CHAPTER IV
RESULTS

ids in Curcuma longa

1. Determination of S\\_'
-:.\;jlw s
1.1 Se of Cu ids by TLC
Tﬁgzzggigﬁa EEE!ZEEL* -

reports (Sasri, 1981.,

Stahl, 1983., ainski, 1984) on the

TLC systems usin 1di - : eﬁagﬁ separate the three

curcuminoid

solvents used in sé Works were highly different. These
| NI N

are,for example,

(Wagner et al., ’,} bgﬂgsgg-methanol (90:10) (Sasri,
1981) and ch%éroforn-be 1 (45:45:10) (Stahl,
: ystems to serve our

1973). Attenm
| |
research purpose were not fully successful owing to either

their 1Frﬂlﬁ;=j wg%%‘rﬁ ﬂqﬂ‘?minoids or their

causing t$ailing spots of the compounds. Therefore, an
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separation of the curcuminoids was carried out. By

careful manipulation of various solvent systems, it was
found that the composition of chloroform- benzene-methanol
with the ratio 80:15:5 was most suitable. Under these
conditions, the silica gel plate showed maximal separation

of the three curcuminoids,each of which showed a very nice
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round-shape spot. The Rf values of the yellowish
curcuminoids were found to be 0.65, 0.45 and 0.33.

Identification of each spot was carried out as described

in the next section.

1.2 Identificationfpf Each Curcuminoid by ‘H NMR

Since_no single’ﬁggg.curcumin,demethoxycurcumin

-

and bisdemethoxycurcumid were ~commercially available,

— - .
preparation oifgﬁf “curcuminoid in pure form was carried

out. This was n 'by‘ext action crude curcuminoids from

PR
turmeric sampdes d ‘tEf extracts were purified by

preparative thin-lay quhréhé%ography using chloroform :

i idd

benzene : meth o‘;‘TSO:rQQBf as a solvent system. The
+ “of

¥ _.j

- 24 ’ F
yélﬁow g;&ptalllne of each curcuminoid
Tk fnnt 2o b it Ao

o Sy

resulted purifie

E—

was then confirmed T§§ 1H:§HR (200 MHz). It was found

14 e

that "HNMRA.in  CD_OD  (Fig. Wi§), of the three

—

curcuminoids;zﬁowed clear difference in proton NMR signals.
*HNMR of curéumin showed signal “for one singlet at
3.91 ppm/(6H |af | OCHY), «F ig, £5A4);demethoxycurcumin showed
one singlet at 3.91 ppm (3H of OCH,) (Fig.15B), and
bisdemet Noxycur eimdn <yshovwed) “no™ signalyat, 2.91 ppm (Fig.
15C) § These HNMR data were corresponded with those
described in section 7.1 of Structure and Chemical
Properties of Curcuminoid. Therefore, it was clear that
the curcuminoids on TLC plates with the Rf values of 0.65,
0.45 and 0.33 were corresponded to curcumin,

demethoxycurcumin and bisdemethoxycurcumin, respectively.
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Fig. 15 'H NMR spectra (200 MHz) of curcumin (A), demethoxycurcumim (B)
and bisdemethoxycurcumin (c).
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1.3 TLC-Densitometric Determination of
Curcuminoids
The complete separation of the three
curcuminoids by TLC allowed us to quantiﬁate each of the

components by densitometry. This method is simple,
»&cuminoids be quantitated

ﬁs method, an appropiate
wavelength to ? wﬂ- be first selected.

rapid and allows the t

simultaneously.

From the absorp curcuminoid (Fig. 16),
it was foun ethoxycurcumin and
bisdemethoxycur 13 I similar patterns

with their A ma Sumd ¥ 42 nm.  This wavelength was

antitative analysis of

chromatogram of a t extract which was

,uﬂ‘" o

separated onia 8ilica : -__., be seen that the

three symmett? are very well

separated from one another under the established conditions.

The area ﬂﬁﬁﬁww%’;wﬁqﬂﬂd therefore, be

closely related to the concentratlon of compound

Qﬁﬁaﬂﬂim URIAINYIA Y
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arcumin, 2 = demethoxycurcumin

: AN
: — : 3 = 5080.0
. 7 | — o
Fig. 16 Absorpii ‘ il \'\ mmmds (in methanol) by UV-vis
i 2.2 L\.‘» :

ﬂUH’&ﬂﬂﬂﬁ’WﬂW

Fig. 17 TLC-chromatogram of the three curcuminoids.in methanolic extract

AR1Q 40 £ bl s, | breoryeurcuni

= curcumin
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1.4 C#libration Curves
The standard curves of the three curcuminoids
which were obtained from the TLC-densitometric method are
shown in Fig.18. Each curve showed 1linearity of the
relationship between the concentration ranges of 0.2 and

1.5 ug of each curcum'-;"f4;’m the detection limit at 0.1

i&lysm and the correlation

coefficients (¥Y" were [ou_'-I Bebe 0.996 for curcumln,

ug. Results of t

0.999 for

pesk e
160000
140000

120000 } ‘ o S 5

QW’]a\mi“nha«Mi‘w o

ng. 13 Standard curves of the three curcuminoids based on TLC-
densitometric method, 1 = bisdemethoxycurcumin, 2 =
- demethoxycurcumin and 3 = curcumin,
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1.5 Sample Preparation
To ensure complete extraction of curcuminoids
from the +turmeric rhizome, various extraction methods,
including soxhlet, reflux, maceration and sonication
were investigated. In all methods, methanol was used

as extracting solvent bﬂ /# of its high solubility for

the curcum1n01ds..~h§n th dy, the proportion of
turmeric owder —— heasol as first optimized. It
p s cirs oo

was found thg}gﬂff,;,';&
‘ a

one-hour refl

0£'2£H“£ai§ 20 mg sample in 10

Y,

ml methanol)

'e§t cu%gaminoid content after

methods wusing ratio, it was found

that the reflux (1 hour),

sonication (1 ion (overnight) all gave

very similar totalhaiﬁmpql id content (approx. 11% dry

weight). 43 tively convenient,

rapid and al samples to be handled,

we chose thfg method for quantitative extraction of the

AU INEN TN NS
ARTRENTOI LTI g

In order to evaluate its accuracy and
precision, the developed TLC-densitometry was compared
with the spectrophotometric method - ( International
Organization for Standardization, 1982) which could
determine the total curcuminoid content in tumeric rhizonme.

