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Enhancement of Saccharification Yield of Ulva pertusa Kjellman by
High Pressure Homogenization Process for Bioethanol Production
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Abstract: This study was investigated to improve the
saccharification yield of Ulva pertusa Kjellman by the high
pressure homogenization process. It was found that the high
pressure homogenization pretreatment effectively destructed
the cell wall structures only by using water. The high pressure
homogenization process was operated under various conditions
such as 10000, 20000 or 30000 psi with different recycling
numbers. The optimal condition was determined as 30000 psi
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and 2 pass of recycling numbers and the sugar conversion
yields were 16.02 (%, w/w) of glucose and 14.70 (%,w/w) of
xylose, respectively. In the case of enzymatic treating the
hydrolyzates with 5 FPU/glucan of celullase and 100 units/mL
of amyloglucosidase, 65.8% of carbohydrates was converted
into glucose. Using the hydrolysates of Ulva pertusa Kjellman,
48.7% of ethanol was obtained in the culture S.cerevisiae.
These results showed that the high pressure homogenization
process could efficiently hydrolyze the marine resource by
using only water for bioethanol production.

Keywords: Ulva pertusa kjelmann, high pressure homogenization
process, sugar yields, HMF, bioethanol production
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Dried Ulva pertusa Kjellman

l

High Pressure Homogenization of 10000~30000psi (1~4
recycle) ‘]/

Centrifugation (1000rpm, 5min)
Bottom solids Upper layers
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Enzymatic hydrolysis (Cellulose, starch)
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Analysis of sugar

Analysis of sugar

Fig. 1. Procedure for the pretreatment of green alga, U. pertusa
kjellmann by high pressure homogenization process.

2.3. Scanning Electron Microscope (SEM) 2 Dynamic Light
Scattering (DLS)-Z §3+ 73292 9] Y2719} 7 #F
I A AAe S B9 e AAY A, &
o JAf A71ek #Ad, A7 23 5742 218l Dynamic
Light Scattering (DLS, Brookhaven Instrument Co)= ©]-&
&tttk DLS 5745 918l A2 € 7H29dE 104
s43e] DLS 244 9] 2 mLE H7ksk] 451
th 579 2212 25C 2500 30 (M 0= 33] S50
F 132 30% 5F DLSE 34 sioleh. B9k, 1kt 1]
o $E N8 o TRAv) A4 eery BRe
S8l AX5AFARE (Low Vacuum-Scanning Electron x
400)°.% #2530t} Scanning Electron Microscope (SEM)
o 3, M 59 o] 83 QAE 34 mm A 9 FAeR
A AL AN F, 19k TAS B Axd 7

wstele] QA Fepe v sl




402 Korean Society for Biotechnology and Bioengineering Journal 26: 400-406 (2011)

120

(¢) High pressure homogenization process - SEM images.
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(d) High pressure homogenization process - DLS images.

Fig. 2. SEM images and size distribution of nanoparticles of U. pertusa kjellmann using dynamic light scattering(DLS) from high pressure
homogenization process : (a) Control sample (without pretreatment) - SEM images, (b) Control sample (without pretreatment) - DLS
images, (c¢) High pressure homogenization process - SEM images, (d) High pressure homogenization process - DLS images.
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A] x2S 7d9-2) glucose 2} xylose 2] % &8 7
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T8 ZE gl siglem, 93l 82 glucose 10.39 (%,
w/w), xylose 12.70 (%, w/w)2] A% T&5 At} 18
3 Table 18] A3ol|A & 4= Qlzo] 7 &34l 14
2] 378 W2 30000 psio] hEo] Mg | A3 0]
=T 1 5 23] A B9 dEEe] 7R =3ke
™, glucose9} xylosed] gk 82 717} 16.02 (%, wiw),
1470 (%, wiw)2] A&k F&5 Aeh. 53], uhtd d
A Alolli= Sheo] ok F K8k 78o] Fopx|AuL,
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Table 1. Result of estimation sugar concentrations in the hydrolysates
of U. pertusa kjellmann after high pressure homogenization process
with different pressure and recycling numbers

