; Poole, UK), methanol (AR) (Ajax Finechem; Mt. Wellington, New Zealand) and

Nanopure” water 18.3 mQ were used in all experiments of HPLC.

4.3.1 Sample preparation
The sample solution was prepared by macerating roselle powder
(2 g) with 50% methanol (10 ml) and sonicating for 15 minutes in ultrasonic bath (Elma®
transsonic 890/H; Singen, Germany). The extract was filtered through Puradisc™ syringe

membrane filter (nylon, pore size 0.45 um) (Whatman; Middlesex, England) before injected.
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4.3.2 Optimization of HPLC condition
The HPLC condition for constructing the fingerprint of roselle
was modified from de Ancos [96]. The experiments were carried on HPLC system consisted
of Agilent 1100 series pump, a solvent degasser, an auto sampler, a photodiode-array detector
(DAD) and a Chemstation for LC software version A10.02 (Agilent; CA, USA). Two
solvents, 4% phosphoric acid (A) and 100% acetonitrile (B) were programmed as two steps;
step I: an isocratic elution at 6% (B) and step Il: a linear gradient elution to 20% (B). To
optimize the solvent program, a full factorial experimental design was applied. It involved
two factors;
(1) the duration used for an isocratic elution and
(i1) the duration used for a linear gradient elution.
The chromatograms of each experiment were recorded at five
wavelengths i.e. 254, 280, 316, 365 and 520 nm. The factors and corresponding levels were
shown in Table 6. The information (@) obtained from each chromatogram was calculated by

following formula,

gy

where x ; and in is the real chromatographic response of the chemical components

involved in the chromatogram under study and its summation, respectively [23]. The program

that gives the maximum information was used for constructing the fingerprint of roselle.

Table 6 Factors and levels for optimization of the solvent program of HPLC

Factors Levels
1 2 3
i: duration used for an isocratic elution (min) 15 20 25

ii: duration used for a gradient elution (min) 40 45 50
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4.3.3 Procedures
Based on the data from the HPLC optimization, the HPLC

chromatograms of roselle were obtained by the followings.

HPLC system: Agilent 1100 series pump,
a solvent degasser,
an auto sampler,
a photodiode-array detector (DAD)
and a Chemstation for LC software A10.02 (Agilent; CA, USA)

Column: Bondclone C18 (300 x 3.9 mm, 10pm particle size)
(Phenomenex; CA, USA)

Guard column: ODS guard column (3.0 x 4 mm) (Phenomenex; CA, USA)

Mobile phase: (A) 4% phosphoric acid

(B) 100% acetonitrile

Program: 0-20 min isocratic elution with 6% (B)
20-70 min linear gradient to 20% (B)
71 minlinear gradient to 6% (B)

Flow rate: 1 ml/min
Temperature: room temperature
Detection: 254 nm

Injection: 5pul

4.3.4 Data analysis

The chromatograms were corrected for their retention time shift
by Spec Align program [116]. Natural clustering of samples was surveyed by principal
component analysis (PCA) using the Unscrambler version 9.5 software program [110].
Outlier samples were detected by the bootstrapping method using Resampling Stats for Excel
version W3.20 [123].

During the establishment of standard fingerprint (SF), similarity
between a tentative standard fingerprint and a testing fingerprint (TF) was evaluated by the
correlation coefficient (C). The bootstrap method was used to estimate the distribution of the
correlation coefficient and the corresponding critical value (c-value). This critical value (c-
value) or the lower bound value of correlation coefficient was used as a criterion to accept or
reject the testing fingerprint. If the correlation coefficient between the tentative standard

fingerprint and the testing fingerprint is less than critical value, that testing fingerprint would
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be classified as an outlier (see the details of method in Chapter I, section 4.2.2.4). After all
outliers were eliminated, the HPLC fingerprint was calculated from the remained data by

Excel 2003. The median data at each retention time were the HPLC fingerprint of roselle.

4.3.5 Validation of HPLC fingerprint of H. sabdariffa
4351 Identification of chromatographic peaks
The identification of the peaks was carried out using the

delphinidin-3-sambubioside isolated in our laboratory.

4352 Injection precision
The injection precision was determined by replicate
injection of the same sample solution for six times in a day. The relative standard deviation

(%RSD) of retention time and peak area of delphinidin-3-sambubioside were calculated.

4.4  Ultraviolet-visible (UV-Vis) fingerprint
4.4.1 Sample preparation
The sample extract was prepared by macerating roselle powder
(1 g) with 50% methanol (5 ml) and sonicating for 15 minutes in ultrasonic bath (Elma®
transsonic 890/H; Singen, Germany). The extract (0.2 ml) was diluted with 50% methanol
(0.8 ml). The obtained solution (0.3 ml) was further diluted with 50% methanol (4.9 ml) to

make the final solution.

4.4.2 Procedures
The final solution was scanned for its UV-Vis absorption
spectrum in the wavelength of 190 to 1100 nm (UV-Vis spectrophotometer Agilent 8453
model G 11C3A; CA, USA), using 50% methanol as the blank.

4.4.3 Data analysis
The UV-Vis spectrum in the region of 250 to 650 nm was
surveyed by principal component analysis (PCA) using the Unscrambler version 9.5 software
program [110]. Outlier samples were detected by the bootstrapping method using Resampling
Stats for Excel version W3.20 [123]. The UV-Vis fingerprint was the median data at each
wavelength calculated by Excel 2003.
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4.5 Infrared (IR) fingerprint
4.5.1 Procedures
Roselle powder which size less than 250 um was grinded with
potassium bromide (KBr) powder and filled in microcup DRIFT accessory. The IR spectrum
was recorded in Kubelka-Munk (KM) unit between 4000 and 400 cm™ using an IR
spectrophotometer (Magna-IR™  spectrometer 750; Nicolet) equipped with a KBr
beamsplitter and a deuterated triglycine sulfate (DTGS) detector. The resolution was set at 4
cm’” and the number of scans per sample was 32. Background spectra of pure KBr were

recorded before analysis of samples.

4.5.2 Data analysis
Spectrum was baseline corrected before analysis. Principal
component analysis (PCA) was performed using the Unscrambler version 9.5 software

program [110].

5 Quantitative control analysis
5.1  Development of method for analysis of total anthocyanins in H.
sabdariffa
5.1.1 HPLC for analysis of total anthocyanins in H. sabdariffa
51.1.1 Sample preparation
Dried roselle powder (100 mg) was macerated with 0.1%
hydrochloric acid in 75% methanol (10 ml) at room temperature in a dark place for 24 hours,
and then filtered through Puradisc™ syringe membrane filter (nylon, pore size 0.45 um)

(Whatman; Middlesex, England) before injected.

51.1.2 Standard solution preparation and calibration
curve
The standard delphinidin-3-sambubioside was prepared
in 0.1% hydrochloric acid in 75% methanol in the concentration range of 24.97 - 299.62
pg/ml, and filtered through Puradisc™ syringe membrane filter (nylon, pore size 0.45 um)
(Whatman; Middlesex, England) before injected.
The calibration curve was plotted between the
concentrations of delphinidin-3-sambubioside and the correspondence area under curve

(AUC).
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51.13 Procedures
The HPLC method modified from de Ancos [96] was

used with some verification. The chromatographic condition is as follows.

HPLC system: Agilent 1100 series pump,
a solvent degasser,
an auto sampler, a photodiode-array detector (DAD),
and a Chemstation for LC software A10.02 (Agilent; CA, USA)

Column: Bondclone C18 (300 x 3.9 mm, 10um particle size)
(Phenomenex; CA, USA)

Guard column: ODS guard column (3.0 x 4 mm) (Phenomenex; CA, USA)

Mobile phase: (A) 4% phosphoric acid

(B) 100% acetonitrile

Program: 0-10 min isocratic elution with 6% (B)
10-55 min linear gradient to 20% (B)
56-60 min isocratic elution with 20% (B)

Flow rate: 1 ml/min
Temperature: room temperature
Detection: 520 nm

Injection: 10 pl

By reference to the calibration curve of delphinidin-3-
sambubioside, total anthocyanin content in the sample was calculated as percentage of

delphinidin-3-sambubioside based on the dried weight.

5.1.2 pH-differential spectrophotometry
5.1.21 Condition for extraction of anthocyanins

In order to find the most suitable solvent for extraction of
anthocyanins from dried calyx of roselle, preliminary study was performed with aqueous-
methanolic solvents (0 to 100% methanol), and acidic aqueous-methanolic solvents (0.1%
hydrochloric acid in 50 to 100% methanol). Roselle powder (50 mg) was macerated with 5 ml
of each solvent, at room temperature, in a dark place for 24 hours and filtered. The extract
was analyzed by the method described in 5.1.2.3. The higher of calculated absorbance value
indicated that the more amounts of anthocyanins were extracted. The solvent that gave the
highest calculated absorbance value was selected for the further examination, the

determination of appropriate herb to solvent ratio. Various herb to solvent ratios (1:50, 1:100,
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1:150, 1:200, 1:250 and 1:300) were investigated. The calculated absorbance value was
transformed to extractive content of total anthocyanins, based on the calibration curve of
standard anthocyanin. The maximum herb to solvent ratios can be detected by gradually
increasing herb to solvent ratio until additional solvent had no or less effect on the percent

extractive content.

5122 Standard solution preparation and calibration

curve
The standard anthocyanin, delphinidin-3-sambubioside,
was prepared in the concentration range of 12 - 93 pg/ml in 0.1% hydrochloric acid in 75%
methanol. The standard series, at each concentration, were examined as described in 5.1.2.3.
The calibration curve was plotted between the final concentrations of the standard

anthocyanin and the correspondence calculated absorbance values.

5.1.2.3 Procedures [101]

Two portions of the extract (0.5 ml) were taken for
analysis. The first portion was mixed with buffer pH 1.0 (2.5 ml) and the other was mixed
with buffer pH 4.5 (2.5 ml). After 15 minutes but not over 60 minutes, absorbance at 520 nm
(Asy) and at 700 nm (A7) (Hitachi U-2000 spectrophotometer; Tokyo, Japan) of each
extract was measured against a blank cell filled with distilled water. The absorbance of the

sample extract (A) was calculated as follows,

A= (Aszo - A700) pH1.0 - (Aszo - A7oo) pH4.5.

5124 Sample analysis

Based on the data obtained from the condition for
extraction of anthocyanins (section 5.1.2.1), dried roselle powder (160 mg) was macerated
with 25 ml of 0.1% hydrochloric acid in 75% methanol at room temperature, in a dark place
for 24 hours and filtered.

The extract was analyzed by the method described in
5.1.2.3. By reference to the standard anthocyanin calibration curve, the content of total
anthocyanins in the sample was calculated as percentage of delphinidin-3-sambubioside based

on the dried weight.
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5.1.3 Modified pH-differential spectrophotometry
5.131 Determination of a correlation factor between

delphinidin-3-sambubioside and methyl orange

The standard delphinidin-3-sambubioside and the
standard methyl orange (Merck;Darmstadt, Germany) were prepared in 0.1% hydrochloric
acid in 75% methanol in the concentration range of 12 - 93 pg/ml and 6 - 46 pg/ml,
respectively. Both series dilutions were analyzed for calculated absorbance values by the
method described in 5.1.2.3. Then a relative concentration or a correlation factor between

them that possessed a same absorbance value was calculated from their calibration curves.

5.1.3.2 Procedures

In routine work, the modified pH-differential
spectrophotometry method was performed by using methyl orange as a standard. The series
dilution of methyl orange prepared in the concentration range of 6 - 46 pg/ml were analyzed
for calculated absorbance values by the method described in 5.1.2.3. Then the concentration
of methyl orange was transformed to the concentration of delphinidin-3-sambubioside by
their correlation factor, previously calculated in 5.1.3.1, and a calibration curve of
delphinidin-3-sambubioside was constructed. The sample extract was analyzed by the same
method as that of methyl orange. By reference to the simulated calibration curve of
delphinidin-3-sambubioside, the content of total anthocyanins in the sample was calculated as

percentage of delphinidin-3-sambubioside based on the dried weight.

5.1.4 Validation of modified pH-differential spectrophotometry
[124]
5141 Linearity
Linearity of the standard anthocyanin and standard
methyl orange was determined over a 3-days period. The slope and other statistical

parameters of the calibration curves were calculated by linear regression.

5.1.4.2 Repeatability and intermediate precision
Repeatability was evaluated in 3 determinations on the
same day for 3 samples, while the intermediate precision was assessed for 3 consecutive days.

The data were expressed as the relative standard deviation (%RSD)
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5.1.4.3 Limit of detection (LOD) and limit of

quantitation (LOQ)
Limit of detection (LOD) and limit of quantitation
(LOQ) were calculated based on the standard deviation of y-intercept (d) and the slope (s) of

the calibration curve by using the formulae 3.3 &/s and 10 &/s, respectively.

5144 Accuracy
Total anthocyanin contents determined by the modified
pH-differential spectrophotometry were compared with those of the HPLC method. Paired t-

test was used for analysing of significance of difference.

5.2  Analysis of total phenolic compounds
5.2.1 Condition for extraction of total phenolic compounds

In order to find the most suitable solvent for extraction of
phenolic compounds from roselle, preliminary study was performed with aqueous-methanolic
solvents (0-100% methanol), and acidic aqueous-methanolic solvents (0.1% hydrochloric in
50-100% methanol). Dried roselle powder (100 mg) was macerated with 10 ml of each
solvent at room temperature for 24 hours and filtered.

The extract was analyzed by the method described in 5.2.3. The
absorbance values of extracts prepared from each solvent were compared. The higher of
absorbance value indicated that the more amounts of phenolic compounds were extracted.
The solvent that gave the highest absorbance value was selected for the further examination.
To determine the appropriate herb to solvent ratio, various herb to solvent ratios (1:50, 1:100,
1:150, 1:200, 1:250 and 1:300) were investigated. Then the absorbance values of each extract
were transformed to extractive contents of total phenolics, based on the calibration curve of
standard gallic acid. The maximum herb to solvent ratio could be detected by increasing herb

to solvent ratio until addition solvent had no effect on the extractive content.

5.2.2 Standard solution preparation and calibration curve
Standard gallic acid (Fluka; Buchs, SG, Schweiz) and standard
protocatechuic acid (Fluka; Buchs, SG, Schweiz) were prepared in 50% methanol at the
concentration range of 40 - 255 pg/ml and 45 - 180 ug/ml, respectively. The series dilutions
of both were analyzed by the method described in 5.2.3.
A standard calibration curve of each standard was plotted

between the final concentrations and the correspondence absorbance values.
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5.2.3 Procedures [125]
Sample extract (0.2 ml) was mixed with distilled water (3.55
ml) and Folin-Ciocalteau’s reagent (0.25 ml) (Fluka; Buchs, SG, Schweiz). After 1 minute
and before 8 minutes, 20% sodium carbonate solution (1 ml) was added, mixed and the time
was adjusted to zero. After 90 minutes, the absorbance of the reactant was recorded at 750 nm
(Hitachi U-2000 spectrophotometer; Tokyo, Japan) against a blank cell filled with the same

reactant, without sample.

5.2.4 Sample analysis

Based on the data obtained from the condition for extraction of
total phenolic compound, dried roselle powder (160 mg) was macerated with 50% methanol
(25 ml) at room temperature for 24 hours and filtered.

The sample extract was analyzed by the method described in
5.2.3. By reference to the calibration curve of gallic acid and the calibration curve of
protocatechuic acid, the content of total phenolic compounds in roselle was calculated as
percentage of gallic acid (gallic acid equivalence, GAE) and percentage of protocatechuic

acid, based on the dried weight, respectively.

5.2.5 Method validation [124]
Linearity, repeatability, intermediate precision, limit of
detection (LOD) and limit of quantitation (LOQ) were determined by the method described in
5.14.

5.3  Analysis of total acid content

Total acid content was determined by titration method modified from
European Pharmacopoeia 4.4 [28]. The dried roselle powder (1.0000 g) was added with
carbon dioxide free water (100.0 ml) and stirred for 15 minutes. After filtered, the filtrate
(50.0 ml) was added with carbon dioxide free water (100.0 ml). The solution was titrated with
0.1 M sodium hydroxide until pH 7.0, and, determined the end-point potentiometrically. The
percentage of acid content was expressed as citric acid (CsHgO-) with reference to the dried
weight.

Each ml of 0.1 M sodium hydroxide is equivalent to 6.4 mg of citric

acid.
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5.4  Analysis of potassium content [126]

The potassium content was analyzed by Scientific and Technological
Equipment Centre, Silpakorn University, Nakhon Pathom, Thailand.

A sufficient amount of total ash obtained from the determination of
total ash (described in 3.3) was digested with 6 M hydrochloric acid. Then, the potassium
content in the acid solution was measured by Inductively Coupled Plasma Emission
Spectrophotometer (Varian Liberty 220; Australia) using potassium oxide, K,O RS as
standard. The percentage of potassium content was calculated with reference to the dried

weight.

6 Radical scavenging activity
6.1  Determination of radical scavenging activity
6.1.1 Standard solution preparation and calibration curve

Ascorbic acid was prepared in 50% methanol at the
concentration range of 3.98 - 19.91 pug/ml. The standard series, at each concentration, were
analyzed by the method described in 6.1.2.

The calibration curve was plotted between the final
concentrations of ascorbic acid and the correspondence percentage of radical scavenging

activity.

