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ABSTRACT

An ultrasonic method for the extraction of alizarin from roots of Morinda
citrifolia was investigated. The influence of four extraction variables on
extraction efficiencies of alizarin was evaluated and compared with mac-
eration. The optimal extraction conditions found were 0.1 g dried plant
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sample with soaked for 3 h in 15 mL of 60% aqueous ethanol and then
extraction for 15 min under ultrasonic irradiation in ultrasonic bath. Under
the optimum conditions, the extractionyield of alizarinwas 14.80 + 0.02 mg/
g with 95 - 102 % recovery. The reproducibility of the extraction method
wereintherange of 2.1 -2.5% for intra-day and inter-day extraction.
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INTRODUCTION

Alizarin (1,2-dihydroxyanthraguinone) isared dye
which has been used for dyeing textileto produce yel -
low or red color™ and normally used as complexing
agent for some metal iong?3. Itspigment codeisPig-
ment Red 83 and itscolor index number, Cl, is 75,3304,
Thenatura sourcesof dizarinwerefound fromtheroots
of madder plants (Rubiatinctorum)™ and the roots of
Noni plants(Morindacitrifolia)®®. Thedizarin com-
ponent becamethefirst natural dyeto besyntheticaly
reproduced in 1860 by the German chemists: Carl
Graebe and Carl Liebermann, and the English dye
chemist: William Perkin. Although, the synthetic dyes
isstill themost useful for dyeingtextile, thedevel op-
ment of thedternativefor the preparation of the natura
dyesisincreased by theworld-wide demand for fibers
and colorantsof naturd origin.

Morinda citrifolia (Noni), a plant originated in

tropical Asiaor Polynesia, hasbeen used asfood and
medicinefor over 2000 years. All partsof thisplant,
whichincludefruits, flowers leaves, bark, semandroots
contain about 160 phytochemica compoundsand the
major micronutrientsare phenolic compounds, organic
acidsand dkaoids®. TheNoni plant rootscontain sev-
eral of some hydroxyanthraquinones such as
Morindone, Damnacantha , Morenone, Alizarin etc..
Theprincipledyesoccurringinthesedried rootsare
dizain.

Many research projects have been used some ex-
traction techniques such as solvent extractionl®, ultra-
sound-assisted extraction (UAE)™, microwave-assisted
extaction (MAE)®7, pressurized hot water extraction
(PHWE)® and micelle-mediated pressurized hot wa-
ter extraction (MMPHWE)™® for extraction of some
anthraguinones from theroots of Morinda citrifolia
and the roots of Rubia tinctorum. Among these, the
use of ultrasound trendsto bethe suitable extraction
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techniquefor bioactive constituentsfrom plant materi-
alg°14, The ultrasound enhances the extraction effi-
ciency by increesngtheyidd and by shortening thetime
for extraction™. Also, the ultrasonic-assisted extrac-
tionisnot difficult to perform on alaboratory scaeus-
ing asimplecleaning bath by direct or indirect extrac-
tion™4,

Inthe present work, asimple, fast, preciseand re-
liableextractionmethod for dizarininrootsof Morinda
citrifoliawasdevel oped using ultrasound in ultrasonic
bath. Theextraction apparatus on ultrasonic bath was
performed. The various effects on the release of al-
izarinfromtherootsof Morindacitrifolia such astypes
of solvent, compositionsof solvent, extractiontimeand
solvent volume/samplewei ght ratio wereinvestigated
and optimized for high recovery and high precision.

EXPERIMENTAL

Plant materials

The fresh roots of Morinda citrifolia were col-
lectedin Chiang Mai Province, Thailand. Thesamples
werechoppedtosmadl piecesand thendriedinan oven
at 50 °Cfor 24 h. Thedried root sampleswere ground
to powder and kept in adry place until use.

M acer ation

M aceration was performed with 0.1 g of dried root
samplesand 10mL of solventinglassvia. Themixture
was|eft at ambient temperaturefor desirabletime. The
extract wasthen filtered with afilter paper (Whatman
No.1). Theconcentration of anthraguinonesasalizarin
was measured by spectrophotometer.