. glucose xylose
NO.  Pressure (psi) Pass (%, wiw) (%, Wiw)
1 1 749+ 1.11 9.27+1.33
2 2 7.61+0.23 9.10+0.84
3 10000 3 7.61 £0.46 9.94+0.21
4 4 7.90 +£0.43 10.15+1.41
5 1 9.90 +0.83 12.99+0.21
6 2 10.39+1.03 12.70 £ 1.33
7 20000 3 9.98 £0.91 12.29+0.65
8 4 10.30 +£0.87 13.87+0.19
9 1 15.08 £0.51 14.14+1.07
10 2 16.02 +0.10 14.70 £ 0.31
11 30000 3 15.60 +0.34 1429 +0.55
12 4 15.91+0.76 14.87+0.12

E£3], A2 YA glucose] A% &1} xyloseo] g
FEo] 4 w2 AE 1 T F Q%= ol R
A el 5A T dute] Aarsef 23421 7lal
ANAR|7} 7kl A4 AlaEso] shaEo] A S o] F= F
Q452 cellulose S} Hemicellulose?} #3lj%]) 7] wjf-o]w,
cellulose 2] T332 6.7 (%, wiw)°]™, Hemicellulose 2]
T2 16.8 (%, wiw)°]7] el A4 2= xylose 2]
&0l v =7 SHE o= Algd. gk &o] Tt
Sh= olfin= AlaEHo] XA starch7} -§-E%] 914 starch
o] JFte) 77 A-85ke] glucosed] A3 TE
A oR Agshs At Qojxl Ao=E AbmHrt [21].
53], ARl Abo|u} bl E o] &35k sl8hA Rl A
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783 Bl Si9= 7492k WAL sI3lE 737, 10000 psiefl
A1 30000 psiZHA] ko] A S B3I 7 E ST
OF 12 (%, wiw)ZH] W2 FAI R s, Z7keeel] 8
5 =W o83k =uAQl A 34E o8-Sl W
of Bepr&S Hlad x2 Jo® AlREd 9]

X

3 pass

B glucose ™ xylose

[ X

1 pass

[

Conversion yields (%, wiw)

2 pass 4 pass

10000 psi

Fig. 3. Estimation of conversion yields of glucose and xylose in the
hydrolysate after the pretreatment by high pressure homogenization
process.
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ZH=2] cellulase 2} amyloglucosidase S E3F &4 o3}
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ow, 1 o]% FE&= aadsiyo] FUlekA] 9 A
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mel G4EsE Aol Huge Edshs Algte] thEr,
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starch7} ThE TFd72] Fxellx] E4ls] 850 1241
o] w=A 2l © Fow A7E, a4 80] 56.8%
2 AL Ant o ghef] al|EA] ok o] fi= 1A A
g Fll Trdu el #1789 starch7F A5 8=
HA] 2 A o7 AR HCLE ¥ cellulase S F3ll 84T
3= & A9 91%% A9 BE cellulose”} -3l 3o
cellulose AI3EH O] F=Q /o= Fgzdyle)] e =2
] Q7] Wizl a4 38k AR vlwd o A
ARk, A% 52 vl =4 dofXl RS gt
53], 71&e) A E o] 835 1gdst 3 ol
sk A2 Al 15SFPUCNA 90%2] a4 I3} 588 Hole
W, 19k 7 A7) 379 A971R1 IFPUSE] SFPU7ZF
A] cellulases T 3F32 wl, 90% ©1’32] glucose ] 3k
TEE YER o= Ho|w, Fdulel] MEHE o]F =
T-22 cellulose ] 3= 213 starch®] E0] 57510
100 unit/mL 9] %O 2% FA4 7R go] okl AL &
AT [9]. o= A7) EAoXE 7t =T} o
W 3o R AlREH, 13k 72 dAe] FoRE Q) =
2 Adkeof o3 IR =t SV, thdre] A}
sl AYsHEE A cellulase 2t WHE
= o] oy =2 &S vERd o= Al Eh