6.1.2 Procedures
The radical scavenging activity was determined by the DPPH
method [127] with some modification. The reaction in 50% methanol was consisted of 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) (Fluka; Buchs, SG, Schweiz) solution (0.4 ml) in the last
concentration of 78 uM or 0.0031% w/v and test solution (0.4 ml). After 90 minutes of the
reaction, the absorbance at 520 nm was measured (Hitachi U-2000 spectrophotometer; Tokyo,

Japan). The radical scavenging activity was calculated as follows,

% radical scavenging activity = [(Acontrol — Asample)/ Acontrol ] X 100

when A ool 18 the absorbance of DPPH in 50% methanolic solution without test solution, and

Agampie 1s absorbance of DPPH in 50% methanolic solution in the presence of the test solution.
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6.1.3 Sample analysis
Roselle powder (100 mg) was macerated with 50% methanol
(50 ml) in a dark place for 24 hours and filtered. The extract (0.5 ml) was further diluted with
50% methanol (3 ml) to give test solution. The solution was analyzed as that described in
6.1.2. By comparing the activity of test solution with that of ascorbic acid solution, the radical
scavenging activity of sample was calculated as percentage of ascorbic acid equivalence

antioxidant capacity (AEAC) reference to the air-dried substance.

6.2  Prediction of radical scavenging activity
6.2.1 Source of data
The radical scavenging activity data, analyzed by the DPPH
method, of 35 roselle samples were obtained by the method describe in section 6.1. The data
of HPLC chromatogram and UV-Vis spectrum of each sample were obtained by the method
described in the section 4.3 and 4.4, respectively. The samples were randomly divided into a
calibration set (about 60% of samples) for building a model, and a prediction set (about 40%
of samples) for validating a model. For ensuring that the calibration samples span the range of
radical scavenging activity, the samples which possess the minimum and the maximum value

of radical scavenging activity were manually selected to the calibration set.

6.2.2 Data preprocessing
The HPLC chromatograms were corrected for their retention
time shift by Spec Align program [116]. No pre-treatments were applied to the UV-Vis

spectrum data because of no sign of baseline shift.

6.2.3 Data analysis

The chemometric analysis was performed using the
Unscrambler version 9.5 software program [110]. The corrected HPLC chromatograms and
the UV-Vis spectrum in the region of 250 to 650 nm were surveyed by principal component
analysis (PCA) before model construction.

Multivariate  calibration models relating the HPLC
chromatograms and UV-Vis spectral data with the radical scavenging activity data were
developed from the calibration set using partial least square regression (PLS1). In calibration
process, all samples of the calibration set were used to construct the model. Root mean

squared error of calibration (RMSEC) was calculated as follows,
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RMSEC = \/Z?(ycal = Vet )2
N

when ¥, is the fitted value of radical scavenging activity on the model, y,, is the measured

value of radical scavenging activity, and N is the number of calibration sample.

The optimum number of PLS factor was determined by leave
one out cross validation (LOOCV) using the minimum residual variance. The model was
validated by two methods i.e. leave one out cross validation (LOOCV) and prediction set or
test set validation.

The LOOCYV used the same set of data to calibrate and validate
the model. In validation process, one sample was left out from the calibration set and the
model was constructed from the remaining data points. Then, the value of the left-out samples
was predicted and the prediction residuals were computed as root mean squared error of cross

validation (RMSECV). The RMSECYV was calculated as follows,

N
21 (Yiooey = Yeer )2
N

RMSECV = \/

when ¥, oocv 18 the predicted value of radical scavenging activity of the submodel, Y, is the

measured value of radical scavenging activity, and N is the number of calibration sample.

The prediction set or test set validation used an external test set
in the validation process. The values of the prediction set or test set were predicted and the
prediction residuals were computed as root mean squared error of prediction (RMSEP). The
method used to calculate of RMSEP was the same as described in RMSECV, but the external
test samples were used. The predicted values and the measured values of the test set were also
compared. And paired t-test was used for analyze of significance of difference between them.

Robustness comparison between models was done by using the
RMSEP value. The distribution of the RMSEP values of each model was simulated by using
bootstrap technique. The corresponding 95% confidence intervals were used for robustness

comparison between models.

7 Overall chemical quality of H. sabdariffa in Thailand
Overall results of quantitative anaysis, i.e. total anthocyanins content, total

phenolic compound, total acid content and potassium content, as well as the radical
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scavenging activity of roselle samples cultivated in Thailand were summarized as mean + SD.
Analytical data that considered as outliers and extremes of each parameter by boxplot were

excluded before calculation.



CHAPTER IV
RESULTS AND DISCUSSIONS

1 Plant materials

The fresh roselle samples (n = 8), after separating from the seed pods, were
dried. The drying ratio, the ratio between fresh weight to dry weight, was 8.51 calculated as
the median of 8 fresh samples.

All samples (n = 35) were divided into 3 groups namely the reddish group (n =
17), the brownish group (n = 16) and the small calyx group (n =2), according to their
characteristics (Table 7). The reddish sample was classed as a higher grade material while the
brownish sample was a lower grade one which is often found after inefficient drying and
storage under inappropriate condition [128,129,130]. The small calyx sample was a rarely
found, distinctive one and not generally used for consuming. The sources and the details of

the samples were listed in Table 7.

2 Preparation of standard anthocyanins
2.1  Isolation of delphinidin-3-sambubioside (Dp-3-sam)

Compound | (delphinidin-3-sambubioside, 0.0579 g), the major
anthocyanin of roselle and Compound Il (cyanidin-3-sambubioside, 0.0126 g) were isolated
from aqueous extract of fresh roselle. The procedure could be divided into 4 steps. Firstly, to
avoid clogging of the adsorbent column, the water extract was centrifuged to remove plant
lees and high molecular weight polymers. Then, by adsorption on XAD-16 polystyrene resin,
anthocyanins and other phenolic compounds were separated from other hydrophilic
substances. Co-extracted substances such as mucilage, pectin, plant acid, salt and sugar were
easily removed. The next step, the mixture of anthocyanins and phenolic compounds were
eluted from the resin by acidic methanol, and anthocyanins were crystallized. Finally, the
anthocyanins were purified by using a Sephadex® LH-20 gel filtration chromatography. Two
pure anthocyanins, Compound I (hRf = 24) and Compound Il at (hRf = 32) were obtained
(Figure. 7).
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Table 7 Years of receiving, sources and characteristics of H. sabdariffa samples

Sample number Year Source Characteristic
01 2004 Uttaradit Brown
02 2004 Saraburi Red
03 2004 Ratchaburi Red
04 2003 Sa Kaeo® Small calyx
05 2004 Chiang Mai® Small calyx
06 2004 Ang Thong? Red
07 2004 Chai Nat Red
08 2003 Suphan Buri? Red
09 2004 Saraburi-Lop Buri Red
10 2003 Nakhon Pathom? Red
11 2004 Ratchaburi Red
12 2003 Songkhla Red
13 2003 Nakhon Pathom? Red
14 2003 Nakhon Pathom? Red
15 2003 Chon Buri® Red
16 2004 Khon Kaen Red
17 2004 Lop Buri Red
18 2004 Nakhon Sawan Red
19 2004 Ranong Red
20 2003 Chiang Mai Brown
21 2003 Chiang Mai Brown
22 2003 Chiang Mai Brown
23 2003 Chiang Mai Brown
24 2003 Uttaradit Brown
25 2003 Chiang Mai Brown
26 2003 Chiang Rai Brown
27 2003 Chiang Mai Brown
28 2003 Chiang Mai Brown
29 2003 Chiang Mai Brown
30 2003 Chiang Mai Brown
31 2003 Chiang Mai Brown
32 2003 Chiang Mai Brown
33 2003 Chiang Mai Brown
34 2003 Lamphun Brown
35 2004 Khon Kaen Red

4 The samples were received as fresh materials
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Figure 7 Thin-layer chromatograms of fractions from Sephadex® LH-20 gel filtration
chromatography: stationary phase = silica gel 60 F,s;,, mobile phase = ethyl acetate : 2-
propanol : water : formic acid (6 : 2 : 2 : 1), detection under daylight, 1 to 11 = the fraction

obtained from Sephadex® LH-20 gel filtration chromatography

2.2 ldentification and purity of the isolated compounds

Compound | and Compound Il were identified by comparing their *H
NMR data with data previously reported [121]. The *"H NMR data of Compound | was very
similar to that of delphinidin-3-sambubioside (Dp-3-sam) (Figure 8), the most prevalent
anthocyanin found in roselle. Assignments of *H chemical shifts were shown in Table 8.
Some differences could be observed owing to the difference in solvent and radiofrequency
used in the studies. However, the '"H NMR signals of Compound | at 8.88, 6.87 and 6.66 ppm
were clearly those of H4, H6 and H8, respectively. The two symmetry protons, H2' and H&',
displayed a 2H signal at 7.78 ppm, while two anomeric protons of sambubiose showed two
doublet signals at 5.43 and 4.66 ppm. These data supported that Compound | was delphinidin-
3-sambubioside.

'H NMR data of Compound Il was very similar to that of cyanidin-3-
sambubioside (Cy-3-sam) (Figure 8), the second most prevalent anthocyanin found in roselle.
Assignments of 'H chemical shifts were shown in Table 8. The 'H NMR signals of
Compound Il at 8.91, 6.88 and 6.66 ppm were those of H4, H6 and H8, respectively. On the
basis of chemical shifts and coupling-patterns the singlet signal at 8.05 ppm was assigned to
H2'. Two doublet signals at 7.05 and 8.24 ppm were assigned to H5' and H6', respectively.

The purity of the isolated delphinidin-3-sambubioside analyzed by
HPLC method was 97.44 + 1.88%.
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Figure 8 Chemical structure of delphinidin-3-sambubioside (Compound I) (R = OH) and
cyanidin-3-sambubioside (Compound I1) (R = H)

3 General quality control methods

The general quality control methods including foreign matter, loss on drying,
total ash, acid insoluble ash, water-soluble extractive and ethanol-soluble extractive of each
sample were shown in Table 9.

As described in section 1 that the samples were divided into three groups, thus
the general quality control methods of each group were summarized separately as mean + SD
(Table 10). Analytical data that considered as outliers and extremes of each general quality
control method by boxplot were excluded before calculation. The outliers and extremes in
each group were shown with “a” mark, the outliers and extremes of the reddish combined
with the brownish (n = 33) were shown with “b” mark and those of all samples (n = 35) were
shown with “c” mark, in Table 9. Due to amount of some samples was very low, the foreign
matter could be analyzed only one time in these samples, and SD could not be calculated.
These foreign matter values were shown with “d” mark in Table 9. Total ash and acid
insoluble ash were determined in duplicate, but the SD data could not acquire from analyzer.
These were shown with “e” mark in Table 9.

Comeparison between the reddish and the brownish groups, all of their general
quality control methods except for water extractive value and ethanol extractive value, were
not different (p > 0.05). Both the water extractive value and the ethanol extractive value of the
reddish group were higher than those of the brownish group (Table 10). This result might be
due to conversion of extractable red monomeric anthocyanins to non-extractable brown
polymeric anthocyains in the latter group. The assumption was based on the report that
monomeric anthocynins could be degraded by light and storage temperature, and a new

brown polymer with a larger molecular weight was formed [128,130]. Although the solubility
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of this brown polymer neither in water nor in ethanol had been reported [130], the larger in
molecular weight generally causes the less water solubility. Moreover, the extraction results
of this current study also showed that both water extract and ethanol extract of the brownish
roselle samples were likely to be clear with a colorless or a pale brown color. But those of the
reddish roselle samples were likely to be dark red. Therefore, the conversion of monomeric
anthocyanins to brown polymeric anthocyains might reduce extractable substances in water
and in ethanol. Because the number of samples of the small calyx group was too low, the

comparison among all three groups could not be performed.
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'H NMR data of Compound 1 and Compound Il comparing with *H NMR data of

delphinidin-3- sambubioside (Dp-3-sam) and cyanidin-3-sambubioside (Cy-3-sam)

Compound 12 Dp-3-sam® Compound 112 Cy-3-sam”
o (ppm) J (Hz) o (ppm) J (Hz) o (ppm) J (Hz) o (ppm) J (Hz)
Aglycone Delphinidin Cyanidin

H, 8.88s 8.88s 891s 8.96 s

He 6.87 s 6.84 d (1.6) 6.88 s 6.90 d (1.6)

Hg 6.66 s 6.65d (1.9) 6.66 s 6.68d (1.9)

Hy 7.78s 7.74s 8.05s 8.05d (2.27)

Hs - - 7.05d (8.4) 7.03d (8.7)

He 7.78's 7.74s 8.24d (8.1) 8.26 dd (2.3; 8.7)

Sugar1  pS-D-glucopyranosyl S-D-glucopyranosyl

Hy- 5.43d (7.5) 5.47.d (7.8) 5.38d (6.9) 5.41d (7.8)

H,- 4.00t(8.2) 4.04 dd (7.8; 8.4) 3.90 m 3.98 dd (7.8; 9.0)

Hy 3.77m 3.85 dd (8.4; 9.6) 3.75m 3.80 dd (9.0; 9.6)

Har 3.56 m 3.60t(9.6) 3.56 m 3.551t(9.6)

Hs: 3.56 m 3.66 dd (5.4; 9.6) 3.56m 3.60 dd (5.4; 9.6)
He 3.77m 3.83dd (5.4; 12.0) 3.75m 3.78 dd (5.4; 12.0)
Heby 3.92d (11.4) 3.99 d (10.2) 3.90m 3.94d (11.0)

Sugar2  B-D-xylopyranosyl S-D-xylopyranosyl

Hye  4.66d(7.5) 475d (7.8) ‘éégéoD")e”ap with 4 77 (d7.8)

Hpe 3.21t(8.2) 3.26 dd (7.8; 9.0) 3.90 m 3.24 dd (7.8; 9.0)

Hgn 3.31m 3.36t(9.0) 3.75m 3.33t(9.0)

Hgm 3.40m 3.43m 3.40m 342 m
Hsee  3.56m 3.66dd (5.4;11.4)  3.56m 3.60 dd (5.4; 12.0)
Hspy 296t (10.8) 3.04dd (10.8;11.4) 3.05t(11.0) 3.02 d (11.6; 12.0)

&5 in ppm and J (parentheses) in Hz, 300 MHz, CD3;0D : CDClj,

®IH NMR data previously reported [121], & in ppm and J (parentheses) in Hz,

s = singlet, d = doublet, dd = double doublet and m = multiplet



Table 9 General quality control methods of each roselle sample (mean = SD)

Acid

Foreign Loss on Total . Water Ethanol
Sample : e insoluble . .
number matter drying ash ash® extractive extractive

(% wiw) (% wiw) (% wiw) (% wiw) (% wiw) (% wiw)
01 0.32+0.12 11.06 + 0.04 7.10 0.74 50.11 +£0.32* 13.26 +0.22°
02 1.29+0.32 10.99 £ 0.00 7.30 0.73 51.51+0.01 13.69+0.07
03 1.05+0.67 13.02 £0.03 8.70 1.04 46.66 +0.33 8.48 +0.01
04 1.57+0.56 10.37 £ 0.03 7.20 0.32 49.08+0.02 23.80+0.13°
05 1.59 +0.60 9.61 +0.02 8.40 0.35 5497 +0.24 13.73+0.06
06 1.56 +£0.49 11.71 £ 0.03 6.90 0.78 51.76 £0.55 11.06 +0.12
07 2.68+1.28 12.00 £ 0.03 10.50 0.37 47.72+0.26 9.76 +0.02
08 0.23+0.11 11.27 +£0.04 6.30 0.45 50.60+0.17 10.43+0.18
09 0.65+0.16 12.63 £ 0.02 8.30 0.62 46.51+0.19 12.69+0.04
10 1.61+0.63 10.80 £0.00 7.70 0.41 51.65+0.22 17.20+0.12°
11 1.31+0.22 9.83 +0.03 8.90 0.37 50.28 +0.61 14.64+0.09
12 1.29+0.73 12.54 £ 0.09 10.30 1.81%"¢  4872+0.61 7.29 +0.05
13 0.75+0.41 13.62 +0.07>¢ 7.60 0.32 48.44 +0.17 12.89+0.08
14 1.69°% 8.15 +0.01™¢ 9.70 1.07 48.39+0.19 4.15 +0.03
15 2.81+0.64 10.95 +0.08 7.90 0.20 55,58 +0.42 10.90+0.09
16 2.00+0.84 10.18 + 0.04 9.10 0.50 52.13+0.08 9.70 +0.04
17 1.21+0.24 10.71 £ 0.09 8.70 0.40 50.59+0.03 11.45+0.04
18 0.94+0.24 10.90 + 0.08 9.20 0.37 53.24+054 7.54 +0.16
19 205+1.18 1044 £0.11 8.70 0.31 5422 +0.54 11.75+0.07
20 1.73¢ 11.48 £0.04 7.90 0.86 46.20+0.03 6.90 +0.09
21 1.03¢ 11.15+0.05 8.10 0.99 46.21+0.03 528 +0.03
22 1.92+0.28 11.09 £ 0.05 8.50 0.87 41.96 £0.03* 6.60 +0.00
23 2.20+0.13 11.58 + 0.03 11.00 0.44 4581+0.05 561 +0.03
24 1.16 +0.27 10.25 + 0.05 7.30 0.37 4590+0.42 9.29 +0.12°
25 6.28 £0.43*"°¢ 10.99 +0.02 6.60 0.68 4552 +0.16 10.34 +0.03
26 0.75+0.25 10.92 +0.01 7.80 0.37 45.82+0.24 19.76 +0.05*™°¢
27 1.65 12.29 +£0.00 7.30 1.02 46.46+0.39 6.87 +0.13
28 1.82¢ 10.91+£0.04 7.90 0.98 4577+0.19 6.54 +0.04
29 1.77° 10.72 £ 0.01 7.90 0.98 4454 +0.19" 6.13 +0.11
30 0.54¢ 12.17 £ 0.03 8.30 111 46.80+0.10 596 +0.02
31 1.07+0.44 11.19+0.01 10.70 0.41 41.74+0.25* 6.96 +0.06
32 0.96 +0.28 11.84 +0.00 9.10 0.41 43.04 +0.22" 8.48 +0.13°
33 1.79° 11.18 +0.02 10.30 0.48 4754 +0.17" 6.37 +0.10
34 0.79" 11.71+£0.05 10.30 0.44 46.81+0.02 6.64 +0.09
35 0.86 +0.28 9.73 +0.08 10.60 0.96 4599+0.14 10.44+0.03

@ The outliers and extremes of each group

® The outliers and extremes of the reddish combined with the brownish groups (n = 33)

“The outliers and extremes of all samples (n = 35)

43D not determined

¢SD could not be acquired



Table 10 General quality control methods of roselle samples in each group (mean + SD)

General quality control method Reddish Brownish Small calyx Reddish and Brownish All samples
(n=17) (n=16) (n=2) (n=33) (n=35)
Foreign matter (% w/w) 1.41+0.69 1.30 + 0.57 1.58 + 0.01 1.36 + 0.63 1.37+0.61
Loss on drying (% w/w) 11.15+1.36 11.28 + 0.53 9.99 + 0.54 11.17 +0.73 11.16 + 0.83
Total ash (% w/w) 8.61+1.24 8.51 +1.37 7.80 + 0.85 8.56 + 1.29 8.52+1.27
Acid insoluble ash (% w/w) 0.56 +0.28 0.70 +0.28 0.34+0.02 0.63+0.28 0.61+0.28
Water extractive (% w/w) 50.23 + 2.77% 46.13 + 0.45° 52.02 +4.16 48.01 + 3.36 48.24 + 3.47
Ethanol extractive (% w/w) 10.85 +2.13% 6.35 + 0.55% 18.76 +7.12 9.23+3.13 9.36 +3.18

 Mean values between the reddish and the brownish groups are significantly different (p < 0.05)

8
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4 Qualitative quality control
4.1  Chemical identification
The chemical identification of roselle was based on its chemical
constituents including anthocyanins and phenolic compound. The results of the chemical test
of roselle extract were shown in Figure 9. For identification purpose, the extract of beet root
contained the other class of natural red pigment, betalains, was also tested and compared. The

results of chemical test of some synthetic red dyes were also shown (Table 11).

