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Table 1. Central composite design with independent and dependent variables

€ 'ON / TZ "IOA / #202 dowwng / uoniainN 7 ABojouyds | poo4

Independent variables Dependent variables
: Ultrasonic time Ulva Carotenoid Carotenoid
No UItrascz?(lc) power (X2) biomass/solvent content extraction yield
' (Xs) (ng/ ml) (%)
1 64.80 5 3 0.23 77.83
2 240.20 5 3 0.48 8.25
3 64.80 15 3 0.46 8.40
4 240.20 15 3 0.38 11.31
5 64.80 5 7 0.57 10.35
6 240.2 5 7 1.02 13.14
7 64.80 15 7 0.53 7.59
8 240.2 15 7 0.86 11.977
9 5 10 7 0.22 8.3
10 300 10 5 0.54 13.28
11 152.5 10 5 0.71 13.07
12 152.5 10 5 0.93 12.7
13 152.5 10 5 0.25 15.99
14 152.5 10 1.64 0.78 9.42
15 152.5 10 5 0.95 18.32
16 152.5 10 5 0.82 20.23
17 152.5 10 5 0.95 19.13
18 152.5 10 5 0.82 19.13
19 152.5 10 5 0.91 17.86
20 152.5 10 5 1.10 16.46
a b
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Figure 1- 3D graph the effect of Ulva biomass to solvent ratio and ultrasonic power in 10 min (a); ultrasonic power
and time in Ulva rigida biomass to solvent ratio constant (b) on carotenoid content (ug/ ml)
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Ulva biomass to solvent ratio constant (a); Ulva rigidaFigure 2- 3D graph the effect of ultrasonic power and time in
biomass to solvent ratio and time in Ulva rigida biomass to solvent ratio and ultrasonic power in 10 min (b) and rigida
152.50 W ultrasonic power on carotenoid extraction yield (%6).

Ole @) M & Ulva rigida 03¢5 G Coli Comd 13 Sl 5l 195 9 lo 51 (g aw ldg0d - Y S
2 Y 490357 oy Comand 5 Sigaol iyl (loj (D) Ads Y+ Culi o 55 (M 4 0357 Commny§ Copuand 9 Seguer! !
395,515l 0331 2 (C) 15N OV/0 ¢ Siigunl gl b g

S35 30 &5 0 T5b 35985 9,5 gl 50l 033 g Migiig 5 Slgne il lg 3IUT gl —¥ Jgan
Table 2- ANOVA for carotenoid content and carotenoid extraction yield results of the central composite design

Carotenoid content (ml /gu) Carotenoid extraction yield(%o)
Sources
Df Meansquare F-Value P-Value Df Meansquare F-Value P-Value
Model 5 0.26 25.43 0.00 6 47.88 10.69 0.00
Ultrasonic power (X;) 1 0.16 15.81 0.00 1 26.11 5.83 0.03
Ultrasonic time (Xz) - - - - 1 0.06 0.01
Ulva biomass/solvent (X3) 1 0.39 37.73 0.00 1 1.05 0.23
X1 X3 1 0.04 4,78 0.04 - - -
Xy 1 05 4.61 0.00 1 141.13 31.52
X2y - - - - 1 2.34 18.39
X5y 1 0.27 26.10 0.00 1 6.63 19.35
Residue 14 0.01 3 4.48 -
Lack of fit 9 0.01 0.93 0.65 8 6.23 3.71
Pure error 5 0.01 - - 5 1.68 -
Total 19 - - - 19
R 0.90 0.83
Adjusted-R? 0.86 0.75
Ccv 14.94 16.1
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Table 3- Optimized characterization using software

Ultrasonic Ulva Ultrasonic Carotenoid Carotenoid

Treatment time biomass/solvent power content extr_aclgon
(min) (%) W) (ng/ mb) %)
Optimized predicted by software 9.93 5.57 177.38 0.95 18.44
Optimized point 9.93 5.57 177.388 0.99 18.03
Control 9.93 5.57 - 0.24 4.58
% Error - - - 4.04 2.27
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Abstract

Introduction: Ulva rigida is a type of green algae belonging to the chlorophyta; which is
known as a source of carotenoid pigments and chlorophyll due to its numerous chemical
compounds. In this research the extraction of carotenoid pigment was optimized using
ultrasound-assisted method by response surface methodology.

Materials and Methods: Fresh green algae Ulva rigida from the north of Qeshm Island
Direstan coast (Deirestan Gulf) the boundary of the region the long slope up to Nakhzah and
Salakh harbors (26°73'23.2"N and 5584'82.1"E) was taken in May 2022. In order to
optimizing the conditions of carotenoid extraction using the response surface methodology
with three independent variables; ultrasonic power (5-300 W) ultrasonic time (1.59-18.40
minutes) and biomass-to-solvent ratio (1.63-8.46%).

Results: Optimize carotenoid extraction conditions using ultrasound-assisted method showed
that all independent variables had a significant effect on the efficiency of carotenoids
extraction (p<0.05). In the optimum condition of carotenoid extraction using ultrasound-
assisted method (ratio of biomass to solvent is 5.57% ultrasonic power 177.38 W and
ultrasonic time 9.93 min) carotenoid content and extraction efficiency were 0.99 + 0.08 pg/ml
and 18.03% respectively.

Conclusion: The content and the extraction efficiency of carotenoid using ultrasound-assisted
technology increased 4 time as compared to the conventional extraction method. Therefore,
using ultrasound-assisted method for extraction of carotenoids from Ulva rigida were
considered as an effective process.
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