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CHAPTER IIT

EXPERIMENTS ON THE EFFECTS OF PHOSPHORUS AND POTASSIUM TO

THE YIELD OF CURCUMINQID PIGMENTS AND THE YIELD AND QUALITY OF THE

VOLATILE OIL OF CURCUMA LONGA LINN RHIZOMES,

1, Introduction

The purpose of the experiments was to study the effects of
phosphorus and potassium added to the plot in the cultivatibn of C.
longa Linn to the yield of the curcuminoid pigmenﬁs and the yield
and quality of the volatile oil produced in the rhizome, The values
of turmeric in therapeutics are the high yiela and high guality of
the volatile oil component, and in commerce is the high ?ield of the
total pigments, Minerals in the soil is one of the important factors
affecting the quality of the product, thus the effects of pﬁosphorus
and potassium were studied.

Thé turmeric plants were grown from the seed rhizomes of C.
longa Linn of Nakhon Pathom origin previously cultivated in Amphur
Hang Dong, Chiang Mai Province. The éultivation experiments were
made on the highland of Ban Yang San Lang Village, Amphur Mae-Chaem,
Chiang Mai Province where the CARE organization was working on pro-
motion of better life for villagers.

The elementé such as phosphorus and potassium were added to
the plots in the forms of.phosphorus rentaoxide and potassium dioxide

respectively. The cultivated rhizomes were harvested after about 9
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months of growth, at the stage‘of drying out of the vegetative parts.
The rhiéomes were cured and dried and analysed for the general pro-
perties and for the yield and quality of the wvaluable components,

The totai pigments and individual curcuminoid compound of
the pigment were determined by High Performance Liguid Chromatogra-
phy (ﬁPLC) under the conditiqns newly developéd in the pharmacognosy
laboratories (based partty on the work of Asakawa 198l), The active
components of the volatile oil were determined by the gas chromato-
graphic méthod coﬁpaﬁing‘wifh the authentic compounds under the same
conditions. |

The principles of the two analysis methods are given below:

: 36,37
1.1 Principle of the High Performance Liguid Chromatography (HPLC)

1.1.1 The method and advantages. Chromatography in its many

forms is widely uséd as a sepaiétive and-analytical technique. Liquid
chromatography in the form of paper, thin-layer, ion-exchange, and
exclusion (gel-permeation and gel—filtration} chromatography had not
been ahle to achieve the success, mainly because of the poor effi-
ciencies and the long analysis times arising from the low mobile
phase flow rates, But‘HPLC had already shown the potential advan-
tage, interms of column efficiencies and speed of‘analysis, of 1i-
.quid chromatography, So, . the advantages of HPLC over other forms

of liquid chromatcgraphy may be summariéed thus: {a)}) the HPLC column
can be used many times without regene;ation; (b) the resolution

achieved on such columns for exceeds that of the older methods;
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(c) thé technique is less depéndent on the operator's skill and re-
producibility is greatly improved; (d) the instrumentation of HPIC
lends itself to automation and quantitation; (e) analysis times are
generally much shérter°

The use of stationary phases'are chemically bonded
stationary phases that were prepared from silica by reacting the
surface silanol groups with organochlorgsilane or alkoxysilane to
give a linkage which is hydrolytically stable.

Si— 0 —8i —R .

The R group may be a hydrocarbon (e.g C8 or C18) or a hydrocarbon
with a polar terminal group (e.g R-CN, R—NHz)a The bonded phases
have virtually eliminated the use of coéted stationary phases, The
term normal phase HPLC originally referred to a system with a polar
liquid stationary phase, e.g. wéter, glycol or p Y 5 -oxydipropio~
-nitrile, which the mobile phase is rxelatively non-polar, e.g. hexane,
benzene, or chloroform. This mode of operation was used to separate
polar compoupds which would be distributed preferentially in the po-
lar stationary phase. It the stationary phase is non-polar, e.g. a
hydroﬁarbon and the mobile phase is polar e.g water, the technique.
is referred to as reverse phase liquié chrofnatographyo Normal phase
refers to a sysﬁem where the stationary phase is more polar than the

‘mobile phase and reverse phase where the stationary phase is less

polar than the mobile phase. Since the majority of separations are




52

now carried out in the revarse&'phase mode. Some classes of cdmpounds
.are best separated by normal phase HPLC and some by reverse phase
HPLC. Examples include: Normal phase HPLC-plasticizers, dyes, pes-~
ticides, steroids, anilines, alkaleoids, glycols, alcohols, phenols,
aromatics, and metal complexes. Rewerse phase HPLC-alcohols, aro-
matics, anthréquinones alkaloids, oligomers, antibiotics, barbitu~
rates, steroids, chlorinated pesticides, and vitamins,

| 1.1.2 Apparatus. A schematic diégram of a HPLC is shown.in
Figure 6, The unit consists of a high pressﬁre pumping sfstem to
force the liquid mobile phase through the column packed with a small
particle size stationary phase, a presaturator, an injector, the co=-

lumn, and an on=line highly sensitive detector system,
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As in all chrdmétographic techniques, the sample is
introduced into the system through the injector; the components in
the sample are fractionated during their passage through the column.
The detector system senses these components as they elute ffom the
column and generates a signal proportional to the amount of the so-
lutes passing through the system. For analytical separations the
sclvent reservoir should be of about 1 dm3 capacity. Before the sol-
vent is used it should be degassed. Degassing is required to remove
dissolved gasses (in particular oxygen) which may react with either
the mobile or the stationary phase. Ultrasonic degassing is cheap
and convenient but not very effective. The pumping systems have been
one of the main factors in HPIC and the pump is a critically impor-
tant component, The pumps in general use are piston-type pumps ﬁb
ldrive the mobile solvent., With mechanical piston pumps, the "flow
rate” is set to the desired value; and the pressure is observed as
a dependent variable., In HPLC, the technique does to improve the
separation by changing the flow rate of the solvent. A major develop-
ment in high efficiency HPLC has been the development of sensitive,
on-line dgtector systems there are two basic. types of detector for
use in HPLC involving: {a) The differential measurement of a proper-
ty common to both the sample and the mobile phase; (b} The measure-
ment of a property that is specific to the sample, either with or
without the removal of the mobile phase before detection. The first
types of detector, also known as bulk property detectors, are the