In doing this, a number of turmeric sample of various
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sources were analysed for their total curcuminoid
content by the two methods and the results obtained were
compared. It can be seen in Table 4 that the values of
total curcuminoid content of various turmeric samples
which were determined by TLC-densitometry (the summation
the three curcuminoid componﬁgﬁ) were very closed to those
obtained from the spectrophotometrlc method. The

percentage of CY was f%und To be 3.34. In term of

precision, an _at Teast lthree separate determination of

each turmeric ple¢ / showed a. very narrow value of

standard devia €Q¥SD_} 1,73) (Table 4). These results

indicate that f h@cu;kcb and . precision of the TLC-

densitometric eghéaf; 1n’?determ1n1ng the content of
y ik ';"
individual and toral ourcumlnEQd content are reliable.
o ‘__.l'_r.‘_\_
" =t et o -,|';-d- -
A f

"'\_._r - L

il I

Table 4. Percenﬁgge of each curcuminoid in tufneric rhizome and the percentage

of total curcuminoid content obtained from both the TLC-desitometric

and uv- spectrophotonetrlc nethods.

s TLC-densitometric method UV-spcctrophou'ymcu'ic“
Turmeric sample?*| Dijgin H > Total curcuminnoids
(province) curcumin | demethoxy in{bisd hoxycurcuminy lotal (% wiw)
(%o wiw) (% w/w) (% wiw) noids (% w/w)
1. ¥ 01128601 | Phitsanulok | 4.79+0.08 2.63£0.21 1.95+0.03 9.3840.14 9.0440.16
2.Y 01038801 | Tak 7.52+0.78 4.6630.51 - . 4.2940.15 16.46+1.45 16.7040.10
3.Y 13038801 | Chaiyaphum| 6.26+0.19 3.66+0.02 2.6430.07 12.5610.25 12.1040.05
4.Y 01038701 | Chiang Rai | 3.55+0.01 2.3740.06 1.2610.04 7.1830.10 7.1840.11
5.Y 12058704 | Trang | 3481017 1.8140.02 . 1.5140.02 6.7840.16 7.2120.07
6.Y 21038701 | Chiang Mai | 3.74+0.02 1.4410.02 1.0440.03 6.2330.03 5.9140.32
7.Y 17068801 | Roi Lt 4.59+0.12 3.12+0.02 3.0440.13 10.7540.22 10.9940.15
8.Y 15038802 | Loci 4.95+0.01 3.90+0.00 2.9140.03 11.7640.01 11.8340.10
9.Y 27058703 | Ratchaburi | 6.85+0.01 3.7240.07 3.8840.15 14.4610.21 13.7710.09
10. Y 26038801 | Chai Nat 4.3840.08 2.4110.04 2.8040.16 9.5940.28 9.9840.03
*Samples 1-3 were obtained from the Trang Horticultural R h. Sample 4-7 were from the Phichit Horticultural Research Center and

Samples 8-10 were from the Tak Horticutural Research Center.
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In term of reproducibility, the developed TLC-

densitometry was carried out to quantitate the individual

curcuminoid in each sample with two separate determination.

It was found that average value of each curcuminoid

content of this duplicate determination gave very

similarly and the average percentage of standard deviations

F
showed very narrow value (%SD

Table s

o

7

<

I

/&fig determination,
;"f j} y-= -

# 3:33) (Table 5).

;ach and t\i;tal curciminoid in turmeric sample by

Percentag(éfzﬁ
duplicate TLC-densi

e ~ r / ;_l. ! #e .
turmeric Y ¥ k& _,_curégmmmd content (x w/w)
sy T ey p
sample origin /A"f'!_!}"}, 7 dei'netl_loxy bisdemethoxy total < SD
£ F ) Qipumin _ curcumin | curcuminoid
! e Fdda
; ” ]
ang | 6.06+0.06 | 3.6840.12 2.57+0.10 |12.30%0.26 | 3.98
700} 2 N,
.. | 6.45%0.25 | 3.65+0.14 2.7340.13 | 12.81+0.53
2 PhiChit {525+ ' 3.62+0. =1 '
,?_r 2530.06 | 3.62¥0.08 | 2:90£0.07 |12.03+0.08 | 4.37
5.6240.01 | 3.90%0.00 | 286+0.12 |12.58+0.11
3 Tak 6,76+0.21 | 3.92%0.11 | 4.15%0.12 |14.83+0.12 | 2.95
6,3310,08" | 4.1130,03 | 4.83+0.04 |15.28+0.16
4 Tak 6.0240,49 » | 3,50#0,09. | 3.82+0.03 ,[13.38+0.51 | 1.67
6.0540,30 . | 3.45+0.15 | [13.66+0.13 7\ | 13.16+0.57
5 Trang | 6.98+0.25 | 4.02%0.15 | 4.0320.16 |15.04+0.57 | 1.70
7.5010.20 | 4.30+0.11 3.50+0.01 |15.30+0.32
6 Phichit | 4.99+0.10 | 2.78+0.02 | 2.40%0.04 |10.18+0.16 - | 5.30
4.59%0.12 | 3.12#0.02 | 3.04%0.13 |[10.75+0.22
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2. Curcuminoids in Curcuma longa