Figure 9 Chemical reactions of the roselle: a) the extract after heated with 2M hydrochloric
acid, bl) the extract after added 2M sodium hydroxide, b2) the fade of the extract after
leaving solution b1l to stand, c) the extract after added 2M sodium hydroxide and immediately
added 2M hydrochloric acid, d) the extract after added aluminium chloride test solution, e)
the extract after added lead acetate test solution and f) the extract after added ferric chloride

test solution, s) the roselle extract used as control



84

The extract of roselle and beet root could be differentiated by the
stability to acid hydrolysis and the color at basic pH of their main pigment (Table 11: test 1
and 2). The anthocyanins are much more stable to acid hydrolysis than the betalains thus after
heated with 2M hydrochloric acid, the extract of roselle was still red while that of beet root
was nearly colorless. At basic pH, the color of anthocyanins was blue-green while that of
betalains was yellow [87].

The extract of roselle was differentiated from the other synthetic dyes
in this study by the color at basic pH, the reaction with lead acetate and ferric chloride. At
basic pH, the extract of roselle was blue-green while those of the synthetic dyes showed
distinct color tones i.e. brown red to purple (Table 11: test 2). With lead acetate, the extract of
roselle gave blue precipitate, while the synthetic dyes gave red to violet precipitate (Table 11:
test 5). With ferric chloride, the extract of roselle changed to dark green, while some synthetic
dyes, Amaranth and Ponceau 4R, did not change. The other dyes gave red to brown red
precipitate (Table 11: test 6).

In conclusions, from a variety of tests, the inclusive identification of
roselle could be accomplished by using only four selected combination tests i.e. heating with
acid, color in basic pH, reaction with lead acetate and reaction with ferric chloride (Table 11:
test 1, 2, 5 and 6).



Table 11 Chemical reaction of roselle extract, beet root extract and some synthetic dyes

Reaction

Roselle

Beet root

Amaranth

Carmoisine

Erythrosine

Ponceau 4R

Negative
control

Heat with
2M HCI

)

NaOH
(2

‘ R
LI

[t

AICl,
©)

Vi T

-

AICI; +
HCI

4)

PP D eap

Lead
acetate

®)

Ferric
chloride

(6)
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4.2  Thin-layer chromatography (TLC) fingerprint

Two mainly chemical constituents of roselle are delphinidin-3-
sambubioside and cyanidin-3-sambubioside. However, they are not commercially available.
A task and high expenditure was needed to purify these standard anthocyanins. In European
Pharmacopoeia 2001 [28], the quinaldine red has been used as an Rf indicator for TLC of
roselle. In this study, the pigment was also used. To enhance separation degree and to reduce
spot diffusion, the mobile phase was changed from acetic acid : water : butanol (15 : 30 : 60
v/viv) to ethyl acetate : 2-propanol : water : formic acid (6 : 2 : 2 : 1 v/v/v/v). In addition, pure
compounds of the two main anthocyanins, isolated in our laboratory, were also spotted on
TLC to identify the relative Rf to quinaldine red. The pure delphinidin-3-sambubioside was
rapidly degraded after removal the plate from the chamber. In routine identification, only
quinaldine red was suggested to be TLC position marker.

The TLC fingerprints of 35 samples of roselle were shown in Figure 10.
Some samples possessed a very pale spot under daylight owing to the very less content of the
color constituent, anthocyanins. The majority of these samples were the members of the
brownish group e.g. sample number 26, 30, 31, 32. Atypical samples, sample number 4-5also
showed pale spots of anthocyanins. Comparing between the reddish samples and the brownish
samples, the red spots of anthocyanins were normally more intense in the former cases. These
results were consistent with the contents of total anthocyanins in roselle that the contents of
total anthocyanins in the reddish samples were generally higher than those in the brownish
samples (Table 33 and Table 34). Thus the red color of roselle might signify the content of
anthocyanins in itself.

Normally, the chromatograms obtained with roselle samples showed
two pink spots of delphinidin-3-sambubioside and cyanidin-3-sambubioside with relative Rf
value of 0.29-0.44 and 0.40-0.54 to the quinaldine red (solution C), respectively. Several
spots of higher and lower hRf values may be found. After spraying the plate with dilute
sulfuric acid and heating at 100°C until colors had fully developed; more several spots of
different colors situating above and below those of due to delphinidin-3-sambubioside and
cyanidin-3-sambubioside were shown (Table 12); see also Figure 10. Apart from two red
spots of delphinidin-3-sambubioside and cyanidin-3-sambubioside, it was hard to definitely
specify that which spots were common to all roselle samples. Therefore, only the possibility
to found other spots as listed in Table 12 was reported. In other words, the TLC
chromatogram of common roselle should contain at least two red spots of delphinidin-3-

sambubioside and cyanidin-3-sambubioside with relative Rf value of 0.29-0.44 and 0.40-0.54
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to that of quinaldine red. Other spots as listed in Table 12 may be found but it was not crucial

to found all spots in the TLC chromatogram of roselle.
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Figure 10 Thin-layer chromatograms of roselle prepared with 0.1% conc. hydrochloric acid
in methanol: left) detection under daylight and, right) sprayed with diluted sulfuric acid and
heated, stationary phase = silica gel 60 F,s4, mobile phase = ethyl acetate : 2-propanol : water
: formic acid (6 : 2 : 2 : 1), 1-35 = sample number, A = cyanidin-3-sambubioside, B =

delphinidin-3-sambubioside, C = quinaldine red
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Figure 10 Thin-layer chromatograms of roselle... (cont.)
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Table 12 hRf values of components in the roselle extract prepared from 0.1% conc.

hydrochloric acid in methanol

Sample Quinaldine
Spot hR, RR,® Detection Spray with Detection Spray with
under dil.H,SO, under dil.H,SO,
daylight daylight
1 3-9 0.04-0.12 Pink ~ ~ ~
2 6-13 0.08-0.18 _ Dark brown _ _
3 7-13 0.10-0.18 Pink
4 10-17 0.14-0.23 Pale orange _
5 13-20 0.19-0.28 _ Dark brown
6° 21-32  0.29-0.44 Pink Violet _ _
7°¢ 29-39 040-054 Pink Pink _ _
8 39-51  0.54-0.70 _ Pale violet _ _
9 44-50  0.61-0.69 Pale pink _ _ _
10 60-68  0.83-0.94 _ Pale violet _ _
68 - 77 1.00 _ _ Red Pale orange
11 83-92 1.14-1.27 _ Violet _ _
12 93-99 1.28-1.37 Pale yellow Brown

® RR; (Relative R value) = the R¢ value referenced to Rf value of quinaldine red
® Spot 6 = delphinidin-3-sambubioside

¢ Spot 7 = cyanidin-3-sambubioside

4.3

High performance liquid chromatography (HPLC) fingerprint

4.3.1 Sample preparation

Preliminary experiment was carried out to find a suitable

solvent for the extraction of chemical components from roselle. Boiling water and 50%

methanol were tested. The HPLC chromatograms of the water extract and 50% methanol

extract seem to be not much difference (Figure 11), but the preparation of water extract was

more difficult because of its high viscosity. Therefore 50% methanol was selected as the

extractive solvent for sample preparation. Various herb to solvent ratios (w/v), 1 : 50, 1 : 25

and 1 : 5, were further examined (Figure 12). Due to appropriate of signal response, the herb

to solvent ratio of 1 : 5 was selected. As above information, 50% methanol at the herb to

solvent of 1 : 5 (w/v) was selected as the solvent for the extraction of chemical components

from roselle.
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Figure 11 HPLC chromatograms of roselle extract prepared from 50% methanol (—) and
water (- -): solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile, solvent program
= 0-10 min isocratic elution with 6% B, 10-55 min linear gradient to 20% B, 56-60 min

isocratic elution with 6% B, detection at 254 nm
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Figure 12 HPLC chromatograms of roselle extracted prepared from 50% methanol at
various herb to solvent ratios (w/v), 1 :50 (—),1:25(-)and 1 :5 (~): solvent A = 4%
phosphoric acid, solvent B = 100% acetonitrile, solvent program = 0-10 min isocratic elution
with 6% B, 10-55 min linear gradient to 20% B, 56-60 min isocratic elution with 6% B,

detection at 254 nm
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4.3.2 Optimization of HPLC condition

The solvent program of HPLC was optimized by a full factorial
experiment design. Two factors, the durations of an isocratic and a gradient elution, were
investigated. Each factor was varied with three levels as listed in Table 6. As a result, eight of
different solvent programs were tested (Table 13). To check the precision of the method, the
center condition (the solvent program using 20 min of isocratic elution and 45 min of gradient
elution), was performed for five times. Five detection wavelengths in the UV and visible
region, 254, 280, 316, 365 and 520 nm were investigated. The wavelength at 254 nm is
generally absorbed by almost chromophore. Based on the presence of phenolic compounds
and anthocyanins found in roselle [30,33,129], the other four detection wavelengths were also
investigated. The wavelength at 280 nm is the representative of hydroxybenzoates and flavan-
3-ols such as gallic acid and catechin. The wavelength at 316 nm is the maximum absorption
of hydroxycinnamates such as caffeic acid, whereas flavonols such as rutin absorbs at 365
nm. And anthocyanins such as delphinidin have a visible absorption peak at 520 nm [129].
The information calculated by information theory [115] of each HPLC chromatogram was
shown in Table 13. The highest information (3.60) was obtained from the chromatogram
recorded at 365 nm of the Run no. 5 of which the durations used for an isocratic elution and a
linear gradient elution were 20 and 50 minutes, respectively. However the signals at 365 nm
were very low thus the other wavelengths were considered for instead. The chromatogram
detected at 254 nm of the Run no. 5 and also Run no.3 gave the second highest information
(3.49). In this study the solvent program of the Run no. 5 was selected. Thus the optimize
HPLC condition for constructing the HPLC fingerprint of roselle was the solvent program of
the Run no. 5 and the detection at 254 nm. The chromatograms detected at 254 nm of the full

factorial experiment were shown in Figure 13.
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Table 13 Information of the HPLC chromatograms obtained from full factorial experiment
Factor Information
Run no.
i® i® 254nm 280nm 316nm 365nm 520 nm
1 15 45 3.45 3.31 3.34 3.53 2.80
2 20 45 3.45 3.32 3.35 3.55 2.81
3 25 45 3.49 3.35 3.37 3.57 2.84
4 20 40 3.43 3.30 3.34 3.53 2.77
5 20 50 3.49 3.36 3.38 3.60 2.86
6 25 40 3.45 3.32 3.34 3.53 2.80
7 25 50 3.48 3.35 3.36 3.59 2.88
8 15 40 3.45 331 3.35 3.53 2.76
9 20 45 3.42 3.30 3.31 3.52 2.83
10 20 45 3.43 3.30 3.32 3.54 2.83
11 15 50 3.46 3.32 3.34 3.56 2.84
12 20 45 3.42 3.30 3.31 3.52 2.82
13 20 45 3.45 3.32 3.33 3.55 2.83

2 Duration used for an isocratic elution (min)

® Duration used for a gradient elution (min)
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Figure 13 HPLC chromatograms of roselle extracted prepared from 50% methanol
determined by various solvent programs: solvent A = 4% phosphoric acid, solvent B = 100%
acetonitrile, full factorial experimental design : factor i (the first number) = duration used for
an isocratic elution at 6% B (levels of i = 15, 20 and 25 min), factor ii (the last number) =
duration used for a gradient elution to 20% B (levels of ii 40, 45 and 50 min), detection at 254

nm

4.3.3 Establishment of HPLC fingerprint of H. sabdariffa

HPLC is often used to establish the chromatographic fingerprint
for various kinds of Traditional Chinese Medicine (TCM) [131] [132]. In this study, the
HPLC fingerprint of roselle was established. Raw chromatograms of all samples were
corrected for the time shift. After the correction (Figure 14), the data were surveyed by
principal component analysis (PCA). The PCA was implemented on the data matrix of the
HPLC chromatograms. Each row represents the chromatogram of each sample. Thus the size
of data matrix was 35 x 10641, while 35 was the number of sample and 10641 was the
number of response collected at each retention time. The PCA score plot (Figure 15a)
revealed that the HPLC chromatograms of samples were clearly divided into 3 clusters; A, B

and C according to the predefined groups; the reddish, the brownish and the small calyx
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group, respectively. However the PCA score of the sample number 1 which was the member
of the brownish group was more close to those of the small calyx group.

On the PC1 axis, the reddish samples were seemed to be located
from the origin and widely scattered towards the positive end while the brownish samples
were located more tightly at the negative end. On the PC2 axis, the majority of samples from
the reddish group were scattered on the negative side while those from the brownish group
were on the opposite side. From the PCA score pattern, it could be expected that the HPLC

chromatograms of each group had their own characteristics.

A
4500 7

40 1 ‘

350

Figure 14 HPLC chromatograms after correction for the time shift of roselle extract (n =
35) prepared from 50% methanol: solvent A = 4% phosphoric acid, solvent B = 100%
acetonitrile, solvent program = 0-20 min isocratic elution with 6% B, 20-70 min linear

gradient to 20% B, 71 min linear gradient to 6% B, detection at 254 nm

The PCA score plot (Figure 15a) and the loading plot of PC1
(Figure 15b blue line) show that the chromatograms of the reddish samples (Figure 16a)
tended to have more intensity at around 7.47, 36.71 and 42.75 minutes than those of the
brownish samples (Figure 16b). While the PCA score plot (Figure 15a) and the loading plot
of PC2 (Figure 15b red line) indicated that at around 3 to 7 minutes, the chromatograms of the
brownish samples (Figure 16b) tended to have higher intensity than those of the reddish
samples (Figure 16a)
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Figure 15 PCA of HPLC chromatogram of roselle extract (n = 35) prepared from 50%
methanol: a) score plot of PC1l (78% X-variance explained) and PC2 (6% X-variance
explained), the blue markers = the reddish samples, the red markers = the brownish samples,
the green markers = the small calyx samples, 01-35 = sample number, A = cluster of the
reddish samples, B = cluster of the brownish samples, C = cluster of the small calyx samples,

b) loading plot of x-variables, blue line = PC 1, red line = PC2
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As previously mentioned in the section 1, the reddish sample
was classified as a higher grade material while the brownish sample and the small calyx
sample were a lower grade material and a distinctively found one, respectively. Therefore to
ensure that the proposed fingerprint was a representative chromatogram of the desired
characteristics, the fingerprint of roselle was constructed from only the HPLC chromatograms
of the reddish group (n = 17) (Figure 16a). The rest samples, the brownish and the small calyx
(n = 18), were used as test set.
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Figure 16 ~ HPLC chromatograms of roselle extract prepared from 50% methanol: a) the
reddish samples (n = 17), b) the brownish samples (n =16), solvent A = 4% phosphoric acid,
solvent B = 100% acetonitrile, solvent program = 0-20 min isocratic elution with 6% B, 20-

70 min linear gradient to 20% B, 71 min linear gradient to 6% B, detection at 254 nm
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During the establishment of HPLC fingerprint of roselle,
seventeen chromatograms of the reddish roselle (Figure 16a) were denoted by X = (Xq, ...,
X17) Where x, was a T-dimensional column vector representing each chromatogram, and T
was the number of retention time. The distribution of c(ws, W) and corresponding c-value for
the type | error rate at 0.05 had been estimated from 5000 bootstrap samples, where w; was a
tentative HPLC fingerprint calculated as the median of chromatograms x; to X5 and x;7 was
the a testing chromatogram, wy,. For enhancing the estimation accuracy, ten rounds of such
bootstrap were repeated, the corresponding lower bounds, C(sq), were 0.9146, 0.9128, 0.9140,
0.9133, 0.9121, 0.9137, 0.9156, 0.9127, 0.9128 and 0.9129 while the mean of those values
was equal to 0.9134. The tentative standard fingerprint (Figure 17), the median of x; to X7,
and the lower bound, 0.9134, had been applied for testing original 17 chromatograms of the
reddish roselle. All of the correlation coefficients between the tentative standard fingerprint
and each chromatogram were more than 0.9134 (Table 14). Thus all of the reddish samples
were qualified. On the contrary, when the same criteria were applied to test the brownish and
the small calyx samples, all of those samples were classified as unqualified samples (Table
14). Thus the HPLC fingerprint of roselle and the corresponding critical value set in this study
had provided not only the criteria for identification but also the criteria for classification
between the high quality and the low quality materials.