A

Glucose yiled (%, w/w)

0 6 12 18 24 30 36 42 48
Time(h)
(A) Cellulase : ——5FpPU 3FPU

: ——1FPU
(B) Amyloglucosidase : 400units/ml —*200units/ml

—=100units/ml

Fig. 4. Comparison of hydrolysis paticles of pretreatment hydrosate
by two different enzymes: (A) Cellulase, (B) Amyloglucosidase.
Error bars represent 95% confidence intervals.

19t 74 Axa] F4L Table 20049 TEZdal =5

E] njo] @ offeha AE $13 AxjeiA] ugtelist 383t vl
sigle w Tl 7Y Fa3t IR glucose ] ZdgkE0]

Table 2. Comparison of conversion yields of glucose and xylose after pretreatment and enzymatic hydrolysis according to different

pretreatment processes

Pretreatment yield Enzymatic process yield Total yield
Methods Sample (%, wiw) (%, wiw) (%, wiw)
Glucose Xylose Glucose Xylose Glucose Xylose
High pressure homogenization processl) U. pertusa 16.0 14.7 65.8 1.9 72.2 15.1
High Temperature Liquefaction Process” U. pertusa 11.2 20.2 31.6 4.1 36.0 234

" The U.pertusa for high pressure homogenization process conditions such as 30000 psi of pressure and 2pass.
 The U.pertusa for high temperature liquefaction process conditions such as 195°C for 15min.
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Wt o= AT 1t F7go] 2F 45 (%, wiw) g
T =& glucose M3 55 2RI SISIT} [17-20]. 7371€]
AAE= 25 100T oo areo] Fedh o] ui
ol glucose A &7} oHA] FYFe 12 HdA e
3L AV SHelA] wle- &3} A1 $H O % AlnEvt

3.3. 334w 7t 23 E W SaANEL 5= SF
Trgavte] A EelA wa AsE2d HMF2 A4
AH-E Rl Bt 2 7l Al AAEE dlE a4
A Al W kg AEHQ) HMFES A EEAR dlo] 5k
= =Aq) ¥kl 1 A= Table 30l VERYQIOH, 7+
23l g o] g3t ke 3792 HMFo| A= 7t
350, 450 mg/LO= w9~ 32 X5 el vhd, 319}
2 A 248 30000 psiolld 28 AA] 819 A
ojr, o]ufo] HMF2] 55+ 160.9 ppm ©]3it} [9]. B3k,
ANFAR] cellulosic Bl 2miA HEA] SAAA] B3 415TC
ZA) Azl A% 1070 ppm B} #AAE] W=
FH A 2 A 350l nlal] 43S A A &
= Ao AlEH [16].

] Aol AREE A2 3] HMF Ad=ke-
e A 3R} 1 A7 A7) vl a8 2
offgbe: gl EAE7F A8 AR AlRE

N oF, F

Table 3. Comparison of HMF concentrations in the hydrolysates
after High Pressure Homogenization and acid treatment process

Method HMF (mg/L)
High Pressure Homogenization Process 160.9 +4.15
H,SO;4 acid pretreatment** 350
H,SO4acid pretreatmentm 450

" Conditions of 30000 psi and 2 pass. Each value is presented as
the mean + S.E. of three independent experiments.

™ Conditions of 2% H,SOy acid pretreatment under 195°C and
15min reaction time.

™ Conditions of 4% H,SO, acid pretreatment under 195C and
15min reaction time.

3.4. 72 7t ES] JES HE A

1A A 3792 W HMFO] offgh- dlhgo] m]x]=
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Fig. 5. Kinetics of glucose consumption and ethanol production
during the fermentation of the hydrolysates.
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