2.1 Variation of Curcuminoid Content in Turmeric
Rhizomes of Different Cultivars.

Turmeric rhizomes from more than thirty

cultivars which were dEhF ally obtained from various

% -egrown in Phichit, Trang

and Tak experh;:;zzi? fibldﬁ—iﬁ—erder to be exposed with

ifaaiﬁiffter maturation, the

were collected and subjected
2 o RN -
to quantitatiy is~ curcuminoid content. It was

provinces in Thalland

the same conditi

rhizomes of al

5\ =
found  that _of different cultivars

‘_“\
contained inoid contents. The
turmeric samples = f‘:". xpvrimental'field contained

‘-,’ M— .
curcuminoid content in the ¥

AT _‘_7.
_-.a’,.r:_:_,_

in Appendix ahd Fig.19) fron T

ge 0.81-14.24 %w/w (Table 18

ang in/the range 0.48-16.46
g;jZO) and from Tak in

l
%w/w (Tabl _? in

%w/w (Tableiéo in Appendix and Fig

SO )i (131 i L2011 RO
RIS wﬁmmi b

60% w/w for T In cases curcuminoid

the range 1*%0 15 37'

contents, it was found that the average contents of
curcumin, demethoxycurcumin and bisdemethoxycurcumin were

as follows : 3.48, 2.08 and 1.73% w/w for Phichit; 4.21,
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Varigtion in the contents of curcumin, demethoxycurcumin,
bisdesisthofyciifcusiih < and fotal [iclirctminoids) /in [ivarious S turmeric
rhizomies cultivated (in Phichit] % The rhizomes were originally’ obtained
from different provinces in Thailand as follows :-

T1 - Phitsanulok T13 - Ratchaburi T28 - Udon Thani

Tz - Nakhon Si Thammarat Tis - Indonesia T30 - Sakon Nakhon
T3 - Ranong : Ti7 - Chumphon T3 - Nakhon Phanom
Ta - Chiang Rai Tig - Chiang Rai T32 - Nakhon Phanom
Ts - Chiang Rai T20 - Phitsanulok T33 - Chai Nat

Te - Chiang Mai Ta1 - Chiang Mai T3 - Malaysia

T? - Tak T2 - Tak T3 - Roi Bt

Ts - Tak T23 - Chaiyaphum T3s - Nong Khai

Te - Trang T2s - Loei T3 - Mukda Han

Tio - Trang T2s < Loei Ta3 - Bangladesh

T2 - Ratchaburi T27 - Loei Tas - Nepal

Tas - Nepal
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bisdBmethoxyeuretinin) and total] eumum;nmds in vanous turmeric
rhizomes' cultivated in Traug® The rhizémes wete. ongmn!ly obtained
from different provinces in Thailand as follows :-

T1 - Phitsanulok Tia - Ratchaburi T2s - Udon Thani

T2 - Nakhon Si Thammarat Tis - Indonesia T3 - Sakon Nakhon
T3 - Ranong Tiz - Chumphon T3 - Nakhon Phanom
Ta - Chiang Rai Tis - Chiang Rai T3z - Nakhon Phanom
Ts - Chiang Rai T20 - Phitsanulok T3 - Malaysia

Ts - Tak T2z - Tak T37 - Roi Et

Tu - Trang T23 - Chaiyephum T3s - Nong Khai

Tiz - Ratchaburi T2s - Loei Ta3 - Bangladesh
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Varigtion in the contents of curcumin, demethoxycurcumin,
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rhizentes cultivated in"Tak, "The thizomes were loriginally obtained-from
different provinces in" Thailand as follows :-

Tt - Phitsanulok Tis - Indonesia T3z - Chai Nat
T2 - Nakhon Si Thammarat  Tiz - Chumphon T34 - Suphan Buri
T2 - Ranong Tia - Chiang Rai T3 - Malaysia
Ta - Chiang Rai T2o0 - Phitsanulok T3 - BRoi Et

Ts - Chiang Rai T2z - Tak T3z - Nong Khai
Te - Chiang Mai T23 - Chaiyaphum T3s - Mukda Han
T? - Tak T2s - Loei Ta3 - Bangladesh
Ts - Tak T2s - Loei Tas - Nepal

Ts - Trang Tzs - Udon Thani Ta7 - Satun

Tio - Trang T30 - Sakon Nakhon Tas - Trang

Tiz - Ratchaburi T3 - Nakhon Phanom Tas - Trang

T13 - Ratchaburi T3z - Nakhon Phanom
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rhizomes cultivated in Phichit (A), Trang (B) and Tak (C),
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2.34 and 2.11 %w/w for Trang and 4.32, 2.73 and 2.55 %w/w

for Tak, respectively.

Based on the total curcuminoid content, it
was found that most of the turmeric cultivars contain
curcuminoid content in the range 6-8% for those cultivated
in Phichit, 8-10% for thosé-"_"';!(;rang and 10-12 % w/w for

those in Tak ¢Fige-22 Ay B and€)». Out of 34 samples of

—

turmeric cultiYggﬂd“’ Phichit, it was found that up to 13

-

samples contained 56#8 %3 w/w of the total curcuminoid
content equivaigﬂfﬁ

fégﬁéfzézfof the population (Fig.22A).