The characteristic peaks of HPLC fingerprint of roselle were
shown in Table 15 (see also Figure 17). The peak number 3, at the retention time of 36.49 +
0.95 min had been identified as delphinidin-3-samubioside, the most prevalent anthocyanin
found in roselle. The two major peaks of the reddish roselle at the retention time of 36.49 +
0.95 min and 42.57 + 0.83 min had the area around 6617.17 + 2693.84 and 2524.26 + 880.77,
respectively.

Comparing between the common pattern of HPLC
chromatograms of the reddish roselle (n = 17) and those of the brownish roselle (n = 16), the
peak areas of all 7 peaks of the reddish roselle were higher than those of the brownish roselle
(Table 15). However, the relative peak area of peak number 1, based on the peak area of
delphinidin-3-samubioside (peak number 3), of the reddish group (0.67 + 0.16) was lower
than that of brownish group (2.48 + 2.29).

For future testing new unknown sample, the similarity between
the established HPLC fingerprint (Figure 17) and a new testing chromatogram will be
computed. If the correlation coefficient between those two chromatograms was more than the
critical value, 0.9134, the new testing chromatogram will be accepted otherwise it will be

rejected.
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4.3.4 Validation of HPLC fingerprint of H. sabdariffa
The identification of the peaks in sample solution was carried
out using delphinidin-3-sambubioside isolated in our laboratory. The highest peak in the
chromatogram at the retention time of 36.49 + 0.95 minute (Figure 17) was due to
delphinidin-3-sambubioside. The precision calculated as %RSD of retention time and peak
areas of delphinidin-3-sambubioside from six injections of one sample solution were 1.21%

and 2.72%, respectively.

s 1T
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3
140 1 delphinidin-3-sambubioside
120 1
110 1

20 1
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2 | .' ) 5 6
L0, N .
%
Figure 17 HPLC fingerprint of roselle extract (n = 17) prepared from 50% methanol: solvent
A = 4% phosphoric acid, solvent B = 100% acetonitrile, solvent program = 0-20 min
isocratic elution with 6% B, 20-70 min linear gradient to 20% B, 71 min linear gradient to 6%
B, detection at 254 nm
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Table 14 Correlation coefficients between the HPLC fingerprint of roselle (refer to Figure

17) and HPLC chromatogram of each sample (refer to Figure 16)

Sample number Predefined group Correlation coefficient® Quality classification
01 Brown 0.7681 Unqualified
02 Red 0.9848 Quialified
03 Red 0.9339 Quialified
04 Small calyx 0.7088 Unqualified
05 Small calyx 0.6543 Unqualified
06 Red 0.9753 Qualified
07 Red 0.9907 Qualified
08 Red 0.9657 Qualified
09 Red 0.9918 Qualified
10 Red 0.9444 Qualified
11 Red 0.9473 Qualified
12 Red 0.9638 Quialified
13 Red 0.9516 Quialified
14 Red 0.9762 Qualified
15 Red 0.9777 Qualified
16 Red 0.9166 Quialified
17 Red 0.9463 Quialified
18 Red 0.9918 Qualified
19 Red 0.9318 Quialified
20 Brown 0.6667 Unqualified
21 Brown 0.6762 Unqualified
22 Brown 0.7658 Unqualified
23 Brown 0.7121 Unqualified
24 Brown 0.6993 Unqualified
25 Brown 0.7286 Unqualified
26 Brown 0.3658 Unqualified
27 Brown 0.6224 Unqualified
28 Brown 0.6924 Unqualified
29 Brown 0.7263 Unqualified
30 Brown 0.5796 Unqualified
31 Brown 0.7515 Unqualified
32 Brown 0.3915 Unqualified
33 Brown 0.7146 Unqualified
34 Brown 0.7161 Unqualified
35 Red 0.9376 Qualified

& Correlation coefficient between the standard HPLC fingerprint of roselle and HPLC chromatogram of each

sample (critical correlation coefficient = 0.9134)



Table 15 The retention time, peak area and relative peak area of 7 characteristic peaks of HPLC fingerprint common pattern of roselle

AUC Relative AUC
Peak Retention time Reddish Brownish Small calyx Relative Reddish Brownish  Small calyx
number (min) (n=17) (n=16) (n=2) retention time (n=17) (n=16) (n=2)
1 7.28 £0.49 414722 +1421.73 2238.56 +626.12 3070.36 £ 597.81 0.20 £0.01 0.67+£0.16 248+229 570x+239
2 32.41+1.65 1020.26 +527.99  263.02 £140.99  198.09 * 22.74 0.89 £0.02 0.16 £0.05 0.22+0.09 0.40=*0.27
3 36.49 £0.95 6617.17 £2693.84 1135.46+515.90 615.05 +362.27 1.00 £ 0.00 1.00+0.00 1.00+0.00 1.00+0.00
4 42.57 +0.83 2524.26 +880.77  552.70 +258.95  370.19 + 298.37 1.17+0.01 0.39+0.07 049+0.05 0.55%0.16
5 46.72 +0.99 969.23+355.97  250.42+156.29  105.08 +16.11 1.28£0.01 0.15+0.04 0.21+£0.09 0.22+0.15
6 53.17£0.95 947.76 £322.79  346.23+172.20  389.01 +233.08 146 +0.01 0.16 £0.05 0.31+0.09 0.63+0.01
7 56.65 + 1.04 519.21£249.74  342.88 +207.80  704.51 +276.41 1.55+0.01 0.09+0.05 0.33+0.19 1.23+0.27

2 Peak of delphinidine-3-sambubioside

00T
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4.4  Ultraviolet-visible (UV-Vis) fingerprint

The UV-Vis spectrums of roselle extract prepared from 50% methanol
were shown in Figure 18. Only the wavelengths in the region of 250 to 650 nm were selected
for constructing the UV-Vis fingerprint of roselle since the absorbance values between 190
and 250 nm were too high and on the contrary, they were too low at wavelengths beyond 650
nm. Due to the presence of hydroxybenzoates and flavan-3-ols, hydroxycinnamates, flavonols
as well as anthocyanins in roselle, the maxima absorption peaks of each compound at 280,
316, 365 and 520 nm, respectively were used as the representatives for quantitative analysis
of these compounds in roselle [129]. In this study, the maxima absorption peaks of roselle, the
wavelengths around 284, 324 and 531 nm, were little shifted from those of the
hydroxybenzoates and flavan-3-ols, hydroxycinnamates, and anthocyanins, respectively
(Figure 18). But, the maxima absorption peak around 365 nm that was due to flavonols

structure was not detected in this study.

Warbier
00 2 A0 00 00 To0 0 w0 3000 1000
i} IEFEEL") 1 b2 FoENE IR FEAERE -

2 .
Wavelength (nm)

Figure 18 UV-visible spectra in the region of 190 to 1100 nm of roselle extract (n = 35)

prepared from 50% methanol
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The data was surveyed for any natural clustering by the PCA. The PCA
was implemented on the data matrix of the UV-Vis spectrum. Each row represents the
spectrum of each sample. Thus the size of data matrix was 35 x 401, while 35 was the number
of sample and 401 was the number of absorbance value collected at each wavelength. The
PCA score plot of the spectrum in the region of 250 to 650 nm showed the coarse clusters
(Figure 19a). However those clusters could not be definitely separated. On the PC1 axis, the
reddish samples were seemed to be located from the origin and scattered more towards the
positive end while the brownish samples were located from the origin and scattered more
towards the negative end. On the PC2 axis, the samples from the reddish group were scattered
more towards the negative end while the samples from the brownish group were on the
opposite site (Figure 19a).

The PCA score plot (Figure 19a) and the loading plot of PC1 (Figure
19b blue line) showed that the UV-Vis spectrum of the reddish samples (Figure 20a) tended
to have more intensity around 450 to 600 nm than those of the brownish samples (Figure
20b). While the PCA score plot (Figure 19a) and the loading plot of PC2 (Figure 19b red line)
indicated that in the region of 360 to 445 nm, the spectrum of the reddish samples (Figure
20a) tended to have less intensity than those of the brownish samples (Figure 20b).

The sample outliers were excluded by bootstrapping method. During
the establishment of UV-Vis fingerprint of roselle, seventeen spectrums of the reddish roselle
(Figure 20a) were denoted by X = (X, ..., X;7) Where X, was a T-dimensional column vector
representing each spectrum, and T was the number of wavelength. The distribution of c(wy,
W) and corresponding c-value for the type I error rate at 0.05 were estimated from 5000
bootstrap samples, where w, was a tentative standard fingerprint calculated as the median of
spectrum X; to X; and X7 was the a testing spectrum, w,, For enhancing the estimation
accuracy, ten rounds of such bootstrap were repeated, the corresponding lower bounds, C»s0),
were 0.9784, 0.9790, 0.9805, 0.9785, 0.9802, 0.9800, 0.9821, 0.9821, 0.9794 and 0.9795
while the mean of those values was 0.9800. The tentative UV-Vis fingerprint, the median of
spectrum of the reddish group (n = 17), and this lower bound, 0.9800, had been applied for
testing original 17 spectrums of the reddish roselle. One outlier (samplel0), of which
correlation coefficient was 0.9746, was detected and excluded. The bootstrap was performed
again with the remaining sample (n = 16). Ten round of corresponding lower bounds, C(s0),
were 0.9912, 0.9915, 0.9915, 0.9912, 0.9914, 0.9912, 0.9913, 0.9912, 0.9913 and 0.9912
while the mean was 0.9913. New tentative UV-Vis fingerprint (Figure 21), the median of
spectrum of the reddish group after exclusion of samplel0 (n = 16), and the new lower bound,

0.9913, were applied for testing the remained reddish roselle. All of the correlation
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coefficients between the new tentative fingerprint and each spectrum were more than 0.9913
(Table 16). Thus all of the reddish samples were qualified.

To examine whether the obtained UV-Vis fingerprint (Figure 21) and
the corresponding lower bound, 0.9913, could be applied to distinguish the unqualified
(brownish and small calyx samples) from the qualified samples or not, the fingerprint were
tested with the unqualified samples. By these criteria, almost all of the brownish samples
(75%) were misclassified as a qualified reddish sample (Table 16). In this situation the
established UV-Vis fingerprint(Figure 21) and the corresponding critical value of correlation

coefficient, 0.9913, could not be regarded as a good fingerprint of roselle.
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Figure 20 UV-Vis spectra in the region of 250 to 650 nm of roselle extract prepared from
50% methanol: a) the reddish samples (n = 17) and b) the brownish samples (n =16)
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Figure 21 Median of UV-Vis spectra in the region of 250 to 650 nm of the reddish roselle

extract after exclusion of outlier sample (n = 16)
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Table 16 Correlation coefficients between UV-Vis fingerprint of roselle and UV-Vis

spectrum of each sample

Sample number Predefined group Correlation coefficient Quality classification
01 Brown 0.9952 Qualified”
02 Red 0.9997 Qualified
03 Red 0.9983 Qualified
04 Small calyx 0.9773 Unqualified
05 Small calyx 0.9804 Unqualified
06 Red 0.9961 Qualified
07 Red 0.9993 Qualified
08 Red 0.9934 Qualified
09 Red 0.9976 Qualified
10 Red 0.9771 Unqualified®
11 Red 0.9998 Qualified
12 Red 0.9991 Qualified
13 Red 0.9943 Qualified
14 Red 0.9943 Qualified
15 Red 0.9998 Qualified
16 Red 0.9981 Qualified
17 Red 0.9996 Qualified
19 Red 0.9986 Qualified
20 Brown 0.9923 Qualified"
21 Brown 0.9914 Qualified”
22 Brown 0.9955 Qualified®
23 Brown 0.9930 Qualified"
24 Brown 0.9921 Qualified®
25 Brown 0.9918 Qualified"
26 Brown 0.9759 Unqualified
27 Brown 0.9906 Unqualified
28 Brown 0.9939 Qualified"
29 Brown 0.9938 Qualified”
30 Brown 0.9890 Unqualified
31 Brown 0.9957 Qualified"
32 Brown 0.9733 Unqualified
33 Brown 0.9937 Qualified"
34 Brown 0.9935 Qualified”
35 Red 0.9992 Qualified

* Correlation coefficient between UV-Vis fingerprint of roselle and UV-Vis spectrum of each sample (critical
correlation coefficient = 0.9913)

® Misclassified samples

¢ Outlier sample
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4.5 Infrared (IR) fingerprint

The diffuse reflectance infrared Fourier transform (DRIFT) spectra
presented in Kubelka-Munk unit between 4000 to 400 cm™ of each sample was shown in
Figure 22. The region above 2000 cm™ were excluded because of large disturbance from —OH
absorption of moisture and antisymmetric C=O stretching of carbon dioxide in the
environment with the band around 3400 cm™ and 2349 cm™, respectively. Thus, the spectrum
in the region of 2000 to 600 cm™ was surveyed for constructing the IR fingerprint.

The spectra in the range of 2000 to 600 cm™ (Figure 23) were analyzed
by PCA. The PCA was implemented on the data matrix of the DRIFT spectrum. Each row
represented the spectrum of each sample. Thus the size of data matrix was 35 x 727, while 35
was the number of sample and 727 was the number of response in Kubelka-Munk unit
collected at each wavelength. The PCA score plot of baseline corrected spectra (Figure 24a)
showed that in the selected region, the IR spectra of the reddish samples were not different
from those of the brownish samples. The IR region (2000 to 600 cm™) which could not
differentiate the groups of roselle sample should not be a good fingerprint of roselle as
previously mentioned in the section 1 that the reddish samples were classified as a higher
grade material while the brownish samples and the small calyx samples were a lower grade
material and a distinctively found one, respectively. Thus, for classifying of materials,

subranges of wavenumber were examined.

Kubelka-Munk

4000 3747 MBI 335 W6 708 2440 2191 1933 1674 1416 1157 B899 640
ToE 05 OF I ERFRERT - 287930313233 35

Wave'nﬁmbef (cm")

Figure 22 DRIFT spectra in the region of 4000 to 400 cm™ of roselle powder (n = 35)
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Figure 23 DRIFT spectra in the region of 2000 to 600 cm™ of roselle powder (n = 35)
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Among the tested ranges (2000 to1545 cm™, 1543 to 964 cm™ and 962
to 600 cm™) the last region (962 to 600 cm™) seemed to be the best area for classification of
roselle. The baseline corrected spectra (Figure 25) were analyzed by PCA. The PCA score
plot of spectra in this region exhibited coarse clusters of the reddish, the brownish and the
small calyx samples (Figure 26a). The samples from brownish group were located more
towards the positive end of PC1 while the samples from reddish group were widely scattered
more towards the negative end of PC1. While the positions on the PC2 axis of both group
seemed to be not different. Like the score plot of UV-Vis spectra, the score plot of
DRIFTspectra showed some overlapping. Sample number 1, 2 and 3 had their own
characteristics and they were located more towards the positive end of PC2 while the rest
samples were located around the origin of PC2. The PCA score plot (Figure 26a) and the
loading plot of PC1 (Figure 26b) showed that the DRIFT spectrum of the reddish samples
(Figure 27a) tended to have less intensity than those of the brownish samples (Figure
27b).Since the clusters of the reddish and the brownish roselle partly coverd on each other,

the representative DRIFT fingerprint could not be established here.
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Figure 25 DRIFT spectra after baseline correction in the region of 962 to 600 cm™ of

roselle powder (n = 35)
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Figure 27 DRIFT spectra in the region of 962 to 600 cm™ of roselle powder (n = 35): a) the
reddish samples (n = 17) and b) the brownish samples (n =16)

5 Quantitative control methods
5.1  Development of method for analysis of total anthocyanins in H.
sabdariffa
5.1.1 pH-differential spectrophotometry
5111 Sample preparation

To find a suitable condition for the extraction of
anthocyanins from roselle, the most appropriate solvent and the optimize herb to solvent ratio
(w/v) were surveyed. Because anthocyanins are water soluble and it can also be extracted
with polar organic solvents, a variety of solvents based on an aqueous-methanolic system (0
to 100% methanol), and an acidified aqueous-methanolic system (0.1% hydrochloric acid in
50 to 100% methanol) were tested while the herb to solvent ratio was fixed at 1:100 (w/v).
The result (Figure 28) showed that, the calculated absorbance value of 0.1% hydrochloric acid
in 75% methanol extract (0.821) was the highest and significantly different from those of the
other extract (p < 0.05), except for 0.1% hydrochloric acid in 100% methanol extract.
Although the absorbance of 0.1% hydrochloric acid in 75% methanol extract was not
different from that of 0.1% hydrochloric acid in 100% methanol extract, the absorbance of the
former was obviously higher than that of the latter. Thus the most appropriate solvent was
0.1% hydrochloric acid in 75% methanol.