differential refractometer, conductivity, and dielectric constant
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detectors. Solute property detectors which do not require removal
of the mobile phase befofe detection include the ultraviolet absorp-
tion, polarographic and radioactiyity detectors, while the moving
wire flame ionization detector (FID) and electron capture (EC) de-
tector both require removal of the mobile phase before detection,

UV detector that is based on the absorption of ultraviolet light,

is the most widely used. It is therefore not universal in applica-
tion, but the great many substances do absorb UV radiation including
all substances having TT ~ponding electrons and also those with un-
shared (non-bonded} electrons, e.g. olefins, arcmatics, and compounds
contéining é=0, %=S, ~N=0, and -=N=N. The radiation source used in
many UV detectors is a low-pressure mercury vapour lamp. The pre-
dominant line in the spectrum .is at 254 nm and other lines are £il-

tered out to give monochromatic light at this wavelength.

1.1.3 Data handling. The data handling in chromatography

now ranges from a simple pen recorder to complicated computing in-
tegratérs and cqmputerized data handling systems, Chart speeds
generally used are a range from 0.5 to 30 cm/sec. In order to cb-
tain precise quantitative data and obtain maximum benefit from com=
puterized data handling, several factors must be controlled. The
injector, column, detector and data system must operate reproduci-
bly, and the sclvent flow rate and column temperature muét remain
stable during the run. There are several methods for determining_

Peak areas or heights as follows,
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1.1.3.1 Peak Height. The peak height is measured
as the distance from the baseline to the peak maximum. Baseline -
drift is compensated by interpolation of the baseline between start

‘and finish. Peak heights should not be used when peaks are visibly

distorted or when the column is owverloaded, or for shoulders.

1.1.3.2 Height times Width at Half-Height. WNormal
chromatographic peaks often approximaté a triangle, and the area can
be calculated by the triangle formular. The width at half height
is used rather than the widtﬁ at baseline to reduce errors due to
tailing and adsorption. The technigue is relativeiy rapid and sim-
ple. It %equires only four operations: draw the base line; deter-
mine the half-height, and measure the height and the width at half-
height, The technique should be applied only to symmetriéal peaks
or peaks which have similar shapes. The area measured is less than
the true area, but is proportional to sample size, provided the peaks
are not distorted badly. The precision depended upon the height to
width at half height ratio. A range from approximately 2 to 10
should be strived for. The width can be increased by using a fas-
ter recorder chart speed.

1.,1.3.3 Triangulation. This technigue is also based

on the fact that chromatographic peaks approximate triangles., The
triangulation technique fequires that tangent lines be drawn along
the sides of the peak. The height is measured from the baseline to
the intersection of the tangent lines. The width measurement is

taken, as the intersection of the two tangent lines with the baseline,
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The area is calculated by the trianqulation formula, This.technique
has all the limitations"of the previous technique plus the added
complexity of drawing the tangent lines. A slight error in placement
of the tangent lines can have a profound- effect on the height measure-
ment. A height to width at half-height ratio of approximately one is
best. This technique is not recommended since it is susceptible to
operator error and shows no improvement in accuracy over the previous
method,

lnlu3n4_Pl§nimetr¥o A planimeter is a mechanical
device used to measure the peak area by tracing the perimeter of the
peak, The area is measured digitally on a dial. The precision and
accuracy of this method are dependent on the device to use and requires
considerable operator skill., The planimeter technigue, which perhaps
no more precise than the triangulation technique, is more accurate,
particularly with skewed peaks, because the ture peak area is measured.
Precision can be improved by sﬁarting the frace at a position of low
sensitivity and by tracing each peak several times and taking an average,
Repetitive traces maké an already time consuming technique even more
lengthy.

1.1.3.5 Cut and Weigh. This is another perimeter

technique which requires cutting out the chromatographic peak and
weighing the paper on an analytical balance, The accuracy of the
method depends on the care used in cﬁtting and on the constancy of

the weight of the chart paper, The inaccuracy of the cutting can be
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minimized by keeping the ratio of height to width at half height in
the range 1 to 10, Destroyving the chromatographic-datd can be avei~
ded by previously copying the chromatogram and cutting the peak out
of the copy. The homegeneity of the paper, moisture content, and
the weight of the paper are important factors. This method is time
consuming, but superior to triangulation techniques for irregularly
shaped peaks,

1.1.3.6 DISC® Integrator. The DISC® integrator

is a popular method in ligquid chromatography. It provides a degree
of automation at a relatively low price, but accuracy is limited by
the performance of the recorder and independent of peak shape. The
- main disadvantage of the DISC:@Dijitegrator is that the peak must not
be allowed to go off scale. |

1.1.3.7 Digital Integrator. Electronic integration

offers the liquid chromatography highly precise and automatic con-
version of the chromatographéc signal into numerical form. This
technique eliminates errors from the recorder since the detector ocut
put is sent directly to the integrator, The electronic integrator
is a device which automatically measures the peak area and retention
times. Digital integrators usuwally give better accuracy and preci-
sion than the chromatograph. Sharp peaks are most easily handled,
Digiﬁal integrators were wvery expensive for the average laboratory
instruments.