In Trang expefi_ n fi@ld& it was found that 6 out of 24
dd

&l

collected samples ¢ nxained%ﬁhio *W/w of total curcuminoid

" |

.,z?ﬁ5. i%gg Tak experimental field,

. o b i B
s SIS

content (25%) (Fi

from which 35 samples of turgp-ic samples were collected,
S -
10 samples wehe found to contain 10=12,% w/w (28.57%) and
9 samples édé;ained 12-14 % w/w (2§f#1%) (see Fig 22C).

S

Among these three experimental field “turmeric sample from
Tak appeared teo contaim significantly higher curcuminoid

content than those from the other two sdﬁrces.

When considering high curcuminoid-producing
cultivars among the ¢. Ionga population growﬁ in the three
experimental fields, it was found that the cultivars Tios
Toe» Toss T,, and T_, could consistently produce turmerics

with high curcuminoid content. (Table 6). These
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cultivars were originally obtained from Phitsanulok, Tak,

Chaiyaphum, Nakhon Phanom and Roi Et, respectively, and

were found to contain more than 10 % w/w curcuminoid in

their dry roots when regrown in all the three experimental

fields.
Table ¢ Turmeric samples containi:gﬁ /high curcuminoid contents,
Foral evtcuminoid content (x wi/w)
Turmeric Origin it ‘Experimem;al field
cultivar — _Phichit Trang Tak
Tz2o thsgg.utbl 13";2011.31 13.06+0.76 13.61+0.05
T2z T V. / / | 10.2120.10 16.46+1.45 14.52+0.85
Tas Cbl‘l/ﬂghum § a2, %)1 40,27 12.56+0.25 15.06+0.22
Ta1 Nakbon P)'a"ﬂm 9,04+41.04 15.7141.54 12.38+0.64
T3z Roi B¢ /10 4.;}.2’31 15.17+0.13 13.27+0.11
=z
When conslderfﬁg low curcuminoid-producing
cultivars, _;ét was found tﬁ;t Taé (Nong Khai), T,
J

(Nakhon Phané’m{i)_, Tk (Sakon Nakhon),* T_,_, (Udon Thani)

and T, (Tak) were the cases(see Table 7). These cultivars

produced /~{low ocurcumino id-econtiaining .~tarmeric (less than

4.5% w/w)oin all the three experimental fields.
Table 7 Turmeric samples containing low curcuminoid contents
Total curcuminoid content (x w/w)
Turmeric Origin Experimental field
cultivar Phichit Trang Tak
Tas Nong Khai 0.82+0.04 1.33+0.13 1.55+0.05
T3z Nakhon Phanom | 1 50+0.09 0.48+0.09 1.30+0.12
T30 Sakon Nakhon | 1,30+0.13 0.86+0.09 1.36+0.13
Tas Udon Thani 1.58+0.07 0.55+0.02 1,4940.02
Ts Tak 2.85+0.15 1.98+0.15 4.48+0.005
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In addition, the turmeric cultivars which
produced highly variable curcuminoid content among the
three experimental fields were also considered. It was

found that T (Phitsanulok), T (Ratchaburi), T

1 iz 16

(Indonesia), T,, (Tak), T,_, (Loei) and T_, (Nakhon Phanom)
cultivars belonged to thiﬁf group. These cultivars when
were regrown in Tak and Trangﬁaéhtained higher curcuminoid

content than regrown in Phichit for approximately 40-60%
. — l

7/h

| ."'I“i rl“'.r. E ;JJ
gtp/){s/con:ainpgbhighly varigble curcuminoid contents

(Table 8).

Table 8 Turmeri

~ Total curcuminoid content (x w/w)
Turmeric Lo St ’ ' Experimental field
cultivar 47 p ichit | Trang Tak
Ti Phitsanulolf‘“q—:% 7161;5—5% 8.80+0.58 13.61+0.69
Ti2 k%chabuﬁ"" =E 6.424'1,?‘;.;1“;; 10,74+0.43 10.32+0.14
T1e 7.66%0.13 "5%1__*;&110.09 11.79+0.76
T2z TaE 10.21+0.10 E.«y.«ts 14.52+0.85
Tz¢ Loei 7.60£0.15 15.50+0.30 10.73+0.61
T3 Nakhon'Phanom 9.04+1.04 15.71+1.54 12.38%0.64
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Finally, the group with very 1low variable

curcuminoid contents were found to be T,, (Chumphon), T__

(Phitsanulok), T (Chaiyaphum) and T,, (Bangladesh)

23

cultivars. These cultivars had a variation in curcuminoid

content only in the range 0-20% (Table 9).

/

Table 9 Turmeric samples containixig/lﬁjgmiable of curcuminoid contents

— *  Total eurcuminoid content (x w/w)
Turmeric Experimental field
cultivar Phichit ' Trang Tak
Tz b 714%0.02 8.2040.05 8.5240.24
Tzo | 13204131 13.06:+0.76 13.61+0.55
L ; .
Ta3 1112.3140.27 12.56+0.25 15.06+0.22
Fy i .,a);a ci
Tas . 9.96%0.27 | 10.04+0.33 12.53+0.21
: £ ")
=L T ) ::’_"a,‘;; -4
2.2 | _Ratio of Curcumin =\ Demethoxycurcumin :
;Jgisdenethoxycurcunin ;‘J

