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time, Table 1- Experimental Design by Design Expert and Box-Behnken response surface based on power of microwave ,
type of solvent and the ratio of solvent to sample for Laurencia papillosa

Ratio of solvent to samplediges 43 JY> Commi(W/V)

(©19) 999,50k a3
Microwave power(watt)

M o0

Time(min)(a&ds) ok ;
o Solvent  Test

125
20
125
125
5
20
125
20
125
125
5
125
20
5
5
20
12.5
12.5
20
5
12.5
125
12.5
5
125

270 20 3 1
270 20 2 2
180 30 3 3
270 10 2 4
270 20 2 5
180 10 2 6
90 20 3 7
180 20 1 8
90 30 2 9
90 10 2 10
180 10 2 11
180 10 1 12
180 30 2 13
180 20 1 14
180 30 2 15
180 20 3 16
180 20 2 17
270 20 1 18
90 20 2 19
90 20 2 20
90 20 1 21
180 10 3 22
270 30 2 23
180 20 3 24
180 30 1 25

*solvent 1: Water, solvent 2: Methanol, solvent 3: Ethanol
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Table 2- Target factors in microwave extraction from Laurencia papillosa

(Lower limit) ;oL 2> (Upper limit) YL .~ (Code) i (Factor) ,gs6

%

210 W 0w
20

30 min 10 min

A (Solvent) JM

B (Time) l;
C (Power) c,15
D (Ratio) cows

(chands Canad) J 61 :3 Mo (bamgio cuad) Jgilia ¥ M (598 conad)d -1 JMo
*solvent 1: Water(strong polarity), solvent 2: Methanol(medium polarity), solvent 3: Ethanol(weak polarity)

< ,»5 Laurencia papillosa S__J> jla J—84,I5

Ll 00

b Judg S i3m0 1 @l il (gl tolyly i
Lib by IS gl sl ay g e sloosls ST,
als o ol o cwl Jlo g F oY sl loges asazgs
oleimtng Sln e gexr Jums jla Jdg)lS asile 5
L awolie jo 10 o eolawl (Quadratic)sgs 4= o
Jolse (g =S P-Value oo a sl )l Yol se plw

s R-Squared Lol . fa 2l «/1N4

5 VO L ol 5 5 4 5 Adjusted R-Squared
Eo— ymrin ¥ Lools ol an dogi L aslong < /VAA
L agad 4 Plo a5 Gl ol (s
asis 51D Jde)lS glpeulailf i o lolane
So e 00l Gy 5 ol Jaw g0l Sl
R- poldo gl +/+0 5l , 55,5 5P o5 s
\sa—ca ;5 Adjusted R-Squared 4 Squared

L ol Pl saal cowsas ol b oiins Koo

£

oo g b
8 Jadg S olwn 32 gl il (o el sy Sl

La Jdo)ls glsel g by o sloosls (251
215l ey sl Jla 3V 9) sloaloged a4z
a8 ol Sl mpe oz oo 5l Il
ol Lo aolae o105 o eolaxwl (Quadratic)pgs
[+ FA Jolsw (g —wS P-Value oo a sl Yol ss
Adjusted R- 5 R-Squared sl » jol,b .ol a_ilo
Cwddy < /YEY 5 <[00V Jol e 3,5 4 Squared
Wb o s S an a1y (6568 polie a5 sl
o0 5 adoles P saie a Sl s asSs ol 4 dmes Ly
Syge ,5S LT aS e )S A plsS e Sl 555
Sl 5la Jdg)lS gl sl o 58l ()
—3b, Jo—s g ol a_slas Laurencia papillosa
Jo 5l Sy Pl ot o cmire 00l oy yx5
L Jplie I ol Cmdds gulit () Ly ol
Dy P R e R e R I AL



OV-YE ol 1 €+ ) (bl 5 ,ka/VY 05l YY) s/ lié gl witigee Slidios

e =5 Laurencia papillosa s> ;lb |34, 999,50l g gaado Ve L) A VYD Cos

Deslgn-Expert® Software Box-Cox Plot for Power Transforms
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Fig. 1- Box-Cox plot for chlorophyll a of Laurencia papillosa
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X: Internallv Studentized Residuals
Y: Normal % Probability
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Fig. 2- Normal plot of residuals of chlorophyll a of Laurencia papillosa
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Fig. 3- Box-Cox plot of chlorophyll b of Laurencia papillosa
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Fig. 4- Normal plot of residuals of chlorophyll b of Laurencia papillosa
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Table 3- Analysis of variance of effect of 4 factors A ,B ,C and D on carotenoid extraction of Laurencia papillosa