1.1,3.8 Computers. The digital integrator does an

excellent job of peak area measuremént, but does not do any compo-
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sition calculations or data iﬂterpretation° Microprocessors in com-
puter technology have greatly lowered the cost of computers and due
to distinct advantages. They have become very popular. There are
several approaches being used, but two types have become very popu-
lar: Dedicated coﬁputer is a single computer attached fo the liquid
chromategraphy and multichannel dedicated computer has several chro-
matographs® on~line to a dedicated computer. The single greatest
advantage of on-line computer techniques is that manual measurements
and calculations are no longer performed by the operator, thus in- .
creasing the convenience, precision, and accuracy. At the end of

a chromatographic separation, the results are immediately available,

36,37
1.2 Principle of the Gas Chromatography (G.C.)

1.2.1 The method and application. The basis for gas chro-

matographic separation is the distribution of a sample between  two
phases. One of these phases is a stationafy bed of large surface
area, and the other phase is a gas which percolates through the sta-
tionry bed., Gas chromatography is a technique for separating vola-
tile substances by percolating a gas stream over a stationary phase.
If the stationary phase is a solid, it is called gas solid chroma-
tography (G.S.C). The basis for separation depends ypon the ad-
sorptive properties of the column packing, Common column packings
used are silica gel, wolecular sieve, and charcoal. If the station-
ary phase is liquid, it is called Gas Liquid Chromatography (G.L.C:)

The liquid is spread as a thin film over an inert solid and the basis
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for . separation. is the parfitioning of the sample in and cut of
tﬁis liguid film. It is used to analyzed gases, liguids and solids.
In gas liquid chromatography the components to be separated are car-
ried through the column by an inert gas {carrier gas). The sample
mixﬁure is partitioned between the carrier gés and a non volatile
solvent {stationary phase) supported on an inert size-graded solid
{solid support). Thg gsolvent selectively retards the sample compo~
nents, according to their distribution coefficient, until they form
gseparate bands in the carrier gas. These component bands leéve the
column in the gas stream and are recorded as a function of time by
a detector,

The retention time is that time from injection to
the peak maxima. This property is characteristic of the sample and
the liquid phase at a given temperature, Wiﬁh proper flow and tem~-
_perature control, it can be used to identify each peak, Several
compounds can have identical or close retention times, but each com-
pound has only one retention time. This retention time is not in-
fluenced by the presence of other componentsg.- The area prbduced
for each peak is proportional to that peak's concentration, This
can be used to determine the exact concentration of each component.
Accuracy attainable with gas chromatography depends upen technique,
detector, integration method, and sample concentration, Interpre-
tation of the data obtained is usually rapid and straight forward.

1.2.2 Aggaratus° A échematic drawing of a gas chromatogra-

phic system is shown as Figure 7. ,page 60,
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Figure 7: A schematic drawing of a gas chromatographic system,

1.,2.3 Data handling, The data handling in gas chromatogra-

phy is the same as those described in HPLC method, (see section 1.1,3)
The general properties of the rhizomes were.determined
through the ether-soluble extractives, both volatile and non-volatile

the total ash and the acid-insoluble ash contents, and percentage
of loss on drying as for the volatile cil-containing wvegetative drugs

general method of analysis,
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2. Experimental part

" 2.1 Apparatus and chemicals

2,1.1 Apparatus

%al,lal Gas chromatograph PerkinuElﬁér, model Sigma
3B with dual flame ionization detector, equipped with glass column
diameter x length 1/6 inch x 6 ft packed with 5% SE-30 on 60-é0 mesh
chromosorb HMDS. |

2.1.1.2 High Performance Liguid Chromatograph model
6000 A, Waters Association with UV Model 440 absorbance detector;
equipped with metallic column diameter x length 3.9 mm. x 30 cm.
packed with 10 S Bondapak®

2,1.1.3 Other laboratory apparatus included:

Muffle furnace, Thermolyne Corporétion, Subsidiary
of Sybron Corporation, Iowa, U.S.A.

Prying oven, gravity convection type, Precisiocn

Scientific

Moisture balance, Mettler LP 12

Automatic shaker, Lab-Line Instrument Inc.

Millipore filter pore size ODSJpom,Millipore
Corporation

pH meter, PHM 61 Laboratory PH meter, Radiometer,
Copenhagen |

Mill, Arthur H.Thomas Co,Phila, U.S.A.

Extraction apparatus, Soxhlet 45/50, Pyrex,Corning
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glass works, Corning New York.

Ultrasonic bath Brasonic@D221, Waters Association.

' 2,1.2 Chemicals

Acetone Analar®, BDH Chemicals Ltd.

Acetonenitrile HPLC grade, H & W

Benzene 'Baker Analyzed69 Reagent

Diethylether, Riedel-Dehainag, Seelzer-Hannover.

Double distilled water

Ethanol absolute, RmPoNbrmapur'C)

Formic acid, A.R., Fluka

Hydrochloric acid, Pronalys., May & Baker Ltd.

Methanol "Pronalys" May & Baker Ltd.

ar-Turmerone from faculty of écience, Chulalongkorn
University.

Anhydrous sodium sulphate, AR,Riedel

Curcgmiﬁ Fluka AG,Buchs SG.

Kieselgel 60 (35-70 mesh Astm), E.Merck,Darmstadt.

Potassium sulphate fertilizer containing 50% K,0;
Yip In Soy Co.Ltd.