?%om the results on thé’content of individual
curcuminodids,| ptthey watiogof thepthnee, conmponents in each
cultivar wwas evaluated. It was found that the ratio
curcuminy <y demet hoxycurcumin 0 < bisdemethexyCurcumnin was
mostly 5:3:2 for £urmeric rhizbmes regrown in Phichit
experimental field (Fig 23A). From 34 turmeric samples,
up to 22 samples (64.71%) were found in this ratio. This
was followed by the ratio 4:3:3 (20.59%), T7:2:1 (11.76%)

and 6:3:1 (2.94%) respectively. Similarly,turmeric samples
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regrown 1in Trang experimental field (Fig 23B) were also
mostly found to contain curcuminoids in the ratio 5:3:2
(66.67%), followed by 4:3:3 (16.67%), 7:2:1 (12.50%) and
6:3:1 (4.17%) respectively. On the other hand, turmeric
samples regrown in Tak experimental field were mostly
found in the ratio of = WB.S%‘) followed by 5:3:2
(37.15%), 7:2:1 (1d &:1 (2.86%) respectively
—

with 4:3:3 ohtaine ~ total curcuminoid content >
8 %»w/w while

> 5 %w/w (Table

_ in Appendix). For
- WL/
turmerics with &8 e

} i ratios, they both found

to contain total cﬁp;ﬁ?ﬁ? & atent < 5% w/w when regrown

B
P Jsf%m_

in the three}%

e

AU INENINYINS
ARIAINTAUNIINYIAE
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3. Volatile 0il in Curcuma longa

3.1 Variation of Volatile 0il Content in Various
Curcuma longa Rhizomes
The dried rhizomes of €. Ionga obtained

from various cultivars which were grown in Phichit,

’,#/ ields were analyzed for
' was found that various

hichit, Trang and Tak

Trang and Tak exp

-their volatile

turmeric sampl

contained vol @nge of 4.30-10.12,

4,16-10.86 a ectively (Table 21

b aﬁﬂpf frequency, almost

50% the turm 7;;: om h’c it (16 out of 34) and

in Appendix

Trang (11 out o wqgf- Hd to be in the range of 8-

8% volatile oil A and B). From Tak, on

the other hand, &bﬁﬁﬂﬁﬁﬁf‘; the samples (17 out of 35)

were in th@-higher—oont ‘f canging from 10 to 14% (Fig.

24C). Ther?EPfE;- tgat turmeric samples

which regrown 51 Tak conhgln more volatile oil content

] ANEAIN ARG ewt rrs0r,

frequency of distributtion of he total il content in

voriohbukihe b dhichhial 435 AN



Total volatile oil contents {x v/w)
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Turmeric cultivar

Fig.24 Varistion of total volatile_oil content™ifi various turmeric rhizomes cuttivated in

Phichit (A), Tranq (B).and Tak (C} The rhizomes were originally obtsined from

different provinces in Thailand as follows :-

Tr - Phitsanulok . Te - Indonesia T - Chai Nat
Tz - Nakhon Si Thammaral T17 - Chumphon Tas - Suphan Buri
Ta - Ranong Tig9 - Chiang Rai Tas - Malaysia
Ts - Chiang Rai T20 - Philsanulok T37 - Roi EL

Ts - Chiang Rai T2 - Tak Tss - Nong Khai
Tse - Chiang Mai Tz3 - Chaiyaphum Tao - Mukda Han
T? - Tak T2s - Losi T4z - Bangladesh
Te - Tak T26 - Loei Tas - Nepal

Te - Trang T28 - Udon Thani T47 - Salun

Tio - Trang Tao - Sakon Nakhon Tes - Trang

Trz - Ralchaburi Ta1 - Nakhon Phanom T4e - Trang

Tis - Ralchaburi Taz - Nakhon Phanom
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Fig. 25 Distribution of total volatile oil contents in various turmeric rhizomes
cultivated in Phichit (A), Trang (B) and Tak (C).
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3.2 High and Low Volatile 0il-Containing Turmeric

Cultivars

Based on the variation of total volatile o0il

content in turmeric

samples which

were obtained from

various cultivars grown in Phichit, Trang and Tak (Fig.24).

It was found that theréf ere at least five cultivars
that always gave high volatfi;f01l content. As shown in
- =="

Table 10, the cultlvars f oot ., T_., T,, gave good

,..-'-" |

#

vield of tur )oil either grown in Phichit, Trang or
Tak. These 1vars ‘'were originally obtained from
Phitsanulok, 'ai, Ehumphon, Tak and Nakhon Phanom,

respectively. 'ding éo'Table 10, it can be seen that

the samples Tak 'hSually contain the highest
A d .i- ‘4‘:’-
volatile o0il cont npg:- Amogggnthese cultivars, T, (from

Phitsanulok) appea;pq,to beﬁgﬁgabest

» £
Wy 4
Table 10 Turmeric samples containing high volatile oil contents
Total volatile oil content (x w/w)
Turmeric Origin Experimental field
cultivar Phichit Trang Tak
Ta, Phitsanulok 10.19#0:03 10:46#9.12 16.47+0.06
HL Chiang Rat 8.2040.03 7.76+0.16 13.35+0.10
Tz Chumphon 10.11+0.01 10.72+0.14 14.08+0.12
T2z Tak 8.7140.10 8.29+0.04 11.40+40.20
Ta1 Nakhon Phanom 8.88+0.08 7.60+0.04 12.8240.10
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For low volatile oil-containing turmeric

cultivars, ‘it~ was found that T ., T T

T and T,

s0? 3z? 36

were found to be the cases. As shown in Table 11, the
turmerics of these cultivars contain essentially less than
8% of -‘volatile o0il <(or less  than 8% in Tak).. These
cultivars were originally obtained from Indonesia, Sakon
Nakhon, Nakhon Phanom, Malaysia and Bangladesh,
respectively. Among “these eultivars, T (from

i6

Indonesia) appeared 0 be the lowest.