Ultrasound extr action method

An ultrasonic bath was used asan ultrasonic source
for theultrasound-assi sted extraction experiments. The
Tru-Sweep ultrasonic benchtop cleaner Moddl 575HT
(Crest Ultrasonics, USA) wasbasically arectangular
container (29.2cmx 15.2 cmx 15.2 cm) with 38.5—
40.5 kHz transducers at the bottom. The sonic power
rating was 135 W. The extraction of anthraquinones
was performed by adding 0.1 g of dried root samples
into 15mL of solventin~20mL of glassvid. Thedried
samples were soaked for 3 h and the glass vial was
then partidly immersed into the ultrasonic bath, which
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contains ca. 2 L of water. To fix the position of the
extraction bottle, thestainlesssted rack withironwire
was used asshownin Figure 1. Thebottom of theglass
viaswere contacted with the bottom of thebath. The
solvent surfaceintheflask waskept under thelevel of
thewater in ultrasonic bath. After extraction was com-
pleted at desirabletime, the extract wasthenfiltered
withafilter paper (Whatman No.1). The concentration
of anthragquinonesas alizarin was measured by spec-
trophotometer.

Ultrasonic bath
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Figurel: Extraction apparatuson ultrasonicbath
Conventional extraction method

Extraction was carried out by magnetic stirrer of
onegram of therootsof Morinda citrifoliain 150 mL
of 60% ethanol in a clean glass beaker. The beaker
wastightly covered with aluminumfoil to prevent the
evaporation of water from the beaker. The absorbance
valueswere monitored till there was no appreciable
change, i.e. 24 h.

UV-visiblespectrophotometricanalyss

Thequantitativeanadysisof theanthraguinonesex-
tractsasalizarinfromtherootsof Morindacitrifoliain
varioussolventswasdirectly andysed usng UV-visible
spectrophotometer Lamda25 (Perkin Elmer, USA). A
calibration curve of alizarin (1,2-dihydroxy-an-
thraguinone) solution in various solvents was con-
structed intherange of 2.5x 10°-2.0x 10*M and
measuring the absorbanceat 436 nm.

RESULTSAND DISCUSSION

Effect of type of solvents

Generdly, thechoice of an extracting solvent was
thefirst important step towards parameter optimiza-
tion, which hasastrong impact on theyield of extrac-
tion. Inthe present study, severa polar solventssuch as
acetone, ethanol and water were sel ected asextracting
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solvents, duetotheir polarity rdaivelytodizarinwhich
aredlightly polar compounds. Theresultsin Figure2
reved sthat the extraction efficiency could generally be
enhanced, by application of ultrasound, however the
degree of enhancement differed depending on thetype
of solvent. For both cases, ethanol gave the highest
extractionyield, followed by water and acetone. How-
ever, these results are difference from the previous
study™ which acetonetrend to providing the highest
extraction yield. For subsequent investigation, ethanol
and water were selected as extracting solvent dueto
their extraction efficiency.

16

14- il

4_
2_
0

Acetone

e -
(=] [a¥]
| 1

Extraction yield (mg/g)
[ae]

Ethanol Water

Figure2: Effect of solvent type on the extraction yield of
alizarin. Ratio of solvent to sample: 10mL /0.1g; extraction
time 10 min
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Figure 3 : Effect of ethanol-water compositions on the
extraction yield of alizarin. Ratio of solvent to sample: 10
mL/0.1g; extraction time 10 min

Effect of ethanol-water compositions

In order to study the effect of ethanol -water onthe
extracting performance, different concentrationsof etha-
nol were prepared as solventsto extract alizarin from
thedried roots of Morinda citrifolia. Theresultsre-
vealed that the extraction yield wasthe highest when
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60% ethanol wasused asextracting solvents. Seenfrom
Figure 3, when the concentration of ethanol wasless
than 60%, theyield increased with theincreased con-
centration of ethanol. Theresultsindicated that 60%
ethanol wassuitablefor theextraction of dizarinfrom
theplant. Thiswas probably duetotherdatively polar-
ity and theincreasein effective swelling of the plant by
water, which canincreasethe surface areafor solute-
solvent contact!¥,

When ultrasound was gpplied, extraction efficiency
could generdly beimproved dueto theeffect of ultra
sonic cavitation. Thesametrend wasresulted aswith
macerationinwhichtheextraction efficiency increased
with theamount of water added until up to 60%. Inthe
presence of water, theintengity of ultrasonic cavitation
inthe solvent mixturewasasoincreased asthe surface
tension increased and theviscosity and the vapor pres-
sure decreased”.

