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Abstract. The process of enzyme assisted extraction of eakamt from the leaves and
branches of the Viethamese aromatic pl@mnamomum cassia was studied and optimized
using a Box-Wilson central composite design coimgsbf 05 independent variables (pH,
temperature T, time, concentration of the enzyme Laccase, and coratemirof the enzyme
Cellic Htec2), and two dependent variables (redysingar and yield of essential oil). Second-
order polynomial equations were obtained for thepoases, which fitted well with the
experimental data. Optimal conditions for oil yiedére found at pH = 5.2; T = 4€; 1 = 5h30;
Laccase = 0.42 ml/g, and Cellic Htec2 = 1.15 %. &kmerimental value (0.982 % oil yield) was
close to the predicted value (0.978 %). The aptitinaof enzyme assisted extraction in
combination with optimization using response swfatethodology substantially improved the
oil yield as compared with traditional method.

Keywords. optimization, Box-Wilson central composite desiginzyme assisted extraction,
essential oilCinnamomum cassia.

1. INTRODUCTION

Cinnamomum cassia (L.) J. Presl (Vietnamese: @uion, English: Chinese cassia or
Chinese cinnamon, Family Lauraceae) is a tropivakgreen tree well-known for its bark
(cassia bark) and essential oil (cassia oil) wiaidhwidely used as spice and aromatic material
in food, pharmaceutical, and cosmetic industryywali as in householdCinnamomum cassia
has its origin in Vietham and is cultivated henacsi very early time for domestic consumption
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and export (China, USA, UK, Germany, etc.). Annp&lietnam produces thousands of tones of
cassia bark and up to one hundred tones of cais§ld. o

Cassia bark is taken directly from the trees aftgting, while cassia oil is traditionally
extracted from the leaves and branches by simpdeokjstillation. There is an urgent need in
improving the technique to achieve higher oil yialld shorter distillation time. Approaching
this need, we have recently been successful inyimgplthe principle of enzyme assisted
extraction (EAE) to this process [2]. Through enayim treatment of the raw material with a
combination of the enzymes Laccase (fr@anoderma lucidum) and Cellic Htec2 (Novozyme,
Denmark) before distillation substantial improvemehthe yield of essential oil and distillation
time has been achieved. We also observed in thdy ghat several parameters including pH,
temperature, fermentation time, concentration atith of enzymes showed significant effects
on the outcome of the process and needed to bainpt.

Recently there have been an ever increasing nuofbeeports on successful applications
of the response surface methodology for the opétion of processes in chemistry and
biotechnology similar to ours [3, 4]. This encowdgus to employ this useful mathematic-
statistical tool for the establishment of a stat#dt model of our above process and the
estimation of optimal conditions. For this purpodee Box-Wilson central composite design,
which is a response surface methodology, was ub@ge parameters were chosen as
independent variables. Two responses, namely,utwme of total reducing sugar and the yield
of essential oil, were chosen as dependent vasable

2. MATERIALSAND METHODS

2.1. Materials

Samples ofCinnamomum cassia (L.) J.Presl (Lauraceae) were collected in Van Yen
district, Yenbai province. Leaves and branches weed in the shadow and then finely ground
into a powder with a size smaller than 3 mm, padkepolyethylene bags under vacuum, and
stored in the dark at room temperature until use.

2.2. Enzyme

The crude Laccase was isolated from culture meditithe fungusGanoderma lucidum
(provided by Vietnam Agricultural Genetics Instifut€or Laccase productions. lucidum
was cultivated in 150 ml fermentation mediuma 500 ml Erlenmeyer flask at 30 °C
with shaking at 150 rpm. Fermentation mediumsw@mposed of 50 % potato dextrose,
10 g glucose, 2 g MgSOH0O and 3 g KEPO, per liter. Culture broth was then filtered,
centrifuged to remove cell biomass (at 10,000 rpm30D minutes) and reduced the volume by
precipitation with alcohol which was removed to iaele a solution of the crude Laccase.
Laccase activity was determined spectrophotomdliricay measuring the increase in
absorbance at 420 nm, 30 °C using 1 mM ABTS (2;2xdno [3-ethyl-benzothiazolin-
sulphonate]) as substrate.

Cellic Htec 2, an enzyme preparation consistingedfulase and xylanase, was purchased
from Novozymes (Bagsvaerd, Denmark).

Enzyme activity was assayed and presented in Tlable
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Table 1. Enzyme activities.