Tripple superphosphate fertilizer containing 46%

PZOS; Yip In Soy Co.Ltd,




63

2,2 Cultivation experiments

2,2.1 Site of experiments

Site: Hilly area at Ban Yang San Lang, Tambon Tha
Pha, Amphur Mae Chaem, ChiangMai Province,

Altitude: About 1500 meters above the average sea
level

Slope: 20-25%

Average rainfall: About 67.35 miliimeters

2.2.2 Date of experiments

From July of 1983 to March of 1984

2,2.3 Soil condition and preparation. The land at the site
of the experiments was forﬁerly a rice and corn field. The séil was
a well~drained rich loam. The soil analysis made by the Soil De-
partment, Faculty of Agriculture,Chiang Mai University gave the
following data.

PH 6,33

Organic matter content 2.76%

Available phosphorus contént .l4a00 ppm

Available potassium content 435.42 ppm

A_plot of the dimensions 6mx 12 m was raised ©
inches above ground to ﬁrevent soaking of the underground part of
the plants during the heavy rain as well as to prevent explosure
of the root at the time, The plot was divided intoc 9 beds of the
area 0.66 m x 12 m each as shown in Figure 8., No other prepara-

tions were needed as the soil was rich enough for growing plants,
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A |rreatment with potassium |untrea} Treatment with tripple
sulphate fertilizer ted |superphosphate fertilizer
Amount of K treated con- {Amount of P treated

. (ppm} trol (ppm)
Plot Plot | Plot |Plot |Plot Plot Plot Plot-: Plot
No.9 | No.8 |No.7 [No.6 [No.5 [No.4 [No.3 | No.2 | No,l
765 | 565 |365 |165 o |106 76 46 | 18
Alalalalalalalala
A AN [ AATD A AL D
A AN A Al TATAAA
LA A tAa AN A TA A A
VANRN NVANRE VAN BVANR IVANSN VAN RVANS RVANR (VAN
A A IATAITD ]I AADA DA
AlAalaialalalaiala
A TA |AITAITADA A A A]A
A A A ITATDATA[ATAA
Alalajalajalalala
AlAalalalalatlAalAas
vialalalalajlajalalas
0.66 m
4 6 m. >
Figure 8 : Adiagram showing of divided plots for cultivation of

curcuma and treatment with fertilizers

Control:contaihing 14 ppm of phosphorus and 435 ppm

of potassium

A : Curcuma plant
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2.2.4 Planting experihents

2.2.4.1 Curcuma longa Linn  rhizomes for propagation.

Seeded rhizomes were put underground in a_stbre place about cne month,
before the beginning of the experiments. They were the Nakhon Pa-
thom variety previcusly grown and propagated in Amphur Hang Dong of
Chiang Mai Province. for one,seasoﬁ.

2.2.4.2 Planting, The finger parts of the seed rhi-
zomes were used for propagation., They were removed from the store
place in July of 1983 and.put in the prepared beds in rows of SO'cmo
apart and 50 cm intervals in each row. The fingers were covered
with 3-5 cm layer thickness of the soil and presgsed firm, Light ir-
rigation from a shower pot was givéh at the beginning on the dry
days. Too much water was avoided to prevent rottening of the seed
rhizomes. The bud appeared on each finger within 30 days after put-
ting in the soil, and the first leaf within 20-50 days.

2.2,4.3 Care and management, C.,longa Linn was an

easy plant to manage. It grow well if the soil was rich and there
was sufficient rainfall. Affer the first leaf appeared, the other
leaves of rather bright green colour followed rapidly. The size of
the leaf was lérge, of approximately 13 cm x 35 cm., The leaf number
varied from four to six and the leaves could well shadow the ground
that only one weeding was fequired in the fi?st 30 days period af-
ter emergence of thé plant. No weeding was necessary ever since.

. 2.2.,4.4 Fertilizer experiments. In October 1983,

the third month after planting, the prepared fertilizers were given.
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Phosphorus was given in the form of tripple suberphosphate contain-
ing 46% of P205° Potagsium was given in the form of potassium sul-
phate containing 50% K20° The calculated quantity of each compound
equivalent to the required weight of phosphorus or potassium was
mixed thoroughly with soil to produce the specified concentration
of the element. The soil around each plant, 10 cm from the stem,
was turned up and the prepared miﬁture of the fertilizer element
was applied. The soil around the plant was mixed well with the fer-
tilizer and then damped with water from a shower plot, Supposing,
the presence-of 800 ppm of potassium in the soil was sufficient for
the cultivation of curcuma. The available potassium in soil sampie
was found to be 435 ppm., The extra amounts of potassium sulfate
ferﬁilizer added to reach 800 ppm of potassium could be calculated.

Example of calculation.

available K in the sample soil 435 ﬁpm

general loamy soil, weight of soil = 320,000 kg/Rai
2
1 Rai = 1,600 m
- o Soil 106 kg have K = 435 kg
Soil 320,000 kg have K = 435 x 320,000 = 139,2 kg/Rai
108 ‘
Addition K to 800 ppm
o a Soil 106 kg have K = 800kg .’
Soil 320,000 ky have K = 800 x 320,000 = 256 kg/Rai
106
- - K was used to add into the soil = 256~139,2 = 116.8 kg/Rai

= 0,073 kg/m>
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Each plot has the 0.66 x 12 = 7,92 m? areas

.°. addition of K = 0.073 x 7.92 = 0.578 Kg/7.92 >
But KZO =Kzx 1,2
- o BRddition K in the form of K20 = 0.578 x 1.2 = 0.6936 kg/7.92 m2
Potassium sulphate fertilizer containing 50% K,0
K20 50 kg receive from potassium sulphate = 100 kg
K20 0.6936 " l' " = 100 x 006936
50