Then the optimize herb to solvent ratio of the selected
solvent, 0.1% hydrochloric acid in 75% methanol, was investigated on the varied herb to
solvent ratios, the ratios from 1 : 50 to 1 : 300 (w/v). The calculated absorbance value was
transformed to extractive content of total anthocyanins, based on the calibration curve of

standard anthocyanin or delphinidin-3-sambubioside. The result (Figure 29) showed that,
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when the herb to solvent ratio was increased from 1 : 100 to 1 : 50, the extractive total
anthocyanin content was decreased from 1.03 to 0.87%; therefore the maximum herb to
solvent ratio was seemed to be 1 : 100. In other words, to achieve the exhaustive extraction,
the minimum volume of the solvent was 100 ml per 1 g of plant material. Additional solvent
did not increase extractive capability. At the herb to solvent ratios from 1 : 100 through 1 :
300, extractive contents of total anthocyanins were not different (p > 0.05). However the
solvent to sample ratio was adjusted to 100 : 0.64 (v/w) in order that the extracts of all
samples could be analyzed in an appropriate range of absorbance values. Thus the sample was
prepared by the method described in Chapter III, Materials and Methods, under section
5.1.24.
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Figure 28 Calculated absorbance values (mean and SD, n = 6) of extracts prepared from an
aqueous-methanolic system (0, 25, 50, 75 and 100% methanol) (©), and an acidified aqueous-

methanolic system (0.1% hydrochloric acid in 50, 75 and 100% methanol) (e)
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Figure 29  Extractive content of total anthocyanins® (mean and SD, n = 6) of extracts
prepared from 0.1% hydrochloric acid in 75% methanol at the herb to solvent ratio of 1 : 50, 1
100, 1:150,1:200,1:250and 1 : 300 (w/v)

*The calculated value was based on the calibration curve of delphinidin-3-sambubioside

51.1.2 Sample analysis

The roselle samples were analyzed by the pH-differential
spectrophotometric method. Based on the calibration curve of delphinidin-3-sambubioside
(Figure 30), the percentages of total anthocyanins content in 35 samples of roselle were
calculated. The result was shown in Table 17 (Method 1). Comparing between the results of
this original pH-differential spectrophotometry (Method I in Table 17) and those of modified
pH-differential spectrophotometry (Method II in Table 17), the results of these two method
were significantly different (paired samples test, p < 0.05). Method 1 gave higher results than
Method II. However, the differences were very few i.e. the average difference was only
0.0029 (paired samples test, p < 0.05). Comparing this difference with the variation originated
from analytical method itself, the SD, this statistical significant different seemed to be

meaningless.
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Figure 30 Calibration curve of delphinidin-3-sambubioside (Dp-3-sam) analyzed by the
pH- differential spectrophotometric method

Table 17  Comparison between total anthocyanin content (% w/w calculated as Dp-3-sam
based on dried weight) in roselle (mean * SD) determined by the pH-differential
spectrophotometric method (Method 1) and the modified pH-differential spectrophotometric
method (Method 2)

Sample Total anthocyanins (%0) Sample Total anthocyanins (%0)

number Method 1° Method 2° number Method 1° Method 2°
01 0.51 £0.01 0.51£0.01 19 1.24 £ 0.01 1.24 £ 0.01
02 1.38 £ 0.01 1.38 £0.01 20 0.49 £ 0.00 0.49 £ 0.00
03 1.30 £ 0.02 1.29 £0.02 21 0.51% 0.01 0.51 £0.01
04 0.33+£0.00 0.32+£0.00 22 0.67 £0.00 0.67 £ 0.00
05 0.11 £0.00 0.11 +£0.00 23 0.66 = 0.00 0.66 £ 0.00
06 2.17+0.02 2.16 £ 0.02 24 0.45+£0.01 0.45+0.01
07 1.79 £0.01 1.78 £ 0.01 25 0.58 £0.01 0.58 £ 0.01
08 2.56 +£0.01 2.55+£0.01 26 0.05 +£0.00 0.05+£0.00
09 1.97 £0.01 1.97 £ 0.01 27 0.47+0.02 0.47 £ 0.02
10 2.96 +0.02 2.95+0.02 28 0.69 +£0.01 0.68 +0.01
11 1.33£0.01 1.32 £ 0.01 29 0.67 +£0.00 0.67 £ 0.00
12 1.77 £0.02 1.77 £ 0.02 30 0.37+0.00 0.37 £ 0.00
13 2.65+0.01 2.64 £0.01 31 0.65+0.01 0.65+0.01
14 1.86 £0.01 1.86 + 0.01 32 0.06 £ 0.00 0.06 +0.00
15 1.59 £0.01 1.59 £0.01 33 0.62 +£0.00 0.62 £ 0.00
16 1.04 £0.01 1.04 £0.01 34 0.63 £ 0.00 0.63 £ 0.00
17 1.22 £0.02 1.22 £0.02 35 2.03+£0.02 2.03+£0.02
18 1.84 £ 0.01 1.83 £ 0.01

* Calculation was based on a calibration curve of delphinidin-3-sambubioside

® Calculation was based on a simulation calibration curve of delphinidin-3-sambubioside
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5.1.2 Modified pH-differential spectrophotometry
5.121 Determination of a correlation factor between

delphinidin-3-sambubioside and methyl orange

Because a task and high expenditure was needed to
obtain standard anthocyanin, it was not quite practicable to use anthocyanin as a routine
standard. Modified pH-differential spectrophotometry was developed to solve the problem.
Methyl orange is a commonly used pH indicator. At pH 1.0, it appears as red while turning
yellow at pH 4.5. This color changing property was quite similar to that of delphinidin-3-
sambubioside. Therefore methyl orange was tested to be used as a routine standard for
quantitative determination of total anthocyanins. The idea of this alternative method has been
used in the official monograph of European Pharmacopoeia 2001 [19] for the quantitative
analysis of some herbal markers.

A relative concentration between methyl orange and
delphinidin-3-sambubioside that possessed the same absorbance value was setup from their

calibration curve as follows,

Adel3-sam 39876 Cgel3-am - 0.0012,
Arethyl orange = 101192 Ciethyl orange T 0.0067,

where
Agel3-sam 18 @ calculated absorbance of delphinidin-3-sambubioside,
Cel3-sam 1S @ concentration of delphinidin-3-sambubioside (g/ml),
A methyl orange 15 @ calculated absorbance of methyl orange, and

Crnethyl orange 1S @ concentration of methyl orange (g/ml).

If
Agel-3-sam = Amethyl oranges
then
39876 Cet.3.5am - 0.0012 101192 Crethyl orange + 0.0067
Cierssam = 2.5377 Cunethyl orange + 1.98x107.

The relative concentration equation between delphinidin-
3-sambubioside and methyl orange demonstrated that in two solutions that possess the same
absorbance value, the concentration of the solution of delphinidin-3-sambubioside will be

about 2.5377 times of the concentration of the solution of methyl orange. This relative
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concentration or correlation factor will be used for transforming between the concentrations
of delphinidin-3-sambubioside and methyl orange at the same absorbance value.
5.1.2.2 Sample analysis

The roselle samples were analyzed by the modified pH-
differential spectrophotometric method. A simulated calibration curve of delphinidin-3-
sambubioside (Figure 31b) was constructed from a calibration curve of methyl orange (Fig
31a) via the correlation factor described in 5.1.2.1. Based on the simulated calibration curve
of delphinidin-3-sambubioside, the total anthocyanins content in 35 samples of roselle were

calculated. The results were shown in Table 17 (Method 2).
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Figure 31 Calibration curve analyzed by the modified pH- differential spectrophotometric
method: a) calibration curve of methyl orange and b) simulated calibration curve of

delphinidin-3-sambubioside

5.1.3 Validation of modified pH-differential spectrophotometry

The modified pH-differential spectrophotometric method for
quantitative determination of total anthocyanins of roselle was validated according to ICH
guidelines [124]. Linearity of Dp-3-sam and methyl orange assessed in the range of 2.6 - 15.6
pg/ml and 1.0 - 7.7 pg/ml, respectively, showed good linearity. The regression lines were y =
39862x — 0.0004, r* = 0.9994 and y = 101652x + 0.0061, r* = 0.9997, respectively. The
simulated calibration curve also showed good linearity over the range of 2.8 - 19.7 ug/ml. The
regression lines was y = 40057x — 0.0018, r* = 0.9997 (Table 18).

Repeatability studied in 3 replicates of 3 samples which
contained different amount of total anthocyanins showed low RSD (< 6%). Intermediate
precision analyzed in 3 samples in 3 consecutive days also showed low RSD (< 5%) (Table

18). The repeatability and the intermediate precision of the pH-differential spectrophotometric
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method (Method 1) and the modified pH-differential spectrophotometric method (Method 2)
were not very much different. They were considered as a good reliability based on the
guidance for industry that suggested the precision determined at each concentration level of
bioanalytical method should not exceed 15% [133]. The overall precision evaluated results
indicated that the modified method was precise for the determination of anthocyanin content
in roselle.

Limit of detection (LOD) and limit of quantitation (LOQ)
calculated by using the formulae 3.38/s and 100/s, respectively of the modified method was
0.28 and 0.85 pg/ml, respectively. While LOD and LOQ of original method were 0.06 and
0.19 ug/ml, respectively (Table 18).

Specificity of the method was assured by the basis of the pH-
differential method that was specially designed for the determination of total monomeric
anthocyanin content in plant materials [101], [134]. Moreover, the results from the modified
pH-differential spectrophotometric method were also compared with those from the
independent, the HPLC method. HPLC chromatogram of roselle revealed two major and a
minor anthocyanins identified as Dp-3-sam, cyanidin-3-sambubioside (Cy-3-sam) and
delphinidin-3-glucoside (Dp-3-glu), respectively (Figure 32). The identification was
performed by comparing their retention times with that of the standard Dp-3-sam and those
previously reported [116]. Total anthocyanin content was calculated based on total peak area
of anthocyanins against the calibration curve of Dp-3-sam (y = 24439688x - 115.6817, r* =
0.9998) (Figure 33). The results of the developed method were not different from those of the
HPLC method (paired t-test, p = 0.71) (Table 19).

All of the validation studies of the modified method reveal
acceptable results compared with the original method (Table 18). Moreover, amounts of total
anthocyanins in 35 roselle samples determined by the modified method and the original
method were nearly the same (Table 17 and Figure 34). Therefore, the simple, specific,
precise, and accurate spectrophotometric method suggested in this study could be used as a

routine method for the analysis of total anthocyanin content in roselle.
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Table 18 Validation parameters of the pH-differential spectrophotometric method (Method

1) and the modified pH-differential spectrophotometric method (Method 2)

Parameters Method 1 Method 2
Range (pg/ml) 2.6-15.6 2.8-19.7
Slope 39862 40057
Intercept -0.0004 -0.0018
r’ 0.9994 0.9997
Limit of detection (LOD (ug/ml)) 0.06 0.28
Limit of quantitation (LOQ (pg/ml)) 0.19 0.85
Day !l Day?2 Day 3 Day 1 Day 2 Day 3
Precision (%RSD)
Repeatability
Sample 01 (n=3) 2.87  0.56 0.80 2.79 0.56 0.78
Sample 05 (n=3) 5.75 4.45 0.80 5.93 442 0.79
Sample 10 (n = 3) 0.53 0.95 0.53 0.55 0.96 0.53
Intermediate precision (3 days)
Sample 01 1.98 1.91
Sample 05 4.53 4.60
Sample 10 1.25 1.75
mAu
40 -
20 -
min
0 I I 1
0 10 50 60

Figure 32 HPLC chromatogram of roselle extract prepared from 0.1% hydrochloric acid in

75% methanol: Dp-3-sam = delphinidin-3-sambubioside, Dp-3-glu = delphinidin-3-glucoside,

Cy-3-sam = cyanidin-3-sambubioside, solvent A = 4% phosphoric acid, solvent B = 100%

acetonitrile, solvent program = 0-10 min isocratic elution with 6% B, 10-55 min linear

gradient to 20% B, 56-60 min isocratic elution with 20% B, detection at 520 nm
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Figure 33 Calibration curve of delphinidin-3-sambubioside analyzed by the HPLC method:
solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile, solvent program = 0-10 min
isocratic elution with 6% B, 10-55 min linear gradient to 20% B, 56-60 min isocratic elution

with 20% B, detection at 520 nm

Table 19 Comparison between total anthocyanin content (% w/w calculated as Dp-3-sam
based on dried weight) determined by the modified pH-differential spectrophotometric
method and the HPLC method (mean + SD for three replicates)

number spectrophotometric method HPLC method
01 0.49 +0.00 0.47 +0.02
03 1.30+0.01 1.28 +0.06
04 0.30 +0.00 0.25+0.00
10 2.85+0.01 2.92 +0.00
19 1.19+0.02 1.14 +0.06
30 0.29 +0.00 0.26 £ 0.00

35 2.00 +0.02 2.05 +0.02
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Figure 34  Comparison between total anthocyanin content (% w/w calculated as Dp-3-sam
based on dried weight) in roselle determined by the pH-differential spectrophotometric

method (Method 1) and the modified pH-differential spectrophotometric method (Method 2)

5.2  Analysis of total phenolic compounds
5.2.1 Sample preparation

To find a suitable condition for the extraction of phenolic
compounds from roselle, the most suitable solvent and the optimize herb to solvent ratio (w/v)
were surveyed. A variety of solvents based on an aqueous-methanolic system (0 to 100%
methanol), and an acidified aqueous-methanolic system (0.1% hydrochloric acid in 50 to
100% methanol) were tested while the herb to solvent ratio was fixed at 1:100 (w/v). The
result (Figure 35) showed that, the absorbance value of the 50% methanol extract (0.950) was
the highest. Although the absorbance of 50% methanol extract was not different from those of
25% methanol extract and 0.1% hydrochloric acid in 50% methanol extract, it was obviously
higher. Thus the most suitable solvent was 50% methanol.

Then the optimize herb to solvent ratio (w/v) of the selected
solvent, 50% methanol, was investigated on the varied herb to solvent ratios, the ratios from 1
: 50 to 1 : 300 (w/v). The absorbance value was transformed to extractive content of total
phenolic compounds, based on the calibration curve of standard gallic acid. The result (Figure
36) showed that, when the herb to solvent ratio was increased from 1 : 300 through 1 : 250, 1
: 200 and 1 : 150, the extractive content of total phenolic compounds had not much changed.
The extractive contents of total phenolic compounds at those ratios were not different (p >

0.05). But further increasing of herb to solvent ratio from 1 : 150 to 1 : 100 and 1 : 50 caused
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the extractive content of total phenolic compounds to gradually decrease from 2.42 to 2.29
and 2.01, respectively (p < 0.05). Therefore the maximum herb to solvent ratio was seemed to
be 1 : 150. The appropriate herb to solvent ratios were the ratios beginning from 1 : 150
through 1 : 300. According to these results, the sample was prepared by the method described
in Chapter 111, Materials and Methods, under section 5.2.4.
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Figure 35 Absorbance values (mean and SD, n = 6) of extracts prepared from an aqueous-
methanolic system (0, 25, 50, 75 and 100% methanol) (o), and an acidified aqueous-
methanolic system (0.1% hydrochloric acid in 50, 75 and 100% methanol) (e)
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Figure 36 Percent extractive content of total phenolic compounds® (mean and SD, n = 6) of
roselle extracts prepared from 50% methanol at herb to solvent ratio of 1 : 50, 1 : 100, 1 : 150,

1:200,1:250and 1: 300 (w/v)

*The calculated value was based on the calibration curve of gallic acid
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5.2.2 Sample analysis

The content of total phenolic compounds in 35 roselle samples
analyzed by the Folin-Ciocalteau’s method modified from Waterman [125] were shown in
Table 20. Two commercial standards were used as references. Gallic acid, the commonly
found phenolic compound, has been generally applied as a standard [135,136,137]. So the
gallic acid equivalence (GAE) could be compared with other reports. However, gallic acid has
not been reported in roselle. Thus protocatechuic acid, the phenolic compound found in this
herb, was also used as an analytical standard. By reference to the calibration curve of gallic
acid and the calibration curve of protocatechuic acid, the content of total phenolic compounds
was calculated as GAE and protocatechuic acid equivalence (% w/w based on the dried

weight), respectively.