1

Table 11 Turmer';c"éaxﬂples cbntai'iihg low volatile oil contents

: B “Total volatile oil content (x w/w)
Turmeric Origin = 4 Experimental field
cultivar F | J ?ia,ichit Trang Tak
Tie Indonesia /1~ 4.@&{07 5.42+0.17 5.67+0.02
T30 Sakon Nakhon 511;3544 4.7240.01 7.1840.12
Taz §akh0n Phanom }  4.83+0,02 | {;4.-1510.06 7.8840.10
Ts {alaysia 4.59+0,07 5.6940.02 6.70+0.04
Ta3 Bangladesh 6.43+0.04 " 4.60+0.04 5.34+0.05

81 3™ Gas Chromatographic Chnomatogram of Turmeric
0il and Component Identification
In addition to the volatile o0il content,
composition of the turmeric o0il prepared from Curcuma
longa rhizone was examined by using gas

chromatography (GC). In this study, the conditions used



for GC was developed carefully to
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maximize separation of

the o0il components by a capillary column coated with polar

polyethylene glycol

chromatogram of Fig. 26,

in turmeric oil. Among these,

14 apparently the majOrf;c mponents

identified these
turmeric o0il was
—

spectroscopy jéﬂci

) agalysis.
described in t

i ¥, -

ddd

&d

chromatogram coul é
each component -
shown in Fig. 38 i

clear that the maJor Gomponefibs of

L

—

stationary phase.

peaks number 9,

gerial-and Method 2.6, 14 peaks of

As shown in the

some 25 components were detected

115 12513,

of the oil. To

major 'angizother minor components,

subjééted to gas chromatography-mass

Under the conditions

the

PR
fi@knijfied. Peak number and name of
'éhowé,ﬁin Table 12 and GC-MS were

Vﬁbpendiiﬁ From these results, it was

peak number 9, 11, 12,

13, and 14 were .. a—cﬁfgpmene + «o-zingiberene, 8-
A Y ol 8
sesquiphellqg@rene, ar-turmerone, {@-turmerone and «-
7 i XJ
turmerone respectively. —
solvent
peak
5
13 4 . 7
i e v 6 I :
0 5 10 15 20 25 30 35 20 B time(min)
Fig.26 A typical GC chromatogram of turmeric oil
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Table 12 Turmeric oil components separated by GC and identified by GC-MS,
Peak numbers and Retention time are correspondence to those shown in Fig 26

Retention

Peak No, Oil component Structure Chemical group
time (min)
1 8.93 0-phellandrene ? §E
2 9.66 | Pp-cymene y ?
3 10.04 | 1.8-Cineol 2 @ monoterpenes
4 1153 ?é‘hene } glg
. & 1
Ll A
5 11.77 }f{pgnql‘e;ae‘ =T ?
A ;‘j F b T; F !
,7 !:-’- . ] W, HO
6 16.53 {yértfrpmeol 4 é
’g f’f s ad .-; i
f ’ér o _{:- i Ak
; ;r e--'l" -:' ..l‘t".. ——
7 2139 | P-ghryophytiene = “:Qr
8 2331, | G-caryophyllene ’ ":@* sesquiterpenes
- _:In- & 4 ,l.-‘
9 25,11"‘*’{ ‘| tl-curcumenesa-zingiberene L‘-
|
“ ' i
10 25.24, .| bisabolene iO\
11 26.72 ﬁ-sesqniphellandrene LD?
i 3
12 38,01 | ér-turmerone , oli@l\
13 41.07 B-turmerone :
: oA sesquiterpene ketones
14 41,67 U-turmerone é\I}L
0
[
i
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In term of relative quantity, it was found that
turmeric samples obtained from Phichit and Trang
experimental fields were relatively similar in their oil
proportions of monoterpenes, sesquitérpenes and
- sesquiterpene-ketones (Fig 27A and B) where as those
from Tak experimental fie}d had different relatives
volatile oil composition? ;from Phichit and Trang
especially the presence of very low amount of monoterpenes

(Fig 27C). As, ghown /in  Table 13, turmeric oils from

#

Phichit exper;iﬁﬁbal fielh were found to contain 3.08%

monoterpenes, od .00% - i?esquiterpenes and 75.92%
f - T \ 4

sesquiterpene-kgﬁoﬂes;',frdh ‘" Trang . were found to contain

2.61% monoterpehes;’fIB.Oé%?:sesquiterpenes and T79.35%

% Y o .‘J ’ J'I:"_ "
sesquiterpene-ketones whereas those from Tak experimental

o i R J‘J

field were found to be 0.35%, 19.59% and 80.06% respectively.

d :- =i

The relatigéﬂ low content of monaﬂgrpenes in the Tak’s

-

'

turmeric oil%jappeared to resulted from the low content of
all the individual monoterpenes (especially terpinolene)
as compared with tthe | oils” pfrom Rhichit and Trang. For
the sesquiterpenes and sesquiterpene-ketones, no
significant) different | n g theyamount~y of the individual

compbnents were observed among the three experimental

fields.

