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ABSTRACT

The present work was to optimize a water vapor distillation procedure to
extract essentia oilsfrom Areca catechu L. Flowers. A three-variable, three-
level Box-Behnken experimental design (BBD) was conducted to analyse
the effects of soaking time, distillation time and solid to liquid ratio on the
extraction efficiency. The experimental datawere fitted to a second-order
polynomial equation using multiple regression analysis and also analyzed
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using the appropriate statistical methods. The optimisation suggested that
extraction with the soaking timefor 4.8h, digtillation time for 5.0h and the
ratio of solid to liquid 1:2.7 were the best solutions for this combination of
variables, under the optimum operating conditions, the extraction yield

was0.0196%.

INTRODUCTION

Areca (Areca catechu L.) isoneof thetraditional
herba medicinesusedin Hainan andwidely distributed
in East Africa, Southeast Asiaand Pacificidands. Its
flower contain essential oils, arecoling¥, phenolics?,
amino acids®, isafavorite healthcare productsfor its
nutritional content!™. Essentid oilscompoundsarethe
main body of thearoma.

Thewater vapor distillation, which hasbeen one of
the most frequently used methods for theisol ation of
volatiles, hasaready shownitsbetter religbility for the
extraction of volatile compoundsof variousspices, such
asrose, clove and rosemary®.

Thetechnology of arecaflower essential oilsex-
tractionisanaysed with the response surface methodol -
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ogy (RSM), in order to optimize thetechnical param-
etersprocess. It will obtain more suitable essentia con-
ditionsfor extraction of arecaflower for devel opment
and utilization, aming & providing thescientific experi-
ment basisfor arecaflower and its odoriferous sub-
stancesextraction!®.

MATERIALSAND METHODS

Materials

Fresh arecaflower was obtained from the Coco-
nut Research Institute, Chinese Academy of Tropical
Agricultural Sciences, Wenchang, Hainan Province,
China. The sampleswere comminuted by apulverizer

using high speed.
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Experimental design

Onthebasisof single-factor experimentation, soak-
ingtime, distillationtimeand solid toliquid ratio were
determined. A three-factor and three-level Box-
Behnken design (BBD) cons sting of seventeen experi-
mental runswasused, including threereplicatesat the
center point™. Soakingtime (A, h), ditillationtime(B,
h) and solidto liquidratio (C, volume per mass) were
chosen for independent variabl es, the dependent vari-
ablewasextractionyield of arecaflower (Y, %). Other
factorsintheextraction werekept constant: the amount
of arecaflower (200 g). Thethreevariablesand their
levelsin coded and naturd vauesareshownin TABLE
1. Thewholedesign conssted of 17 experimentd points
generated by Box Behnken design are presented in
TABLE 2.

TABLE 1: Independent variablesand their coded and actual
valuesused for optimization

Independent Symbol Codelevels
variables Coded Uncoded -1 0 1
Soaking time/h X1 X1 1 3 5
Extraction time/h X Xo 1 3 5
Solid to liquid ratio X Xa 1 3 5

(volume per mass)

Essential oilscompoundsextraction

Thewater vapor distillation conditions, such asex-
traction temperature, amount of arecaflower, water and
solvent, have been optimized in our laboratory. The
essentid oilsextraction compoundswere extracted by
diethyl ether. 200g of arecaflowers was laced in a
1000ml round-bottom flask with purified water. The
samplesinflaskswere heated to boiling. Collected the
distillate, and extraction with diethyl ether. After cool-
ing to ambient temperature for somehours, the diethyl
ether extract wasdried over anhydroussodium sulfate.
Theextract was carefully concentrated at 40°C with a
rotary evaporator at atmospheric pressure, and then
dichloromethanewasused to metered volumeto 10mL.

Inthe present work, theextractionyield (Y, %) was
theratio of extract massand test samplemass (weight).

Y=(W /W )x100%. Q)

WhereY istheratio of extraction massin test sample
arecaflowers mass, W, isthe extraction mass from
each run of theextraction, W isthetest sample mass,

TABLE 2 : Experimental designs and the results of Box-
Behnken design
Coded Factor
Values
Xz

Uncoded
Factor Values

Response
Values

Y
0.0149
0.0167
0.0149
0.0051
0.0140
0.0061
0.0152
0.0151
0.0050
0.0161
0.0189
0.0161
0.0122
0.0041
0.0081
0.0195
0.0131

Run
Number
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Data analysis

Andyssof each set of experimentd designand cal-
culation of predicted responseswere carried out usng
Design Expert software (verson8.0).

A second-order polynomial equation was used to
fit the experimental dataof thestudied variables. The
generdized second-order polynomia modd usedinthe
response surfaceanaysisisshownin Eq. (2):

K k K
Y= Byt X A%+ X BiXi Zi<%zlﬁij XiXi

Whereg,, B, B, and B aretheregression coefficients
for intercept, linear, quadratic and interaction terms,
respectively, and Xi, and X aretheindependent vari-
ables. Thesignificancesof al termsinthe polynomia
werejudged satisticaly by computing theFvaueat a
probability (P) of 0.05and 0.1.