Table 20  Content of total phenolic compounds calculated as gallic acid equivalent (GAE)

and protocatechuic acid equivalent (% w/w based on the dried weight) in roselle (mean = SD)

Total phenolic compounds Total phenolic compounds
Sample (% wiw) Sample (% wiw)
number Gallic acid  Protocatechuic number  Gallicacid Protocatechuic

equivalence equivalence equivalence equivalence

01 1.84+0.03 1.58 £0.07 19 2.52+0.01 2.25+0.01
02 2.64 +£0.02 2.27 £0.02 20 2.36+0.04 2.10+0.03
03 2.79 £ 0.02 2.40+£0.02 21 2.53+0.01 2.24+0.01
04 1.79 £ 0.01 1.53+0.01 22 2.39+0.02 2.13+0.02
05 1.33+0.02 1.13+£0.07 23 2.55+0.04 2.26+0.03
06 3.39+£0.02 2.92+0.02 24 2.09£0.03 1.86 £0.02
07 3.07 £0.02 2.63 £0.02 25 2.46+0.02 2.18£0.01
08 3.46 +£0.01 297 +£0.01 26 1.61 £0.02 1.45+0.02
09 3.22 +£0.03 2.80 £0.02 27 2.39+0.01 2.06 £0.01
10 3.57+0.04 3.09 +0.07 28 2.59+0.04 2.23+0.03
11 2.52+0.02 2.20+0.01 29 2.64 +£0.01 2.27+0.01
12 3.16 £0.01 2.75+0.01 30 2.19+0.01 1.90 +0.01
13 3.58 £0.01 3.10+0.01 31 2.39+0.01 2.07 £ 0.01
14 2.65+0.02 2.30 £0.02 32 1.51 £0.01 1.32£0.01
15 2.67 £0.02 2.33£0.01 33 2.324+0.02 2.01 £0.01
16 2.56 £0.03 2.24 +£0.03 34 242 +£0.04 2.09 £0.03
17 2.53+0.01 2.26 £0.01 35 3.43+£0.02 2.95+0.02

18 3.11+0.02 2.76 £0.02
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5.2.3 Method validation

The Folin-Ciocalteau’s method was used with some verification.
The summary of verification results were shown in Table 21. Linearity of gallic acid and
protocatechic acid assessed in the range of 1.57 - 10.20 pg/ml and 1.82 - 7.26 pg/ml,
respectively, showed good linearity. The regression lines were y = 105977x + 0.0165, r* =
0.9993 and y = 128217x — 0.0361, r* = 0.9992, respectively (see also Figure 37).
Repeatability studied in 6 replicates of 3 samples which contained different amount of total
anthocyanins show low RSD (< 3%). Intermediate precision analyzed in 3 samples in 3
consecutive days also show low RSD (< 6%). LOD and LOQ calculated by using the
formulae 3.38/s and 100/s, respectively, of the GAE method was 0.17 and 0.52 pg/ml,
respectively while those of the protocatechuic acid equivalent method was 0.82 and 2.49

ug/ml, respectively.

Table 21 Validation parameters of the Folin-Ciocalteau’s method using gallic acid and

protocatechuic acid as standards

Parameters Gal_lic acid Protoca_techuic acid
equivalence equivalence
Range (pg/ml) 1.57-10.20 1.82-7.26
Slope 105977 128217
Intercept 0.0165 -0.0361
r 0.9993 0.9992
Limit of detection (LOD (pg/ml)) 0.17 0.82
Limit of quantitation (LOQ (ug/ml)) 0.52 2.49
Dayl Day2 Day3 Day 1 Day 2 Day 3

Precision (%RSD)

Repeatability
Sample 01 (n = 6) 1.69 1.14 0.81 1.72 2.05 0.91
Sample 05 (n = 6) 1.56 1.66 0.80 1.62 1.89 0.91
Sample 10 (n = 6) 1.26 1.22 0.53 0.60 0.79 0.99

Intermediate precision (3 days)
Sample 01 1.24 4.69
Sample 05 1.72 5.98

Sample 10 0.75 2.20
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Figure 37 Calibration curve analyzed by Folin-Ciocalteau’s method of gallic acid (m) and

protocatechuic acid ()

5.3  Analysis of acid content
The acid content was determined by using the method described in
European Pharmacopoeia (2001) [28]. The acid content calculated as citric acid (% w/w

based on the dried weight) of 35 roselle samples was shown in Table 22.

Table 22 Acid content calculated as citric acid (% w/w based on the dried weight) in roselle

(mean + SD)

Sample Acid content (% w/w) Sample Acid content (% w/w)

number number
01 16.04 + 0.02 19 15.32+0.06
02 15.78 £ 0.07 20 12.18+0.17
03 12.20 £ 0.09 21 10.80 £ 0.02
04 20.10 £ 0.02 22 11.09 £ 0.04
05 16.31 £0.24 23 11.12£0.05
06 14.33 £0.05 24 13.74 £ 0.04
07 13.67£0.18 25 13.21 £0.04
08 14.96 £ 0.06 26 15.76 £ 0.06
09 13.74 £ 0.06 27 11.96 £ 0.04
10 17.20 £ 0.03 28 11.75£0.06
11 15.26 £ 0.04 29 11.39£0.08
12 15.40 £ 0.09 30 11.69 £ 0.08
13 15.11£0.10 31 11.47 £0.04
14 7.93 £0.06 32 14.60 + 0.02
15 14.32 £0.02 33 12.25+0.06
16 13.74 £0.02 34 11.95+0.05
17 14.02+£0.18 35 13.56 £ 0.15

18 12.42 £ 0.10
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5.4  Analysis of potassium content
The potassium content (% w/w based on the dried weight) analyzed by
Inductively Coupled Plasma Emission Spectrophotometer (Varian Liberty 220; Australia) was

shown in Table 23.

Table 23 Potassium content (% w/w based on the dried weight) in roselle

:Smgéi Potassium® (% w/w) r?smgé?, Potassium® (% wiw)
05 1.93 23 272
06 1.50 24 2.03
10 2.05 28 1.40
18 233

*SD could not be acquired

6 Radical scavenging activity
6.1  Determination of radical scavenging activity

Recently, there has been wide interested in an antioxidant activity of
roselle [10,17,129,138,139,140]. Some studies [17,139,140] used lipid peroxidation assays,
and some [129] used free radical scavenging assays. While lipid peroxidation should be the
first line of tests to establish the potential antioxidant action [141], the DPPH assay, the assay
that measure the scavenging ability of antioxidants towards the stable radical 2,2-diphenyl-1-
picryl-hydrazyl (DPPH) has been recommended as a valid and easy assay to evaluate
scavenging activity [142]. For quality control purpose, the DPPH assay was selected as the
method to measure the scavenging ability of roselle.

The DPPH method was modified from Leong [127]. The activity of
roselle samples were compared with that of ascorbic acid, a water soluble antioxidant. By

calculation against the calibration curve of ascorbic acid (Figure 38), the result was expressed
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as the percentage of ascorbic acid equivalence antioxidant capacity (AEAC) reference to the

air-dried substance (Table 24). The precision of the DPPH method calculated as %RSD

obtained from six replicate measurements of the three roselle samples were less than 5%.
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Figure 38 Calibration curve of radical scavenging activity of ascorbic acid analyzed by

DPPH method

Table 24 Radical scavenging activity (% w/w equivalence to ascorbic acid) in roselle

(mean = SD)

Sample Radical scavenging activity Sample Radical scavenging activity
number (% wi/w equivalence to number (% wiw equivalence to
ascorbic acid) ascorbic acid)
01 2.67+0.14 19 3.76 £ 0.06
02 4.01+0.17 20 3.32+0.07
03 4.15+0.14 21 3.59+0.11
04 236+0.11 22 3.69 +0.07
05 1.92 £0.16 23 3.71 £ 0.06
06 5.06+0.16 24 3.29+0.21
07 4.69 =+ 0.15 25 3.81 £0.08
08 543+0.13 26 2.68 £0.11
09 495+0.15 27 3.55+0.12
10 5.80+0.20 28 4.04+0.12
11 423+0.15 29 4.16+0.11
12 490+0.15 30 3.51+0.07
13 5.74 £0.19 31 3.98 £ 0.07
14 4.51+0.18 32 2.84+£0.05
15 424 +0.14 33 3.79 £ 0.08
16 4.02+0.10 34 3.88 £ 0.06
17 4.10+0.12 35 5.55+0.06

18 4.31+0.11
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6.2  Prediction of radical scavenging activity

To save the cost and time for the DPPH assay, a simultaneous method
for the determination of scavenging activity and the identification of roselle was developed.
The radical scavenging activity would be predicted based on the HPLC chromatogram and the
UV-Vis spectral data of the sample, which were also used for identification of plant by
fingerprint concept as described in 4.3.3 and 4.4.

Corrected HPLC chromatograms (reproduced as Figure 39) or UV-Vis
spectra in the region of 250 to 650 nm (Figure 40) of 35 samples were surveyed by PCA. The
PCA score plots of the HPLC chromatograms (reproduced as Figure 41) and the UV-Vis
spectra (reproduced as Figure 42) revealed that both the HPLC chromatograms and the UV-
Vis spectra of the sample number 1, 4 and 5 were located separately from the others. From the
PCA score pattern, it could be expected that the sample number 1, 4 and 5 had their specific
characteristics that were different from those of the others. Thus the samples number 1, 4 and
5 were justified as outliers and excluded before model calculation.

The remained samples (n = 32) were divided into the calibration set and
the prediction set by random selection. To ensure that the calibration model cover the range of
predicted variable, the radical scavenging activity, two samples that possessed the maximum
and the minimum value of radical scavenging activity were manually selected to the
calibration set. The calibration set and the prediction set contained 60% (n = 19) and 40% (n
= 13) of samples, respectively. The descriptive statistics (mean, standard deviation and range)
of the radical scavenging activity of both set had been shown in Table 25. The distribution of

the radical scavenging activity of the calibration set was wider than that of prediction set.
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Figure 39 HPLC chromatograms after correction for the time shift of roselle extract
prepared from 50% methanol (n = 35): solvent A = 4% phosphoric acid, solvent B = 100%
acetonitrile, solvent program = 0-20 min isocratic elution with 6% B, 20-70 min linear

gradient to 20% B, 71 min linear gradient to 6% B, detection at 254 nm
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Figure 40  UV-visible spectra in the region of 250 to 650 nm of roselle extract prepared
from 50% methanol (n = 35)
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Figure 41

PCA score plot of HPLC chromatograms of roselle extract (n = 35) prepared

from 50% methanol: PC1 (78% X-variance explained) and PC2 (6% X-variance explained),

01-35 = sample number
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Figure 42 PCA score plot of UV-Vis spectra in the region of 250 to 650 nm of roselle

extract (n = 35) prepared from 50% methanol: PC1 (85% X-variance explained) and PC2

(10% X-variance explained), 01-35 = sample number
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Table 25 Descriptive statistics of the radical scavenging activity of the calibration set and

the prediction set

Calibration set Prediction set All

(n=19) (n=13) (n=32)
Mean 4.25 4.05 4.17
Standard deviation 0.91 0.53 0.78
Minimum 2.68 3.51 2.68
Maximum 5.80 5.43 5.80

6.2.1 Prediction by HPLC chromatogram
After the correction of retention time shifts, the corrected HPLC
chromatograms (x-variables) were related with the corresponding radical scavenging activity
(y-variable) by PLS1. The PLS1 was performed on the calibration set (n = 19), thus the size
of X-matrix was 19 x 10641, while 19 was the number of sample and 10641 was the number
of response collected at each retention time. And the size of Y-matrix was 19 x 1, while 19
was the number of sample and 1 was the number of predicted variable, the radical scavenging

activity of sample. The chromatograms of the calibration set were shown in Figure 43.
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Figure 43 HPLC chromatograms of calibration set of roselle extract prepared from 50%
methanol (n = 19): solvent A = 4% phosphoric acid, solvent B = 100% acetonitrile, solvent
program = 0-20 min isocratic elution with 6% B, 20-70 min linear gradient to 20% B, 71 min

linear gradient to 6% B, detection at 254 nm
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The PLS1 model built from all x-variables contained 3 PLS
factors determined by leave one out cross validation (LOOCYV) using the minimum residual
validation variance (Figure 44). The regression coefficients of each variable were shown in
Figure 45. The model was validated by two methods i.e. leave one out cross validation
(LOOCYV) and prediction set or test set validation. The validation results by the LOOCV were
demonstrated as a root mean square error of cross validation (RMSECV) and a correlation
coefficient between predicted and measured y (R of LOOCV) while those of prediction set or
test set validation were shown as a root mean square error of prediction (RMSEP) and a
correlation coefficient between predicted and measured y (R of prediction set) The validation
results of PLS1 model were summarized in Table 26.

Comparing among three types of error i.e. the root mean square
error of calibration (RMSEC), RMSECV and RMSEP, the results was RMSEC < RMSEP <
RMSECYV (Table 26). This finding was against the normal finding that the prediction error of
cross validation should be less than that of test set. The problem might be due to the high
cross validation errors of the sample number 26, 24 and 28. In these samples the LOOCV
errors showed the most three highest distinction from the corresponding calibration errors
(Figure 46). If these samples were excluded from the LOOCV, the RMSECV would be
0.1811, and the RMSEC < RMSECV < RMSEP.
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Figure 44 Residual variance of leave one out cross validation plotted as a function of PLS-
factors of the PLS1 model built with all x-variables of HPLC chromatogram (optimum
number of PC = 3)
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Figure 45  Regression coefficients of each variable of the PLS1 model built with all x-
variables of HPLC chromatogram (number of PC = 3, explained y calibration variance =

97.45%, offset = 2.821978)
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Figure 46  Comparison of measured value, fitted value on calibration, predicted value of
leave one out cross validation (LOOCV) and predicted value of prediction set validation of
the PLS1 model built with all x-variables of HPLC chromatogram (number of PC = 3,

explained y calibration variance = 97.45%)
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By wusing the wuncertainty test function [110], some
uninformative variables were identified and excluded. New model was constructed from the
remaining variables. The new model, the uninformative variables elimination PLS1 model
(UVE-PLS1), contained only 2 PLS factors (Figure 47). Compared with the original PLS1
model, the number of PLS factor used in the UVE-PLS1 model was less (Table 26).
Therefore, the UVE-PLS1 model was simpler than the original PLS1 model. The retained
variables (2954 variables) (Figure 48) were the signals at around the retention time of 8.22 -
8.59 min, 20.37 - 20.83 min, 24.71 - 25.09 min, which were corresponding to those of
unidentified substances. The other region of retained variables was the region at around the
retention time of 36.16 - 64.45 min. This region was seemed to be selected from the peak
number 3 which was the peak of delphinidin-3-sambubioside (retention time = 36.49 min),
peak number 4 (retention time = 42.57 min), peak number 5 (retention time = 46.72 min),
peak number 6 (retention time = 53.17 min) and the peak number 7 (retention time = 56.65
min) (see also Table 15). The regression coefficients and robustness of UVE-PLS1 model
were shown in Figure 48 and summarized in Table 26, respectively.

From the validation results of the PLS1 and the UVE PLSI
models (Table 26), the RMSECV values were conflicting with the RMSEP values i.e. the
validation results of LOOCYV were unrelated with those of test set validation. In details, the
RMSECYV of UVE-PLS1 model seemed to be less than that of PLS1 model but the RMSEP of
UVE-PLS1 model seemed to be more than that of PLS1 model. The inconsistent results might
be due to the method employed for the detection of uninformative variables, the uncertainty
test function. For finding uninformative variables, the uncertainty test function exploited only
the data of calibration samples but not those of prediction samples. Therefore, this variable
elimination method could enhance only the validation result of LOOCV, RMSECYV, but could
not improve the validation result of independent prediction set, RMSEP.

The predicted values along with deviation as well as the
measured values of radical scavenging activity of each prediction sample were shown in
Table 27 (see also Figure 46). The predicted values of both PLS1 and UVE-PLS1 models

were not different from the measured value (paired t-test, p > 0.05).
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Figure 47 Residual variance of leave one out cross validation plotted as a function of PLS-
factors of uninformative variable elimination PLS1 (UVE-PLS1) model built with x-variables

of HPLC chromatogram (optimum number of PC = 2)
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Figure 48 Regression coefficients of each variables of the model built with uninformative
variable elimination PLS1 of HPLC chromatogram (number of PC = 2, explained y
calibration variance = 94.57%, offset = 2.192181)



136

In the Unscrambler [110], the prediction by PLS gives not only
the predicted values but also the deviations of them. This deviation is calculated as a function
of the global model error, the sample leverage, and the sample residual X-variance. A large
deviation implies that the sample used for prediction is dissimilar to the samples used to build
the calibration model. Hence, the predicted value with large deviation cannot be relied on.
There has been no criterion to judge that how much deviation is considered as a large yet. In
this study, some predicted values were associated with quite large deviations when compared
with general error of the laboratory analysis, the DPPH method. For example, the deviations
of the predicted values of sample number § from both PLS1 and UVE-PLS1 models were
about three times of average error of DPPH method. Consequently, the predicted values of

these samples might be in suspicion.



Table 26 Summarize of model parameters and validation results of model using for prediction of radical scavenging activity by HPLC

chromatogram

Model Variables PLS-factor RMSEC® R (Calibration)® RMSECVY R (LOOCV)® RMSEP" R (Prediction set)®
PLS1 HPLC 10641 3 0.1420 0.9872 0.2388 0.9633 0.1910 0.9326

UVE-PLS1 HPLC 2954 2 0.1903 0.9768 0.2187 0.9693 0.2193 0.9276

® Number of optimum PLS-factors in model determined by leave one out cross validation (LOOCV)

P Root mean square error of calibration

¢ Correlation between measured value and predicted value of calibration

d Root mean square error of leave one out cross validation (LOOCV)

¢ Correlation between measured value and predicted value during leave one out cross validation (LOOCV)
f Root mean square error of prediction

9 Correlation between measured value and predicted value of prediction

LET
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Table 27  The measured values (mean + SD), predicted values and deviation of predicted
values of radical scavenging activity (% w/w equivalence to ascorbic acid) predicted by

HPLC chromatogram of the prediction set

Sample PLS1 UVE-PLS1
number Measured value Predicted Deviation Predicted Deviation
08 5.43+0.13 5.22 0.30 5.37 0.32
11 423+0.15 4.17 0.17 4.30 0.14
14 451+0.18 451 0.20 4,76 0.32
15 424 +0.14 4.42 0.23 4.54 0.14
18 431+0.11 4.66 0.12 4.62 0.13
19 3.76 £ 0.06 4.00 0.16 3.92 0.14
21 3.59+0.11 3.63 0.16 3.93 0.19
23 3.71+£0.06 3.60 0.11 3.69 0.11
25 3.81+0.08 3.86 0.18 3.98 0.20
27 3.55+0.12 3.49 0.17 3.76 0.16
29 416+0.11 3.78 0.12 3.85 0.15
30 3.51+0.07 3.32 0.13 3.29 0.11
33 3.79+0.08 3.69 0.15 3.72 0.13

The areas under curve (AUC) of 7 characteristic HPLC peaks of
roselle (see also Figure 43 and Table 15) were also investigated to predict of radical
scavenging activity. The PLS1 model built from all AUCs of each 7 characteristic peak
contained only 1 PLS factor determined by LOOCYV using the minimum residual validation
variance value (Figure 49). The regression coefficients of each variable were shown in Figure
50. And the robustness of the PLS1 model was summarized in Table 28.