Therefore, based on the % relative of volatile oil

components (Table 13), it was suggested that the
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solvent paak
c
| ﬂ‘lJEl’JVIEWIﬁWEJ’]ﬂ‘E
Fig. 272 GC chromatogram of ‘turmenc o obtained from éurmenc samples




Table 13 Composition of turmeric oil from Phichit, Trang and Tak
experimental fields

% relative* of volatile oil component
Component Experimental field
Phichit Trang Tak
Monoterpenes
O-phellandrene 0.82 0.57 0.22
1,8-cineol 0.52 0.57 0.06
p-Cymenene 0.07 0.12 0.03
terpinolene 1.54 1.31 0.01
minor components’ AN \0:08 0.04 0.03
total monoterpencs 3.08 2.61 0.35
Sesquiterpenes ;
B-caryophyllene i 1.23 1.01 1.49
-caryophyliene ,7 0.32 0.34 0.38
O-curcumene + O-zingibetene ~4.87 5.20 5.60
B-bisabolene 351 0.98 1.04
B-sesquiphellandfene 8.56 6.82 8.47
minor components 2.78 3.68 2.61
total sesquiterpenes 21.00 18.03 19.59
Sezquiterpene Ketones :
ar-tufmerone 32.54 32.72 32.51
B-turmerone 17.43 18.03 18.54
Ol-turmerone 17.70 17.80 22.33
minor components 8.25 10.81 6.68
total sesquiterpene ketones 75.92 79.36 80.06

" % relative = calculated from the average value of each component obtained

from the turmeric samples regrown in Phichit, Trang and Tak experimental
fields,
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turmeric samples obtained from -Phichit and Trang
ekperimental fields were similar in their volatile oil
composition but were different from the sample from Tak

experimental field with respect to the monoterpene’s

\\ l/

relative composition.

4. Curcuminoids 1n“hhlecte beraceous Plants.
1———‘ ‘J M
f “"“ S »
The eﬁﬁﬁk!'!’r" Cy@enéTtnq2}r1c method for the

determination f cur@g&inoids in turmeric

rhizomes (desc and @ethods, section 1.5)
was also foﬁn : : ;ﬁl a‘lé for the quantitative
analysis of the selected zingiberaceous
plants. Thé which were contain
curcuminoids some species in the

genus of Qy}cuma. Globba__nnd;ﬂﬁlhgr er. The name of
4———————————————————-f

the selected 14. Table 14 also

shows the characterlstlcs of TLC-densitometric chromatograms

of curcuﬁnﬁﬁﬁrﬂtﬂﬂ%"w mﬂe?ous zingiberaceous

species. " The chromatograms were produced from the well
QAT IO HNTTIYA )= o oo
in Rig. 28. was found that most of the selected
zingiberaceous plants contained curcuminoids either all
three or only one or two components. As shown in Table 14,

the species of C. mangga contains only demethoxycurcumin,
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Fig.28 TLC chroma_gspam of crude extract of selected zingiberaceous plants
(under UY;#;sH? ) oresponded to the species in Table 14.

zingiberr 55{?}ants. f b1sdemethoxycurcun1n, 2= demethoxycurcumin

and 3= _ :
% 1 TLC gensitomelric B:DL* ralb
chrb\;iaidgram
AR R N

(A bnga ir 2:3:5

2 O redbsris S AT 1.5: 8: 0.5
b

3(...s¢-‘,_,. s2n) 3:4:3
¥

ACammlta 1:75:15

s 0 ceesig 16:356:5

o CngmﬂhUMn)_jA\&/\//\\/A\\\__

P, ST f\/\/\/L- alp

8 G mabceenss jL—-/UL 0:45:556
0 Zzervmbel m

10 £ Sp(Waan Bn Loeang)

" & menggs «/kj\\———' 0:10:0

12. 2 offkmsle j\ =
B C comoss -/J\ =
14 C servginoss IL -

*B:D:C=bisdemethoycurcumin:demethoxycurcumin:bisdenethoxycurcumin
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Ze cassumunar contains essentially curcumin and G.
malaccensis obviously contains these two components.
on the other hand, none of the three curcuminoids were
detected in the species of Z. officinale, C. comosa and
C: aerugionosa. In addition to the characteristic
densitometric chromatoéf#h- the ratio of curcumin :

demethoxycurcumin ¢ bisdeiéggg‘ curcumin could also be

another criteria™for cTemical ~differentiation of the
_—

different zingibeff

plant that was

<-;:Aous5 plants. This ratio for each

i"éq is! shown .in Table 14.

R

——

Quantit & y:;thé,gontents of total curcuminoid
Ldd

ad

and of each ¢ ent ﬁ%&d‘found to be highly variable

among the sele aceous plants. ¢. longa

ey

=

was found to be highéﬁf'fof§$ﬁe_total content (almost 10%)

-

followed by_.'t'i Cc. zedoaria (3.8%) s, if’,}laya Waan (unknown

species o}’icﬁrcuma, 1.3%)NEs Eé;%matica (0.9%) and
so on (see Tgble 22 in Appendix).J*In term of individual
curcunin®id contenty) €] dongagalsoshowed high content of
all the? three components whén compared with the other
spégies "« Tahles ) 22 4in Appendix).- Howevery C. zedoaria
was 7 found to cbntéin relatively high content of
demethoxycurcumin. For other species the content of

each component was normally lower than 0.5% w/w (Table 22

in Appendix, Fig. 29 and Fig. 30).
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o
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Fig m Each curcuminoid content (xw/w) obtained from selected

zingiberaceous plants
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5. Volatile 0il Content and Composition in the Rhizomes

of Some Selected Zingiberaceous Plants

5.1 Volatile 0il Content

As shown in Table 15,the volatile oil content

of some selected plants were found to

contain highly va‘ m extractable volatile oils
(from 0.1

Curcuma longa M

the highest vo i .

to 10.86% which was

is was followed by an
unknown Thai as Phaya Waan)
which contaiﬁ s &i'; vgi? edoaria (6.13%), C.
caesia (4.61%), k and Zingiber zerumbet
(4.19%) were dl e moderately high volatile

0il 1level. contain the lowest

volatile nil in other species
were varied _ ble 15). These results
are also easil par graph (Fig. 31).