e Slayo ggeom0 Ol p-value
df F Value
Source Sum of Squares Mean Square Prob > F
Je
4.98 14 0.36 2.81 0.0532*
Model
AP 0.18 1 0.18 1.39 0.2662
A-Solvent
'BoLc)'
- 0.80 1 0.80 6.28 0.0311*
B-Time
-Coyi
0.032 1 0.032 0.25 0.6272
C-Power
D
’ 0.082 1 0.082 0.65 0.4392
D-Ratio A/S
AB 0.14 1 0.14 1.10 0.3197
AC 0.94 1 0.94 7.41 0.0215*
AD 0.001 1 0.001 0.011 0.9168
BC 0.65 1 0.65 5.11 0.0473*
BD 0.39 1 0.39 3.10 0.1086*
CD 0.066 1 0.066 0.52 0.4853*
A2 0.017 1 0.017 0.14 0.7194
B2 0.13 1 0.13 1.01 0.3393*
Cc2 0.014 1 0.014 0.11 0.7480
D2 1.02 1 1.02 8.03 0.0177*
Residual 1.27 10 0.13
Cor Total 6.24 24
*: Significant difference at P<0.05 P<0.05 o j3 o3 sinn
895‘9“'5_"99"@ Software Box-Cox Plot for Power Transforms
arotenoid
257
Lambda
Current = 1
Best = 0.11
Low C.I. =-1.03
High C.I. = 1.34 194 |
Recommend transform:
None
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1.30 —

0.67 —

0.03 —

X: Lambda
Y: Ln(ResidualSS)

Laurencia papillosa Sila 3,595 9,5 Box-Cox ,ldgei —0 JSi
Fig. 5- Box-Cox plot of carotenoid of Laurencia papillosa
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Figure (6) Normal plot of residuals of carotenoid of Laurencia papillosa
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Fig. 7- correlation plot of the effect of solvent on carotenoid extraction of Laurencia papillosa
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& Olayyo ggome oSke p-value
Source Sum of Squares f Mean Square FValue Prob > F
S 361.50 14 2582 6.05 0.0035*
Model
AP 2575 1 2575 6.03 0.0339*
A-Solvent
_B‘:Ju) 21.93 1 21.93 5.14 0.0468*
B-Time
oy 0.88 1 0.88 0.21 0.6590
C-Power
-Deaws
D-Ratio A/S 0.35 1 0.35 0.081 0.7818
AB 27.14 1 27.14 6.36 0.0303*
AC 90.23 1 90.23 21.14 0.0010*
AD 1.40 1 1.40 0.33 0.5801
BC 4,20 1 4.20 0.98 0.3446
BD 1.30 1 1.30 0.30 0.5930
CD 2.94 1 2.94 0.69 0.4258
A2 33.58 1 33.58 7.87 0.0186*
B2 105.15 1 105.51 24.72 0.0006*
Cc2 77.65 1 77.65 18.20 0.0016*
D2 155.71 1 155.71 36.49 0.0001*
Residual 42.67 10 4.27
Cor Total 404.17 24
*: Significant difference at P<0.05 P<0.05 paws j> (g)l> (oo s
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Abstract

Agquatic plants are one of the most important sources of bioactive compounds with antioxidant activity.
The aim of this paper is to optimize the microwave extraction of antioxidant compounds including
chlorophyll a and b, carotenoids, and phenolic compounds from Laurencia papillosabased on
extraction time, microwave power, solvent type, and solvent to sample ratio. Experimental design was
performed using Design Expert with 25 runs, and the amounts of the mentioned antioxidant
compounds were measured. The results for chlorophyll a and b showed that none of the extraction
factors had a significant effect (P > 0.05) on these two types of chlorophylls. In relation to carotenoid
extraction, the time, time and solvent interaction, and time and power interaction had significant
effects (P 0.05), and according to the results, the optimum conditions for carotenoid extraction include
methanol as the solvent with a ratio of 10.5 to 1, power of 156 watts, and time of 24.5 minutes.
Regarding phenolic compounds, solvent, time, solvent and time interaction, and solvent and power
interaction had significant effects (P 0.05), and the optimum conditions of phenol extraction include
methanol as the solvent with a ratio of 12.5 to 1, power of 180 watts, and time of 10 minutes. The
results of this paper indicate that Laurencia papillosa has significant antioxidant properties, and by
controlling the effective parameters in the microwave extraction process, the maximum amount of
antioxidant compounds can be obtained.
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