N° Enzymes Assays Substrates Unit Activity
1 Crude enzymes froi@. lucidum Laccase ABTS ul/ml 185
Cellulase CMC 2800
2 | Cellic Htec2 Ul/ml
Xylanase Xylan 1500

2.3. Extraction of essential oil

Essential oil was extracted from plant materialdpgrodistillation. Before extraction, 100 g
of cassia leaves and branches powder were subjextadoreliminary treatment by soaking in
water for 24 hours (material/water 1:5, g/ml). Théme material was steam distilled in a 2 |
Clevenger-type apparatus for specified times (2ho8rs). The obtained essential oil was dried
over anhydrous sodium sulfate and stored in ade#@éat 10 °C in the dark prior to analysis. Oll
yield is calculated based on the mass of essaritiaibtained and the mass of the initial material.

Essential oil content (%) =w2:gm g; ?asv?/ergte;?(ler?gls x 100%

2.4. Treatment of cassia powder with enzymes

100 g of cassia leaves and branches powder wstefe-treated as described above, then
put into a 2 L glass beaker equipped with a hdepad a stirrer. After adjusting the medium to
a pH value of 5.0, specified amounts of enzymesveeided (crude Laccase and Cellic Htec2
enzyme). Incubation was then performed under sgjr{®0 - 120 rpm) at 4% for 12 hours.

For analysis, 20 mL of the reaction product wagmaénd centrifuged at 6,000 rpm for 15
minutes. The liquid part was used for the detertionaof reducing sugars. The contents of
reducing sugars in the plant materials before dtedl the enzymatic treatment were determined
by the DNS method as described by Miller (1959naiglucose as reference standard [5].

Mixture of cassia leaves and branches after hysigolyere then subjected to hydrodistillation
for essential oil using a Clevenger apparatus.ddsential oil content is determined according to
the Viet Nam Pharmacopoeia IV [6].

Weigh of essential oil

)
Weigh of raw materials x 100%

Essential oil content (%) =

2.5. Optimization of hydrolysis

Response surface methodology, in particular the-Bidgon central composite design [7]
was employed to estimate the effect of 5 reactiarameters (pH, temperature, reaction time,
Laccase concentration, and Htec2 concentratiomeduacing sugar output and yield of essential
oil. Procedures for the construction of the' @rthogonal design matrix, for the mathematical-
statistical treatments, and for the determinatiérogtimal conditions followed instructions
described by Pham Hong Hai (2007) [8]. Regressaimation was performed using the Student
t-test and the Fisher F-test.
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3.RESULTSAND DISCUSSION
3.1. Selection of variables and construction of the design matrix

Based on our prior experiments, 05 reaction pammetncluding pH (X, temperature
(Xy), reaction time (%), concentration of the enzyme Laccase)(>and concentration of the
enzyme Htec2 (¥, were chosen as independent variables for thigrde$ experiments (Table
2) because of their observed effects on the outaufriige process. The outcome (concentration)
of total reducing sugar {yg/l) and the yield of essential oil,(\6 raw material) were chosen as
dependent variables.

For statistical calculations the variableswére coded as xaccording to Equation (1),
X; = (XL_ fl )/(Ax]) (l:1,2,3,,k) (1)
where x is the dimensionless value of an independent blaiaX; is the real value of an

independent variabl X; is the real value of the independent variablénatdenter point andix;
is step change.

Table 2. Real values of the independent variables at tteiresponding levels in the design.

_ Coded levels
Variables " 1 o | =1 Ta
pH X)) | 423| 45| 50 5.5 577
T,°C (X5 | 37.3 | 40| 45| 50| 52.7
t, h (X5 | 491 6 | 8| 10]10.09
Laccase, ml/g substrate (X4) | 0.245| 0.3| 0.4 0.5 0.555
Htec2, g/100g substrate (Xs) | 1.1 | 1.25| 1.5 1.75 1.89

The chosen 2 central composite design matrix (Table 3) consi§td6 factorial points
(runs 1 - 16), 10 axial points (runs 17 - 26), ané center point (run 27). Thevalue of 1.546
was taken from tabulated data as described by Prarg Hai (2007) [8].

In order for the design matrix to be orthogonqﬂ,were linear transformed intg' by
Equation (2).

! 2 _ 2 .2 _Z?zlxﬁ (2)

Thus, the relationship between the dependent aepéndent variables in this statistical
model was described by a general second-order gl equation as follows:

9 =by + Xy bix; + X i bujxux; + Xy bjjx] (3)

In order to estimate the mean of square of purer € associated with repetition, 03
replicates of experiments at center point weregoeréd, yielding a set of response values of
77.71, 77.71, and 76.62 for y1 and another setabfes of 0.972, 0.973, 0.968 for y2. From
these data sets, a value of 0.2984 was estimated,fof y; and a value of 7*1Bfor SZ of y,.
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Table 3. Design matrix and experimental results.