1.387 kg

. 2
Therefore, addition potassium sulphate 1,387 Xg/7.92 m equal K

800 ppm,

Table 10: The data of the amount of fertilizers applied

Treatment number Amount of Phosphorus Amount of Potassium
applied ({ppm) applied {ppm)
1 ‘ 16 -
2 46 -
3 76 =
4 106 -
5 | control control
e ~ 185
7 - 365
8 - - 7 565
9 - 765

Control: containing 14 ppm of phosphorus and 435 ppm of potassium
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2.2.5 Harvesting. Curcuma longa Linn plants grew well

through the rainy season to the average height of ;,500 meters, Af-
ter full grdwth the plants flowered. With the approach of the cool
season in November the plants began to wither. When the whole ve-
getative part withered, the harvest time came. The soil around the
plants was dug with a small iron hoe and the whole clumps of the
rhizomes, complete with the fingers and rootlets, were carefully
lifted out., The adhering soil was removed and the rootlets were

cut off, and the clump of rhizome washed clean. The rhizomes ob-
tained were separated into the bulb part and the finger part for the

curing process to prevent budding afterwards.

2.3 Analysis

2.3.1 Preparation of the sample for analysis. The bulbs and

fingers were cured according to the process described in section
2,2,2, Chapter II. Then the cured samples were ground (2=2n3,p 39)
to obtain the sample powder passing the sieve diameter 1 mm,

2.3.2 General analysis, The criteria of general properties

of the samples were determine as follows:
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Table 11: The criteria of general properties of the samples

Criteria Method of analysis described in details in:

Chgpter heading page

Loss on drying Ir 2.3.1 40

The volatile oil iI 2,3.2 | 40

content

The total ash content II 2.3.3.1 40

The acid-insoluble TI 2.3.3,2 40

ash content

The volatile,and non- II 2,3.4 | 41

volatile ether—solublé

extractives-

Triplicate analyses were made for each sample, and the average was
.taken as the result which was shown in the part "Results and dis-
cussion". (Table 14, page 78)

2.3.3 Determination of the curcuminoid pigment content

2.3.3.1 The method emploved and the conditions of
analzsiso The method employed in the determination of each curcu-
mineid compound as well as the total pigment content was the High

Performance Liquid Chromatography (HPLC method), with the following

specified conditions:
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Column; diameter X length 3.9 mm x 30 cm,
packed with Nugleosil Cls' particle size lO/u/ |

Elution solvent: Aqetonitrile-water-formic
acid 45:75:2

low rate : 1,5 ml/min

Sensitivity : Oabz

Chart speed : 2.5 om/min

Detector : UV detector, at 254 nm

Sample size : 10 Al

Degas by mean of ultrasonic bath for 30 min.

2.3,3.2 The determination of the peak areas. The

peak area of each compound in ﬁhe HPLC chromatogram was determined
by the following expression:

Peak area = Height x width at half height

The width at half height was used rather
than the width of the base line of the triangular peak to aveid er-
rors due to tailing of the base line and adsorption

To determine the width at half height, first-
ly the baseline of each peak was drawn from A to B, determine the
half height (% H). Then measure tﬁé height (H) and the width at

half height (W %) as shown in Figure 2., page 71
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Figure 9: Determination of peak area by Height times Width at Half-

Height method

2.3.3,3 Preparation of the sample for the HPLC ana-

lysis. About 3 grams of the powderéd sample was weighed acéurately
and extracted with acetone in a soxhlet continuous extractors for

8 hours, The extract obtained was transferred guantitalively to a
100-ml volumetric flask and made to volume with acetone. Resins
were removed prior to the determinaﬁion by column chromatographic
method. Thus, 10 ml of the extract was. pipetted into a chromato-
graéhic column size 2.5 cm x 40 cm,'packed with silica gel 60 for
column chromatography (35-70 mesh ASTM)., Elution of the pigments
waswﬁa&é with the mixture of benzene-methanol 8;2 {500 ml). The
time needéd for each elution was about 30 minutes., The volume of
the eluate was reduced to about 50 ml under reduced pressure, The
conceﬁtrate eluate was then quantitatively transferred to a 100 ml
volumetric flask and diluted to wvolume with methanol.  The solution
was filtered through a millipore filter to obtain the sample solu-
tion for HPLC analysis, Ten microliters of sample solution was in-

jected onto the, HPLC column that had keen previcusly equilibrated
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for 0,5-1 hour with the mobile solvent as mentioned above. The HPIC
peaks were detected by means of an ultraviolet detector at 254 nm.

2.3.3.4 Preparation of the standard curve of the

three curcuminoid compounds of turmeric pigments. Two hundred f£if-

ty milligrams of the standard curcumin (Fluka AG, containing 3 com-
pounds) was accurately weighed into a 500-ml volumetric flaékq It
was dissolved and diluted to volume with methanol. This was the
500 ppm stock solution of curcumin. Solutions of curcumin of the
concentrations 50,100,125,150, and 200 p?m were prepared from the
above standard stock scolution, using methanol as solvent. Each

(10 441) was analysed by the same HPLC appératus and under the same
conditions. The peak area of eacb compound in each chromatogram
was measured and calcﬁlatedu The data was shown in Table 17, and

the standard curve of each compound was prepared.

