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ABSTRACT

A Study on Cell Membrane Disruption of Microalgae Dunaliella
salina by Ultrasound Sonication

Choi, Jun Hyuk
Advisor: Prof. Jeong, Sang-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Oil, coal, and natural gas, which are the main resources used in the existing
industrial system, have significantly contributed to human development and improved the
quality of life since the industrial revolution of the 18th century. Starting from industrial
development, the use of fossil fuels has increased exponentially, and the extensive use
of fossil fuel resources has caused numerous environmental problems. Additionally, fossil
fuels are finite and prone to be depleted, and several studies on finding alternative
resources have been conducted. Among related recent studies, biorefineries, which
replace fossil fuels with biomass, have received significant attention worldwide.

Microalgae are third-generation biomasses, which grow through photosynthesis, and
they use light, water, and minerals, which are necessary for photosynthesis, to create
useful substances. Cells that consume as many nutrients as necessary for photosynthesis
for growth store resources in the form of lipids, and the lipids can be used as fuel
(biodiesel). Currently, natural materials produced in various fields are used, and
extensive research on biodiesel as a sustainable, ecofriendly energy resource is being
conducted. The cultivation of microalgae in the spotlight is generally divided into
open-type and closed-type cultures, and research on a method of culturing them in large
quantities is also in progress. It exists in numerous microalgae globally, and each
microalga has a different size, shape, and growth environment. The cell membrane
disruption process of microalgae is essential to extract natural substances produced by
different microalgae species. Microalgal cell membrane disruption involves the use of

various methods, generally divided into mechanical and nonmechanical methods.
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In this study, cell membrane destruction was investigated through sonication for
efficient microalgal cell membrane destruction, which compensated for the shortcomings
of the conventional mechanical and nonmechanical methods. Generally, the mechanical
method has a problem of high costs, and the nonmechanical method is problematic in
terms of environmental pollution. Cavitation occurred when ultrasonic waves were
irradiated to the solvent, and the study was conducted using the effect of cavitation on
microalgal cells. The ultrasonic device consisted of batch low-frequency, batch
high-frequency, and continuous low-frequency devices, and Dunaliella salina was used as
the microalgae species for the experimental tests. First, the microalgae Dunaliella salina
was cultured by using a flat-panel photobioreactor. The optimum cell disruption
efficiency of the cultured Dunaliella salina was determined for the three experimental
devices mentioned above. The batch low-frequency device utilized the initial optical
density, output power, and initial cell capacity variables of the cells, and the batch
high-frequency used the ultrasonic location, initial cell concentration, initial position, and
waveform. Finally, in the continuous low frequency, the initial cell concentration, output
power, cell flow rate, and duty cycle were used for the experiments. The optimal cell
disruption conditions were investigated based on the influence of the variables on the
disruption efficiency, and all values of the disruption efficiency were curve-fitted using
a logistic model. The results of the study confirmed that the output power value of the

sonication device had a significant effect on cell disruption efficiency in all experiments.
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Table 1-1 Comparison of biodiesel from some sources™!

Source Land area needed (M-ha) Oil yield (L/ha)
Canola 223 1190
Coconut 99 2,689
Corn 1540 172
Jatropha 140 1,892
Microalgae 2 136,900 ( Oil content > 70%)
Microalgae 4.5 58,700 ( Oil content < 70%)
Oil palm 45 5,950
Soybean 594 446
Table 1-2 Comparison of major energy specific resource
Material
T Greenhouse . Reserve Economic time
gas emissions production year of guarantee
Microalgae Low Possible Unlimited 2020
Coal High Possible 112 Present
Light of the sun Low Imposible Unlimited 2020
New clear power Low Imposible 79 Present
Nutral gas Middle Possible 64 Present
Oil High Possible 54 Present
Wind power Low Imposible Unlimited Present
-9 -
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Table 1-3 Comparison of Microalgae production by capacity'

Culture system Volume (L) productivity (g/L)
150,000 20
Raceway pond
360 20
Tube form 200 40
Coil form 200 20
Enclosed
Tube form 200 40
Tube form 300 70

Table 1-4 Comparison of oil content using various microalgae™

Species

Oil content (% [dry weight])

Crypthecodinium cohni 20
Cylindrotheca sp. 16-37
Chlorella emersoni 63

Chlorella minutissima 57

Chlorella protothecoides 23 / 55
Chlorella sorokiana 22
Chlorella vulgaris 14-40 / 56
Dunaliella bioculata 8
Dunaliella salina 14-20

Isochrysis sp. 25-33
Nannochloropsis sp. 31-68
Nannochloris sp 20-35
Neochloris oleoabundans 35-65
Nitzschia sp. 45-47

Scenedesmus dimorphus 6-7 / 16-40

Scenedesmus obliquus 11-22 / 35-55
Schizochytrium sp. 50-77

Botryococcus braunii 25-75
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Table 1-5 Various regulations on international internal combustion engines

[15]