Run| % X1 X2 X3 Xq X5 XpXo | XaX3 | XgXg | XiXs | XoX3 | XoXg | XoX5 | X3Xq | X3X5 | XgX5 | X3 X2 X3 Xa X5 Y1 Y1 Y2 92

1 | + B - - - + + + + - + + - + - -] 023 0283 0.23 28.] 0.23] 65.208 64580 0.942 0.9B38
2 | + ¥ - B B - - - - - + + + + + +| 023 02B 0.23 28.] 0.23| 64.19| 65.542 0.953 0.944
3 | + - + - - - - + + + - - - + + +| 0.23 028 0.23 28.] 0.23| 67.284 68.32P 0.941 0.981
4 | + + + - - + + - - + - - + + - -] 023 028 0.23 28.] 0.23] 69.599 69.276 0.943 0.987
5 | + - - + B - + - I + B + + - - 023 028 0.23 28.| 0.23] 71.18] 71.040 0.946 0.942
6 | + ¥ - + - + B + B n - + - - + -] 023 028 0.23 28.| 0.23] 71494 71998 0.945 0.948
7 |+ B + + - + B - ¥ - + - + - + -] 023 028 0.23 28.| 0.23] 70584 71278 0.936 0.985
8 | + + + + - - + + - - + - - - - +| 023 028 0.23 28.] 0.23] 7257| 72255 0.947 0.941
9 | + - - - + - + + - + + - + - + -] 023 028 0.23 28.] 0.23] 72576 72.09p 0.945 0.944
10 | + + - - + + - - n + + - - - - +| 0.28 023 0.23.28] 0.23] 72.89] 73.042 0.947 0.950
11 | + - + B + + - + B - B ¥ + - - +| 0.28 023 0.23.28] 0.23] 71.984 72.323 0.936 0.988
12 | + + + - + - + - + - B + - - + -| 028 0283 0.23.28]| 0.23] 73.96 73.276 0.946 0.943
13 | + - - + + + + - - - - - - + + +| 0.28 023 0.23.28] 0.23] 73.88] 74.031l 0.9% 0.949
14 | + + - + + - - + + - - - + + - -| 028 0283 0.23.28| 0.23] 75.844 74.984 0.951 0.954
15 | + - + + + - - - - + ¥ + - + - -| 028 0283 0.23.28]| 0.23] 74.95 74278 0.939 0.942
16 | + + + + + + + + + + + + + + + +| 0.28 023 0.p3.2®] 023 75.27| 75226 0.946 0.947
17 | + | -1.546 0 0 0 0 0 0 0 0 0 g g ( D D 0[23 1@;‘77 0'77 0'77 74594| 72.618 0.962 0.947
18 | + | +1.546 0 0 0 0 0 0 0 0 0 q ( q ) 0 0[23 1.(3‘77 0'77 0'77 75.714| 74.091 0.966 0.959
19 | + 0 -1.546 0 0 0 0 0 0 0 0 d g ( ) 9] 028'77 1.62 0'77 0'77 74.654| 72.362 0.965 0.958
20 | + 0 +1.546 0 0 0 0 0 0 0 0 q ( q ) 0 023'77 1.62 0'77 0'77 76.322| 74.078 0.941 0.947
21 | + 0 0 -1.546 0 0 0 0 0 0 0 g g ( D 0 028'77 0'77 1.62 0'77 73.27 | 72.169 0.939 0.948
22 | + 0 0 +1.546 0 0 0 0 0 0 0 d ( ) 0 028'77 0'77 1.62 0'77 77.438| 77.306 0.969 0.955
23 | + 0 0 0 -1.546 0 0 0 0 0 0 d g ( ) D 028'77 0'77 0'77 0'77 74.872| 71.294 093 0.957
24 | + 0 0 0 +1.546 0 0 0 0 0 0 d q q D 0 026'77 0'77 0'77 0'77 78.872| 78.055 0.976 0.967
25 | + 0 0 0 0 -1.544 0 0 0 0 0 g g ( ) D 028'77 0'77 0'77 1.62| 77.136| 77.749 0.962 0.971
26 | + 0 0 0 0 +1.544 0 0 0 0 0 0 q D 0 028'77 0'77 0'77 1.62| 76.482 77.749 0.965 0.971
27 | + 0 0 0 0 0 0 0 0 0 0 0 0 0 Q ( 0.26'77 0'77 0'77 0'77 78.118| 77.749 0.976 0.971
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3.2. Mathematic - statistical treatment and validation of the model

Because the design matrix is orthogonal, the mmefits bj and their variancéﬁj can be
directly estimated according to Equation (4) and (5

Yiea Xji Vi, .
b= =1k (4)
i=17%ji
SZ
ng :Z?Lisz‘i ®)

Replacing the quadratic terms related;tan Equation (3) using Equation (2) we obtained
the normal form of the polynomial Equation (3) akdws:

§=bo + Xfo1 byx; + X4,y by + Xy byjxf (6)
Thus, B=b, - by X% - ....... - by x? (7)
The software package Design Expert 7.0 was useth&calculations of the established
data. The experimental and predicted values wexsepted in Table 3.