2.3.4 -Analysis of the volatile oil for the active components,

turmerone and ar—-turmerone. The analysis of the volatile oil of C.

longa Linn was made by the gas chromatographic method undef the
following conditions:

Apparatus : A Perkin-Elmer Sigma 3B gas chromatograph,
edquipped with flame ionization détector, integrator and temperature
programmer,

Column : 1/8 inch % 6 ft. glass column, packed with
5% SE-30 on 60-80 mesh chromésorb HMDS

Oven temperature : 180°¢ |

. . o
Injection temperature : 200°C
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bDetector tempeiature : 220°C
Attenuator : 3,4
Range : x 1000

Sample size : 0.3 /&l

Carrier gas : N2
Flow rate : N2 38 psi
: Air 30 psi
: H2 18 psi
o, .
Ramp rate : 4 C /min

Chart speed : 30 cm/hr

The authgntic ar-turmerone, obtained from Assitant
Professor Dr, Sopon Raengsamran of the Chemistry Department, Chula-
longkorn University, were compared for the identification of thé
peaks. The Percentége of each constituent in the oil was recorded
automatically by means of an electronic integrator, and the data
waé shown in Table 13. page 76 and peaks for ar-turmercne and turmerone

in Figure 11, page 77.
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3. Results and discussion

Table 12 : Yield of volatile cil at different phosphorus and potas«s

sium levels of the soil

Elements added (ppm) Yield of wolatile oil*
%, on dry weight basis
Phosphorus** Potassium*** -
0 0 6,19
16 7.04
46 7.94
76 8.68
106 7.55
165 7.19
365 7.03
565 7.60
765 7.09
* Average of 3 determinations of each sample.
* % Phosphorus was added £o the plot in form of phosphorus
pentaoxide

ik Potassium was added to the plot in form of potassium

oxide.

Control: containing 14 ppm of phosphorus and 435 ppm of potassium,
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Figure 10: Effect of phosphorus and potassium on the percentage

yield of the volatile oil in the rhizomes

0—0 : effect of potassium

[}f‘jﬂ;: effect of phosphorus
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Table 13: Effect of phosphorusland potassium on the quality of wvola~

tile o0il of C.longa Linn rhizome via the determination of

ar~turmercne and turmerone contents analysed* by gas chro-

matographic method

Elements added (ppm) ar-turmerone turmerone Total
percentage
Phosphorus Potassium tR,min Percen- tR,min Per- jof active
tage cen~ | compounds
tage
0 0 7.04 44,43 8.85 [36,99 | 81.42
16 7.03 38.17 8.96 [41,74 79.91
46 7 7.16 39.97 9,04 {37.32 77.29
76 7,01 36,39 | 8.89 [38.27| 74.66
106 7.01 42, 24 8.80 [36.62 78.86
165 7.04 38.68 8.86 [3B,75 77.43
365 7.07 47 .78 8.75 133.87 81l.65
565 6.94 45.41 8.60 |35.02 80.43
765 6,84 31.20 8.80 [|45.54 76.74

*Average of 3 determinations of each volatile oil sample.

Control: containing 14 ppm of phoSphorus and 435 ppm of potassium.
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7. 24

injection

8.83
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Figure 11: Gas chromatographic separation of turmerone and

< ar-turmerone in volatile oil

Peak @ : ar-turmerone

Peak C) : turmerone




Table 14: *Percentage constituents of C, longa Linn xhizomes culti-

vated in the soil treated with fertilizers containing

phosphorus and potassium,

Elements added({ppm) jTotal ether|Non-vo- | Total | Acid~ {toss on
extractive | latile ash insolu |drying
Phosphorus| Potassium Sphey ble
extrac-
tive
% % % % %
0] 0 11.94 9.22 7,17 1.45 14.01
16 110,98 8.92 |7.54 |1.44 {14.21
46 10.3° 9.39 7,60 1.75 13.18
76 12.24 8.40 7.4l 1.38 14,53
106 9.74 7.62 7.19 1.82 13.47
165 11.65 2.89 8.16 1,58 14.36
365 10.76 8,28 7,59 1.52 12.91
‘ 565 11.92 8.10 | 7.38 {1.41 | 14,93
765 11.33 9.07 7.72 1.49 14.61

* Average of 3 determinations of each sample

Control: containing 14 ppm of phosphorus and 435 ppm of potassium.
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Table 16: Effect of potassium.on the vield of individual curcuminoid

compounds
Amgunt of - % increase in pigment
po tassiﬁ.m adde d. p-hydroxycinamoyl-} bis{p-hydroxy- | curcumin
! feruloyl methane cinnamoyl)- (peak 3}
(ppm) {peak 1) methane
(peak 2)
165 20,00 44.23 4.66
365 65,71 56,73 16.32
565 22,85 46,15 3.79
765 20,00 44.23 . 4,66

Contrel: containing 14 ppm of phosphorus and 435 ppm of potassium,
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Table 17: Peak areas of curcuminoid compounds from various concen—

trations of standard curcumin (Fluka) determined by HFPLC

Concentration of Peak areas (cmz)*
standard curcumin, p-hydroxy~ | bis~(p~hydroxy-| Curcumin
(ppm) - cinnamoyl- | cinnamoyl) -
feruloyl methane
methane
(peak 1) {peak 2) (peak 3}
50 0.24 0.67 2,15
100 0.49 1.34 4.58
125 0,59 1.74 5.46
150 0,75 2.01 6.46
200 0.98 2.66 8,73

*calculated by Height times Width at Half-Height method’mobile

phase:acetonitrile:water:formic acid 45:75:2
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Figure 12: HPLC separation of curcumin and minor curcuminoids

using acetonitrile:water:formic acid 45:75:2 as

eluent A,B,C,D: concentration of standard curcumﬁg

(Fluka) 50,100,125,150 ppm respectively

Detection by UV detector at 254 nm,
(: demethoxycurcumin
C?: bhisdemethoxycurcumin

(3: curcumin
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Figure 13: The standard curve of curcuminoid compounds deter-
mined by the HPLC method
A‘—-“A curcumin (peak 3)