By using the uncertainty test function [110], an uninformative
variable, the AUC of peak number 7, was identified and excluded. New model was
constructed from the remained 6 variables. The new model also contained only 1 PLS factor.
The regression coefficients and robustness of UVE-PLS1 model were shown in Figure 51 and
summarized in Table 28, respectively.

The validation results, both the RMSECV and the RMSEP, of
models built from AUCs by PLS1 and UVE-PLS1 method were seemed to be not different
(Table 28). The reason that why uninformative variable elimination could not improve any of
validation result, compared to the original PLS method, might be due to the X-data i.e. the

AUCs used in the model building. In contrast to numerous raw HPLC data points, the AUCs
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were only a few numbers of integrated parts of them, thus some data reduction or elimination
of redundant variables had occurred in this integration step. When the uninformative variable
elimination was applied on the integration data, the AUCs, only few redundant X-variables
were eliminated. Therefore, based on X-variables resembling the AUCs data used in this

study, the UVE-PLSL1 could not improve any of validation, compared to the original PLS1

method.
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Figure 49 Residual variance of leave one out cross validation plotted as a function of PLS-
factors of the PLS1 model built with all areas under curve (AUCs) of each 7 characteristic

peak of HPLC chromatogram of roselle (optimum number of PC = 1)
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Figure 50  Regression coefficients of each variable of the PLS1 model built with all areas
under curve (AUCs) of each 7 characteristic peak of HPLC chromatogram of roselle (number
of PC =1, explained y calibration variance = 89.97%, offset = 3.074590)
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Figure 51  Regression coefficients of each variables of the model built with uninformative
variable elimination PLS1 of areas under curve (AUCs) of HPLC chromatogram of roselle
(number of PC =1, explained y calibration variance = 89.92%, offset = 3.076994)

Another atypical result was that the RMSEP obtained from each
model of both PLS1 and UVE-PLS1 models were less than the RMSEC and the RMSECV
obtained from those corresponding models (Table 28). These findings were against the
normal findings that the prediction errors arranged in order of magnitude from the smallest to
the largest error should be RMSEC < RMSECV < RMSEP instead of RMSEP < RMSEC <
RMSECYV, as found in this study. The unexpected results might be the consequences of some
unique calibration samples.

As shown in Figure 52, the calibration samples which were
symbolized as pink markers covered the y-range of prediction samples which were
symbolized as brown markers. The target line is an ideal line where the predicted y values
were equal to their measured y values. In general, indicated by the distance between the
sample coordinate and the target line, the predicted y values of the prediction samples were
closest to the measured values while the predicted y values from the LOOCV were furthest
from those measured values. When examined in details, three calibration samples, the sample
number 2, 28 and 31, obviously seemed to be the source of high calibration error i.e. high
RMSEC. The measured y values of these three samples were roughly the same (4.01, 4.04
and 3.98% wi/w ascorbic acid equivalence, respectively) while the fitted y values were
apparently different (4.45, 3.67 and 3.50% w/w ascorbic acid equivalence, respectively)
(Figure 53). The raw AUCs data of these three samples were plotted, compared with the

AUCs of sample number 16 which was better fitted to the regression line (Figure 54). There
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was no indication of anomalous AUCs. Because the confirmations of all X and y values had
not been made, the roots of problem were still unclear.

After exclusion of those three samples, a new PLS1 model was
built from the remained samples (n = 16). The new PLS1 model also contained 1 PLS factor
similar to the optimum PLS factor of the original PLS1 and UVE-PLS1 model. The
regression coefficients of each variable were shown in Figure 55. And the robustness of the
model was summarized in Table 28. From the validation results, the new PLS1 model could
lessen RMSEC and also improve the correlation coefficient between the measured and
predicted value during calibration stage (R of calibration). However, the RMSEP of new
model indicated that it was not as good as the original PLS1 model (Table 28).

All three models were applied to predict of radical scavenging
activity of external test samples (n = 13). The predicted values along with deviation as well as
the measured values of radical scavenging activity of each prediction sample were shown in
Table 29. The predicted y values from all three models using AUCs as the predictors, i.e.
original PLS1, UVE-PLS1, and PLS1 model after exclusion of three suspect calibration
samples, were not difference from the measured value (paired t-test, p > 0.05). Again, some
predicted values were associated with quite large deviations when compared with the standard
deviations of the measured values. Consequently, the predicted values of these samples might

be in suspicion.



Table 28 Summarize of model parameters and validation results of model using for prediction of radical scavenging activity by the areas under

curve (AUCs) of characteristic peaks of HPLC chromatogram of roselle

Model Variables  PLS-factor® RMSEC® R /(Calibration)* RMSECVY R (LOOCV)® RMSEP' R (Prediction set)?
PLS1_AUC 7 1 0.2816 0.9485 0.3172 0.9344 0.2520 0.9243
UVE-PLS1_AUC 6 1 0.2823 0.9483 0.3178 0.9342 0.2521 0.9245
PLS1_AUC (n = 16) 7 1 0.2366 0.9693 0.2797 0.9572 0.2816 0.9243

® Number of optimum PLS-factors in model determined by leave one out cross validation (LOOCV)

® Root mean square error of calibration

¢ Correlation between measured value and predicted value of calibration

¢ Root mean square error of leave one out cross validation (LOOCV)

¢ Correlation between measured value and predicted value during leave one out cross validation (LOOCV)
f Root mean square error of prediction

9 Correlation between measured value and predicted value of prediction

44"
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Figure 52  Predicted y values and measured y values plot of calibration and prediction
samples by PLS1 model built with all areas under curve (AUCs) of each 7 characteristic peak
of HPLC chromatogram of roselle (number of PC = 1, explained y calibration variance =
89.97%)

60
55

50

45

40

s

30

25

25 30 35 40 4% 50 55 80
randoml3_ts_1, (V-ver, PCY {scev_C.1)

Figure 53  Predicted y values and measured y values plot of calibration samples by PLS1
model built with all areas under curve (AUCs) of each 7 characteristic peak of HPLC

chromatogram of roselle (number of PC = 1, explained y calibration variance = 89.97%)
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Figure 54  Raw areas under curve (AUCs) data of each 7 characteristic peak of HPLC

chromatograms of roselle samples number 2, 28 and 31 compared with sample number 16
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Figure 55 Regression coefficients of each variables of the model built with all areas under
curve (AUCSs) of each 7 characteristic peak of HPLC chromatogram of roselle after exclusion
of samples number 2, 28 and 31 (number of PC = 1, explained y calibration variance =
93.96%, offset = 2.980137)
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Table 29  The measured values (mean + SD), predicted values and deviation of predicted
values of radical scavenging activity (% w/w equivalence to ascorbic acid) predicted by the

areas under curve (AUCs) of characteristic peaks of HPLC chromatogram of the prediction

set

Sample Measured PLS1 UVE-PLS1 PLS1 (n =16)
number value Predicted Deviation Predicted Deviation Predicted Deviation
08 5.43+0.13 5.48 0.81 5.48 0.82 5.52 0.66
11 423+0.15 4.22 0.15 422 0.15 418 0.13
14 451+0.18 4.67 0.59 4.68 0.59 4.67 0.48
15 424 +0.14 4.61 0.45 461 0.47 4.60 0.37
18 431+0.11 4.68 0.17 4.68 0.17 4.67 0.15
19 3.76 £ 0.06 3.99 0.13 3.99 0.13 3.94 0.12
21 3.59+0.11 3.51 0.13 351 0.13 3.44 0.12
23 3.71+£0.06 3.54 0.12 3.54 0.12 3.47 0.11
25 3.81+0.08 3.60 0.28 3.60 0.29 3.53 0.25
27 3.55+0.12 3.46 0.13 3.46 0.13 3.39 0.12
29 416+0.11 3.58 0.12 3.58 0.12 3.51 0.12
30 3.51+0.07 3.35 0.13 3.35 0.13 3.27 0.12
33 3.79+£0.08 3.64 0.23 3.64 0.20 3.58 0.20

6.2.2 Prediction by UV-Vis spectrum

Although the UV-Vis spectrophotometric technique could not
be regarded as an effective technique for constructing the fingerprint of roselle as described in
section 4.4, it has major advantages over the HPLC technique in simple, rapid and
inexpensive one. Thus, in this section, the UV-Vis spectrum was explored to predict the total
radical scavenging activity of roselle samples.

The samples used in both calibration and prediction set were the
same as those for the prediction by HPLC chromatogram (see also Table 25). The UV-Vis
spectrums (x-variables) in the range of 250 to 650 nm were related with the corresponding
radical scavenging activity (y-variable) by PLS1. The PLS1 was performed on the calibration
set (n = 19), thus the size of X-matrix was 19 x 401, while 19 was the number of sample and
401 was the absorbance collected at each wavelength. And the size of Y-matrix was 19 x 1,
while 19 was the number of sample and 1 was the number of predicted variable, the radical
scavenging activity of sample. The UV-Vis spectra of calibration set were shown in Figure
56.
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Figure 56 UV-Vis spectra of calibration set of roselle (n = 19)

The PLS1 model built from all x-variables contained 2 PLS
factors determined by LOOCYV using the minimum residual validation variance value (Figure
57). The regression coefficients of each variable were shown in Figure 58. And the robustness
of the model was summarized in Table 30. Comparing among three types of error i.e.
RMSEC, RMSECV and RMSEP, the result was RMSEC < RMSECV < RMSEP (Table 30).
This finding was similar to normal finding that the RMSEC should be less than RMSECV and
RMSEP, respectively.

By using the uncertainty test function [110], some
uninformative variables had been excluded. New model, the UVE-PLS model, was
constructed from the remained variables. The UVE-PLS1 model contained 2 PLS factors
determined by LOOCYV using the minimum residual validation variance value (Figure 59).
The retained variables (87 variables) were the signals at the wavelengths around 301 - 307 nm
and 486 - 565 nm (Figure 60). The first region, the wavelengths around 301 — 307 nm, was
located between the absorption maxima of hydroxybenzoates and flavan-3-ols and the
absorption maxima of hydroxycinnamates. And the latter region was possibly due to the
visible absorption peak of anthocyanins. The variables at around 354 to 439 nm which
represent to the degradable brown product of anthocyanins were excluded. The regression
coefficients and the robustness of UVE-PLS1 model were shown in Figure 60 and

summarized in Table 30, respectively.
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From the validation results of the PLS1 and the UVE PLS1
models (Table 30), the RMSECV values were opposed with the RMSEP values i.e. the
validation results of LOOCV were unrelated with those of test set validation. In details, the
RMSECYV of UVE-PLS1 model seemed to be less than that of PLS1 model but the RMSEP of
UVE-PLS1 model seemed to be more than that of PLS1 model. The inconsistent results might
be due to the method employed for the detection of uninformative variables, the uncertainty
test function, as described earlier.

Both model were applied to predict of radical scavenging
activity of external test samples, the prediction set (n = 13). The predicted values along with
deviation as well as the measured values of radical scavenging activity of each prediction
sample were shown in Table 31. The predicted values of both PLS1 and UVE-PLS1 models

were not difference from the measured value (paired t-test, p > 0.05).

Figure 57 Residual variance of leave one out cross validation plotted as a function of PLS-
factors of the PLS1 model built with all x-variables of UV-Vis spectrum (optimum number of
PC=2)
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Figure 58  Regression coefficients of each variable of the PLS1 model built with all x-
variables of UV-Vis spectrum (number of PC = 2, explained y calibration variance = 94.88%,
offset = 1.246639)



Table 30  Summarize of model parameters and validation results of model using for prediction of radical scavenging activity by the UV-Vis

spectrum

Model Variables ~ PLS-factor® RMSEC® R /(Calibration)* RMSECVY R (LOOCV)® RMSEP' R (Prediction set)?
PLS1_UV-Vis 401 2 0.2013 0.9740 0.2591 0.9567 0.2645 0.8645
UVE-PLS1_UV-Vis 87 2 0.1894 0.9771 0.2439 0.9617 0.2986 0.8191

® Number of optimum PLS-factors in model determined by leave one out cross validation (LOOCV)

P Root mean square error of calibration

¢ Correlation between measured value and predicted value of calibration

d Root mean square error of leave one out cross validation (LOOCV)

¢ Correlation between measured value and predicted value during leave one out cross validation (LOOCV)
f Root mean square error of prediction

9 Correlation between measured value and predicted value of prediction

671
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Figure 59 Residual variance of leave one out cross validation plotted as a function of PLS-
factors of uninformative variable elimination PLS1 (UVE-PLS1) model built with x-variables

of UV-Vis spectrum (optimum number of PC = 2)
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Figure 60 Regression coefficients of each variable of the model built with uninformative
variable elimination PLS1 of x-variables of UV-Vis spectrum (number of PC = 2, explained y
calibration variance = 94.30%, offset = 0.733325)
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Table 31  The measured values (mean + SD), predicted values and deviation of predicted
values of radical scavenging activity (% w/w equivalence to ascorbic acid) predicted by the

UV-Vis spectrum of the prediction set

Sample number  Measured value PLS1 UVE-PLSI
Predicted Deviation Predicted Deviation

08 5.43+0.13 5.34 0.15 5.27 0.14
11 4.23+0.15 3.99 0.15 3.89 0.18
14 451+0.18 3.78 0.21 3.72 0.21
15 424+0.14 4.04 0.20 3.89 0.20
18 431£0.11 455 0.12 454 0.11
19 3.76 £ 0.06 4.12 0.13 4.09 0.18
21 359+£0.11 3.58 0.12 3.62 0.15
23 3.71+0.06 3.86 0.17 3.94 0.21
25 3.81+0.08 3.84 0.21 3.92 0.20
27 355+0.12 3.62 0.15 3.70 0.21
29 416£0.11 3.97 0.16 4.08 0.20
30 3.51+0.07 3.37 0.14 3.39 0.15
33 3.79+0.08 3.77 0.12 3.84 0.17

6.2.3 Overall results of the prediction of radical scavenging
activity

The overall results demonstrated that the radical scavenging
activity of roselle could be predicted by the data from the whole HPLC chromatogram, the
AUC of HPLC chromatogram or the UV-Vis spectrum. From the RMSEP, the best model
was the PLS1 model of HPLC chromatogram with 3 PLS factors, R = 0.9326 and RMSEP =
0.1910. However the best model would be the UVE-PLS1 model of HPLC chromatogram
with 2 PLS, R = 0.9693 and RMSECV = 0.2187 if the RMSECV was regarded as a foremost
criterion (Table 26, Table 28, Table 30). There were difference conclusions between using
these two criterions i.e. RMSECV and RMSEP.