AUEINENINYINT
RIAINTUNRINYINY



Table 15 Volatile oil content (x v/w) of some selected Zingiberaceous plants
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Plant

Volatile oil content (x v/w)

Volatile oil characteristic

Curcuma longs

C zedosris

C sp (Phaya Waan)
C gromstica

C caesia

C sp (Waan Ma Lugang) |
Zingiber cassumunsc A
Globbs malaccensis &
Z zerumbet

C sp (Waan En Lutang)
C mangoa

Z officinale

C comose

C eeruginosa

10.86
6413
667

3.40
4.61
2.01
2.30

£:20

449"

170, 4

0.50%,

B e

0,14/

yellow

pale yellow
transparent
pale yellow
pale yellow
brown - green
transparent
brown - green
pale yellow
yellow
transparent
pale yellow

yellow

 brown - green
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Volatile oil content (xv/W) obtained from selected zingiberaceous plants,
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O o088

C.\co6573

Zinaiber zerumbel

L. sromslics

Z. cassumimsr

Plant

o oL ol -

‘23

2. offienske
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L. manggs

. comoss
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total curcumincid contents (x w/w)

88

When the content of both curcuminoids and volatile
oils in each species were considered simultaneously, it
was found that the species containing high curcuminoid

content also wusually contained high volatile o0il content

(Fig. 32).
10
9 | 124
AL 120
' 416
3"’ .zl.,.
‘T;‘_.’ ...12
2 2 i
— - 138
] =
-4
048 | 1
a Hlk m n

-curcu_minoid [ Tvolatile oil

Fig. 321 Curcuminoid and volatile oil contents obtained from selected

zingiberaceous plants.

a. Qurcums bongs : h. Z. offfichaie

- b. £ specles (Phaya Waan) I C species (Waan Ma Lueang)
¢ G 2edosrs 2 & species (Waan En Lueang).
d. € cowsn k. Gobka matscoatsis
e. Zhpher 2erumbel l. C srupnosa
f. G sromatica m. & maame
g 2. cassumumar n. C comasa

total volatile cil contents (x v/w)
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5.2 GC Chromatograms of Volatile Oils
In addition to the volatile o0il content,
composition of the volatile 0oil in the selected
zingiberaceous plants were also compared by using gas
chromatography. The typical GC chromatograms of +the
volatile o0il from varioq§,plants are shown in Table 186.

Among these plants, it wﬁé;:ﬁpund that ¢. zedoaria, C.

caesia, C. aromatiea and €. species (known in Thai

R
as Phaya Waan)jyukf éir %i chromatograms similar to that
qd

of ¢. longa. T J@o roup included &. malaccensis,
r i .

Fias <88

s - ; : <
C. aeruginosa o ~unknown species of Curcuma which
e

known in Thai as' Waa 'ﬁq:Lébéhg and Waan En Lueang. This
. idd 1

&d

group was found have “a n@ibér of volatile oil components

). L)
sqﬁiierpéggg and sesquiterpene-ketones
T T

d§ s

e =)

of monoterpenes,

distributed over the chromatograms and no obvious major
=Ly &7 O

components. | AThe third group belonfsl to C. mangga and
p— - _—

X

: C. comasa wh&é@ were found to contain-

mainly monoterpene
components andjminor of sesquiterpenés and sesquiterpene-
ketones ~¢omponentss Fimaldy,) ¢they #fourth group which
included 0 2. zerumbet and Z. cassumunar, they found to

containy the major, components)of /sesquiterpene~-ketones.

In term of the relative quantity,it was found
that various volatile oils from the selected plants were
considerably different in their o0il proportions of

monoterpenes, sesquiterpenes and sesquiterpene-ketones
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(Table 16). With this aspect, the plantv samples could be
divided into 3 groups. The first group was found to
contain high % relative of sesquiterpene-ketones, such as
¢. longa (73%), G. nalaccensi& (66%), Z. zerumbet (86%),

Z. cassumunar (54%) and C. aerugjnosa (64%). The second

group contained high % 3 ve of sesquiterpenes. These
included . zedos ;\l’ aesza (63%), C. species
(Phaya Waan) (6 3 ) and C. species (Waan
Ma Lueang) (62 which contained hlgh

ound to be C. mangga

% relative of mo f o

(98%) and C. coz

ﬂ‘lJE!’WIWlﬁwmﬂ‘é
Q‘maﬂﬂiﬁu um'mma d
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Table 16. Typical GC chromatogram of selected zingiberaceous plants

and percent relative of their volatile oil components

*
#relative

Plant Typical GC chromatogram | moncler- seaqtler- socqier -
penes penes pene Kelaes
s;l;;n?
\ & bnga 3.0 24.0 73.0
2 C redoaria 13.0 62.0 | 25.0
3 C caeskq 2.0 63.0 35.0
A G 5p (Phayx Wasn) 1.0 63.0 36.0
s [ aromafia fidl. LN 4\ (re 04.0 6.0
6 £l 5p(Wasn MaLuveang) Jf_“_JJJJJJLM 18.0 82.0 18.0
= *L
7 Gmakccenss | Ln__.L_L Jjﬂ..—- lre 34.0 66.0
b £)
8 £ S5p(Wasn BnLvesng) f= Lo the .JJ_LJ. - 3.0 41.0 48.0
o Zrerumbel bian. A 05 3.5 86.0
10 2, -CESSURNAES, ] Lo L) 230 23.0 54.0
1 G mengga ___I, 88.0 2.0 {r=
12 CTCtmnzﬁa _J, Pt 80.0 915 2.0
13 C qervgiosa | L1, JLL_J_;M,L..._.... 6.0 30.0 64.0

»
tr=trace

“4relative= integrated area
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