O_‘O: big-(p-hydroxycinnamoyl) -methane (peak 2)

O—o T p-hydroxycinnamoyl-feruloyl methane (peak 1}
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Table 18: Peak areas of curcuminoid compounds from the extracts

of the cultivated C, longa Linn rhizomes samples deter-

mined by HPLC

&
~Concentration of Peak areas, cm

phosphorus or p-hydroxyci- | bis{p~hydroxy- | curcumin | Total
potassihm added, | nnamoyl fe- cinnamoyl) - area

(ppm) ruloyl . | methane

mgphane
(peak 1} {peak 2) {peak 3)

0 {control) 0,70 1.04 3.43 5.17
16 (p) 7 0.79 1.07 3.56 5.42
46 (p) 0.81 1,14 3.42 [5.37
76 (p) 0.70 1.1¢6 3.61 5.47
106 (p) 0.79 1.15 3.47 5.41
165 (K) 0.84 1.23 3.86 5.93
365 (K) 1.161 1.63 3.99 6.78
565 (K) 0.86 l.52 3,56 5.94
765 (K) 0.84 1.50 3.59 5.93

* Average of 3 determinations of each sample

(P) and (K) repressents phosphorus and potassium respectively
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The method employed in the determination of ﬁhe curcumineid
pigment content in C. longa Linn rhizomes was the High Performance
Liquid Chromatographic method developed in the pharmacognosy re-
search laboratory at ChiangMﬁi University, based on the original
work of Aéakawa et al, 1981 in which the following conditions were
described:

Column : 4.6 mm x 15 cm, packed with SIpu Nucleosil C

18

Elution solvent: mixture of acetonitrile-water=-acetic acid
51:49:5

Detector : UV-detector

Preliminary experiment for the separation of the three cur-
cuminoid compounds in standard curcumin (Fluka) by reverse phase
HPLC was carried out under the same conditions as those described
by Asakawa et al, but the 10 gt Nucleosil C, g column was used in-
stead of the S/MI Nucleosil C18 column, Under such conditions poor
resoiution was obtained probably owing to the unsuitability of the
mobile-phase, flow rate and sample size used. Attempt at optimizing
the experimental conditions namely the mobile phase, flow rate, the
sensitivity and chart speed was made. Various prgpoortions of the
mobile phase, acetonitrile:water:acetic acid, were tried. Results
were shown in Table 19 . It was seen that again poor resolution
was obtained. In order to acheive the suitable mobile phase for
the separation and/or determination of curcuminoid compounds a mix-
ture containing acetonitrile, water and formic acid at various pro-

portions were investigated. Results were shown in Table 19 . The
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optimal proportion for acetonitrile:water:formic acid was found to
be 45:75:2 v/V at the flow rate of 1.5 ml/min, - Since it provided
high resolution. The chromatogram was shown in Figure 16. , page 90

Spectrophotometric method was used extensively in the ana-
lysis of pigment in turmeric. The method was suitable for the de-
termination of total pigment since every curcuminoid compound showed
maximum absorption at the same wavelength, 425 nm. Spectrophoto-
metric method was employed in the evaluation of turmeric in the
markets, ag shown in section 1.5, chapter IT. The excellent method
for the determination and/or separatibn of the three curcuminoid
compounds was found to be HPLC under optimun conditions. Since it
exhibited three well-resolved peaks in the chromatogram,

Turmeric has been used in the traditional medicine for quite
a8 long time as an antiseptic. The volatile oil content in turmeric
was responsible for the action., Not less than 20 components were
reveled in the gas chromatogram of tufmeric volatile oil. Among
these turmerone and ar-turmerone were the major constituents, the
latter-occured from turmerone during extraction bProcess., The work
of Assistant Professor Dr.Scpon Raengsamraﬁ of the Chemistry De-~
partment, Chulalongkorn University has been reported about the in-
hibition of curcuma oil against bacteria and fungus as follows:

'Type of bacteria and fungus Zone of inhibition of curcuma

oil (cm)

E=-Coli 0.9

Streptomyces aureus 1.3

* Personal communication
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Bacillus subtilis . 1.4
Shigella flegneri . 1.4
Salmonella typhi 1.3
Candida albigans 1.2

He concluded that if the inhibition zone was broad, the curcuma oil
would be very effective.

The site of the cultivation experiments was on the slope
{20-25%) of a high hill (about 1500 meters above the average sea
level) in Amphur Mae-Chaem. Although the land was previously a
rice field and corn field, the composition of the soil was rich.
Analysis of the soil before the experiments showed adequate orga-
‘nic matter content {2.76%) and high potassium content (435 ppm)o
Therefore, the turmeric rhizomes obtained from the control plot
showed rather high quality:volatile oil content 6.19%, total active
components in the o0il 81.42%, total ether extractive 11.94% and
total pigment content 5.17%.

However, the effects of potassium and phnosphorus added to
the soil in the experiments could be clearly seen (Figure 10 )., Ad-
dition of phosphorus to the soil increased’tha yield of the volatile
0ll content in the turmeric rﬁizomes up to a certain point (90 ppm,
yield 8.68% compared to 6,19% of the control), then more phospho-
rus did not have an advantage. Potassiﬁm also had the same effect,
although the increase was less than the effect of phosphorus (maxi-
mum effect on addition of 565 ppm potassium, yield 7.60% compared

- to 6.,19% of the control).
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Responsge
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Figure 16; Investigation of HPLC separation of curcumin and

minor curcuminoids

using acetonitrile:water:formic acid (45:72:2) as eluent
Concentration 125 ppm
Flow rate 1.5 ml,/min