To make more precise comparison, the range of RMSEP of each
model was calculated by bootstrapping technique. The 6 tested models were the PLS1 HPLC,
UVE-PLS1_HPLC, PLS1_AUC, UVE-PLS1_AUC, PLS1_UV-Vis and UVE-PLS1_UV-Vis.
Each tested model was fixed, then the simulation prediction set (n = 13) were repeatedly
drawn with replacement from the original data of the prediction set (n = 13). These simulation
prediction sets were independent in each model. The distribution of RMSEP for the type |

error rate at 0.05 were estimated from 5000 bootstrap samples or 5000 collections of
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prediction set. The lower bound and upper bound of RMSEP were the RMSEP2s and
RMSEP«4g75), respectively. For enhancing the estimation accuracy, ten rounds of such
bootstrap were repeated. The lower bound and upper bound of RMSEP of each model were
shown in Table 32. For the PLS1_HPLC, the lower bounds of RMSEP, RMSEP 1,5, were
0.1178, 0.1189, 0.1198, 0.1192, 0.1198, 0.1170, 0.1214, 0.1201, 0.1155 and 0.1192 while the
mean of these values was 0.1189. And the upper bounds of RMSEP, RMSEP 4g75, were
0.2546, 0.2544, 0.2530, 0.2518, 0.2539, 0.2516, 0.2514, 0.2503, 0.2530 and 0.2531 while the
mean of these values was 0.2527. For the other 5 models i.e. UVE-PLS1 HPLC, PLS1_AUC,
UVE-PLS1_AUC, PLS1_UV-Vis and UVE-PLS1_UV-Vis, the range between the lower
bound and the upper bound of RMSEP were 0.1648 - 0.2647, 0.1519 - 0.3447, 0.1518 -
0.3453, 0.1325 - 0.3935 and 0.1660 - 0.4318, respectively (Table 32). Among all 6 models,
these 95% confidence intervals of RMSEP were partially united (Figure 61).
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Figure 61 The lower and upper bound of the root mean square error of prediction (RMSEP)

of each 6 model

The distribution of the simulated RMSEP of each model was
also shown by boxplot in the Figure 62. The upper and lower edges of the box represent the
third (Qs) and the first quartile (Q,), respectively. And a line located across this box shows the

second quartile (Q) or the median value. The box length or the interquartile range (IQR) is



153

the range between Qs and Qi. The upper and lower bars show the maximum and minimum
limits of values that justified as normal values. These bars are calculated from Qs + 1.5(IQR)
and Q; - 1.5(IQR), respectively. Cases with values between 1.5 and 3 box lengths from the
upper or lower edge of the box are outliers. And cases with values more than 3 box lengths
from the upper edge or less than 3 box lengths from the lower edge of the box are extremes.
Among all 6 models, the distribution of the RMSEP of the UVE-PLS1_HPLC model was the
narrowest. While those of the PLS1 _UV-Vis and UVE-PLS1_UV-Vis models seemed to be
the widest (Figure 62). Therefore the UVE-PLS1_HPLC model was the most robust, whereas
the PLS1_UV-Vis and UVE-PLS1_UV-Vis models were the most instable. The best model
seemed to be the PLS1_HPLC model since it gave the lowest median of RMSEPs from 5000
bootstapping samples (Figure 62).
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Figure 62  The boxplot of the root mean square error of prediction (RMSEP) of each 6
model



Table 32 The lower and upper bound of root mean square error of prediction (RMSEP) of each 6 model

Model 95% Confidence interval 1 2 3 4 5 6 7 8 9 10 Mean
PLS1 HPLC Lower bound 0.1178 0.1189 0.1198 0.1192 0.1198 0.1170 0.1214 0.1201 0.1155 0.1192 0.1189
Upper bound 0.2546 0.2544 0.2530 0.2518 0.2539 0.2516 0.2514 0.2503 0.2530 0.2531 0.2527
UVE-PLS1_HPLC Lower bound 0.1645 0.1639 0.1647 0.1652 0.1661 0.1639 0.1659 0.1655 0.1636 0.1646 0.1648
Upper bound 0.2652 0.2653 0.2644 0.265 0.2648 0.2647 0.2641 0.2648 0.2648 0.264 0.2647
PLS1_AUC Lower bound 0.1507  0.153 0.1542 0.1527 0.1538 0.1486 0.1527 0.1518 0.1529 0.1485 0.1519
Upper bound 0.3465 0.3451 0.3422 0.3451 0.3421 0.3429 0.3467 0.3472 0.3437 0.345 0.3447
UVE-PLS1_AUC Lower bound 0.1510 0.1522 0.1508 0.1507 0.1517 0.1527 0.1507 0.1544 0.1521 0.1518 0.1518
Upper bound 0.3452 0.3445 0.3438 0.3466 0.3434 0.3458 0.3465 0.3503 0.3434 0.3437 0.3453
PLS1 UV-Vis Lower bound 0.1334 0.1332 0.1301 0.1321 0.1317 0.1316 0.1331 0.1339 0.1344 0.1320 0.1325
Upper bound 0.3932 0.3960 0.3960 0.3911 0.3949 0.3937 0.3913 0.3932 0.3933 0.3926 0.3935
UVE-PLS1_UV-Vis  Lower bound 0.1671 0.1660 0.1660 0.1670 0.1631 0.1656 0.1633 0.1691 0.1674 0.1658 0.1660
Upper bound 0.4336 0.4308 0.4323 0.4307 0.4318 0.4315 0.4325 04324 0.4313 0.4313 0.4318
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7 Overall chemical quality of H. sabdariffa in Thailand

The overall chemical qualities of roselle cultivated in Thailand were studied in
35 roselle samples. The quantitative parameters i.e. total phenolics, total anthocyanins,
organic acid, potassium and radical scavenging capacity in each sample were again shown in
Table 33. The total phenolics content varied from 1.33 - 3.58 % w/w calculated as GAE and
1.13 - 3.10 % wi/w calculated as protocatechuic acid equivalence. The total anthocyanins
content ranged from 0.05 - 2.95 % w/w calculated as delphinidin-3-sambubioside
equivalence. The acid content varied from 7.93 - 20.10 % wi/w calculated as citric acid
equivalence, while the potassium content varied from 1.32 - 3.13 % w/w. The radical
scavenging activity ranged from 1.92 - 5.80 w/w calculated as ascorbic acid equivalence.

As described above, the tested samples (n = 35) had different characteristics
and they could be classified into two major groups, the reddish (n = 17), and the brownish (n
= 16) groups. The other two samples had distinct characteristics i.e. they had very small calyx
therefore they were grouped in to another group, the small calyx group. The parameters of
each group, were summarized as mean + SD (Table 34). Analytical data that considered as
outliers and extremes of each quantitative parameter by boxplot were excluded before
calculation. Comparison between the reddish and the brownish groups, all of the quantitative
parameters except for the potassium content, were significantly different (p < 0.05). The mean
of those parameters i.e. total phenolics content, total anthocyanins content, organic acid
content and radical scavenging activity of the reddish group were higher than those of the
brownish group. The comparison among all three groups could not be performed, because the

number of samples of the small calyx group was too low.



Table 33 Quantitative quality control in each roselle sample (mean + SD)
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8§ £ 8 €8s £ °g S g 8

< S < < S

01 1.84 +0.03 1.58 +0.07° 0.51+0.01 16.04 £0.02 1.77 2.67+0.14°
02 2.64 £0.02 2.27 £0.02 1.38+0.01 15.78 £ 0.07 1.49 4.01+£0.17
03 2.79+0.02 2.40+£0.02 129+0.02 12.20£0.09 1.81 415+0.14
04 1.79+0.01 1.53+0.01 0.32+0.00 20.10+0.02° 1.48 2.36+0.11"°
05 1.33+£0.02° 1.13+0.07° 0.11+0.00 16.31+0.24 1.93 1.92 +0.16" ¢
06 3.39+0.02 2.92+£0.02 2.16 £ 0.02 1433+ 0.05 1.50 5.06 + 0.16°
07 3.07+£0.02 2.63+£0.02 1.78+0.01 13.67+£0.18 2.45 469+ 0.15
08 3.46 £ 0.01 2.97+0.01 255+0.01 14.96 + 0.06 2.06 5.43+0.13"°¢
09 3.22£0.03 2.80£0.02 1.97+0.01 13.74+0.06 1.90 4.95+0.15
10 3.57£0.04 3.09 £ 0.07 295+0.02 17.20+0.03 2.05 5.80 £ 0.20°
11 2.52+£0.02 2.20£0.01 132+0.01 15.26£0.04 1.75 423+0.15
12 3.16+0.01 2.75+£0.01 1.77+0.02  15.40£0.09 3.13° 4.90£0.15
13 3.58+0.01 3.10+£0.01 2.64+0.01 15.11+0.10 2.02 5.74+0.19"¢
14 2.65+0.02 2.30+£0.02 1.86+£0.01 7.93 £ 0.06° 2.17 451+0.18
15 2.67+£0.02 2.33+£0.01 1.59+0.01 14.32 £ 0.02 1.96 424 +0.14
16 2.56 £ 0.03 2.24+£0.03 1.04+£0.01 13.74 £ 0.02 2.22 4.02+£0.10
17 2.53+0.01 2.26+£0.01 1.22+0.02 14.02+0.18 2.32 410+0.12
18 3.11+0.02 2.76 £ 0.02 1.83+0.01 12.42 +0.10 2.33 431+0.11
19 2.52+0.01 2.25+0.01 124+0.01 15.32£0.06 2.60 3.76 £ 0.06
20 2.36 +0.04 2.10+0.03 049+0.00 12.18+0.17 1.59 3.32£0.07
21 2.53+0.01 2.24+£0.01 0.51+0.01 10.80 + 0.02 1.59 359+0.11
22 2.39+0.02 2.13+£0.02 0.67 £0.00 11.09 + 0.04 1.59 3.69 + 0.07
23 2.55+0.04 2.26 £0.03 0.66 £ 0.00 11.12+0.05 2.72 3.71+£0.06
24 2.09 +0.03* 1.86 + 0.02 0.45+0.01 13.74 £ 0.04 2.03 3.29+0.21
25 2.46 £ 0.02 2.18+0.01 0.58 £ 0.01 13.21+0.04 1.49 3.81+0.08
26 1.61+0.02° 1.45+0.02° 0.05+0.00° 15.76 + 0.06 1.86 2.68+0.11°
27 2.39+0.01 2.06 £0.01 047+0.02 11.96+0.04 1.32 3.55£0.12
28 2.59 + 0.04 2.23+£0.03 0.68+0.01 11.75%0.06 1.40 4.04£0.12
29 2.64+0.01 2.27+£0.01 0.67 £ 0.00 11.39+0.08 1.39 416+0.11
30 2.19+0.01 1.90+0.01 0.37+0.00 11.69 + 0.08 1.32 3.51+0.07
31 2.39+£0.01 2.07+£0.01 0.65+0.01 11.47 £ 0.04 2.24 3.98 £ 0.07
32 151+0.01*¢ 1.32+0.01*¢ 0.06 +0.00*  14.60 +0.02 2.54 2.84 +0.05
33 2.32+£0.02 2.01+£0.01 0.62+£0.00 12.25+0.06 2.62 3.79£0.08
34 242+0.04 2.09+0.03 0.63+0.00 11.95+0.05 2.44 3.88 £ 0.06
35 3.43+0.02 2.95+0.02 2.03+0.02 1356+0.15 2.67 5.55 + 0.06™°

@ The outliers and extremes of each group

® The outliers and extremes of the reddish combined with the brownish groups (n = 33)
“The outliers and extremes of all samples (n = 35)
4SD could not be acquired



Table 34 Quantitative quality control of roselle samples in each group (mean + SD)

Quantitative quality control I(?neidllit)] B(;"Z"'Ig)h S”}ﬁ'LC;‘)'yX Reddlsrlr?r;dslg)rowmsh (r-lrgtgé)
Total phenolics (GAE) (% wiw dried wt.) 2.99 + 0.40° 2.44 +0.13° 1.56 + 0.33 2.64 +0.52 2,65+ 0.50
Total phenolics (Protocatechuic acid 260 + 0.33° 211 + 013 133+ 0.28 230 +0.44 231 +0.43
equivalence) (% w/w dried wt.) U= = U= U= =
Total anthocyanins (Dp-3-sam 1.80 +0.54° 0.57 +0.10° 022 +0.15 117 +0.77 1.12+0.78
equivalence) (% w/w dried wt.) - - - - -
Organic acid (citric acid equivalence) 14.44 + 1.27° 12.56 + 1.65° 18.20 +2.68 13.33+1.96 13.42 +2.00
(% wi/w dried wt.) - - - - -
Potassium (% wiw dried wt.) 2.08 +0.35 1.87 +0.49 1.70 +0.32 2.01 +0.47 1.99 +0.47
Radical scavenging capacity 4.67 + 0.66° 3.53 + 0.46° 2.14+031 4.01 + 0.44 3.91+0.61

(ascorbic acid equivalence) (% w/w)

#Mean values between reddish and brownish groups are significantly different (p < 0.05)

LST



CHAPTER V
CONCLUSIONS

As the basic information of roselle cultivated in Thailand, physical and
chemical properties of the roselle from various sources of Thailand (n = 35) were
characterized. The samples were classified into 3 subgroups (the reddish, n = 17; the
brownish, n = 16; and the small calyx, n = 2). The reddish, the brownish and the small calyx
sample were regarded as a higher grade, a lower grade and an atypical material, respectively.
General quality control methods or physical characteristics including foreign matter, loss on
drying, total ash and acid insoluble ash of the roselle in the first two groups were not
different. But both the water extractive and the ethanol extractive values of the reddish group
were higher than those of the brownish group. These might be due to the conversion of
extractable red monomeric anthocyanins to non-extractable brown polymeric anthocyains in
the brownish roselle.

According to the marker approach, the qualitative quality control of roselle was
accomplished by TLC and HPLC technique. In TLC analysis, quinaldine red was used as a
marker component, as described in the European Pharmacopoeia. In addition, two major
anthocyanins of roselle i.e. delphinidin-3-sambubioside and cyanindin-3-sambubioside,
isolated in laboratory, were also spotted on TLC to identify the relative Rf to the quinaldine
red. The TLC chromatogram of typical roselle contained two red spots of the two major
anthocyanins. Other spots might be found as summarized in Table 12. In the HPLC analysis,
delphinidin-3-sambubioside was used as a marker component. The HPLC chromatogram of
roselle contained 7 characteristics peaks. The retention time and area of each peak were
shown in Table 15. The quantitative quality control was achieved by quantifying of four
selected chemical component groups i.e. total phenolics, organic acid, potassium and total
anthocyanins. To determine of total anthocyanin content in roselle, the pH-differential
spectrophotometric method was modified and validated. Compared with the original pH-
differential spectrophotometric method, the modified method using methyl orange as a
standard showed acceptable validation results. Compared with HPLC method, an independent
method, the analysis results of the developed method were not different from those of the
HPLC method (paired t-test, p = 0.71). Therefore, to save the cost for the standard
anthocyanins providing, this modified pH-differential spectrophotometry was suggested as a

routine method for analysis of total anthocyanins. Overall chemical analysis except for the
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analysis of potassium content showed that the chemical contents of the reddish and the
brownish groups were significantly different (p < 0.05). Total phenolics content calculated as
GAE and protocatechuic acid equivalence, organic acid content calculated as citric acid
equivalence and total anthocyanins content calculated as delphinidin-3-sambubioside
equivalence of the reddish group were higher than those of the brownish group. Therefore,
these basic chemical contents were the rational indications of quality of roselle. On the other
hand, the physical characteristics could provide not much information in the quality of the
plant. The chemical analysis was the necessity in the quality control of roselle.

According to the pattern-based approach, the quality control of roselle was
accomplished by HPLC fingerprint technique. The established HPLC fingerprint of roselle
(Figure 17) could be applied with the critical value to classify roselle sample into reddish and
non-reddish or qualified sample and unqualified sample, respectively. Whereas UV-Vis
fingerprint and DRIFT fingerprint did not succeed in this purpose. The failure might be due to
partial overlapping between these two groups as shown in the PCA score plots (Figure 19 and
Figure 26).

For screening of antioxidant activity, one of the most prominent activities of
roselle, an ability to scavenge stable DPPH radical was determined. Radical scavenging
activity of the reddish and the brownish roselle were significantly different (p < 0.05) (Table
34). The models for prediction of radical scavenging activity were constructed from the
chemical profiles of roselle for simultaneous identification of the plant and determination of
radical scavenging activity. The best model was obtained from the PLS1_HPLC model with 3
PLS-factors since it gave the lowest median of RMSEPs from 5000 bootstapping samples
(Figure 62). When uninformative variables had been excluded from the model, it could
increase the robustness of the new model, the UVE-PLS1 HPLC model. However, it also
increased the error of prediction. Balancing between the predictive ability and the robustness,
the PLS1 _HPLC model seemed to be the best choice. The error of prediction, the RMSEP,
was equal to 0.1910, what corresponded to 4.58%. Compared with the errors of the analysis
method, the pooled SD, 0.1869, what corresponded to about 4.48%, the model was
satisfactory. Therefore, in the future, the HPLC chromatogram of sample could be applied to

identify the plant and to predict its radical scavenging activity simultaneously.
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Crude drugs of Hibiscus sabdariffa L.
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Sample 0 - Saple02

Sample 5

Sample 07 Sample 08

Figure 63 Crude drugs of H. sabdariffa
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Sample 15

Figure 63 Crude drugs of H. sabdariffa (continued)
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Sample l -

Sample 23 Sample 24

Figure 63 Crude drugs of H. sabdariffa (continued)
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Sample 31

Figure 63 Crude drugs of H. sabdariffa (continued)
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Sample 35

Figure 63 Crude drugs of H. sabdariffa (continued)



APPENDIX B

Reagents



179

Aluminium chloride test solution
Aluminium chloride, AICI3-6H,0 (5 g) was dissolved in sufficient methanol to

make the solution of 100 ml.

Ferric chloride test solution
Ferric chloride, FeCl3-6H,0 (9 g) was dissolved in sufficient water to make the

solution of 100 ml.

2 M Hydrochloric acid
Hydrochloric acid, HCI (166 ml) was added to sufficient water to make the
solution of 1,000 ml.

Lead acetate test solution
Lead acetate, C4HsO4Pb-3H,O (9.5 g) was dissolved in sufficient water to

make the solution of 100 ml.

0.025 M Potassium chloride buffer, pH 1.0

Potassium chloride, KCI, (1.86 g) was dissolved with distilled water (980 ml).
The pH was measured and adjusted to 1.0 with conc. hydrochloric acid. The volume was
adjusted to 1,000 ml with distilled water.

0.4 M Sodium acetate buffer, pH 4.5
Sodium acetate, CH;CO,Na.3H,0, (54.43 g) was dissolved with distilled water
(960 ml). The pH was measured and adjusted to 4.5 with conc. hydrochloric acid. The

volume was adjusted to 1,000 ml with distilled water.

2 M Sodium hydroxide
Sodium hydroxide, NaOH (80 g) was dissolved in sufficient water to make the
solution of 1,000 ml.

Dilute sulfuric acid
Sulfuric acid, H,SO4 (5 ml) was added to ice-cold methanol (95 ml).



APPENDIX C

'H NMR Spectra of the isolated anthocyanins of H. sabdariffa L.
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3-sambubioside (300 MHz, CD;OD:CDCls)

Figure 64 'H NMR spectrum of Compound | or delphinidin
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