Effect of extraction time

Theinfluenceof extractiontime ontheextraction
yield of dizarinfromtherootsof Morindacitrifoliais
showninFigure4. Theresultsindicated that in both
cases, theextractionyiel dishighly time-dependent. The
rate of alizarin extraction washigh, during thefirst 3
min, and then dightly increases. Compared with mac-
eration, the ultrasound was found to enhance the ex-
tractionyield. Theresultsin Figure4 a so show that the
application of ultrasound increased theextraction rate
only inthefirst 3min. Theratethereafter wassimilar to
that of maceration. Thissuggeststhat ultrasound was
needed only at thebeginningtoinitidizethefast extrac-
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Figure4: Effect of ultrasonication timeon the extraction
yield of alizarin. Ratio of solvent to sample: 10 mL/0.1g;
60% ethanol
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tion process. However, the utrasonication timeat 15
minwas selected from high extractionyield (13.56 +
0.29 mg/g) within short extractiontime.

Effect of solvent volume/sampleweight ratio

Under the aboveoptimal conditions of extracting
solvent (60% EtOH) and time of sonication (15 min),
effectsof solvent volume on theextractingyield of al-
izarinwasevauated. Theresultsaredisplayed in Fig-
ure5. Theresultsindicated that an increase of extrac-
tionyield of dizarin could be observed withtheincrease
of the solvent volume/sampleweight ratio, especidly
whenthisratiowasincreased from 5to 10 mL. Nor-
mally, alarger sol vent volume can dissolved target com-
ponentsmoreeffectively leading to an enhancement of
the extraction yieldi*>*®l, Hence, the solvent volume/
sampleweight ratio of 15 mL wassel ected.
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Figure5: Effect of solvent volume/sampleweight ratioon the
extraction yield of alizarin. 60% ethanol; ultrasonication
time 15 min

Comparison between ultrasonicextraction and con-
ventional method

Theextractionyield between ultrasonic extraction
and conventional method was compared aslistedin
TABLE 1. Conventiona solvent extraction with mag-
netic girrer for morethan 24 hin 60% ethanol wasable
to give higher yield than ultrasonic extraction (1). For
dried materials, the extraction yield can beimproved
by steeping them in solvent to facilitate swelling and
hydration processin the pores of the cell wall which
will improvethediffusion processand henceenhancing
masstransfer™. Therefore, by soaking the dried roots
of Morinda citrifoliain extracting solvent for 3 h be-
foreultrasonicextractionfor 15min, theextractionyied
increase up to 14.80 mg/g, which was comparableto

the conventional method, but with shorter extraction
timerequired.

TABLE 1: Comparison between conventional method and
ultrasonic extraction method

Extraction yield

M ethods Extraction time

(mg/g)
Conventiona >24h 14.87 + 0.45
Ultrasonic i
extraction (1) 15 min 14.30+ 0.06
Ultrasonic Soaked 3h + 15
extraction (2) min 14.80+0.02
Recovery

Under theaboveoptimd conditions thedizaringan-
dards 0.5 and 1.0 mgwereadded to 0.1 g of thedried
roots of Morinda citrifolia. The high percentagere-
coveriesof aizarin 95-102 % were obtained asshown
inTABLE 2.

TABLE 2: Therecovery of alizarin from dried roots of
Morinda citrifolia (n=3)

Sample Alizarinadded  Recovery
ied roots of Morinda (ma) (6)
cE:)i::rifona _ 0.5 95.7+2.1
gprﬁ%lri(;ots of Morinda 10 1018+ 15
Reproducibility

Theaverage extractionyield for 6 bottleswhich
extract on the same experiment was 14.53 + 0.27 mg/
gwith 1.9% RSD. To study thereproducibility of the
ultrasound-assi sted extraction method for dizarinfrom
dried roots of Morinda citrifolia, the intra-day and
theinter-day extractionwith 3timesof experimentswere
performed. Theextraction yieldsof aizarin showed a
good reproducibility of experimentsfor intra-day and
inter-day precision at 2.1 and 2.5%, respectively.

CONCLUSIONS

Thelaboratory scaefor extraction of dizarinfrom
theroots of Morinda citrifolia was devel oped using
an ultrasonic bath. The proposed extraction method is
sampleand provideshigh extraction efficiency with good
recovery and good precisionfor intra-day and inter-
day extraction. Theutility of crudedizarin extract solu-
tionswill befurther investigated ascolorant for small
scaeexperiment.
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