The second-order polynomial Equation (8) was obkthiior the dependent varialjie
(reducing sugar outcome) as follows:

Y1 =79.728 + 0.476 p+ 0.555% + 1.662 % + 2.187 % + 0.439 %x5 — 0.436 %x3 — 0.436 %X,
—0.689 %x, — 1.979%7 — 1.839x3 — 1.825x2 — 1.26x5 -1.286x2 (8)
with: S4 = 0.2984 as determined above, statistical caliculatafforded:

- The estimated variances of the regression coefffisje
Sp; = 0.090015,,, = 0.096575,, = 0.16158.

- The t-values for the regression coefficienis; 5.288; 1= 6.161; { = 18.447; 1= 24.275;
tis= 4.542; §3= 4.519; §,= 4.519; §,= 7.131; {;= 12.245; §,= 11.381; $3= 11.728; 14=
7.799; ts= 7.962. All t-values were higher than the tabuatalue §(f) = too42) = 4.3,
indicating that the regression coefficients in Bopra(8) were significant.

- An F-value of 10.304, which is lower than the taibedl value Kf,,f.) = Fy0f13,2) = 19.4,
indicating that the mathematical model was wetiefitto the experimental data.

The second-order polynomial Equation (9) was oktifor the dependent varialgte (oil
yield) as follows:

9, =0.97498 + 0.00285,% 0.00347 x+ 0.00209 x+ 0.00328 x— 0.00373 ¥ — 0.00833
X, —0.00791 ¥ — 0.00833 ¥ — 0.00394 ¥ (9)
with S4 = 7.10° ; as determined above, statistical calculatiofaraéd:
- The estimated variances of the regression coefffisje
S = 4.3626.10; 5= 4.6771.10, 5= 7.8253.10.

- The t-values for the regression coefficients=16.528; t+ = 7.954; § = 4.785; § =
7.514; §,= 4.769; 3, = 10.647; {3= 10.112; {4 = 10.647; §5= 5.031. All t-values were
higher than the tabulated valug(fit = toof2) = 4.3, indicating that the regression
coefficients in Equation (9) were significant.
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- An F-value of 17.467, which is lower than the talbedl value [f,,f;) = Foi(17,2) = 19.45,
indicating that the mathematical model was wetiefitto the experimental data.

Equation (8) and (9) showed that all 05 parameteest an effect on the output of the
process. Furthermore, 3D presentation of the respmurfaces described by Equation (8)
showed interactions of 4 pairs of parameters. Alaliexample of interaction between the
parameters x(temperature) andXtime) is demonstrated in Figure 1.

R1

S SR R SR S SRRSO
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SRS ‘\:\“s“‘\

Fa%% S : N
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Figure 1. Response surface showing interactive effect of txatpre (x) and time ().
3.3. Determination of the optimal conditions

As the yield of essential oil is the goal, Equat(®) was used for the optimization of the
process. Statistical calculations were performedguan algorithm of flexible tolerance method
with the following constraints:

-1.546< x,<1.546 (j=1,...,5)
1= 70 ug/mi
The obtained results afforded the optimum valuasefach independent variablg as
follows:
x9P% = 0.384x5P¢ = - 0.209x 57" = 1.546,x7¢ = 0.192,x7P* = 0.023
The corresponding real values were:
pH =5.2; T = 44C; t = 5h30’; Laccase = 0.42 ml/g and Htec2 = 1.15 %.

An experiment performed using these parameters g&vi&4 pg/ml reducing sugar and
0.982% yield of essential oil, which was closehte predicted value (0.978 %).

4. CONCLUSSION

The application of the response surface methodologiis particular case, the application
of a fractional and orthogonal central compositsigle to construct a statistical model of the
process has led to second-order polynomials thtdfiwell with the experimental data and
described in detail the effects of individual paeden as well as their interactive effects.
Furthermore, the model enabled a reliable estimatbd optimal process parameters. The
application of enzyme complex to assist the extacof essential oil from cassia leaves and
branches in combination with the application of tegponse surface methodology substantially
improved the oil yield (41.94% increase as comparia control experiment).
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