Enforcement area

Regulation form Obligor
Overseas Domestic
Exhaust gas Most countries Enforcement Producer
Fuel efficiency USA, Japan, China Enforcement Producer
Green gas USA, EU Enforcement Producer
ZEV mandatory sales USA(State of .
. Review Producer
system california)
Enforcement
Bonus-malus system France Consumer
Expected
Restriction on operation of European major
) o ) . Enforcement User
high-emission vehicles cities
Prohibition of sales of Germany, UK,
) ) ) Non-enforcement Producer
internal combustion engines Norway, etc.
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A2 g ART R R 223 A

A1A v N Z5F Dunaliella salina

1. MAIZF OF 2 uA

2 oAdToA ARE d e FFA AR EARORERY Y-S Dunaliella
salinas AH-&3tA T v ol AFEE WA= /2 medias AFE&3F o™, A2 Table 2-1
AL 2 mediats SjE base® dho] Al ACM, 203 BF 121 TollA] gt
B E Eef Hitete] W7 5 ARSIt

Table 2-1 Composition of f/2 medium for Dunaliella salina"*"

Components Amount(g/L)
NaNo; 0.075
Na,H,PO,H,0 0.005
f/2 Trace metal solution
FeCl;6H,0 0.00315
Na,EDTA2H,0 0.00436
CuSO45H,0 0.0000098
Na,Mo0O42H,0 0.0000063
ZnSO47H,0 0.000022
CoCl,6H,O 0.00001
MnCL4H,0 0.00018
f/2 Vitamin solution
thiaminHCI (vit.B,) 0.0001
biotin (vit.H) 0.0000005
cyanocobalamin (vit.B») 0.0000005
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& 7HAE 7HRIga & 5 Qdoh
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ARG FET Bh BHE fANE SRR AGHY] R, AL AR R

vk S AES FEste 1 E FA Y AEZWY v SAE dAS 1L
Fro] FHolA HE 43 He Ao AT HAew, dxvt fHhsH 254 &
Aol FAl AL Fxols AEe B Fio] ddE. ARt dF Alxe AT
TroME AES = EHFS XA, o)Ed EAS W Dunaliella salina~ %]

F2 oA o & AAdteE s ¢ F den, duT 9 SAdAAE o= A
Ee Ao Zbesittal & & Ak gy UR 52 dke vAd=Ee AL &
ST $Adolm2 Aldl(dead sea)oll = Dunaliella salinas X33 A} vAEE0] EA)

ofr
S
>
jvie}

=
ol

Hoz oy AT}
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Fig. 2-1 Micrograph of Dunaliella salina

Table 2-2 Applications proposed for Dunaliella salina by different authors

[23]

Proposed application

References

Source of carotinoids, vitamins
and antioxidants

Chidambara Murthy et al. (2005);
Milko (1963)

Source of PUFA(w3
polyunsaturated fatty acids)

Abd El Baky et al. (2004)

Biological reactors

Geng et al. (2003)

Single cell protein (SCP),
minerals

Supamattaya et al. (2005)

Enzymes

Ben Amotz and Avron (1990)
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Fig. 2-4 Growth curve of Dunaliella salina fitted by Logistic, Gompertz,

Baranyi models for Optical Density values

Table 2-3 Biological growth curve of sigmoidal regression model**>*
Model Equation Modified equation
oce (Mathematical parameter) (Biological parameter)
A
Lowisti — a Y= Iu
OgIStIC 1 + eXp(bicx) ( ‘max ()\—t)+2)
1+exp
—expt ] [ (3~ 1)1
Gompertz — [ exp _ A
p Yy = aexp y=Aexp
HmaxA(t)
e —1
y:MmaXA(t)_ln(1+ ) )
Baranyi €
T Hinax? ~ i ax A ~ Lpax A
1n[€ Hnax (1_6 max )_6 max
At)=t+
Hmax

modified equation e=exp(l)
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Infrasound

Audible sound

Ultrasound

<

20Hz

20kHz

Fig. 2-5 Categorization of acoustic spectrum according to frequency

Table 2-4 Sound wave

propagation speed depending on the medium

State Material Speed (m/s)
Air ( 0°C ) 331
Ai 344
Gas (20°C) =
Helium 1005
Carbon dioxide 266
Fresh water 1440
L Sea water 1560
Liquid
Mercury 1460
Aluminum 6400
Steel 6100
C 3600
Solid oppet
Glass 4900-5800
Wood 3500-5000
- 19 -
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One cycle

rarefaction compression rarefaction compression rarefaction compression

Fig. 2-6 Sound propagation in liquid

0 3 ()

bubble forms bubble grows contraction and expansion repeat reaches unstable size violent collapse

Fig. 2-7 Process from cavitation bubble formation to collapse
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g 500Watte] 23S 717 Batch(¥ ) Low Frequency Non-Focused
Ultrasound(A =3 B J & =3, LENFUA =512 A, 2453 Ad A
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dol A71A Ak Aol AHEE FA S AfEFAl Al ~"E Fig. 3-100] YERHSLAL, Al
B3-S Table 3-10] YERAATH

Table 3-1 Specification of batch LFNFU device

Amplitude Probe output power (Watt) \(/111::::): o ;;\:;;
(%) Air | Water | Dunaliella (um) (Watt) (Watt/em?)
Level (1) 40 4 32 30 45.6 28 21.21
Level (2) 45 8 45 43 51.3 37 28.03
Level (3) 50 9 50 50 57.0 40 30.30
Level (4) 55 10 55 57 62.7 45 34.09
Level (5) 60 12 62 61 68.4 55 37.88
-9 -
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Fig. 3-1 Schematic diagram of batch LFNFU system

_23_



2oz MR 48 APsanh
Bahgla, Awd A AP A
sto] el o 1@%:ﬁyaiw S E!