Detection by UV detector at 425 nm

C) : demethoxycurcumin
@ : bis-demethoxycurcumin

©)] : curcumin




91

U FGZ 3T AN fUOTIDSISP ‘UOTINTOS UTUMOIND PABPURIS JO H1\0H ? pasn 9218

uTunoan) @

auelslu- (TAcureuutaAxoipiy-d) -s1q ¢

sueyzew TRoTniag-TAoweuwutoAxoxpiy-d 3
oT 11 0z'E 080 vO'E 7wt ALz S°T ErTisLisy
00°g ay°T or°o 98"z z9'z ve-z 5T £36L7Gp
OE" ¥ 0z°T $Z°0 00°€ 9Lz e s*1 preisiisy
06*9 061 0¥ av'z 9z yo~z 07 EAL-TAL 1 2
oo g 091 or o 9c-¢ vo'E 8Lz 5t TiGLIGH
5678 59°T g9°0 08°¢ 0£°T 01°g &1 TIOLEGY
00°0T 06°Z oLto 002 08t 09°1 0z Z:0Li6Y
0z"91 00's 0L T 90°€ ng~z ;] 3 4 51 7i09:Gk
09°71 06°¢ 05°0 -1 v9°Z 0Pz 0z z:69i6y

08" 1Z 09*9 or'T 902 81 ag° 1 51 7365:6p prov omu

0L 81 ‘59°§ £TT 88T 7L 1 95°1 0'1 730516 =JOFIITEMIATTIITIONSOY
08"y oL0 O£ 1444 ‘96°E 08'? 0z SI2Li0P
0Tt 0T T 0z"0 09°¢ [ 3 967 (g d §16eiGE
2075 hi 5270 . €04 4 8BS Z az‘z 91 6169:6E
20"y 0Tt ST*0 [4:28 4 an e 9Lz o'z LEOLIGE
ore " 9670 0z 0 90 vo°e v2E 9'1T | L:0LicE
040 1T 21" € L0 F{ 381 0EtT CYAR oz Liptice

0801 NGz 570 871 791 0s°T 91 L3041GF prot

0s'6 052 oL e’ 05°T 8L 1 zz°1 oz 5:09:0% JTI200 130 [TITUOIADY

£ sead 7 Yead T Feaq £ Yyead T wesq T Aedd
_ﬂmj\._.l“ aseyd 211904
(wo) bTeY yepa ) 5 Bex Moty

1dH Ag spuncdwod

aTdureg
£ ¥ead
T Head

1 ead

pPTOUTIMOIND BUTUTILISISP 10J SUOTITPUOD TejusuTIadxe [PWL1do. 9yl JO UOTIebTisSoAUl 61 2TqEL




92

Although phosphorus at 90 ppm increased the yield of the
volatile oil content 40;22%, the content of the active components
{(turmerone and ar-turmerone) did not accordingly increased. Phos-
phorus, therefore, was advantageous to the cultivation of turmeric
only in the aspect of the yield of the volatile oil, but not the
therapeutic qualiﬁy of the oil,

Potassium, on the other hand, although causing increase of
the yield of the volatile oil only 22.77% at 1,000 ppm, it did not
increased the percentage of total active componenﬁs.

Phosphorus and potassium also increased the pigment content
of turmeric rhizomes, Potassium showed significant effect, Addi-
tion of %65 ppm of potassium caused 31.14% increase of total pig-
ment from the control. (from 5.17% content in the control to 6.78%).
Phosphorus had very slight effect; maximun increase was only 5.80%
from the control. Pigure 14 showed the sharp contrast of the ef-
fect of potassium and phosphorus to the total yield of the Pigments.

Potassium eaused the increase of bis—(p~hydroxycinnamoyl) -
methane (peak 2) more than p-hydroxycinnamoyl-feruloyl methane
{peak 1) and curcumin {peak 3) as shown in Table 16., page 80.

Therefore, potassium content in the soil was an important
factor to produce the high~coloured, high quality turmeric for com-
merce,

The total ether extractive was an indicator of gquality for

the production of oleoresin from turmeric rhizomes, CQlecresin was
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another form of produﬁts from turmeric in commerce. The results
obtained in Table 14 (P, 79 )} showed that increase of potassium

in the soil did not affect the total ether extractive yield, and
phosphorus had insignificant effect. Addition of phosphorus 76 ppm
to the soil, while it had important effect on the vield of the vo-
latile oil and slight effect on the production of total pigments,
it affected the total ether-extractive only insignificantly (in-
crease of 2.51% from control)

The rhizomes from the contrel plot wheré the phosphorus
content was 14 ppm showed the total ether-extractive of 11.94%,
just about the same level of content as in the fertilizer experi-
menting flots? Therefore, addition of phosphorus and potassium
caused a better quality rhizome, both the oilryield and the
pigmeﬁt vield, but mot the gquality of the volatile o0il and the
resins of the turmeric.

Turmeric from many provinces of Thailand showed better qua=-
lity than the turmeric produced in the experiments on the high hill
(Table 8 page 43)

‘Turmeric rhizomes, as well as other plant.rhizomes, need
the soil ricﬁ in nitrogen. ©n the hills, the new clearings of the
rather horizontal land should be the better sites for cultivation
since the soil would be rich in organic matters and héavy rain
would not wash out the nutrients from the soil sﬁrface as with the
growing sites on the slopes of the mountain, Other elements in

the soil, besides phosphorus and potassium, would have significant
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effects on the quality of turﬁeric siﬁce samples of_the rhizomes
from various places showed the color ranging from yellow to deep
orange brown (very high content of Pigments) and from certain places
the volatile 0il content rised up to mofe than 15%. Research on

the effects of minerals should be recommended to be conducted .

furthur,