RESULTSAND DISCUSSION

Fittingthemodels

Mean vauesof al responsesby water vapor ditil-
lation are presented in TABLE 2. Thefollowing re-
gression equation was obtai ned.
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Y=0.015+0.001938* X ,+0.005775* X ,-
0.004125* X ,+0.001125* X ,* X ,+0.00125* X * X -
0.000075* X ,* X ,-0.000975* X ,* X ,-0.0033* X ,* X ,-
0.001675*X * X, ©)
Where, extractionyield of arecaflower (%), X, soak-
ingtime(h); X, extractiontime(h); X,, ratio of liquidto
solid. Thequadratic modd indicated that thelinear vari-
ables X, X,, X X,, X, X, demonstrated positive effects
ontheextractionyield, whereasthelinear variables X,
the quadratic variables X %, X 2, X 2, and thetwo vari-
ableinteractions X X, showed negative effects.

Anadysisof variance (ANOVA) was performed to
investigate the adequacy of the suggested modelsand
identify thesignificant factors (TABLE 3). Thefitness
of the quadratic polynomia model wasinspected by
theregression coefficient R2. F-vaueand p-vauecan
check thesignificancesof experimentd variables. More-
over, theregression model can well fit the response
vaueswhen generated small P valueand high R val-
ues. R?was calculated to b 0.9222 for the extraction
efficiency. Thisimpliesthat the sample variation of
92.22% could be attributed to the independent vari-
ablesand themodel did not explain only 7.78% of the
total variations (TABLE 3). Themodel’s p-value of
0.0039 waslessthan 0.05 implying that themode is
sonificant.

TABLE 3: Analysisof variancefor BBD

Sour ce SS DF MS F Pr>F
Model 0.00037645 9 0.00004183 9.21528051 0.0039
X1 0.00003003 1 0.00003003 6.61637422 0.0369
Xz 0.00026681 1 0.00026681 58.78149343 0.0001
X3 0.00000136 1 0.00000136 0.29990558 0.6010
X1 Xo 0.00000506 1 0.00000506 1.11535133 0.3260
X1 X3 0.00000625 1 0.00000625 1.37697695 0.2790
X X3 0.00000002 1 0.00000002 0.00495712 0.9458
X2 0.00000400 1 0.00000400 0.88184502 0.3790
Xo? 0.00004585 1 0.00004585 10.10208265 0.0155
Xq? 0.00001181 1 0.00001181 2.60263137 0.1507
Residua 0.00003177 7 0.00000454
(Lack of Fit)  0.00000657 3 0.00000219 0.34775132 0.7940
(Pure Error) 0.00002520 4 0.00000630
Total 0.00040822 16

Optimization of water vapor digtillation and verifi-
cation of models

Incommon, theefficiency of theextractionisinflu-

enced by multiple parameters such astemperature, time
and solvent polarity, among others, and their effectsmay
beether interactive or independent!®. Selection of ap-
propriateconditionsiscrucid for theextractionof volatile
compounds. Thethreefactorsand lower, middleand
upper design pointsfor RSM in coded and uncoded
valuesareshownin TABLE 1.

Accordingtotheexperimenta design, 17 experimen-
tal resultsareshownin TABLE 2. ByANOVA (andysis
of variation) ontheresults, thedifferent significancesof
al variation sourceswereobtained (TABLE 3). Thelin-
ear variables X, was statistically very significant at P <
0.01; thelinear varidbles X had significant influences (P
<0.05) ontheextraction yield; and the quadratic vari-
ables X,? had significant influences (P < 0.05) onthe
extractionyield of aniseed; whereasthelinear variables
X, thequedratic variables X ? and X 7, thetwo-variable
interactions X X, X, X, and X X, had no significantin-
fluence(P > 0.05) ontheextractionyield.

To comparethe predicated resultswith the practical
va ues, verification experimentswere performed using
thededuced optimal conditions. Themean valueof ex-
traction yieldsobtai ned from experimentswas 0.0201%.
Under the same conditions, themodel predicated that
themaximumresult was0.0196%, it wasnot Sgnificantly
different between predicated val uesand experimental
va ueswithin 95% confidenceinterval, confirming the
validity and adequacy of the predicted moddls.

CONCLUSIONS

Thewater vapor digtillation showed thebest extrac-
tionratesfor dl kindsof volatiles. An extraction method
of arecaflower was devel oped with the application of
thewater vapor distillation. Onthebas sof the prelimi-
nary investigetion, optimal extraction parametersfor the
water vapor didtillation were: the soakingtime4.8h, ex-
tractiontime 5h, and theratio of solidtoliquid 1:2.7.
Theseconditionsnot only couldincreasetheextraction
yield, but aso greetly shortened thetotd experiment time.
Thus, themethod of thewater vapor ditillation hasa
promising goplication for theextraction of arecaflower.
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