 Dunaliella salina® 72 AX9 93 24

$71 skl 4AIHL m%gz 44w )

Huke], 27| A &%F

#A BEUE

lﬁVPHiUHE%%%ﬂﬂﬁaiéa%

&0l

7] AX T2 2239 3 & HAE F5 g AXEAF7](Cell counter)S AR
%A ske] A 4kahelch
Table 3-2 Parametric orthogonal array table of the batch LFNFU process
Microalgae
Parameter optical density Output power (Watt) Capacity (ml)
(OD @680)
Experiment Column number
number 1 2 3
1 1.2 54 200
2 1.4 54 200
3 1.6 54 200
4 1.8 54 200
5 2.0 54 200
6 1.4 33 200
7 1.4 38 200
8 1.4 42 200
9 1.4 48 200
10 1.4 54 300
11 1.4 54 500
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Fig. 3-2 Experimental results of initial optical density for batch LFNFU
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Fig. 3-3 Experimental results of output power for batch LFNFU
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Table 3-3 Output power according to input amplitude for batch LFNFU

Input amplitude (%) Output power (Watt)
40 33
45 38
50 42
55 48
60 54
- 30 -
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salina®] 72 T35 tjgo| #3 AFE st 91384 Batch(3]<2) High Frequency
Focused Ultrasound(2 3} F< %223}, HFFU) A& A|2dS FASAY. AJ2E 1A
5 YA 7I= 5 FA 7] (function generator)?} FH WAVIERYH AAdHE F

5
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[e] =
FES 24T & gon, TR} 7] uﬂ%oﬂ Zgel Aol gl 2y Zene
7] | A7 AA8717F Hadtth A3 AMgd EaF

Table 4-1 Characteristic values of high frequency device probe

; Power | Surface Focal Focal Focal
Frequency | Radius | Area

5 electric | intensity | intensity | width | Length
(MHz) (mm) | (cm”)

(Watts) |[(Watt/cm?|(Watt/cm?| (mm) | (mm)

H-101 1.1 63.20 | 34.55 400 9.84 15815 1.37 10.21
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Fig. 4-1 Schematic diagram of batch HFFU system
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Table 4-2 Parametric orthogonal array table of the batch HFFU process

Parameter Wave form Applied voltage (mvpp)
. Column number
Experiment number 1 >
1 Square 700
2 Sine 700
3 Square 500
4 Square 600
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Fig. 4-2 Experimental results of wave form for HFFU
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Fig. 4-3 Difference between Square wave and Sine wave
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Fig. 4-4 Experimental results of applied voltage for HFFU
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Table 4-3 Output power according to applied voltage for batch HFFU

Applied voltage (mvpp)

Output power (Watt)

500 31
600 46
700 61
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Fig. 5-1 Schematic diagram of continuous LFNFU system

Table 5-1 Specification of continuous LFNFU device

. Probe output power (Watt) Vibration Power
Amplitude ) Power )
%) . el distance (Watt) density
a
0 Air | Water | Dunaliella i) (Watt/om?)
Level (1) 20 2 63 63 45.6 65 13.23
Level (2) 30 2 85 86 68.4 88 17.92
Level (3) 40 4 121 120 91.2 114 23.22
Level (4) 50 7 158 160 114 151 30.75
Level (5) 60 10 196 199 136.8 183 37.27
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Table 5-2 Parametric orthogonal array table of the continuous LFNFU process

Microalgae
. . Output power
Parameter optical density Flow rate Duty cycle
(OD @6830) (Wat)
Experiment Column number

number 1 2 3 4
1 1.2 207 150 -
2 1.4 207 150 -
3 1.6 207 150 -
4 1.8 207 150 -
5 2.0 207 150 -
6 1.4 62 150 -
7 1.4 85 150 -
8 1.4 115 150 -
9 1.4 160 150 -
10 1.4 207 250 -
11 1.4 207 350 -
12 1.4 207 450 -
13 1.4 207 150 5:1
14 1.4 207 150 10 : 1
15 1.4 207 150 20 - 1
16 1.4 207 150 30 : 1
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Table 5-3 Output power according to input amplitude for continuous LFNFU

Input amplitude (%) Output power (Watt)
20 62
30 85
40 115
50 160
60 207
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Fig. 5-4 Experimental results of flow rate for continuous LFNFU
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Table 5-4 Flow rate according to rev./min.

rpm Flow rate (ml/min.)
150 415
250 700
350 1010
450 1290
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(b) Optical density change according to sonication time for duty cycle

Fig. 5-5 Experimental results of duty cycle for continuous LFNFU
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Fig. 6-1 Changes in Chlorella sp. cell reduction according to initial OD
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